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TITLE OF THE INVENTION Recycling of Large-Size Photomask
Substrate 5 10 TECHNICAL FIELD This invention relates to a method of
recycling 15 large-size photomask substrates for use as photomask
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 crystals between an array side substrate

having TFT devices built#herein apd anolanfifielrbegiing substrate. They
are based gn the active matrix addressin heme where TFETs apply
controlled ggl?ggce%%? cérr%?ro e%g%%l%%qm%ﬁn %?‘i‘?&ﬁ‘a c%ils SI%J.: %p ar,
liquid crystal panels have progressed to higher definitions from VGA to
SVGA, XGA, SXGA, UXGA and QXGA. lItis believed that degrees of
definition ranging from 100 pixels per inch (ppi) class to 200 ppi class are
necessary. 30 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 35 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 -1 known as dye
immersion process. In the manufacture of both array and color filter side
structures, large-size photomask..sybsiat ghecessary. For a high
accuracy of light exposure, s‘W‘rﬁe—%rouc arge-s mask substrates are
typical ﬁ]ddévﬁli’é%h?ﬁ’eti’&%?ﬁsglgé’s ghiethet ety foiFling
1zppedicidmaiphesporsdnsiatistrates for use as photomask

substrates on the array side or color filter side of TFT

liguid crystal panels.

BACKGROUND ART

In general, TFT liquid crystal panels are constructed

by filling liquid crystals between an array side substrate

having TFT devices built therein and a coloxr filter-bearing
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 Ffilter

side substrate is manufactured by a lithographic process
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Some panels are manufactured using the technology known as

low-temperature polysilicon. In this case, it has been studied to bake a

driver circuit or the like on a 10 peripheral portion of glass, aside from the

panel pixels, which requires light exposure of higher definition. To

accomplish a higher accuracy of light exposure, the flatness of substrates
kigimpertanty&herenssnesd foroleeges sizel phafomasksoffaingusubstrataso th
a &P IHtha s 15H3ReSSNRENUce ulhah {% WNefLSUpPOLEAN A0 omask
exposure apEaratus. On the other hand, Iarge-sue photomask substrates
Sumatfér BFSPntREfc BESES 8RF ExpehiSife PoREENsBT GRER BhoffmddiShite
eXpPSitaR bsttthes asdess bE ¢ aptuftionaztk seudtantia eesnemicalypically
mampefiEweyidbe ebtninahle Ahg1usad substate were sgoenreratet Ry

Qﬁgp er attern, However, in order to reuse large-size
© p oto%%%%@su%%tfgé%%#eyeﬁﬁgfl be cf)I(])iI'lshed again to remove damages
and 25%Win® AfckSathRaBvediRy iR 6dudtiagriid eoriprirglogy
krexposeaee, Iranspengiar filmaepolakand other operatoniss Siee thet has
pedassisdheunaliaticgied by dmage wiiling. if; hag thermal syginsgft
within the bulk, which lead to local differences in the polishing rate. As a
PEEL R Hish Y30 Ay ProTilid iare a8 FRAR &%Spé’@%ﬁﬂfa@éﬁ?%s ‘
whthgd irporbne o délebttpalisbigpesnditfortsisheas ta elfrhinite cguch
ftrainsﬁf%elwp&hl{%ﬂ%n@m@%béfﬂEfkﬁeagﬁw%m&eOi({%@;@n@kgesureﬁ the
tge-size photomask-forming suhstrate js 35 progessed Tor reuse in suc
flag v%?/ss‘tﬁat%s fhic %%Js:g e L?celd“\%ﬁgﬁea\l}(?r"lt is%rﬁe%%ﬁsﬁégd.%snt%%d for
1 agaR-§ie ot HABRIEnbiPgBLbSraRDSEaTHes tfmhdd it tihtgrgodsigher
f I-2tmeresdafiectionhydts, owh aneighi atwhe mogzpplal-aditide: BReRxposure
ianiial variations develop in the proximity gap between the

photomask substrate and the mator glass _serving
On the other hand, large-size photomask substrates

a

made of synthetic quartz are expensive. Once used as a
prhotomask, the substrate becomes useless or wasteful., A
substantial economical benefit would be obtainable if the
used substrate were regenerated by baking another mask
pattern.

However, in order to reuse large-size photomask
substrates, they must be polished again to remove damages and
stains which are inadvertently introduced during continuous
exposure, transportation, f£ilm 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, pelishing
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 gquantity 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

photomask-forming substrate becomes thinner, it undergoes a



10

15

20

25

30

35

as an array side or color filter side substrate in a TFT 5 liquid crystal

panel. This eventually reduces the exposure accuracy. Addressing these

problems, the inventors proposed in JP-A 2003-292346 and JP-A

2004-359544 a method for improving the flatness of a large-size glass

substrate having a 10 diagonal length of at least 500 mm, achieving a
mdiagnessidiegdrialnemythiof <. 8xdil)-woi ¢gss ad aparaletsmont s motitude.
THESS BWihE heoizental @HEH@%&%?:‘%Q&%V@Q&%V%QQH@?%\!ﬁﬂg@}n%ﬂ?
e the e fgctlve recgcle Sgélarl?e-sme Ehotoma_sk substrates wherein > in

CTOTRRM g CoRIRIBAE MR HEISIEF 55 A5G0 BHfkidhify ARGnatdtRss serving
asaligveansatorsdistrains apdake fikd Whilesfatroving atmakali.guantty T
Liefunatedaly HQ L LONARE OfhiHE JNMENEON,20 Ad0RigCt®fdhexposure
aé@%@g@ is to provide a recycle method of processing a used large-size

photomask substrate into a regenerated large-size photomask substrate

at a higideEeragwWHIE F8dRGRY beqtfantiBlef Bk RE eeriopePrRed in
JRRgerXosshavesuctesnad Jir proCEsSiNg3s asdad 25 |akgensize pbetomastoving
eoRoetaks iR adeenaraieobqiomaskasub YAl Ml e IR LS,

influence of confi e used large-size photomas

igurational factors o e-siz
VGFWRAle %&éh‘?&g RArtRE MEBRbIoHPaAPthiGHESE VAREtdns and

£ iethieivg a1 trigotiyiof naaterial temaverk seich ghatibe segeneratagh3®iielism
photomask substrate exhibits a high flatness when installed in an
ofexfbstife appadiafiss. MorkhisariedaAPiRen Betdtiederated photomask
substrawéxlf@fizomlIxm&mi@hemwra@pea@@%ga@%ga{]ﬁ tr}[g
ing.m include.t tr psi ort 35 i ich suction .
e%ﬁ%e %%%%rg? é rfgl)ecﬂ;fehc?]51 ?ﬁ%)%u%isetzr%té% %%sr%gg d gesS 8§ Svr)ég rat%v%ss idecretn
PodisibH) SartPiHE SRR @ RfovATstES §6FpSiPirmRinie tRé SiBdpatkl®sts
eldmivegye -3iseppdriyeroenttbwith thet salisitate d@veheuriacesalang le

removing a minimal quantity of material.

DISCLOSURE OF THE INVENTION

An object of the invention is to provide a recycle

method of processing a used large-size photomask substrate
into a regenerated large-size photomask substrate at a high
efficiency while reducing a quantity of material 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 morphology 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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edges (usually two side support). Whether either means is utilized to hold
the photomask substrate horizontally, the photomask substrate deflects
and deforms by its own weight. 5 This deformation becomes exaggerated
as the photomask substrate becomes larger in size. Such
deflection/deformation increases a variation of the proximity gap between

sipp phewmaskaubshate aid R rRRCS Giassrd6p0setdeneahiige along
e RBgloME ARSI EPOHIG:ANING 10 AAGERRIE Agdaile MPATL 1
on the exposureaccuracy. In theprior art, approacheés for_recﬁjcmg fhe
uhtdRiRfS obp ViRhfohkfe BAKIPIA e SVRRTHIEE the W ahed bFsidthe
pPlsuppor by suctien isatiilizdafid svppoding thefpliatonagk substaie walyht .

TIEXROSWEANRRFAYS. BIVSRdS 12.20RlEd PP o dishlace fhe sHisiate

Lﬁjé)er surfa%g edges upward and outward to reduce the deflection around
SY P

ki RPCEREF InHEETentwfiddthe SHdtrate downside support

ded Lekdeton sipportingtthephbiomasis sabstrate i adniexpasiiréhe proximity
gaapmé&tfaea; d@!‘thW@!_iQ_) w?asis_scaleﬁlmagatbs t?r%l@%esi@%ﬁ@s tgg?ﬁ 5

substr upport. position tg similarly, reduce the deflection around the . |
R B e, Ph e T SRR G h8Ane BPETcing v ing
nqhé <aBSHReNf IRE P odBRAS I pRANIEIS RYRRIUEAGCHTBAR tioN

on the Iexpdsereapparasissidegprrettickg themprexmiygap 2be
p2RteR a%%e grawbackhaL it ds @gw.an%%%erég@}? 10,6001 the

the force to be applied to the substrate. As the photomask substrate
SRR DRSS alRs ﬁ%if&%&?&eﬁ%r&?@?ﬁ%s&éwmﬁ@ tha cBRRBPTting
thpophdiffings BosArsheametiod shusimgesylass splpsirse (or farniibgee is
apphheiemasksubsiate) yyielbasheendisiienad i s yertical-alitide gges

o e R S ©
SUBESEIE3S AT CdspedallyrAtica¥e R BoBheme FohRirgakpergihss downside
suglistratesshavirig a ghagonal supporting the photomask substrate in
an exposure apparatus, a downward force ig applied to the
edges outside the substrate support position to similarly
reduce the deflection around the substrate center. However,
this method in which the means of supporting the substrate in
the exposure apparatus is devised to make a correction on the
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

length of at least 500 mm, specifically at least 800 mm, -4 especially at
least 1,800 mm, from which array side or color filter side photomask
substrates in TFT liquid crystal panels are formed, known methods for
measuring the flatness and parallelism of front and back surfaces of such
a substrate 5 include an optical interference technique of counting the

e Speideriofyntatdetencedfringes antng, lasepscarminthteshiies imwhieh @olor

£ 135600190/ ace AN GLANIUDR L PIRYDLY 1q theefront gad RackSUHAGE S ane s

of the substrate for scanning. The_method of holding the substrate durin
3% fe HREEemBROKE™ 0P ARG afPre MEATHIdRG Wk e s tHE S5 t1AR
pag aiost 1dften ledld Frovizbntztis oreadtushuseadde redsemulhydheubstrate

1rsubsHateds vegicaly held, whendbe flathess ans garlishisffiomk @nehne
back surfaces are ?easured ? that itis dlfgcult 0 measure an accur %h .
Ve the suﬂb%?r%{-‘e RTdetfetts Gnd&tits WA weigitii the RohZontd) -eernraue
irptiitudieh ndarhagiosrseigRjaarmatlly A6 e KolgiNgsthesubsgaignity to the
Fhgtizoatadly ha e expassce apparaiis, anmi txrdifficulioto Measueng. The
S e ondit int tyal use. Si .
e O B L B A e i B Gpene 15

UR AP MckRe¥E T e Brogefi iy B sUBRRRE SiZkhén ST tRatls most
ofthicknbss ds hlsoincehsdéd pssizatstinarkased sudjestsrfrosvthevhy the

sﬁ@@fé%d%.@cye%rﬂ@gﬁ?"ht:}ét_f@tn@ﬂ%‘ﬁV‘ﬂl‘i‘é‘ tf'jiafllfiﬁtégés gha
substrate, as usually measured in the vertical 25 attitude is less than .
P Ao P IR B MRS SRS LxBbE IR r}s that
itseiraliddd eidndredsief sHiceodNb RS eharyeighe ING Bects prsidiamte
dexiedthaunay of substaie heldqgin the fnrasuemeshalan acayete,
ma hdf§ggg§3§ QF§¥ ”%Eﬁﬂ9%38”%%¥13?%§ %ﬁa%ﬁ%pg%ggtrate
substrate Is the same as the way of substrate holding during exposure,
haRizrnelie Whehh e SRR EERS ISP iH SthedRfreht skfafbrfficult
tchoveamureo fMattio: sbacoutatet measme gtibedlatiesssard parallehem

acffont@od backince the deflection of the substrate is in
inverse proportion to the cube of the substrate thickness,
the propensity of substrate size enlargement that thickness
is also increased as size is increased suggests., from the
aspect of deflection, a possibility that even when the
flatness of a substrate as usually measured in the vertical
attitude is less than several tens of microns, the substrate
on actual exposure will deform several tens to hundreds of
microns by 1its own weight. No such problems arise if the way
of substrate helding in the measurement of an accuracy such
ag 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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surfaces of a substrate using the same substrate holding way 35 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 -5 vertical attitude. However, the flatness

obtained with this measurement method substantially differs from the
vélﬁﬁl&%lOfaslt(iftackyge-Sjéﬁ@h@io.mﬁﬂésﬁbﬁ@téM%Ht?ldﬂiéan‘ivith this

