PHOTOVASK BLANK AND MANUFACTURI NG METHOD THERECF BACKGROUND COF THE

| NVENTI ON Field of the Invention [0001] The present invention rel ates
to a photonask bl ank, and nore particuJarly to a photonmask bl ank for

manuf act uri ng a photomask used in microfabrication of a sem conductor
integrated circuit, a CCD (charge-coupled devices), a color filter for a
liquid crystal display (LCD), a magnetic head and the |ike. Description of
t he Rel ated RHOTONRHK BLANKIANDHGANUHALC DURHG METHOD AHPREOFSSI ng
technology in recent years, there has been a demand for increasing

m niaturization of circuit patterns to acconpany increasing integration of
| arge scale integrated circuits. To achieve such mniaturization, demands
with respect to technology for thinning lines of wiring patterns that
constitute such circuits_as well as _technol ogy for mniaturizing contact

hol e patterns used for W%B&%@@Eﬂﬁ 'NiTHE;Nup a cell are also

becom ng nore severe. nsequently, in the manufacture of photolithography
photonaskg'plﬁgiroﬁgfsrlﬁ’ %(f%ﬁese wiring patterns and contact hole patterns
al so, the\rﬂﬁ h? a demand for technol ogy capable of witing finer circuit
patterns P ]greater accuracy. [0003] It is known that if a change

et b raane, o1 PRLATRIRECAUAED AREL A Rghlohnd g hcer, o or
proj ecti onypashibHPR 8fprbltinAak bRRR ¥ handeelfRRe BRINESH bsed in
microfabrication of a semiconductor integrated circuit, a CCD (charge-
coupled devices), a color filter for a liquid crystal display (1.CD), a magnetic
head and the like.
Description of the Related Art
[0002]

In the field of semiconductor processing technology in recent years,
there has been a demand for increasing miniaturization of circuit patterns to
accompany increasing integration of large scale integrated circuits. To
achieve such miniaturization, demands with respect to technology for
thinning lines of wiring patterns that constitute such circuits as well as
technology for miniaturizing contact hole patterns used for wiring between
layers making up a cell are also becoming more severe. Consequently, in
the manufacture of photolithography photomasks for forming these wiring
patterns and contact hole patterns also, there is a demand for technology
capable of writing finer circuit patierns with greater accuracy.

[0003]

It is known that if a change in the shape of a photomask occurs when a

patiern that has been drawn on the photomask is projected onto a resist film,

the accuracy of the projection position of the pattern will decrease and result



in a defective product. It has been clarified that it is necessary to
control the substrate shape of the photonask to solve this problem (Patent
Literature 1: Japanese Patent Laid-Open No. 2003-50458). Patent Literature
1 reports that by using a substrate ha@/i*ng a specific surface shape as the
substrate for manufacturing a photomask, a change in the surface shape can
be suppressed when the photonmask is fixed by suction on a nask stage of an
exposur e appadetestve pERNAAY. 1t has beGanrvsiiiedanal it & nédaRestyapcR MRS Heen

pl aced on the flatness of a transparent substrate for a photomask and a
phot omask $lkstlate whape ahttepphiataimatk torssive thiaprableirgtRatshi letatibnge fii | m or a
phase shift filmis deposited on a transparent substrate for a photonask,
t he stress/ainnase RggentclaaidiOpen No. 2003-66158d dwatentttitarhirs dbspods e shape
does not chan Many reports exists regarding technol ogy for suppressing

e. _
t he occur r'i'é‘ﬁ&gy SFINGvEWaRiEate hawing 3 spediiichafeee shanaes Siapedsirate fe
substrate surfac for ex |l e, Patent Literature 2: Japanese Patent
Lai d- Open mﬂu%gﬂ%ég?,%%@oéﬂ%”g@ in the $UrRA $hane cabbRor respond to
further thinning of pattern | i qui.d_i rsion exposure oy double
pat t er ni ngé@%r%%qd \’é{ge'ﬂ @%Rﬁ?@ﬂ?% 't ﬂé%%ﬁﬂ?ﬁ%” Pﬁé’s@aﬁlfé{qgﬁ rHttical use.
Here, the tgyfiq d b@b%r%tﬂx rsion exposure"” refers to a nethod that
i ncreases the accuracy ot patterning by filling a space between the |ens of

a sem conqggg@f exposure apparatus and a substrate that is the object of
exposure (for exanple, a silicon wafer) with a liquid (for exanple, pure

water with a r@dﬂ@hii&ﬁa!iﬁﬂﬁ?o%ncje H49 bedrablRas o I}Pl:eg’ré%esrseéfra%t I ve index

than air (refractive index of 1.00). The term "double patterning" refers to

a net hod itransipacdntexipeguteeior & mend@asRdnall shotdmdsdibihioneyeifs gri t pattern
into two |owdensity circuit patterns, in which the aforenmentioned two

patterns aricat @ins$ectr asl ailighsehiestiog filonboap hasbsthifafien isTdaiositsd oaf t er one
of the circuit patterns is transferred, the other circuit pattern is

t ransf er r edirpesp@rent stwstistaéy ophothmaskr e diassunttheaptiealdijmti® t her eby

achi eve a higher resolution. [0006] For exanple, in a photomask for
doubl e pat®&fkilad spriaat t@@r%%@?@d@“&?@ eSOt spigexi Mary igp8riso 4 nmis
required as.the suBerpos'hti on ?ccurac when exposing a resist that has been

coated on e_édsstﬁﬁ%qqr {76 TePRNAAEY {9ToTIPPEC T IS Ueelfei F EHERLOT WATRAAS gh degree of
LA s TP o R BT et
oy 1t AOBBE POl AU AN, Jop gt oo of flatness in

[0005]

In addition, to correspond to further thinning of patterns, liquid

immersion exposure or double pattermning as well as technologies that

combine these are in practical use. Here, the term "liquid immersion

exposure"” refers to a method that increases the accuracy of patterning by

filling a space between the lens of a semiconductor exposure apparatus and

a substrate that is the object of exposure (for example, a silicon wafer) with a

liguid {for example, pure water with a refractive index of 1.44) that has a

higher refractive index than air (refractive index of 1.00).  The term "double

patterning"” refers to a method in which exposure is performed after dividing

one circuit pattern into two low-density circuit patterns, in which the



A phase shift nmethod is avail able as one nethod that enhances the

resol ution w thout making the depth of focus shallow. According to the
phase shift nmethod, a photonask (phase_shift mask) is used on which a
pattern is fornmed so that there is a”pﬁa‘s‘e di fference of approximately 180
between |ight that has passed through a phase shift section and |ight that
has passed through a transparent section. Light that has passed through the
phase shi f efeckentonehiivd pgimt et tlmsipassiadddneacgbntde stibaimspar ent
section interfere with each other to formtransmtted |ight with opposite
phases. Théhphiasaftaiirfe oftbemiduit patieresis plemsteriad, therathicomirofiit phttern
transmtted |ight to inprove the resolution performance. Note that, the
types of plfds¥siired bawvden thadingd of she Bixst sisont pgiternntsthessisy actialé t one- t ype
mask. Halft?g&phase shift masks have a conparatively sinple structure and
are w del yaGderrespgion.4 Masks that have a phase shift film nmade of
nol ybdenurrmi |6lCi de oxide (MdSi0), nolybdenum silicide oxynitride (MSi ON),
or nol ybde rQ] uicide nitride (MoSIiN) are used as hal ftone phase shift

[000) o P RRINE dia PERRERE GPhSTe pBLCIY Bl R ARt B n by
hase shi {0 RRc R AR Cipto 83 & 1ebRel 38 e o Bt BR RELIY, 2 Phase”

phase s re specifica res Fon a phase

shift il myaknRBoPRgseresRl tHat MBS te@oﬁiea;%]t{ %a@&rtiinﬁheoﬁ’ﬁc%r“be resist

i s exposed by el ectron beans or ultraviolet t her ea € resist is

devel oped this RRfuFcment IS BighRRIGEE Bf sapetpbbiien ackhazy, Stéthdil mat the
desired portion is exposed. Subsequently, the exposed portion of the phase

shift fil nexmosuesrtiyteds Biiogvedhiaighgihilihzivhg atbevdiesdthtof A8BLRHmNasha mask to
expose the substrate face, and thereafter the resist pattern is peeled off
to obtai n d¢rthptiisrisshiGR) imdisérefdroGbaliow, the piGaomaak lig/reduired tphetvenask

bl ank, a functional transparent film such as a phase shift filmis forned
by sputterd Righ deaieeef flavgsn imbeterisiashicxethighly pacemnte satistniag.e t hat
exhibits ipghgﬂ degree of flatness when nounted on an exposure appar at us
for use f ufacturing a photomask blank, a stress arises in the film

during the fil mdﬁ%osiiaébon rqcess,. and the strg}ss causes strajin of the
substrate and i"hAlRESSHATGEYds avalain a8 sedreodikat enfiances thdhen stress

P L AR T R
Cibatran e AR LEARNEGHOLHIR) OLaLe Bl bfcaeLeshed iansperen
pattern is formed so that there is a phase difference of approximately 180°
between light that has passed through a phase shift section and light that has
passed through a transparent section.  Light that has passed through the
phase shift section and light that has passed through the transparent section
interfere with each other to form transmitted light with opposite phases. The
phase shift method utilizes phase information of the transmitted light to
improve the resolution performance.  Note that, the types of phase shift
masks include a Levenson-type mask and a halftone-tyne mask. Halftone

phase shift masks have a comparatively simple structure and are widely use.

