DESCRI PTI ON Tl TLE OF | NVENTI ON: OPTI CAL MEMBER BASE MATERI AL FOR
EUV LI THOGRAPHY, AND METHOD 5FOR PRODUCI NG SAME TECHNI CAL FI ELD

[ 0001] The present invention relates to an optical

menber base material for EUV 10 (Extreme Utra Violet) |ithography
and a nethod for producing the sane. BACKGROUND ART [0002]

Heretofore, in the |ithography tedHNEGRETENexposure apparatus for
manuf acturing 15a sem conductor device by transferring a fine circuit

pattern en wi dely enpl oyed. Along with inproving
in high-i ?@ﬁ?ﬁ@‘ﬂﬁﬂ Speed, and | ow power consunption of the
seni conduOPPICABWIENDBIER 8 AR YASRRIA L ROBEISY ZiTHHOGRAREY, AND METHOD
sem conduct or devi ce has adva(rj)p@[j PRADUESR gr‘se MO this trend, an
exposure apparatus is required toinage a fine Circuit pattern of a
sem conductor device on a wafer surface in a 20deeper focal |ength,

and shor tgmsIcADVENS pngt h of the exposure |ight source has
pr ogr essed. Spﬁ@ioi' cally, for light used as the exposure |ight

source, ultrav light of ArF excinmer |aser (wavel ength of 193 nm
has been enpl oTEdpreéemuﬂmntzadvaﬂeéf@d@ﬂﬁnl&ﬁ&nbéﬁﬁa@ﬂﬁiat@ial forEUV

(wavel e I|n nm ., or KrF exciner
Iasel(r% Wgé eglﬁgﬁﬁ ‘?%)shthﬂ%m ‘%wever H%ldg% l?rﬁ Egmeﬁ%l&r aphy

t echni que using 25 such light with a wavel ength of 193 nm only

sem condgg m;ﬁgs phth circuit dinensions of 32 nmto 45 nm can
be made, tg{geve oprrent of a technique for making a sem conductor
device with cil9®82t di nensions of 30 nmor less is required. On the

PaSI s of such Ha&&?bﬁu fithhe ?Mc@m lh?{ied]@i d@eﬁﬂe@@bﬂetag idts lfd;ﬁh@:ﬁif@d@mhg

ec ue usin extr ravl oL e

b o G SRR ey el Gte 2, ral abem o B iyl SRR idely

EUV | i ghtmpleged | Alphg wWitvinmyoeingdy kighrigtebrabianchighn-speesofirid Méw gowear ea

O 3 SRR SRR RS bkl O e

| i ght i nsenteondugiondeyicehasi@ivanend: | én raspensy te 6nsstr@mr ed easosnlrﬁeanpamms is

ff’?LSSr"i‘e uhéd@ARARDY fine QA paiciGr £ XARAMOR IR OB Dhvdel furkdc n o

t hat?f %@e c‘fg aﬁr?aad Sﬁ‘lplftﬁa@g glpwawg@lh%ﬁ\ﬁs BRIt spyrce bas

L educed- pb@je@ﬁiifd Spﬂnﬁcdl/f}t for [1pht useldRg tiee ipokas lighhsoupdd, ﬁhiavﬁﬂétﬂ@m of
owever, nce O ns.m

TPt oy AR TablEsS (WayHEnR P 108 ) REONER otiBidhib, btk A0ARGT Yornd

syst em usinwenteonal grhinei(wavalengtly p£4Fhmn idisle (whvdengts ofjdd®enal.lof Kifed in

ht fo
nvel et icndARas Bt oih B8 hind M HORUE G in chéHhoblablly Sechnigue using
opt i28al ®¥hiight wish asvayclonstheal 193 npnoaht senticendyeior deviyes ih eisevit al

nenber  ofindeRohLds %&mng 49%1 @@I beiadeS Bhd SeveRipridnt Hf@ﬂacﬁﬁﬁqﬁe for maklng a
reflective, {)%ltoma rality o

a g BH %éefletwemrr gh%)
conf i gurSBi¢Rdpear devics MURSEEUL dpagnsians of 30 FAPIRSSIH EPGHEE ‘HP as1s
resi st fefrsieitbavkgeoundf sttentibn has basheatf tokhelithogiaphy téchRiut higihg @kireme

through tlgavm e{ 11&%(55‘(’.&/ ﬂ"glrrl"t? ha viable candidate, and development thereof has been
30  actively performed. EUV light means light having a wavelength band in a soft X-ray area

or a vacuum ultraviolet area, and specifically, light with a wavelength of about 0.2 nm to
100 nom. At the present point, use of light in the vicinity of 13.5 nm is mostly considered
as the light source of lithography.
[0003]
35 The exposure principle of the EUV lithography (hereinafter, abbreviated to
“EUVL™) is identical with that of the conventional lithography in that a mask pattern is
reduced-projected on a wafer by using a projection optical system, however, since there is

no material through which light transmits in the EUV light energy region, a transmission
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Herein, the reflective photomask is an optical nenber (EUVL opti cal
menber) obtained from for exanple, a plurality of procedures
descri bed bel ow. 10[ 0004] First, a first procedure is to
prepare a gl ass substrate which has a snooth and flat surface with
extrenel %?%ow roughness and, wi t hout ,upevenness, as a base nmateri al

for an opEifachye ARNIESYUPLS AR FARFRsI0B:XRe Phatemas Whish ixespeyallyased in
such a ghassp@uhsdppatam lidvirigsa ligﬁlsbmed of ngllitaavﬁl @vda@&llleﬁgftﬁ b3 nm to 436
expansi on el to ca s an3| on, or ntr n
thereof By CERPEI TR AR R Det SPREEVSH Gfer et Betettite
hence, a‘fsuipsicalanemberdd thé rafleang qamahgrsteni xswonhﬁu‘ued by expAesiverphotomask
coef fd ci P g

ol ass ( hapur R O FRERy o405 balig 0 EALR RS Sbddchfromed
speci fi cabitksmasksonie Aspsistifgrogadean a pafsosp azetA 0§ é@dﬁd/-’p?l@@é&lﬁf@fi thrqugh
prepare @ Medivetmions. \/\hl ch a reflective layer reflecting EUV |ight
is made on a surface of the glass bhstrate ilmf 1.ng surface on
whi ch & sk PR e Eler Rl PP oaRshn an AR erier DSV brtagapember

mul ti | ayebathed €folneg dori eaniplé,m fliMalify dfigrocadarestdeshibbi blomef ract i ve
Iayelr for EUVdObg t (e.g., Si) and lowrefractive |ayers (e.g., M)

are ‘st acked aI{ern tively and thereby inproving lI'ight refl ectance at
the 25time of Firstaalfiest prrg:edm lstnprapﬁee ofglashsubsthteedticly bad aymoothiand flat

EWV 1 ghfyreics vﬂﬁf%@h{el’y QH# WitBBut dn@}/%ggsr al Qstr M&8lial for an

deterioration of the nul t lective tective layer

(e.g., ROptiGakmeryber (optigal f%?fﬁé‘%f I@ﬁe materig] for BUN Ly o@’@eﬁucmﬂlass substptegit is

pB ocedurﬂequﬁem Have @16 tBdrail Bgsankidyi§ho e@ty%o as hat t@rcagéa\ax hﬂﬁ&% gbsor bs
an ective

ay Eaﬁgorb'?’sfe&%m%nm@re Aueteet oty Dehl FaliedbfrgnatiEnce, o

antir ef I xm‘btsiram nagly @f glads hayind a(I?N:vdien’ﬁaDexplaasmmgoﬁ‘ld:lem (sidich glisa(8i©, 1 n

2y ! oAk of T Tl Sk RO LR Abi 00T Q5 526100 R

absor ber at 0
f orm ng Dms@béléﬁctihﬁtlpb)ylélgeaﬁdﬂy usednecessary, an 35antireflection
| ayer on an Obb nk. [0007] A final fourth procedure is to forma

mask pattern i for d by etching away of {he ahsorber |ayer
(or “Che absor bdFcqoRG SrocsHure;is & %P?IF@FI@%E’TBS% cliygdayer

glnt i |r< ef | eflectiiy E@yeight & thade@da thfat(ch%f&b%lﬁd@%ﬁbsltﬁﬂﬁlm%mhh@ sﬁ]iff‘é&) EFN

an in si st .or,.t he I,Ke (9] I 0] ec a r

l ot iR bR sRiRS b, Rty s ag s Pt Ty s dfieBbetiany

phot onasklm Qdi. Hmg, ia wioch h@l—raﬁamedalyfms foa ST P Hphtdep..iS) dal loedredmctivee
bsorb

apsor Delel Y g Plo) bR Gl A S BB LGl Bl

t ha5t hetlm@pf wradiafiag|thg srface of th?ereﬁmstV@éwev withKIAY lightn ns gmrally used. In

pr ]9|t ecE | MRty & order foQrbReht aétehbﬁtlbﬁt)m@tmuaﬁlabaaée&éﬂéo‘ﬁv%ﬂassgm&&twe
rerl ec

refl ect I]@géﬂ(ggg:f(uégsrh&{rﬁ%?lmtgpgg P%&e{ﬁgéﬂmeﬁ {)ﬁ(rat Ip?(r)]t Zf:t Y\@iaclha;e(ra
is formed on t[beO(f]ef | ective layer) is cover ed by the absorber | ayer
St rof 1 ect i on P/ TP 3Dkt RSB P Bz oot st abrogps
| i gR0 i sEU¥ghyon é’fel MEtfdoh offtbe 6n blank {@ront the Noreddat dayter when the protective
layer has been formed). If necessary, an antireflection layer (e.g., TaON or TaO) having a
low reflectance in a wavelength of mask pattern inspection light may be formed on the
absorber layer.
It is a mask blank that obtained by forming an absorber layer and, if necessary, an
35  antireflection layer on an ML blank.
[0007]
A final fourth procedure is to form a mask pattern is formed by etching away a
part of the absorber layer (or the absorber layer and the antireflection layer when the
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Literature 1). Herein, a nethod for formng a mask pattern includes a
series of steps of, for exanple, (1) formng a resist filmon the
absorber |ayer of the mask blank (or the absorber |ayer and the
antireflection |layer when the antireflection layer is fornmed on the
absorber layer), (2) drawing a mask pattern on the resist filmusing
a | it hogmapisfleettan l@éerﬂsﬁameggnahet ahgprbes lyeO@f dic maskehlaw byvsivgarmesist or
ul travi olg! 1iked¥o hitol f26jeet i £wafer 'EQJ\ﬂligﬁfHak}ﬁlgf&%ﬁecbﬁgﬁKnﬂeﬂsi@ distribution.

mechani cal, way,_such as cl i ng an en ace or the vicinity of the
outer ci NcAMEREHTE pheloragh st hasreparhemet wikih B Ak ggemdE Srgedondhe
masE_ bl aaEsorﬁ@')la)Feﬁf(thh' agbgdﬂleerrl@&irr]aﬁd f}ielamgfdﬂeuuimel Ié?ﬁ&ﬁhdlhtn@ﬁﬁﬂi&ﬂsmicﬁﬁ)
etching the ahsorber layer (or. t ahsor ber er_an e .

onttr o) S0 BioPhgEin (AR ohE b f sERAE R REnccRYS IavBor i hratoctive laver
absor ber whay ¢e) praGetipobwel id dermed antbe refleotrad lapér) ishexpoesi totreflédt BUAlight
(5) renoy t LAl resi st film ol Y 1
(71t ¢ Leborl i SRTRLE, B o B Bharplil ) weB ARG (G} ARSI Byer
TaN) is Moerse mateglivalagenipdprancdipn theraflegtive layer) iscaystedrhyrthe absorber layer
( thIr ei t”?tér&ﬁer:] absote [l(@@r Qr%d the aRA s 186& Whenl the hit@eAédRnAhyed is formed on
reflectiyve photonas wever, ~ip an. exposure apparat us

usi ng’ EUS %@?#GQEY?I‘P@L &agﬁb‘éﬁaﬁa%?ﬂalyrrsﬁﬁé%@!ﬁv OB BRI atent
adsor pt i bitetaalre 1hy Herem, e atetiost fak fanihgis kably patterh lincludes a sexdesfGtdpy ef,
filmwhi Ls. far n sur neof nd tern
that is ?Ac%rer}@gp%hﬁs#% llné %??Sgﬁ%hlﬁlgons%@% gsé’tégffefr%%%égf a}esm%kﬁgnﬁ( (89&)3

r educed- pbsoptms lasgr amchthetantiredleetioreldyenwhenghe entirsfledtiantayar infommed on thi

this nmo [ I : bl rdn :

sur f ace. o CrHe 4160, PP drlink ik SR O 0 ekt B o i 96 dovice

el ectd oshaying a bghiseurreet g elqsapn beam pr plteayioletay maihe stats efdiolting Sieanask
i Is ads;)L bl%ﬂlr(] 102 hﬁfehﬁ@@ Wa‘j?f%héﬁ iaﬁl@nhﬁi@lg aihrtnfl If@es:tr?m@vi@fnit?@fﬂ& slgéror ned
along the s e 0 e sur e .o el ectrostati u )
ubst ant ARG StRER BULOR 20 S e 2 TR Eer b btk SRR 3 emving be

r ef | ect i meispfibh dnmaslecessarytgoetians; (4 eechafg the ebslriesrtlnyes {@tthe alcdodsk layenand
t he ot he - thern. l. | ' 5
forned byealiynebih BRSy el 66 Gl RRebIR 15 (PRLLE o MY IR lerf?
li k&0as ennosed gmofib@xﬁ@}ovaﬁafy thi eesing filo daridd(S) reshayingtheempiaingaesist/@m.
phot omask i n tReddittdh0d cariiétide ik SvilhSsheRGhafhe! ofN0L & BEId (N ecaN Er,
face or {Erg(g outer .c rcugfere ce, not b f,‘iﬁfg; el e,ctro?tatl chuck.

Thus, a KOTpAPY & forgRd op @ Thesr Waee FllFé%{ YRESR DL GedReTeIRAlG e

stat e Wi tdfigtdd asdefbackmirtaes”)litetht caszdganpfleddive pholoheisiel ectrostatic
chuck that chtb@ﬁ@isn an exposure apparatus. For this reason, if the

reflective ph k is deformed at the tinme of being adsorbed to the
el e@5 ost at i ¢ Hbweter] in ankapesupo spracatappanEUY, lightes therlight sancqaesi ti on
of a pat : . i ' i f.f. t ]
he  or riseraue AREH L p 8RR AE P Bo Rl bk b W PEE R col WBve
for med uBimyhighds fermed pndhnhackesyriaes thpreef,pad vansskmetings thatis doregd on the
resi st Oﬁln@fd&ﬁﬁﬁgp:nﬂﬁa‘ée HRr&SF 18 AddusddsroRict t Km@@m@f&%afn@é ¥ résRR FiRf ohfa0m

the patterp on the reflective photomas at is. the original pattern,
except f‘a'ﬁi%bevwgt Saatet Pocarior g Bha Tpimies sufpgecindiite Pack Sﬁf@ff‘e%&e%n
mﬁg 3iof i gmﬂbahleqj‘hotc:?mskmﬁd shy ﬁlrﬁbf) af the kiectréftetietlock ard foti p@rfgctgr o] thien
that a deyiatio t he tter or i on..posi ti.on, caused, b
10det o el ey eaihofimpds Bl o B R moSR B R A TRE AR ER PP dsformed
chuck addongthieshapenfithe swigse ofithe cdgnmstatic shiak, sidstaniibidd withowterafising s
to acqui | ]}aﬂﬁ : t{H:6. reason,
it is pr%ﬁ’eﬁreab%eﬁqﬁﬁ g%é efagé? %@%ﬁ%@%ﬁvgk ﬂ%ﬁgﬁ?keﬂdetg? isglg&fghd(ﬁt%enas k .
when bei dectenstatic shidn- i theiyhar hand thempdcpatere or hisarileailve mBooRiek ifr e
ﬁpf%@‘a} Ut%inhé‘c% |B§ Féiﬁg Hﬁitl?ogii‘&ylﬂ%%%c’@'sﬁch A:soinf ] hél&itfun Hehm c%'*r theé ﬁﬁ@ﬁﬁ@s@dﬁé&at
© © agbo €, an tl?ee I%%th%d forh}?olailfllé tl?ecr%ﬂgctive p%o(taon?apsﬁ(rir? %healgthggrgglgf Eev?cne 18
mechanical holding on the end face or the outer circumference, not by the electrostatic
chuck. Thus, a mask pattern on the reflective photomask is formed in the state without
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20surface of the reflective photomask being held in the |ithography
device for formng a mask pattern. For this, it is necessary to
extrenely reduce both (3) total thickness distribution (generally,
TTV) of the glass substrate and (4) the gap between the surface of
the electrostatic_ chuck and the back surface of the reflective

phot omas Keformationdys toadsorptipn fo the elegostatimehpck Sint eeers fn ammgxposure
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se
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t hi ckness di styppmti on of the gl ass substrate becones smaller, and

therefore, excellént transfer accuracy duri n% i r’raR,I emantgti on of EUVL
i s stably obt dMhemethedder piogessing a glpssisHestrala o sralichig YFiasiEeiighs t r at e
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are for selectively and locally polishing only part of the film forming surface and/or back

surface of the glass substrate, have been proposed. In such methods, however, it was
problematic in that both of the total thickness distribution of the glass substrate and flatness
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25and 5, the total thickness distribution thereof can be a very |arge
value of 600 nmto the maxi num For this reason, even when fl atness
of the glass substrate is noderated from 100 nm or | ower that is a

conventional demand and becones 300 nm or Iovver is preferable
that the i ckness_di st I Q s substrate be as
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NON PATE menti ng
cor R8ct | ¥ Sithelor) thisknesy distiipyaing sheresd can bszrm}a@@ vBis-af|689 m@w the

2009 | nt @hgiaiin® N afor HIFREH0HBVRA Wih El%fl\i/lﬁs%ﬂth@‘gla% Sibstrhiehombasied fﬁ)’f’n

MVARY I NVE T NI L.P
SU 1%:0 nm or 'l\rrwe%at%q; corngentmn emand and becomes 300 nm or lower, it is

preferable that the total thickness distribution of the glass substrate be as small as possible
since the adjustment amount of pattern position during drawing a mask pattern may be
30  small and excellent transfer accuracy during implementation of EUVL is stably obtained.

[0012]

Furthermore, for the glass substrate, in addition to flatness of the film forming
surface and back surface and total thickness distribution, as mentioned in Table 5 of Non
Patent Literature 3, it is required to have no defects such as scratches or streaks of which

35  the depth is 1 nm or more, and have no defect such as minute unevenness of which the size
converted to a polystyrene latex particle diameter is 50 nm or larger on the film forming
surface. Recently, it is required to have no serious defect, such that the influence of the

defect on the glass substrate cannot be reduced by correction of a mask pattern, on the film

5



[ 0015] The present invention ainms to provide an optica
menber base material for EUVL, which has a snmall flatness for the
filmformng surface and back surface thereof and small total

t hi ckness distribution, and further has no concave defect such as a
scratch, .a strea or a pit and no co defect such as forei

eubst ancdSTIRE Saisy. ¢ ASEwed Pfeé@@lﬂlﬁh@% ptenthiigrRtNEe Arepertathajal Gfect

| ar ge si dayingadeghief tm}infh%nmtaﬂuedu@gd ithnfR@ne: by\@%PéSnEEBf Salavk b@tem

h
vent oA it if el feaBleeBo A i Medpiehe, Bt ik eHehhspehies RafaEh.
base mat efrtak, of apitBUVenves siefiact sichgs fecignrsubstgnaek ettdabietl tmtheguiface, ha‘sng a
d
oraergt Orﬁgﬁ@l)flla?% %iglat %@Eﬂé? ql?ﬁ?ﬁayﬁltt&r }5381101& Qfan'r:étM-o IIIS% nm or lﬁrrger

prelimnary-paol i I shi

surface and a Bh%tﬂéel‘s‘t‘j?lfdﬁc]é 130‘19‘31‘915%1 Pinrevifep Hiaﬁigs%‘ﬁ@téc@h@h hgs @m@]& gamess

3 ubtst r gt Eor tﬁéﬁlrgmﬁuﬁ B@fﬁe%ﬂ? %%%m%ué iHag siall @dtal thldkh@ésraeﬁﬁbuuon and
istribu |on an S.0 ass

correcti é %%Tefréaﬁ?arl?éf osfrei’%(f’é llﬁoﬁl?fgﬁ‘ib‘ﬁﬁ* ﬁﬁlr?as?l?é‘“mné’ﬁrface
of the gkassctglibstrate dependl ng on the measurenent result of the
nmeasyying step. [0017] 20l n the method for producing an optical
menber base naterial for EUVL according to the present invention, it
is prefeAEATIONLIYe produced optical nenber base material for EUVL
has fl at paseNT @ERWaliEy assurance area of the filmform ng surface
and t he back Sﬁ)rf ce of 300 nmor less and the total thickness
distribution o nmor |ess. The nmethod for producing an optical

merrber base naPATENT IfIVERBIVIRECCOIRHTIN02F 038 he present invention

ool 15 ng.at 1 EACERFHATER AL PP BRE R T CcCed 16 the Tocal

pol i shing, aftBATENE deERMUREmOIIP-s%hl@l@S@T?dp In the nethod
for producing ORI 4ba r or EUVL according to
P [IRhRATTREL A SEQ(E‘ ﬁitoﬁz fini shing-polishing

the present invention, It eT erre
step is a stepré;fETé@IéEEMUl{)%SpoW ~ShZ0R$- 13753&é to achieve a surface

roughnesNdbRpﬁyEpﬁ*ﬂngAﬁUREorm ng surface being 0.15 nmor |ess and
%&f ace roug@ragtﬁs (RVB) of the back surface of the filmformng
sur ce being

nmor less in the quality assurance area of the
gl ass substr atIGONPATEN’ﬂ?EIITD‘ERAfIWREmOdWCSL@ym epill, Caurrerdigts bABUVL

or e or r it S R P ne L e R AL RIS R B il ngvioler

Lithography.
NON PATENT LITERATURE 2: SEMI Standard P40
25 NON PATENT LITERATURE 3: SEMI Standard P37

NON PATENT LITERATURE 4: J. Sohn, et al., “Flatness Compensation
Uﬁdates/Challenges”, IEUVI MASK TWG Meetings, October 22, 2009.