' , flatn rre

meee)x(gv??*gfe?eg?r%z?&gu oé F&?Igrsﬁfgg'ﬂigﬁ. Eﬁ@?e%é ol Tl r%ltness of

avallab strates as large-size hotomask substrates for

SUEB oRukA TS &S e PIVHERMR St Stkkte Had Ry ¥1Fe BRASo k558Pmm
exagnuisa theclamssiof Summ exhibits a flatness/diagonal length of up to

ST P o e ey il
Su rate, proviae -Si ’
PHLRGL S BRSO By TR et IFERCoHEG IR OUASK substrates

£ TR/ diapenaltengthof 4eharws &latriBsenda pRudskrasembesdibg a

s {DRlege] Sendin farypl ol d "en g 0g S aolPeBlg o
horizontal attitude, the tlatness is aroun pun. Also, when a substrate

£ Imotviregp & Sivbagfdn 320 Xen4@®: ram apd adhiekness ¢ftihmue exhibisan) as
%sl-éLl m) as.measured.

mé@'&%%sédigg()%%lel Qkhc% Hbtoa@ﬁg%g@m% It.IS e Ey ;58’%30 iz ﬁ’?a ided

_inthe verfical attitude, this substrate, provided i _
1%odfsiaeldmbBie SRpbrORRIndeiys 2 iRGIcedaIPhE i RRPHEIgHIL 1L
unkilicio coa edpdiidsctoizifldbye sstdiagenakehgiiofwih3xdD-4¢atwepsnds to a

-243 pun), as_estimated b terial strength cajculation. Then during, the
L L iR e, e Tahend T AR 608 345 i =2
e sWithassgedr Yo nadorretadn o seoly thfleations] aoioterm@imnedsipiken the

advaily erée sidernf expesyien faRAEES ile Prigfarts DHERRCAMeS around
difficult as a result of substrate size enlargement. Addressing the

*4elciind P RrgdReR ;ﬂlo‘f(’)‘r]ﬁﬁgﬁaé‘(?sﬁﬁ‘éﬁéfgsﬂhé%%rﬁ(?grs]haﬁf%ofoﬁ nd- 400
mnthaha photdmastcess of 13 mm exhibits a flatness/diagonal
length of up to 6x10°° (flatness ~11 um) as measured in the
vertical attitude, this substrate, provided it is held by
horizontal four-side simple support, will undergo a

deflection by its own weight which corresponds to a

flatness/diagonal length of 1.3x10* (flatness ~243 pm) as
estimated by material strength calculation. Then during the

actual use in the horizontal attitude, the flatness is around

243 um. With respect tc 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



10

15

20

25

30

35

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 35 processing tool of sand blasting,

repolishing it to yield a -6 regenerated glass substrate stock, applying a
réghhshieltiny dilndeeretmintyialtba photamasiplormingblankiapd -shielding
£ Piseessihs Haniaeqdnadp SR0CRIHEChRIYe, Falge 2igg peen

found that the thus regenerated photomask 5 substrate is advantageously
PTREE FF A Hothe? ghkedkpdSaRr fidckskanaudigrdeicfinge@anique.” It
hasgerisratduepimottmasi  subrstrathbavingsopposed sidesca ahetpasuse

s@ppaiaive theouheHpRostefapRpsedeaids gdgessispasing adiaceit Qs ure
the res%enerarfd hotomg k sgbstrate a mother glass serving as 10 an
roce IOGC ge

ATray Sidé-6F COfdT Fffersid8 Shb&Pathlif & PEPNGTAT ER R pEABRShd
SWREHBAYS GRS theRRpEsuUreidppartousin wrImstres glssalAUgh
tire tegenaiies phooaskeubstratesdVbaersthe regeperaiedphatomasie to
tl‘?g bl?gatgl'l!g]!:g@gdn %SOW%m%)Sq\{/eé% SSC‘EIIt.)ggeapQ “I%aot{'g{]?lghe iygg OfS rving as

resurfacing a Iarge-%lze photomask-forming glass subs rate(_gstocﬁ t5Be 7
ahte GERET At BhtAReF DYTEMbYhEEE | §AEShiEMRIERALROAP atusBHT liquid
ciargeasize phelomaskdsubstrate) dyia gracassingrtooh of sand bassioge
apbeuidkbe pegorned s fallows, Yilgn ﬁ&%ﬂgﬁl'vt@;%cezséa%se%ﬁ%at

of material to be removed (for flattening and

rocessing quantit
pﬁe%gmgnggéﬁgéﬁﬁ?and an area to be processed are determined by
compré’ﬁ?éﬁiﬁ\/é?Gtak'mQQn@mnpl}%ﬂﬁt@ﬁ@éﬁ)xsﬂaiﬁ&l@@ﬁaim
tHlatteBhgeerRiY t&mbw@@&ql@&ﬁﬁﬁg&@ye@fwf}t%;ﬂagte@%nfésébfwf $8f a
ight of the flatness and parallelism of the front an ck surfaces
L e B R 100, She Rttt o G ho e

reshanes by atohhehp At RVirig MY Hatheds khatjarahdiphilonthef 11m £rom
a frsgdntldapk-stittaceplod thenasge-sizesgaat aybsitate processing tool

of sand blasting should be performed as follows. When a
finally necessary/sufficient processing quantity of material
to be removed (for flattening and deformation-correction) and
an area to be processed are determined by comprehensively
taking into account qguantities (1) to (5), specifically (1) a
flattening guantity of material to be removed determined on
the basis of height data of the flatness and parallelism of
the front and back 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 substrate
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



10

15

20

25

30

35

30 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 substrate stock by its own weight, calculated from the

thickness and 35 size of the substrate stock and the support position
reRpEpdheigkdtoasRebifdfelFes@hig Foit e SueaRd sy formation
of herzoniaby: shppdrted; K8k aapantbiafatateyiat ieb@hb temaved givegtrate

suﬁ;}ﬁ@f‘%v'&ﬂ%}{ tfilﬂeg ﬂﬂ8@&ﬁ8§ﬂt %QEL‘){M‘Q%E“ @SP‘H@E(&@&S& the

Substrate caused yt ef hotomask substrate support w hen the

CXBRSTa PRI is Sbhdttedifithd W& Rsure hppardusqapg removed
as qoafttylod teatefiabto Ferecomthastidudatetidrom Binesaqelsaeyn foxr

supisiertion of arlatende SUpPRLing m@@wﬁral%ﬁe%@ BAURRIY M
aterial to b oved determined by previouysly faking intg account

£ RGPS RN ESE GARG S o S R TSR A AD 156 BfFGHRt

Ghb@ﬁe@defor%h@gqe%m palisking; %m@lammatlorpméwmgn@m:mb may

be Sebsirie Steakisgnaedhin Wendirectinniel the subslate. stagl syHaee 10
proges s the .res ectlve urfac f the substra sIock the IS o ined
aﬁggeﬁgr%t tc? %Ef)ge S|ze%elasse§3%stra%te ha%/mgg a dlagon [?enéjth §f
Rt 508 i, E%Beéi&lﬁﬁ 1258t £ bPOMFIEREAS é?ﬂaﬁ’?é%ﬁﬁégdﬁé?

refgngth birap sadfBdess arthenleoriaosdal rattidude: ddien, wibhenea is obtained
a PQ%QH@W%@%@@%H%QQE wacnerated largessige Qlacffagonal

trate Is su&qorted In an exposure apparatus, a variation of

s cib PAARBEn SHE. brof SR ChBHicndt #3thdr Jidemm . and
a ﬁﬁﬁlﬁ’ﬂﬁa@% paizhasay sitenerieolerHiligs side aulssinae® ina Thleligdeizontal

rystaé anelé| IS reduc}ed elim a&?ﬂgg or rpcltlgal%fqia need forrncl:é) reétlon oni1e

€ of the exposure app ratus. As A res prOX|m|ty gap
T evaﬁetme@e&apry@emﬁme IREDHrGNB AR present FRBANSSE Brévides

expopathedapbdenaracycling &argetsion pbatotmaskpsuhsiiaiags gefined tween
thgegﬁﬁtomask substrate and a mother glass serving as an
array side or color filter side substrate in a TFT liquid
crystal panel is reduced, eliminating or mitigating a need
for correction on the side of the exposure apparatus. As a
result, the preximity gap variation is readily eliminated.

Accordingly, the present invention provides a method
for recycling a large-size photomask substrate as defined
below.

The disclosure provides a method of recycling a
large-size photomask substrate, comprising the steps of:

{i} removing a patterned light~shieiding film from a
used large-size photomask substrate to provide a large-size
photomask-forming glass substrate stock to be regenerated,

(ii) 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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The disclosure provides a method of recycling a large-size photomask
substrate, comprising the steps of: (i) removing a patterned light-shielding
film from a 30 used large-size photomask substrate to provide a large-size
photomask-forming glass substrate stock to be regenerated, (ii)
resurfacing the glass substrate stock using a processing tool of sand

blastlnq,;.wl ra@@@pmgth& rfss.gmc%%gl@f&ﬁﬂ&swfﬁteﬁ'%o%ﬂ?&'e'd a
enera ssubstr te stock, -8 (iv) ap ali tshleldlng film
e e Tah AR LS s SR 1 S RbrBriEReTa e

1%@@%%@%%@@%%% anicepl préeetsing the light-shielding
film of the)blphk de Kia Agpatiesn coyRsPRRAIRG &a Hie ¢eSiFedeXRISHIe Pfink

:u‘?‘t @oflséag:l g%ryl%lgmlgear Oqile&erateg cohc%om sk sub%.tratn%#e r|l£c3‘:%_1rlll

strate stock ulting flom step (|) fas a diago
moa%%%t gb6F5m éfﬁcﬁédtmn@sé‘%ﬁap@a@izs%mhee@qam@ﬁé p?é‘ﬂé?ﬁé’é]ate
embodigeiic #id yegetiecatell photaubsk rsubstratoisio besisediing £from

sﬂagth@aglaﬁsgxgoawgg%@&gsaéa@%ﬂ'n@@@@'ﬂ%@@ r8g8NGIReda o

hotomask substrate having opposSed sides to an exposure apparatus

SRR IR PO 5f dSEEedsif® edges, disposing adjacent to the
regenekateds pretbaraskGubntratblaendthetlass sganegas ah ahaytomask

stﬂiﬁﬁ.’@@t%é”i@bsﬂﬁ subsiateninA h5TrisMid,erystal #}Qﬁ%%@%jhprocass

I 1aunag i rom.the exposure apparatus mo gla rou
lﬂéggrlé%e rgtet%l Shot 8ﬁla§E suﬁsﬁgpfp LC ||)p2jf° PN nﬁlgvstiﬁ% =
hasddimouprstsesthéastef 2041 p?é’é&%ﬁ*@th@ﬂﬁ@éaﬁﬁé through support

ofphotaroasiiferinieg gpsssulastegie sieak baviag&nnt ard baek sHgaerRsated
pmgmogebé%@@fgtﬁ?@éhésaogi@s@ds%m[ﬁ%e%sof&@'%%S}a side

remOV|n%therefrom 1) a flatfening removal quantit material

0Ty KU RdighETatiisteng ARFESR B dtParaldE é%‘éifl foKeiad panel,
a%ckm@eetmmelmg@@sma@e exposure apparatus to the
mother glass through the regenerated photomask substrate.