[0008]



When this kind of change in the warpage anount of a substrate occurs during
t he phot omask nmanufacturing process, it results in the loss of the fl atness
of the photonask at the time of exposure, and the effective DOF with
respect to the pattern exposure decrea$es and becones a factor that induces
a resolution failure. [0012] The above problem does not arise if film
deposition is carried out under conditions such that stress within a

functional trandpsketitat hblenagieeahifafiphaselesdfichdlybdémimeurrmsoiibe same
| evel as in other functional filnms. However, it is extrenely difficult, and

practi cal | {(MoBids sidiykelention $ilicide foxly nitritep@do $iGi), condilyhdemsimeiliciiesat i sfy
various characteristics required for a functional transparent film and
whi ch, at blEesdheSiN)mse used agihaditasnphadestsftioaskddpatintililgraiuteod st ress
film Therefore, after depositing a_filmunder conditions which satisfy
various chafRaiieseateaklaiddopentior 8F-1406dRkti onal transparent film it is
necessary [IO?)O%OW de a further step for lowering the stress of the film
[ 0013] e application of energy fromoutside is known as neans for

duci h ki fin-fil late, a.h . a hal

o an nfrar i st piaskeiare Tt DB i8uihge BsbERbY el “aanl yi ng
. Wi 3 i t iS. { f t

ocumi at coPA TogTRO P o Rlordrny A% Bl prES ATREBRsS S8 Lonty an

ext renel y_:h@&@%ta%mpumhor@;sp%%ﬁifcaﬁﬁ% %éis{t%a?&ﬂgbfgntng% gé&% gﬁ‘iﬁeﬁmﬁ% ifer €SS:

However, if the anmount of "heat ener [ p too great, the

char act er i sidgessift nidik BinEtd @dated prRsRT 8l rddidtm BReNGR %Qie&:ﬂ%n

functional transparent film does not performits original nction. [0014]

- 6 - bearhs or dltsatbianighgeheamflee ey Risitads Byvappby thebhanb regier 9y
instantly by means of |aser annealing. However, because laser light is

| i ght of apaitang) andviiwel epbade shifidiirm dishé Hesipedpbriontibakpbded.resul t t her eof
depends on the light absorption rate that the functional transparent film
has with redp@sauentythe axaseed pogitn sfdbelpbage ishif{ at isnemavedat ure 4:
Japanese Patent Lai d- Cﬁen No. 2002- 2291832(. [ 0015]

etching utilizing the resist pattern as a mask to expose the substrate face,

and thereafter the resist pattern is peeled off to obtain the phase shift mask.

[0010]

Generally, in a photomask blank, a functional transparent film such as

a phase shift film is formed by sputtering. However, even when using a

transparent substrate that exhibits a high degree of flathess when mounted

on an exposure apparatus for use for manufacturing a photomask blank, a

stress arises in the film during the film deposition process, and the stress

causes strain of the substrate and induces warpage of the photomask blank.

Further, when stress that has accumulated within a phase shift film or the like

is released during the photomask manufacturing process, the warpage state

of the substrate changes from the initial state of the selected transparent

substrate due to release of the stress.

[0011]



To solve this problem a method is known that irradiates light froma flash
| anp at a predeterm ned energy density to decrease the stress of a
functional transparent film (Patent Literature 2: Japanese Patent Laid-Qpen
No. 2004-199035). According to this frethod, by controlling an irradiation
energy amount of light froma flash |anp to an appropriate anount, it is

al so possi ble to nake the warpage anount of a hal ftone phase shift film
that is a functWoealhis kambpleochemyefin tine equedge amount efss stilbstrat@.doutsm ( Pat ent
Literature 5: Japanese Patent Lai d-Open No. 2005-331554). Further, after
form ng t hiiging e Motttk oranubdciseng hidaess| it reswiltshin heslosklofilee page anount ,
a light-shjielding filmand an antireflection filmthat are other functional
films are HRipess pelgethoteraskal the e of espesurenand the effgntiyeddORswith

phot omask bl ank. EUMVARY OF THE | NVENTI ON [ 0016] The fl atness

(war page affSAREYOIBTRALBE PEOEIRABCIHRSERANE MEChRBSHRdOhahks is a

measur enment_,val ue of O.OSEiqmvm'thi n a rectangular region in which one side
is 132 nmim%{?eﬁ@r %C?Wtéqrb "t he middle of a princi pal surface of the

phot omask @bqgﬁ and a nore stricter requirenent is a flatness of 0.03 pm
Here, a case ere a substrate is warped in a concave shape by strain that

I's accunul at ed 7iHa, &,dyel flobRnt AKES n@F%rt?%é.yW%Eﬁ(ﬁﬁﬁ%@?mﬁﬁgﬂﬁgﬁe&ﬁi ve stress,

and the warpage anmount 'I's represente urther, a case where

a_substrat@gdet CORERBHs iSDCR tRRI@Ss SRS 2 ¥nidrd ﬂaﬁ%?éreh?filﬁf?%ﬂ’r’é@t ed in a
filmis taken as being a case of tensile stress, and the warpage anmount is

repr esent edphysé shiftfidhusScondd0thélsame level 8s afldihkt AhctibAalofigRr to accurately
forma minute pattern, it is necessary to enhance the superposition

accur acy dflowbesrphiod extasikendiffichl, dndkpractiogliy inpassitde aagmyfilino suppress to
a smal | anount the warpage change that occurs during the process of

manuf act urdenpsdiophwiniitcsie wiith satiglyotoous khbisatdristic0d@lired for a  Her et of or e,
in a process for manufacturing a photonmask, even when depositing a

f unct i onalfupgtignabieanparent fim Rad Waeh, &tithe gemeitime sareedso epnditions exanpl e,
ar ound 0.§ Iam e haﬁ been considered that if an appropriate anount of

i rradiati dR" ERRPYYNG 8 ‘e sireed iy | Thaefereonitar derpaiindaapinanddsr hal f t one
phase shift filmis .al so.formed, the r e amunt, can be suppressed to a
| ow armuntcoé‘r‘i'ﬁ"’f“ﬁé"’%ﬂg%ﬁﬁi‘%f"%%& %ra\é\/ﬁe&%@gs if%q‘fif?é}fﬁéla;}t‘aﬁf@ ase shift
filmin a 4 QN Wi t . has en _for can be sufficiently
suppr esse H%\%B%E{hﬂvﬁghé%&a 0”%{98@???%@{&2% {}‘?ﬂ%\% "};959? phot omask,

it has beepd@updd hat the amount of warpage change in the hal ftone phase
shift filmfromthe photonmask blank is 0.06 [int [0019]

[0013]

The application of energy from outside is known as means for reducing
such kind of in-film stress. A hot plate, a heater, a halogen lamp, an infrared
lamp and the like can be used as specific energy applying means. When
these means are used, if there is a large amount of stress accumulated in the
functional transparent film it is necessary to apply an extremely large amount
of heat energy to adequately release the stress.  However, if the amount of
heat energy that is applied to too great, the characteristics of the functional
transparent film change and the functional transparent film does not perform
its original function.