NON PATENT LITERATURE 5: Ted. Liang, et al., “Strategy and Feasibility of
Defect-free Mask Fabrication to enable EUVL”, 2009 International Symposium on

30  Extreme Ultraviolet Lithography.

NON PATENT LITERATURE 6: J. Sohn, et al., “Implementing E-beam
correction Strategies for Compensation of EUVL Mask Non-flatness”, 2009 International
Symposium on Extreme Uliraviolet Lithography.

35 SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0015]



change in the flatness of the optical nmenber for EUVL to be shown in
t he finishing-polishing step are taken into consideration in the

corrective-polishing step. [0018] In the nethod for producing an
optical nenber base material for EUVL accordi ng to the present

i nvention, in L'njélfe? corrective-polishing step, . can be made .of  an
one pol i shing REFeREP¥etiog Ams i HOgWG&B oPH |n%ftni1 g$e maHahior KU VL,

pol i shi ngvhlé}o]msmmlbﬂathessgfor tedilel fush@p sugicehedback elifang thétb@ﬁdiﬁﬁ small

et chi ng, NG ( MaanekarBeologl Al RFL shigl.. AR, 800 bLasion by,
| aser beam it ra 0 g=h Tl sugthasaserqtely &
provi des agit @thnommvwe ¢t suals es foatign swstdnocs Elapfhed focthe mgyface mhemeof
qualigy ﬁ%ﬁﬂg%@elgu@élg?ﬁeﬁﬁe}ﬁh atlﬁetﬁg@ﬁﬁin dﬁg{g}otng R0 of 45 nm or

| ess, flatne orm ng surface an ack surface of the
filmformng surface of 300 nm 10or |ess, and the nunber of defects

havi ng aMEANSTFUOR SOISANGTHELGBLENENE | atex particl e dianmeter of
150 nm or Iargf@slgre]l ng 10 or fewer in the filmform ng surface.

Further, the p i nvention provides a nmethod for producing a

nmul tilayer reflreetdere dtiaimthatabachelgediahe pratstrinedntion gaprprevidg: a step
of aining a r I for above.
nmet gl(?% for progﬁ%ﬁ] dcl%kp Elglaplﬁrbéﬁﬁ '?%lgeg %ﬁ#@?ﬁw ﬁﬂ%tpmlgﬁd
a step opetfemingie OHngig layfbns ortteﬂeghameﬁqﬁmhrha@méﬂaﬁenla@rﬁ%r
light, ompypyf.il mformng surface of the optical nmenber base nateri al
for EUVL. Furt her, pu@g resent |nvent|on provi des a npethod for
producing a ref pedmiparymelishpesiap of prelmuverily gpodishipg g fgm fgryingsugfpce and

ogt ai ni ng ﬁ&am%ﬂrfabb af/ge fiiaf fomtngvsarffabé @f@@lﬁ@@ﬁ@@trﬁesfe Irmt erial hby t he
abo met ho or producin a ect.l ilma se
Ber ol - antmerupi U Gpfngne A nbikerS i dniondid asirse o b
I ! ght oglass’(mlbﬂmate,lalﬁyer reflective filmof the rrul til ayer ref lective
filmattached oh 1n step of log hm %Q é)éiass
provi des a mnet ? are ¥
conpri si Str&'feﬁﬁwdmg @bﬂ?&umaﬁgremmeteselé@ﬂhenmswnm ﬁﬁk by t he above
nmet hod for %gw]ﬁg a reflective mask bl ank; and a step of formng

an sor ber rn atterning t absor | ayer. in th mask_,
gf@ﬂ%ﬁ’é{éfrg@ﬂume apmﬁﬂﬁmm eegzmm lpﬁo fL according

bl arfk. ADVANT
i nvent i o thepresaitynwation gid ogefehed Iﬂwﬁﬁﬁrpr@ducd&bpﬁéﬁ nli@‘ibeli\ @as’t material for

F?;g; ?: 2} gﬁmngaé’%%egé %Sﬂar]ﬁy ESlSISlZJIean((::g A ro% ﬁld fI 1 el gy Surfacs ind tlh%tbgf):i(
surface of 300 nm or less and the total thickness distribution of 45 nm or less.
The method for producing an optical member base material for EUVL according
25  to the present invention may further comprising: a finishing-polishing step of finishing-
polishing at least the surface that has been subjected to the local polishing, after the
corrective-polishing step.
In the method for producing an optical member base material for EUVL according
to the present invention, it is preferred that the finishing-polishing step is a step of
30  conducting polishing so as to achieve a surface roughness (RMS) of the film forming
surface being 0.15 nm or less and a surface roughness (RMS) of the back surface of the
film forming surface being 0.5 nm or less in the quality assurance area of the glass
substrate.
In the method for producing an optical member base material for EUVL according
35  to the present invention, it is preferred that a change in the total thickness distribution and a
change in the flatness of the optical member for EUVL to be shown in the finishing-
polishing step are taken into consideration in the corrective-polishing step.
[0018]



or larger but also has an effect to reduce the nunber of defects
having a size converted to a polystyrene |latex particle dianmeter of

70 to 150 nmwhile maintaining total thickness distribution and
flatness of a filmform ng surface and a back surface to a certain

| evel s in qual |t assurance areas, and therefore, a high-quality
optical member Ibiedansthediar proqusingzm qpticel reembesdags ear%@hf%géﬂ’lyaworchng

?ﬁOd ]Lor od@qielpresrem invention, 1rﬁﬁ6@6ﬁ|éd1!i@e¥p©h§lﬁlﬁg @tep,&eetcmh Baﬁ{hﬁb @ﬂan y one
ererore, n o ase nuater.l.a acnl e

{her of or &1y PRLhRAl RS Dase, Meerial, for M (08l RENbees,

fil m for eichipgs padf desterdnn bedre etvhirlg, plasrhae&hngnMRRré\/Isgmparh#olagMaif ect
such @s %nﬁﬁ{lﬁ@f ﬂudde@e 4 (8@% aQ&%eaI'ﬁq alifligh r €ason, it is possible

to utilize a forrralon posi tion of a nmask
pattern during[¥Hahi ng a rrask pattern by using an el ectron beam or

the like. Ther elah@, thepRiedt ifdhHoh Fh&ildiah el rﬁélhbéfﬁfa%e HRRrMEfoY
strenuou nd | evel S of total thicknes i.stri 100 . nm
or |ess ings Eb‘il“ﬂ? IReassyiance @P%antatai tirekness %1:1?8 I?Ih%% ‘gg’é% or less,
surf aceI bleine@ df%’llﬂfﬁc@mélgg&ﬁﬁfaeamcbﬁbmh rfase afithe pmmcfaimlﬁg RbEiced@I00 nm
mat erd a n.a sl.nce the ne oau a
opt 1 kb e At e URE P 4118t vt oS BaPaireg Y o PoRBLAFIETaRE paflicte
i nvent i odiangtegiofpbenmeerader being 48 oekoel irethe ffmdduningwsutiyce. and
‘[3)%2{/\; :\Iggt [eg OZH?MérCtﬁ Mg%eﬁt(}n&e?ﬁl@mg%vf&és'a%ethﬁg @Eg{blcsﬁﬁ%%ow i -E%Pg}l OoF
exanpl e Bflegiveim-gdac mmﬁa%l PRICRISIRG: af AP @malwga@s)pucal member
substr at BAse matenal for EUVLIHSA tﬁe a&lveﬁ?%ho% fdrqar@d@r@eanE Uc{;ﬁiﬂaﬁﬁ@iﬁb&%é@
exa e mat e,
SN o Bl RR B A OFR e S er {nflessren e st Slegte EHY o
of an optigletabn mﬁrlrhebnmageuﬂfm:eerf ithd opftinal ﬁbeex(lgisamte&wﬂ)ﬁﬁEIﬂEL

Fi 41 Figs ti
E:orrgut a% | ongpr oceaur egprf)%r&ithr cﬁ%ﬁééé%ﬁ S %&ch%ﬁﬁl ?5%081 eﬂe?twe nﬁ%Sk
base mat blankforfBJJVE LM myrising @ smpbﬁtqum)lg anpflfiayer leﬂemvgﬁlnsma)ohedwbase
4(b) ar enmidigl My %%b?@%ﬂﬁd% éﬁﬂ?ﬁga tHulBapdraeh éﬁQ?ﬂﬁla%tﬁchéﬂ

5(a) is a vi e]v:v ore perf ora}3 gb (frrectlve p k
sur & e; mafegia ,ag ag(eg)o ,grngng.p% FoSL flaver ﬂﬁég‘tﬁgﬂpﬁ]ﬂéV llg t, on the multllayer

corr ect i mftepiidd ﬁliﬁ @ghé afulfilageryaflictimg Ifﬂﬁhcﬁtacﬁda lﬁase ﬁiatdfiags 6( a) and
6(b) are side hovm strate

ot e e ol e P RO B RSR R Ried ale o B pPR e el i
sur f ace; p]iﬁamelslﬁogEUﬁl(Ib)comnmngr 2wepdf aftamingrereflectivengask blank by the above

correcti e lf@}b@& V\/Sé)£ #ﬂ%ﬁn@@ﬁﬁsﬁb‘l&ﬁr@%ﬁd a, steg of folnlf_' lng &Béljsd: P&spalgz&l@y

to 7(c) are si an exanpl e Pra
7(aRais naﬂﬁrxeugﬁreabe@rbmelap@rmmmn@c@@mk ective- poI i Shl ng for a back
surface; Fig. 7(b) is a view of after perform ng corrective-polishing

per for m ADPAHERLBRFERT R THENETHOW go. 8(a) and 8(b) are
side views shogopg an exanple of a gl ass
The present invention not only can reduce the number of defects having a
30 relatively large size of a size converted to a polystyrene latex particle diameter of 150 nm
or larger but also has an effect to reduce the number of defects having a size converted to a
polystyrene latex particle diameter of 70 to 150 nm while maintaining total thickness
distribution and flatness of a film forming surface and a back surface to a certain levels in
quality assurance areas, and therefore, a high-quality optical member base material for
35  EUVL can be produced easily with good productivity.
According to the present invention, therefore, an optical member base material for
EUVL that achieves balance in terms of total thickness distribution, flatness of the film

forming surface and the back surface, and the size of a defect such as a scratch, can be

8



substrate; Fig. 8(a) is a view of before perform ng both
surface-polishing by gas cluster ion beametching; and Fig. 8(b) is a
view of after perform ng both surface-polishing by gas cluster ion
beam et ching. 35 MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0022]

Her ei naf t n gptical menber ba r| al and nmet.hod

for pr odl‘j’gfah‘&%t h%oéﬁﬁ%reé?% Hds B?@i"zﬁff’ it Véﬁtm‘&ﬁ %EFI Hetip ke mapey
with ref @bﬁﬂ@ﬁof@nﬂlshmmﬁdunh@ﬁﬁa&]mg a mask phﬂrerh ibg u@fng?aﬁl’dlectron beam, or the

it
Shbet ot Tk ThetRsREisvER s sURRRE R s BB Resiie, o stetionh goAnTierr et
f ormi ng waﬁthmkn@sdhsthbutbmdfgcu@lﬁ(lama or hess e flatoemofitlee il formisgistrface

Wi th yerynh g geu gm&%%eu%ei loRlesc Gfﬁ%‘é& aggﬁlbiﬁcﬁ‘]‘ HI%}&%%P Béﬁ% m&h

having no m nute concave convex defe
nenber bi¥EWKEer Impdgiten,singe tiyg methed pﬁ@rel%r@ﬁtecmgw%mtie@hnﬁa@er pbape material

quality @&WVD@@C&H&%&O theoprdtent hiv%hﬂﬁﬁﬁ;, sEthSIk idPhtd, @hadkxddlepim Or
| ess, flat a fil rrhform nq-‘r‘? f ace ang a. back surface of 300 nm

or less,P Ctél nﬁ’%‘! ey pen 3@%@“&’%@ H%8nverted to a

polystyrene | at ex partlcle di aneter of 150 nmor larger on the film

for g pl an vi ew showi ng an exanpl e of
NP9 RSHFBESCRIPTION OFDRAWNGSD .

an optica L The optical nenber base
material for EEWQlkhomm in Fig. 1 provides a base material for an

EUVL opti cal ef] SEigh] &Sa %EH%% Y ARnke 2% e)gacl;xi[ﬂgé E)Pfué o ﬁlefﬂﬁeméase

formng surface on V\:hICha | mor anh ab yer 1s to
f or med |@#qrqah§trﬁé{%a(glﬂw@s%@ -cal menber base material for EUVL

has quality asgli eu]ceFlgr@aasamae ey shoking A1 dXiafplS e drpeRicalfieiber hag K
surface. Fﬁ‘g M?ésursgg ealsanareaonwhlchEUVIlght|s
r adi-at ed™PoT4 E)ﬁ k nt and an area on which EW Iight
or ul travi ol et[Rig 3]i skigl fmslagdkt vmmeshoadi@amﬂampﬂe af argeptieal mombaersdse

i denti f'ﬁ'ﬂ%}'gpfor%?glgg\éu Lcal menber produced by using the base

mat eri al opt | ca pnber 20such as a nask bl ank or a
mrror is pr odﬁfé&Cﬂ]byFlgsl%@ tp H&d)wae Blusaetsre dipgramp of/a compuiagen prpcedure

absor ber fdraiSknels$ dfsRIHREn Q»E‘aﬁ B 1&3!1' enibér BIRUNARGA fB8F EBVIL(gldi€ sﬁlerH?e)

form ng surfac Cgitclp (L);t , on the al [ty assur n rea in

t he 4ack surfaﬁ;‘ég JR8Ev;iand 41%55/3@?5 &M HESOP PHIEAR @Ie% SSEUVL

gg}l Calh sobtiste; Pyg. Slapiid Qﬁﬁv&iﬂb@ftﬁﬁpﬁxﬁomﬁnge@l@éoﬁbéapohﬂﬁﬂ@ﬂ)r o B4R 4dirface;
n the_case er .base nmt er own in

AR R N L T I e L

qual i ty assur difee 6dtegs. dia) fed §(b)apendé mwenh@%g@nmmptmﬁ“acg‘laﬂshe

optical groh S t.erLal

a0 ot ol ity MASGayRy £ of tORREpERTRLILE Cfyadtive RERGNG, Y ok Miface,

opt i28al #shier6(bhisea vigwedjafier pﬂ&n%@mre@tlvmewmmoatbﬁeb@k@nﬁawf t he
filmformni ng %;F@wqfl:?g?ﬁ @ 72§ akagde bW mmgaﬁézarﬁ 1692 a PURs SEBLBER,;

the ran ual assurance area jsS t 42 Tm x. 1

mm squar g i}slfdﬁ offﬁ?s %ﬁP%ﬁfOIE‘HB%C%?ﬁIWSrPOg%I #SH#@C ahig Ty is

portion.aview of affEhpérﬁim‘nﬁg cWﬁa:lm\fbl"p@h@lnhg ﬁﬁ-lthéTbﬂﬁEsurfaea end®ieri(@lis 4 ofew
ace and the back surface of a

EUVL is uced he
ol ass subuRIYE 8 ehbhestorRnd AN GHe BAIARE ,°1
30 [Fig. 8] Figs. 8(a) and 8(b) are s1de views showing an example of a glass
substrate; Fig. 8(a) is a view of before performing both surface-polishing by gas cluster ion
beam etching; and Fig. 8(b) is a view of after performing both surface-polishing by gas

cluster ion beam etching.

35 MODE FOR CARRYING OUT THE INVENTION
[0022]
Hereinafter, an optical member base material for EUVL and a method for
producing the same of the present invention will be described with reference to drawings.
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35 polishing processing so that quality assurance areas of the film
form ng surface and the back surface of the optical nenber base
material for EUVL achieve certain degrees of surface roughness and
fl atness (P-V value) [ 0025] As descri bed above, however,
even when the %F menber base material for EUVL, which has been
subj ected to p 23 |ng processing so that the filmform ng surface

and t he back Sm&&q&eﬁehﬁp&@ﬁwaﬁm{ @n%p@é‘dfl rie@eet }gas}[e';]rhﬁeﬁ&l&bt EMfVL means a
assurance,are m f or i ur face an e rface have
Cortann duBr SESeR? WiiFh his eh SEk A% i RERe Horesiny BRTpS R e
used, t henéthesbackeurfacedbarenhwmras tpbave 4 anfaae euthacyy iw mugbmem,cbepg fiatr n
I's préobl ' C L ﬁﬂﬁﬁ he

patt eér)n gﬂﬁ%h{; 0?5%@%@%‘? éctive rﬁ{(mﬂﬂﬁé IA'érf?;gﬁjer %b?{‘g&fe rgscr i bed
wi th ref er ence Theopigql membep bgsg|material for EUVE of thepresend invegigon haswin
show ng quamyagmke@m@fareaa 61l ﬂﬁ@&e@ﬁ&ﬁbuﬁkﬁﬁﬁ%ﬁbk flss ff%newoﬁ%n
and corr(targ_londs g% e vie fg(glo opt |Ica nber i/)(? Lerl al .
for EUVL 'YE§URE FUECF 4P 8 fK grgce of nm or 1§38, 4ndeh 1105t ¢iRets ngdpe g gize
hel p undeomteanaditmgpollistgrena ey baticiealidnyetshofis (e Ve RIfgs Snithe filke fahieg

shapg, &@zﬁ;eom'ca' menber base material for EUVL 10. In Fig. 2, the
upper S|ae 'S"the filmformng surface and the | ower side is the back

15surface. TheFig I 4 planivigv sharviing en examplh of baokticl nfeater bespoeatiialdory
have gen unenﬁer% t]_jﬁgaw n d
flat nessElc[)'Ev t he back sur ge;% agfor %Irsliéé\;"elﬁ\ir}\{e eg %Jeg%%ﬁ@
denot ed Biptesiapfoyap UL optiesd n}enﬂa@r iayaeskatenieor amirorpastin fpraing
fﬁt i cal kg@mferonmaﬁga ﬁEBIVHE fikh of ﬁ“ %lﬁb&:ﬂer 1a%0# 3o b !{ﬁfﬁl‘f&g{llﬁnlﬂﬂﬁﬁb@ﬂf ?cg ?nd
e .hack sur of.a ubstra ent i gna subj ected.to
bol 72 g pr oo bEe s eRTR: SR oo i s gl asshrit heah e
sur f ace, fimfenipesirficeaht yhe pek sitfyceas The anality asemsce ardalie af hleton which

form ng EW wlakééﬁf&r@%@sﬁ}é dgnﬁ%gé thgncf)@‘} ér%gl)n %%U%? t or

mat eri al surtace I‘OU? I’l.ESS a
f | at nessuliavigle) 0 visible hgtﬁt@@ez@}hated for ahgﬂmnmh maglpidentificationpen theddEVL

mat er | al oblal fekibel o oamruglasﬁgg e baseiiarBhiACt Wi BURNKcal EmBACkK

surface side is al(g%%m%tlon hel %Joptlc nat eri al

f or ZEUVLSULH 38 RIS Qj & puyog 1SaIéF§6'11 SHE ﬁsﬁén‘i‘iﬁiﬁﬁlc@ Mietigepr an
base mat gsofer fager BithitmedOorn the d@hlety ABhraide ated 1ﬁ$lliht ﬁl‘ih ﬂﬁﬁﬁl@ﬁﬁﬁ&%e On the
pr esent ((ét‘rglﬁt he ,bac

sur dlh
Burtace BRorEd By bRyl S furduE rea b SR ieBie, A oudie i IBRRIT
bef or e t&dsorheiborholdingthe AW Licptissl nzensteer baietectiogrbe clofckfis genredly fosmerbt
satisfied. 41The above-described problemin the conventional
art, that is, [get e]rl oration of transfer accuracy during performng