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 (1) a flattening removal guantity of
material based on height data of the flatness 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



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 30 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 .
%8?51(?[11& &idported: {3F & FGEtGmatio ofthe Tegerdratbd pstemaske 91lass
substraie caused by 3bthemhatornask subsieate supped whesthex nas such
rengengrateg ph(l;‘tomaskhsubjgtrate is attached to the exposure apparatus,

ARd {44 atciraey distSrtich ot a piaten for supporting the® o rotiver-© =€
glass 46 Hetexposedribhe segenesated larges=size glasshsubstrate resulting-a 11 v,

from the glass substrate stack.has such an arcuate in cross
nq'r S% %%. %g 1l a A %9 S g%ween The mother

Section that the sufface hoS6d to the mother |

sectionthat the surfaceto bé op3po ed to the'mother glass’is concave
when:held vertically; e grd seduces the proximity gaphariation between the held
mother_glass-and the regenerated photomask substrate which is held
‘oé%%r?tlgﬁ?/as\?vﬁ%én‘%heg %pggget?%é%%ge?ﬁgeglo the ?&'@eesrle?éte thd‘t% Hagrates
Bobsteate Are supported in thecexposorerapparatus: eaqeefesrede apparatus.
embofiments e AN of migienial femovecd Steps Ul a0d i) e i
least 20 ym ga%%from the front an B{amuraceslﬁ)tﬁé a%r e-sfu‘ze Herial
photomaskiformirgpglass substrate stackito:be regenerated. Praterablyn from
_tckl;le repgfhshmgg%epbgu_klnglgggs primary pccglshtpg and secondary

poﬁsh"lng’.%ften, hé primary b‘ghs%"?ngoé’[ep tises argtﬁﬁﬁfh@“slurry

contaimiag cerfvmmorides and thes sécondary: pelishing stepiusessayenerated.
gr%gsgﬁér}%balurr¥cgntglnlng cerium oxmjce or a slurry contiu&n A colloidal

ca.lna 6?&fer’?ed embo w%e“r]iﬁ he’ reeg%né?a{tfé& pjh%fomas substrate”
has axurfazedlatness cortespondingiters surface ftagnessidiagomalriemgth
ﬁé%ﬁ&%ﬂé%dé%égt@%@%”%”ﬁ%h?&@%%@ slurry containing cerium
oxide, and the secondary polishing step uses a polishing
slurry containing cerium oxide or a slurry containing
colloidal silica.

In a preferred embodiment, the regensrated photomask
substrate has a surface flatness corresponding to a surface
flatness/diagonal length of up to 4.8x107° in the horizontal
attitude.

According to an aspect, there is provided a method of
recycling a large-size ghotomask substrate, comprising the steps
oI:

(1) removing a patterned light-shielding film from a ussd
large-size photomask substrate to provide a large-size photomask-
forming glass substrate stock tc be regenerated, wherein the glass
substrate stock resulting from step (i) has a diagonal length of
at least 500 mm and & thickness of at least 3 mm,

(11) resurfacing the glass substrate stock using a

processing tocl of sand blasting,

_10_



According to an aspect, there is provided 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, 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, (ii)

resurfacing the glass substate stackusing a qrocessingtoal gf sangd- - s-ocx vo
bI,asJEing, - 10 (iii ,[eIQO"LShi['% the resurfaced glass substrate stock to yield
glr%g%n%ré:t%%leﬁla*s% stibstra %Sstts)gig,sﬁ&)aﬁﬁpl m%cﬁ’light-shielding film

onto the regenerated lglass substrdte-stbck 1ol yield @ legeneratedtie regenerated

largessizesphotamask: farming blank; and-0) pracessingthe e —size photomasi-
L;%ht-shleldlng film of the blank Iinto a pattern corresponding to the desired

eXpBsiife Bf a'motiBiglass, yielding a regenerated photomask substrate
which is to be usedbirea snotheriglads exposute: process includinghe blank into

attaching the-regenerated photamask substrate having, .oppgsed sides 9. 1,55,

an exposure apparatus through support of opposed side edges, disposing
ad Totné TRGBRETARETY PHOICTRASK SUBStiE& E mother glass serving
as an array sitle or colobfiters side substrate: #radli=E diquidcrystal panelsss

and;irradiating Jight from.the exposure apparagus 9 the f@%@ﬂ%%%s having

through the regenerated photomask substrate, wherein said step (i) 0
PESHTACING B3 Sand Biastig “SormprideEdha Siép ot pibeassingihes of opposed
large-size photamasksforming; glasstsubstrate stegkhanving fromtanskbaek
syfaces and.a, digganal length.of gt least, 500 mm and g thickness of &t ¢ 5.,
least 3 mm, by removing there?rom a flattening removal quantity of
fristeriarbased n height datalofthédiathess andparallelisht ofthedicriting
angrhack surfares of the Jarge-sizerglass substiatesstockrindhgvertieabugh the

plitude, plus.a defonmalion: iy et race,

wherein sald step (ii} of resurfacing by sand blasting
comprises the step of processing the large-size photomask-forming
glass substrate stock having front and pack surfaces and a
diagonal length of at least 500 mm and a thickness of at least 3
my, by removing therefrom a flattening removal guantity of
material based on height data of the flatness and parallelism
of the front and back surfaces cf the large-size glass
substrate stock in the vertical attitude, plus 2 deformation-
corrective removal quantity of material, through sand
blasting, the deformation-corrective removal quantity being
calculated from 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 regeneratsd photomask substrate is
horizontally supported, a deformation of the regenerated
rhotomask substrate caused by the photomask substrate support

when the regenerated photomask substrate 1s attached to the
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corrective removal quantity of material, through sand blasting, the
deformation-corrective removal quantity being calculated from 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

subsitateds horizoptally supparted, @Q@MH&EOBQEQ%E%%P%@GQ platen
photomask substrate caused by the photomask substrate support when

i regenersted phototfiadiosiissirdie i€ ttachedtotKe 2108 ekpdsure
apparatus, ond anaceuracy distartien of arplaten for supportingthe rom the
mother glass to be exposed, the regenerated large-size glass substrate
Pedfting fr&im the “§lass Shbstrate stock nas' sadirah afcuitéBRapd i 058
geassipsectionthatithessurfacedothe oppaseddedbe motherglassiser glass is
concave when held vertically, and reduces the proximity gap variation |
BeNEEthE TRother g%s‘éee{%ﬂlﬁ]%%éenéfa?e Photdimask Subsrae™ by gap
whicheis hetd bherizonially-whendhe copppsed sidaedges:ofthg@encrated

regenerated phatomask sub trate are to supportevd. in the exposure
Hpparalls BENEFITS GF THE INVENTION Wher 3 arde e == =7

photosaskssiubstrateyregenérated from sa ased kdgesizecglass subgtrateate are
by the recycling method of 5 the invention.is used in the exposure

prc?c%sé,‘"t e éxposure acéjuracy, esp%%aﬁy Fegistration accuracy and

resolution are improved. This not only enables exposure of a high

definition large-size pan%Eg%tE%@g r%(;zlu h I\W &exposure

correction and improves i efsT An exposure
apparatus’sfithe sbacalied praginityc types(i 6., proximity adigned svhick ised from
used only,on the_ color filter, side I the pdqr.art,can be %@9&5@?%%&@ of

array side to which a projection exposure apparatus (i.e., projectio

“aligner isassigiiedlin the priok art: AR otHer 25 Pte Atidl ceivantagecoretheosure

ge@ﬁyggrys,'d%é%)@é‘ﬁleylopegistration accuracy and resolution
are improved. This not only enables exposure of a high
definition large-size panel, but alsc reduces the burden of

exposure correcticn and improves the production yield of

" panels. An exposure apparatus of the so-called proximity

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

color filter side in the pricr art can be used on the TFT
array side to which a projection exposure apparatus {i.e.,
prodjection aligner) is assigned in the prior art. Another

potential advantage on the color filter side is that an

- 10b -
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exposure apparatus of the proximity type is adaptable to the black matrix
and photo-spacer as well as RGB. In the manufacture of a large-size
photomask substrate according to the invention, there is obtained a
large-size 5 photomask substrate which has such an arcuate shape in
cross section that the surface to be opposed to the mother glass is

eﬁgaeam@m@piﬂiwti@allytﬁ/&hgmaﬂnk Q@%Jeﬂii@'&a&éeﬁtﬁa&@f;ﬂtﬁe é‘.o the
0] In.recycli uch a photomask. substrate, t ape of a use
b égr%%-é%gcg%gtoél%ak{slg%% g?rété’ jg.g %]Fio%‘tso %%%%Iip%sisrﬁgﬁj or at least the

shape E8ntSt o d"RRRAGET ¥ &n§ Helird@ BHE -Oh iR RITEPHasfSstiigpatrate
adargedsing photomaskisubstraﬁe:nf,thﬂﬂeséreﬂ§l‘|@pt_ewwﬁlglwﬁbéh%ize
pBtrRG:largesieeRnlopasksuRskale £an g eé%ﬁ%ttyep%ggd J?Ig A ross

reduyced quantity of material 15 removed, independent of the shape o _
SR ﬁcigrg%%ﬁfe tGEER EhibERa SR 76 cliflg B R pRtuRERSS is
GQ}aﬁﬁ’é@owh@sin@alrégyﬁermewlﬁhotonmmubs&mmmﬂmm
répendisinethed ofihe dgwention He.proximiy daris Magksyaalkard

iform,20 (minimized variation) so that control of the proximit is
S‘%Lg]c%‘lfci)tra?et(f 'Ag%g ?essu%?ﬁwee ﬁt#r)n e}l%%?ro%‘:ﬁ%%eﬁys %%&oﬁjrg@@gfggg substrate
PGB ated BRGNS fhge-Szel§ihss etibafFattaivlusthe cfhidest ogvsate. be

cHamglelitione thenguribsi efeslihstiaie mrreyales can baringreasestandsthea

lé}?&éggi%é’it%%st%QV%&HQQ%Q%ICSE- Wbeend(ggﬁfrcggn elf21<Q urceolrﬁplying
carried out using a regenerated photomask substrate formed from the
YitGerbRud Y E?ﬁzglaﬁagg-s%rbéﬁa@“%ewaekorawm&%@mow
efifia pleadn yf corrsblioadfatshftingdofeadopticah &tisbycd0 satetiraie 1
redafiestion isiesyeadah nesd foheorsaetion Qfsthe RroxiniLgar onhe
exposure apparatus side is_substantially eliminated. BRIEF
prt??gﬁ?ﬁ TF(%%%E?‘ BRAWI asrfﬂfl’g.li’%"a schematic
cross-¥&EQpnarueR Bia Sebstakelafisratingairehassregenerated
photomask substrate obtained by the recycling method of the

invention, the proximity gap is made small and uniform
(minimized variation) so that control of the proximity gap is
facilitated. As a result, the number of products by exposure
can be increased and the large-size gldss substrate allows
for efficient exposure. In addition, the number of substrate
recycles can be increased 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 tc the invention,
the burden of correction of a shifting of 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 is a schematic cross-sectiocnal view of a

substrate, illustrating a flatness.
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-11 FIG. 2 is a schematic cross-sectional view of a substrate, illustrating a
parallelism. FIG. 3 is a perspective view of a processing apparatus. FIG.
4 is a perspective view showing the travel mode 5 of a processing tool.
DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
invention may be understood more readily by reference to the following
detaileddescrptien af $@ipeafetred embadimentabihelinvertionoandithe
@B@‘EEFH%% |ng_lyggg{r1e{eghén the;iolloving speeification and the claims

which follow, reference will be made to a number of terms which shall be

defined 1&have e RBIBRARPRREAIRsY ROl REsiZe REBSHSRIGY apparatus.

