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~having TFT devices built therein and a color filter-bearing

TI TLE OF THE | NVENTI ON Recycling of Large-Size

Phot omask Substrate 5 10 TECHNI CAL FI ELD Thi s
invention relates to a nmethod of recycling 15

| ar ge-si ze phot omask substrates for use as phot omask
substrates on the array side or color filter side of
TFT liquid crystal panels. BACKGROUND ART 20 In
general, TFT liquid crystal panels are constructed by
filling liquid cry§ - g si de

bstr at T vy ‘
igl grr?i te’?e%iélq%%g Lgf sﬂcﬁ%g%%%érﬁ%%]g%é@%% ot he

active matrix addreSS|ng schenme where TFTS apply
controll ed voltages for controlled 25 alignnent of
liquid crystals. So far, liquid crystal panels have
progressed to higher definitions fromVGA to SVGA
XGA, SXEA, UXGA and QXGA. It is believed that degrees
of definition ranging from 100 pixels per inch (ppi)
class to 200 ppi class are necessary. 30 This,
conbi ned wth an expandi ng exposure range, inposes a
strict exposure accuracy, especially overlay accuracy.
In the manufacture of the array side substrate,
patterns are fornmed in plural layers on a nother glass
such as non-al kaline gl ass by repeating |ight
exposure through 35 o;g&ﬁﬂgkggggﬁgggb0|rCU|t patterns
drawn thereon, known i hot omasks. On the
ot herTltfamdi,n\tdrrEtimi areiatteﬁrto s deetubdtofiteedcyweling

Ufﬁgéjrp%%%a%]él Q“%cre rranu %%%Sc?ﬁlﬁﬁ't Qw33 dye

st on process. cture array

S%r@dqe@r oy [they asfr@ér stidec of @9loryfdd sty ¢ igleoodndSW

15@@$§layygiagr%a&@ggﬁsary For a high accuracy of |ight
exposure, such | arge-size photonask substrates are
typically 5 made of synthetic quartz gl ass
characterized by a | ovBACKGROURDenRT Of | i near

expar‘_ﬁ} ggénem pl%qelﬁtﬁ‘[fd r«':.%-"J:n]ysftar:lc.f upra(?'nell'lss’l A% ' structea

tech
by filling liquid crystals between an array side substrate

substrate. They are based on the active matrix addressing
scheme where TFTs apply controlled voltages for controlled
alignment of liquid crystals.

So far, liquid crystal panels have'progressed to
higher definitions from VGA to SVGA, XGA, SXGA, UXGA and QXGA.
It is believed that degrees of definition ranging from 100
pixels per inch (ppi) class to 200 ppi class are necessary.
This, combined with an expanding exposure range, imposes a
strict exposure accuracy, especially overlay accuracy.

In the manufacture of the array side substrate,
patterns are formed in plural layers on a mother glass such
as non-alkaline glass by repeating light exposure through
originals having circuit patterns drawn thereon, known as
large-size photomasks. On the other hand, the color filter
side substrate is manufactured by a lithographic process
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known as |owtenperature polysilicon. In this case, it
has been studied to bake a driver circuit or the |ike
on a 10 peripheral portion of glass, aside fromthe
panel pixels, which requires |ight exposure of higher
definition. To acconplish a higher accuracy of |ight
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t he ot her hand, |arge-size photonask substrates
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mnimal quantity of material. The P rge-size
apBﬁSFBHﬁsk form ng substrate is 35 processed for reuse
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even uaII reduces _t he exposure
h gr in order to geuse large-size photomask

substrates, they must be polished again to remove damages and
stains which are inadvertently introduced during continuous
exposure, transportation, film removal and other operations.
Since the glass is thermally affected by image writing, it
has thermal strains left within the bulk, which lead to local
differences in the polishing rate. As a result, polishing
may provide quartz glass with a stepped surface. It is thus
important to select polishing conditions so as to eliminate
such strains effectively while removing a minimal quantity of
material.

The large-size photomask-forming substrate is
processed for reuse in such a way that its thickness is
reduced whenever it is repolished. As the large-size
pPhotomask-forming substrate becomes thinner, it undergoes a
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accuracy. Addressing these problens, the inventors
proposed in JP-A 2003-292346 and JP-A 2004- 359544 a
nmet hod for inproving the flatness of a | arge-size

gl ass substrate having a 10 diagonal |ength of at

| east 500 mm achieving a flatness/diagonal |ength of
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aé NVENTI ON 20 An obj ect of the invention is to provide
, 5“?3%?Ele met hod of processing a used | arge-size
phot rkdtke sariosd ridiese imrtmbherﬁse,gelnﬂ aitxﬁrédtaﬁg;e-gﬁqumsed in
OLHBSK oS r i,ci_e i
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substrate while avoiding the influence o
flesneisgddinigonal leagtbr ©fofd .BrE0Fsed lasgeanidza parallelism
phaot omask substrate such as surface norphol ogy and

of; ROCKPe8T V&FFatPotieahericgntahgaktifudatity of

mat eHode e TOMRS 1 nSreEt iiditi Jrlie HeRIE ML athasd Oon the
f? %onask sub trate exhibits a hl%h fl atness when .
SRS AV Ped ey 5n°§x&8§§ﬁes&ﬁBaPHP gmagkr gubstrates wherein
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re@@ﬁspga@emmpémaé guppbthSSflmawhrmhlsuction acts on

t he upper surface of the substrate along edges (four
or two side support and the substrate downsi de
support in whi cBIBREOS EHECINVENETIGN|ge - 3
suppantSbnecmanthewuhbeh&Qo&uaﬁt&etgrbowab %U&E@9%1e

 meghPRloe BEREebINE oV nbER To%Her HEPRORAbOBARE Bubstrate

ln%@b@tr%ﬂenhnatednlargg,sihe phbobboark kssbbstadéeat a high
ecfEEi oLy FP10eL0A0E10Y Al GuldPi¥e' SPlnaterial removed.

The inventors have succeeded in processing a used
large-size photomask substrate into a regenerated photomask
substrate while avoiding the influence of configurational
factors of the used large-size photomask substrate such as
surface morpholeogy and thickness variations and reducing a
quantity of material removed, such that the regenerated
photomask substrate exhibits a high flatness when installed
in an exposure apparatus.

More particularly, when the regenerated photomask
substrate is horizontally held in an exposure apparatus,
substrate chucking'means include the substrate upside support
in which suction acts on the upper surface of the substrate
along edges (four or two side support), and the substrate
downside support in which the substrate rests on wedge
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5 This deformati on becones exaggerated as the

phot omask substrate becones larger in size. Such
defl ecti on/ def ormati on i ncreases a variation of the
proximty gap between the photomask substrate and a

not her gl ass di sposed beneath the photomask substrate
ative inpact on
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dlalifmerrh.ttearsimmhqaqmdtmsm ssibstrartey fdzed;x;&)std?ﬁeh giving
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ProXiimG YarPRaridt IO & ARRAr AGTHS tﬁbdngH'E where the
25 vari ati on has

equcl ng th roxrim fgfﬁp
sl LiRA UARICe SURPaRY I OCtINR I8 Mdddand g8 supporting
theommctlomalse: fsmmxtatebana@m Ie@@dﬁﬁr@%pp%&ﬁ&ﬁis@t % Yce is

haqt Lrat
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up@iafcti emd outwamdottive reizicieo dhef d@é’lleg:ta.ogl agound the
suﬁ%Q%ﬁE@t%eﬁE@E JoeER e QVQHQtQH@§F §HQS§ﬁ§§§%an'3 nside

been flattened in the vertical attitu

SuBBPFéir ASwEtRLiEER tRe SPRBOSFASE thebpheokomagk guksirate in
ansuhpbs&ke B@phﬁ@tﬁ@&e@ wa@WéQdIQo@cedhégﬁgghlhanﬁbhthe

e ecifically at |east 0 35 mm
edés eéFES?é eggbsigg%ﬁ ﬁHPPP%F P&FégJQPz Ogfiud larly
reéugstthbeéeﬁéepmgoa dragodafthel snyshirateatehtast Sw@wever,

al.l.v
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[ east 1, whi C e or
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exposure apparatus side for reducing the proximity gap
variation has the drawback that it is difficult and
cumbersome to control the force to be applied to the
substrate. As the photomask substrate becomes larger in
size, a larger force is necessary, rendering the control more
difficult, '
Another method of using a glass substrate (for forming
a photomask substrate) which has been flattened in the
vertical attitude does not perform well when the photomask
substrate or glass substrate is increased in size to a
diagonal length of at least 500 mm, specifically at least 800
mm, especially at least 1,800 mm.
' For large-size glass substrates having a diagonal
length of at least 500 mm, specifically at least 800 mm,



10

15

20

25

30

35

are fornmed, known nethods for neasuring the flatness
and parallelismof front and back surfaces of such a
substrate 5 include an optical interference technique
of counting the nunber of interference. fringes and a
| aser scanning technique in which a |aser
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substrate holding i n_the neasurenment of an accurac%{:h
(<]
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f f the s bstrate

surfaces of _a substrate using_t anme
asperli R HafLlsSthes -pecROgEIBLAALY. thREneveRewhen the

flaensssebEnh sfibbhigattkahBeasuaanyd parabkeli si ehefl ¥8Rtical
a_substrate to reso

2t EuiRchenLoRE: RBRDoREASL s EPRPEOF LREORS . the Subatrate
on actual exposure will deform several tens to hundreds of
microns by its own weight. No such problems arise if the way
of substrate holding in the measurement of an accuracy such
as flatness and parallelism of front and back surfaces of a
substrate is the same as the way of substrate holding during
exposure, that is, the time when the substrate is on use. In

the current situation, however, no method of accurately

- measuring the flatness and parallelism of front and back

surfaces of a substrate using the same substrate holding way
has been developed. Then, the measurement of the flatness
and parallelism of front and back surfaces of a substrate has
to resort to the measurement method on a substrate in the
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vertical attitude. However, the flatness obtained with
this neasurenent nethod substantially differs from
the flatness of such a |arge-size photomask substrate
when held in an exposure apparatus. 5 Reference is
made to the flatness of currently available glass
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ht h t Ness _i.S . arqQun 5 2 p ith .
ac?éé eg %toga%b @ 2O tE §%§ﬁ%&§PP iﬁ %éa%%ess is around
34COmMNt EATR8S UReh Sal SHBStFRLE! NaPng e sisle OF £xPPSULEL, 400
a@garatus in the prior art, but becones difficult as a

| @ thickpess: 8fe 13 p@ exbibdémet LlAYAPES{AAgorRal
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i nventors have found that a phot tra e ca
veptiradensititudefr sinig §§b§th-‘a|tge pmmghdt dafradk held by

e--si-ze--phot-orask strate-t-0-provi

””deapggglgab ¥ its ogpoyﬁlghgsUPFSElﬁ@rfﬁéPEPQ§st° a

flﬁHHéEE?E?a@BHEF %hﬁ@h%%1959£§33'§E§agﬁ%s L2393 fm) as
asting, repolishing it to yield -
estimated by material strength calculation. Then during the

actual use in the horizontal attitude, the flatness is around

243 pm. With respect to a correction of such deflections,
countermeasure is taken mainly on the side of exposure
apparatus in the prior art, but becomes difficult as a result
of substrate size enlargement.