[0014]



The present inventors conducted concentrated studies to clarify the cause
of the above problem and traced the cause to the heat history applied when
formng a resist pattern on the photomask blank for pattern fornmation of

t he photomask. Further, the present inbentors found that when a phase shift
filmis fornmed, either before or after subjecting the phase shift filmto a
flash irradiation treatnent, it is necessary to performa heat treatnent

for a  defini tEhitidimmdpenicge @in tagoided dytpmpei@hbatetdal instaf@ipsl to or
greater than the heat history. The presenty inveng?ors fou%g tha'tsh(n’gy9

per f or m ngmeleshémser eeacalng., Hdweewpbatawnde lasepiage ichgiad d singlehal f t one
phase shift filmis reduced by half or nore and consequently found that the
anount of Warplagethc bzaigds the pieblanaltiatdhe resuisibestnffdepeintimontibe lighphot omask
bl ank formed by a | am nated body that includes the halftone phase shift
filmis usdSaBlionraadeaiitheungional rapspareskiimhag itk regpadido dunvent i onal

anount of war change. [ 0020 , An obj ect of the present invention
isto prov'iaa@p@%gl’(@‘@rlr%&hbl &ﬂé%klﬁﬁfaﬂ’ﬁ 43 Japanesfeptant dpid-Opendde (t hat
is, alow %ﬁ-@%gg of n\war page) and in which the amount of warpage change
after a photo % nuf acturing process ends is small. [0021] To

sol ve the [I%%F probl ens, a photomask bl ank according to the present
invention is a photonmask blank in which a | am nated body including at |east

one kind of f“%é&@@khiéﬁ)?ﬁ?ﬁtgﬁfﬁ%e{hbh% kﬁo&gﬁrﬂq&qr@%ﬁ?ﬂi@ﬁgé@% that is

transparent to exposure wherein a he trea med on the

|ani nat ed famait dieRbledeRimiihGRAbISI My A Rselcask 11 SheRl (fiSPOSILing the

functional transparent film a step™of performng a flash irradiation

treat ment fahclieas trapspatanreina{Patentepgatdiean Japahdee PHRGH iLARADpERANSpar ent
film and a step of formng a layer of a functional filmthat is different

to the fundoizid-199G8Eparentrding to thiemetitod, Gyfahindiing draimagitreh body.
[0022] In the photomask bl ank, the amount of warpage change in the
f unct i onalenargngpmushof fightrfreh edlash iptpt toresépprepifiEcamoling itds at@ss ends i s
possible to make the warpage amount of a halftone phase shift film that is a
functional transparent film equal to or less than +0.05 um (Patent Literature
5! Japanese Patent Laid-Open No. 2005-331554).  Further, after forming
this kind of halftone phase shift film with a small warpage amount, a light-
shielding film and an antireflection film that are other functional films are

deposited to form a laminated body that is employed as a photomask blank.

SUMMARY OF THE INVENTION
[0016]

The flathess (warpage amount) demanded for state-of-the-art
photomask blanks is a measurement value of £0.05 pm within a rectangular
region in which one side is 132 mm that is centered on the middle of a
principal surface of the photomask blank, and a more stricter requirement is a
flatness of £0.03 pm.  Here, a case where a substrate is warped in a

concave shape by strain that is accumulated in a film is taken as being a



within -0.05 um and thus the amount of warpage change when nanufacturing a
phot omask can be reduced. [0023] The ampunt of warpage change is a
measurenent value within a rectangul ar _region in which one side is 132 mm
that is centered on a mddle of a prrnéiﬁal surface of the photomask bl ank.
[ 0024] According to one aspect, the functional transparent film

i ncludes a hal ftone phase shift film [0025] A nethod of manufacturing a

phot omask basmbf asopratisivg stesshandties #atpadeanblienisirsp@sBRidiog, of
manuf acturi ng a photomask blank in which a | am nated body including at
| east one kKhingispf Fumivari emake twhene pesubstrate Isnwarpetion aetbreexahapbdyr at e t hat
is transparent to exposure |ight, the method including: a step of
deposi ti ngS#@initbakis assumidlated o1 affimds takeal ag baing pacaset offtehsileostrédse
substrate; a step of perfornming a flash irradiation treatment in a case
where an aBa®ihe waikadreampunt kdppmsentasdint+'dilushe substrate of t he
functional(#ﬁ sparent filmis 0.1 tmor nore; and a step of formng a
| ayer of a[ gitional filmthat is different to the functional frgpsparent
filmthereon tg formthe |amnated b . the nethod further including a
step of perfor ﬂf’ﬁgd{dg&%eéﬁ O'Ec{géé? ?rﬁﬁtﬂragefqh@ﬁé? NYREE RFHETES B NeERPSERe of t he
three stepg odile8lihe superposition accuracy of the photomask and the like, and it

is necessary to suppress to a small amount the warpage change that occurs

during the process of manufacturing a photomask with a photomask blank.

[0018]

Heretofore, in a process for manufacturing a photomask, even when

depositing a functional transparent film that has a large film stress of, for

example, around 0.4 um, it has been considered that if an appropriate

amount of irradiation energy is applied by light from a flash lamp and a

halftone phase shift film is also formed, the warpage amount can be

suppressed to a low amount and the amount of warpage change in the

halftone phase shift film in a photomask on which a pattern has been formed

can be sufficiently suppressed. However, when such a product is actually

used as a photomask, it has been found that the amount of warpage change

in the halftone phase shift film from the photomask blank is +0.06 pum.

10019}

The present inventors conducted concentrated studies to clarify the

cause of the above problem, and traced the cause to the heat history applied

when forming a resist pattern on the photomask blank for pattern formation of

the photomask.  Further, the present inventors found that when a phase

shift film is formed, either before or after subjecting the phase shift film to a

flash irradiation treatment, it is necessary to perform a heat treatment for a



Preferably, the heat treatnment is perforned within a tenperature range of

260C to 320C for four hours or nore. [0027] I'n addition, preferably,
in the step of performng the flash irradiation treatnment, a tinme period of
a single irradiation is one second of Fess. [ 0028] Furt her,

preferably, the heat treatnment and the flash irradiation treatnent are
performed under conditions such that a warpage ampbunt on the substrate of
the functi defite tiraagpesiodrdr mholenataf teenpdrheirs tieg i9bqgpartbwryragtel igaheat
treatment and the step of performng the flash irradiation treatnent is

wi t hi n 0. Othephgat[ligog] The presenbinpagtersaftumdtihanby berfsmbiat;ths deaf t he

| am nat ed body that includes the functional transparent filmis a
neasurenenire@élﬁfé» Rietamauat ofevarpagalchenge di amaiftonshpledseostelt §iindés i s 132 nm
that is cent erea on a mddle of a principal surface of the photomask bl ank.
[ 0030] reduge &NQWQO&’BOE%@“&%@QU@ fospt thaiche ssagunt o waresge

hal ftone p@ﬁe?r?gesiﬁlt% hfallf{oniqe phase shift film when a photomask blank formed by a

laminated body that includes the halftone phase shift film is used for a
photomask is half or less relative to the conventional amount of warpage
change.

[0020}

An object of the present invention is to provide a photomask blank
which has a high degree of flatness (that is, a low degree of warpage) and in
which the amount of warpage change after a photomask manufacturing
process ends is small.

[0021]

To solve the above problems, a photomask biank according to the
present invention is a photomask blank in which a laminated body including
at least one kind of functional transparent film is formed on a substrate that is
transparent to exposure light, wherein a heat treatment is performed on the
laminated body at least one time after any one of: a step of depositing the
functional transparent film; a step of performing a flash irradiation treatment
at least one time after deposition of the functional transparent film: and a step
of forming a layer of a functional fitm that is different to the functional
transparent film thereon to form the laminated body.

[0022]
In the photomask blank, the amount of warpage change in the

functionat transparent film after a photomask manufacturing process ends is



[ 0031] According to the present invention, a heat treatnent is
performed at | east one tine after any one of: a step of depositing a
functional transparent film a step of jperformng a flash irradiation
treatnment at |east one time after de|50§i tion of the functional transparent
film and a step of formng a |layer of a functional filmthat is different
to the functional transparent filmthereon to forma | am nated body. Hence,
t he rel easwithin 50.063sn adndtHugrtae iaoralnt of aaspaegesitafgd whsht hi n whi ch stress
has accumul ated is effectively performed. As a result, it is possible to
provi de a prasudasiskndpafiotenask has be radgtediegree of flatness (that is, has
little vvarFa %ﬁ) and in which the anount of warpage change after a phot omask
manuf act ur Q@ rocess ends is also small. [0032] FIG 1is a

fl omchart for scribin n exanpl e of a manufacturing process of a

phot onask bl ang]e'&‘%émoél‘i”g@?‘f"arﬂ%@ Jrangene & measesient vale vitkigtaent and

treat nent, on a functi ar ent FIG 2

{%azhf: Liﬁﬁ%ﬁ%gwé’ﬂ?f @Qwii”b"i"w&ﬁﬁﬁ‘e&%‘?rﬁ ﬁ%'fﬂ@%ﬁ%ﬁ%@fmi if%é,r%ﬁg%gs of a
g t t
Preatnent ohdPHBGBSCs AR AR RITREE PRl L r ansparent i1m: and

FIG 3 is ﬁ)gzhﬁ)vmhart for describing an exanple of a manufacturing process

of a photohask bl ank according to the present invention (flash irradiation

treatnment on a i lo ke ¢ It after
Aeummg Bﬁé)tn}eoﬁg%ﬁgitﬁ%grfdhbﬁh& %%TN;J@E%M 5&@%@8@%3

PREFERRED EMBORE MENES shFORA. Her eunder, a photonask bl ank and a

met hod of manufacturing a photonmask bl ank according to the present

i nvention @0&5flescribed with reference to the draw ngs.

formati on of anot her i CRI PTI OF THE

A method of manufacturing a photomask blank according to the
present invention is a method of manufacturing a photomask blank in which a
laminated body including at least one kind of functional transparent film is
formed on a substrate that is transparent to exposure light, the method
including: a step of depositing at least one kind of functional transparent film
on the substrate; a step of performing a flash irradiation treatment in a case
where an absolute value of a warpage amount on the substrate of the
functional transparent film is 0.1 um or more; and a step of forming a layer of
a functional film that is different to the functional transparent film thereon to
form the laminated body; the method further including a step of performing a
heat treatment at least one time after any one of the three steps.