substr&téstodk has a padrdpesf tppositd enajsthsurfacestfrent aag backiode
ofSUifases) dhe dawek syrface that faces the mother glass during exposure

is referred to as front surface and sometimes simply as substrate

surface; the upper surface that is remote from the mother glass durlng

exposure is Bief8d (i i o1

"surfacm}ﬂaatﬁe&%f'elﬁﬂf ihefﬁamtl@ﬂrfmag Ts@ ahm@tc@taigmﬁ?@ readily

bf%?é&@&eeﬁ %“%rat?l StRG TAVIRG, SAIAre Heckanaulay, g%&t‘é‘ﬁ%&he

As used herein, the size of a substrate or substrate st refers to a

P%ﬁ&iﬁﬁﬁﬂm@r@ﬁ@ﬂmﬁan%émeﬁtjmerrtt29?5 RREATGRACHARRERS,
inandadesi didmeate i it iSInirdider. fio ilewdsg obgiectidisubstrate sailde the

cﬂ%?ﬁ@ﬂ@?@@??%?ﬁ@@ﬁ?tQ%f%%E@%éé?%y§e@giﬁ%&éhﬁéﬁﬁ?numgﬁﬁ of

"horizontal attityde" refers es a substra eld horizo

et oA s AT s AT R Fon Par Sor BRI ORTARE (e
"vertlcél HBLAR" vdfess heigiatetharasabstaet s ﬁéJGGlerMyc‘sopalr

ofthabit® i@ sufases extendbivsa (Merieal dirgatioadiefetinghiodsl GS.the

10%&23‘393?%@&%65&%{@ %léq:%%e é?ea%m?egarsﬂ%ggn QSETW%en g%%ssltz?re is

surfaces of a substrate
referred to as front surface and sometimes simply as

substrate surface; the upper surface that is remote from the
mother glass during exposure is referred to as back surface.
As used herein, the term "surface flatness" is of the front
surface, The shape of a large-size substrate or substrate
stock may be sguare, rectangular, circular or the like. As
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. 1In 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 horizontally 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 11 under test is used as a

-]~
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under test are described. Provided that the least square plane 12
calculated from a surface 11 under test is used as a -12 reference plane,
the flatness is the sum of a maximum (absolute value) "a" and a minimum
(absolute value) "b" of the distance between the surface 11 under test
and the reference surface 12 as shown in FIG. 1. The flatness is 5

raeé@éabfekwd/&@las SQRI. Efb@&igaﬁelﬁmbﬁiee@lﬁ??ﬁcg 'iﬁaiaﬁﬁwgen S
um and.a m nlmum 0 e distance between a. front surface.1 )
(argfg)ac uécl?rface .llflf OWH I? g llni!'le para S]lsm 1IQ’S gene'rLraﬁ' kngwn

they eﬁlkﬁﬁﬁﬂhﬁﬁ(n’é‘%wwl‘éﬁ%TmfﬁP@nbjerﬁ@@(ﬁme’?ﬁ%ﬁt@lﬂvéﬁlﬁ)n
réfaﬂﬁﬁtf@ddﬂfﬂaaygzling alargersinge photemask substate, speetfieally is

Jyé%. E? ngt;l%qf atESiﬁrge §%gn§'§]%%m;%lﬁ.§l§%?t5§e me\{m@:}ffer nce

onal tleast 500 mm a ness of at least 3 mm an

"Ser RERSh SrRgEidREr 16y s ¥E sabstFRe ifLeTERfiguiRetween a
T orystabpariel c€hd Bnethdd acdmpiisesthéstepsidf: 4§ removingian FIG. 2.

THRAtesReA ightshieldingIML.Eama, UsedWaragsSiae PheloMasty sulsiate

to give. a Iaoge sae photomask-forming glass substrate stock to be
Varﬁégﬁé‘r%ﬁ‘e (i) resurfacing the glass substrate stock using a
processirgy &yobofidamenblasind i) topsiithirenthéseaunigddbglatsr
r@t@ék_@tﬂgst@mat@g\éelsﬁ@@@@ﬁé%ﬁﬁ&@ﬂ@ﬁéﬁ%ﬁa@\ﬁ)@%ﬁw for
t-shield t rate tr stack to yi
S SR SRl LA e e g

e-size
a tﬂé%ﬁﬂ?%el’d’r‘ﬁ’g}%% BFtrt%tbléﬁﬁ-ﬁﬁtOSQBaﬂé’rrﬁé’é’rrés g @thect at
legesired exposure elearvihothes glass, gelding airdgeperated plotbiriaskr side

subbshaie 30 Remaeval of fahisshielding.ilm, Lhe methedfopecyeling a

Iar e-size photomask
1sesFEhe steps of:

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

(ii) resurfacing the glass subsgstrate stock using a
processing tool of sand blasting,

(iii) repolishing the resurfaced glass substrate stock
to yield a regenerated glass substrate stock,

(iv) applying a light-shielding f£ilm onto the
regenerated glass substrate stock to vield a regenerated
large-size photomask-forming blank, and

(v} processing the light-shielding £ilm of the blank
into a pattern corresponding to the desired exposure of a
mother glass, vielding a regenerated photomask substirate.

Removal of light-shielding film

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 £ilm thereon, and removing the patterned
light-shielding f£ilm from the used large-size photomask

substrate to give a large-size photomask-forming glass
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substrate according to the invention includes providing a used large-size

photomask substrate having a patterned 35 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 -13

substrate stock to be regenerated. The used large-size photomask
subbsirateshas aqiewously padesind-digbishieldiagdivaatypicady asize
orfSEQmALR i darned naieona ForEsrslingJhe Jobksielding film must

be 5removed. A SU|ta%Ie meanstor removing the light-shielding film is
Lighdcrel 4P deddtdahdd With & PAtiRaiay nfatERZS ich ith formed
tHigheshieldingdilmeisyaddenags |origeas. R glah reimbeddanly tid lm must be
rdightrshielding film without attacking the 10 underlying glass substrate

stock. Exemplary light-shielding films include those of Cr, Si, W, Al and .

the s FOF AT R e r b DS L ord Mok bty AaYE -aang £1lm
igprekkelbiesinierseg teadamever Soiut e BlewASTr o figiohium of which
tHEeMUD)-itate 55 AgeiNQR) L 2NANO FANh 3 S \Wido of pekhldFismove

id in_ water en.it.has.a Cr-based film, and in a_remaver solution of
o R R T R B e

ungerhygaisizeittomabR¥giAtiRg FRSsubstrate stock to be 20 recycled
or reqgé@naesmatelhisthan ¢estrfdckd hyia gracessingi taol i santhblasting. Cr,

siMajgriahto e gerppued Assubsialeg become larger in,gizg, 1§ RREAES 7

25 necessary to process or machine the large-size photpmask-formin
D NG A LIt TSGR JoreURICER AkihG Mo SR RBHRE
saior’ohdn(19% flatehimg Tuehtigmafonatetiad erbamd hvved fronate glass
(cuipsbare- siackitse!fabid asa (P delfieqionnf the olasscihsubstidi® er
wﬁ%%cﬁgyﬁgémg]W%Egﬁééim%ﬁ%ﬂfngﬂéh%n a remover solution of KCH
when it has a Si-based £ilm.

After removal of the light-shielding £ilm, the

large-size photomask-forming glass substrate stock to be
recycled or regenerated is then resurfaced by a processing

tool of sand blasting.

Material to be removed

As substrates become larger in size, 1t 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

guantity 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
suppoert 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

-14-



10

15

20

25

30

35

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 35 substrate caused by the photomask substrate
support when the regenerated photomask substrate is attached to the
s@@@&iﬁﬁnép@h@tkﬂ% {Akan grawacy whstesiontef apiptanies ;14mdf (5) a
supparting the mother glass subject to expasure.and. (5) a ¢ Q
R ey ML G Y S T S, O an
MR BEFSBcIHapels el EaFie@ b6t M iRez4® Jradlidtaiecarried out in
timcastremgntiinithe wertoad attitude diismaltytacoeptalde beecadsmtheattitude

igeﬂﬁ(ﬂ-.‘? giibe trate, by Jisown peighidh the yericglatifudedsy  rate
negligibly little for the accuracy of the substrate to be manufactured

Phetdini. THE qlighdiids dfmbhsial fF be tarhodtd #ondls 16 1G85 Py
1 phblemasieforheng gtassatpstritetdtock tis tsiadidd be donsitened acthered
népethad for preparing a regenerated large-size glass substrate according

to the jnvention are: (1) a flattening quantity of material to be removed
dotori e F T L5 o1 1 B B e S ha RS Yl oo b
1 3 A9 FdACamNPASRGHader 8 ik Slistmte Bhstkya tee Fémickl that

sinftitlide wéicoats dbtaided by Hceunaeldaeasyingbpdiatirssaand
r0e3lslisme §f the- Jront apd b@f&é&”@&sé@w&%@ & $IogK g t%?’ﬁn

vertical attitude (i.€;, in the state where a deflection by 20 its own wei

1 AKENBAHZENEAF Sttitide d e ABERRRH I T RaqIEHty SEnaRRFigbe to be
reworovdd Givicerimi pealicusiyciieking #it® aetobat gliefléetion offthélglass
f%@%té@tf Haek #&meﬁﬁigdﬁti C@i%llaé%ﬁr@r{am @E&gﬁéglﬁﬂgég@ of
] e e e SRR PR L I R
OpPBRED MY RCERTEHR BpPaRtls (BY atheadtity Bhartenaldoperallelism
offemtovedgiven By prayaislsiakiigbes of the substrate stock in the
vertical attitude (i.e., in the state where a deflection by
its own welght 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 glass substrate stock
by its own weight, calculated from the thickness and size of
the glass substrate stock and the support position when the
photomask substrate (resulting from the substrate stock) is
horizontally supported in the exposure apparatus, (3) a
gquantity 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 guantity 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 guantity of
material to be removed determined by previously taking into
account changes of flatness during subsequent 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 photomask substrate

caused by the photomask substrate support when the 30 regenerated

photomask substrate is supported in the exposure apparatus, (4) a

guantity 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
acrenttymf matena ta.hearmioved determniagzd pyrrevisuslyfaldsagitoient

prACOHRLCRNgRS AlflatRess duyng subsequent [GROUSRING WRICA DAY ang

be either both-side or single-side polishing. In the method for preparing a
Pa5eSUFE §RRE Phsfaf St TRLT ARG théRYeffloRZefndig Pe
precessary/sufficiciw t processiigiguartitypokinatesial tollye terkoned froto
aémgﬁ?d ta@czf%%wﬁ@hﬁaawl@faépﬁ%nd@n @56561. tt?] bgoa@gﬁ%@d

are determin cO renensiv akl INto ccoun e 10 oin
OB ERRIOET ) IE (I PTOAAaRy (ot e B AR 5y ARg (e LY
refre wbRectivelya fefepbatBati@sfornaFeTEdivectieos®8sddiag and thee sum
o SUf 01 glrantides @), (3) Indaldd i keferigd @88 Ared to as a
aedteé%ﬂaaé'&f’&ﬁ‘l%%%?{ E@é’vééﬁH%@'tyz;[ﬁ%ﬁ!@{tE{?‘.”g First, a flattening

quantity Qi of material to be removed determined on the basis of height
data of the flatness and parallelism of the front and back surfaces of a 15
Flangeesiimglass substrate stock in the vertical attitude is described. A

large-size-glass SURSMEHOG tﬁ@i&ﬁ'ﬁﬁﬂa@ﬁt%’_ﬁéﬁ'&%ﬂﬂ“%ﬂ?&k
rgﬁggfggngratlon is measured for flatness and parallelism. Measurement
ot flatne

CERTPAPIRISH MA§ 0 Red out Gl fith8sS20 Higer,
f fgtegafiprn £ THRIS00L@duretla FreEBRnfmdnstriand dadakhikumdldipngs of a
1dbgsubsizateglagsinstipaerical aitibge inoOrdaeioliminateladt titude is
adialiesianof the sybsliale siock Pde B YEIUYLTUR N4 b a1y
invention includes thé step o
plate stock, as the starting stock for regeneration is
measured for flatness and parallelism. Measurement of
flatness and parallelism may be carried out using a flatness
meter, for example, FTT-1500 (Kuroda Precision Industries
Ltd.} while holding the substrate stock in the vertical
attitude in order to eliminate any deflection of the
substrate stock by its own weight.