EUVESi s consi dertheicass oban entiess memper bassmatenia) fobEUMhel bofhomadn Fig b é}

base nat i@lﬁicaies b Quialily bsuhtidenBea0 d TOE RAHRIHITIN Sidligy AsufassikRagrabove,
35and terjoration.in flatn tet?ls of the filmform ng surfaceﬁggﬁyto

t ot al qp@ ng opithe dimensiops,ot the optical member base material, more speci
dependmg on the dimensions of the film forming surface and the back surface of the

optical member base material. For example, when the dimensions of the film forming
30  surface and the back surface is 152 x 152 mm square, the range of the quality assurance
area is the area of 142 mm x 142 mm square, excluding the outer edge portion of 5 mm
from the end portion.
Therefore, when the optical member base material for EUVL is produced, the film
forming surface and the back surface of a glass substrate is conventionally subjected to
35  polishing processing so that quality assurance areas of the film forming surface and the
back surface of the optical member base material for EUVL achieve certain degrees of
surface roughness and flatness (P-V value).
[0025]
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of the optical nenber base material for EUVL to be described |ater.
[ 0029] Therefore, in order to suppress deterioration of
transfer accuracy during performng EUVL, it is not sufficient that
only each of the filmform ng surface and the back surface satisfies

e ot ot e omsidea e abare. Bav o aP Ioh e el meHibes bikggnaterial for
p ][ edﬁt er UL, whigh haebezntsabjcbidd t@pollshd@@rbﬂesamg Eu ditae tliel’t@lrrefﬁrmﬁtig g_iﬂﬂﬁ@@
(0] the o esent | nven on
oL 11 0l i oI TR ARB SO PICHE bibifl Ry, SheVimayl FosBFeFRE Rloat BRI
mat eri al f@mlngwiaceﬁedéhmbackherfamlm\fet:bntmk degrseiofurfabritdughneseand a
di ff e engryfag! Weonahdes, 1Erﬁ§éd”}ﬁ&é’ﬁ5§'8e§%§§9\?rﬂé?ﬁ88§ﬁ C&gﬂﬁg\ nger ned,

(mn) in distri butlon ‘of plate thickness
mat er i al PREGIELRAO @J&f&f"lﬂﬁoﬁ‘ﬁb ag 09¢ur{ef19rg0%mﬁméif¢ﬁflatla§ oiﬁmmﬁrq W Fi g,

3. [0030produced reflectives magk. f aThismagawillbeldRb@ betl MigkREsEncditd dg g ution
of an opti cal Eﬁggfr base material for EUVL includes a netho

whi ch, when th i cal nenber base material for EUVL is nade of a
mat er i aI wi t h RigyB i$ & gide viavastowing a:mgxzpnpipef hay opiical hmmhesbdideendté@ltfor

PO, BUNT: el WBUELBAGE b £liad Ot ROSHO Lo bk B A0 10

Ti02-Si 0 gldssg ness 1'on o
base mat e‘iﬂsﬁﬂtefimFELM_ i s measur ed from an optical path difference of

beans ref| ect eghcfdeatm g dritdi help mlﬂgrseﬂafngclelgaﬂénﬁ;nelm%kshéwg face by

using an interferonete Véerifire

10S made“BYYHRSP Hbﬁ‘% S}f{e SI%P% Neibe QP“‘P?é&E’ 9(%‘6‘?“?1'1%}91’ EH)(’&' flqgght

solurce of vi si b Eigl 2,0h¢ gp}bdrlmd% éy\/f&té&ilﬂfmhﬁ fsuﬁ@@@&d dttﬁeftﬁﬁbﬁ@IHe i@the back

tilt one ubt.r act r i ne t hi ck ess

i b9 nuSRERE" oAb Fitn HiRHPEShTs e M SRR OR P G0t he

m ni mum w@vaenasﬂ, ankieﬂa:tzmoflﬂherﬁIMOn'aingrsud'scetanﬁdlatmdss oRthedmck surface

di stribug hape (or surface

profile) é t?epm\@hﬁéﬁnﬁﬁkg&ééﬁ’%}%gg&gg@y e ba?ﬁésurface of the

opti cal rrenber[oﬁag]e material for EUVL is measured by, for 25exanple,

a ! aserk | inter fgf) 3&4%&13&:1/9&)%! @h&@ﬁ@dﬂaﬁguﬁbﬁﬂcaqiﬁaen%lrzﬁest&nat?%{arfbf EUQ/L

r y I non, . or at Mast er e

Tr o%% %3 eexla%ﬁ{ofa%ﬁ]@ﬁgs Bar%g%ﬂ% 81@%1%%#1??%%8.1%%911&6@&%[13

g_auge_ bosulﬁcﬁﬁlrtb @Ollshlypprdieﬁpi@stﬂhmbhe Giat germing ldur]iﬁdcﬁtagc&t}iﬂ edcReaFace,
istribu er: bas ial for an he

Conput ed B SRS GBhG BBl Fieal B the FRb plringsBEfnls oia iR Besheiutogs,

conput e eftee pptacad Htemhck hasssnatedalfobBUVdrhave cettain dpgicendf sefaberoughses

mat er i al o8 nl;lg}/ \Hralh necessary that, anong the surface shapes (or
the surface ap ]res) “the filmformng surface and the back

sur£&ce, one Jd9PZ8lce shape nmeasurenent result is reversed and added
to the other swhtReeR e aqn&ﬁamae@ﬁﬁterfaewmvfwacewmhem@@ shown

in Figs. 4 nd, 4 urface sh the.s a

profil es%le%’fo? F’ﬁg chyg Waf ISPﬁ @ aﬁ‘ﬁa bﬁ{,tke gPﬁqﬂg rrg)pgbase
measur ednatetial ﬁeEWIemssﬁowmmmg bfs aﬂkm]aﬂorl-haldethefm@ﬁeal(memlbdieyaﬂmﬁ‘@ﬁel
profil e) ver c

t he neas u?g% r esd%F tb eﬁt aﬁlg%g%e%sep r(%?e%\{‘“ %hes]ﬁarc 38%%063 ogﬁ‘f’ lg)
of BRe fflatngsk of therfgnsf@rmatgeswﬁcedmdw& valusieserdrpteslimcempirisok to

di stri bupiansgt tﬁé‘&’e dtﬁﬁ' &, RAsH ;e%rdfqiatﬁegé is rﬁvgéusﬁbaw in

Fig. 4( IS conp Tot & i Ckness trl tron 1's gbtalined as
the differencel lﬁé%@é%ﬁe%%e%ﬂm%mwp &én‘éﬁ&!o{lﬁé‘%ﬂ}@i HufetgregEon af t he

r E {ral nd&fan@fk%" %c{iﬁ&bybiﬁrﬁllgqrgﬁa%hmg@wm ¢dnRiflefedtD BB Biscl M Mefdihation of
obt ai ne e.thi ss distri n r me
he- obt dhhea e epeadtah ot P it len P S oo dedaig e
35  and, deterioration in flatness of the film forming surface due to total thickness distribution
of the optical member base material for EUVL to be described later.
[0029]
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5di stribution of the optical nmenber base material for EUVL, in the
case of an optical nmenber base material for EUVL having refractive
I ndex distribution, the latter nmethod is preferable. [0031] The
optical nenber base material for EUVL according to the present

i nvention 10preferably has total thickness, distribution in the
qual i ty assur af®erciereais gyferAg suppress detegigration of tgpeierpacsragy 4oringn or

| ess, anqaeﬁhsﬁmgmwprleiseﬁo@@hmc&@t hat &ily b@éh’iofth@ fine dbinhiAB sulfAXR and the
ase

P venti orba SHEPRBTI NS ProtstaaLe oS %PL@ St Sodseant et iy entire shape

assur anc ef dreagicalmmernberf basemfatariad fng RINE aaiﬂsﬁamplreﬂhienhme& requirementsOf
300 ugn or |es amﬁc?exptroeefvglru%l the grgge Fﬁ?p? lof ltlfelstg:[tlcgmer%%g{]%égg h%tenal fo&

preferabl 151 i'mor less. I nc can

by the atBl{¥él.dbe plfeﬁ%dnvqm@@n ufifigesrtotat @measybﬁrlbwmm@fstbe @%@bmemj:er

g'g;“e??al %?%e:i Iﬂﬁtehhll‘f%r EUVL Hgﬂéfnt RRMHRI BickhBe cﬁﬂhbﬁt"i’én H’ém dif8%8ce

ELVL e ventiqQn prefer at nost 10
ot ect o BFNGRR EIF AU vhlHe bre naéheamﬁgwgt W0 @S g peplate
di anet er thiskiks9of the opticd] aigeter base Ratptislffer BUML &xchidideavltingadbthpei@il, as
rmrel(pref rab%lg én the 20quality assurance area in the filmformng
surface. io it is preferred that the nunber of defects of
which a size c[ﬁﬁBQ_’[ted to a silica particle dianeter is 70 nm or

larger is at ”ﬁ%ﬁftﬂl&?for@éﬁﬁﬁﬁ%{o?efl%E%e@?d@fribﬁﬁ‘éﬁr faﬁﬂﬁl'&x%@gf Base

preferably assurance area |

f or mi ng Mﬁr@é for EWLM@@Gswnethwélmwh@@rWhﬁn the ppiiead megrbeap basernaiaria dor
by aut omgjvg, Q%&E’foﬂaﬁﬁﬂ@ﬁéﬂ With H@ﬁmgﬁetraﬂs%ﬁalrfgrpr nTR&IGisibe light region

25Lasert ec,, Cor atlon t arac eristli

o o b YRl o o0 mo e, SR Rsor TAD:- B Bt s prickws
i nvent i odisaibution bfide dﬁmealfmembmbmge mla&mahﬂ’oe E&EVE i)sl m@amred[f&ﬁﬁah optiddhe
opti cal r C n

hventi oRehaitferdRRbr RN iHeck Badmr e ARG ek B R 3380 burtace by
Speci f i casihg an sderferometen (g)an ¥sgfinsfor tMak V| matdedmim, $i3108 ceadarbet Rufigon,
back sur BﬁPl%tMéktérﬁﬁa&}LW Tﬁoé l?ﬁéﬂﬁg%ghta{oﬁ?c% cﬁ*\@sﬂgfﬁﬁf %ﬁhl%re%leﬁgﬂ%fc

force mcro co are_area e _resu

(surd%ce3? Wgﬁﬂ%é% amg}lg |°ﬁmﬁ3@§f|‘z%é9c5uﬂ38’a‘it% pm thﬁphﬁa%ﬁeﬁg) alg thigkness s

prefer ?bhwgmuﬂiﬁn JHid Qkie HiffeferB @et?@%ﬂﬂie rhikifrRePesdbe gﬁd theeniBatlm SHIEAE the

is prefera refe nm and even nore

pr ef er abfS™ %deglsntﬁg %)S(fg%]rl thi ‘?ifatl”bﬁﬁm%nber base material for EUVL

accordi ng t o] thherpatemmeacmmfﬁceehapes(or surface profile) of the film forming surface
and the back surface of the optical member base material for EUVL is measured by, for

25  example, a laser interference type flatness measuring device (e.g., Verifire or MarkIV made
by Zygo, G310S made by Fujinon, or FlatMaster made by Tropel), a laser displacement
gauge, an ultrasonic displacement gauge, or a contact type displacement gauge, and plate
thickness distribution of the optical member base material for EUVL can be computed by
summing up the measurement results.

30 Herein, in order to compute the plate thickness distribution of the optical member
base material for EUVL, it is necessary that, among the surface shapes (or the surface
profiles) of the film forming surface and the back surface, one surface shape measurement
result is reversed and added to the other surface shape measurement result. For example,
as shown in Figs. 4(a) and 4(b), after the surface shapes (or the surface profiles) of the film

35  forming surface and the back surface are measured, the measurement result of the surface
shape (or the surface profile) of the back surface is reversed as shown in Fig. 4(c), and the
measurement result of the surface shape (or the surface profile) of the film forming surface
is added thereto, whereby plate thick distribution of the optical member base material for
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required to have a small thernmal expansion coefficient. Specifically,
the thermal expansion coefficient is preferably 0 1.0 x 10-7/C, nore
preferably 0 0.3 x 10-7/C, even nore preferably 0 0.2 x 10-7/C,
even nore preferably 0 0.1 x 10-7/C, and 5particularly preferably O
0.05 x 10-7PC.. As a material having such a small, thermal expansion

coef fi ci éH{VL shown i Kjead(d) rcommyerds; dpta) fleknesadispibution snhtainedas the
Anong t helsfererddebétvieddhg s fimin vahiRf208 i iniienvaliddiR (R RgnGh@s Sbiathed

d, T t f bl s% th | . ]
oot 079 SRR o B Sma Y omuRe CBARCRBlAL (et ution, ince,
nmass% 164 6@3bimer method, lthe olstained t@alabickndso distritertioptinatades refiixtive ades
at erd al o 8ol 633?%%@&%?,{(1343%%% SRR VENS FECRE PR opicl

resi st ance I ne c eanin
general | gmstslw baw lnattemh fngEbIVﬂhhﬁvmﬁra@u\teemd%dlﬁmbu@mdhe lattepimkthod is
bl ank or ppagthpen. [0036] 15The size, thickness, or the like of the
opti cal nenberggﬁif material for EUVL of the present invention is
appropriately m ned based on desi gn val ues of the mask, or the

I ihke ang as anrheg metﬂ‘teg B%ﬁe,mitgﬁN%lQUﬁ EUV:EME@rgif 1 tb5Re pmaﬁuareﬁn@md
t he t I C X (0] or ro

opt ih © ReP B ot FEknds dbo @i e Bl S Candt bR i of fss

i nvent i omong prefdyabldami bektss, 200 884n Rowl preficrebiyy 3 (Poi gliessg Bt afilition, thee
met hod f gp, é(%'i %HﬁJePEas%’}né%Qﬁélcf&l Emk?ﬁﬁ%%rfﬁé elscth nﬁx%hﬁ‘r’g 31?117 has

accordin resent 1 nvention m nary-
step of a@pwrﬁl’n‘éma ugs)is thasmiahigy assaranpe areasinthe, I@ﬁ@ﬁr&@%s@iﬁ@etﬂﬁéﬂtﬁack

sur f ace Bﬁck%uﬁﬂa@é&%b@le%s bie e fBAS YRR Bt le@éltanﬁ Q&R Mob@prefafably

QU TC R e

fl at nes smélfcﬁemdylhbjﬂ@td;asssﬁeas@nﬁg Advies sr the dikier ed f or 30 the opti cal

s TSRl hole ol RS AROR AR RS iRy LGSR on

f i ni shi nprefoably hangt mowxd Ofdsttdctmfn@inclhe sige eonmtné tya polysighinedatex pprticlen

ot her m?fl?nexér 1 SR ok %g&nﬁmiﬂer Srofrf) 537 £l ﬁ%ﬁevep%%ré BebitilBily AR She

of filmformng surface aftéer prelimnary-pao

20  quality assurance area in the film forming surface. In addltlon it is preferred that the
number of defects of which a size converted to a silica particle diameter is 70 nm or larger
is at most 100, more preferably 80 or fewer, and even more preferably 60 or fewer in the
quality assurance area in the film forming surface. Incidentally, the number of defects
can be measured by automatic defect inspection machine M1320 or M1350 made by

25  Lasertec Corporation, or the like.

{0032]

Characteristics required for the optical member base material for EUVL of the
present invention other than the foregoing ones are as follows.

[0033]

30 The optical member base material for EUVL according to the present invention is
required to be excellent in surface smoothness. Specifically, surface roughness of the
film forming surface and the back surface in the quality assurance areas are measured by
an atomic force microscope in 10 pm x 10 pm square area, and the result (surface
roughness RMS) in respect to the film forming surface is preferably 0.15 nm or less and

35  that in respect to the back surface is preferably 0.5 nm, more preferably 0.3 nm, and even
more preferably 0.15 nm.

[0034]
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35 = Flatness of filmform ng surface of optical nenber base materi al
for EWL - Change amount of flatness of filmform ng surface caused
by finishing-polishing Formula (1.1) Desired flatness of back
surface after prelimnary-polishing = Flatness of back surface of
optical nenber base material for EUVL - Change anmpunt of fl atness of

back surface cdii€oaliss) membet hrsryuasripkior kY VL tocardies toibe Rresent invention is
f | at ness refuiedekhaw £ aasll aﬁﬁa@iobxlpynsm'f cREidisR: PEhécahitdy, ﬁlEQlidi‘hiaB

! oughnes & Bpih alsyo o welfdy Ot Pl Te b8 ERgRR A5 oft 1 FHEC,
optical mrebmordEsferatdy 6rt AR X B /ElMvelynose orefemady Ont B.0nd Hbé“c and

rough es ligepf a corrective-polishing step and
a 10f$n| %gﬁggﬁgf}e{ﬁ%wgwma&ﬁzel ?m nary-polishing step, and the

conput ati ons aré agnaﬂéﬁala@vmg uehg smplshermial expansion coefiligient silicaglass pim
form ng gyni.sgs gaégs%n%%kelﬁpnﬁw %hbﬁﬂh@& TiO,- Sii‘)z%lésfs@é:ﬁref&é!ﬂ@ness

of filmformng_su thaI

T5(0. 15 i or 1 Ti0exSifhe s is e BRGNS b mBIRGriG 4o OF masF since
form ng $hBi‘ﬂhab@(pGﬁ8161€doéfﬂCJf6nﬂbe$:bmﬂgf@%Wﬁﬁdﬁ@rE@fﬂ’ftﬂa&ly(?tolQ maéPesi r ed
surffé:e roughngﬁﬁ gf back surface after prelimnary-polishing =

Sur face roughnes f back surface of optical nenber base material for
EUVL (0.5 nm ok i$ pefdrabicfamnile oatieal mengfer barefraaterialdayhhiddsolthe prestnt

surface mg& Mafvte %%{éélleﬂgregﬁ{ag@ngbé}ﬂnst acidic SCARRE AOSRe gﬁ?ﬁﬂg xghldstﬁatf jgce

roughness of back surface cause corrective- a&é For mul
(2.2) [oeguyally used in plepging a phatomask afiecfopmaion efiromask plasleonpatieHe
gl ass substratmoak}ier the prelimnary- poI i shing step becones the

o (o i g 1 ﬂ?ﬁ%él%%?hcgﬁ@sa&m Bt CEbE By s Phsehrnderior BUMR
(S;E) (rafec'f Pmme?mgeM1m is hppioprstelyadetermimddameed muqm@ssal?es dfhke mask, or
o oL AL SR O L LB s AL My

t hus, it6i38 mmcessary to performa prelim nary-polishing step so as
to attal n flat{mﬁ and surface roughness required as the optical
er

rrenber base ral for EUVL.
ext, a method for producing an optical member base material for EUVL

according to the present invention will be described.
[0038)
Preliminary-Polishing Step
In the method for producing an optical member base material for EUVL according
25  to the present invention, first, a preliminary-polishing step of preliminarily polishing the
film forming surface and the back surface of a glass substrate, which has been cut out from
a matrix (ingot) in predetermined dimensions, so as to have desired flatness and surface
roughness is performed.
Herein, the desired flatness is flatness obtained by adjusting flatness required for
30 the optical member base material for EUVL by a change amount in flatness caused by
implementation of a corrective-polishing step and a finishing-polishing step following the
preliminary-polishing step. In other words, the computations are given as follows.