Addressing the recycling of large-size photomask
substrates, the inventors have found that a photomask
substrate can be regenerated from a used large-size photomask
substrate by removing a light-shielding film from the used
large-size photomask substrate to provide a glass substrate
stock, resurfacing the glass substrate stock using a
processing tool of sand blasting, repolishing it to yield a
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regenerated gl ass substrate stock, applying a
light-shielding filmthereto to yield a

phot omask-form ng bl ank, and processing the bl ank
according to a standard technique. It has al so been
found that the thus regenerated photonask 5 substrate
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= fifed) drtagss L PROTOTARK: KRR Taged Biqaprocessing tool
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f materi al renove iven
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the support position

¢
tng éﬁsgﬁet pﬂS?gﬁ%s bg rEP@ ?F@EB?FFn nﬁrBﬂFFﬁéellsm of

theubrxonit endt bekk surfaces of the large-size glass substrate
stock in the vertical attitude which are obtained by
accurately measuring the flatness and parallelism of the
front and back surfaces of the large-size glass substrate
stock in the vertical attitude (i.e., in the state where a
deflection by its own weight in the horizontal attitude does
not occur), (2) a quantity of material to be removed given by
previously taking into account a deflection of the substrafe
stock by its own weight, calculated from the thickness and
size of the substrate stock and the support position when the
photomask substrate (resulting from the substrate stock) is
horizontally supported, (3} a quantity of material to be
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hori zontal ly supported, (3) a quantity of material to

be -7 renoved given by previously taking into account

a deformation of the photonask substrate caused by

t he photomask substrate support when the phot omask

substrate is supported in the exposure apparatus, (4)

a quanti.ty of material to he.renoved 5 as cal cul gt ed .
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tor epeemoveds deftagamneld e preRsblally $hkikhg tiAeLe ak&ount

i_n regenerated large-size, glass_substrate.
ondloBei 8% £1aiTREE" R, SyBoaRp Rt r3R0e TRl nt Whton may
beegpsbieal bptht-slidesor] s0aglersidedpbiishing; and when a
prgbékgﬁﬁ @b@gogﬁ t %ng¥%s%ga&ﬁ E%oéksﬁ Ohgv'ﬁ &Eethe .

chorizonfal  attitude. en, en a pho onmask “sibstTat e
dirgekdant pdmthie subsgeateaséackasyotfsceetgl Rsocess the
re8pBEtlioke suE radRRObECEneN sABst@%RAS kB cRPPRhBLES is@obtained

vari ation gf t he prQXInlhé gag bet ween _the phot gmask
& SHESPPAREeSnd259foCHEr 1SS SUPFERgteshavipg arflapgonal
lepptlh of etl deakitl 660 mindeespbsindie af AedET Ui qUDOmm, and

crystal panel is_reduced, elininating or mtigating a
a ﬁiéaneFE/d&BFPgéﬂi6ﬁn€ﬁhtﬁ§ UPdEoof - BKé0expBsthe horizontal

at@ppaaal USThé§, avhé®Sall fhot difa it QB £ Ya GRPr yhd L4 Ul the
I m nated. _Accordj n

IS reagily el %I the present )
TegRDBRRELBR pRETPAELZE HERABISUDS F%Feréeyevpaarsed in an
expasgeeshppaphbpsnaakvanbatiahfoﬂstﬂefpﬁeﬂimbfyoyapretween

n r 0 cycling a__large-size
s HETAR=E BbRERaPe BRI S RhehER G1eE] BapyEhdlesd' &5

hot onas u rrsin

arrayiosidg erpeelernsdlteghsidhi shbshyate! imfaolFa Boquid
ory5edl| 9EE1512CrBURLOARSEI SHIRAL PG 0P RIEYGMRiflg a meed

~assS--substr-at-e-
NeXPPRUES 23RPATREEF at &S 2
restbtKk tisé ngroximniogegap NtaiDotioh SaNfedhasyi dfim{hdtdd.
"ePohLE-AInb g, " BRE" b2EEdn! 235 RERSh" 8EEvERS a metnoa
for recycling a large-size photomask substrate as defined
below.
The invention provides a method of recycling a

' large-size photomask substrate, comprising the steps of:

(i) removing a patterned light-shielding film from a
used large-size photomask substrate to provide a large-size
photomask-forming glass substrate stock to be regenerated,

(i1} resurfacing the glass substrate stock using a
processing tool of sand blasting,

(iii) repolishing the resurfaced glass substrate stock
to yield a regenerated glass substrate stock,
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as to yield a regenerated gl ass substrate stock, 8

(iv) applying a light-shielding filmonto the

regenerated gl ass substrate stock to yield a

regenerated |arge-size photomask-form ng bl ank, and

(v) processing the light-shielding filmof the blank

5intp a pattern corresponding to the_desired exposure

of & UHB)HEPPLYARE. 2yi LORF nEh He} CHRRCH RIB OB ik
r@&ﬁlﬁﬂﬁ fﬁ]}ﬁ&@%ﬂb’stﬁaﬂﬁahgitﬁﬁﬁc SLHJ%H??IE(}? astﬁdéh nferated

resul tin rom ste i ). has .a di agon ength of at
la}re%es'tsﬁ% %%W%Pﬁéﬁmyadﬁ"agdqiast 3 mm 10 In

one ptel epreceesbngi tieat 11igle- skiehding efi phoeH sk blank
. . (.S, t %ggﬂ%i er A5
llgérbgi%s@é&énc u(g)l%ee t ac%ﬁgccﬁ%ﬁr edg%nler at eg ipEotI(;%rna?s:fk a
mofliegt repkas s -haxﬁierﬂg%é}:qjcﬁsé@%wmﬁ ahabgunrgk substrate.

appargyyscA NIPUIHS UPPRES obs ORPAS el Skid6r £8\8PSing £rom
di s |r}%sgd4ﬁ:ent to the regenerated 15 phot onas

po, ] k
steRh dtir)at ingonpl denghly 9ty afs 1gask 24P ayand,a
thdelkaredd Idferatsildmstulsstmmate in a TFT liquid crystal

| : LS| .

P parkt 2N pEEALA Mhhd Pt PRALE- Sl fog photpmask
sublsdimertees Ko ss (Hes theatusied Sireg (othesf gless fespiosyriey pragess
1nl1 Rl HYPNH SRS e r%g%%e%ét%fa i I T élﬁ%trr(’:tte

| ar ge- si ze phot omask-form ng ass” substrate stoc
haydfioh PPRAGRA Hidasadie fir PXPOSUESd aRpP@raddsalthnoggh gupport
of0lpio et $i de) @ AYB N d.id plodiflgN RS a®lend! HoPatle ZTe@nerated

hb ren wsgl%st hertefromoé:% a flattening renoval ide
POGEQRRY SH0S ThRS: PO eZ] I0RSHe FRT 18R A50f% RETAY S
orf Icathoas £idrieérpaisld esubstrafeofint lae TFToAtigaid kbagikstal panel,
ur fs | B 0e-S] I - S ck i

anf Ar2ef atand e Fetf 18 Sxpostil ahRatelds tol Bne
moit By Jilaggathinopdgds tingt aciggheraiedughotomasknisabsitmgte -

St@be(d&ﬁobﬁakb%ﬂrﬁﬂkﬁ%@t'?ﬁs%ﬁ@pﬁﬁhs%ﬂﬁ@tEF&pﬂf%es the step
“as

cal cul ated fr n1g%) a de e%hion of .the S
Of ¢ BEGFPEEITS0 B0 LETHS P20 BHORERGRK - OTIHE SN GRZ8nt a
‘suhSﬂ:iraftéestockJ halvdhed firoam bhé bbﬁkks&ﬁa&ﬁd ahdeaoliiagonal
el RO bAC S A8Rk S sy Mirafy ACpniiReBbaraE) oRTREE"s .

regenera omaskK

byhsemgyingl theregpom éd) @3flattdofivgnmemonadf quastity of

mat82€Rer 8hedaPBal REBgKtSHASh BkCthaUsedtl¥ss and parallelism
of the front and back surfaces of the large-size glass
substrate stock in the vertical attitude, plus a
deformation-corrective removal quantity of material, through
sand blasting. The deformation-corrective removal quantity
is calculated from (2) a deflection of the glass substrate
stock by its own weight in the horizontal attitude,
calculated from the thickness and size of the glass substrate
stock, and the support position when the regenerated
photomask substrate is horizontally supported, (3) a
deformation of the regenerated photomask substrate caused by
the photomask substrate support when the regenerated
photomask substrate is attached to the exposure apparatus,
and (4) an accuracy distortion of a platen for supporting the
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' mdfﬁ%%t'n from.t he

35 the photomask substrate support when the
regenerated photonask substrate is attached to the
exposure apparatus, and (4) an accuracy distortion of
a platen for supporting the -9 nother glass to be
exposed. The regenerated | arge-size glass substrate
| ass, supstrate stoc as_such __an

i T e SR, 1BE Ehdetenated: atder g1 olass
sullosde: tmeddie ing hiorony | des glsascorutbet miten stelak has such

veptd Y r gt rjati o
2} P nrq enah e ih 'S ST P S Hhpe e
opRsteshdsk B drather Hiags iis antave Mbeanthelid) weiyddically,

anld &R 1Y FR-R098S O igdp & 1EIRNYA IR wdhO tHBHO ther
substrate are supported in the exposure apparatus. In
glass ansd the e’%ﬁﬁﬁ@{%@ﬁ%‘i PR tamank SPRFtoatee mhdich §so held
ho:ceirmﬂﬂaﬁlll}; sitaps t(h;jei )t;)m{(&e(d i:s'j)dd' %@edh@mlstthéo riéfepRiated
LoOm rqQnt_.an acC surfaces of,.the | arge-si ze
Pl ine PR GracSURHAAR AL e, PwOsITe apparatus.
r egerigr & epirefdred @ranfbodinentt epiiie sfuant istye e imdterial

i ncl udes pr.i nmary, . poli shi .and secondar [ishin
rebie S s o gl (g = i heeist 28oi ey xom
thel ltfg::foyx_tcmiuadxg SARFadBs @f‘ dde qlezd:gfeh%i&écondary

ng step uses a poLi shi urry containin

prBE ot A e Hided, Ainsiiee sheok o SragedePirased.
Predezapdyf diveedepolddihipgt stepe (ddddndnatladeshptrimasly

I L, es re ' a
pofishing R satorieny BAILshLRLY, GrERh! PERG GENMRLY, 0
PolAshABg; F3sPaLSest B POdd ShRRNESLVSIEF CPRLal NYENTFERiR
oxY#en aniarae- seedndleyopRik shybst k¥ L888Nar gbedshiay

a_used | arqge-size gl.ass substrate bipthe rec¥cL|ng

SIHErKo OB 2 1PHRY; FeEHMoR*ldey88d 2 FlPREYe£pBEALR1NT
coploddsl, stilecaxposure accuracy, especially

regi strati r resol ytion ar i_nproved.

This Y SHLASTUS Slireite tled b eteher s BT b o

supgtgatsi haspansurfage flstnesducesrespobdidgntof a surface

| r1§ERISUIGSRLRES! bR pdoprmoves oL pe Buoduotianuieldyey

atpiloudeLty type (i.e., proximty aligner) whichis
used only on the
BENEFITS OF THE INVENTION

When a large-size photomask substrate regenerated from
a used large-size glass substrate by the recycling method of
the invention is used in the exposure process, the exposure
accuracy, especially registration accuracy and resolution are
improved. This not only enables exposure of a high
definition large-size panél, but also reduces the burden of
exposure correction and improves the production yield of
panels. An exposﬁre apparatus of the so-called proximity

- type (i.e., proximity aligner) which is used only on the

color filter side in the prior art can be used on the TFT
array side to which a projection exposure apparatus (i.e.,

- projection aligner) is assigned in the prior art. Another

potential advantage on the color filter side is that an
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color filter side in the prior art can be used on the

TFT 35 array side to which a projection exposure

apparatus (i.e., projection aligner) is assigned in

the prior art. Another potential advantage on the

color filter side is that an -10 exposure apparatus of

the proximty type is_adaptable to the .blac trix
Apte i apiara il o it Brome Y iR SRR do the
bIadkamgets1six eanph qilontashs rsudest red eveldlc oy HEBY to t he

I nvent t I i pe 0€sr Si

subst [ht oS ErSe gl MENE PatBEO0LEL ot BRENE Bitfatrate
aaatdigy titthael et + disreopposdrainatha danag-size
pHl R dlS sRNGAMS WISt Gl RIdH G lakcui@) SMpe in cross

conventional _ repolishing iis enployed in recycling

SeGIcPth Wit s IS WIRARE & e (RPURp S orthe ddder glass 1s

cdrifgy@e it i RRakt iy .at @héd Phil9T cbavefeyshang

i.s J.eft. or .at |east the shape cannot b changed 't
rORR TR % R IRy A e L ity & PO tomask
submrtgmts ,z & heh cthapes lo S W siseal d anfget e e phoddrsiskpesubstrate

: (YA jqts I i rge:.si
oD O ecyliahd 1%, HREE (i HE A, e MG Hangot: be
changed the egmdtesingd Phe.enBietisei Afependehlagiinge a
la?J:lt gféao-%i%fﬁ PHEIRAhAAN GROY tE2 P GRS iﬁ(??slikii%'dr PR id¥mplying

Lo recycling. n _exposure i s carried oQut using a
it e ALt GRS Sahios BROTAN SRR 1By tendan be
efifdojently pridiudted dthe reduerid guantieypoEX mateyigap

' e . |l unj 1 NiJM_z Liation). SO
relryfto e, U, B SARE Bellr Sl 1o el 232
phetomaglt subsdnakeb@rior Foodesysldpdexposure can be

i ncr ganad aRthbdie | A W8S % Hhas uSURPtd %tergoéié%d

for efficient exposure. In addition, the nuniber of
photemask substaptiesobtadned Pac s 8§ cxTd ingemedberdopPrt the
invenstioat eThes p2oxavartlyUalalpy ikediaded smahan aﬂgohﬁﬁ.ﬁ‘:‘io@:ﬁl ’

X re Ls_carriedq out _using a, regenerate Qt qnas .