[0026]

Preferably, the heat treatment is performed within a temperature range

of 260°C to 320°C for four hours or more.
[0027)
In addition, preferably, in the step of performing the flash irradiation

treatment, a time period of a single irradiation is one second or less.



[ 0034] As descri bed above, in order to accurately forma mnute
pattern, it is necessary to enhance the superposition accuracy of a

phot omask and the like, and it is necessary to suppress to a snall anount
t he anbunt of warpage change that ari ses duri ng a process of manufacturing
a photomask wth a photomask bl ank. The present inventors conducted studies
regarding this problem and found that to effectively release stress froma
| am nat ed BHEAB]i ncl uding a functional transparent filmw thin which stress
has accumul ated, it is effective to performa heat treatnent in addition to
performi ng fl ashuitheragreieiably, Whe heatlspatotent entlttee flasicirrashationt r anspar ent
film - 12 - [0035] That is, according to a nethod of manufacturing
a phot omasKeBina@K aiederierngd wedeneopdidarh sughinat g warpaghemerniufnact uri ng a

phot omask R{an i n whﬁ]% a | am nat ed bod¥ including at | east one kind of
functi onal er%fﬁ%%%’ﬁi%ﬁt PRETNA Geneerient Hins aBist therdep RAperferbingribpar ent to

exposure |jght heat treatpent, is, perforne t. least one tine after
per f or ni nghgﬂv’f%%@e apfdhe Bﬁ%o%g?df rmlr&{rge[fg?é: :r@%glgtﬁ@at@g%ﬁ ting at

| east one Mtﬂ?\ﬁj guncti onal transparent filmon the substrate; a step of
performng a I‘as‘R i adi ation treatnent in a case where an absol ute val ue
of a var pagg) g unt on the substrate of the functional transparent filmis
0.1 rtmor nor and a step of formng a layer of a functional filmthat is

di fferent toth&w‘atggégﬁﬁ,l I hAMSPA i i t c{\‘ot'h the | am nat ed
body. Al though an u?)péer Iirtrjint of thgﬁgﬁaggldémé \%Iﬁg%gf% e \%}ar page anount

on the subpiclalee thé fim@iohbneahgrabnt fIRNS RamentufdmdntivaluokitRiard | cul arly
specified, it has been confirmed that there is an effect even when the

absol ut e vedctengfiar flegiomainpageh amewide iss13P dhnpthat[O0&GEred onarhiddie 1 is a
flowmchart for describing an exanple of a manufacturing process of a

phot omask ©f apkneipebsulfang afdhe pbopmeasnblankvention. FIG 1 illustrates an
exanpl e of manufacturing a photonmask blank in which a | am nated body

i ncl udi ng ®¥0gRhse shift filmas a functional transparent filmand a
light-shielding filmas another functional filmijis formed on a substrate
that is transpa&¥ding leRpEAsPEct ithtaminatad kdyiinclidgs gcal§one piass
illustrat equﬁ?.r a case where, anong the aforenmentioned filns, an absol ute
val ue of a° 'Bﬁge anount on the substrate of the phase shift filmis 0.1 m
or nore, a@% heat treatnment and a flash irradiation treatnent are each
execut ed one time to rel ease stress in the phase shift film

According to the present invention, a heat treatment is performed at
least one time after any one of: a step of depositing a functional transparent
film, a step of performing a flash irradiation treatment at least one time after
deposition of the functional transparent film, and a step of forming a layer of a
functional film that is different to the functional transparent film thereon to
form a laminated body. Hence, the release of stress of a functional
transparent fiilm within which stress has accumulated is effectively performed.
As a result, it is possible to provide a photomask blank that has a high
degree of flatness (that is, has little warpage) and in which the amount of

warpage change after a photomask manufaciuring process ends is also small.

BRIEF DESCRIPTION OF THE DRAWINGS



- 13 - [0037] First, a phase shift filmis deposited (S101). Next,
the phase shift filmis subjected to a heat treatnent (5102), and
thereafter is subjected to a flash i rr‘a]di ation treatnment (5103). A
light-shielding filmis deposited on the phase shift filmthat has
undergone the aforenentioned stress rel ease treatnents (5104), and a
phot omask bl ank is obtained (5105). [0038] The conditions and the
| i ke under [WH3Zdh to performthe heat treatnent and the flash irradiation
treatnent are described later, and various nodes are possible with respect
to the stage atFlhiis axfidwehart fratescribingwin etanplesd a meatfaetirsigr e
performed. [0039] FIG 2 is a flowhart for describing another exanple of a
manuf act ur PARPSSE & 8sthadpmask ttbmsserdinaik thecpsenhiyveotiemégatesent
i nvention. Ac%:oq[_ﬁ%i n é% FIG 2, first, a phase shift filmis deposited
(5101). Neffalp %ﬁia hsiviadiation) trpatest o edveatiena! fransaaent filmaki at i on
treatnment (S103 . a heat, treatpent. (5102). A light-shielding filmis
deposited on t h%"%gis?ea Q{Pl\p/gelgarg Fq’”r‘f{égﬁ%\ti” PRy %ﬁ?ﬂ‘%ﬁ"&dﬁ@ 'i”ﬁ@_”‘%ﬂfﬂr ent i oned
stress rel 5?&%3& ro‘?atd'%%r%agl?%%d'rh(’ac%ggdiﬁg %1 %eopr)rl%sélénp fn%ghtitlar? (f%%thal ned (S109).

irradiation treatment and heat treatment on a functional transparent film); and

FIG. 3 is a flowchart for describing an example of a manufacturing
process of a photomask blank according to the present invention (flash
irradiation treatment on a functional transparent film, and heat treatment after

formation of another functional film).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0033]

Hereunder, a photomask blank and a method of manufacturing a
photomask blank according to the present invention are described with
reference to the drawings.

[0034]

As described above, in order to accurately form a minute pattern, it is
necessary to enhance the superposition accuracy of a photomask and the
like, and it is necessary to suppress to a small amount the amount of
warpage change that arises during a process of manufacturing a photomask
with a photomask blank.  The present inventors conducted studies regarding
this problem, and found that to effectively release stress from a laminated
body including a functional transparent film within which stress has
accumulated, it is effective to perform a heat treatment in addition to

performing flash irradiation with respect to the functional transparent film.



.[0040] FIG 3 is a flowhart for describing a further exanple of a
manuf acturing process of a photomask bl ank according to the present
invention. According to FIG 3, firs;rgpuphase shift filmis deposited
(S101). Next, the phase shift filmis Subjected to a flash irradiation
treatnment (5103), and thereafter a light-shielding filmis deposited to
obtain a |l am nated body (S104). The | am nated body is subjected to a heat
treatment [(BO32), and a photonask blank is obtained (5105). - 14 - [0041]
The aforenentioned heat treatnent is preferably executed within a

t enper at ur e r angleatos, 2BOCling t320TRthed afwoamdactsriog anyradomankl biare
preferably is executed for four hours or nore. If the treatnment tenperature
is | ower tAGFPrABEAD the peesant Fvestipaswhen snafaeidring aathoierapsk blatdpar ent

fil i1l be | ffici , ileif the t t t is high
e So0c FghBF L BB oo el GBS 1 5 cad”cnan
th I d st il b | at ed. . f t t t
tgtf BRBAERT i gfggﬁe@fﬁ‘ée”%w%srtre‘f%aﬂ“éﬁﬁﬁgﬁﬁgﬁéﬁ %pf%pfé&@e; ht
enper at ur g, , . .