The method of the invention includes the step of
measuring the fiatness 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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25 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 30 perpendicular to substrate front and back surfaces) data

indicativeof dka-Hatness and:3argllalisna otbaptandtback- suifages bz a

rge-si I bstrat in.the ' i re obtaipned, Using

e e ST T e o
T HROFE Gt SH G HE Ba Qg dF?r@ﬁé@%t gatkcakptefingy réhevabove step
amiasiitydd catoetated godbficthedieight-coinodes: vith thedowestipgint to be
d ¥R igsuriacedy heslatrned: 516 4 R Selivering (0.3 gamputer

a command for a\‘{)rocessin tool to_carry out flattening processin%1 by . N
TGERDINYS BESRI of MARNiaF CARdRAP By B abSuPSEDOaRgE Using the
refmyuldmepussddefwrmation-corrective processing (to be s described later)

may be stored in a computer-readable recording medium. Then
Des%rfg@ggnrrln be ‘Qerfo_gge using the recording me_dium. Deflection by

_ he regenerated large-size photomask
substrdte 34 eSHA Weigh iRalcipaendnahslribfs4engivsadis ropmask
sithe thiekressyanttsize o theeglglss dubstaleatbek adddhemappotial
Hasitioppfihe fegenatateth phetpraasksubstiale Uesulting from the o o5

ubstrate stock) when 15 sugported horizontally, using the surface
BIERAA o Blost b RrRERAH (RP BBSHP atidni g ProesehFated
phastamafdreset Theadipporepuditidn s theaantéas wienttha tphetbotdsk when
sﬁg?@mt@ds%f@%a@almeﬁw ﬁﬁﬁa@iﬁakag %@ﬁ?@ﬁlg@? and
eformatio e regenegate e-size pho substrate is _defarme
PR 48 ih O i R b RS LT R G F Y s o
TS fRERBCST-defDhRalgRRaREs Mifihéted s the same as when the

photomask substrate is supported in the exposure apparatus.

5
s

Substrate deformation

'The regenerated large-size photomask substrate is
deformed when it is set in place in the exposure apparatus by
chucking. The quantity of deformation varies with the area
and shape of 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 in
the exposure apparatus, a guantity of deformation that the
dummy glass substrate stock undergoes is measured, and then a
gquantity of material removal from a glass substrate stock to
be processed is determined so as to comply with the measured

gquantity.

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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and shape of the chucked portions, the surface accuracy of 25 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 in the exposure apparatus, a quantity of deformation that the 30
TRuNMmyglabscatpstrale ptock Lnatedyddssis sueecured cehdecthenegenerated
pHbRSHY aiesal-roraoval {iam a-alags-s4bshals SIack o e Preestedcted

is determined so as to comply with the measured quantity. 35 Accuracy

PHidiBRioh G PISER A afatorfSfhe dstiftte BERASEH S nfRREFGiHES
(gvinged dvarkdesivleasrepidmiiitersititramstate he -BIaEnligdigel£,
tHgysakranel and dbe sHHgce of thasregpaesaied gehaiemask subsiyate,
N known as groxgnit /gap, can be affecte[g QX th%tlﬁtn Ss Qlfma laten i%ﬁhe

& %Isrﬁreuagpargﬁ%sg( o\ei(}a{ll‘f'ft)a\sd%:yethaenproceéasingl a8 Uracy% thles;filatene
ageeragnhd kztembhracairatirer hiadiaten, deidativhtby eertplfatufan to
aditsingeXpesvtesand thalide) rihat issihe accumcirdistodisvellthquantity is
adaER; LRI must Redaken ipfo ?C%ZQHQE%QE? heselaupationcaratiyes ass

removal quantity is determined. Likewise in a preferred_procedure, a
SURMITG FaSHRFEubstr A8 S0 SRR SUPPortBd T pRRedR thde
eXpEosle aursarbya . dumdynmytrer tless igiestied ba apidted, an a
pMRFBHON i herexivily qap Hirrepewesmisymgapurede ABddReR 8N 1s

a0y of materig) femoval oM . glass substate sfock 1o be progeseed
1S Yeterminéd'So 8856 15 OMply With (he Measurad quantity. Actualy™a

I 1RfcreREd DbtAted B etbtrhetimy aPprReessing qghands(ebrinadfrem as to
cdigiepingiremavee queasitiradd guanweight deflection) from the proximity
gap vanaten, r,esé"’&%%E%PGQ{QQQ%%‘E%EH%H“%PE‘QSQP#a%ocEH@F_téate

deformation and platen accuracy distortion. It is noted that the proximity
Pﬁﬁﬁﬁﬁﬁﬁ@&ﬂﬁgéﬂ%ﬁ¥y (obtained from flattening removal

guantity and own weight deflection} from the proximity gap
variation corresponds to a processing gquantity based on
substrate deformation and platen accuracy distortion.

It is noted that the proximity gap is measured from

the lower side using a laser displacement meter.

Sand blasting

When processing for flattening and
deformation-corrective processing is carried out on the basis
of the above-calculated quantities, processing with a
controlled residence time is possible. Provided that the
processing tool is a sand blasting toocl, 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 to shorten the residence time
where less substrate material should be removed.

It is also possible to carry out processing by
contrelling the distance beiween the substrate stock and the

sand blasting nozzle while setting the feed rate and
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the lower side using a laser displacement meter. Sand blasting 25 When
processing for flattening and deformation-corrective processing is carried
out on the basis of the above-calculated quantities, processing with a
controlled residence time is possible. Provided that the processing tool is
a sand blasting tool, the feed rate of the 30 sand blasting nozzle is slowed
pite wredn-theresislenee tifme vehare snde dubsedte nTdtédalghiblidzee the
prepwysdhasedHrabecMeasurad datay orwerselydbe ferfl BleOfithes fast
sandt Iasgngpozzlg i%irlccvgease(jcigesré(%rt(ac{} g)]ﬁa[g%idgnc%gm Whaerrlta the
1885 stlSstrate materal shourd be removed. 35 118 aﬁsogpossfbﬁe o carry
s Bredes TP comtbRipg the didtakte BBfiveeh heBtbehar $Bek
dancetheesard basting nozzle while setting the feed rate and -18
Pneumgic pressUrgel f1e pReceduad: Is WWizanhes BEppassge ing
characteristics that the processing speed is fast when the distance

NGFAhEert the 8in ¢ BREEAT hoztREaRF 1S SGAQhd SiaHd YRR € shBfough
praskisstow wriiendhe Sedistanee ibjongidmsiesd,nghitththedted vdlesdfihg

praafghliasting prazleds gebeanstanty the, Rocessing inachisyakle #Broughs ch a
ressure control, sucg as bé’ incr(ilasingnth‘? r blastin% ,presgure of the

LIS %1€ B FRSSGRETor WGl S L075gEr GidRTy oY Haterdreing

orwhich a Ollgrger qu%ﬁﬁ

thenmiedid assighed RReTedL6ing tthiehsir Bt pRissuhd ahthe osae ler

gqiahwhich asmadee suantiyepionaterialremeveghisassigned. In the event
the progessing 1gokis @ ARG porgleoresing Isbgslie it
the apparatus shown in 15 FIG. 3. A sandblasting nozzle 21 tor creating a

NGAZD2 BFATASHER % AR vRBRSfbtaMtiatl) pEraIt P A AdtisinF v 10
FIahd spaced famdbiastitiiog of eesubstiaite Stock drem thienglatfdrie20: b2 of

atree1a disiange,vHie RrosessipgdeqlHs MovaRlaim% andoY dirgqlidnSorm 20
and spaced from the surface of a substrate stock 1 on the
platform 20 by a certain distance.

The processing tool is movable in X and Y directions

while its movement is controiled by a computer. Equivalent

processing is possible with an X-0 mechanism. Since the
pneumatic pressure is related to the abrasives used and the
toscl-substrate distance, it is not determined uneguivocally,
but adjusted in terms of the removal rate and the depth of
work damaged laver.

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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20 while its movement is controlled by a computer. Equivalent processing
is possible with an X-0 mechanism. Since the pneumatic pressure is
related to the abrasives used and the tool-substrate distance, it is not
determined unequivocally, but adjusted in terms of the removal rate and
the depth of 25 work damaged layer. The abrasives used herein are not
particukklydinpitack adtheagh sbdasiveshaviagad astiels sizegofa00 to
pFSPRB BB PISIs Rt AURNES HAYINGR PEUICIR:SIZG PLUIGAIR M8%e or

#600 maéln(ilij_cﬁ more distortion by processing, and then 30 a more
S HmMGUMt of Matdf& must be removed in the post step to remove the work

damaged layer, and more stock is necessary because the thickness must

rRé&SoNEERERE. This may be uneconomical. If abrasives have a particle

size of st%g #3000, the removal rate may become slow, taking a
Ionger%l?r%e Qf%r g%ng %Ir)aosi{lﬁa. ﬁ@gFi%%eparﬁcﬁeag g%eg }hrt%aecs%%do f the

gkpsftingre t prcterabRPE@IRADKIdE slieen wandd, bhakikliRrtodgenris
casilicbaccarhitietb Repatiskingskheratep afdapolisbing angioebathisitfaces

n Qi {08 Qs suRsiale subsequent dp e Saug, blasting sien.is, caied At 1 1 5

to jmprove surface roughness and eliminate microscopic defects, for

deSthite SYF AL S e PithE¥inalif R GUSRIddtHRE MRHRF e Emied
maif nhatefisl repdsiieda niayabd dtieastanprptitylcorespontling todke dual

s tesidhabptraihy saad blasting. Finish polishing may be carried out on
the frogt. surfﬁce 0 th% ront and bg%k surfaces.in 6{1 %org)ventional 1

f 5
NG double-of smglg-asjl:o%lggis%lng m%cﬁi}ﬁ% ngiﬂagoft

manner ylneaﬁgo%g
SYofiRAmgTothhFitF ABRSI ARG RAGS S8RAACeAddNna Fremstead ional
meembadimentethe sepdlishirp stepe inctidesiprimerysiaishipglanthing machine
u Qng@@&p@ETEEHTﬁgugfoth with abrasives such as cerium
oxide. _

In a preferred embodiment, the repoclishing step
includes primary polishing and secondary polishing because
the quality of the finally finished surface is improved and
the total polishing time is reduced. 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 0.9 um, which is smaller than that of the
cerium oxide in the primary 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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20 the quality of the finally finished surface is improved and the total
polishing time is reduced. 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
25 containing colloidal silica. The particulate cerium oxide in the primary
reslishingdluty pietersbhyflaasean ayeragsd particie size afd:éh@anyRm

p8E188asiyed hydhe optical, dispessien MaBed. The RATCYIRIS WD ng a
f§X|d.e ggtf e secondary polishing slurry preferably has an average particle

XslléD 5%%5 rﬁ—lﬁﬁhi‘éﬁ? Smaller than that of the cerium oxide in
the prirbarytpsliskirtsilryrobe eslividaf siticaémtheadecondaryfpelihing e
(@iyrbee@cﬁ%r@ﬁé/ &qx(ajo a:j\@rag@ﬂaa@%gmg O:Eél@ltoc%i Bt 38 trate
imary polishing, rigid.pads comprisi 5 non-woven ics
S?régfr{ggxnrgtgd \?vlﬁ Suﬁ%ﬁwtg%esr‘égﬁésca%dg gggscn%%(&pé“nsdea n(j““laed on the

baghrirethahBh RARFBSSHEE WRbHPHRL - R RSk id 6 It d@fdcesaend

deBetmintthersecondaryt polishingdeads olexpaaded flexible pelyuiathara by
| flexi face used.,n+th cessi or.removal .
AR sl 0G0 850 SRR e

L3R a sUBEHaR SRERL DI RAGR TS afdcBYh FREhiSiPphauantity is
rynovEssimgrerhev al rprafityflatiefingeamdo defdmmatiob<cometives tock by

t HEOGRSSHG: g4 artities) determined by totaling quantities (1) to (5)
calculaied from the respective 10 factors. Then a locally necessary and
sufficien?f%ug%@hﬁs %%ﬁlo%vle%yor? Eemggfgﬁt%iu?%%g %fltt%ufdﬂi?ra@a
regyaEByE iR ptbdesaitdel aneleg quadtisudfenatesiaktrenmmkilshing
stnothe wsudacing(bysandblaging gndsubseaenisergishingdbarly
1R By A8, deIgEMined $1-arRRPPLate.ad potparticylady limited oy o4
although the preferred total quantity Is at least 20" m deep; spemﬁlcally a
e 4ste30. msaheety; friopa barh @f theeast 30 um deep, from each of the
front and back surfaces of the large-size photomask glass

substrate stock (to be regenerated}. The upper limit is

generally up to 1,000 um, though it depends on the substrate

thickness or the like.

