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"DESCRIPTION LARGE-SIZE GLASS SUBSTRATE FOR PHOTOMASK
AND MAKING METHOD, COMPUTER-READABLE RECORDING
MEDIUM, AND 5 MOTHER GLASS EXPOSURE METHOD TECHNICAL
FIELD [0001] 10 This invention relates to large-size glass substrates
suitable for forming array side and color filter side photomask substrates
in TFT liquid crystal panels; a method for preparing the same; a
computer-readable recording medium having recorded therein a program
for executing the method; 15 arRESGRIBSI G exposure of a mother glass

LIGt¢BeRs3 TR, e Qﬁéﬁﬂ'ﬁﬁewﬂeﬁ@%%@éﬁn Al W (Y SEI%!THOD
panels. BACKGR D ART. 20 0002 enera TFT liquid crystal
panels are c5h %’ﬁi 3%5 Wﬁﬁ’ﬁ&h ui Wet%ﬁgﬁ%'aﬁs@/ade
substrate having TM‘D%@!&e@?%ﬁﬁth@@ﬁ%& ¥HBHORer substrate.
They are based on the active matrix addressing scheme where 25 TFTs
apply controlled voltages for controlled alignment of liquid crystals. [0003]
In the manufacture of the array side substrate, patterns are formed in
plural layers on a mother glagégm%lkaline glass by

[ 0e®ddating light exposure through originals having circuit patterns drawn

thereqm 00N 25 {akle sieg Rhalomaske, pdhe plRehand: (N8 68KEates

ilter side_substrate is manufactured by a lithographic process known as
sy ‘y'/@‘?r%ﬁwe??r‘énfp%@é?sg |ﬁﬁ@%aﬁﬁf’a€ct&‘édof%%ﬁ9§5%ﬂa§ﬁ%§&&%r
phdiktemsidls sshbsitest ggdsiZBFfhctdmaids crgsieadssanyefeor; ahigiethod

FoRCEHEGH Pf Hghteeasie, SL@hcowﬁ&%ﬁiZEémA%éSE%éEﬁr ﬂfg’r”ﬁﬁedlum
ha ﬁ%de of scynt eti artz j(:?ﬂass characterlz%d by 8 low %oefflu%?{ of linear
exp n3ion. 4] o tar iquid grysﬁﬁ pane?s have progres% g met

and a method for exposure of a mother glass for use as array

side and color filter side substrates in TFT liquid crystal

panels.

BACKGRQUND ART

[0002]

In general, TFT liquid crystal panels are constructed
by f£filling liquid crystals between an array side substrate
having TFT devices built therein and a color filter substrate.
They are based on the active matrix addressing scheme where
TFTs apply controlled voltages for controlled alignment of
liguid crystals.

[0003]
In the manufacture of the array side substrate,

'patterns are formed in plural layers on a mother glass such

as non-alkaline glass by repeating light exposure through
originals having circuit patterns drawn thereon, known as
large-size photomasks. On the other hand, the color filter
side substrate is manufactured by a lithographic process
known as dye immersion process. In the manufacture of both
array and color filter side substrates, large-size photomasks
are necessary. For a high accuracy of light exposure, such
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5 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, on the 10 TFT array side. [0005] Some

panels are manufactured using the technology known as low-temperature
Laygsikicore [phid erss HBhag b ekyistadiddivo hake aadiiveyelibgit bethguartz

g1lke-as-perherabrobon Of plasscasidefone e panalpiels: whidhsion.
{dﬁqgiesthtexposuneofh@herdeﬁnMon.[0006]Foratﬂgheracmﬂacy
of light exposure, there is a need for large-size photomask-forming
substriRsE@ibitdgaiso aigrHet §hraRed hdadaaPFIsRRE SHattie,

hiyhe/ SdieFurtect foars e Xpes T GRPatatsVGDO0XEWhilsxta metkaeds &fd QXGA.
THPTPECTRIAY [AF8-SiA6, Phelrpadksfosming, sybstiates, uillize for HalRess 100

correction 25 a reaction forCe against the elastic deformation génerated
PigRdE RELURCe kBBE & BFaRFad@ndeRRdcSEARS piliEn HRERSRATY -
The drawimatidithetiaw fHdhswrsteatp 3rr@éibgc@npse farger, taam geactibmpjooes a

s tSoNsidesl Mﬁfﬁée%ﬂﬁéiiﬂgé%giéﬁﬂﬁﬁ% QB PRYItG IIBTRRNE, on the
S

- oderate 30 ,ir(%egularities on the substrate surface. As the size of
B&taRs Fecthies larger, the prior art polishing method is difficult to
[ 0fI8H to the desired flatness. [0008] To solve these problems, the

inventgismeropased i 3rdPrArR03492346 ansiliyAt2(D4:329%dMagy
od for | ' e rge-sjize glas tr avi
K L B Bl O B i has

begss Sk n&Ss/BRIEBNE BRI EaxratstorEstNBoddfe on a

peripheral portion of glass, aside from the panel pixels,
which requires light exposﬁre of higher definition.
[0006]

For a higher accuracy of light exposure, there is a
need for large-size photomask-forming substrates exhibiting a
higher flatness in the actual use state, that is, when
supported in an exposure apparatus.