Desired flatness of film forming surface after preliminary-polishing

35  =Flatness of film forming surface of optical member base material for EUVL
— Change amount of flatness of film forming surface caused by finishing-polishing
Formula (1.1)
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35Herein, the desired flatness of the filmform ng surface after -
prelim nary-polishing and the desired surface roughness of the film
formng surface after prelimnary-polishing are described. In the
case where the finishing-polishing for the filmformng surface is
not perfqrned, .a unt _of flatness of filmformng surface
Coused DT Ghne ol Btk SR GRo ROVHERRE OGRS mil o (1 1) &5 zero,
and a " chaFig@eanoibatk airfas:aroffap@aﬂ ategitire baseahatédid] fof BUWING sur f ace

caused by £ini shi ro. [0040]
Next, the e%‘ig? éel%‘ %gwpqlnﬂeazlgesgg f]f’ér?ﬂ @%g?\é caﬁ%‘{%]e? %I%H%‘)P(’hanﬁg

prel i mi nar§hange asbimipflatnash of Batbsirfect cusdddyyecarmetiverpsléshidg t he fil m
formdg syifgeerafter prelimnary-polishing are described. In the
case where tﬁlGE n‘?shi ng- pol i shing for the back surface is not
performed, a "change anmpunt of flatness of back surface caused by

fini shing-poli shiddion, mheaazsait@d Egrawlrazghiae%)ls bl&fﬁ:@&&;glﬁ@ﬂ: dbtaiabbpge
anmount of .surface.rou ess of .b

Py b Padbsin S HHMEES SR S B bpAST nfeltE Pose material for EUYL by a
si nce t hehéxfgecman@ee aowghmbssafausddatyniegdeméntativn dfacdoreati fapelishingseep dnd a

corr 13884 S %ﬁﬁo&ﬁ%&’@c ?ﬁa&%%ﬁhé}% é}lgté]g%ﬁ%eo{%n?ﬁﬂat!]% 'a‘?e?I vbﬁ éts

possi ma ¢ ange
of fIat né@b)\’(ﬁ t he back surface caused by corrective-poli sh| ng g| ven
in Formul a (1 2') as: 150hange amount of flat ness of back surface

caused b ‘{1%‘1’ ive p i shi rt]_ Desire I@Z%nes of back surface
after eﬁlﬁ? {?C?)Eﬂ“lg ?rmamﬂe&ur CeFAEKPEUPHEE PE ISIBB& cal
menber baﬁuﬁ@é ﬂfulgahesfs of ﬁEhMbnmﬁ@ g cdMOPlital pleniledbaRsBatefialfRERUVL
surfﬁe Pfed b n| shi ng-polishing) Formula (1.2"), 20 instead of
per f (g m nary-polishing so as to obtain the desired

fl at ness dfhang\@alham{ of anffaccerogghness ofifilFoforming stifady caus@Du finkbingshi ng
met hod ugglgs % the prelimnary-polishing step is not particularly 25
limted C be wi dely selected from known polishing nethods

accor di njomaple felhmt eri al of a glass substrate. In the case where the
material of a gl ass substrate is asili ca gI ass- based material such

as s|I|c ss or Ti02- ass nlcal shing nethod or
Ao cBeSHEAr et o Ay e Eeor pr R e B E8s Subet rate | s
poI is hed Burfisd Yghnagds obbacksucfack émcmlgnafabén tase ﬁfatemaﬂfwlﬁl_éVB (elé@dm or

pol i shi ng. {}achi ne while supplying 30 polishing slurry containing
abr asi ve water to a polishing platen or a polishing pad, is

general | y Gl@a@t: oeounl o€ smﬁ@seomlhmﬁ b@ahsméawc@amegdelfsmhm@-poml ng
for alar 9’&1 @Lg]t of stsdf(’daclé‘sﬁ?alcb%ﬁﬁéaa b?%%r%ﬁ% ﬁolﬂhﬂl@
proceSS|ng ra ge s ace area.
net R&d of e E?dZ) n JP- A-2009- 12164 can be used. Specifi caI ly, as an
abrasive in the polishing slurry, use can be nade of particles forned
of oxides such ﬁﬁ?ﬁ) a silicon oxide, an alum num oxi de, a zirconium
oxide, a ti t ani? xi de, or a cerium

Herein, in the case where the surface of the glass substrate after the preliminary-

polishing step becomes the surface of the optical member base material for EUVL as is

30  without performing the corrective-polishing step and the finishing-polishing step, change
amounts of flatness and surface roughness in the corrective-polishing step and the
finishing-polishing step in the above-described formulas (1.1), (1.2), (2.1) and (2.2) are
zero, and thus, it is necessary to perform a preliminary-polishing step so as to attain
flatness and surface roughness required as the optical member base material for EUVL.

35 Herein, the desired flatness of the film forming surface after preliminary-polishing
and the desired surface roughness of the film forming surface after preliminary-polishing
are described. In the case where the finishing-polishing for the film forming surface is
not performed, a “change amount of flatness of film forming surface caused by finishing-
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oxi de, dianond, silicon carbide, or the like. In addition, as the
pol i shing pad, use can be made of a suede-based pad having a | ayered
structure fornmed by attaching a napping |ayer on a supporting base
fornmed of unwoven cloth, a sheet-like resin, or the like, and as the
mat eri al of. the napping |ayer that contacts the glass substrate, use
can be n@9USHIRgnrES PO edEaIYIE @nl)dt #P: Bd e chendeamaeynt af swkicn sitghaess
base, or dflfigmlfbitsing strfhce qaueddetafhishih@ psEeHigNtihabbye Poinits (2. NEis zero.
surface of a glﬁﬁgﬂsubstrate wi th a doubl e-si ded | appi ng nachi ne or a
doubl e- si ded pé i ng machi ne whil e changing polishing conditions by
usi ng a pl ur al Next,5hodesaod flsingesofitht haddi suffaceaiterpaeliminkey-phlshigend the
mat er ¢ al i I, Sfl 1 I i
ayer” e ) SrifbbEehhos O 1RGP AR U LA Mo AR 0

decr ease dstribgde InohgRmesthan thorfinishiegpolishengsior the back sarfedsyis nptal 1 y

?It t ?' n ap@ilrf@ﬁﬁeé% _blbféﬁdt@%%xﬂb@}il i SAdthes Gtﬁﬁaddk%‘ﬁtrﬁé@ é@ﬁ&i B@ﬁﬁﬁﬂﬁgﬁnoﬁaﬂng” in
atness., In iti .a _polishing nmethod ot her an the

hbove. deabpTasiimul oS 2o, & laBE ARt ohm TR ey REss At bagh regee

pol i shi ngadsed g tfindxhirgapolédhii e abeed drmulguRd) iskarar yipalditidn, sigce thee

can f Lhvelvin irradi;ation or | r. b

T ah at Coines r R AE Lt 6 e DR 8 LA 3¢ Ao oo SRRl e,

gas cl useditrarly ajateder chitnglledpitas pessibiatioinegforoma oomectivdbpalishing stap with a

| aser beamige il atnd o theBRR shifa & BL KAy BTRAVS R Mirdeki VG in

described later. [0042] 15Measurenent Step Next’, a neasurenent

step of HeHBWAIhg X8t al thickness distribution and flatness of a

gl ass substrate after the prelimnary-polishing step is performed in

t he ovesdescri be ocedure. Surf.ace roughness can al so be neasured
| B R of B i R RS ral el B SR Oesshe
Cor r ect | vd>dRokd fhinass Gttepk surface affle pielimdnarpipotishing e- pol i shi ng step of

local |y QQhLﬁQ%s%?b%l% %(lérh%? oggﬁﬁcaﬁ{eg@%fhge rﬂatglliﬁé‘lﬁrs ﬁti'?ﬁ} rate based on

the nmeasurenent res I'Ckness distribution and

f | at ness—ichangscammus of atapss aftbegk sufage bawsed by Alnishéngrpeltshingdent resul t
of surfaggmafa {ppghness of the neasurement step depending on
necessity is performed so as to obtain a glass substrate with the
desi4®d total thickness distribution, flatness, and surface

r oughnes tstehd of p&fghsg te prof@ialwpolishivg JoeR36 bbtalfthe dBsirddohess of the
polishing is r f or ned En:r&/ f&;zthe back surface is that if |ocal

pol i shi ngaqkssuﬁg?? oYY £ 9 IB% )fi | mform ng surface and back

surface, therel0fdy] ari se a problemthat the obtained glass substrate
has a large t #ﬁgg L I [ ot i o i £ 1 :
roughness, _angf;(?aﬁ 0 Ig%ﬁég? g%dtfs&g{nerﬂtr%gh ﬁaﬁln{) Jt)l(f)grh %{érsmggtéﬂsﬁr 3@%&‘@@%%

bei WP extimitedprd pan be widebsseleqtabizap known polisking methads ecepsding deitheot al

t 2! ck tn_esmf&ﬁtﬁt ?fa? _ ssﬁgﬁbs@atgpt tﬁ]! thé B?&Kﬂ%iéﬂﬂ!rﬁétgﬂie?l&f'a%gasg ’Qﬁl‘t?s'tﬂa%lqs R¥ilica
adj usting tota i cknes istribution, requir or e.optic

menber  bAgs-aECR HAAFaL U mglfw o2 TiCails elion pestinical Rglishing method

t hi ckneseér détssniitdl whdohaniealystidhinyg ndtidd irewhithiaglassfsubstrate is polished by using

e S Y A B g
t hi Mequltkhmgrsﬂm tmﬂaiaﬁigabrasd)reraemi_t\mie'-tp @lpokibhing platéFosrad pczlishingrmé,sis
distri buéélﬁfhllﬁfdtée{'%&ﬁs% &fﬁﬁ% I(-I:]E{h()g?&%’l%hi Géhi C g%ﬁ%ﬂo% lirgé ace ML

- Change~anount of total thickness distribution

fi ni shi ngnasdtyiushigrycamriipking Byd with a high mieeesgingirrtscru jad pige surfpcs area.

fl ﬁ{) nesz obt ai I:“tﬁ'(é_xﬁxlhp]?egh k'r%ﬁ]\x/dl_tg%iﬁéléieﬂﬁﬁ §PIA§99'(D9‘-?%11 64%%1%?;5@@ i S?If&:iﬁcglly,
nenoper ase eri.a or.. a Change anou I, al Nes cguse
byl SRR DD TR At Pt fogads Shpartiflet faage ph@ddes sich
cor rRect | aexr Plicdnsdide aftabminhim @iids i 2ivooiam ddide, aaigiivatoxide, bfa géritam

as foll O%ide, diamond, silicon carbide, or the like. In addition, as the polishing pad, use can be

made of a suede-based pad having a layered structure formed by attaching a napping layer
on a supporting base formed of unwoven cloth, a sheet-like resin, or the like, and as the
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Desired flatness of back surface after corrective-polishing =

Fl atness (300 nmor |ess) of back surface of optical nenber base
material for EUVL - Change anount of flatness of back surface caused
by finishing-polishing Formula (4) In addition, the desired
surface roughness is surface roughness obtai ned by adjusting surface
r oughnes dna&ripliof &g rRppinglayes Hhat santacip Hisealass sulestists, use %n egpado afja igging

]g:hangﬁ i ﬁo@ﬂbfmehemhrawlb@msmome base| @mﬁahﬁél OR 15915re&rable :Eo |
i ni shin corre is S e an
the. conpaeaieriit Bstshibstior f b Bfls’ BsbRb wiid S FilSsined IRl i
back sur faababhfsudad potishiag nackinp ovhikelvhagping Bolidharreecanditiying eysns(ng aplumlity
or less) 4

ourf age ©5AReecPlu, ORSRG: cBART ARhElL Ay b A - oA B AORURs o
For mul a (ve}h difefegpuapping layer matetials,doaming saamsmed f@aamlag stzh$, R ﬁecstgntlally
\?\/Inz f’ rel g?Hchg%st%fsPﬁﬁc&%ﬁéﬁgs% %ﬁlﬁi 8hésS thé?goﬂ B tﬂ@&ﬁfr ?&?@ggﬂéﬁﬁlg%ﬁaosg SMstrate
per f or e Havipg hodeslss GioHe FSStanigfaﬁteﬁs cﬁ ditigns pelishinegrethad, otbgr
by fi I’ll S kianghe aﬂﬂeldesé‘ﬁb’t@ médhaiiibsl palishiag dﬁ:ﬂﬁfdl dddthERidilhRcladical folishing
zer Séjfswr d flat nog fl td1e baﬁk erfgce ﬁ{?t er
cor rett i %}E%O& %ﬁ?sﬁé’%‘ﬁ A &Wﬁré’ap t 'r“§t:e B GEhReBRIGPT ¢ MetPsck
surf ace afvobvingbeaneotddiationalrilaser bepnairmdirimoonbea surface tdbe pelssheddsacieas
the finig ']5%-”0% i:shi i

fl at ness Jcﬂ‘ ac él&@%tﬁg ? gl:%tegg%ns % béwﬂﬁ% %S?%get&nﬁgqﬁlnm%{?%sg b?/' Laser
For mul a peam jradigtion, togbriuseddn c@mﬁgepahﬂws todfe embsﬁééaﬁeeughness of
back surface cppagf by finishing-polishing" in above Formula (5) is
zerq._ I n addi tM}?ﬁgthes three itens of flatness of the filmformng

surf]asce and f QueS®he back surface, and total thickness
di stribution aNextnameabireinantespnafanddsyring ot thickess dantbution tawed flatnessof

out of t rm . 1 Tl 0

oni quel 2 et S REREe R el SIRLE 8 U RrreBIPa 8 peRl Escribed
uni quel ypivasdige. orﬁﬂrf@@rxe@mﬁ qahalsbibierméasnred ng theuabbsie pragedire.odepknding

t hi cknesg, distd; utlon For this reason, flatness of the filmform ng
surface and tot t hi ckness distribution nmay be preferentially

5corfd} dered so Otof‘l%l flatness of the back surface can satisfy the

fl ?t nesls ]£300 oaﬂr@ﬁwbw]);hmgmﬁ e?hf or the opt| cal Irrerrber base

mat eri a or pecifica e ol.i S
corrective- poﬁy\/ i chelﬁe'pghﬁﬁl?g ﬁtﬁgﬂﬂ?ﬁa%m r,,éo g}?l@g}ﬁ ﬁ&? Ha
per f or meglasssubstrege Hmedtomhe mieasuinange results bAboth stabthitkabssrtjsributi dnodnell
thi Ck”esﬁatﬂ!e$ h}%%é {lre‘n’fént[ Qt%]g Ca% %9&& Sﬁethﬁ%éa&p"ﬁ&%aﬁl%or nﬁi{"s%rfafi 1)

fini shing-po ance on
and 2(3) wehw@s of 1hatrm@§§rement fiep d¢nendmeromn¢gesglﬁy seneaformed onanio aptain a

lt ﬁ: S baf: Eél@ésrsﬁlgkgga{fggﬁyg ut‘?% §é5:chlreg ‘trgt%llqglckﬁes@@éﬂ%&fo ﬁ&%ess?%]ﬁh Sfbdrr%Eﬁ EBhAdss.
sur f ace Hre PIFECTS IBYRLIOR; téfe Frasen takthe ?ﬁwf %lh‘S%i“bg i3 et ol g3 the back
[0047] Asarfucé maﬁatflf Ibc@l?(]amshﬁig it pefaqrneddoilch rﬁrlmvﬂbmhgtshﬂamu back f ace
of a gl asusrt‘a%‘laJ tﬁslerf: may arise a problem that the obtained glass substrate has a large total
30  thickness distribution, intensified surface roughness, and a lot of defects on the film
forming surface, while being excellent in flatness.
[0044]
Herein, the desired total thickness distribution is total thickness distribution
obtained by adjusting total thickness distribution required for the optical member base
35  material for EUVL by a change amount in total thickness distribution caused by
implementation of a finishing-polishing step following the corrective-polishing step. In

other words, the computation is given as follows.
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15i s subjected to corrective-polishing based on the measurenent
result of total thickness distribution in the nmeasurenent step so as
to attain total thickness distribution of the glass substrate after
the corrective-polishing step to be approximately O nmw || be

descri be ference to. Fi a) and Fi 5(b). Fig. 5(a) and

Fi g. 5(b§)e§1’r’é eqﬁéh]\‘? dé“ﬁb‘?/ﬂtﬁ’ﬁagfgré%{?;ﬁ?ﬁY%‘p ishingyi ass substrate, the
dashed | i=fEotalithickgess A{suibweionr(¢s paneisedsp oforticdbmemder bdse ZkHtdreal @rdS VL

substrate re_the C ur.f ace..i bjected. tg ... _
correcti ve e Smelf: AR RHSEST e afpRie! FAEL Y Paispipeastivisgonds o
a si de vitewnuola Bhe gl ass substrate after the back surface is
subjegted to corrective-polishi ng As shown in Fig. 5(a) and Fig.
5(b), the back _surface of the ass substrate is subjected to
correcti ve- pol T8adpHreddlatness I&fgqtaerSphtam@ﬁéwldeB{lgﬂ {i@smq@redmthe

gl ?s S hs ulstisahfenling @a@sn@@ﬁm%t el by gclﬁur:i]ﬂ @gm%ght mrffmn@esh @éﬁﬁ,bcé by

pol i shin c jon. o e. back surface hased on
Poasur enthPERERRHDN of & Gatshime RtHES RO LOF B RS Bamve ErmenARGS HeBrolt
step i n atlznohrds, d@yconmatatmniogivenas fdliokvsa hi gh pl ate thickness is
set a large polishing amount and a portion with a low plate

thi ckness is set to a snmall polishing amount. In addition, in the
case of Pussitest fatnessiof baghiufacpeftbsdoregtivespolisbingot al t hi ckness

di st1 | buLif9AnelBOPEmARNERSb R ButR diidptiedlidn R vhsinitriaPRE BUTY

be only necessary that hi ckness di stributlaon e extent of
of f set t i nd-hakge EWQWE}@ é’ﬁwﬁ% Of:%ﬂ&kﬁéf m%@&mﬁm&hmw@whmg

correcti Ferop@hishi ng step. [0048] The surface that is
subj];cted to the corrective-polishing step herein is the back
surface. There are at | east two nore reasons in addition to the
above- descr i bebh adel#tson thexdesinbd sirfae eoughsessiibadfdve ravghness obtainédlas on

(1):

St t o B b pe ABnh YSRGS b MEbpAL wictiber bidmin RE 16, BUVIAGR,
at | east chapge i suifase rm@m%srﬂau&ﬁdéwmlment@w ofrafirgeling welishingryten
demand Ofblﬁ'éﬁﬁ%aﬁl% cofdahnesslishRiy ddieakd !h@‘cofn%ﬁﬁhﬁﬂ 1s'3g{"v&§§§fo'lléw§t ricter
than that for the back surface, but each of "the values is at the

| evéi® that can be easi | y realized by prelimnary-polishing or

fini shi nDegiedd s&i‘ﬁaﬂsgrdughb@sdéﬁﬁdld dmeidcé aftfﬁ'rcorrblﬁmvlﬁfhshh@er e may be a

case where, surface, rou ess . in ses oI i Shl

surface r?u %eegoélgh?ﬁfssg@gorr ltes \#16 3) t)epn%%%n @y t he
demand on CBlangtearbawit of aurlfmerpugiums cbfd:raek amfadwaaseddsféimﬁang»pDMmg
demand og mﬁegl mform ng surface is not necessarily satisfied.
Reason ( 3) nd concerning defects on the filmformng surface of

an &tical nmenmber base material for EUVL is that at |east the number
of defects |n[tob¢5 ize of 150 nm or Iarger is 0 or fewer. In

addi ti on, d cor]H:ecF g %fﬁ E"‘ e back surface is.that. 10at
| east the nu fregh eteseed tqta) thigeness @ utipp G eRTFSC IV%PQJé ingisy or
fewer, widsetibdds rMnthesdase csﬂlerahtdmgpﬁmsmﬁg-pbhsmhgforftm badkesuffaberisinot M ng
surface «he h icles
attach t%erf% dqﬁ¥ &an a éﬁ%gmi ch lﬁl?qgngshs c{j &ngﬁéfn | f&fﬁ?ﬁ‘n

surt ace conve
att él@hedpdrsamgdun tleebypve-deserbed Fm;mda Evnis mjoaf ter
corrective-poliyghéng step. In addition, stress is applied to the
surface of a s] substrate by performing | ocal pol i sh| ng, 15and
therefore, in h’f"éi%%‘éﬂémeﬁﬁé?fftg? E?Grl@ufﬁﬁ?ﬁ r ggupeveslishing gog ghe desired

descri beafinfa@é PiughféR GRYIR: Eh%f(%ﬁffﬁcesdﬂéh c@ﬁeo‘ﬁ@é%ﬁﬂﬁﬁ afel deB@itsedor IrDtHe?case
in a snm Sl zZe

|
| ocal * povheR oomar hioliSind o ppudiecy e Shrrame iy O fithess ot bick
par Giscul airfaye taused byl fiashi Y- wolghag” it abose @opﬁhlas(h) mgaem;hhd) thei ‘Rhavtech a

pol i shi ng, AIRUPL,, FAD 85BN o Bk b¥rR8halRh t§AGIMEY bhARIAP ih Ao | M
Formula (5) is zero. In addition, these three items of flatness of the film forming surface,
and flatness of the back surface, and total thickness distribution are not all independently
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may be a nechani cal polishing that can set a polishing anmount for
each portion on the surface to be polished. Specific exanples of such
mechani cal polishing include nmechanical polishing using a polishing
pad with a small dianeter, for exanple, a polishing 25 pad with the
di anmeter of about 2 n1 and mechani cal ollshln as disclosed in