hi g? ory ap%lﬂetggﬁe faﬁr?lél'ﬁd? %eﬁéﬁ‘g&?%&eé@?gﬁﬁ@%ﬂ%%ﬁ? eo@hrp%pfgggg’ﬁg (ﬁo 3“ thin a

range of Oth%SfoiHBMr‘fg&r th?élgs‘%%% RIS & cgeﬁiol\éistﬁytgg%t |%£’£.‘8Je kind of udﬂ%ﬁaﬁ hat ,

al though an 1 nert gas such as nitrog asi ¢ atnosphere for the heat

treat ment, yrhAspdientARLoR thd 8B QFtd N stceoiRtorkirgh TBBA ikddigfiod Or m ng the
| am nat ed body, for exanple, 1f the heat treatnent is conducted in an

at nospher etreatriditdh aafhseWiges HoabRNlte vallkd bf 29LRPAGS amdubebners 16% and
24% the outernost surface can be noderately oxidi zed and the chemi cal

resi st ancesuizgtraie of tHwaiwetlond|firanseamnt dign isont @ntorimoitchendtan®isphdre is

| ower than 16% the chem cal resistance enhancenent effect will be

i nsuf fi ci efrmingallaydrfof afenclionge filne dmtdadifetertddshe Anatibeae is a risk that
surface roughness may ari se. [0043L ~ Wth regard to the flash

i rradi ati ofiapsRAEAEHM thereame formehpdamapted badsi nyltoughr2iiapelMits t oo

| ong, there_js risk that the shape of the substrate itself will change.
Ther ef or e, 4t g %Wtﬁé?r%dofdpeéivaépgﬁ‘ffé‘r’?Q%&Pét‘?@HbF%atBrcgﬁ'é@abI y one second

or less, mor e iBn S e ABLYeri3im & Mol b RRGRMIL p2kii§ ¥ halBden confirmed
that there is an effect even when the absolute value of the warpage amount
1s 0.4 um.
[00386]

FIG. 1 is a flowchart for describing an example of a manufacturing
process of a photomask blank according to the present invention. FIG. 1
illustrates an example of manufacturing a photomask blank in which a
laminated body including a phase shift film as a functionatl transparent film
and a light-shielding film as another functional film is formed on a substrate
that is transparent to exposure light.  In FIG. 1, a process flow is illustrated
for a case where, among the aforementioned films, an absolute value of a
warpage amount on the substrate of the phase shift film is 0.1 pm or more,
and a heat treatment and a flash irradiation treatment are each executed one

time to release stress in the phase shift film.



-- 15 -- further preferably is 1 mllisecond or |ess. Note that the | ower
limt of the tine period of a single irradiation is normally 0.1
mlliseconds. Further, the flash irradiation is preferably executed in a
state in which the substrate is maintaihed at a t enper at ure between 50C and
300C. The reason for heating in this manner during the flash irradiation
treatnent is to stabilize a process that keeps the tenperature inside the
chanmber cof3&ijt when perform ng consecutive flash irradiation treatnents.
[ 0044] The absorption efficiency with respect to flash light varies
for each functibingll aphass shifefitn Kidaposhed (8408 dlixgdhe fpdiass tshifskinT el ease.
Therefore, it is necessary to adjust according to the conposition of the
functi onal i%$dtiepad éne haat ieatienh@ 102keancothebeattan is hebjepleddpra gash f | ash
irradiation energy density. &0045 _ . Based on the results of studies
conduct ed BRA@EOMreaErnti(Rladk orslighitshigldingdimds deaesiigtkben threphageet i onal
transparent, film a hal ftone phase shift fil gh_ an appropriate flash

i rradiati oﬁhiétﬁé?‘dbgh’éé?%w@efﬂaﬂaéhﬁf g?qr@mngpgeq] B$S flease Beaienis when t he

hal ftone p shift filmh ransm.tt f 5%to 7% with respect to
Kr F exci nek@ﬁg@e?n(fj Iadmo_tonpagﬁgrantk 1S O%p%&rﬁe(g&chf@ri ate flash irradiation

ener gy denfdots\é range is from16.8 J/cnR2 to 31.0 J/cnR when the hal ftone
phase shift fitmhas a transmttance of 18%to 32% w th respect to KrF

exci mer 1 aser 11ightondifid/hng the ik I @RRIARK A8 LA h%éft?%&hie%g ener gy

density range is from14.7 J/icn2 to _ en the one” phase
shift fil mpashanispnaridtiornesattierdUrd Beddnid BidreHREGhrid s Molie8%Fd Mer

| aser |ight.
possible with respect to the stage at which and the manner in which these
treatments are performed.
[0039]

FIG. 2 is a flowchart for describing another example of a
manufacturing process of a photomask blank according to the present
invention.  According to FIG. 2, first, a phase shift film is deposited (S101).
Next, the phase shift film is subjected to a flash irradiation treatment (S103)
and a heat treatment (S102). A fight-shielding film is deposited on the
phase shift film that has undergone the aforementioned stress release
treatments (5104}, and a photomask blank is obtained (S105).

[0040]

FiG. 3 is a flowchart for describing a further example of a
manufacturing process of a photomask blank according to the present
invention.  According to FIG. 3, first, a phase shift film is deposited (S101).
Next, the phase shift film is subjected to a flash irradiation treatment (S103),
and thereafter a light-shieiding film is deposited {o obtain a laminated body
(5104). The laminated body is subjected to a heat treatment (S102), and a
photomask blank is obtained (5105).



- 16 - [0048] An appropriate flash irradiation energy density range
is from21.0 J/cn2 to 36.0 J/cn2 when the hal ftone phase shift filmhas a
transmttance of 18%to 32%w th respect to an ArF excinmer |aser |ight.

[ 0049] The at nosphere for flash % radi ati on may be an inert gas such
as argon, nitrogen, or a mxed gas containing two or nore of an inert gas
such as argon, nitrogen, and oxygen. In addition, flash irradiation my

al so be pe[ldriired in vacuumor in air. Fromthe viewpoint of preventing
scattering of particles, it is preferable to performflash irradiation in
vacuum [0050] The aforgimentipesd beati treptireas s prefardbltaxecutacewithiend i n t he
practice of the present invention, irradiation of the filmmy be conpl eted
in a singl EMPIGHIrerangs ohBeiG/ 10 nios teo plourabi mprafand mehes. [ 0051]

In FIG 1 to,FI 3, although exanples are illustrated in which the heat
treat ment PSI@BPIVAR@EREIe0 IG5 fOUr NoKER at MeFe -t r b thenisaatriest dayparatuiser f or med

' t and the flash irradiation treatnment m
ggeptelr ][rgr ﬁgjggeéﬁ%n;ffﬁ"(ft, E;@elgggq?@ stress Inside the functional transparent film Y

will be insufficient, while if the treatment temperature is higher than 320°C
there is a risk that stress of an amount equal to or greater than the released
stress will be accumulated.  More preferably the temperature range is from
285°C to 315°C. By performing a heat treatment at such a temperature, the
amount of warpage change in a substrate produced by a heat history applied
when forming a resist pattern can be suppressed to within a range of +0.05
um, and more preferably +0.03 um.

[0042]

Note that, although an inert gas such as nitrogen is the basic
atmosphere for the heat treatment, in the case of performing the heat
treatment aiter forming the laminated body, for example, if the heat treatment
is conducted in an atmosphere in which an oxygen content in nitrogen gas is
between 16% and 24%, the outermost surface can be moderately oxidized
and the chemical resistance can be enhanced. If the oxygen content in the
atmosphere is lower than 16%, the chemical resistance enhancement effect
will be insufficient, while if the oxygen content exceeds 24% there is a risk
that surface roughness may arise.

[0043)

With regard to the flash irradiation treatment, if the time period of a
single irradiation is too long, there is a risk that the shape of the substrate
tself will change. Therefore, the time period of a single irradiation is

preferably one second or less, more preferably is 10 milliseconds or less, and



[ 0052] A substrate nmade of synthetic quartz glass, calciumfluoride
or the Iike can be nentioned as an exanple of the substrate that is
transparent to exposure |ight. [0053] The ki nds of functional
transparent filns deposited on the substrate that is transparent to
exposure light include, for exanple, an etching stopper filmthat is
transparent to light froma flash |lanp and a phase shift film The 17 -

ki nds of t hetletripesfetablgid onallisétdmd bnieksideNatd thabthesidinel divmgoffthem t hat  has

a light shielding effect with respect to light froma flash [anp and an
ant i r ef | ectimerpdriddwof arbiegshivtdimiok ibhankaliyngHudidiseachasi Nabdicehady t hat
I ncl udes at | east one kind of these functional transparent filnms and a
f unct i onal flash radkatiaey isfusleraldnaxetutedyin arsdatei i vdiigh threesubstate ke f unct i onal
transparent film [0054] These functional transparent filns are
seni - t r ans PEHRIANECRANA iggrparaitie bejweans0iG aad 3005CT | Abh reasemfait i on
I 0B PUBAoB G RTEBRE R chobBeSR SRR P o e
process that keeps the temperature inside the chamber constant when
performing consecutive flash irradiation treatments.
[0044]
The absorption efficiency with respect to flash light varies for each
functional transparent film that is an object for stress release. Therefore, it
is necessary to adjust according to the composition of the functional
transparent film and the like to obtain the appropriate flash irradiation energy
density.
[0045]
Based on the results of studies conducted by the present inventors, it
was found that when the functional transparent film is a halftone phase shift
film, an appropriate flash irradiation energy density range is from 5.5 Jfcm? to
16.5 Jlcm® when the halftone phase shift film has a transmittance of 5% to
7% with respect to KrF excimer laser light.
[0046]
An appropriate flash irradiation energy density range is from 16.8
Jiem? to 31.0 Jiem?® when the halfione phase shift film has a transmittance of
18% 1o 32% with respect to KrF excimer laser light.
[0047]
An appropriate flash irradiation energy density range is from 14.7

Jicm? to 27.6 Jicm? when the halftone phase shift film has a transmittance of

5% to 7% with respect to ArF excimer laser light.