[0007]

While the methods for processing large-size
photomask-forming substrates utilize for flatness correction
a reaction force against the elastic deformation generated
when the substrate itself is forced against the processing
platen, there is a drawback that as the substrate size
becomes larger, the reaction force considerably decreases,
leading to a reduction of the ability to remove moderate
irregularities on the substrate surface. As the size of
substrates becomes larger, the prior art polishing method is
difficult to finish to the desired flatness.

[0008]

To solve 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
diagonal length of at least 500 mm, achieving a parallelism
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However, to perform multiple pattern panelization 5 through a single

exposure for the purpose of increased productivity of panel manufacture,

there arises a need for large-size photomask substrates having a

diagonal length of 1,000 mm or greater. Glass substrates are required to

isfy both large size and high flatness. In the case of 10 such large-size _,

o%%?s g‘l}bs?trratggsssorra\'e c:lmgs%{}'s% it e/ %Jéacl Mes de %Ié‘%ﬁhor?%ega &P
ordegfitude where it is held horizontally in an exposure apparatus, failing
[ cCecyuire the desired flatness. Since the deflection of a substrate by its

owin WL, el SERERaMofle N U0e gt 13 TEKAGSS, 16 3z

enlargement has a propensity that as thé siz€ o a substrate 15 Increased,
EhEOBRkRsS A6 FRRRREESASATeEhR, MBIRAGR Gafdecsivegrsds
prawbstratesiisalscinceeesk dndtris flausttesire dithdwwezar 1getlod afeed for
1afiRftening suchlaias:size dlasssylstates, 10,4 Ql%ﬂ%&&gﬂf fi%*ﬂg%% of
1 CLOSURE OF INVENTCI; N PROBLEMS TO BE SOLVED BY_ TH

' RPN B5265F TheprREEnSRPETSHREs BESH HERBHFSRWES!
safhbs foReEhcurasaaced. Rmbbdinterab of fretinesstion Seekte prevideot
su@ﬂargahzsg@' i @%&hs?ha@essﬁsaa@afgéﬁr% ' %FRH@QWQSK&’QEEQ%

that exhihit | atness when he orizontally.on actual use in.an .
b S A e e Bse WY 45 hela
h°€drﬁﬁ&t%?-3r§<maime FECHRHPYS IR FRRRT MR cofdtlthemitia pregrdme the
derepreskniibg the ssethad. dosbetisenis Détheiisretorafusiies seakdd by its

rQyi og_fot: e I fQr use as array side

O ot sle St e e T By o T ceinS 8 AR

ChigEpeEt vINBeT e PROBLETASNEO L AT MVBRRPShETE Rakhaflyas the
sigded ia osddrstoratteinibe tboveadbiat]. Ata redultithe swehsoratwye

inefQH¥biat aplarge-size@lass SYRSHALS ghtaingd Eﬁ@é’ge@fge glass
substrates is also increased. It is thus desired to have a
method of flattening such large-size glass substrates to a

higher level of flatness.

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010]

The present invention has been done in view of the
above circumstances. Embodiments of the invention seek to
provide a large-size glass substrate suitable for forming a
photomask substrate that exhibits a high flatness when held
horizontally on actual use in an exposure apparatus; a method
for preparing the same; and a computer~readable recording
medium having recorded therein a program representing the
method. Embodiments of the invention further seek to provide
a method for exposure of a mother glass for use as array side
and color filter side substrates in TFT liquid crystal

panels.
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to be described below may be improved in that when a photomask
substrate formed therefrom is horizontally held in an exposure apparatus,
the photomask substrate may offer a high flathess enough to significantly
reduce a variation of to the proximity gap between the photomask
substrate and a m%glaﬁség%}gﬂgﬁgﬁg a%ﬁ@ﬁl%f lor filter side
substrate ina TFT %e—paﬁm%rly, when the
[%6mask substrate is 15 horizontally held in an exposure apparatus,
substrattee chnoking orearisavay éactnee tieys disidiedpsifde sHeortin
atihich St:t@go'aﬁstseorbt:g:@er swiaceaidhe subgirate; glong.edaesy, » e