JP- A- 2004lctepgyings, andif e HRMY Oﬁbtvﬁat %ﬁfé"egmﬁﬂg ORI ARRCR {5

portion. dbtm@sdldirﬁqm i Hor BR¥mpPR, ﬂam@dslﬁmd&cusmg:enggﬁﬁiﬂea valkyuelibaged

O Lo RS o e B AGENRRE 218 BRISHDRbRAGE O Shis reason,

use can Hktreksaofl ﬁtaﬂkndbnmmg|sstfaaegpnd1§0thkﬁis:knmmilstr1hgldamay be padirentiadly
or |ayer cgﬁﬁﬁ@rg’@bé fh%fjﬂétﬁ-lbﬁrbf‘?ﬁ@ Pack sitthdeaGh sB@sfP&q“@Ath&@Zf@%ﬁﬂ%? le"§r§1) ,

i on beam et uster 1on beametch
nano- abr ae%tﬁd tﬁgr tha@etwqéesﬁwbqr DA THpBH. fmsﬁbw('?-polspewfwgﬂﬁehmehmmmw-

![ anl Vi n bté}'i Q@h‘?&ﬂl@;ﬁ)(ﬂfshir@t‘sﬁf : Bltﬁﬁﬁiu'sﬁﬁlg-@oﬁgﬂlﬁg seplean alssyEf ace
0O be po S rereranle.i.n a e ve Nl
accur acy; Peﬁh o513 BhTgcieRon 5 HvES T LMY SpOFH0R iy GiRknseR distribution

finishinga melcloﬁhd:th@-@lﬂhﬁg&t&pf@deirdsiﬁ@p@hsharg@tgp mmwrdaﬁ?&[c@@ﬁﬁ)lth

| nci gient glolverel A HBAGASE, WHERS, LIS ARYE: Agser bed paliihing. (B! hods

I nvol Vi ng eam on or a er eamirra 1 ON on
to be polhigknsgs @s@bugem is 45 mnmé&ssﬂanéf#amesmﬁ the badk surfage banputsduﬁbattee

of a ol asguauhstinenin @SR Al IREARICLANE s BTN OIRPHBEfhsk

preferably 15 rrmor less 1h terns o n FWHM FuI
Maxi mun) val ue [Q047] | ght of inproving processing accuracy, and nore

preferably 10 ARaGpedifis exartileeihd rd@ﬁ@tﬁeﬁrh&hﬂih&ﬁ@b&fk Pk f28€8M Blasd bSkate
bea s set w#egl n the abovgisdes

a t n for the
oo o FEiusted 40 s Re AT IEE Bhaean hEMRurimen Sl 3Rl didRtss
pol i sheddts&1hﬂosmﬂmeﬂeamtekndneaap soas foastein theditiicknss distrbation aiibe giass.

d

oo, 095t AR e dord e@gﬁ*’sﬂ StS45 S Ao hen il BRI
such as Tact el moanniig of Figns(Boakis PEAGEFIEA(AR: Sgericheahowing
ctehi oy A ERAEba HabilAegel Be MBRA1E i ﬁiﬁﬁg#ﬁﬁiﬁﬁi WPISREHRY of
a s acthe Sﬁé@@%&ﬁ%@#f%%@a&oﬁybfﬁ%eéueﬁﬁe b earesixespplisiing ﬁnd%
srmlolt hnelealdhlheanmlgm(lpy@msf porg ﬁ@@@ﬁé&fﬁw%ﬁﬂhé glass ahﬂsmdaf ffc@tH&&M@k?
sSma ol | I R I N 1.0l SNI oIS e r e
arel y” oRble Feaier e eprrreserutiaBe S b Figr AGapRE o 1 Back
react i vesurédceof the glass snbstratsigashjectedh tm@nwtxvapahsjmmj&asmwl chickndey
nor nal 8&9%%}1'6%3%59 Eﬁs%léfe%ecbﬁiewﬁp? Hlaiéfg @Mb?getﬁq?fgg%}'gYﬁolishing

nozzle in a vacuum ressuri ze
cl uster, am@untéwe@cwoexcmfrtbﬁb@c isufaen kaspdan thetaeasHeemesh resal of kpsal

cluster {Réknb@aRriBitEorl fn&ﬁ@'hﬁhﬁﬁexﬁ&t@t«:&aﬁﬁ d8hclPRAGithdt@ ﬂb@ﬁérpfv{ﬂl a high
et chi ng massi ve at.om ¢ or

s. cluster is.c S ecu a
assenbl ypéeﬁﬁwm IsHhiod }ﬁrﬁf‘%ﬁﬁﬁ%mmwda% BRRIOB A oL pIZE. qunﬂtSﬁe
case 20whetea gaall pblu@ﬁleg amomtb e aimdaitd, ngthleszawsﬁqaefrmrnung finishing-

i . | ish f ;
gas. o ushiBhe fraiigbls fPfhulh sRERes inRafud oh BRI ReGipy AR
i npact -eftiegytbegaienaessrythat totalithickness distibutipn ko thesatdnt obbifwetting the
her eby Sk aiRah 8o bEdRR P SrBok iRkl 251N the case

where gas cruster ion eame ng i's ised fce gas, gas such
as SF6, Ar, 040048l NF3, N20, CF1F3, OF4, C2F6 CSF8 CAF6, SiF14, or

COF2 can be USPgh dubfasé fat & s%bjegbédtﬂ@t}{égzoﬂ‘eé‘t% o‘mﬁﬁ@ srtéiﬂ%,@em%:@le%ﬁ&

NF3 are ex ellent as a_source gas in terns act.i

ocour r i rTHES HHIFT e I Igpwgreeﬁ%mt Wéh%%tpéﬂ%alme e grasan
Theef orehich ard desckilgishet@mt ai ni ng SF6 or NF3, specifically, a nixed
gas of SF6 Reason (1): Demands on surface roughness (RMS) for the film forming surface
and the back surface of an optical member base material for EUVL are at least, 0.15 nm or

less and 0.5 nm or less, respectively. The demand on surface roughness for the film
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30 and 02, a m xed gas of SF6, Ar, and 02, a m xed gas of NF3 and 02,
a mxed gas of NF3, Ar, and 02, a m xed gas of NF3 and N2, and a

m xed gas of NF3, Ar, and N2 are preferable. For these m xed gases,
appropriate mxing rati os of each conponent differ depending on the

condition of irradiation or. the |jke, byt preferable ratjios are a
f ol | ovis. Tegmaing surdacs 13 Siigter S thay fl%&g@aé%'ltr okt a%éﬁ f&ftfwsﬁ@u% apgp,
S:‘:GSi: 6Ar léveﬂ)ﬂlat:caﬁlzlie éﬁ@lésé eea%iﬁ% b}(f) prf&ixrti@arﬁ%olyy ﬁﬁé%ing 59%%1@}513@ _ialhiggd) gasf
0 : n : . = 0.1.to 0 f . m xed ga
N3 an sscrBREIG)  ldkys? Trege miaf e G hische spachgoughhte T eiea G Juylbea
(m xed gpslisfind\Bdd suufaceanugloRps afNESorredtivespaldistling ctep5in s@isfy the3RnB%el on
(m xed g a , ; ; = 0% : 9
o0 o kel ikl s o whelfnE dipind Bp b iy 0501
i rradi at mehnecearity @Hsfi¢dcl uding a cluster size, an ionizing current
ga_p_pl i eg to an Rb@d@nz{ﬁ{!gje@hzﬁﬁtdoﬁgﬁnﬁlfg c@f&%sqrpﬂlymrlﬁ{fohﬂﬂgb&ffmegﬁﬁhio@ﬁca

evice for ionizing cluste an accej erating vo applied to
accel er afiMpeE %S&rg‘?}a’ééﬁd‘}lor {Eﬁylg‘ééﬁ%lahiﬁlﬂ%‘i% %%ﬁggﬁ ith dheizh ‘2:fe1%Bnm
and a doselagmin® opfevgas I adelitéon, demabcomBemagidiectamptheachtalfce is that
sel efd ed REME N orRERENIH AR A GB0BlnPodhRRP iSHRSELRE il I8
type of Ehe Source gas For exanpl e 1n or der o =correct very pol I'g
t he back swigt ineeompaetisen tyl thstsfos thssfilnafosming suoface. 1 (Beresiey belayase where
deteri or gbhRq JeRfsAnen hOPABBRS Srtddhab ¥ surfiBe ?&&E)‘ lgéaﬁ%'oﬂéhiﬂ%' t%ﬁ Convex

h I I d e ly 15 to. 50 kV.

applied to the accelerating electrode 1s preferab I .5
[0054]  defects aftaghsd apgpotabpawscempredby clemningaftesreopisati vapRishingrsigne dp

a gl ass agdifibn,atess ik applied BitkkapRe 6f 8 flabdalibsOite @& p%ff@nﬂin%ﬂ&:al polishing,
subs@;ate ﬁlnd flalqﬁss of fat east 1 he.surface t $t has. gbageen

subj et e84 BRI S5 APSHPTIYRE ‘é“sﬁﬂﬁsltﬂl‘ Isfing o Pf deeribed [igccngry
as that défetthsudbmweraidssystizekks orgztsin eseall stAegparticutarkydsfi [t50mm oslesd asity
roughnes at | east the surface that has been subjected to

corrective-polishing is nmeasured, if necessary. As a result of
measur enent, i[0048kh of total thickness distribution of the glass

substrate, flahness pofisHinEmbitofbksad M RgrestiNd-FARNARAs hbEpRREHaSH MRS as
(P-V val ﬁgl)a,gqﬁsurface rroughness of .the film20 formn

: . surfagce,” and
sur f&dte iids & pafishing Msthod 1a gihishepalishing araau b A set3oeash
or | ess, pétibb onfheofilnh Ggminpna e of tHo @isslsabstrate ©HegOlikel, Y THehforg| @SS
substrate o% V\hi%’?{ t.h@ bzf,cg. s%f ace Qas getﬁn subjﬂetc ed %]10 .
cor rect i V&Y BBATIFIAY CURPISRNR gt £PT T F POUEY R AMGHIISY PRk PO} MEase
mat er i al sdrface B pdishethe Ppeesfantexamplesifisoch mErhankal peliskingiankide i f
total thj I E?'ﬁ i | BAsLr r .
of pl at ehlt%E}th‘ négglﬁilﬁﬂ nﬁ??@%@@%&d@ﬁggﬁ%ﬁ (_:10[ |gf+’ ?_’Fg?%fé‘é_g’ %? &%Sqﬁ%ng
back Ssur patwith fierdizmetepebaposttBjces padimeshanigal pelishing polisdeseddn e deit-
300 nm  gorIseRtWNieh BYolishing PrdsSinp EsrtOERBRGeaBRhartibR! IHNRIMRGK itSHiY BEL
based on_the, measur enent, rgsu]t of, the plate Q@nﬁ\zs di Sbl’l but’i.on
and f| at RYSAingising maenctic aprasiye graips, i, pthep e dirdagneinipelneiedl ¢ he
gl ass sufisishiageas discdésedss Iitbrnatiendl PublidationTWiQ2600/6606d 6 an Huith@mbvae; kise
surface, surface roughness. 30 he fiilm.formn rface nd
sur f ace P GCRb G SR inddnlods MiudtianR s T fiatel PG B8, 1 o
| ess30 0. ifmdmtion ontoessrfagado be polishedrsutlessionbespetthinglggs clogter ion beam
fini shi ngan:nEl.iishi : i ni.shing: i1si . per f 3! he
proc edur%d%lgg’bqeI eé;%?l?‘bg’}“geﬁ&&éﬂ%ﬁ%ﬁ%ﬁ%é? % orm %&g}&&f SQ{CH%glléHﬁTé
cor r ect i Methpes inypiving began Hradfabionsr laysheana adiatigaseie dafisede b ppligied
net hod | RyABR iR BeMhdy IR RidtOfto&dssin@ MEEurRS2Md are allowed to have a small

polishing amount in finishing-polishing since surface defects rarely occur.
35 [0050]
Incidentally, in the case where the above-described polishing methods involving
beam irradiation or layer beam irradiation onto a surface to be polished are used in

corrective-polishing for the back surface of a glass substrate, a diameter of beam or layer
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irradiation onto a surface to be polished is a proper processing

met hod for corrective-polishing for the back surface of a gl ass
substrate in that it has high processing accuracy, and is allowed to
have a smal | polishing anount in finishing-polishing since surface

defects rarely. occuy. there nmgy be a _ca
r oughnes<egm t b8 S5 s e B B8} PSRSdR Serpmsof %%ﬁ\éﬁ’gf@ﬁ\"@ﬁ of Half
dependi ngvatimsn)fvahe is tightofdmprdvng piickessiigtadciracyy ahil aivee piferably 10 mm or

di b . iy . | X
b s o168, CPRRL A0S B AR o bearR e lasct TR s set wityn s i virdsseribed
i rradi at irangesibis m@:ssar)bﬁ)ama bachdivdadeaf aghtse sabstuatef thetais the sbmfap@td lxhed,
h
theresma oﬁﬁ'leﬂ tB 88 Scaphied amﬂtﬂe%%r&g 3@92@%‘ ggéhgﬁas s wrch

particle surtface occurs

In the rré’?ﬁ@%lmf @Fer&ﬁa@wt"ﬁgaahe Bpde 9511 methedsuchas aﬁteaﬁcamamgem
accor di ngpitaltsearinigs. pr esent i nvention, in order to inprove surface
roughness of tE Trface to be polished and/or to renove convex
defects such a &Eﬁ ticles attaching to the surface,

fini shi ng-pol i gmog thaygbde- mcﬁhﬂdrmethédsrmadilvinget&amtlhadiatibﬁ ackyeitimhm
has en t i

cor rast 1 Rk i b e GRE YRS oA 181 b8l pichine iy ppfigilafiys
subst r at @refqrapb(fgrﬂpe reason thalt itt con gercessn sustaes toshavetlewisngfateowughthess angl to

EUV 1 ghtye 'é@ée'll%ﬁlt 1h%ﬂ109fhn%§k ghyBigh ro%@é.’s%{ eﬁ:ohﬁt:iz %H(i?altl&v%qﬁ% a small
i nspection, the fil T %ﬁée an surtace after
finishi na%ﬁ%’ﬁthm gf@%ﬁy) WaiRg sige ﬁmeﬂsﬁg aEly PEgUE) in the
qual it %/ as Is ur agaeclaseponteath elélnﬂgnswmbms@ irewich. a&eﬁt{ﬁv@rmdtasa (source
res lve Le. prerera
reapetri sy nR i bR RaP e hd s emBR iR td mEsSrd Rt ifvone:
| ess, respexpansiekpozdtoin 4 Masum devie: ip raqir@smhﬂed stade efolmrangas cluster,
fi hi !

{0l Shi gl digb3hRnag; 80 n A Bhlred BAd Hfitef B4 B o AreAa B0 Sn o

[0058] In order-to accurate or
pattern g opieet @dzerf@émxs:hm&)t oescleierds aomp@aeétof maswe) atomioaf er
during EbMlieculiP beeRiblREdRIM doRRifing tHyakdrls Bf hloal, ortrﬁkﬂe&ﬂésal Ifﬂ WEGke

efects inclu ncave defectS and conyex e ects i.n
oLartl v idetsrian s BP i e Hetne e o M Gorata 2% 1B B34 gurface of
surface aftaes sxfhsnamhwngr gl dlsséra golilide M@faﬁﬁmﬁbe}/td:bef wolisted, aahlsltlvhoﬁp a

2 o1 zo olttons R el S RisE G Wit ForlTiblech Vhedly A TGS

gl ass subslished & nodishesl. rennved by polishing in the finishing-polishing
step (finishingP Qflshlng anount) is preferably at |east 0.005 JIMor
thicker, or preferably 0.01 pmor thicker, in order to realize the
abové- descri beth BepassIdhere GRviuser ign beans elehingris paass as ©ROUTRREas By such as
hand, whgFrgas O)eu,f NRi, Nymg:mql cqiblcwﬁ St‘;s@p a;s CﬁF?@ymBmus ubdd jhhat
it reduces surface. roughness and t s on a gl ass,
Subst rat SMEBRGPE DPEESELe; Bmongyt %ﬁﬁétﬂﬁiﬁfﬁm Stchfipkagsoutte in
distri b_utermmof)éhetmealgéea;ﬂsm)udaﬂfmgh'ethammefdfabnﬁmsg withtihesisfucé acee t 0 be

Pub) ot el RN R, B9l R LR SPGB Sp Aol Pl 4 e
chaide nia mined gaseSEsAL, hladﬂzna mer@apof N<Eb iang Caypurixedgas ofdd,

greater. F% ml PRy n;@Q’of mggdwz z}lﬁfah ﬁ:dfsg% fmg,gal A TND areqﬂpqefaue

of f|n|s g olls sl | as po , "and specifica
1.0 mor <Pfé aseunglxsqi SASEP-APPEOPTIRHIMIKINE [5¢pH pT ¢5@b§om0§a%ttda |dgpending on

pr ef er abihe condition of irradiation or the like, but preferable ratios are as follows.
SFs:0,=0.1 to 15% : 85 to 99.9% (mixed gas of SF¢ and O,), SFs: Ar: 0, =0.1
35 10 15%:9.910 49.9% : 50 to 90% (mixed gas of SFg, Ar, and O,), NF;: 0, =0.110 15% :
85 t0 99.9% (mixed gas of NF3 and O), NF; : Ar: O, =0.1t0 15% : 9.9 t0 49.9% : 50 to
90% (mixed gas of NF3, Ar, and O3), NF3 : N2 = 0.1 to 15% : 85 to 99.9% (mixed gas of
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I n addi tion, when finishing-polishing is perforned, even in the case
where the 5finishing-polishing anount is set to the mninum total

t hi ckness distribution and fl atness change due to

fini shing- pollshlng Therefore, as described above, in order to
acquire h@ IIélfess distribution and flatness, which are obfained
by adj ust rirgmf1 )R A% HY R Ad<® 1dPe 0 9 3% mattiordiOse Heixed gagpf NEy Ar,
for an ophi®B) nenber base material for EUVL with changes in total

t hi ckness distr@ﬁgiion and fl atness during finishing-polishing, after
10corrective-pé ing step that is a pre-step of the

fi ni shi ng- pol i $hithgmereprradintips cprdgiesandlading aphisfeosize, an ionizing current
prel i n%R%ﬁé?ﬂb'aﬁ%ﬂﬁin?teﬁﬁtr@aggﬁé) F%sﬁ&ﬁgfté/rqoﬁ) Bédﬁﬁ chﬁgl ﬁfz fori 1omzm(¥