(g ARENER, AsIALT o Ioatt AR SeREFRloRt e PrBRIuIeY Gap 1s
fagliddtageldst rdseasresulccbnedi ngmbert b€ pnodnctonby éekposure

y 30 substrate deflection™is re
TogoPEEACILERtoPXPORETEr ox i 29dhkponn the Rwpeetref substrate
redppaeat danSbde in®reased and the cost of substrates is

eventually reduced.

When projection exposure is carried out using a
regenerated photomask substrate formed from the regenerated
large-size glass substrate stock according to the invention,
the burden of correction of a shifting 6f an optical axis by
substrate deflection is reduced. A need for correction of
the proximity gap on the exposure apparatus side is
substantially eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1s a schematic cross-sectional view of a

substrate, illustrating a flatness.
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substantially elimnated. BRI EF DESCRI PTI ON OF THE
DRAWNGS 35 FIG 1 is a schematic cross-sectional view
of a substrate, illustrating a flatness. -11 FIG 2
"is a schematic cross-sectional view of a substrate,
illustrating a parallelism FIG 3 is a perspective

Vi ew a processi arat us
per sp}o]ttch v% W %‘E‘%W%gl? h%r?S'i’Savs‘e‘:"rcqﬂéloc}-lals vajfew of a
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descriHii oh &1 AEFIVRIFEE I FAINP DT Ghetravel mode

of Y PRI ARG typiexanpl es  included therein. In the
foll'ow ng specification and the clains which foll ow,

reference will be made to a nunmber of terns which
shal | be DBRECREDTION hGFeTHEePREFERREDQEMBGmiMENTSA

| ar ges.si ze substrate r. subst ck h S
of ogrp}'bm}% Sn"a‘talntor”% ot "f:ﬁ on‘f Fack dsﬁ}(%aecesﬁédslly
byt e felremae dwr ﬂ.‘émae ftolﬂatowﬂamesierumm ideis cgiipdd ogucifng
prieHadHes énx%odn] e r1:&58%:!3t EHRS i 1D AGe takd examples

~ sonmetinmes si substrate surface; the uppe
ingdudede t#mtems r éﬁmteef felenindnppacifiration ufﬂpﬂ gthe

cl@&n@swmﬁcmebaﬁ@hre&eE@r@%c@aﬁﬁjguh@am@deZQoAa h&ﬁ%er of

el b cbrapediohe” deedeg 4 BaVE ShB.tphignopo Meanings.

Substx a?tae:gesismde reaab ster sl e, SlItEUIIEﬁ‘thlﬂSEUOC]CII'IE[EHEB_rpaJ.r

o] |k rei h [ f at

of Bp?%bsgra e og%}%gcggrgf?bnk %nﬁ Egc |ﬁgf%%g%§9h 293
1°He¢r§H§¢@F§ethéﬁgfﬁcﬁﬁ ithep mothere ﬁguﬁarlas s¥pgsare 1is
re@&érb@ 2odadMe@ht fsuh:Ea'c% a?z'df %%knéhmbﬁ EH P§.§'39.50f

circular substrates, onal ers

SUPFLIgte SULtacks GQ@dUPQPQ ﬁ rtReet @lhﬁ’l " I’rﬁr F?B’Httﬁl from the
moahelrt gdassr duetiag espblers! dise relfatredsitbstsabacks surface.

asNELdaNiagnt akby 90, haL, 300l $10RhOL AU LALeS e eront

I'n a hor di'rec

surfecei.caThat shapeledf raf basgeosihe substrataton substrate
"""stéHﬁsan@I be 'saug‘fsled ¥BEt AR Y rS O bR hESoFRkRE Tike

surfaces exten

used herein, the size of a substrate or substrate stock

refers to a longitudinal length by a transverse length if it
is rectangular or square, and to a diameter if it is
circular. In the case of circular substrates, the diagonal
length refers to the diameter.

As used herein, the term "horizontal attitude" refers
to the state that a substrate is held heorizontally so that
its major surfaces extend in a horizontal direction, and the
term "vertical attitude" refers to the state that a substrate
is held vertically so that its major surfaces extend in a
vertical direction.

Referring to FIGS. 1 and 2, the flatness of a surface
and the parallelism between opposite surfaces of a substrate
under test are described. Provided that the least square
plane 12 calculated from a surface 1l under test is used as a
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vertical direction. Referring to FIGS. 1 and 2, the
flatness of a surface 35 and the parallelism between
opposite surfaces of a substrate under test are
descri bed. Provided that the | east square plane 12
calculated froma surface 11 under test is used as a
-12 reference plane, the flatness is the sumof a
reRSGSNTH Hﬁﬂﬂﬁﬂth?\E%QRﬁesﬁfi%nﬁ?%aSNWhPﬁuﬁ1GEB@BF%Re
(a\tfﬁdl.(i‘:)t bralee) t'Eae' dirﬁifc aﬂmrﬁatum]grwdﬁl Ztﬁ:léf h@ﬁexehl "b" of
r_test the .refere r.fac as..s n
14 lsteiie, B taierty 1, AR A JRamwions S84 e
rqﬂﬂndﬂdd|5unﬂacdiﬂ2(héfshawnxan'EIG bdt.wefheafhakneasm is

%%aadfy '?{)rfg}g@ ds fég)gkéd'ljﬁﬁ@c Qﬁﬂ’?ﬂﬁ% Glért?ﬂé EEEE@ESnce

"Partiwsens @ maxganer And, a9 dhel dlisitabses between a
fx‘éﬁfﬂ @dxq c!eTE\é) ankD aOrtﬁac@ewfra%@t 19f tsh%l'ﬂoﬂ?ﬁeritn' d.S 2.

a method for recycling | ar ge- si ze photonas
The, pamadile 1 is9e dis |9<%’|‘%33¢31‘]é’r knowd @snG dotéde t&igtEgss
vdrdladd-on ZaTw)qt omask substrate havi ng a di agona

l ength of at |east, 50 a thickness of st

5 oA fs T T8 el 0 e A G
retycdilbst ratl@rige - iBeT nhoqnmslcr yebsitnades| speied fiwaldyd for

| _ {
v ‘é:ig :ngzﬁis g’e%%n%‘:%‘ll%%o f].r L%e) Sl%léo R otk 5828 date having

use e-Si ze phot omask
a Q}@gﬂn@tlehe@gga &Ta atadgassi 290 Hﬂbﬁé‘%ﬁ h&.ﬂ?ﬁ%&s of at
leRisAS3 &ﬂb%hﬁﬁ%@r&h@@kakoaﬂﬁa&&@@n%ﬁGEEQr 2810 Filter side

SRRRCELE 5 Podl oM GBI BRaEtrgoet)  TERIPERPg

cotiper-isesu thac et eglsass :substrat e stock to yield a

| ontCLR Y 3 ARG e e iy S £xom o
us@ﬁbéﬁ#ﬁpesgggcphpgoyﬁémdS@bﬁ§§@ﬁ@r5Peﬂlvﬁaﬁgéa§B@951ze

phRRSHARRS Eohafi Figh lﬁl§n§ub%&§a&%)sﬁbﬁﬁe%§'BQ EE%enerated
l'ight-shieldin bl ank |nto aépatte

cor r ddigo n&ﬁﬁ?é%?é?ﬂ?tﬁﬁﬁrﬁ%?ﬁ§< tagk mging a

pr@bass;ngl&b&un@fashﬁ@eh&h&t&dgphotonask substrate. 30
~ (4iii) repolishing the resurfaced glass substrate stock =
to yield a regenerated glass substrate stock,

(iv) applying a light-shielding film onto the
regenerated glass substrate stock to yield a regenerated
large-size photomask-forming blank, and

(v) processing the light-shielding f£film of the blank
into a pattern corresponding to the desired exposure of a
mother glass, yielding a regenerated photomask substrate.

‘Removal of light-shielding £ilm

The method for recycling a large-size photomask
substrate according to the invention includes providing a
used large-size photomask substrate having a patterned
light-shielding film thereon, and removing the patterned
light-shielding film from the used large-size photomask
substrate to give a large-size photomask-forming glass
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Rermoval of light-shielding film The nmethod for
recycling a | arge-size photomask substrate according
to the invention includes providing a used |arge-size
phot omask substrate having a patterned 35

l'i ght- shielding filmthereon, and renoving the

Lt d h | di fil th
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rem@xe i ng, the light-shielding filmnust be 5
renoved. A suitable nmeans for renDV|ng

! t h
|1 ghth SRl Taan GaF Samestd |the dhkoRE shdipg, £l
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erie” GTER R Bh o8 vt o HEOR: PAORY PAoLooen Temove
onuwdéhbyﬂnghgla@aeédbggrindmswo¢houzxenph&kyng the

unbk%ﬁ?%ﬁ@i@fQSQQSEHSQEEEQPE%GEkthose of &, S, W A

e, the used | arge-size
phot @m%ﬁ@&@mﬁ%tﬁ&m%@é@@q thpse of Cr,

sif, etwov?n. anel lthleorll% 13F3r%ﬁ/m%lénm um@@rmﬂ@ék&lze
niitra
Phﬁ&PE‘ﬁFEr Pb‘b%g%g‘tuen ’wﬁaPEP e\fﬁéﬂri’u tlmﬁ‘§§ ssdolnb A EEPVFER
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(C?(P‘ afe‘infri \\18‘) A $rs I f\‘rﬂi‘%a' fOIP 1d:8/ a%l&'lq{ Rhter
at'ge-'si Ze phot onas ormng gla
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wnbheatrﬁagr%aggdbagea E&Qﬁess'ng tool of sand
astln%ﬁ‘whterla be renmpved_ As _substrates beconme

| ar g&EGSF GHemeval %m&l%"ﬁw fd-18to or

lamraehshieet bholtamgeksfoemiphoglarskstibetragegb&esk to be

reBIhALE SLARKLAkLCRENRhaL! 0oredRLRVEOUS) Kl RKERng

0] accoun ening quan

topdt efi ghntobBestdmgved from the gl ass substrate stock

_itself, but also (2) a deflection of the glass

Material to be removed
As substrates become larger in size, it becomes

necessary to process or machine the large-size
photomask-forming glass substrate stock for regeneration by

. previously taking into account not only (1} a flattening

quantity of material to be removed from the glass substrate
stock itself, but also (2) a deflection of the glass
substrate stock by its own weight, calculated from the
thickness and size of the glass substrate stock, and the
support position when the regenerated photomask substrate
(resulting from the glass substrate stock) is horizontally
supported, (3) a deformation of the regenerated photomask
substrate caused by the photomask substrate support when the
regenerated photomask substrate is attached to the exposure

apparatus, (4) an accuracy distortion of a platen for
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30 substrate stock by its own weight, calculated from
the thickness and size of the glass substrate stock,
and the support position when the regenerated

phot omask substrate (resulting fromthe gl ass
substrate stock) is horizontally supported, (3) a
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1nd’€t“é?t1rﬂfhéﬂ-"eon e dAdiat teming grantdity of matepjal to be
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iven by .pr vLou takln G nt a defl ctlon
145 46 v Srseaty HFI T (e pot octin).
(20ahcqham¢dt@r@m|hh&e&hﬁdknesbeamémgwed gﬁvemhbygmasglously

“"'taiﬂﬂt%t &%‘tﬁé %%nfi:”% Eir esﬁi.-llé:-‘%ﬁ%t PEO%B' gﬁ.a\g‘ge%utb@%ra%‘@ stock

strate substrat

'bst'-é'@kPWins wghzsomcﬂwlgﬁpﬁorfﬂ:@m ithet fhickpessr and size of

thaPpabakUsubstrate @43RI BMAOknERLAPPAkt! Poke tidmDWadn the
phgtomas s %%%E%%%l¥r%%ﬁﬁtgng from the substrate stock) is
horizontally supported in the exposure apparatus, (3) a
quantity of material to be removed given by previously taking
into account a deformation of the regenerated photomask
substrate caused by the photomask substrate support when the
regenerated photomask substrate is supported in the exposure
apparatus, (4) a quantity of material to be removed as
calculated by taking into account an accuracy distortion of a
platen for supporting the mother glass, and (5) a quantity of
material to be removed determined by previously taking into
account changes of flatness during subseguent repolishing
which may be either both-side or single-side polishing. In
the method for preparing a large-size glass substrate
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into account a deformation of the regenerated

phot omask substrate caused by the photomask substrate
support when the 30 regenerated photomask substrate is
supported in the exposure apparatus, (4) a quantity
of material to be renoved as cal culated by taking

i nt acc u an accurac di
acgey &Hg ABVRREL asss%ghéi?g)Bgcassgkﬁggﬂfggﬁlent
pmsetaersumlg t;uabelrtgnn\femadtetreaﬂq wed by rpmeveduirem ZxkeRg and
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aéc%%%%t%héef%E@%%lﬁﬁbﬁh%%&Qt1b§ qugtdlmg) .t oPtbeessing
I nventi on fina nece r Surt Tl 0
ongEATHOnG B MEBTILE, (5 T ChvEaa (ah prshesange ridely

refdietitbaces deff oanmitish-aotrectdeaptdogesaieg endbghe sum

roce sed ar r Y, +C I \e ki_ng
e3P ena Poridod QuaReeErsed 1P F8 Ly
demommatm omg cogpecdtiven ey vgdaguanitdgy(-2) , (3) and (4)
are coIIectlver referred to as
def ormati on-corrective processing and the sum of
Platdemindes (2), (3) and (4) is referred to as a
def orpitd ON-£ FTAGld v d mfrﬁdlwm idf/ maltferflt tanibey

eril3te deet el o P e o el b sl 35 ne,

flfalta;tersesmmnqbamﬂalellejsms mfofthtehérbmtmandn@almésc lsurfaces of a
léﬁ%g%ﬁ% %%a att#ﬁ%¥¥%€g egﬂ@ﬁ%@&EQC%hp%&ﬂﬂ%ude is