%\ ur or.two side supporf), and the substrate downside support in which
£opR R Sireb B S5 8T oAk Fhthe<RnE¥af method
tdoker dadacd b gbedges fugndiy twamitdersubport) Hmegithéhaneans,

phvhendux Photeasksubsitaleds Bamﬁemhelg thenhlepasky held in
substrate may ¢ deflect nd de%czﬁr |t% own \i\c/elg This deformatlo

Amaybecome exaggera ea asThe ProToRasr SuSIRES R e B éF&eYT &
highsifd afpesdefReayvgllietsintignifagantbaseednertian viti@tion of
theropinaiiyi gappetysebiberpbatothasicdistiniaand aupeheeglassd a
moPRAES Qggeagg};@g_r%hoggmgikggg SyatesfaL eéoosur o% f%ll  side

noticeable negative impact on the expobure accuracy. 3
“ﬁ?&%ﬁoﬁf&dﬁc%ﬁhe‘ﬁfﬂhﬁuﬁaﬁ%nﬁﬁ&?}m the event where the

[ODHssIrate upside support by suction is utilized in supporting the
photomasls SHRStAER AN $XPOHLE 2PRATUHS IS IS-ARRIIEA-80.25 s

to dIS 5 the sybstrate upper surface edges upward and outward to

bR SR FETBRIN AR (RIS TR R HRo. SUBRSTES the

chaygisinge deansideastpporlivdrsilitéeinsuwb stpporiny iisd ghotompasiect in

whSlIStakR: i eaaewrs@pe@éateep@sd%@ﬁ@éosr@ igrapplielde hse

al n% tadeg@e substr esug posmont flmllarg eﬂuce‘t‘liuh ate
8 ectloﬁ arounaltﬁe hbsStiate cen?er Fwevet, thist me

downside support in which the substrate rests on wedge

supports in contact with the substrate lower surface along
edges (usually two side support). In either means, when the
photomask substrate is horizontally held, the photomask
substrate may deflect and deform by its own weight. This
deformation may become exaggerated as the photomask substrate
becomes larger in size. Such deflection/deformation may
increase a variation of the proximity gap between the
photomask substrate and a mother glass disposed beneath the
photomask substrate for exposure, giving noticeable negative
impact on the exposure accuracy.

[0013]

In the prior art, for reducing the proximity gap
variation, in the event where the substrate upside support by
suction is utilized in supporting the photomask substrate in
an exposure apparatus, a force is applied so as to displace
the substrate upper surface edges upward and outward to
reduce the deflection around the substrate center. In the

event where the substrate downside support is utilized in
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5 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 10 substrate becomes larger in size, a larger force is

necessary, rendering the control more difficult, [0014] Another method of
SURGRG Sl s B RIS TP i TRG PRGBS TRRS FifcFRREZatus
a pesmuatshetbinche 15 \apnddledtitbde thes aduperfont svicflevhdrethe

suphaieReskssihistate phglpsssubstateiininyeased-wsiee tagldiagdendction

len at least 500 mm, spegifically at least 800 ,mm, especially at least,
a0 T G TrS, G She paSY St barartE TG A BRa e
thenBRPdrattEast DR _Petifieams b aatsooinut hespeaaiguadeast
apb 808w, fremiehicheatrabsidelos Calaﬁofﬂbﬁé@idﬁaﬂ\d@ﬁ”ﬁ% Séh@ﬁ&f@t%ﬁe

[ jqui t . r measuring.t
o o g s PRORTEY S8 TERE R o
the RGRGSi i HefdrelRe e G 61 AdthirgheTseMBeltgr control
thiatditerencd fringe saprlld tabet scaimeng wdohimiguee in ilichladagero tomask

sutisRlagement il UNS g LFONIRIty 19.the drops apd bagk suifages of the
substrate for scannin 30 mett]fod f holdlngé]‘ae%%%bstrate during the

. Th (r)'d

ne R ol Aol T HOMAP oAk hbetrate is
[Ofb4d often held horizontally on actual use. The reason why the substrate

is vertiady held waend® baness egdapgyadeisnyabiepbard pack forming
a SHIASER-AR @%%%quff%T%ﬁgéuslﬂfEC%'&Q MRS ALACTH AEhe

when the substrate deflects under its own weight in ?he ﬁorlzon al
vertitnft Abh ERAPsERRETs2RE URRZISPHBI hBRINy tesubdaaehgtomask
suhberizantallyon tb&expowrrbﬂppatatuﬂ;gaﬁmmsadﬁfmmltim megsuts a
1649883 UNdeigihe NG cONAHARS 3941 Hif, AEHBLYFTATEG ] 1east 800

deflection ,of {lie su%st_rLate is in
mm, especially a east 1,800 mm.
[0015]