Her ei n, reason t stri of frni
Wit hi n achistess a8 aeesleraties welteps épplisddaes aperboraiiege aq:tsctdreuqf @hq & cdj:rster ion
pol i shi N@gesth @EhiH, fgeaemdehmm 4 B&seThnanst §ﬂ§h§tc'h%ft& 1&PBéaﬁ?secar%§£ﬁﬂrQﬁ¥dt&9
of corrp05|t|o % |, ass substrag {m erial, distri g,ﬁlh
165t 1 05s SFOtEh EogrAiBE I SEHATS G 0L 8 8155 SHne B GRBETRS Bhbe sotice gas
di stri bufFooexanepie,tih erder k@corﬁeouhahjrgﬁhamﬂieﬂiacloﬁurf&b@lf alghise kulgsate without
di sty bu Q tness. in t

f teké)eg ﬂd@‘teﬁ% p% St erobl e n%l e ?1’ Suagﬁeler%%% v?]ﬁa(ﬁe agp]d?da‘%o

f|n|s i ng- po i'ng St
substr at eccal!ﬁlwmfﬂqérqdhesmfmabimr}ﬁ@@ﬁ@k&’n and size as that of the
optical nenber 3 3¢ mat erial for EUVL of the present |nvent| on and
has been subj egt ed to the prelimnary-polishing

correcti ve- pol ALK g °2€§§Té‘ﬁ?spﬁﬁht%§0bﬂ‘§§é9k SUJ‘FW@ ﬁf ﬁﬁHISS pupsgagatottlel y
]pr Ieloar edthiéli@dsd dl&t@l'builbﬂl gktthﬁ $tas biistrafRUAd Oflathere og of l]f:asft i ﬁﬁﬁﬁe fHat hire

| or e an e CK surrace surtrace rou ness .0
e 1 | nPrOBIG e Fare iy apolREe Am S reddl T W Gon DU Bahas e
after t hebmmsdnhedsheasgremﬂn sthp. ngInsetddmoalssmfme rafghhbs ginekasttthe surface

t th

subst 1 ar e BesRkh SaiTEcey 4 4 pioRRk K Shind £ rdAGuERTPndISEEy.| 08 PRARR of
25t hi ¢ kn@@gswmwa iBgactoef tataélﬂm;lmeeﬂecgstmbntlm of bk Lgh'tgs pabisirate; fainetsey ther e
caused bfihﬂ'fé}% QUFPRR Iahl AR SHCR TR (PO wahil), QbPRde 0 Igﬁss of the film
distribution of JTiQ2 concentration ipn the glass sub
al s& $osHrBing yefageeng spHpca oUeisss Qs dags S%%ﬁﬁ@@éwi E%t@ qrrle%?
t Ei ckneSSr 1d's§ 01115 i bplg:s@raﬁd DIsadm @8 fesk rtest;iaetnfdlﬁ nlﬁwglagrslaektra&élbﬂ@hﬁ:hemh
t hat can at,e
Subst r at ERESHRBE R TR emepErehtop BRove PoRbirk ef B spProf R ep e
and a neeicabmember basanaterctd feri I Limyf tlid prosens oeettiot.r ay anal ysi s, of

conposi tion di ?ﬁ 'il}é’:ﬁ[hé%ggéi&ﬁ tf cﬁﬁés&?%%dtﬁ) %b&ﬁn&ﬁﬁéﬂn%‘é Jn\éasulgement

(D;—n.)

polished, or t cessl ng

use®5i n ¥epwli ehplatg-thiskness i butioa exgerdpés mu@r eﬁﬂwwﬁwe hﬁé’é Bérfce dhat
pol i shi nﬂas\mb& Euu écts@id wﬂreb%ﬁomiﬂ Qais@rod 1S %§rr9&h‘e§’ﬂﬂi§ﬁm§' grry
35 under %BE%e%s {1 sur face ? Stﬁ[le of 1to
500 cN c .° f ?‘Efﬁ"ﬁ ase %B’&aﬂ’i‘%@‘?‘ﬁé’ § plpte
exa ][Tpl e, thﬂand éssmﬂﬂbﬂt?cikﬁeﬂ‘lfdm&se UHbWewagif e%}doﬁtbﬁ%] fmdk:ii!eisthmgtlon of the
surface and t sur e . Pr ocesse olirsnin
or cdet or Ao S aiearedh pEGE A Tp s SBTRRTRE L bitif sl OGpmes
to 300 coftberfilmoforming surface, and surface roughness of the back surface can be 45 nm or
less, 300 nm or less, 0.15 nm or less, and 0.5 nm or less, respectively, by finishing-
polishing, the finishing-polishing may be performed in the procedure to be described
below, without performing corrective-polishing again.
[0055]

35 The above-described processing method involving beam irradiation or layer beam
irradiation onto a surface to be polished is a proper processing method for corrective-
polishing for the back surface of a glass substrate in that it has high processing accuracy,
and is allowed to have a small polishing amount in finishing-polishing since surface
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preferably surface pressure of 1 to 300 cNNcnR in such a way that an
optical nenber base material for EUVL is set between grinders on
whi ch a polishing pad such as unwoven cloth or abrasive cloth is
pl aced, the grlnders are rotated relatlvely to the optical nenber

base mate EUVL ile su yi ng polishing slurry adj ust toa
predet er #@E‘F Tdieat U SURPHEET, &B@Q %%?%Sﬁ&hfmﬁﬁﬁ%mug

hf)wever sufadeab bﬁ Ipﬁhilﬁﬂ a lirele d&llerloia%ﬁﬂ:])endlng ?n sﬁfaga sﬁlﬂi ofxht F@fmdo ban
el astic C 0a 0 et hane_ar, foamed pol yvinyl is

pref er ab%@ﬂgﬁwﬁgbr u-Tr%iSat %?%‘ggf%n%éﬂ’%lgﬁ ‘?’%de by Kanebo, Ltd. or
the |ike, can Beadditioh, mﬂle}ﬁbbvs—kiewgbsc_l mucgssmgsnethaahnbelvmglbeam irradiation
S1oon O idle beahiiT bR SHG sutflol & BUBIRKE Breriny12 d dakewns

silicon ox Ica or I'ca can”be used, and

col | oi daPttashmeasof eonyex flefesisisuch # panaglesioghe surfage @ceurhe particl es

with a unifornposelicle dlaneter are easily obtained.

Her ei nbel ow, a I be described in detail having coll oida
silica as an eE§ﬁ§? beﬁﬂ%? %%Pa5|ves are substantially the same as
this. 15[0062] Inthe methdthfor auveivang gardpiieslymgabdribabemdieaiaifoe EUDIL according
col I gi da I e SsS
Char b0 e PR By i hitbes oD uirERGop RS B Sidelto bE

limt of pelishedvnd/aye Ipmowapynmrdefqﬁsesuah anparticles httachingtodhd swfdceca i s
not. | i m pdhirUolisBing ARl iorRcd Bi et SirfacR Tt FRS Bedpf heRBly

10 nmor greater |. er enhance pol i shi ng I cienc

t he averﬁ%‘é"cﬁ?’?‘ﬁ’ﬁl g“ @R%F@T‘?ﬁﬂéiﬁ@?ge shipg lsd}grfpgp%forélpq IP%S%E Ségé@quth%o
nm ther glasdgubbgatd, case where it is difficult to process the film

for g surfaC@ Sl?fi t he back surface to be polished, to desired
surface roughn Q 4 In addition, it is desirable for colloidal silica
not to cont ai niisedertddoyepaattérmiglesgdnagddd lifght)raﬂaglgdmetoeguvm afverse
primary BRhkhd Gl Ha@ée%ﬂ%hetlh@ﬁlﬂgtfoﬁﬁlﬂ smaée%ﬂgh%a&% o agho L he
particle I amet er  sen en secon es are

cont ai nefinishing-pelishiag érqfaﬁablmwée durdapstrevghnkes (BMS) i tbq: avalityBssyprapge Arens

ﬁ; nIt :93 f] e?jf %f g?ﬂr}ir?gds)gggtg{-@mﬂf%ﬁ‘lésﬁ; Iggpgsrcfmy %ox@nééfg}akg G1@d ni o léﬁ and o 3
103%4% 20% % l%sreipsepmjelwné@w% gﬂ@ameﬁra% @Q‘Pﬁ% %Heé$ %&L@Bé}}n of ]FSSP
pr ef er abteg etcnvalgas]amethm itiisrpggerablg e bérfistnt Hnidlbing-pbUshih® stk 50 ¥s &ldbtain

30[ 0063] Sur };Féasscorgl st of colloidal silica in polishing slurry
is prefera L@ 30%7855s% If the content of colloidal silica in

pol i shing sl ur[|095$]s wi thin the above-described range, polishing
ffi
efficiency i ”plhcb‘fﬁe"r t? %&%gg?nﬂ%%ﬂ&?%tggy ag?fé\‘%%&%ﬁ?%% dﬁh’hdneﬂectlve

colloidal silica

desiZbabl léhqt@m@%chéo aresibéimancp waisadning BEYLAimplapenjation withoytgmattern
pref g/ r agﬂ?/w ]tﬁe tc@al%ﬁmmﬁ sPdefasts 1&&{(111)1?@@6@5@/%@&@ &{@&We}lgek@tﬁl@ the f
mass 7o (0] I nNg sl urr ra ust.e O0.an acl r 0
= 0, St atec ki i B burfessrongrpe b rage ey histing
aci d r egpalizshing iapreéuablal0 foedefects @ihthm-mze & 15@ nin ot targes add fpréfenably dt most
st abI y di ragfe?tgl |181I dg}z 3”61%% Iargesol ution. [0064] As

ter use I'ng & urry, pure Water or ultra pure water from
V\/m 8l foreign [08%t ances are elinmnated is preferably used. In ot her

wor ds, pure Waflﬁrsu%cé'hﬁél&e%fea esﬁbétfhté"ﬂ%‘lfehreﬁfo%d 9?&61‘(1{&‘5 1nVH1 aser

t he maxi num di aneter neasured in ht scatterlg%
| i ght orfipipingpRrEshing stgp iﬁryﬁhlag-pgh@w@&maw) isumelerbly o legst p&@ﬁ HIEEE by

a]E ][TDSt thi¥ReDorf %}ﬂeférﬂﬂ&@‘ 011 BmRt Qﬁ@lﬁ?bih%rddrfto P@C?lll@e i@oﬁ%@e%ﬁ?bd Glrieh md
O o o o S0REStAE S LS LM OrPRLALRS Lesardl os Bl ke Rt ol
scrasch ea&ivanita@acms llg‘&ﬂEft atdrepnurfdee réughnessanditrgmenbd at defeod onhweglimck
surface J 8Dfe ROk TS HosslEifS BA B4R ANEER st BisRIBNBE Ble s thbdite and
flatness of the surface to be subjected to finishing-polishing may change, due to
distribution of finishing-polishing speed within the glass substrate surface. The change
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[ 0065] As finishing-polishing aimng only at inprovenent of surface
roughness, gas cluster ion beametching can be used. In this case,
gas cluster ion beametching is 15perfornmed by changing irradiation
conditions of a source gas, ionizing current, and acceleration

vol tage fromthose of gas_cluster_ion beam etching previqusly
per f or rre&mOBB%‘BFIfeP%eélanh e ByishiggRg 1@5%@?%%?%@%@?&% B tisgason, itis
accel er atprefgrablel foathe, poyah:mg lamsmetroﬂf@mshﬁx%amﬁshﬁigl 9 beias sinall hoposiblender

further de S.. ec at i

Vol tage 1BShaNg, EAER o RETis A GRRPSEL 7Bt oY resd L PRSG0IAEh Tt Bt
preferably 3 20t @dﬁﬁomwhelnrﬁmﬂmg-pwjmhlms perfommasle eygasin the cass where the
pref et ab

bhe oac. o bihatiifishicd ARk B2 Rinihufl K BR%Es driBforind (s
poi nt t h&hange dﬂaﬁ%ﬁs}wbm@g@s n3heﬁh@sfor%@aéﬁmheéﬂbcﬂf@elrtQrﬁ@r tgfacquire total
col 1§ di nehi¥kideBs dib@ibatibh aﬁ&ﬂhﬁe:ﬁewﬁﬁh'a?@@&améﬂ'@ E)&F\/%E%h eltdtal thickness

preferable to use d, Ar
B oS S CBbeeS e s s e st bEcafeirs LR DY wit
det ai | mhmlgeefzﬂbmm&ﬁcmsedmmibham aleﬂatpessslanhg ifinshinig-polishingyefeer , is

g)c();r#pﬁ? e E(gxgectgg agn n%rg%gﬂ tgsgsge Eﬁé - atﬁig pmshle%\ﬁ_ohshltnh%tegeﬁ ¥ S]?r%ferable to
Ti 02- Si ope@rassrebubmrramhshlp@steB]anchmqhnvn@phsm stshi ng St ep 35The
i ngot of Ti02- ﬁe% gh@fe'asc(ﬂ#ﬁet &Est%llﬁ&pbmmaﬁﬁ%pbhérﬁn m%@&%%ur?é gayced

in a known neth wascu I nto square X
t hi cknes8ukstratg S?B“affﬁﬁwwnalﬁdﬁm@?l wliomet I%UIIIISE’@E prfrs’@ur\ﬁ/a&lﬂg%}e&@%d to

chanf er i pghsphateGaEEEd) distittion cﬁb@;ﬁ?&ﬂtl@{ bgis tgmwswstrétb&@atasal Ndist@ibutién of

e o et 56 ety Spttle S Dol R i P A e

mm squar emamd od tdthi ﬁhk:ﬂms& didtributitm amila c'ﬁhngeTaxﬁ@uxﬁlo&) Aaglkessia thabsishiage

was int efjglgs@ﬁ% t%a (fﬁna:%efdrpgalg@cf sﬁEh 8%\?\# qxa{t%z%as@@{?bétﬁ‘?e WHAGE thd &‘i&{ eof

were sub

abrasive
Cont ai ni HQUASHOE andl SArasatiyf Sorarinelmembechase sl ATV kf fhs mersnt

perf or W%vfeﬁ’t'iontiiﬁ Has ‘Ee&% fthé hﬁh@cﬁf/ 611@1111@ hitPthd cBME&ﬁe%’dﬁ%‘ing
and cerlumox ge slurr% that the fi G@JL a{Ttﬂ surface and the
back %ur $EREClghe prrgenyt ‘éf‘éltl%dé $5DgFate MF"é’aEEé]q 'gk%eéﬁji’étf OPo

using a thetuof,dlatiede oPthei filli fogningahifies arld the back Agfac@ent stmlﬂit@ roGghigssof
har ORI, B SRS ISR e RS, o
slurry, &ndhingipotishing step as that of the present invention is performed. Alternatively, in the
case where the glass substrate is composed of TiO,-Si0, glass, and changes in total
25  thickness distribution and flatness in finishing-polishing step are caused by glass
composition distribution, in other words, distribution of TiO, concentration in the glass
substrate, it may be also possible to use a calculation value of change amounts in total
thickness distribution and flatness in the finishing-polishing step that can be calculated
from both results of a result of glass substrate composition dependency of a finishing-
30  polishing speed and a measurement result, obtained by fluorescent X-ray analysis, of
composition distribution of the glass substrate to be finally polished, or the like.
[0060]
As a processing method to be used in finishing-polishing, use can be made of
chemical mechanical polishing which is called touch polishing and uses polishing slurry
35  under low surface pressure, for example, surface pressure of 1 to 500 cN/em®.  In the
touch polishing, a method disclosed in, for example, JP-A-2009-12164 can be utilized, and
the film forming surface and the back surface can be processed with polishing under

predetermined surface pressure of, for example, surface pressure of 1 to 500 cN/em? or
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10 stage polishing using a soft foaned pol yuret hane suede pad and
colloidal silica, so that flatness of the filmformng surface of the
Ti 02- Si 02 gl ass substrate beconmes 100 rimor |ess and surface
roughness (RMS) of the filmform ng surface becones 0.15 nm or | ess.

Subsequent |y, ,the TJi 02-Si 02 ass._ s trate S subjected.tp scrub

cl eaniqng Pﬁ%fg‘??ﬁfyas egr&awj‘é?? ; Fﬂi@%{?@?ﬁm@? ﬂ&ﬂg W Jt@y%w@f @am%ﬁrgbase
de\d/i (r:]eij inmatetée] fa BU S Dl isibétdedvezh gind&mionachisivh pbliishmg);ﬁacssmlcd llilas ufgweédnttloth
an r t . Al t . nt n u I a ur.e
aater” 4 RS S L B hrin Mk Bt A GEERIIEN o (R Shtal HABH Gioe

i mer si omndteridl $adFd Y whilecwinplying roAishing stintyresiusiedstodr predetermis@iGtate.

[ 0069 i RIAYE ce areas
(142 T S b e B o i O IASC 2 3 The

back surface of040é Ti 02- Si 02 gl ass substrate after the

pr tel i ][n nary- p?ws%r%oﬁghiag@admr@am@sw gd;_htasifaan@do 'igr@%ulagasgqamed
Interrerenge. e at ness asurl V| C no

ns 5 1 es PPV BREEE Aot PTG QU T e ae SRt i
was a | eVlikt, dahdt usal i sAs pdishing dlray, nes@anrteqniadeasd sdcoamxidet alualinue ok,
b 5 nateri i JVL, : ; .

o e o RLEH oRlde, Henphife! o B ichy ?%P?@w%ﬁeﬁ%? SLEGH I HREGHBE e
optical artrpelloidal sdicang prefeable o theUvehlyavee fine harticlsasa iformepsuticle

of the oblaiAedrSelsfiaesatef i | es, the neasurenent result of the
surface profile of tFe firlmform ng@serface was reversed _and added to

t he measur ementlCTed¥GIqW:Gn aDEastve Vil prrter i defeil thgging geloidal siligaes apg
conput e pkaébslet hDelenebRisidesareishbitartiallpthd Jate3@skipst rate. The total
t hi ?gess di sttd'oggiion was 512 nm which failed to satisfy the total
t hi ess dist¥ri ion required as an optical nenber base materi al
for EUVL. The @rerageeprondnrepaitaeldiasatet af eoltoaide]) siiza ss priefdBiblp 80 meor
filmforg t : e
aftor ¢ hashauit ORI e i A, BT LB0GURLy PR S WP B Tho
force ni lavssdispeolthppuaesepidaanypagitlk diametar of reltnidyl silip ianetdimited, butis
val ue f Oprefatl9BMmVBS gfdaikr, Wi itk GerEAbIVSIO B8 of PRafHIL RER Jf SHHMIGRSHt
requj red as .ap. optlca neTP?lr base material .for, EUVL. [0(?7.(()111 oy
Cor ti gﬁpqigp.]ngﬁ- eRgYe the average prgagréféﬁ:ﬁtécr{@ Fig;l{ne r of colloidal silica
correcti gecepdd $0sirh ety bas caerilarads diyfidugb eneoets thg flleclalming surface
polishin r e sy f f. t.he Ti02-Si02 glass substrate. In
Pocar pofidb e thsPRES St bRBed o lilifredislfad ofaelE®, BiHARIeR, Fise
conduct edesimble fogadloétsd sikiga nohidi cohtainsseagndanopartibles generipd firoimg gas
cluster | k Lan). i I :
pol i shi nh@g%’gﬁ‘ﬁ?b‘fg%‘gg#@ ?%%E%%gbfséés %Fégﬂ %al)n\}g ue@fcdgﬁggltlglg t@i@&ide
on ve pligmeter pensitivels  drenhsnspemdanartidesris souptoaffbe aysragaparticle
neasur engiiefek eferé? i§ praferhbly 30 b bElese s InélHedtally) e itti @Ik URkmeter of
correcti v(gl-(%%lﬁ.hl pr% ?t e%sklls A5 nlétn.or bess, flat ness of th%ﬁgaclio 10°
surface silig misptippeckhereiy i3 abtaingd, BY AirasEineridmage magatijsddg 10 x
surface 10200 51 0°uBingran SR, (seanding dletrah niiolosedpeng & topreferdtdy & mbasure an
m ni num yal i thelled to obtain the desired | ocal
m?]aéggnnz%%dg% I\ggfl@qg 108 &

10pol i shi ustTng the scanni ng speed of the gas cluster
i on3Beans. (Prl@Be¥si ng Conditions) Source gas: M xed gas consisting

of 5% of NF3 afyl Qa¥nPbs Mloidal silica in polishing slurry is preferably 10 to 30 mass%.
If the content of colloidal silica in polishing slurry is within the above-described range,
polishing efficiency improves, which is economically advantageous, and colloidal silica
will be used in a reasonable amount, which is desirable in terms of cost and cleaning

35  efficiency. Itis more preferably 18 to 25 mass%, and particularly preferably 18 to 22

mass%. Polishing slurry is preferably adjusted to an acid region of pH = 0.5 to 3, or to an
alkaline region of pH =7 to 10. In a weak acid region to a neutral region of pH =3 to 7,
it is difficult to stably disperse colloidal silica in a solution.
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Accel erating voltage: 30 kV lonizing current: 100 pA 15Beam di anet er
of gas cluster ion beam (FWHM value): 6 nm Et chi ng speed: 50

nncnR/ sec [0071] After local polishing is conpleted, the Ti02-Si 02
gl ass substrate was cl eaned in the sanme nmanner as that perfornmed
after the prel ig%%@ry- polishing step, and then, total 20thickness

di stribution o obt ai ned Ti 02-5i 02 gl ass substrate (optical
menber base matsrwatbr dsed ifcpblishing dlaty) ease witebat dlirs pufeaessy ﬁ-@ndvhwh