€ Verti e 1S eSCYI e-Sl ze
degicasdesdubshAr havget 8ike ﬁ%ﬁéaﬁPPStEP'é?es'é?SEk typicaLly

l%tt%r 1 RG kST QK thif srt%&%@fgatslt@%]d Eoﬂ&%@@h@i‘aﬁ:ﬁfon is
| at ness and araIIellsn1

6@3— ﬁ flatngg O%
meﬁ'&ﬂlaqde|ﬁ°§mfﬁ=é}nﬁésc e&éﬁﬂb PREPREREP S0
FlRnss fapid @a&mﬂllﬁlﬁﬁﬁﬂ@%e( Iéan:md.@dPnactl sisimg a flatness

|.nd i
e e By, LS B e sl
Lidief)| exdtiilen hofl dimg tskwbaq’o@tt@aé:teoéltow s than veatgipal
“atbi§JRt 1od ofifd ?.hecd ré\m{i'n@w REURE 16 iDhe R FOftned

neasuring t | at ness of opposite surfaces of a
subgtFatse g@ock by its own weight.

The method of the invention includes the step of
measuring the flatness.of opposite surfaces of a large-size
glass substrate stock (or plate stock) to be flattened. When
the parallelism of a large-size glass substrate stock should
also be considered, the flatness and parallelism of opposite
surfaces are measured. Specifically, height (in a direction
perpendicular to substrate front and back surfaces) data
indicative of the flatness and parallelism of front and back

" surfaces of a large-size glass substrate stock in the

vertical attitude are obtained. Using as a reference plane
the least square plane calculated from the surface to be

flattened on the basis of the height data, a flattening

removal quantity is calculated so that the height coincides
with the lowest point within the surface to be flattened.
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gl ass substrate stock (or plate stock) to be

flattened. Wien the parallelismof a |arge-size glass
substrate stock should also be considered, the
flatness and parallelismof opposite surfaces are
measured. Specifically, height (in a direction 30

per pendi cul ar to substrate front and back surfactze
data # |WW\@3HV?W$IW®S%°%t%r%I?W§h$ or a

proc¥dsianf ok to Wadmsesourf fAdttegeny praedssing by
r

substrate sto in the verti.cal_ .att,l
TR AN S Of At Sa ekl Y Sne above step
argl ar:mtﬁajmdcaxse@ f&etﬂnm:tad:m fcamﬂ:etcri::b@ ﬂddﬁalen‘ed to be
déﬁ%ﬂ#ﬁ%&“ﬁﬁﬁé &i%y QU NG 2 dRY al

Ity 1s C Icu ted so g the erght cal nci des

-remnd:me megidast. p&hen wrnﬁ#ﬁttlﬁe BE¥f Heepeafesmed using the

rddidisiehedailfn A pProgramdelivering to a conputer a
command for a processing tool to carry out flattening

processing by renoving a quantity of materi al
DefFdlerit iRine byb owirh evenilthite step and si mul t aneousl y
def or CiiV. r
ﬂéﬁfebéﬂ qn Y thd’ £ dd 014(}52%(? & iRethmask

| at er ored Tn a c er-rea re ordi ng
supsdtinahe Hyed ts mytratwedmhtaw%e:qd@uﬂ@rtn@ ags inag-erial

sﬂé%ﬁ e %él%d'fﬁ?m Lefd qﬁﬁc@dﬁe@é QNa Wi AGHR glass

ection of regener ated | arge-si ze phot onas

subgidata Suork b ihaduppents pesiddes of dhedegangrated
phottionizgkh é%%t&a‘ﬁe)mﬁdm;ﬂﬂin@m amé Siustfatehatock) when

sbEgE b PO LG Gt FReD SRees (R

. presustedtte smmmﬂﬁ:Whnmxmheuqhmmaeﬁiduhenmmgzﬂﬂqpeaﬁmnqgas a

re%%&‘%%ﬁgac gakﬁgkgkﬁd GggtleﬁeﬁgngﬂetQa?@sﬂgtwﬁéﬁnkhe

ove atte ng p ocessi ng as erence
phofopask sedistuate & RIRpaRteds Imhdie REPOSIGico ARPRTAtYS .
substrate is supported in the exposure apparatus. 20
ubstrate deformation The regenerated |arge-size
DRSS HEHeSQIMALION j s deformed when it is set in

pIEuxmhetﬁégenﬁmEUSMielangHsﬁzesﬂnptomhuﬂkisqpsﬂiﬁie is

e b LG A port PAC® (e Wby FICEAES Ahgarstus BT

chpgkdmgck i ’iﬂgepguﬁﬁs1tHn§fV\,ﬁ§fﬁ§¥latﬁ@nc'ﬁéﬁkﬁﬁgwéﬁbp@ £ area
anlS sklapedf the chucked portions, the surface accuracy of

chucking plates, and whether the chucking support is at two
sides or four sides. Any of these factors can be simulated
by the finite element method. In a preferred procedure, a
dummy glass substrate stock is actually supported in place 1in
the exposure apparatus, a quantity of deformation that the
dummy glass substrate stock undergoes is measured, and then a
quantity of material removal from a glass substrate stock to
be processed is determined so as to comply with the measured

quantity.

Accuracy distortion of platen
A variation of the distance between a mother glass

serving as an array side or color filter side substrate in a
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sides or four sides. Any of these factors can be

sinmulated by the finite elenent nethod. In a

preferred procedure, a dummy gl ass substrate stock is

actual ly supported in place in the exposure

apparatus a quantity of defornation that the 30 dummy
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bl asti ng 25 Wen processing for flattening and

Sand blasting
When processing for flattening and

deformation-corrective processing is carried out on the basis
of the above-calculated guantities, processing with a
controlled residence time is possible. Provided that the
processing tool is a sand blasting tool, the feed rate of the
sand blasting nozzle is slowed to extend the residence time
where more substrate material should@ be removed based on the
measured data, or inversely, the feed rate of the sand
blasting nozzle is increased tc shorten the residence time
where less substrate material should be removed.

It is also possible to carry out processing by
controlling the distance between the substrate stock and the
sand blasting nozzle while setting the feed rate and
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def ormati on-corrective processing is carried out on

the basis of the above-cal cul ated quantities,

processing with a controlled residence tine is

possi bl e. Provided that the processing tool is a sand

bl asting tool, the feed rate of the 30 sand bl asting

nozzle is _slowed t t end es) denc ' - W
PR st BrARRR T O (4 SRETTS BaRetrov Ll Batti BEe, the
prEESsisied ddteacierimtdoselthatt el papoessdngl spleeds dd fast
wr{é'nasctﬂe” QiR R oo tWdent 35R] sha ¢S Bl nid 91022310 the

I'me” where less substrate material shoul’d be renpved.

sups tnaties shiogk ygfiasee 1o sherity ang 15 Sd0¥% whgmfhe
AiG¥YR liighd dde di stance between the substrate stock

and the sand hlasting nozz|e ile settin f eed
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noB¥le Uld |dete drise anir,0ddes procelsariagt disi stahdeviapdte ttherough

rocessing.speed js.fast Mol ce ;

PLERE e Ogﬂtggilnf ok, 3 bg\rll\g%t%ﬁtee%%s'} U s%t?%t glls%f go\g%%mg_
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| qTHa% | 1f egthovalee 16f a8 g¥hRid and reducin
lﬁﬁ%ﬁﬁi qﬁ%@zﬁ@iﬂd%éﬁﬂﬁ i@ & and r g

) &34 )7zl e I's set constant, the processing is
thec Riley dBis bl PFES SHEes 8 EPCoROAAT, cwhég%% smaller
quiah@ie38 0T e rdial Heavlied 1spagsiynedaf the sand

bl astj ng .nozzl e at,.the point for which a 10 .
quant]%rf &Ibef SR i Hte rpe'ﬁﬁ?@f R ats%cl’l;nlesd E'ansoél n?c‘[etg'ﬁ%:?tnlgng
nozzd eqi privicestsing [drepeowsdbde widhpdihet apparatiuch shown in
FreTRll er Qgﬁﬁbiﬂt% MRL gL al zie§8¥egrg§t§ﬁ i gngdlastn2z of
tHe "évent e procesglng tool 1s a sandbl asting
abxgsives [psofwyabig isubsiesitipd Ly Danaddedp e & pdatform 20

andNQWaded fronthe Furka®@nell asikubetiedsd &tdbKkf Ar on the
creating a_blast 22 of %g% sives i s novabl e

PlafEorsh 40 by 3 sedtadp aBC&form 20 and spaced
fromite modeansimg tooclubist matvalsieoclin X amd e directions
plat f.orm 2 rtail [ n T Si :

el (G0 5 LR Ahabnes o uopphaeeasl Bgutéalont

proReeRaRly iis poRiEielleediby ancorpumechabqsinval 8hhce the

- processing i s possible with an X- chani sm S'e@ggmd”the

PRERBAt] e PRESSUTST &8s HPdats 2o the PEIARdvas 48
tovdedubadrishe diedlansehstitatie diott dedernmimeids unegquivocally,
bu%eggﬁﬁg%%%.%%?Q%&%%Cgklxhe removal rate and the depth of
work damaged layer.

The abrasives used herein are not particularly limited
although abrasives having a particle size of #600 to #3000
are preferred. Abrasives having a particle size of greater
than #600 may induce more distortion by processing, and then
a more amount of material must be removed in the post step to
remove the work damaged layer, and more stock is necessary
because the thickness must be increased. This may be
uneconomical. If abrasives have a particle size of less than
#3000, the removal rate may become slow, taking a longer time

for sand blasting.
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but adjusted in ternms of the renoval rate and the
depth of 25 work damaged | ayer. The abrasives used
herein are not particularly limted although
abrasives having a particle size of #600 to #3000 are
preferred. Abrasives having a particle size of greater
than #600 may, i nduce nore, distortion b pcessi ng,
and t hERe SBALERGIES Jpoch  LB1 that 6754 PIRREIRS SERoved
prefdiebpstersi@p dxnide emiiel ddie aiide dampgechimmyetide or
d r ock is necessary because the thickness
Sff{uhscf&geg?lﬁé:lf(g%'sed. This may be wuneconomical. If
abrasi ves have a particle size of |ess than #3000,

Régyafgggw@J rate may becone slow, taking a |onger tine
or sand blasting. -19 Fine particles used in the .
sand PRasttPl @Ff crep? bl Tnd oRRrPTRPOKR dRUTERPER oM the

gld Sl s utid i 1R IBubE Sttt 9 [P/ Wxdsting step is

A sl S i e S

misandsduipmist idefesttep ifOr ewampde: oo tas itprmesacts titfeadeinal 1y

= ; . p .
RS AN YIS ol BERERRS, 191588508 pemoyea
mayudie @t Ipestg@muantidy seraesgonddng & they tesigual

streast QY iddasdqigesponding to the residual strain
by sand bl asting.. Finish polishing may be carried out

on t HetB+PhtPOLIFHRE RAY I FF0me R RPH K e rorqit
sunfageC @1valid @rntl andamaek Byurfades dn a dentlentionhal