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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front and back surfaces of the large-size photomask glass substrate stock

(to be regenerated). The upper limit is 20 generally up to 1,000 m, though

it depends on the substrate thickness or the like. Substrate The

large-size photomask-forming glass substrate stock 25 (to be

regenerated) obtained by removing the light-shielding film from the used
plphbromasdic Susiate agtosingtoother aventivey niethadinas e diagariadngle,

clanail of gt leastyipdimen, refasablyAtdeast 809 mm,Gorg.Prefesally alne
east 1 ﬁlool mm, and a thlckneai of a%lggst 3 mm. The diagonal length is

|
dj?f) osrb% y u%‘}% ,56‘63?%91’ a?thouaﬁ‘?he upper limit need not be specified.
For a di&forsd Ryt bF Gp R Semamik(S00m 828 aha)s thesthfekiestds stock

réxarange of sonmsterass thaatd mm axﬁ?r &apamgﬂfﬁﬁgtf;sqfé@ Itltli’as ﬁuch
,  the thickness is.j range o 6tall : for a diagonal lengt
a%f%%gco%gt%o%g IZ{QI%% r%?lnct?ﬁlg’ ﬁ%cknessllg Illn(%acil?z‘:ilrjlc’rg;eIg of9 to Jig%rﬁ:r%; or g) &

ORPAFSIAI Tehgthof BABSE FB6E frhStHeORRRMEsIR ikhe raifgeéraio
at20irmnidd he Shapd af the-lalge: sigho 2 bphelontasimfniginglgless substrate

s SYERIRIEHTRY £ SAUALe.FECANgIS + HLAE, S Whemthe SUDSHAIEN3G,2 ¢ o

circulqyﬁshape, the diagonal length means a diameter. The large-size
4 ghetdmasishergolasssRibstate dotR ™5 rasattimgrined saal Wiastingto

1. repolishing steps_has such_ an_arcuate shape,in cross section that the
su_ra?:aepto%g %ﬁ%o%leodr &)Ztﬁgtrﬁgh%%%%%%éofggﬁ% iﬁhe"\g/:}élﬁ%af“t is held
hogiftage teid varge sirdpkaatisksorniip glass Sapstrdibaswek exfiitgonal

fl / ahl f YRt D, fe up-to. .
e, et D i e
ngedyRet ithe heke fibfiz6tally TReing oSt 7P sipfscTRingsequire a

f Vdiagenal éenglodsustallyatdeast dxtO-althomglo thmlonet liniti 0eedl for
1304 besspesied: fedack surfaes does nof fequirg:3 Jadlainess.a%,48es s

the front surface. Though not critical for
preferably up to 4.8x107°, more preferably up to 2.4x10°°. The

back surface flatness/diagonal length is usually at least
2x10°% although the lower limit need not be specified.

The large-size photomask-forming glass substrate stock
preferably has a parallelism of up to 50 um, more preferably

up to 10 pm. With a parallelism of more than 50 um, an extra
burden may be imposed on such an operation as a correction 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 technique as the
lithographic technigue 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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this reason, the back surface flatness/diagonal length is preferably up to
4.8x10-5, more preferably up to 2.4x10-5. The back surface
flatness/diagonal length is usually at least 2x106 although the lower limit
need not be specified. 20 The large-size photomask-forming glass
substrate stock preferably has a parallelism of up to 50 pim, more
theaferably axptost@d punadkthisparatéism af nedre ¢ha b0 ipemman@xiifatus,

aRETGRIVEPY NEIMRPSEELAN 8UGHan OPeIAIRASA CORLtiqn g, Qgﬂci%lding
ttle eée}%%ne §a§ when the s%ﬂkﬁstr_ate is installed in 25 the exposu_r}e_EB as
T5pBaftTE BRSO A HibthEr Jasd E8ndSur 8ok iuiny et Sing

thegaivstard ragésize ploneskformipgglass sulmstiate stoed is 30
1 deneriked Sasustantiallyshesame @ﬁ?a'rt?ﬁahzaslgmn:jithograﬁhlc
technigue of processing photomasks, a light-shjelding film such as.a ,
chrom%lrsﬁ tlﬁ"f% |In§1 ?srf%%ngléqtcogr_? t‘:}éa gﬁrfa%elgﬁlﬁesigr%%ﬂ‘rsafg a!a]g%lm riefer S
tQuBBFatbistBck BaiRgCaspiftedidg Sy sterp Hedre b Yriding aspitstomBiskight
wikankt Ke3mphhtosegiitive natetalp tepichllygesisymateripd iteeatpl o-2dmask

sURSrEPn EXResediimagexise Ysing apeles %Qsa@i%fwfprﬁa,g&gﬁtaggtﬁso

developed to form a resist pattern. The’light-shielding_fi | ] _ _
CRRAPSHHRRS THin 36 iS e &hed Wi Ssing he Fe SRt paldrf iy film is
genaste Idmmifgameatterfied 5 .lighi-shigldiagd fin duthas thkemamd filncAsde an
atgedderain: hestepya tighlgshjeldingfilmdeters 4o Ay filmhat£8nnave a

inhibit complete transnli%sll%g oéllggttwhen the mother glass is exposed to
S:hléﬂ \?ia%ﬁg)%:ﬁo?ormgs subStrate Snd e’ ‘not only opaque films, but

also 10 h&nFaeemest Al f-RBretinas Fheulghtshibkliddfien @btained is

rgevetllydoimed 64 CrySonV sAkanskthedike anchigsluderas ?}{E@myﬁ
' such ide, | Ingle layer or multilayer
Slgtgr%?:?t%gé Tk% rta%?n%a%ge%g'pr%ot %@%ﬁ)gﬁa%é%ﬁug BBtained is 15°~

SHESRAhARONEHY RIS SHBSFaBRISHS THRVSHGéniakklimeters or

several centimeters inside from the side edge. Specifically,
the photomask substrate is held horizontally and secured at
peripheral two or four sides on the upper surface by suction
or vacuum chucking via alumina ceramic plates having a band
width of 4 cm. In the case of fixed securing via ceramic
plates, the ceramic plates are preferably rigid and

constructed for tilting motion in a horizontal direction.

Preferably the suction plates have a flatness of up to 5 um.
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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substrate is generally supported on the upper or lower surface and at
positions spaced several millimeters or several centimeters inside from
the side edge. Specifically, the photomask substrate is held horizontally
and secured at 20 peripheral two or four sides on the upper surface by
suction or vacuum chucking via alumina ceramic plates having a band

a witthadireem. frEthe.Gasecofifx@drsecuiing via ddraninaatesriher within

ramic plates are preferably rigid and constructed for tilting motion in a
L TR Eoren o Barany 1 S hCH IS G FoU8e s gpoula

pie Bala By viseef the Hwentien a2 guantity ©§ deformatiop®f ike more
substrate by clamping can be simulated using a computer-readable
precSamylmettirh havihgitfie program previously recorded therein. The
mﬁchan@@hwﬂeg the- 8@ ]fp@ag&@kal&@s 'g%aivétwéwmﬁe%?fﬁgmomﬁmsk
influence of t curacy, of suction plates and a quantity of deformation . .
A A T e R Bt s B aTeg  thal Ly
thaiRpihEcmsiéRfediable teRding hediarrRanig MhE9Fogrdite
predintsly reeqrdediibereda skhesinflnanrceafl 35/tltingangia aan alsodie to 100
simulated. The mother glass disgosed beneath th%%gotomask substrate

ML RPSUBTedTB eXpbSireThal be% gl PratB habfio? 22y athitRndss §p- over
tHES ¢o t 2rmmraghanthicknbed Bnor vhithip<0lpheThé stageiosed fatending

4 chckingthe mothgrglags @bguld preferably be finished to a flatness

ithi , ferably within.5 pm. 5 Thereafter, th imit
botnod I BREE Gl hndtthe MBURSY Jids FenBRBIMON ©°

O EtAMBAMNE URE cPYift AiRfoA By BIsdaadispiatemepr migstt T and lens

pIBONOTHYgaeEaneasifed dieg atsavarpge vakieiof Hbiel Ahreasd ahe

plg?&ﬁr %rkc’f&l@sé%lg}:eo r%ﬁ‘?&ak%'ﬁ@ Ego @roé‘ir 1%”1%1 mkllrearE%IOIQO_F kept
excluding the peripheral regions extending 4 cm fromt e‘fong sides. The

16,508 ER hethbd bRHESRVERFoPERDIitABled8P 1s not invelved,

these systems normally carry out correction of a deflection
of the photomask substrate by its own weight on the exposure
apparatus side. Then, using the photomask substrate formed
from the glass substrate according to the invention, the
burden of correction on the exposure apparatus side is
reduced or eliminated.

As discussed above, the present invention overcomes
the outstanding 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
deflecticon., 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 8% um 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 um, and a glass substrate

having a size of 830 by 960 mm and a thickness of 6 mm
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other exposure systems including mirror projection and lens projection
systems as long as exposure is made through the 15 photomask
substrate and the mother glass which are not kept in contact. Although
the proximity gap is not involved, these systems normally carry out
correction of a deflection of the photomask substrate by its own weight on

eAPEFXRASWE APRAYAIR-SIEEL TheN using, fhe PBB@Q‘%SK?E %ag%bstrate

formed 20 from the glass substrate according to the inven urden
1HREACEAST B tRe EXFEdFretapiiFiRssidd R RREICRA ST EReliAS - .
thdisdussed abové aihe plesdnignespitenuaercomeshheouwstabding by the

quRRleRs Bftha DFIOE Aty calgulating . 23 deflection.qirevery g@'lg'é:'h glass

%f ubstrate b its own weight relative to its thickness, and processing

gg:sr?ﬁ?st TS N6 (07 Shapé Hrath® invefsdly ﬁf‘ez Bgf‘b‘?ﬂ'leﬁ%‘é@e
Thileflestiog erhesthidkanese ol glams -subst atshcdrobe skadaatisinnerthanan be

rdpePriea alf. FeyexPRleea @%&:3@§HQS%at%Mi%%§E§&¥§W

6 and ath kness of 10 mm experiences a deflection by its
e e T o e B P e oo SRP G kgt o

eVRBEYoFYSide sARpleBippoRCorditidre Sﬁﬂh’@rﬁrﬁt@aﬁ C@}bsﬁat@h iage
wha slze 10 88Ahyr3601 jnd and @-thicknegs @h&ﬁmﬂ@w&m@ﬁﬁmt , and

th‘é‘?ﬂe{’ﬂgn 9&&%%8%@@9 ?LQJ?;S' Subsl rgﬁ}e%@gé Eﬁb%gg %alqstually

mm and a thickness of 6 mm -24 experie tlon o)
ex@ﬁ?éﬁ%lé‘s%tr%%@‘ié‘%?&cé&%%ﬂ t&%ﬁé&ié%\eéh rﬁa%etm@réﬁmﬁsure

apgevieeyse., the lower surface during exposure) which is concave by the

quanﬁgwgékﬁ@ﬁﬂpﬁgk JéﬁE@ﬂﬁﬁ@HQﬁd@ﬁ£¥%¥h§§§b§¥§§s substrate
eti?mes fullgfla%m th§ orizontal a |tu%e This suggests that