In the | am nated body including a functional transparent film and another
functional filmthat is formed on the substrate, the total of the
respective optical densities with respect to the exposure wavel ength of the
functional films constituting the | ani‘fated body is preferably 2.5 or nore,
and nore preferably is 3.0 or nore. [0056] Al t hough a known net hod
can be used for depositing the functional filmon the substrate, deposition
by sputteri0®id]s preferable. Wien it is necessary for the filmto contain a
| i ght el enent such as oxygen, nitrogen or carbon, a reactive sputtering

met hod is pref efalperopxete flasiatrradidte rsenrte dengitg esngeais floem @an.0 nert gas
such as araon L0 which oxygen, nitrogen, or a gas containi ng oxygen,

ni trogen or/C&AriBolf. ¢ Jéim aghei theohaliffons phase shiftiinbloas aviadesittandehef | i ke is
added. [00%7] The sputteri ng Fpr ocess may _engl oy either a

di r ect - cur f 8t to( B wWibweasPeablel an BFF exeier dagardghency (RE) power supply.
Either a rrﬁg]gl%ﬁjron - 18 -- sputtering systemor a conventional sputtering
syst em may sed. The film deposition apparatus may be a passing type or

h L | wh he functional t t fil
o sheet, e, B0 cconore oo SRR Fal S RS e SR o 11

be cl as&idied,] | s type that h i tt f
around 6 IeRfegk 3Rt 9P eoRRIRL MO RETurERE A i S Pgh =8 ansmi ¢ ance
type that n?n?gt{@%’ﬁfﬂaha%Qggerﬁ?eti\“{eaedaitﬂo%",/%laeﬁir?%?{%%’i Phdyeise to the

exposure wavel en
performed in vacuum or in air.  From the viewpoint of preventing scattering

of particles, it is preferable to perform flash irradiation in vacuum.
{0050]

When performing flash irradiation treatment in the practice of the
present invention, irradiation of the film may be completed in a single flash or
may be divided into a plurality of flashes.

[0051]

In FIG. 1 1o FIG. 3, although examples are illustrated in which the heat
treatment (5102) and the flash irradiation treatment (S103) are performed
one time each, the heat treatment and the flash irradiation treatment may be
performed a plurality of times.

[0052]

A substrate made of synthetic quartz glass, caicium fluoride or the like
can be mentioned as an example of the substrate that is transparent {o
exposure light.

[0053]

The kinds of functional transparent films deposited on the substrate

that is transparent to exposure tight include, for example, an etching stopper

film that is transparent to light from a flash lamp and a phase shift fim. The



[ 0059] The hal ftone phase shift filmnmay be an anorphous silicon
film a netal conpound film containing oxygen, nitrogen or carbon or the
like. In general, a halftone phase shift filmthat includes one or nore
| ayers containing silicon, a nmetal other than silicon, and one or nore
ki nds of el enents selected from anong oxygen, nitrogen and carbon is
preferable. [0060] Exanpl es of the netal other than silicon

cont ai ned kindshe thabfree nendpbaskfiighintludei d mHteidgiag\Wm¥bat Tis aT?ht Zr, H,
Nb, V, Co, & and NN. O these, a filmbased on M has excellen chem cal

resi st anceshiettingsffactsiitnidspesnto lefht @cin wiflabh l@apert! droanwdbecteh i n-film
stress. Specific exanples thereof include a halftone phase shift film
conposed ofl|mml1]1m%lehﬂh®lm3kltdaidelrmiud¢e q MD8heled bmﬂyytbd'emumd@slatceam nitride
(MSIN), nol ybdenum silicide carbide (MSiC), | ybdenum si | i ci de

oxyni tri devammthe%wmen@ﬂrimsnac@rdéiEmm&ra)wetlpwzﬁlmccpthmr nol ybdenum
silicide ox mtn%@ﬂgarbldeﬁ(l\/bs i ONC) I] Preferably the

t hi ckness ”CE'H'éa et és §@t§ﬁlt$Q f‘fﬂqt'ﬁﬂﬁstf%@ﬁﬁﬁmtﬁmn the range of 30

to 200 nnlggﬁﬂ a range of 50 to 130 nmis particularly preferable, although
t he range es dependi ng on the exposure wavel ength 19 - when using the

e o Pt ookl R e AR SRR L RSt ﬁggpﬁ%&ge Sl hamt
treatment af @R @ of L3Ry nrraan%eﬁ A %éﬁ@%ﬁ@%ﬁeﬁa‘rﬁ%r pRPLAQL IR tinder

condi tions such that a war rmun on'the s i onal

t ranspar enfiinf bhaBES B d??éfftﬂerﬂa@,ﬂ @m Bng reMsed rte?h%f%h fidp,_pm The

anount of war page change in a hal ftone phase shi f I''mof 'a phase shift
mask obt ai jpggsby t he above described manufacturing nmethod can be suppressed
to wthin 0.05 pm [ Exanpl es]
In the laminated body including a functional transparent film and
another functional film that is formed on the substrate, the total of the
respective optical densities with respect to the exposure wavelength of the
functional films constituting the laminated body is preferably 2.5 or more, and
more preferably is 3.0 or more.
[0056]
Although a known method can be used for depositing the functional
film on the substrate, deposition by sputtering is preferable. When it is
necessary for the film to contain a light element such as oxygen, nitrogen or
carbon, a reactive sputtering method is preferable. Note that, the sputtering
gas can be an inert gas such as argon to which oxygen, nitrogen, or a gas
containing oxygen, nitrogen or carbon such as nitrogen oxides or carbon
oxides or the like is added.
[0057]

The sputtering process may employ either a direct-current (DC) power

supply or a radio-frequency (RF) power supply.  Either a magnetron



[ 0063] Her eunder, the manufacturing nethod for a photomask bl ank
according to the present invention is described in detail by way of
exanpl es and a conparative exanple. [0064] [Phase-shift film deposition]

A hal ftone phase shift film conposed of® NbSiON with a thickness of 750 A
was deposited on a 6-inch square quartz substrate with a thickness of 0.25
inches by a reactive DC sputtering technique as a functional transparent

film The epupesid s@ienfotdeoMaspitioNal spunenng s3diens hesl 5O uasgt oTReovi de a
phase difference of approximately 180 and a transm ttance of approximately

5% when enmpblroyliepgsition Aippaextos mey baaeaséivgugpenghlshteBiype) as exposure
light. The specific filmformation conditions are descri bed hereunder.
[ 0065] [005%]gon, oxygen and nitrogen was used as the sputtering gas, and
the gas pressure inside the chanber was adjusted to 0.05 Pa. Two ki nds of
targets, nanel yln apasdwharg e wngtioral Siansaaget filnvs @ hademeaghasergéfts and
film - 0 - deposition was performed while rotating. the substrate at 30
rpm  On ESERHRO/3Ns the Ralfleremiaee sHHbEEr i pe dagsifiadkatona &dposi tion of
Mo: Si O N ?ra%é#ﬁtgafndée(t%g E[‘ﬁaq( hraasta{ t?'g\hsmittance of around 6% with respect to the
exposure wavelength and a high-transmittance type that has a transmittance
between 18% and 32% with respect to the exposure waveiength.
[0059]
The halftone phase shift film may be an amorphous silicon film, a
metal compound film containing oxygen, nitrogen or carbon or the like. In
general, a halftone phase shift film that includes one or more layers
containing silicon, a metal other than silicon, and one or more kinds of -
elements selected from among oxygen, nitrogen and carbon is preferable.
[0060]
Examples of the metal other than silicon contained in the halftone
phase shift film include W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr and Ni. Of these,
a film based on Mo has excellent chemical resistance and has a significant
effect with respect to reducing in-film stress. Specific examples thereof
include a halftone phase shift film composed of molybdenum silicide oxide
(MoSi0), molybdenum silicide nitride (MoSiN), molybdenum silicide carbide
(MoSiC), molybdenum silicide oxynitride (MoSiON), molybdenum silicide
oxycarbide (MoSiOC), or molybdenum silicide oxynitride carbide (MoSiONC).
[0061]
Preferably the thickness of the halftone phase shift film is normally in