[ -si de pol i shi chi ne, _usi sqafl pol.i.shi.n .
medi, 33 oft ol 2 o BuBiR " 2% alRIR e, PO Y machine
usgingt erorfdd periisdiimeniclothe widhbolabghisiyest epchi s ggadum
oxligemary polishing and secondary polishing because 20

t he gﬁglity of the finally finished surface is
i mpr Ve d® deiarFadbEenPpbined nghe meRalidiRreEStar e

inpllefkesaprimarie pophishiahy BAW $eice8dsked pél@shing because

eoBORERY fi b F9PetaR MasSHel,BELRR, 13 dpeyvea ena

theotpdiadi pglishing dimdeisr radskedry More preferably, the
"primary polishing step uses a polishing slurry containing

cerium oxide, and the secondary polishing step uses a
polishing slurry containing cerium oxide or a'slurry
containing colloidal silica. The particulate cerium oxide in
the primary polishing slurry preferably has an average

particle size of 0.7 to 1.5 um as measured by the optical

dispersion method. The particulate cerium oxide in the
secondary polishing slurry preferably has an average particle
size of 0.3 to 0.% um, which is smaller than that of the
cerium oxide in the primarf polishing slurry. The colloidal
silica in the secondary polishing slurry preferably has an
average particle size of up to 0.1 um. -

In the primary polishing, rigid pads comprising
non-woven fabrics impregnated with urethane resins and pads
of expanded rigid polyurethane having bubbles within the
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25 containing colloidal silica. The particulate cerium
oxide in the primary polishing slurry preferably has
an average particle size of 0.7 to 1.5 m as neasured
by the optical dispersion nethod. The particul ate
ceriumoxide in the secondary polishing slurry

refera s an erage particle 30 size of Q.
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tdﬂah)n@fq@rmm&%i(ng) tieol (3 ddiewldtsdd drom dinckrddpective

fé@ﬁﬂ%itr%%gnsgriggglg rﬁ?& ggakitgh fFa%Fggl%H%aﬁgggkity is

processi ng re enin
regufvsdren drhec orprectlitee qmmf@@w mgf mtaubses.jate stock by
tHE I JE éﬁq_r@/ tdqtaling quantities (1) to (5)
calcul ated fromthe respective 10 factors._ Then a

| ocal THE neRedks YAkt s 7 F ingarizbaemeved sduring e
re@udfioRP Y &and haees iefg )t kenas lﬂ@ﬁisreﬁf{ﬁrﬂ:t @epdNishing
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proprlate partlcularly limted al though_the
”’“p Brr EBCE aﬂﬂa(n JeRStar O s flesy . SERTHEEsh 0% the

E£roNac iahidC dalck %hﬂf&%%ts %@ F@med%& ef-rs@.rzleewa;t@finatslke glass

t .and_ back f the hot
a2 e B PR £ opeDoa edencr B ecIBoThol Hipbr Le

gehb&hhl&suéot%eﬁeb@b|MmUptheuﬁhOQQ EﬁﬁenﬁgoBﬁhthE substrate
ends on the substrate thickness or the ik

-thSG esgt 8T the LdKge- si ze phot omask-f or ni ng glass

‘substrate stock

Substrate

The large-size photomask-forming glass substrate stock
(to be regenerated) obtained by removing the light-shielding
film from the used photomask substrate according to the
inventive method has a diagonal length of at least 500 mm,
Preferably at least 800 mm, more preferably at least 1,800
mm, and a thickness of at least 3 mm. The diagonal length is
usually up to 2,500 mm although the upper limit need not be
specified. For a diagonal length of up to 825 mm (500 to 825
mm), the thickness is in a range of 3 mm to less than 6 mm;
for a diagonal length of 800 to 1,650 mm, the thickness is in
a range of 6 to 11 mm; for a diagonal length of 1,800 to
2,150 mm, the thickness is in a range of 9 to 16 mm; for a
diagonal length of 2,151 to 3,000 mm, the thickness is in a
range of 9 to 20 mm. The shape of the large-size
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25 (to be regenerated) obtained by renoving the
light-shielding filmfromthe used photomask substrate
according to the inventive nethod has a di agona
| ength of at least 500 mm preferably at |east 800
mm nore preferably at least 1,800 mm and a
t hi ckness of at least 3 nm.  The diaggnal length is 30
Phegipnask-fPaiing 9@ Sin SHRHARE RS &1aUaTH ¢ TRsEFnILe.
cimdlde etspeciwhieadthko guasdEagEn ahsl angtibcaflawp shﬁpf&ZS the
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an @ygtuater shape imp o360 seaticme thatc Kies syrfaqe go be
opR @o THO mdiHER ghhessShap@ddicdee i Sieat okl
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al t hough the lower limt need not be specified. The
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pabhe shir@Bkes ¥ h2aBssTAGHGBNAAL 16hGkhCaL Qha1tl St least
reason, the back surface flatness/diagonal length is
2xppEf @ddblopghp the 408et0l5mitoneedr abdr dlel ppesifded.

o odb el R Y SRR T stoo

pré€edaboyy hasspephtrhelel28mIBE LPr §6- S0Z@m, more preferably
phot omask-form ng gl ass substrate stock preferably

uph&e aOppmal |W¥lizm apaxplielbdn gt mexe prledrer 3O ym, upn extra

buégﬁégmgy M%tEmBoBé&theELEH‘QB gBE%aEE%H gg Eagbr§gction to
reduce the exposure gap when the substrate is installed in

the exposure apparatus.

Exposure
A mother glass exposure process using the regenerated

large-size photomask-forming glass substrate stock is
described. By substantially the same technigue as the
lithographic technique of processing photomasks, a
light-shielding film such as a chromium thin-film is formed
on the surface of the large-size glass substrate stock using
a sputtering system, thereby yielding a photomask blank. A
photosensitive material, typically resist material is coated
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burden may be inposed on such an operation as a
correction to reduce the exposure gap when the
substrate is installed in 25 the exposure apparat us.
Exposure A nother gl ass exposure process using the
regenerated |arge-size photonask-formng glass
substrate stock i s 30 descriped. By substantially t
tRERROR o CHIR MG L5S (WG R SRR RETP apparatus.,
arpcl abessiomedhod sk sy resistghiatstewl di Mhef ilightuchiadding
rr? hét?éﬂ Ul tJrHlnortflldngltl[ 1{ so nl:l{é}f“ éc‘é'gl{eﬁf %I?:ilé t‘{?51ng
arge Si ze gl'ass ‘subs using —a sput
tlse/sweaﬂnst e teryiag di rrgassk.prﬁnmm & | paikt emeh
QBN dine FRIeTddn 4 R dMarf 651184, mat e tal is

coated -22 thereon, exposed inagew se using

el ectAHrusRAhepphR at RS taFm b!«%ﬂl%p%lal%dmwﬁhlm“ refers

td eflptriat tefdt cHie ddrgirshieiplidte fhddBmisdiad of light

LR LN 5 L DSRELES WUa, Snd hoomasi
sdbsgmama‘naa'ldjimgﬂfudem surh casl}crumuﬁn:ﬂ‘ﬂmn Asatuselso
' t
I e Sl MR e Y4 N9nll AT SRR £
ganenalilye feomest off &35 IS .edpoddd and |thghilike arte “include an
arRNHF TR 1Ry ¥ JiH WRSR INYx 1 Y QFEaﬂl'é.? have a

films, but also 10 translucent and half-tone fil

Slﬂ?elq ILFVETs 19T I i avieR iSETUREEeal |y for med of Cr

Si, Whé\lrf@_:r&aéﬂfwtéd r@@ﬂﬂnaﬂds&ﬁs@ﬂht@nﬁhﬁ@fémiﬂﬁ is
Q S nmet a OXl ave
rels(%féilr %g)rr RV ePTs & TR e'ne?gF h8tSmask
subsdirartes K ss westeratld. vt ha!r@whcﬂzadw@ah ithe ippegstoad lower
sl PO )t s&l s?]} e %% Qih rr&*l‘it %Bc%%ﬁ
e ovver

substrate IS ner ort

seygaTdc &emtd me QQﬁHMQQQQ? 55@bdh§e§éﬂﬂ q - nBperdfiapally,
th‘éemb@onﬁ%ﬂkt isiRls®i teN Aisd Bl Mol & onitdA 16038d secured at

t he hotQ sk s rate i s held
DeRAEREERIAY S Lo SadeR oh G Ase ARpRE SUHERS DY GHCtLon

orsivdesiuan c(tﬂuekdmge visu laflamﬁ._n}ay ceramien platesatiaving a band
iSRG (i, kTR SELATLE PLALESCLANL RGO deransc
pladéesni theplcgremict pdatesamire prefesaldy pugﬁ@r amdy
cohisréc?8d for tilting motion in a horizontal direction.
Preferably the suction plates have a flatness of up to 5 pum.
By virtue of the invention, a quantity of deformation of the
substrate by clamping can be simulated using a
computer-readable recording medium having the program
previously recorded therein. The mechanism of tilting the
suction plates is not always necessary. The influence of the
accuracy of suction plates and a quantity of deformation by a
stress caused by clamping of the substrate can also be
simulated using the computer-readable recording medium having
the program previously recorded therein. The influence of
tilting angle can also be simulated.

The mother glass disposed beneath the photomask
substrate and subject to exposure may be a glass plate having
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constructed for tilting notion in a horizontal
direction. 25 Preferably the suction plates have a
flatness of up to 5 dun. By virtue of the invention,
a quantity of deformation of the substrate by

cl anpi ng can be sinulated using a conputer-readable

cordi ng nedi um havi.ng the gram_ pr.evi ous
L IR D S s P 5 i f O ey within
1&6‘%{ OnTBleaE% kS ulehk %\ea&ﬁue&&ﬁas %hlé mUEﬁe!rnE;hH%QC €hould

accuracy of suction plateS and a quantity of

pﬁﬁéﬁdﬁty WGe Birdisisdd a5 £ Alsthd®s Fidimiim @ ofunt ,hénore
substrate can al so be sinulated using the
prsuranatery rvdddeilsl & riecor di ng nedi um having the program

D1 e ESdat €50, (6o FRELE oY) on P FESE fhe Thotomask
suhisdprsed dnshddteh mcrtélqmwcﬁlcﬁm Kis sesstucade el sﬂmqséfantlally
tHed e ﬁﬁr aa &aas%%_— R DA med2@  The

t hi ckness of 0.5 m wth a thi ckness error
PIRimity g8 rﬁhuﬁwé“teﬁ%ﬁ@%é’@& gy aé’fﬁﬁﬂ&%g’qlh’éa fdt sy to 100

ng'ai?r;as %‘H dr el @bl B iyh-rﬂ ?ﬂ%‘%e b‘”ilyf lARESD pm, over

m nore preferabl
thﬁwearnéfairteerrem preduding dae Retnigdendie rrﬁmtmmtendlng

%HE &Hqiggﬁgpr glass is measured over
stantla 'y e entire rg&;on by a | aser
di spl%rﬂé‘?ﬂoﬁﬁ%rmew ber %%V%}b‘b’-?rhdss mRRlieaple to

oty ¥}RpIERITRIEYalans A Addio gl @A rodrmpHited tdam @dlens

I e R

prmxtoenﬁtﬂmg;ub&tmtfer @mdt I‘téa_el mmg:harrd@.as'ﬁmrhra)qmnsarree not kept

1nTRRed 1, tﬂ.{e.thgﬁgﬂt Fﬂg hmmktgaggg 59 n8‘ch§£vo]1ved,
exposure systens nctruding mrro r ection and ens

thcrscj éartsrt@nlsSylwmdlars ey Sytexpangction wdde detdggiion

oft I%ﬁelélﬁl%%hﬂgﬁs lsupbehsErat %Xlall‘ist RemnTHigh t0loS $hehiegdposure

are not kep |n cont act . t hough t he roxrmt%gg
apparghps ﬁ%‘ﬁved ePhe’é‘%lé‘?sF’éﬁsP SFAmpFL EuPFYTahe tformed
froar thet glasef sab@&fdaa@ ia@n:oxﬂ&nghaophrmbomsﬂens:mt r athe

: |ts £omWn wei ght _on_t e sur.e aratus Si.
b‘”FﬁS

fs CRE-EREPRLCE TREEHE e, PBARAT 0 3 g’&m the

regh&gg meeﬂnmueaaedordlng to the invention, the

bur dey ¢fs RIJRE 1LY e PRAVHE BRAAAUE Vdidmes
the cutstanding problems of the prior art by calculating a
deflection of every glass substrate by its own weight
relative to its thickness, and processing the glass substrate
stock to a shape that is inversely pre-deformed by that
deflection. The thickness of glass substrate can be made
thinner than in the prior art. For example, a glass
substrate having a size of 830 by 960 mm and a thickness of
10 mm experiences a deflection by its own weight which is

calculated in terms of material strength to be 89 pm under

the four-side simple support condition. Similarly, a glass

substrate having a size of 830 by 960 mm and a thickness of 8

mm experiences a deflection of 139 pum, and a glass substrate

having a size of 830 by 960 mm and a thickness of 6 mm
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reduced or elimnated. As discussed above, the present

i nvention overcones the outstanding problens of the

prior art by calculating a 25 deflection of every

gl ass substrate by its own weight relative to its

t hi ckness, and processing the glass substrate stock

to a shape that is inversely pre-deforned by that
exi:@fni@tmecm a Pef tedtcloref gdgluass Snbst rapdasanshbstrate