SHQFGe-d5e PROBHRASIESUSY tg%gﬂ 6" PESatddlg réGOTRSRAFERFHERLrate
hag ttfin Shbskne sy vhitahtihg soeidapndmeurnaf enegeasenedation.
InSyhsiigéa-ei oevery cyeleanchpricrssing e suhstraie Stoek omeharae is

prbRQhich i Jaeraply defisaicely hat dgiestionamaunt,and. ¢ ys,
suggesting that it is difficult to produce a large-size
photomask substrate having a high flatness. The recycling
method of the invention ensures, theoretically, that the
substrate can be regenerated repeatedly until the thickness
of a substrate above which a deflection by its own weight can
be taken into account is reached. This increases 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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then the regenerated large-size photomask substrate virtually exhibits a
high flatness when installed in the exposure apparatus. Since the
large-size photomask-forming glass substrate 15 stock is resurfaced and
repolished, the regenerated substrate has a thickness which is smaller
than before regeneration. In proportion to that thickness reduction, the
substrate is prone to flex when mogRiggbeiEan exposure apparatus,

suggesfip 'E/ig'};' %‘ff L 19 Rroguse,a %9% S%n %od o?[t]?]ma%(gntloﬁ ot

substrate INg a |gh atness. The recycling e inv

1bhtd Hete sy that Bie Y&@ibsthte cdh-bE FdGiheraldd Feurd @y -
f Lmntihthesthickfiess df @ Suhisirateabduew/hithea deflectinnilasis ovlerwise

s HARIGRL Cae @fﬁ@d@@@%@&”b?ﬂ&ﬁ@ﬂ&P'%E‘Cée%ﬁ?é@?{%@%e{ock or

25 of substrate regeneration cycles and eventually leads to a reduction of

SURBER AR &?%h‘@ﬁaﬁﬁ?&h}é?éfé%sfi‘s giﬁo?é‘astﬁrcﬁfgﬁt&’ﬁhg%?n&sﬁm by
Kuwibderarforhed drond tibirdgeiesatetidargelsiZze glass ddulsstrche stothdfrate

s thenventigapibe sy eximiyraarsisimade 30 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
1 \When projection exposure is carried out using a regenerated
photomasieﬁﬂ)stfat@a)mmfrgmdhemagwe.-ratﬂﬂtlamsirzeﬁ5 @lagsromium

bstr oft tion, the correction of a shifting of an optical

L BB e Lo Bl s S8 ot Mol o8 ARAMBL & dLegonal
leExghpleppftie. invétiomareagiien belove by evey affilldsttatian .and hotvas
ln@N?Wﬁ)é@f &mitati%rﬁe@@ygﬁtiemeéﬁ rqursﬁtowff@nt?sy f@%ﬁéﬂ%és

unjess rwis tate tn rallelis a substrate

Stk cﬁq;ﬁbstra e v%ere me£ﬁ Or”jd usmg‘%ﬁf@tnesé4 teggtg FFF-%oo by
paggddarrecisphdndnstiiesexd. whhe hehkmagtiansubsslate Shiﬂding film
was thus removed, yielding a glass substrate stock.

The substrate stock was measured for accuracy in the

vertical attitude, finding a front surface flatness of 8 um
(surface flatness/diagonal length = 1.43x107°), a back surface

flatness of 8 um, and a parallelism of 8 um. It was of a
shape having a raised center portion relative to the least
sguare plane.

Then, a deflection 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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stock or substrate vertically. 10 Example 1 A used large-size photomask
substrate with a chromium light-shielding film had a size of 330 mm x 450
mm (diagonal length approx. 558 mm) and a thickness of 5.0 mm. It was
immersed in a remover solution of 13.7 wt% of ammonium 15 cerium(IV)
nitrate (Ce(NO3)422NH4NO3) and 3.3 wt% of perchloric acid in water.
rehfeveliroquamtighy-shielding filnp owas s s eietle yieldieg atgtassk ing
1SHUDSUBISHREK- HE SWRRIAG Siopkavas measuiedior ageuracy g, .o

vertical attitude, finding a front surface flatness of 8 pun 20 (surface
mifte xtdiggonatendi 2 1.48%10:5) thdavke stidaed flathess ofig pand, the

and a parallelism of 8 pm. It was of.a sha ving a raised center
R 5 e otk A S GRS B ebnd Fur thes
Lajtibreratendtock gaisown 25@eignt Whemshedd hohigoftalyniagnd back

suiBtebaleddising adaial seirendth #pddhe sHBPRIE ReEHeR of @ SIS tical
at¥1§7,88'd; hgrizontally, & 8&%‘)3%5%{ deformation a”é’alEL' 1N,a80UAN potn
istortion were previo sfy INSpecte trom a quan]ﬂ%/ ST deformation of a

thdu sy fiasssswsttbde lst-mcka/tkdrh ym]siaﬂladuaﬂpsgmrmbimqolaoe ;m in

to‘@ﬁfxﬂﬁas%'i‘?ea%@é'&@é}gtaﬁ@g@i‘?@ﬂﬂ@?E XUty ggp REMEER I0IS: 5 on
dummy glass substrate stock and a dummy mother glass resting on'a

WS a R TREPECIVRE). BEGERNRY of nREETRTEMRTalSHh PGlaghown below

whgidbstratestock 16 bg prbee sseedvas tietermindoebyt takingt mta 36 @cdaunnte

withg abovesQhtaipgd deflgetianfleformation and distortion values.
Conseguent% a gessa suffic'%entt -2 remova guantity at each_portion
C ST

n

was detg(remﬁlejdcbai/ a%i‘hg ifto Ace8unt the above vallfes, 8fArHe Honk
Pliqffremmightte hftaRBIRTREBEN SRy difici Ihitude afhtheappakatus
instiriageds gopyecky dimm eb e sareriine antkiuihen b taldae #4M9sm. The
prAEUDL KPOUT R ARG U AGAAK USRS AL IFNEIE movabie

variations as measured In the vertica
in ¥ and ¥ directions and substantially parallel to the
platform 20. The tool was capable of blasting abrasive grits
22 (FO#800 by Fujimi Abrasive Co., Ltd.) under a pneumatic
pressure of 0.1 MPa. The sandblasting nozzle had a
rectangular ejection hole of 1 mm by 40 mm and was spaced
from the surface of the substrate stock 1 by a distance of 40
mm.

The 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 previocusly measured

values, the processing rate under these conditions was

computed to be 300 pm/min.

The feed rate of the sand-blasting nozzle was
controlled in accordance with the necessary sufficient
guantity 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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attitude and changes of flatness and parallelism when both the surfaces
would be later polished away by about 50 pm in total by the subsequent
repolishing step. Removal operation 10 was performed by means of a
processing tool as shown below while controlling the feed rate of the tool
in accordance with the removal quantity. Specifically, the substrate stock

s WRSIKMEHNtEsk0R-ariplatfamm 20t0f the @ppriatus shewBwt Eiaed Hie

apparatus_ 15 included a processing.togl havi neymatic mechanism.
S eing ool ha oY Satd ISt oz O WA BovaD Fecs

SHhEAr tfebforid@nd sHFRaSHAR shkafd t5'aRs Prafsme 2o ckhéd foothe
varasieapabie of biading abeasjveigritsha2 Q#3804 fajini ddrasive ion by

1£50- g hndar @ RReymatic, 20 pressuse 0&@&&6‘5’?5&8&&‘” Blasting..ry

nozzle had a rectan#ular ejection hole of 1 mm 0 mm and was

. . y ! .
(%haBedUReThhE sBiffalid bPIHERIUL b8 sTRRAVE P a TSGR P8 BE aWikpusly
taiengrotessingtechniduaindeVédatdeing dfie 2Esasdbkatstiagaoztieck by

1€ONERYOVRIY FRIAlleLID ¥ @Kiss e FBRViRa & distanre O Riteh 8f 20 fAMor the
Slil%g(taxist, dire%tioq{ anddsgﬁ)n as showq:in FIG,.t4_. From the previousl d
measured valaes, the proce%s?n%pl%?é: inBEPhESRR ot Wasr egenerate

PhoEaRASH (& B Soadig/ e DOl THa e direife bhthesstntblasinghozke is
hovax eebibled Magenrdarite with the geeessary sufficiest auaatitye he

réﬁ%\?&&d&@%"@ﬁ % '889.9} %%ﬁg?ﬁ@eﬂﬂ;\{? %@t‘,kj:)r.{gﬂi toaa eo:tucprtmation
| I

materidal to be removed determined on thé

1) a flattening quantity o
© a%o?ﬁ@&ﬁ%@ﬁ&fg SHAL RS sTHREE FBhPard BEEK sBfadd®and
phihé oprralicsnh Hisrebetweappaftiie Wrge-Sizeglesg substidted - 2hstockask

subite-yedicakatifideovhiel ale optained By SREAINBEHFERaWINg IPe 5

l1‘IaIt1 6ss of c}t@e n}‘Eroipt anglf)ack_ %%rfacesoqlft e Ia,rge-sae glass substrate )

d s?ocq'k nheTvERCaatfitdeqi. S in RoMER Whdid s BénB&Rs 1y 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 subsequent both-side or
single-side polishing. The feed rate of the processing tool
was 50 mm/sec at the portion of the substrate shape to which
a smallest quantity of material removed was assigned 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 um. The secondary polishing step used a pad
of expanded flexible polyurethane as the polishing cloth and

colloeoidal silica as the abrasive and assumed a material
removal gquantity (or depth)} of 5 um. By the repolishing

step, the substrate stock were polished away by 20 um on each
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5 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 substrate stock by its own weight, calculated from the
thickness and size of the substrate stock and the support position when
the regenerated 10 photomask substrate (resulting from the substrate
0510514 1% Az CRipl BROUES-Z) ALY HBISllg! IAPR BN botn
given by previously taking into account a deformation 'of the regenerated
thshothadk SEbstrafeeEa ey thelhstohiakesdbsahie s e wheasured

tdhe fegensiatedphotomask de substrate: isssuppostedsn the gyposure

apparatus, (4) a quantity of material to be removed given by previously
(fakihgeims dtequntah doougddy distoridori 67'a phnén farssuppokting thed dome

mother glass, and (5) a.quantity of material tQ be removed determined by
SR ouo DA A SO 36 Ehankihe of ThRedt e S Rkg ent
PHsothwsitsos srgfleaide dalishivgl Fontfedd yateegfdhd pravessixipgasolice
apas-a@ MMsecaidhg aadion afdhe spbstratershapede which asaallestinis

guantity of material removed was assigned on calculation. The above

CHFR SRR e rforinb 8 'ghastth e 258uRRcSL LeiptaqdeR to the
(@Q@r@@%tm%%%@ﬁi@ﬁ Ks“@?é@PQLiﬁr?d % ALOQUDIESIdB A+ 4

polishing tool. ecifically, the repolishing included primary and
swecbndéry paishigg atepba The psintely palshitfisiémesed dipagbafa30 length
_ expanded rigid polyurethane as the poljshing cloth and ceriym oxide as
- R e e R PR S LR ek SEABED of 16 m.

The sétantlarytpelishirapstepased alpageofsikpantbe flexibkk - forming
ngﬂ%éU rgﬁﬁﬁz%%mes%%mﬁot@@@&omgﬂ"% aﬁf&é&nﬁmﬁ%ﬁﬁn-fim

assymed a material 35 remaqval quantity (or de of 5.gm. By the .

D TN Aol e Bob At v d O Ry By Py eaphic
Phedepmazd of st et MRSk RHEB S A dFBIPEE $4n in TRErdd betl e a
chstsfaces. Thawafielnheayrfdeafiedess Wwasemeasti®de of the glass

substrate using a sputtering system. A photosensitive

composition, typically resist was coated thereon, exposed

imagewise by means of an electron beam apparatus, and
developed to form a pattern. Thereafter, the chromium
thin-£ilm was etched using the resist pattern as a mask,
forming a patterned chromium £ilm.

The photomask 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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to find that the surface had a flatness of 13 m (flatness/diagonal length =
2.3x10-5) and was of inverted dome 5 shape. The parallelism was 2 m.
When a regenerated photomask substrate is horizontally held in an
exposure apparatus by engagement for free motion at four sides, this
corresponds to a flatness of 2 pm on calculation (flatness/diagonal length
= 3.6x%0r6) phitis MEAne hapa Be1wbsiTathbaviag rftaaassiophBtomask
{ieesydianonal lenafh, 4,041 0:5L0g lorigegial alijuds iobtained.
ext, the regenerated large-size™ otomasﬁ-formmg glass Ubstrate
SuhSAERAS HloWdéd Rt dRBnfigH Aih-Hfd R BY athrodess sament
md o exrconvEgionabkthograghics] wphotomsaskisubstrate inaeLfabidrirg maximum
rocessf Sg cificall¥l, chromium thin-film was _formed on the surfa&_cl:e of .
énala?ss Sib&hEl inag ?%B&Eélﬂ’nd”?ys‘%m‘?i\ pﬁ?ot%?énscfﬁ'\?er the entire
regphepo siton. tyhioallytieeispamns mvatedl thetgdorexpesée nidiagewsely £rom
thrge%ri%of an %!{e ron beam apparatus, denO developed to form a
pattern.e:ﬁw'erea er, the’Shromium- thin-film‘was etched using the resist
pattern as a mask, forming a patterned chromium film. The photomask
Exgahslratezwas horizontally rested on a substrate stage. While the

substrae w Q%@&%QOQP”MX%{? tbg Sfb&ggterveﬁag%gﬁregxaééwe that
peripheral sides on the upper surface by suction usihg porous cerdamic

RS HhVART S D RidRR B ATEAT K RIBS AL PldteSRreHgRl &fd 520 mn
x Gudiomied tof deediting B barizppaldiedion. Thgsaucion pitigsess of

1 had a flatness of 1 pm. 30 On the other hand, a stage for chucking a
0m8tH8’i“glass to be disposed beneath the photomask substrate for

exposiee werdinishictitosaatmass 08 snoefe vy lasdplastn tHieviigra the
ensize-ef 3@y xJW0UBImaNGathiskress afl.d JBMeWith ni tigknesgniror

within 2 pm.was rested on the stage. -29 The praximity gap between the
e A % P o e or =0
umoverd & minimum value of 47 pum, over the entire region

excluding the peripheral regions extending 4 cm from the

sides, with a gap error of 11 um.