S he OISR A G TSR By BT S
di st ri buPrsweigsin3ghich ﬁqne rhaictds arithelbs mafkimime didrhetef measunayl indighbsrattoving
97 nng t %tﬁé@lﬁﬂ?%sﬁ g;h{"@r 138 Gke SO0 ﬁ%s i et drd E’&bs&ﬁ‘ﬁaﬁ}’ Hcgﬁit%% leay at

roughness (RMS I'm.formn ace was

sé?fli
surface FRASHA E@I%IFMB}I ipprefosable s ol mase thand Olpartis] %'/ml 9§ OFgLgn HOSEASE h
fSat i SE leﬁdret Ihg%IgUﬁ'kﬁ?g t@%gdl;ﬁﬁ%ifﬂﬁﬁn@t@n;ﬂrhn@@ha el’@EBffllﬂ%l re RAGRCcHR LRI sadface
or en ef ect _inspectio e fi or
of the ofFERI Tt EHAHAES T Rl EFIEET o BeOVR MESSHTATCAY e Pig sorfece
aut onat i to bepacshed.nsipeeignonbstaes irepuvii 32@r 30 ultmdeirbyatea sen beemoved by,
Cor PRy at g aﬁ%feaﬁ tﬁﬁ%htby @gmﬂféEYQ?ﬂtef& lﬂﬁ%ﬁoﬂ an\ﬂt Q &h@d 120? removdng

converte yrene I’'m or ar ger

I n order Qrélgé\ﬁabsj@ncgs twthuntﬁért gPtodef ects in a smaller SI ze, the

opti cal rrerrberpmgg material for EUVL was subjected to wet cleaning
in a single wa oces i hg cl.eaning machi ne by u vari Qus

sol utions descf? @gs 1shihgAming %T&é?t IF@F?‘@EQQI\PB??W %F(%PH%PF% gas
obt ai nedclmyte?‘ tolfmdiemmtc}ﬁng edd I@e!:ﬁsie\zlef fri thi® c3be (gb& allumgldmyoe?mltmmﬁg Bly

sta ng i ess o rimand My filns. in.a

b CithooRetp et IR rinfink Bl RECeoluBROPEe Eyln bl fontling bl B,

i n a thi atcebssionf voltbge from, thosd ofi gas chusesionrebem) etoleisg previedlygrerfoeed.i | m

form ng §EéJ 3G Olgr?rﬁ E)%fr?%%gﬂ?hen ?%&Vfﬁ%&@lﬂéﬁhﬂ%96?%’9\/%?}?%%8?@'1&9

i on beam putte ect inspecti

f or mi ng BeéAM ﬁ@bmaﬂs Pﬁémwsiut@érsr fvﬁthﬁremocﬁﬁa%té caa@lépn%u ¥ere spesifically, an

per f or rregccuﬁawﬁlgw@g@isl rrcRAibees erb‘ilhi?éHef SR TERR R M@@Qndfegﬁafm{bly 3
Las tec a]télagg this case, &fr[ger of concaye and conve
def &u z H’s?é‘r PRSP ‘éés Etaecy SS@S?%%?\ &P @Fé&%lé?
could begasv@@l_aaanelcﬂ leasichrichgas velotied frofn £goopendaingatfArpCOaasd €6,, from
converte

nurber 0&1 (LPOHI?/ él)?(e{t ?1% af&{uishe% glzefrﬁ) Eal rQa Qghﬁf)@géfn?e & co\{ﬁcﬁpégvlthqﬂg ¥urpd%e to
changes bapelisbedhapmong thdse 1tnsQJZefSrafDE tgluas s nsu@tgasatfé)mds%'d by
corrective-polishing on the back surface are shown in Figs. 6(a) and
6(b)._ The dashed 10line of Fig. 6(b) corresponds to a side view of

thezél asBX&MBEERt e before corrective- polishing for the back
surface, and tppesspl i d line of Fig. 6(b) corresponds to a side view

of the _gI ass fﬂgr%hrfil Ch rtﬁ%ec H)é/ggtg%f\'rygﬁlées esggbed’ mafjurt{ler de aHVV!v'i)th gférgrrlce

corrective-po
to examples. The present invention, however, is not limited thereto.

[0067]
30 (Example 1)
In the present example, an optical member base material for EUVL, was made
using a Ti0,-810; glass substrate.
[0068]
Preliminary-Polishing Step
35 The ingot of Ti0,-Si0; glass (the TiO, doping amount is 7 mass%) produced in a
known method was cut into a plate shape of 153 mm square x thickness of 6.75 mm with
an inner blade slicer. It was subjected to chamfering processing with a diamond
grindstone of #120 using an NC chamfering machine so that a chamfering width is 0.2 to
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[0074] 15(Exanple 2) Fi ni shi ng-polishing was perfornmed for
both surfaces of the filmform ng surface and the back surface under
finishing-polishing conditions shown in Exanple 2 bel ow using a piece
of Ti02-Si 02 glass substrate obtained in the sane manner as that of

Exanpl e 1, and a change_amunt of plate thickness distr.ibutj 20

P R S BRerea Tt e s Ruirae U e e OB S2av pguace

]E hF b?Ck and afthiclkenes23f ATP mmd. CThaJTOA81 lasobuistiafeacs ineugline ssplafent he
Irmrtor e

sur face. PGt Ehe AGR, RERE LB ntedt ey A sa BuEIRREBARTRRENAT |

Ti 02- Si 03upplping abusivergaaias containingfAloDsas thg npdd cghpagnie rBndohirfacsed i n

advance : | b S P

obt ai %ed%?’f?%é'[f%%%fe Bl oo B S sFTies Egﬂfgﬁgf%ﬁfat&ﬁ@ﬁ%%ﬁ%ﬁ and

Prel i mi n&f§UBOKidesing. s tatienthal, heftio fhaping sutface anddhe hagkrarlagg ot thaglass

in Exa”ms@bslra@w&@tse%J&HaMﬁﬁlbjé@étD@? adBy A Hoet]ekidetpolsising hi¥ehiebaMeestage

Cur T ace POIHEEENSS PERGORT T BHH O FaAL AR OBE SRER. Hrppe-siats

consi der ablishingusitghatoft femnelgolnBebannsuede pabmd arivhodhidé slumyf ardnthindr
; ; : 5 . ! . it

o] 1 oot BRIl R AR Ay IWEIR, PAPALI DI B slige s BA"

attai n aflawesscdithetim fempog sutitaepishee POartdOf glabsrbagate becamnenifOsme pr

to ther eys BEERARe PouPHAER (fr!ﬁ\/lgz_j S2nStilR rhARS st BRE bediiRes d.P9ARor less.
35Measurenent Step For. the _Ti02-5i 02 dl Ess substrate after th

t he , .
prel i m nary- poP KA B TIPsOHP2 glasshdede wassyiesiad igrorubl cleaningusipg
bﬁt h sur h@eRsspange, stbhfedsien tsitg hfb@ﬁ}h‘-lt?lﬁe &leéﬂin§dkfvlfi@eg ﬁsvmﬂ{m Sﬁﬁﬁﬁﬂf 6th i n
t he same_manner as thaf. i.n Exanpl e as a result. tatal thjckness
i Sth bR A SrneitRss Yitntic pcif AR LS rpeerd P Setuling. o oine e R 2% o
nm fl at nksipuod waite irbthikorder nacdateas b&AR appliedswith altmsomagnd essnef KRB
of the fi ) f : , d surface roughness (RM5)
of the piscPorgl s SRR B pfs ol Bl B0 %50 [ oo Sten
Next, a correctd®8@l polishing step was perforned in the same manner as

that in Exanpl gredsipxgemisighat | ocal polishing anpunts of each portion
were not only cal cul ated based on the plate thickness distributjo

obt dithed in { hEamEss i BRanly asyrange frigs (4R sUHPCWh Sscaties) Pitheitioen
i s 45 nnfemingssiacé had tedschburifive dalokTiOurSiae glakssubdRata fter the @sdimiang -

10surface foughness (RVB) of, the ck surface. s 0.5 n fter the
correcti GRRHT Soh Ry ot abu S ot At ot it M el e fine
m ni mum depicee€33 106 madedy Bginon), as ededult, Hameisdd itz filom faominhaurticamge 97
amount of,..t [ | | ' : U4,

flat nessB}inhQV%’ﬁ:he1 v%l r?iclgﬂéstﬁat%ﬁ%hﬁgﬂﬁg?s?ggq‘%%ggﬁ Q‘ggﬁﬁ%ﬁ ng \ﬁéggse

I Ng- po
con@iet ematee'iﬁbforwlaTM%gﬁ?&g%O%%g@?@ﬂéf%ya%lwﬁiommhighf%El not
nmanner agtfshiathe famexaRhRedas AbdRH24Bhebsy 153k RatdrRl FEEINYLSt @Rnong the

measurement results of the obtained surface profiles, the measurement result of the surface
profile of the film forming surface was reversed and added to the measurement result of
the surface profile of the back surface, to compute plate thickness distribution of the

30  substrate. The total thickness distribution was 512 nm, which failed to satisfy the total
thickness distribution required as an optical member base material for EUVL.

On the other hand, surface roughness (RMS) of the film forming surface and the
back surface of the glass substrate after the preliminary-polishing step were measured with
an atomic force microscope (SPA460 made by Seiko Instruments), as a result, the value for

35  both was 0.1 nm, which satisfies the surface roughness required as an optical member base
material for EUVL.

[0070]

Corrective-Polishing Step
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The filmform ng surface and the back surface of the glass substrate
were subjected to finishing-polishing under the conditions shown

bel ow, and the gl ass substrate was cleaned with the sanme conditions
as those in Exanple 1. 20<Fi ni shing-Polishing Conditions>

Pol i shing test nmchi ne; Doubl e-sided 24B polishing machi ne nade b
HAMAI CO. , LTD. Spbierushtivga parectisemolsiing sikg 5es pﬁﬁ@@lqsiybmiéﬁaentmgdocal

Pol i shi n@omlﬂﬁ fbr&l@g@dok@,ﬁrféw&dhe Iﬁ)ztﬁmz%ﬁa?%mﬁﬁhﬁg th [BRal flisHinBHeRS
Pol i shi n | oa 51 Cf(l\ig@é 0l, i s am)uné)'_1 06, i sm surface D1 uti on
wat er : éefv?émng(? "ﬁﬁ S gon cfed yRdst ProgFEEte Sangitions as
filter ed)?hcﬁtrmbelwa bpwsingpas chlﬂeﬂ mhéednnetchlrig(IWSOXfﬁ'lm@i&prmn) Herein, a

Cont a ﬂg:a&?ml (@tﬁqun? B! e%bﬁ’ﬁ%%h I\ﬁagg?tqg %u%%oh%% e%lvt%r %ggn Rl pﬁé y

parti cI e
[ 0079] Tt}uelmesmdléﬂnrbé@gn am@ﬂambsftqbtmnedfmahm@g@summmmﬁ:pw ﬁluaié@tgl thivéiness

f) ;;1; acr:r:t agmﬁ%ﬁ%ﬁelf co}éﬁg?ée-pﬁgg%ga& }sglfStrIng 8r RBY %lr%aﬁ%ﬁ% gpgqg %aék £IEf§@§{s

t he maasg‘E’Q ?eqsewrl'aagr%&hegﬁm(ﬁwﬁ S she '%49}‘@ %@slsa.%wl%éﬁsacﬂadﬂdgcal

fﬁ nm L bansl?'igsaméuﬂt mg\f mbﬁmmﬁm]gmwgl@yarfdacefay\@mﬂﬂleaﬁ? OEJﬂaﬁit%iEFSSIﬁH local
e C SLILTL ace Wa nm. surrace.ro 0 e Irm

o it o8tA A ARR Y Faing e SERLIOT 6 e Sosie Baishe. back

surface was 0. (Processingldonditionk) ch satisfied the qualities required as

an opt cal Meb b5 MRLFEMonlQlnEioy oF0T S8R cgnspect  on for

the filmformng s ase material for EUVL
was per f or med 6§¢%aﬁmﬁﬁﬂiﬂgﬁc3%b’ﬁ’ect i nspection machi ne ML320 made by
Lasertec Corporcﬁ;zll@eur@esﬁal It, the 5 nunber of defects in a size

Y50 m or @ ar gﬁ?a?wswtertqf@aﬁ&%@% G 5oHB B YREISH Bhof 70 nm or

| arger was evakuhingdpedt: Shensem®s¢sanner as that in Exanple 1, as a
result, the nu@agi of concave defects in a size of 70 nmor | arger
was 25, and th er of convex defects thereof was 20. 10[ 0080]

| mges of chang8er lopalttedisking frecapfipletd, the DI0,S3i0% glfisa sebstrateswasatleaned in

caused
fini shi Eﬁheg%fﬂ ééleasgﬁétﬁﬁ%ﬁﬁ ?%(Ifrhmﬁ% gﬁlrl I%H% gﬂ dﬁ? ﬁmp’baéld theénur)F E(illce
ar e 28nh omﬁ%ﬂﬂikﬁeﬁ dg%trl wiiop ofithe ?b@}nedfh@z § %FSlSPPFéraéﬁr (opfigal megmpber base
corres pOl'ihdﬁ:ntho@EU\ﬂ@ Vb @es0f Hoesi@fRes abdl baFicereudiRbsy & both surfaces were

t t he back 15surf f
2, S5t PeaRied Bttt oS B e tomeds Sep Areabaf bt o TheARA: ew
of the gﬂlms}messmnbwm whd i ninhthedatnescoi the fihmlfoshing gufface wisd luankthe

f
ot vt iR e 1tk shitfeeiad ¢ M Sourlcehoudhiobls GOUSFSRRE M Drpfing
EUVRFE afsusface wias QHu mg-39d| the mrmefr@:ghmh@ (RMSn dfdherback sycfpeeiwes Adm, lal

of which satisfied the qualities required as an optical member base material for EUVL.
[0072]
Then, defect inspection for the film forming surface of the optical member base

material for EUVL was performed using automatic defect inspection machine M1320

30 made by Lasertec Corporation, as a result, the number of defects having a size converted to
polystyrene latex particle of 150 nm or larger was 0. In order to evaluate the number of
defects in a smaller size, the optical member base material for EUVL was subjected to wet
cleaning in a single wafer processing cleaning machine by using various solutions
described above, a multilayer reflective film (a film obtained by stacking: a reflective film

35  obtained by alternately stacking Si films in a thickness of about 4 nm and Mo filmsin a
thickness of about 4 nm in this order to 50 layers; and an Ru film in a thickness of about
2.5 nm in this order) was formed on the film forming surface of the optical member base

material for EUVL using an ton beam sputtering method, and then defect inspection for the
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back surface. Furthernore, Fig. 7(b) shows change anpbunts of plate

t hi ckness 20di stribution and fl atness caused by the
finishing-polishing by the dashed-dotted |ine. [0081] (Conparative
Exanpl e 1) Prelim nary-polishing step, nmeasurenent step, and
corrective-polishi n% step wer &a{)erfor ned under .t he sane conditions as
t hose i nidedapniag surtaseced she epfipal membeipase material fordP ¥ Lis perfymsddsinga s
per f or nedueiatio@eféct @Epdckien Baeking W { B0em&fe By [TdsreSCODHoBItRAS In this case,
substrat%\hbut baI sg for both of tae bac surfaceréag tiiﬁe fi I.nlfo%%ggl'
surf ace. (e number pfeancay and convex Getepts of 125 §OnYqrigr Ao silicy paigie o

sur f aces or gredtes toifldbe evalugththemd thd nloobédr fwofiave defetistolia stdstcanmerted to
opti cal . i |

manney. adiopairiRS B TRl Sl B i M Al UR JERARY EConttx LR Hicof wes
di stributtton was 28 nm 30 flatness of the filmformng surface was
34 nm flat nesmoquhe back surface was 35 nm surface roughness
(RVB) of the fiImtorm ng surface was 0.4 nm. and surface roughness
(RVB) of the blEaess gf %@@em&&eﬁb@mﬁ% t%ﬁ@a—rglﬁag@a% Wbpale Cf“b?FgllP’Y

t hi ]E:knes Sorddcsive-polithing _oﬁl?d: l_fdcmsﬁhe'ﬁ& at\eglﬁ?wreinyl?igy Be)iand 6(1?ut Thb da?h_eld
sur e f.oughnes s inferior. .Then ect inspect or_the film
For ithg Utk PRRE GpY Bt Babis e i ey SRS han UPRER befPrainctlis 55
per f or megolishingpfon thedvaek iserfabef et the nelpdiing oFiga@(h) cardsbeds tnradeddmiew of
Lasertec j ks '

150 nm ol FRRsAA (Rl it buse AT LUV I P Eirfietil BoRiydfe R
i n | ocal thsdarkpirfasei n t he corrective-polishing step, and because
these defects ppyhp not be renoved in cleaning after the |ocal

pol i_shi ng, the@are}égt on the surface. | mmges of changes in

t he ]s:hape of t substrate caused by polishing with gas cluster
i on beam et chi Rigishorg-pdighinglwasfperfsrmed fubbacerfanek dftthe Hiam forming anéace

of i, B dhe Bl ba®finkl e, B Bhing dhoifo® Bn A utlfE D $¥iont (e

lo_ol is h; ng pisge gEEIQtRiEk glass swbstyaterbéstindd inghd Smpf?namamdthaaﬂﬂlixmmsdl ik
I ne o

e poﬁ ﬁsiaﬁrg%ﬁ%?ﬁﬂé@ﬂét@%%ésé’dﬁugiu%n g;;oqu‘il.‘(ln% a dhBfe ARGt DY Baineal & the

L .

cluster 1on beam g Is perfornmed. [0082]
10( Céhpatilm forains suriice apg the back sunfipce) (23 ns 3/ Chsoes ampy afsufgace roughness
rrfas ur engfithe ﬁ]grﬁﬂbmgiﬁg @gﬁ&de}[(ﬁu&fdnitiahjr g 31_5?@,@), addheindd Ath&ubit 69 Exnﬁcbls hi gg
step were rtor u er sane. C I T1I oNns S Se. LN a e
oxcopt 1 TuBieRob R btk rugiens o R gF BEep SR e UOr ST hps g n
t he backthsdimishirg-pdlishink Wae Shtiheglin advach §the atkacbin thapsenfhesis batitatesf

t he backgﬂgéégﬁﬁ%ﬁggb{aﬂ%ﬁi | m form ng 15surface. Tot al

t hi cknes Ion, atness of both surfaces, and surface
rou@ness of HOPWIsurfaces of the obtained optical nmenber base
material for BEbMimieh-fPORGSHE S&pi N the same manner as that in Exanple

1, as a result, total” thjckness distributiaon was 43 nm fl atness of
the filmforni l?fshglmam@el%%g gop s Peyfermedda th sameampnpick a%ﬁ}ﬂ% afpple
96 nm dZDeﬁdepf ﬂlﬁﬁthé@ﬁ@@é%lfmﬁl\}gbﬁlatﬁéss; dhg ch&ﬂg@ah?fuﬁﬂ: agplawghiakﬁesws 0.1
nm an urface ro ness (R of the back sur e-was. 0. 1..
ot ect's SAbRESH pthte ShaRas ity Sairipe pebg by IR fiRbiog mpuiiihe vere
mat &0 al taker infd Minsidesatienab izt ddtdeys (90 mgn aulesmiat bothdd freformingsyefacd aml
machi ne : j
o det oot EXShedRY oy EIAAS aRARAGRLS i GH68) (e o bl Gyl iGhuber
surface basegtaiasiod fasfEU Wb copkdrhefabiein aftpr corrective-polishing step and finishing-
polishing step, to thereby prepare a piece of TiO;-Si0; glass substrate.
[0076]
35 Measurement Step
For the Ti0,-Si0, glass substrate after the preliminary-polishing step, total
thickness distribution, flatness of both surfaces and surface roughness of both surfaces
were measured in the same manner as that in Example 1, as a result, total thickness
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25surface inproved in conparison to Conparative Exanple 1, but the
degrees are still unsatisfactory. [0083] (Conparative Exanple 3)
The sanme procedure as that of Conparative Exanple 2 was perforned,
except that 30the polishing time for finishing-polishing was set to
60 m nutes (the polishing anount 0 11 4Anmi suyrface) al
Chi cknes Siaitioniisissa. s of G Tmitarraige s @‘se‘a%ﬁdl@mﬂaéness ofthe
r oughnes $aeif sxbﬁbammsﬁaﬁeﬁ sﬂfaoﬁah&;@ﬁb@ (Ratﬂsmtth@ﬁlmm@rﬁi’ﬁﬁg sleRe was 0.1
mat eri al for?E % %mgg#{gg manner as that in Exanple
1, as a Fedit? %Fé?“%"r‘he % PISGET 8?139(&% 78%m 35 flatness
of the fil mfof0ﬁ7ﬁ]; surface was 156 nm flatness of the back surface
was 145 nm sub%ﬂg&“yeop@ ) of the filmformng surface was
r