TN UGS 4 Molfdl it G e 14,

.th@ tiewsith sy fgice NN aFRdsaReds v igdy |J@ctqqswamﬁ |btys the

qL&\fﬁl‘W G d@f‘l%rbﬂl%n QL@J Q‘Heﬂtv%}ﬁl%éler&@thfud@t Q!'Healglass
streanP to be i_m under the four-side sinple :

“t‘%sor?u%ymﬁlérﬁ yr Fhq dorizopfal gtditude.
THﬁ_&Vlsﬂ@g@SSjSZ&ﬁt %?a&};;te%e_zrafnp??tft@atdu @ﬁmzl“rasﬁe &a3b be
|ences a _ge ecti o 0 a as
re B s TRt Pk ST D S HO60 THHSEIE S bY
calitudlatd sy @fd&ﬁhactabneﬁmwmnéncﬁsaanhgénanatud(Huuﬁﬁrate on
eve gg and %%c%%iﬁ{gatt% 's%b%rt‘}%ﬁt%s%%%‘?: e t%h%pe

surfa ereo on Service [‘lower sur
whigh Ag éﬂﬁ@s-‘meé)y wWeitdiegtede cé&@ﬁo;ﬂqﬂi@cmﬁwn@ﬂ and

thd@f heet ragehrEhe v allgedls i3t ighdd@mddke sHAtTate virtually
substrate becones fully flat in the horizontal

exhipitgqa. 1991§1§G@§é§t§hﬁﬁaﬁn§qa&P§@-§P2$h§h6F@W§§Ee
appukatust.e can be repeatedly regenerated even fron1a

thin ubstr cal.cul ati efl ection anount

L oS A ARre s RS PRI AT TR A mfipprate
stokl debsesarsasedclando mpgﬂapéaeﬁo Wwihiec reigeniemadiegie Issabs trate
hageglﬁﬁieﬂngﬁstuﬁhcﬂe Ee%HagﬁeenQH%h pAFDret Q%@eh% atlon

regenerate %e Sl ze WOtOHHS substrate virtua y
Ine;eﬁpepr§lanhitgh Rk AB4ERRRER TROUSTAOR | hensubstrate is

pr@ﬁ@ofﬁb}r €leakPRAkat m%unSeacent e Le@:b@%us:iezap aratus

k ub St
suBS ARG hnaty il FeREaouTH, %PeBERZ‘PEPg% lazger size
phhésmaskhsokstsstehhaking anhhbhrf&banebsfor@he recycling

___me'Eﬁgﬁ”SEa‘ch8”ﬁnbEnQESR%}l'«sHEeEO ttﬁgo%rtgﬂi%gﬁ&zeﬁhat the

€ substrate I's _ _
suhgtinate Qﬁnahee%ngaﬁﬁaﬁséarapggtedéwgg@§ﬂﬂn§hﬁhﬁhlpkness

ofl & Subktedkt hBoQEOQHEehaa|aégﬁe%%i%n29ypEQEOEﬁﬁkwelght can

substrate haV|ng g flatness. The recyclin
be taken into account is reached. This incfeases§ the number

of substrate regeneration cycles and eventually leads to a

reduction of substrate cost.

When the mother glass is exposed through a photomask
substrate formed from the regenerated large-size glass
substrate stock of the invention, the proximity gap is made
smaller and uniform so that control of the proximity gap is
facilitated. As a result, the number of products by exposure
can be increased and the mother glass efficiently exposed.
When projection exposure is carried out using a regenerated
photomask substrate formed from the regenerated large-size
glass substrate stock of the invention, the correction of a
shifting of an optical axis by substrate deflection can be

easily controlled.
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met hod of the invention ensures, theoretically, that

the substrate can be regenerated repeatedly until the

thi ckness of a substrate above which a deflection by

its own weight can be taken into account is reached.

This increases the nunber 25 of substrate regeneration

cycles and eventually |leads to a reduction of

substrate cost. Wen the dgﬁﬂgilﬁlass i s exposed

thrOLm:Earﬁpigé\f)t@ﬂHBIke :Elwaiéﬁtfﬁl@ apé n@ﬁvémomldsl}e ?y way of

erat e e-si.ze ass aIe st ckof t

LRI e sl on £ A EreaRies
fmrfemsnmfetmttcccﬁnm a):frﬂatcee pﬁlﬁ(hrmstsy lga'lpasss otherwise
stA%d ] t %h%dflé%n%s'?se%&iht &Qliﬁgfﬁr off apﬂs%ﬁ%‘}:étgy stock or

exposure can be 1 ncreas mot her

-svéirsmr@;t@qmegreemed wmgpraajfdmwewmﬁsﬁﬁre H1r-1500 by

KuEdd ed-its il NthdudegenRenaled wihe! omsking'Rid afdstrate

forned frgg%the re enerated | ar ge-si ze 35 glass
FﬁﬁFQﬁ GahMdrti on, the correction of a

shlftlng of an optical axis by substrate defl ection

%p easily controlled. -25 EXAMPLE Exanpl es of

Exanpl : . . .
trie Tnvention are given below by way of illustration
and ribtus’agd weara#-5ize tphdiomasin @darrlptaetse withitanestsromium

refers .t ront_.surface fl atnes ess ot MAse
Lightehi J I e 62 e s e o e (diagonal
lesﬂ'gt(hk aPproxSUlsSE aime \agide anaﬂﬁuﬂms:usldfgsaoflnm.ness was
Lel TRTo1300 h - Kunada ol 9lon Ladusty igs driid
i e to r r S8

31d|n e csubsSrrare™ §
cevemm(dé{l)l ylltl:@t@(a(l@pl(elol)A 2AMHNO| hrayed 53 -233 Vpltﬁ)t@fmsk

| pe%k&h%.b&’%e aW'J.'iih i‘i’z %ﬁ:‘é@ Umrhé' Gﬂkoﬁﬂng Qiﬁﬂtf bhﬂbi‘&ﬁi‘ng £ilm

size of nm ( di agonal appr ox
Waﬁn$h3ﬁdr&“PN¢@kn€§§19ﬂn5 G Shass: SRS trekeesdOfk-n a

renoviere sBE iRt stk wats%xﬁasammlm Heanfddnin/)the

nltratea&éﬁ&NCB ) 4. 2NHANGB) and 3.3 wt % of perchloric
vegEigailn pdeth & ipdisg Gwﬁﬁqﬁﬁts§ﬁﬁépﬁ Ad-atnegs wds 8 pm

(=REBeRS TR EMnak  Raopiad, JeRoRer o0, 345Dy ook surtace
'flé%%[renbgabfabt LUdgngf hnsagalie&&%t oRUBf At THRtReSSoPla

shape having a raised center portion relative to the least

‘sguare plane.

Then, a defiection of the substrate stock by its own
weight when held horizontally was calculated using material
strength and the support position of a substrate when held
horizontally. A substrate deformation and platen accuracy
distortion were previously inspected from a quantity of
deformation of a dummy glass substrate stock which was
actually supported in place in the exposure apparatus and a

- variation of the proximity gap between this dummy glass

substrate stock and a dummy mother glass resting on a platen,
respectively. A quantity of material removal from a glass
substrate stock to be processed was determined by taking into
account the above-obtained deflection, deformation and
distortion values. Consequently, a necessary sufficient
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20 (surface flatness/diagonal length = 1.43x10-5), a
back surface flatness of 8 pm and a parallelismof 8
m It was of a shape having a raised center portion
relative to the |l east square plane. Then, a

defl ection of the substrate stock by its own 25

wei ght when .hel d jhorizontally was cal cul ated i n .
reffir it ST TS S e e eienied B taking
irsub stoatmtnwhbre edalre healwent add ythat silestfiaiet surface

deformati on and _pl aten accur.ac di stortion were

m RUAPITHE &KX dt M rﬁ‘%’%"}ic‘cﬁl g i the
ek asuq'{t'ﬂge staséorﬁ}ék;?tx{;ﬁtﬁ j&é’%‘t WL RS 30 ACTHA IBhrther
ed1n place in € ‘exposur e appar at us and a

suppofr
takdmatindro dcddun tpriontegulamgap.dxetomeethd Miromurand back

sxﬁlf%%%s %tﬁ%}cgir?és%c KI%%MS rﬁ'%ta[ﬁ{re% a3y otfhe vertical

resting on a en,” respectively. quant 1 t'y

atditaidenlande mhangss of £lgtanss anskmanal lnldam twhese both

. . . he

el BRI Vorl Hel e b iR, By A ad e 10

totalludy. tGensahsegdent aapedastamg sutfdp.ci Bemova26boperation
L . ; .

e PRI bt P20 Y08 I LIS veson

whiidenconfirioddd nanitdier fieed gmdey @fhythel tmali in mecordance

witdl tthedhreflohidiUdfiatd thhe back surface is convex by
11 mat the sanme tinme, and further 5 taking into

accoudtReGH g bF i thhes PP HeRts FHicdh M Hadeuntid KL

plametotzhid czlone:asss t\rl:ﬁ Iaipla &}a&fu[as smmriexg FIE .t lble ?/Ehéi aﬁbaratus
cattitude and changes .o at ness an aral.l elis en
1nfihaett B BHORRRI0Y, S00) REVERCeR BOCTEIRId ish. The
pPrapessibg keoiln hatVdin&! ab s anidie 1susiisagu etz zlep @l slaisngovable
1inSkeRnaRYTRAM e ARONA! LAY %an‘é‘%%n&%%f]{iéﬂ?%x%&%‘ia% e
processi ng tool as shown bel ow [ ontrolling the ]
DPlpsEQerma 28 .of ThAeteodl R Gaeabdanet bhrehingeabrasiye grits

220¢20%isoy. boPewfimdahbyrastife Shst 1alee )Steeer"as pneumatic

orppateg” ofno” g, BeRy RS 1SaRtel Rt PG BPstiechd oo

rebéengglarpedenttion hedleawitsh mih&ypdoc emsiang wasl spaced

'frgﬁvkﬂg ?u%%ggglg§tkgg g%@%gﬁﬁéépgﬁgfggﬁaggeghé&s%a%%% of 40

directions and substan
mmp| at f orm 20. The tool was capabl e of blasting abrasive

grit¥he processing technique involved moving the
sandblasting nozzle continuously parallel to X axis, then

moving a distance or pitch of 20 mm in Y axis direction, and

S0 on as shown in FIG. 4. From the previcusly measured
values, the processing rate under these conditions was

computed to be 300 um/min.
The feed rate of the sand-blasting nozzle was

 controlled in accordance with the necessary sufficient

quantity to be removed which was determined by
comprehensively taking into account (1) a flattening quantity
of material to be removed determined on the basis of height
data of the flatness of the front and back surfaces and the
parallelism therebetween of the large-size glass substrate
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22 (FO#800 by Fujim Abrasive Co., Ltd.) under a
pneumatic 20 pressure of 0.1 MPa. The sandbl asti ng
nozzle had a rectangular ejection hole of 1 mm by 40
~mm and was spaced fromthe surface of the substrate
stock 1 by a distance of 40 mm The processing

t echnj que i nvol ved novi ng the 25 sandbl asting nozzle

Fﬁﬁﬁ|¥ﬂuﬁEﬁyV?Eﬁ%ﬁ?%la??ﬁ§@%&|%hl?%e%FerRR#?&P%F
acetmteempy Qﬁe.‘mﬁﬁfn@fth?@ fratWess axf Stitk rﬂ@dn@rancartshck

h
P diied ot M8 dkde rﬁgl%%t%i%te% St S e oht
V&ndrmﬂlecbttnhedfso@. ped miin 80 THeateathent e alefhection by
ﬁﬂﬁgﬁégg.ﬂpqﬁh§ zéﬂ%ﬁi(%éf¥kﬂébtaf (%c%Pr),

cessary su I Cl ent quant e reane_
(%ufuﬁlmstveﬂéw e?ﬁnm?ﬂembyal comhehesrovwed yWiesa ey ipreyiously
tBEGRY Nin o) adcddit tLiden s tor e MBIt td SRk by

renmoved determ ned on the basis of hei ght 35 data of

LEHE N ofCRP I AT LHRP e Wi AR (Hege of the

sytsrtatd e | s dih ermeb eflwe esupjortth epd S tgicors immrgl 1&\;\&; regenerated
0C C attlt e |
Phé’ﬁ%%%st%a 5 ub 3 Ejlsq}eac(lé"'uér a Jléﬂ%%gfaédlﬂ i ng P IIPFILR R Ctooﬁ"k) is
hqm@mtmﬁlsamme&.ur&bb@ afantiay arfyeradiezsigl dss be
%ﬁreﬁ QRK ﬂfé&hf I ect | Lﬁnel}%ﬁ{%%f&ﬂc; W ddn - 2 déformat:.on

thestaevmae Its own welg

of fden giagsanrates tﬂf’cqm%‘e§qﬂﬂtm r‘)ause@)blh the

plﬂit@iﬁfdsw sifbg@iatd Fudpbiie WD Hethihdha e \Witdnask

nto accou defl ection of the sub trate
st Vs S Nad st v lostine Rs (4) a
quaitdiye s amategiiad dfo thee regndysstd atierest dogk ;medntdwsly taking

ln&%P%@EBu&ﬂ?%H WH%% ron19ﬁ%ﬁ§%Ls%§gf%Q) %%?

substrate (resu t|n

SURPOREdMda Y ﬂ?&mrt &d.as=3) andgant ia w@mhmyerqfalmatt@nal
tohde HRMNRE HetRnhed DY P Judiiyn G akin® aGAH Hecdunt

deformatj on .of the regenerated hotonask substrate
changes; oy neﬁﬁoﬁmgw DS TRt BB M09 ho

51nggeneﬁﬂbe®ophmﬁﬂm@ﬁk Tﬁesﬂbeﬂraheelefsuneoptedesalhbetool
XRAS Al . |t f naterl to,be

Wag B% H%SS%QP% bkﬂ%rggloggn %#g&%hg% 5a§gb e ﬁo which

a é@é&ﬂ-&@jﬁ mumﬂttwonfomaatem:t@tlerremwed was ESSlgned on

calculation. The above operation was performed on both the
surfaces.