Example 3
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
um and a minimum value of 47 um, over the entire region

excluding the peripheral regione 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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substantially the entire region using a laser displacement meter. The

measurements of proximity gap included a maximum s value of 53 pm

and a minimum value of 47 dun, over the entire region excluding the

peripheral regions extending 4 cm from the sides, with a gap error of 6

gm. Example 2 10 The procedure of Example 1 was repeated except that
' UpH 4% Sfsp RGBSl Bad #5170 b330 Y KO

(diagonal length approX. 954 mm) and a thickness of 10.0 mm. The
EhrBimREgapiwas nted¥lired over substantially the 15 entire region using

a laserdisplpeement meterap heas aasdmmeds ©F roxdmity gaptineuded the
erft TRXIMUAD VA&, Qt a8 D angka migimuym yalye ofi4 f.am, pver fhe, entire

region excluding the peripheral regions extending 4 cm from the sides,

m%ﬁ?ﬁ%ﬁr@i‘rﬁ)r?ﬁ BERH158 B of7fte 3FHe AU Féaa‘fl%hwﬁl%lfﬁ/a‘%f 61

unfepgates excephihat vhewseddarge- aﬁe pHolMasiesdistiate had i size
of 850. mm x 1,200 mm (dla onal length approx. 1,471 mm) and a
HATARHEDE A RO THETHS TSSO AR Gt drom the

sisubstantiaiy the enfireregien asings laser displacement meter. The
measurements of proximity gap included a maximum value of 59 m and a

minimum value of 47 m, over the entire region 30 excluding the peripheral
EX@ER ktending 4 cm from the sides, with a gap error of 12 m. Example
4 The proceguee-efibxampie Exasyepeatedexceppiiato3b tieckwsard that

tn@rafseiae PQB%%%&%U %%'E?E%:HQQI@ YEBOLL 220 s 8008, 220

(diagonal length approx. 1,857 mm) and a thickness of 13.0 mm
mmproximitOGapvas Feasstrad olengibstanwaliyxthel . 857 mm) and a

thickness of 8.0 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 61
um and a minimum value of 46 um, 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 1,260 mm'(diagonal length approx. 1,471 mm) and a
thickness of 10.0 mm. The substrate was polished by 20 pum on

each of the front and back surfaces, i.e., 40 um 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 flaitness was then measured to find that

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

= 2.7x107°). The parallelism was 2 um. Local steps were
observed on the thus regenerated large-size photomask

substrate.
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entire region using a laser displacement meter. The 5 measurements of
proximity gap included a maximum value of 61 m and a minimum value of
46 m, over the entire region excluding the peripheral regions extending 4
cm from the sides, with a gap error of 15 m. 10 Example 5 The procedure
of Example 1 was repeated except that the used large-size photomask
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maasured over sm?slfanuélf}’/nthe entire région using a laser displacement’
remealetable fMeasurements:olpraximilyp Gapan clutledta aaxiilayvalad afength
61 m and a minimum value of 46 m, over the entire region excluding the
= Periphelal tegioRSERREMITHG 2 FPRSHtHEPSdes, with a gap error of
15 pmN&amparative ERampia 4 The @ded igessizeyhotamask sabstrate
pridacha sizg ofn80 Mmxk2RA MMJdingopatlengthari0%al 441 dPBdea in

and a 25 thickness of 10.0 mm. The substrate was palished by 20 m on
PI&GH Sfth8RoRtRNE PRtk JBRAEEEHR:, 4077 PR ?B&}té’dgﬁﬁﬂel"sﬁ‘&e
megalishitg tovkas isbeaimplells Mithcthepreviolsly taRiagantouscooginetheaser
aideflestiamy s meighhel hes siifacanliainesowag Hign Measusre to

find that 30 the surface had a flatness of 4 pm (flatness/diagonal length =
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deflection of the substrate by its own weight obtained by computation was

exjddetiitoghd nieastiredvilye, tigiegsultaht flamegs pvasralvoutd®3284m um .
(flatnegs/dipgopgllgaoith sl 8% L0 ¥ RHERET FLONEX SHARE NS haa
as in Example 1, the glass substrate was processed into a photomask

no&uk}%‘ﬁ%?e,W&?ﬁ%\g%igﬁbs%qnexlmsu e apparatus side.

Comparative Example 2

The procedure of Comparative Example 1 was repeated
except that the used large-size photomask substrate had a
size of 1,220 mm x 1,400 mm (diagonal length approx. 1,857
mm)} and a thickness of 8.0 mm.

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 um (flatness/diagonal length = 2.2x10°%). The
parallelism was 2 pm.

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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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 10 included a maximum value of 320
pm.m and a minimum value of 120 pam, over the entire region excluding
the peripheral regions extending 4 cm from the sides, with a gap error of
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both the surfaces by a total remova
polishing tool, whereupon the surface flatness was measured to find that
the surface had a 25 flatness of 4 pablatriess/diagonal length =

2.2x10"6). The parallelism was 2 pm. Next, as in Comparative Example 1,
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Before After regenerating process regenerating process Proximity gap
Substrate Horizontal attitude size (calculated) (mm) Flatness, front/
Parallelism Surface Surface flatness flatness thickness back (Fun) s (pn)
(mm) () (Fun) (pm) Parallelism Maximum Minimum Error Flatness/ (Fun)
cratM@un) (pm) (Fun) diagonal length 10"6 253476 13 X5.0508/88 13 2

1 3:6%2 2.5x10800 26/30 10 23 3.2.1x2 10'6 3 58 47 11 85%(1.%% 23
x10.0 5?5% %}f&?%@ 4x10% 3554712 "4 1.230x ?ﬁ%osl 120716243 3

compri 3429 Fhg13.0°636°6F 46 15 5 1,220x1,400 15/20 16 560 3 2 6 1.1x10"

3 61146 15:1%8.0 850x1,200 4034 1 x340:0 20429 31818 2:1.3x202320,s¢q
1arge]"'~29, ZOEJp maw zﬁv%’zs%oxsl %gg 26?:/28 %%\?fm @559 ?a]i8%1§9260 AC)J(TS,E)O gfs -

5 310" 233 Cl'AiMs® °f. X method of fécycling a large-size phatomask
formigibstiates cormprsmgethe-stepstof: () repoving atpatte et ight-shieldihgs s
subs il Fog aused Jarge-sizerphptarsask subsyrate 1o pravide.a largessize. «
at lé£§$¥ﬁ%sﬁﬁ.and a thickness of at least 3 mm,

(11} resurfacing thes glass substrate stock using a
processing teool of sand blasting,

(1ii) 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-shieiding film of the blank into
a pattern correspeonding to the desired exposure of a mother glass,
vielding a regenerated photomask substrate

which is to be used in a mother glass exposure process
including attaching the
regenerated photcmask substrate having oppesed sides to an
exposure apparatus through support of cpposed side edges,
dispesing adjacent fo the regenerated photomask substrate a mother
glass serving as an array side or color filter side substrate in a
TFT liguid crystal panel, and irradiating
light from the exposure apparatus to the mother glass through the
regenerated photomask substrate,

wherein 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



forming glass substrate stock to be regenerated, 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, (ii) resurfacing the glass
substrate stock using a processing tool of sand blasting, (iii) repolishing

£1at NErEsYraced glass substrate stoek fo,yield aregenerated glass oy q4¢x

~ substrate stock, (iv) applying a light-shielding film onto the regenerated
of thrss subsrate stoek Rryieldis Fgeheratedhargersize photonaskk

sur ¢ forming blank. and (-processing theslightzshielding film of the blank into
a pattern corresponding to the desired exposure of a mother glass,
vertyietding atregefératéd pRotontsksubstratd whieh & 0 be tsédiivda L

gquanMotherglass expasure progess,including gitaching the regenerated
photomask substrate having opposed sides to an _exposure apparatus
tHroGgh SUPPETt of BPPOSE Side Bifes S HsHdsIng Edjkddnt 16 e 9

calclegenefated-photomask substeate armotherglass-sening:as:ananay side
. or color filter side substrate in a TFT liquid crystal panel, and irradiating

Y LligntTHom thé Exposite dpparatts 16 e mather gidssthrGigrttig? ted from
the tegererated phojomask sulistrate, wherein said:step {ip of resurfacingiby ne

___sand blasting comprises the step of processing. the large-size )
5300 BRI (o ST e Lt6e ik ot At back Sufaces |
horiandtaadiagoraklength«of at teast 500mmiand a thicknessc gtatdeast=31

mm removing therefrom a -.34 flattening removal quantity of material

PR e e i ata ‘BT IHG Nabbss Anckbar AR of TR THerR ahdBaRE©

when sutfaces:gtthedargecsizé glassstbstratesstoek in the wertieahattitude, the
Iursea deform%&g-cogr;}e&tl\é% r%rgoval ua[i!t:{tg?g)f mCateplalb@rou lﬂ S Qd

e=p OEFaétina? the deformation-corrective remova quar?ﬂrtyjb%ing calcilated”™

for froppadeilectioref thetglass sulbstrate stoek exposed,

the regenerated large-size glass substrate resulting from the
glass substrate stock has such an arcuate shape in cross
section that the surface to be opposed to the mother glass is
concave when held vertically, and reduces the proximity gap
variation between the mother glass and the

regenerated photomask substrate which is held horizontally
when the opposed side edges cof the regenerated photomask
substrate are supported in the exposure apparatusg.

2. The methed of claim 1 wherein the guantity of material
remcved in sieps (11) and (iiil) is at least 20 um each from
the front and back surfaces of the large-size photomask-
forming glass substrate stock to be regenerated.

3. The method of any one of claims 1 or 2 wherein the
repolishing step (1i1i) includes primary polishing and
secondary polishing.

4, The method of claim 3 wherein the primary polishing

step uses a polishing slurry containing cerium oxide.



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, a
deformation of the regenerated photomask substrate caused by the
5. Pphetomask:substrate syppgrt when the segenarated phofomask substrate
_is attached to the exposure apparatus, and an accuracy distortion of a
poliplatew foiSlipportifg thembtiériglasstobe Bxposeds e regeneraten
oxi dlarge-size.glass substrate resulting from,the, glass spbstrate stock has

such an arcuate shape in cross” section that the surface to be opposed to
5. theldthetigiass T cRcave Rhért helebveitically tand redicesithe the

regeRIOXiMity 98R-Yajiation between the motherglass-and the-fegenerated
photomask substrate which is held horizontally when the opposed side

COrrgggesofite regeheritéd phdtomadk SabLiatd dré dhpp6red h the up to

4 . 8% EXPOSUKE apParatus; 2-Tthe method gfglaim 1 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. 3. The method of any one of claims 1
or 2 wherein the repolishing step (iii) includes primary polishing and
secondary polishing. 4. The method of claim 3 wherein the primary
polishing step uses a polishing slurry containing cerium oxide. 35 5. The
method of claim 3 or 4 wherein the secondary polishing step uses a
polishing slurry containing cerium oxide or a slurry containing colloidal
silica. 6. The method of any one of claims 1 to 5 wherein the regenerated
photomask substrate has a surface flatness corresponding to a surface
flatness/diagonal length of up to 4.8x10-s in the horizontal attitude. - 36