0.1 nm and surface rou MS) of the back surface was 0.1 nmiIn
addi tion, def eblex, ﬁ§9’é’§@tl‘6rpqiléhln€ ﬁ@pmasmeff@nmdq@ thei pArag Bapherta dhat in

gp}i C?' E&Hiiﬁ {e lbé}& RitEhéA o legﬁnézgﬁ{hgi(@& oRhf @ﬁ[@ﬂ&wé&%'nﬁ?oﬂ?@h@ﬁﬁ%d‘:
ef ect i ction nmac nade eC rporati on
result, Predan %Plaertnﬁgeeé S oo G bnegf i Fay R R Sl oy L
Si nce t h&lmmlsmbuﬂ@i BotSsr br kess iflatnesd oflthe back ﬂrrfalcalg}ﬁo A sr [Bss, tah&
min Ogur%I ace ?8 &S(ﬁtl\ii‘gefl tﬁe Eiclk S%Ff%cells% 31 A Oafte &et ﬁéﬁfa Hﬂ%&

e sane rran an as a resu
of 5 conelai/‘éledledaépolsshmg meﬂeh@re ﬂi@nmmmmn Velu@ebuw.lsp @(k;uletﬂ@llrt he

nunber OE?&%Y&%H%W&%D% 91](1‘[ dﬁétalzﬁlck%ﬁgg thibRi dﬁ%ﬁ%e ng?tuﬁiﬁﬁﬁt
on the filmformng sur tica ase materi or
EUVL decpfefé%té%ﬁsmﬂterfg}ls}syg-pﬁle&bé%. r@‘gqrﬁeca&)aph%lmgwa%mwfﬂeﬂnth@ Hé02-8i0;
fini shl Ngapdubsidte Gras tRAned i thOBAN inMikr o tHad B Ahplee. Exanpl e 2,

t ot th| cknesé?) (%\st ribution and flatness deteriorated. 10[ 0084]

(Co aratlve Q e 4) An optical nenber base material for
EUVL was produEled;hmg Pdlshagepranner as that in Exanple 2, except

that correcti V ?J}h‘ﬁ'xgg %ﬁf&ﬁg%d AT gace-g(f il C%IE&' sﬁ%#?ﬁéwere

di stribution, Nness o sur aces an sur rou ess of 15

both sur $1ﬁxi@§eddﬂ ﬂnuﬁélmgnpelil&hm wiger thalconditibrs shoacbelaw.andshe glgss subnfrate
vere nmeagyt 86aded willethe 308 TBANEbNER th&%Hn'E&aE}SPc”P' el as aresult,
total thickness_d] trllgﬁ on was_ 280 nm flatness of the filmforni ng
sur f&ce was 12ﬁFIH’rﬂ§1 ’é’g(éﬁn fi@sBack surface was 205 nm surface
roughness ( RMPolizhinighest mdchideoDoible-sided DaBepoliahing machifie nadtd UM ARLAL
roughnes§ (Eg/ﬁ) of the back surface was 0.1 nm In addition, defect
i nspecti 9 "the film20 form ng surface of the optical nmenber base
mat erial for ERMshingpageBéliatriei7idE npdaby Sratbg Idéf ect inspection
machi ne ML320 on, as a result, the nunber
of defects in ﬁ@fgﬁ%g%léﬁi%{z S((ij@(rxparg fr][1 was 0. Since the nunber of
def@sts in a sfdishivg tingg 3|Qrﬁ11(§lilteﬁarger was 0, the nunber of defects in
a smal ler si Z@&fsh&@l@éﬂ an chpéger was evaluated in the same manner as
sul t, the nunber of 25 concave defects

that in Exanple 1,.and as
in a size of %lﬁh’l“g@r&}"’é‘ tedgH\Eéwgﬁce and the nunber of convex
defects ther edj)llmﬁﬁ‘l witer: E&ﬂﬁﬁrhtef Eseeig @1bsthndas of OpheinaTdakendre fitteed) by

usi ng the gl a gl”age I ieerycal menber base 30 material for EUVL)
obt ai ned in evi of pattern position or pattern flaw
30 Pohshmg slurry Containing 20 mass% of colloidal silica of which the average

primary particle diameter is less than 20 nm

Polishing amount: 0.02 pm

[0079]

Total thickness distribution, flatness of both surfaces and surface roughness of

35  both surfaces of the obtained optical member base material for EUVL were measured in

the same manner as that in the measurement step, as a result, total thickness distribution
was 42 nrn, flatness of the film forming surface was 97 nm, flatness of the back surface
was 94 nm, surface roughness (RMS) of the film forming surface was 0.1 nm, and surface
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did not arise in pattern position accuracy on the photomask or during
pattern transfer. [0086] (Conparative Exanple 5) In a phot omask

prepared by using the glass substrate after polishing obtained in 35
Conpar ative Exanple 3, deviation of pattern position or pattern flaw,

NN R LR SR I

nm or | argeiire(l At tig bpfiddl mdﬁdretrh&ﬂemﬁa)ter)@wm Qhehpddiect inkpéctidh for the

OAEQLT DD i f‘§lzmi§g shface of the optical member base material for EUVL was performed using
automatic defect inspection machine M1320 made by Lasertec Corporation, as a result, the

5  number of defects in a size of 150 nm or larger was 0. Since the number of defects in a
size of 150 nm or larger was 0, the number of defects in a size of 70 nm or larger was
evaluated in the same manner as that in Example 1, as a result, the number of concave
defects in a size of 70 nm or larger was 25, and the number of convex defects thereof was
20.
10 [0080]

Images of changes in the shape of the Ti0,-Si0, glass substrate caused by
corrective-polishing on the back surface and finishing-polishing on the film forming
surface and the back surface are shown in Figs. 7(a) to 7(c). The dashed line of Fig. 7(b)
corresponds to a side view of the glass substrate before corrective-polishing for the back

15  surface, and the solid line of Fig. 7(b) and the dashed line of Fig. 7(c) correspond to a side
view of the glass substrate after the corrective-polishing for the back surface. In addition,
the solid line of Fig. 7(c) corresponds to a side view of the glass substrate (optical member
base material for EUVL) after finishing-polishing for the film forming surface and the
back surface. Furthermore, Fig. 7(b) shows change amounts of plate thickness

20  distribution and flatness caused by the finishing-polishing by the dashed-dotted line.

[0081]

(Comparative Example 1)

Preliminary-polishing step, measurement step, and corrective-polishing step were
performed under the same conditions as those in Example 1, except that the corrective-

25  polishing step was performed not only for the back surface of a TiO,-SiO; glass substrate
but also for both of the back surface and the film forming surface.

Total thickness distribution, flatness of both surfaces, and surface roughness of
both surfaces of the obtained optical member base material for EUVL were measured in
the same manner as that in Example 1, as a result, total thickness distribution was 28 nm,

30 flatness of the film forming surface was 34 nm, flatness of the back surface was 35 nm,
surface roughness (RMS) of the film forming surface was 0.4 nm, and surface roughness
(RMS) of the back surface was 0.4 nm, which indicate that total thickness distribution and
flatness were very superior, but the surface roughness was inferior. Then, defect
inspection for the film forming surface of the optical member base material for EUVL was

35  performed using automatic defect inspection machine M 1320 made by Lasertec
Corporation, as a result, the number of defects in a size of 150 nm or larger was 10,000.
These defects are defects which attached in local polishing in the corrective-polishing step,
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LE ZE Nunmber of Defects of 150 nmor |arger (Substrate) Total of
Concave and Convex 0 O 00001 6L O O Surface Roughness (run) Back
surface 1'0 17.0 10

and because these defects could not be removed in cleaning after the local polishing, they
are left on the surface.

Images of changes in the shape of the glass substrate caused by polishing with gas
cluster ion beam etching for the film forming surface and the back surface are shown in

5  Fig. 8(a) and Fig. 8(b). Fig. 8(a) and the dashed line of Fig. 8(b) corresponds to a side
view of the glass substrate before polishing by gas cluster ion beam etching is performed,
and the solid line of Fig. 8(b) corresponds to a side view of the glass substrate after
polishing by gas cluster ion beam etching is performed.

[0082]

10 (Comparative Example 2)

Preliminary-polishing step, measurement step, corrective-polishing step, and
finishing-polishing step were performed under the same conditions as those in Example 2,
except that the corrective-polishing step was performed not only for the back surface of a
Ti10,-Si0; glass substrate but also for both of the back surface and the film forming

15  surface.

Total thickness distribution, flatness of both surfaces, and surface roughness of
both surfaces of the obtained optical member base material for EUVL were measured in
the same manner as that in Example 1, as a result, total thickness distribution was 43 nm,
flatness of the film forming surface was 99 nm, flatness of the back surface was 96 nm,

20  surface roughness (RMS) of the film forming surface was 0.1 nm, and surface roughness
(RMS) of the back surface was 0.1 nm. defects on the film forming surface of the optical
member base material for EUVL was evaluated by using automatic defect inspection
machine M1320 made by Lasertec Corporation, as a result, the number of defects in a size
of 150 nm or larger was 79. While defects and surface roughness of the film forming

25  surface improved in comparison to Comparative Example 1, but the degrees are still
unsatisfactory.

[0083]

(Comparative Example 3)

The same procedure as that of Comparative Example 2 was performed, except that

30 the polishing time for finishing-polishing was set to 60 minutes (the polishing amount was
0.11 pm/surface). |

Total thickness distribution, flatness of both surfaces and surface roughness of
both surfaces of the obtained optical member base material for EUVL were measured in
the same manner as that in Example 1, as a result, total thickness distribution was 78 nm,

35 flatness of the film forming surface was 156 nm, flatness of the back surface was 145 nm,
surface roughness (RMS) of the film forming surface was 0.1 nm, and surface roughness
(RMS) of the back surface was 0.1 nm. In addition, defect inspection for the film
forming surface of the optical member base material for EUVL was performed using

32



FilmFormng Surface | "0 10 17.0 1'0 10 I .0 Flatness (urn) Back
surface 86 176 SE 96 Sift SOZ Film Form ng Surface

10

15

20

25

30

35

automatic defect inspection machine M1320 made by Lasertec Corporation, as a resuit, the
number of defects in a size of 150 nm or larger was 0. Since the number of defects in a
size of 150 nm or larger was 0, the number of defects in a smailer size of 70 nm or larger
was evaluated in the same manner as that in Example 1, and as a result, the number of
concave defects in a size of 70 nm or larger was 23, and the number of convex defects
thereof was 22. While the number of defects on the film forming surface of the optical
member base material for EUVL decreased further by increasing the polishing amount in
the finishing-polishing step, in comparison to Comparative Example 2, total thickness
distribution and flatness deteriorated.

[0084]

(Comparative Example 4)

An optical member base material for EUVL was produced in the same manner as
that in Example 2, except that corrective-polishing was not performed.

Total thickness distribution, flatness of both surfaces and surface roughness of
both surfaces of the obtained optical member base material for EUVL were measured in
the same manner as that in Example 1, as a result, total thickness distribution was 280 nm,
flatness of the film forming surface was 120 nm, flatness of the back surface was 205 nm,
surface roughness (RMS) of the film forming surface was 0.1 nm, and surface roughness
(RMS) of the back surface was 0.1 nm. In addition, defect inspection for the film
forming surface of the optical member base material for EUVL was performed using
automatic defect inspection machine M1320 made by Lasertec Corporation, as a result, the
number of defects in a size of 150 nm or larger was 0.  Since the number of defects in a
size of 150 nm or larger was {}, the number of defects in a smaller size of 70 nm or larger
was evaluated in the same manner as that in Example 1, and as a result, the number of
concave defects in a size of 70 nm or greater was 32, and the number of convex defects
thereof was 20.

[0085]

(Example 3)

In a photomask prepared by using the glass substrate (optical member base
material for EUVL) obtained in Example 1, deviation of pattern position or pattern flaw
did not arise in pattern position accuracy on the photomask or during pattern transfer.

[0086]

(Comparative Example 5)

In a photomask prepared by using the glass substrate after polishing obtained in
Comparative Example 3, deviation of pattern position or pattern flaw, which were not
negligible, arose in pattern position accuracy on the photomask or during pattern transfer

arose,
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Conparative Exanple 1 Conparative Exanple 2 Conparative Exanple 3
Conpar ati ve Exanple 4 [ 0087] The present invention has been
described in detail and with reference to specific exanples, however,
it is obvious for a person skilled in the art that various

nodi fications i Ehanges can be made without departing fromthe gist
and the scope U87he present 5invention. The present application is

based on J apanqshe pfb%bﬁﬁihvé@ibhllﬁﬁbb@mwabea(iﬁ Qe A0 With letficrvr td/BpdiTic
16, 2010, and rein as

e content thereof is inc
"ot er onc s RplebHaNERL R b IFTTRy o pirsaB RIS L el fn Sl mpifiations
mat er i al ahdchdfget crgheansdswithoutatepdrting froQuthkigisy and thersaopeofithe aresent
CLAI M [ &y 1] A net hod for producing an optical nenber
base material tfor EUVL, conprising 5 performing the following in this
order to obtai AhaRresprtiapalicationtebassd o Japeness Rateritdypplication No. 2010-0§9199

prel i m nagyt PMasdh 1) 201 @ Rin@thdéhd i iHRA I Y inBSipb A dWkr Sinfak Iré?efe%én ng
surface and a back suUrface of the filmform ng surface of a gl ass

substrat e; a nmeasuring step of measuring a total
t hi cknesREFERENGE SDGNSTAST f | at ness of the 10gl ass substrate; and
10 [0088]

10: Optical member base material for EUVL (glass substrate)

11: Quality assurance area
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a corrective-polishing step of locally polishing only the back
surface of the glass substrate depending on the neasurenment result of
the nmeasuring step. [Caim 2] The met hod for producing
an optical menber base material for EUVL according 15to Claim1,
wherein the produced optical nmenber base nmaterial for EUVL has
flatness in a quality assurance ar eadlhAIMR: film forni ng surface and
t he back surface of 300 nmor |ess and the total thickness

distri bui%:i)n 45 rimor less. [Caim3] 20The net hod for producing
an optic PErider base material for EWL accordi ng to Caim1l or 2,
further conpri $imegthod for prodigirg an giticapmpaabersiuise asdriap farfEUVL, comprising
fini shing- L:shi : : [W=Tet to
t he |%ca§;§9+ﬁo B Fo bl ER ok B W DR o BB bt B B
25The nefRoLfor producing an optical member base material for EUL
accordi ng to Chaidiminadt}NBhiRg ke Jfﬁﬂlﬁﬂh&ﬂy%liblﬁﬁg AGiSBRNING sArfadeShd
of conduc%bl q%ftﬁ lis mg_ so.as.to i eve a Surface roughness (RMS) of
Che f1 1 naBRnsUrRce 8 s duoHioRR s LEckPh DOFCUBSIE . surface
roughness I( RVB) nehsiring sinqabfl heHsiAaga aitaltthiekhdss ][disfhﬁﬁuﬁolﬂgm& larﬂagrms betheg
0.5 or,le 0.t qual ity assurance area of the glass substrate.
30[(31%;} ?fsg@s{r&e’ %e nmet hod for producing an optical nenber base
mat eri al for Euvtrrestivomdlisiyng stegiofilaeally polishingndy dierbagk sindangeofithe glass
total thi LSfitd j ' ss of the
opti cal %@J&%?%e@?ﬁ%%@?%ﬁg%ﬁ@%g%?&%ﬂ?ﬁ%ﬁ?I;élelfés |Ar$3#%§| i shing step
are takeH-kmél consideration in the corrective- pol i shing step.
35[Claim6]  The method foBpoaECiA®En BHAAY SieRbeRPase Phdt&dd] FHEPUST, £288@ing
mat erd al _ f {.EllJVL according to any one of Clains 1 to 5, wherein, in
t he Tor r@c@%- polishing step, any one polishing nethod selected from
a group consi swherginahe pexetuacd gpticapmknbb ege materid) &arBEVE hianfatngssin a
cluster |on: i |l as i r | cal

Fi i shi el AL WepBe R AR ARl Nuidoe e it YRROTHALLBES oG Br tes
[ O ai m 73ndahe dosal thisknens shsribusipncofdtnas puless.or EUVL, having, in a

qual ity gy gpce area, a Stotal thickness distribution of 45 nmor

| ess, flatness_of a filmform ng surface and a back surface of the,
fil % ormng sthsmeBodforyadysingan ppical mamber base matere! Ty Eld¥laceading
havi ng atosClakn ¢ @R Refurtdr smprisdgd:ystyrene | atex particle dianmeter of

150 nmor |argef,. being,.1Q or. fewar,in the fil ormn ur f.ace.
damel 1onshrisBRerRipe e P it [<GThdfbigt bR Bas been
film attaubettdriadie: lvaslgolishing, after the corrective-polishing step.
{Claim 4]
25 The method for producing an optical member base material for EUVL according

to Claim 3, wherein the finishing-polishing step is a step of conducting polishing so as to
achieve a surface roughness (RMS) of the film forming surface being 0.15 nm or less and a
surface roughness (RMS) of the back surface of the film forming surface being 0.5 nm or
less in the quality assurance area of the glass substrate.

30 [Claim 5]

The method for producing an optical member base material for EUVL according
to Claim 3 or 4, wherein a change in the total thickness distribution and a change in the
flatness of the optical member for EUVL to be shown in the finishing-polishing step are
taken into consideration in the corrective-polishing step.

35 [Claim 6]

The method for producing an optical member base material for EUVL according
to any one of Claims 1 to 5, wherein, in the corrective-polishing step, any one polishing
method selected from a group consisting of mechanical polishing, ion beam etching, gas
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conpri si ng: a step of obtaining an optical nenber base

material for EUVL by the nethod for producing an optical nenber base
material for EUVL according to any one of Clains 1 to 6; and 15a step
of formng a nmultilayer reflective filmthat reflects EUV Iight, on a
f|In1forn1n surface of, the optical nmenber base material for EUVL,

[ O ai m oFluaferiansant ¢ llagddar%%@tclangdm?&w%ew&q@hﬂ%ﬁlma}m@w@ nano-
conpri si agrasﬁnsbg,qge@f;e@ml@admngl iaugad til ayer reflective filmattached
base nmat i@h&a y the 20net hod for producing a nmultilayer reflective
filmatt ase material according to Caim8; and a step

of form ng an Aasyptibelrmbmabearbasé atateaial for B HL\halvirghin a gualith essurance area, a

ol 14 2 Sl GG bl R s\ IE oML HAEL o R REGS, Lihim ahd aelind

base mat
phot onas kutffase ofthe filng Emrpring surtree of 300 nmwr é@sg,pandfth@nmabq:ﬁ quie&cts having a

reflecti yge BBSIerith 30K pBY sty TRER Qaitic R diRh Q8IS KD Iﬁnro?idrgé}t baify TREK
bl ank acgordl n&wetp al m ng a'step of formng an absérber pattern
‘11%’9 r

by patt etfifHgR in the mask bl ank.
[Claim §]
10 A method for producing a multilayer reflective film-attached base material,
comprising:

a step of obtaining an optical member base material for EUVL by the method for
producing an optical member base material for EUVL according to any one of Claims 1 to
6; and
15 a step of forming a multilayer reflective film that reflects EUV light, on a film
forming surface of the optical member base material for EUVL.
[Claim 9]
A method for producing a reflective mask blank for EUVL, comprising:
a step of obtaining a multilayer reflective film-attached base material by the
20  method for producing a multilayer reflective film-attached base material according to
Claim 8; and
a step of forming an absorber layer that absorbs EUV light, on the multilayer
reflective film of the multilayer reflective film-attached base material.
[Claim 10]
25 A method for producing a reflective photomask for EUVL, comprising:
a step of obtaining a reflective mask blank by the method for producing a
reflective mask blank according to Claim 9; and
a step of forming an absorber pattern by patterning the absorber layer in the mask
blank.
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