Subsequent to the sand blasting, the substrate stock
was repolished by a double-side polishing tool.
Specifically, the repolishing included primary and secondary
polishing steps. The primary polishing step used a pad of
expanded rigid polyurethane as the polishing cloth and cerium

-oxide as the abrasive and assumed a material removal quantity

(or depth) of 15 pum. The secondary polishing step used a pad
of expanded flexible polyurethane as the polishing cloth and
colioidal silica as the abrasive and assumed a material

removal guantity (or depth) of 5 um. By the repolishing

step, the substrate stock were polished away by 20 pm on each
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supporting the nother glass, and (5) a quantity of
material to be renoved determ ned by previously
taki ng into account 20 changes of flatness during
subsequent bot h-side or single-side polishing. The
feed rate of the processing tool was 50 nm sec at the
portion of the substrate shape to which a small est
offyudret ifinerdf and dack swriaces el Isidhaean gm total on both
al op ti d
e R, HErOURKR RS bRepRs RILHAREE wa Hgpgured
tos Hisiqa attmts tiorK sufadeeidd shel dtheds sd @13 sinde
polishing tool. Specifically, the repol i shi ng
(ﬁqu@ragmrql dreenasde onFar3x1070) jand Mpstapsinveded dome
primary polishing.step used a pad _of 30 expanded rjgid
S FPRaREZad 1B SBoMRSn Ename TR CATOTRAath ge

pkﬁ}%&ﬁ&b]@@lﬂféﬁ&tﬂﬁ@.@&ﬁiﬂﬂb:ﬂ:d@ﬁ&ieﬂd rlematalexposure

gl%gntt&k% l;or d%peéqe? of 1Se%m Th%&sec%w h' ngchls

cotr&%s%ﬂd%hlﬁeg aclf%am 1012 Qinfld)n YdlckA AS dnhe

abrasive and assunmed a material 35 renoval quantity

( flertndesst/diagonaimlehgtithe ramodlioshi.ngThisepeanbe that a
substrate stock were polished away by 20 m on each
subzdrgfte havingnta fHdtress aff fades (fd@tmessy ddmgopal length

ot al bot e surf s. . There fter the suyface
D102 3 el oS oY ar AR il el a5
fl at nesst OftHs3 i didtd s ST it pgitde | pHgki dnask-forming
i nverted The

x10-5 f i Shahs-
‘-"lﬁ‘ﬁfa|SU&S’t§rﬁr’aﬁa“@cfﬁ?<amawgr?V&d%§g’§ﬁet o B fn- £iln
pagtlestr &tye a priogeissostialilarhdiad & woavesionale 1ithographic
phORBHaREY S bk 3 d%hfln g?%@e%% atSEQH£f§bgf§y, a

this correspon at ness ] a
Ch§8F'é-HF“att|hé-r$ F’rﬂlat r‘v@§s fP&W@g’oﬁa tlh@ng&lﬁfa% e¥1dhe) glass
subBitFareansingata apldteHisly alyeteai N8 phbtakansstole?

ooy BBE ORI eaddY, TesaE y a8 RELES HReTenn SFROE8S

imbhgeydse by mbahsnn&kamoemaq;roglaﬁsmsamgmmwmasstamh
de%iogreﬁv Lde G ot %a“t%‘m “mrﬁékga%‘c%ﬁ’b QRU Sﬁﬂiﬁimﬂ

simlar to conventl ona
thpnoﬁ@ﬂ@sw@u@:ﬁph@@eww Adey resd sr @@éé;@rn as a mask,

fo§ﬂgﬁbfhp@%kxerﬁedcmmﬂﬁmmmﬁ@ﬂnﬁlIn1mas formed on the
surf%ge %%otomé%k substrate was horizontally rested on a

substrate stage. While the substrate was held horizontally,

the substrate was secured at two peripheral sides on the

upper surface by suction using porous ceramic plates having a

" band width of 4 cm. The ceramic plates were rigid and

configured for free tilting in a horizontal direction. These

suction plates had a flatness of 1 pm.
On the other hand, a stage for chucking a mother glass
to be disposed beneath the photomask substrate for exposure

was finished to a flatness of 5 um or less. A glass plate
having a size of 300 x 400 mm and a thickness of 0.7 mm with

a thickness error within 2 um was rested on the stage.
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substrate using a sputtering system A photosensitive
conposition, typically resist was coated thereon,
“exposed imagew se by neans of an el ectron beam
apparatus, and 20 devel oped to forma pattern.
Thereafter, the chromium thin-filmwas etched using

the resist pattern as sk ormng a patterned

ot br ORISR G3pmiBiden, HEE MiPdefnbitid BiStomask
subertivedre @nd/ thes teakloer ylasdhtaamestaygsl difed e t he
sub s taell“fstﬂbe'&ﬁ%é Z..loé“iﬂld{ Xxsir?c_f 4 & SUP S A% Mfent

secured at “two peri phera I ' des on 1he upper surftace
mefie 15 c Then mggsHgependss ofe PAMXIMAILEt 8PhanicAyded pamgximum

i, dt fed cm__The ceram ¢ plates re rigid_and .
vallit et W iend & Sy et A ot e heopntize
refiese exsulatdioy et qeeipherdll atgpismoofexitgraini) Oem Ffrom

t he ot her hand, a stage for chucking a nother gl ass
they sgeled s piddy b afa T EHe Ph&t dhksk substrate for
exposure was finished to a flatness of 5 pmor |ess.
B A Elass plate having a size of 300 x 400 nm and a
s of 0.7 mMmwth a thickness error within 2
pm Wakhe qsteskdurd het sige@@h le 2D wide ﬁb_r_ca@imd )e:gﬁ@d t that

e t r erat t onas ubstrate and t
ehdCBEE L e RARR TR, R e R 53, oF° 520 mm
x 60DI fr {QIagdndl Nenythae@prdxsplodaem)t andekethithfess of

neasurenents of proximty gap included a maxi mum5
10y 9 B®-of 53 mand a mininum val ue of 47 pm over the
ent i rithe rpagnitniese | gab nad e gAIdgihenalr rAagistidntially the

ngi fro t sides,, W th ap errof, of 6
enfEr8"HeBdon SRAhG R, Jadtsd it ahdol GRReF ) Ond
mepgpremed tex ofp profimi tyhgaps dadladgd- i mexginomovaike of 58

substrate _had a_si.ze o% %éo mm X 808 nnmg Lagonal_
W8RG B REBABYT 84 08P A Ay pOYRRe E0C0PRELgt0RRgOR
exdhadpnoxithiet pegdpheaalieesiond extendibst antcmalthymt kee

i.5 entire region using a | aser displacenment neter. The

SifgggsudiBnfs 98P BrERrnPEy Ldapmi-ncl uded a naxi mum val ue

of 58 pin and a mni mumval ue of 47 pin, over the
entire _region excluding the peripheral regions

Exappdgdng 4 cm fromthe

The procedure of Example 1 was repeated except that
the used large-size photomask substrate had a size of 850 mm
x 1,200 mm {(diagonal length approx. 1,471 mm) and a thickness
of 10.0 mm,

The proximity gap was measured over substantially the
entire region using a laser displacement meter. The '
measurements of proximity gap included a maximum value of 59
pm and a minimum value of 47 um, over the entire region

excluding the peripheral regions extending 4 cm from the

sides, with a gap error of 12 um.

Example 4
The procedure of Example 1 was repeated except that

the used large-size photomask substrate had a size of 1,220
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sides, with a gap error of 11 m 20 Exanple 3 The
procedure of Exanple 1 was repeated except that the
used | arge-si ze photomask substrate had a size of 850
mm x 1,200 mm (di agonal |ength approx. 1,471 mm and
a thickness 25 of 10.0 mm The proximty gap was
nmeasur ed over substantlally the entire region using a

mn 3 el 401G g cdegontel erendtife anakestr ddtit’s M) and a

R d8d Yo s i dGlkded a maxi num val ue of 59 pmand a
m ni mum val ue_of 47 m over the entire region 30

excl UBPRGPEFPRIBLEY pBaP a¥2F cBeaFIredt VRN ntis tamtiakly the
erithiere &idi_ﬁﬁon \Mging":t HaAnSErF WiglacemBniPmsade 4Thee

rocedur was_ repeat e XC I hat

nd SR, o DL it s TR, Al of 61
uml a%@ a Trﬁ.(hrmum value of "4 bvii0 1B (&it@.gz%n%leglon

| engt h approx. 1,857 nn) and a thickness of 13.
exﬂ#él ngk i the ypegEp mef wdrending aﬂntqnalﬂl‘)ﬂmt e

s i rant%gl O'bozﬁns'é]:%oarl j spl acenent neter. The 5

measur enent s prOX|n1ty ga I'ncl uded a maxi mum val ue

of 61 pmand a mninmmvalue of 46 pm over the

] regi on excluding the peripheral regions

EX%H#%ﬁthg 4 cmfromthe sides, with a gap error of 15

pm Eheprasederatef Fxremile o glasrensatad \gxcept that
th@&%@@da&*@%ﬂglz@@homéks%%ﬂﬁr%es'h%% RheUYRYE 1,220

substrate had a size of 1,220 mmx 1,400 mm (di agona
mmlénébﬁoﬁppmoidl§9®®alnﬂﬁns¢@ ADPIrioNGk Ae 85 Tofung . @ndma

@kgggsprgx%nkg¥mgap was neasured over substantially

entire region using a laser displacenent neter.

g
The Then AReHIH Y FaphRE measueasd iavgmdatbstantdahly the

en%ik@erﬁblﬁh uldiMga3d 13 s@rN iaTem hleHRn®l @ el SNET

he entire r |on excludlng the per.i pheral, regions
me@?PEﬁHFH§S4° FHHty gap included a maximum” value of 61

wm and a minimum value of 46 pm, over the entire region

excluding the peripheral regions extending 4 cm from the

sides, with a gap error of 15 um.

Comparative Example 1

The used large—size photomask substrate had a size of

- 850 mm x 1,200 mm (diagonal length approx. 1,471 mm) and a

thickness of 10.0 mm. The substrate was polished by 20 um on

each of the front and back surfaces, i.e., 40 pm in total, by

‘a double-side polishing tool as in Example 1, without

previously taking into account the deflection by its own
weight. The surface flatness was then measured to find that

the surface had a flatness of 4 um (flatness/diagonal length

= 2.7x10°°). The parallelism was 2 um. Local steps were
observed on the thus regenerated large-size photomask

substrate.