the range of 30 to 200 nm, and a range of 50 to 130 nm is particularly

preferable, although the range varies depending on the exposure wavelength



[ 0066] War page on the substrate after the MbSIi ON fil mwas deposited
was evaluated within a rectangular region in which one side was 132 nmmt hat
was centered on the mddle of a principal surface of the substrate. The
MoSION filmwas formed in a concave sﬂébe with respect to the substrate
side, strain accunulated in the filmwas conpressive stress, and a war page
anount was -0.4 um Note that, hereunder, a functional transparent film
formed in wheonsaptheheagftove phasesiitchaslo thd dassiittanebafihelphasy be
described as a filmin which conpressive stress is accunul ated, while a

f unct i onal shiftdirspthecphads $hift foraved and the tlmvex shape with respect to the
substrate side may be described as a filmin which tensile stress is
accumul at etP0 62b067] [Example 1 ] In a state in which the substrate on
whi ch the above des ri bed MoSi ON filmwas deposited was naintai ned at a

t enper at ur e of r?'@ﬁf’“‘?@%%atftfeﬁwel“&ﬁﬁpv@%d flashaigiagiadigndrrigmesbndi t i ons
h t hat |VbSO\|f | thin 0.05 S103 The fl h
Zﬁgr gy Sen agtpe{gﬁ)gpeﬁ LWQG:DVQQI‘IG_[I O‘Jr}gi %ﬂ ﬁ%ﬂt aﬁqn‘tpagfs@gnn?) N theadi :Ei i oﬁs
t f t.he fl t
uns port B??r‘e‘f‘” 406 o1 Rrforkd e BRI PLT patombing doyf S S{éﬁgggﬂgy enstty
Subsequent | hy at 102). The
within 5@15?. ﬁ?éqa tB\e\ngngaﬁ% 3%?83/' gﬂ!rghi il pl;? sﬁ%

at m)sphere at tha I'me was nrtro 0 oxyg At this

tinme, the f)a §RYBHAD YRR rﬁésﬁ Beihadd bPhR Wdééﬂrifbbdfméﬁ@f‘é%riﬁg- 03
method can be suppressed to within +£0.05 um.
[Examples]
[0063]

Hereunder, the manufacturing method for a photomask blank
according to the present invention is described in detail by way of examples
and a comparative example.

[0064]
[Phase-shift film deposition]

A halftone phase shift film composed of MoSiON with a thickness of
750 A was deposited on a 6-inch square quartz substrate with a thickness of
0.25 inches by a reactive DC sputtering technique as a functional transparent
film.  The composition of the MoSiON film was adjusted so as to provide a
phase difference of approximately 180° and a transmittance of approximately
5% when employing an ArF excimer laser (wavelength 193 nm) as exposure
light.  The specific film formation conditions are described hereunder.

[0065]

Argon, oxygen and nitrogen was used as the sputtering gas, and the

gas pressure inside the chamber was adjusted to 0.05 Pa. Two kinds of

targets, namely, an Mo target and an Si target, were used as targets and film



[ 0069] After the flash irradiation treatnment and heat treatnent, a
chrom um based light-shielding filmand a chrom um oxi de- based
antireflection filmwere |lanm nated onto the MbSiON film (5104), to obtain a
hal ft one phase shift photonmask bl ank (%EOS). [ 0070] An EB resist was
coated by spin coating to a filmthickness of 150 nm on the thus-obtained
phot omask bl ank, and pre-baking (100C for 10 m nutes) was perforned to
renove sol depositiemaiasipegformetiivehifel lotatingG@é Hubstrate atASd §im EXQRSESGAL hi s
resist filmto an el ectron beam post-baking (120C for 5 mnutes) was
per f or ned. afaksisetlieshalftbnerphase deltdloded] 4 compoaltival df ido:8g0eldus sol uti on of
t et ranet hyl amoni um hydroxi de (TMAH) to forma resist pattern. Heat

treat nent Wwek1gdptasnigsdtiah 140C for 6 minutes after formation of the resist
pattern. A[qter resist pattern formation, a pattern was formed on the

phot omask 088k to obtain a hal ft one-type phase shift nmask. [0072]

The war page am)wﬂ of the hal ftone 8hase shift film of the photonask

manuf act ured i n' CHIIHRMHE SyRidrale ager g MeREINifm waredeprsilied WaS war page
change 1 SIS e NERR ok oL Shot el 93RSl BihaE
centered on the middle of a principal surface of the substrate. The MoSION
film was formed in a concave shape with respect to the substrate side, strain
accumulated in the film was compressive stress, and a warpage amount was
-0.4 um.  Note that, hereunder, a functional transparent film formed in a
concave shape with respect to the substrate side may be described as a film
in which compressive stress is accumulated, while a functional transparent
film formed in a convex shape with respect to the substrate side may be
described as a film in which tensile stress is accumulated.
[0067]
{Example 1]

In a state in which the substrate on which the above described
MoSION film was deposited was maintained at a temperature of 80°C, light
from a flash lamp was irradiated under conditions such that warpage of the
MoSION film was within £0.05 pm (S103).  The flash energy density at that
time was 19 J/em? per unit area, and irradiation time periods were from 0.1 to
10 msec.  Controi of the flash energy density was performed by adjusting a
voltage applied to the lamp.

[0068]
Subsequently, heat treatment was performed for 6 hours at 300°C

(5102). The atmosphere at that time was 80% nitrogen and 20% oxygen.



[0073] [Exanple 2] - 22 A substrate on which the above descri bed
MoSi ON fil mwas deposited was subjected to a heat treatnment at 300C for 6
hours (S102). The atnosphere at this te,jma was 80% ni trogen and 20% oxygen.
[ 0074] Subsequently, in a stat 31 which the MoSION il mwas

mai ntai ned at a tenperature of 80C, light froma flash | anp was irradi ated
under conditions such that warpage of the MoSION filmwas within +0.05 pm
(S103). Théithiasimesties gparpsgesatnpuat ot theshdlftore piesselohitfidnBvaperQ @di t ar ea,
and irradiation tine periods were from0.1 to 10 nsec. At this time, the
war page ampomt of the hal ftone phase shift filmwas +0.02 pm [0075]
Thereafter, a photomask was manufactured by the sane steps as in Exanple 1.
The war pagéd@®unt of the hal ftone phase shift filmof the photonmask was
-0.01 pm That is, the amunt of warpage change in the hal ftone phase shift

filmafter the phetibrdachigadieben iieaiyept athaatdirpinenhs? coa3upin - These
results ar %aggdin'[rg}gti—sﬁ&diin% f-lji_r%bér?d %'ch[‘grgﬁp oLigce)w a%re te;r}/tﬁel%(c%g%lfﬁml]
were laminated onto the MoSiON film ($104), to obtain a halftone phase shift
photomask blank (S105).
[0070]

An EB resist was coated by spin coating to a film thickness of 150 nm
on the thus-obtained photomask blank, and pre-baking (100°C for 10
minutes) was performed to remove solvent remaining in the film.

[0071]

After exposing this resist film to an electron beam, post-baking (120°C
for 5 minutes) was performed. The resist film was developed in an alkaline
aqueous solution of tetramethylammonium hydroxide (TMAHj) to form a resist
pattern. Heat treatment was performed at 140°C for 6 minutes after
formation of the resist pattern.  After resist pattern formation, a pattern was
formed on the photomask blank to obtain a halftone-type phase shift mask.
[0072]

The warpage amount of the halftone phase shift film of the photomask
manufactured in this manner was +0.02 nm. That is, the amount of
warpage change in the halftone phase shift film after the photomask
manufacturing process ended was -0.01 um. These results are summarized
in Table 1.