-31~



10

15

20

25

30

20 sides, wth a gap error of 15 pm Conparative
Exanple 1 The used | arge-si ze phot omask substrate had
a size of 850 mm x 1,200 mm (di agonal |ength approx.
1,471 mm) and a 25 thickness of 10.0 mm The
substrate was polished by 20 pm on each of the front

and rface i,e., 4 min total .
GoupiBies chhe etretfon o A% Futirte By s qm veiont

oqme.memijs’dyy deapurigp o weee cadded e defd etasuredy valsie, the
own weight. The surface fl atness vvas t hen measured _tQ

restFanta HFness AT A0Mad %3 ﬂ’t“ht tdaLngss/ ddpgonal lengtn

_ Gf ess/ 6) The
&ar atllrbeﬁ s%%é%ll{rﬂer%oca ’%ep Te observed on
t he thimsst v mm&n aﬂ'mpb& gk sthre ghadDnasis tsatrstwad e.
prb%%s‘é”é%ﬁ Eh%%u%:@fs&d?set:%%ﬁ ug{ i ¥wa'st %li%‘%sed in
Bt al ne y conputation was a
le?ss l}rne@f\/ HAREsuee appan@ttent Thet E@Qé‘lm!ﬁaﬂ@m wag3
meRléreld 328 YulisAR3lall18&He ent%.r@(:!:%gﬁ)on 'u@q'n‘"gatd NGser

a convex sha e 5 Next, as in Exanple 1, the gFass

dispdecenea teg oc$§§eﬂePﬁPseﬂeBE8t 8%8?0%’8 Yatgp
1nW'i‘u?1iédW%S niSRRFEd1te RIFAGS 0 nfeX I‘&Oﬁihein@ﬂp%ra%%s of 120
The proximty gap was neasured over substantially t
pmenbives the @mtwer@:Joauswcldudmlgattem@teﬂ@heﬁ:aﬂheglons
nmeasurenents of proximty gap 10 included a nmaxi num
exggenddngf 4320 fmemarkdiea shdeisrumivhl de g BZTOrpME GVEr um.
t he iy ' I i r
ext endi ngsei{cg'%f&gﬁrﬁ(%h%pésﬁ%e&sﬁ Q%lgé%'laer ror or%soov(?b had
nogykeep coFrested oRafthehexposare @Ppg'é"ﬂtﬁéaﬂ-ﬂ@d above
had not been corrected on the exposure apparatus

side. 15 Cor;{‘par tive Exanple 2 The procedure of
C%ﬁﬁ&ﬁéﬂ&v@—%@i&l—& 1 was repeated except that the
used Thar gmom’ezmmmmrmsdpamﬂmmatmcdnmg 1 siaze m¥fpeated

exéﬂé%ot C%%gggh%gg%ggggl bﬁﬁqg% %pggﬁstrﬁ%g7ha%o

erea

,s:.@emaar at, rzxze Ezmasrpttez:mo infne (atiagbhatelienathpappebed angs7

E)oth the aces b% a tot aI removal quantity
ness

Thereafter, as in Comparative Example 1, the substrate
was polished on both the surfaces by a total removal quantity
of 50 um by a double-side polishing tool, whereupon the

surface flatness was measured to find that the surface had a

flatness of 4 pm (flatness/diagonal length = 2.2x10°°). The

‘parallelism was 2 um.

Next, as in Comparative Example 1, the glass substrate
was processed into a photomask substrate, which was disposed
in place in an exposure apparatus. The proximity gap was
measured over substantially the entire region using a laser

- displacement meter. The measurements of proximity gap

included a maximum value of 180 pm and a minimum value of 120
um, over the entire region excluding the peripheral regions

extending 4 cm from the sides, with a gap error of 60 pm.
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of 50 pun by a doubl e-side polishing tool, whereupon
the surface flatness was neasured to find that the.
surface had a 25 flatness of 4 p (flatness /diagonal
l ength = 2.2x10"6). The parallelismwas 2 pun. Next,
as in Conparative Exanple 1, the glass substrate was
processed into hot omask substrate, which was
i Spobedts TG hTh HHe URHIE L AR AiRedieg above had
be@rO)Xddrnec tgap o $ha evpasured appairatulsstsadsi.al |y t he
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roas e A, Mh e ¢ AELea 50 GRS [ nedirea
remills off BEtpessaatda panalhedhival befofrel 20d @mfiterover
5 prddesiiild @re® WihaiClderlisng -t Pari pheral regions
extending 4 cmtromthe sides, wwth a gap error of 60
pun. -32 It is noted that the proximty gap neasured
above had been corrected@pitshg exposure apparat us
side. For Exanples and Conparative Exanples, the
measured [esuls:s. Of flatngsSs and paralTel i Smibefore
and after prpreHtinsseng are

proce
Sumfarized T°n tabl @ lpioximity gap

TablFeestzaBef ore pfter rjegengratin lpﬂiéﬁ%%s:;%jdi

regenéhat i g0 0cess Rroximity g Shbsirate
Hotl i.zQnt.al | &btd | cieeriss| FEdmbsnetbnt e [~ ) Fl|at ness,

ack | i ) ;
front (mPar pldegl { s | dt e P4Pal |l [if) s m) Pheblietipng Yot Mindnun | Ecroz

Sutface th)ckness () hack ([pm () wi) | (p

Patallelism Maximum Mini mum Frror| '®%k)! Fl at ness/

Funjaodm) [ (pyin) (En) | disagonal |lemgthl 1 3x5|0,0 8/ §, p
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4 1,220x1,400 15/20 16 243 3 1. 2 1x10' x13.0 6 36 61
46 15 5 1,220x1,400 15/20 16 560 3 2 6 3 61 46 15
X8.0 1.1x10" 1 850x1,200 29 29 18 18 2 193 '~ ti x10.0
/ 1.3x10"4 2 320 120 200 ma oxi 2 1,220x1,400 26/ 28
24 4 2 550 4 2 180 120 60 x8.0 2.9x10" -33 CLAI ME:
1. A nmethod of recycling a | arge-size phot omask
CLAgMISSt rate, conprising the steps of: 5 (i) renoving a
patterned light-shielding filmfroma used
| ar ge- si ze, photomask substrate to provide a
1. | ar demitiwd ghoteemwdd iy nt nbagdassisabphoditmaskock to

subBerkegenebabed s itld knESWIRCidg. the gl ass substrate
stock u5|ng a processing tool of sand blasting, 10

GiiilOt refﬁa}quil%}%gatﬂ?eﬁf%@m@ abbghyr shiteidbagr fLansEsoR @
useﬁolﬁtgbdSQZ@e@ﬁ?Qbﬁhﬁﬁa@dﬁﬁtﬁﬂﬂﬁﬁﬁdﬂqﬁfﬁiﬂ$ a(l&i%ed51ze
n [ shi el di.n il man e ener at e
phofBRa¥ll ol nBl S1BTe: TSty 5T Egenerated,
IargeaéLmaqunﬁammng<ﬁhﬁrglquﬂsuﬁstnmﬂelétéak using a
proBéQSﬁﬁ |ggoihgf g'%ﬁpgﬂq filmof the blank into

rn correspon the desired exposure of a

mot Ké#ldl §§§Oly15élldiﬁhdirtﬁ resgaefatedl phetonevkstrate stock
to §ﬂ8§&rétEegeﬁerﬁﬁ%dﬂ%ﬁ%@@ hanldiaPel RhEi n the gl ass

subst.r Q stock resultlng fron1step (1) has a

di addvdl PEAIER DR dil Ihy-shke b gmb LHY %\“F‘Pﬂ ERfiess
regefieahtbdagladsmubdtriite gRbled tof yaleaidn wdipsedh tde
' g hot K_su ate is to be used in a 25
lar gtgggéaﬁggggegpgggggmﬁpg éé? cﬁﬁglng attaching the

r egémer aredeplsdnanddie slygtt-atte dialiiny Tpbosedl sheleblank

intd oaaﬁat@épgs%sragseﬁa&ﬂg 8" QHAN GSURRYE cfmﬂoese@f a

de edges, _disposin acent to the rege erated
motlb%t%%%ﬁ s&b%%siafla g rﬁeﬁﬁéragpgss)hgépma@c &hgtrate.
array side or color filter side

2. The method of claim 1 wherein the glass substrate

:stock resulting from step (i) has a diagonal length of at

least 500 mm and a thickness of at least 3 mm. -

3. The method of claim 2 wherein
the regenerated photomask substrate is to be used in a
mother glass exposure process including attaching the

regenerated photomask_substrate having opposed sides to an

‘exposure apparatus through support of opposed side edges,

disposing adjacent to the regenerated photomask substrate a
mother glass serving as an array side or color filter side
substrate in a TFT liquid crystal panel, and irradiating

~light from the exposure apparatus to the mother glass through

the regenerated photomask substrate,

said step (ii) of resurfacing by sand blasting
comprises the step of processing the large-size
photomask-forming glass substrate stock having front and back
surfaces and a diagonal length of at least 500 mm and a

'thickness_of at least 3 mm, by removing therefrom a
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30 substrate in a TFT liquid crystal panel, and

irradiating .light fromthe exposure apparatus to the

not her gl ass through the regenerated phot omask

substrate, said step (ii) of resurfacing by sand

bl asting conprises the step of processing the

| arge-si ze as photomask-form ng gl ass substrate stock
flhatbngngr eBincaad Rack t ity Tk am Bt &1 dhageaabn! BRILAL data
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cal G iuPRacBitn oSk et iR B Tl Sk S s dreock

by ofts hewnl wesght bsgr ahe: i&b@ﬁlzob%tafn Sataym:hm ﬁ%a;(léhiab@ed from
attltu e C a rom., t.he tnickness
tnd %ﬁé?@%é%? thd gﬂass o¢ %?F §ﬁ§%ﬁ(ﬁﬂ?sﬁﬁﬁf?tﬁ§ and the
SuBM@pbrE0®D§10nowhahethh@egegema¢&ﬂ9®hﬂtanEBksubstrate is
hoSERSL £ AL £y | §uB196H88t 3l | Yo SURRRELIEH o @ﬁEOEE!@Eh@BaQBd

t he regenerated phofomask substrate caused by the

Ph%m%?ﬂﬁsw‘é%%#ﬁt gaygpgobyY theeRhoReomasiermitigrate support

-whéﬂKﬁﬁwmﬁégéh$5&f@HephﬁtéhhgﬁhQGb%Qﬂa%% IXRASHHEhed to the

aratus, and an accuracy distortiQn . of al is Ia en
exfing afnafibedl SR8 R Yetut el Ao Gndan o]
plategenontebpargengi zkeghashesu bahsat o emjletx;ng:ed,r om
t he S S shape .
crosgﬁgeé?ggﬁé%ﬁegﬁ %EQ% g%? #&%b tﬁ%%dan:¥£ alfing
£rogp ity 9@%{%§¢%S€m‘égv%tm§nhhé| auvbr amcamwaatamd:hape in

crds2duaas idie tﬂﬂa@r% Ngh¥ES88 ¥8' bat bB?g%%gi\l’(\@:?‘u %{érezg}oé:her

th I ted_ ph
glaxnﬁ'? cl%r .Cg’f?ﬁvoean ?*}ofh?lﬁ ?‘325‘5\%@% %ffeosaeo§@é0§ae§e the

Progugesyofgamh erameigenosmt inelt pheh otAs kmoshbst gakhesabmd the

reg%?‘x Zi ge%dp%g%%évﬁwg@r 2{7%%%% : %5h8];LdTEatréero ally;
WhePeﬁ@@e@HR?%ﬂdaﬁ%QﬁIgdgﬁﬁ PEi tbelSeQ@nBQa§Bd2®hp¢DmaSk
sub@&&%t@f@%é'ghﬂﬂ6¥ﬂeé”ﬁhk¥5@ éﬂﬁé@ﬁf@ QBpBEﬁtus

| ar ge- si ze

4. The method of claim 1, 2 or 3 wherein the quantity of

material removed in steps (ii) and (iii) is at least 20 pm

- each from the front and back surfaces of the large-size

photomask-forming glass substrate stock to be regenerated.
5. The method of any one of claims 1 to 4 wherein the
Trepolishing step (iii) includes primary polishing and

secondary polishing.

6. The method of claim 5 wherein the primary polishing
step uses a polishing slurry containing cerium oxide.
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phot omask-form ng gl ass substrate stock to be

regenerated. 30 5. The nmethod of any one of clains 1

to 4 wherein the repolishing step (iii) includes

primary polishing and secondary polishing. 6. The

met hod of claim5 wherein the primary polishing 35

step uses a polishing slurry containing cerium oxide.
7. - 35 The Thethedhod ofladimabroBolb ehefrerisi theheecondadar y

poﬂ%ﬁﬂfﬂ&'ﬁkéﬂ‘ﬂ%é@eé P?éh§ﬂén91§£9§r¥oﬁe giﬁbng rium

cerium oxide or a slur cont al ni n I ca.
oxigleg oI HPHGY %?n%wlbrh% eP1iphdt qlizaca wher ei n
the regenerated photonask substrate has a surface

fl atpess orres ondln to rface_fl at ness/ di agona
8- | engthe JPeUiPT 0T 478X 1088 PR ERBLRS: 26t 4| “RELPEfiddne
regdﬁ&rated photomask substrate has a surface flatness
corresponding to a surface flatness/diagonal length of up to

4.8x10°° in the horizontal attitude.
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