[0073]
[Example 2]



In a state in which the substrate on which the above described MbSION film
was deposited was maintained at a tenperature of 80C, light froma flash

| anp was irradi ated under conditions ?#Jepch that warpage of the MbSi ON film
was within 0.05 pm The flash energy density at this time was 19 J/cn2 per
unit area, and irradiation tine periods were fromO.1 to 10 nsec. At this
time, the warpage anount of the hal ftone phase shift filmwas -0.01 pm
[0077] - 23 - A substrateomaficytheahuivetdusesiketvido Sranbfilacivas edpbyitédie sane
steps as in Exanples 1 and 2. The war page anount of the hal ftone phase
shift fil mals auikeqiad tomrsiat iastmentGit 30O°CThab Hosrs (3kD2anolihe of war page
change in the hal ftone phase shift filmafter the photomask manufacturing
process end¥BOsRRETEALYTS bifie WA SO BiwIges andk2@%rmagired in Table 1. [0078]
[ Tabl e 1] dea;nfl eTr eat ment War page change anmount (pn) Flash irradiation
treat ment 4

Subsequently, in a state in which the MoSiON film was maintained at a
temperature of 80°C, light from a flash lamp was irradiated under conditions
such that warpage of the MoSiON film was within £0.05 um (§103). The
flash energy density at this time was 19 Jicm? per unit area, and irradiation
time periods were from 0.1 to 10 msec. At this time, the warpage amount of
the halftone phase shift film was +0.02 um.

[0075]

Thereafter, a photomask was manufactured by the same steps as in
Example 1. The warpage amount of the halftone phase shift film of the
photomask was -0.01 um. That is, the amount of warpage change in the
halftone phase shift film after the photomask manufacturing process ended
was -0.03 um. These results are summarized in Table 1.

[00786)
[Comparative Example 1]

In a state in which the substrate on which the above described
MoSiON film was deposited was maintained at a temperature of 80°C, light
from a flash lamp was irradiated under conditions such that warpage of the
MoSION film was within £0.05 um.  The flash energy density at this time
was 19 Jlcm? per unit area, and irradiation time periods were from 0.1 to 10
msec. At this time, the warpage amount of the haiftone phase shift film was
-0.01 pum.

[0077]



Exanpl e 1-0.01 heat treatnent Heat treatnent Exanmpl e 2-0.03 flash
irradiation treatment Conparative Exanple 1Fl ash treatment-0.06 only [0079]
The above results indicate that, with respect to a | am nated body including
a functional transparent filmin whith’$tress has accunul ated, the amount
of change in the stress can be reduced by al so perform ng a heat treatnent
in addition to flash irradiation.

Thereafter, a photomask was manufactured by the same steps as in

Examples 1 and 2. The warpage amount of the halftone phase shift film of
the photomask was -0.07 um. That is, the amount of warpage change in the
halftone phase shift film after the photomask manufacturing process ended
was -0.06 um. These results are summarized in Table 1.

[0078]

[Table 1]

Example Treatment Warpage change
amount (um)

Flash irradiation treatment
Example 1 + -0.01
heat treatment
Heat treatment
Example 2 + -0.03
flash irradiation treatment

Comparative
Example 1 Flash treatment -0.06
only
[0079]

The above results indicate that, with respect to a laminated body
including a functionat transparent film in which stress has accumulated, the
amount of change in the stress can be reduced by also performing a heat
treatment in additicn to flash irradiation.

[0080]

As described above, according to the present invention, a heat
treatment and a flash irradiation treatment are each performed at least one
time with respect to a laminated body including a functional transparent film
in which stress has accumulated.  As a result, it is possible to provide a

photomask blank with a high degree of flatness (that is, with little warpage)



[ 0080] As descri bed above, according to the present invention, a
heat treatnment and a flash irradiation treatnent are each perfornmed at

| east one tinme with respect to a | am nated body including a functional
transparent filmin which stress has acktunul ated. As a result, it is

possi ble to provide a photomask bl ank wth a high degree of fl at ness (that
is, with little warpage) --4 - and in which the anmount of warpage change
after a phehﬁma&}hldmmfzﬂﬁbwﬁtlcﬂ@va‘!b@@@%ﬁaﬁ@é‘%ftbﬁa%'h%ﬂ)rﬁé‘ﬂ| - 25 - What is
clainmed is: 1. A photomask blank 1 n which a | am nated body conprising at

| east one kiamfadtufingetocesalentsanaaranall.filmis fornmed on a substrate that
is transparent to exposure |light, wherein: a heat treatnent is
performed on the | am nated body at | east one tine after any one of: a step
of depositing the functional transparent film a step of performng a flash
irradiation treatnent at |east one tinme after deposition of the functional
transparent film and a step of formng a |ayer of a functional filmthat
is different to the functional transparent filmthereon to formthe

| am nat ed body.



2. The photomask bl ank according to claim1, wherein, in the photonmask

bl ank, an anmount of warpage change in the functional transparent filmafter
a photomask nanufacturing process ends is within 0.05 um 3. The photonask
bl ank according to claim2, wherein the anount of warpage change is a
measurenent value within a rectangular region in which one side is 132 mm
that is centered on a mddle of a principal surface of the photomask bl ank.

4. The phot omasWhat anlaiaeebicdi ng to any one of clains 1 to 3, yvherei n the
functional transparent filmconprises a halftone phase shift film 5. A
met hod of manufacturing a photonmask blank in which a I am nated body
conprising at |east one kind of functional transparent filmis fornmed on a

substrate fhat Aghpicamaskablenk it whishpo sumiealddgidy comprisisg agleas@6ne

kind of functional transparent film is formed on a substrate that is transparent
to exposure light, wherein:

a heat treatment is performed on the laminated body at least one time
after any one of: a step of depositing the functional transparent film; a step of
performing a flash irradiation freatment at least one time after deposition of
the functional transparent film; and a step of forming a layer of a functional
film that is different to the functional transparent film thereon to form the

laminated body.

2. The photomask blank according to claim 1, wherein, in the photomask
blank, an amount of warpage change in the functional transparent film after a

photomask manufacturing process ends is within £0.05 um.

3. The photomask blank according to claim 2, wherein the amount of
warpage change is a measurement value within a rectangular region in which
one side is 132 mm that is centered on a middle of a principal surface of the

photomask blank.

4. The photomask blank according to any one of claims 1 o 3, wherein
the functional transparent film comprises a halftone phase shift film.

5. A method of manufacturing a photomask blank in which a laminated
body comprising at least one kind of functional transparent film is formed on

a substrate that is transparent to exposure fight, comprising:



a step of depositing at |east one kind of functional transparent filmon

t he substrate; a step of performng a flash irradiation treatnent in
a case where an absol ute value of a warpage anount on the substrate of the
functional transparent filmis 0.1 pi'rﬁégr" nore; and a step of
formng a layer of a functional filmthat is different to the functi onal
transparent filmthereon to formthe | am nated body; t he nmet hod

further conpri sasgrofsdapsitingostriéastrongiad beainctibpal triitpadéntfain one time
after any one of the three steps. 6. The method of manufacturing a

phot omask theaskbseder ding to claim5, wherein the heat treatnent is
performed within a tenperature range of 260C to 320C for four hours or
more. 7. The n@stapdofgierfaamingstiiash igadiapbrotreatsentin andasecsbemdiarg to claim
5 or 6, wherein in the step of perform ng the flash irradiation treatnent,
a time perPBEOIHe wlde pfpevarppgaiaatowt ondhesebsaismS the furttionaBThe met hod of
manuf act ur | nﬂ arphoélomisk bl ank according to any one of clains 5 to 7,
wher ei n t hEaHgRE™eNt ¥at §dhi Han@r DS aR&h i rradi ation treatment are

f d und dit. h th : h b f
Phe functi onal 3 FRRAPERTor et St ihdlEnal R Bt Scrermn o ene. heat
treat ment andbhg & BaRlntRfH R0 B ileRMuhbladialyl on treatment is

within 0.0
the method further comprising a step of performing a heat treatment at

least one time after any one of the three steps.

6. The method of manufacturing a photomask blank according to claim 5,
wherein the heat treatment is performed within a temperature range of 260°C

to 320°C for four hours or more.

7. The method of manufacturing a photomask blank according to claim 5
or 6, wherein in the step of performing the flash irradiation treatment, a time

period of a single irradiation is one second or less.

8. The method of manufacturing a photomask blank according to any one
of claims 5 to 7, wherein the heat treatment and the flash irradiation
treatment are performed under conditions such that a warpage amount on
the substrate of the functional transparent film after the step of performing the
heat treatment and the step of performing the flash irradiation treatment is

within £0.05 pm.

9. The method of manufacturing a photomask blank according to any one

of claims 5 1o 8, wherein a warpage amount on the substrate of the laminated



body conprising the functional transparent filmis a neasurenent val ue
within a rectangular region in which one side is 132 mmthat is centered on
a mddle of a principal surface of the photomask bl ank. 10. The nethod of
manuf acturi ng a phot omask bl ank according to any one of claims 5 to 9,
wherein the functional transparent filmconprises a halftone phase shift

film
body comprising the functional transparent film is a measurement value
within a rectangular region in which one side is 132 mm that is centered on a

middle of a principal surface of the photomask blank.

10. The method of manufacturing a photomask blank according to any one
of claims 5 to 9, wherein the functional transparent film comprises a halftone

phase shift film.