For large-size glass substrates having a diagonal

length of at least 500 mm, specifically at least 800 mm,
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
include an optical interference technique of counting the
number of interference fringes and a laser scanning technigque
in which a laser displacement meter runs in proximity to the
front and back surfaces of the substrate for scanning. The
method of holding the substrate during the measurement is
traditionally vertical holding whereas the substrate is most
often held horizontally on actual use. The reason why the
substrate is vertically held when the flatness and
parallelism of front and back surfaces are measured is that
it is difficult to measure an accuracy when the substrate
deflects under its own weight in the horizontal attitude,
many diverse ways are utilized for holding thé substrate
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inverse proportion to the cube of the substrate thickness, 5 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 10 on actual

ill def | tens to hundreds of it
LIS b ot RSP TRy Bt bG R g i (HE £ Leutt

tmeassarmentBfaimascurangsaci- g fmmtﬂpémeﬁsrﬁ%f imnthe
asRdbacksurfacesba substiple istheisane as the Wwayeftsedskates in

lhoId| durin xgos%re thaé is, &%e tlm)ev{ en thu%é EErate {:%9_% 55
i the currr’erg\%s@ajﬂon however o Method 6 accuratey measuring the™
tharRES BARTEFN AEnFEPRdMaHR 1ike sedaiasmeRlindhat u*émgckness
itheadaroe bubstaledinldingaime hbs berowevetopesudhentthe from the
al Hr%@eete%aeélﬂnessgoﬁ ravedlelism o frenk.ard bask Rukfages

a substrate has to resort to the measureL ment method_on a substrate in

fﬁ%t@éﬁﬁa?ﬁttﬁjfélw&ﬁ&}’e? R Mivess db R Eiatg the vertical
alnighburemadist hethodidubstaraiady alffereonrthafiatnessof thehsubstrate
olrgessizeiPhatgmssk suhstiateguonheldd ap25 @XOSUFS aRRARES of
0016 Re g)eren e is made tQ t?&flatrg\?ss of urrentl¥ avallable %Iasi
sﬁ%s? tie %sjrarsgecé"l’?e Eﬁ sk Substrates Jor ‘Ia exposure for
ofxaMpRtYHten h%@enateimﬁﬁ@aleeaﬁ%emwx%oeﬁhnesﬁ&ﬁacy such

athigknesa ©f 5 maa gxhibils re flamesefkliaganat lengih bhup (e 6xE@6es of a
sg@§¥?§%4wy%)ﬁﬁbm Qﬁ%mgén{@%VQQ§3U§“§E§%Hﬁﬁé@bﬁgﬂﬁing during

provided |t IS orizontal four-side sm&esupport will undergo a

CHeMSUHbH rbﬁ@&wﬁ%meu&ﬁﬁmﬁn&ﬁ%o%@ﬁo PR B8 A& sifagindse- In
tlengthuet4iix 1@ Br{flatiess .- S oweas: estimatact: birodatefiaksirengite 1y

mEACHAYRR: Wﬁﬁ @EE{%HL% Qﬁ&u@waqxrwfs*aprgpnﬁcﬁ{tﬂugﬁdﬂ@ack

fIatness is‘around m. Also, when a substrate havm%a size of 1

Y0 R A AHIGELE BF 19T IS R BB B LA Tng way

has been developed. Then, the measurement of the flatness

£ the way

and parallelism of front and back surfaces of a substrate has
to resort to the measurement method on a substrate in the
vertical attitude. However, the flatness obtained with this
measurement method substantially differs from the flatness of
such a large—size photomask substrate when held in an
exposure apparatus.
[0016]

Reference is made to the flatness of currently
available glass substrates as large-size photomask substrates

for TFT exposure, for example. When a substrate having a

size of 450 x 550 mm and a thickness of 5 mm exhibits a

flatness/diagonal length of up to 6x10°° (flatness ~4 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 4.7x107° (flatness ~34 um) as

estimated by material strength calculation. Then during the
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length of up to 6x10-6 (flatness -11 m) as measured in the 5 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 1.3x10-4 (flatness -243 hem) as estimated
by material strength calculation. Then during the 10 actual use in the
horizontal attitude, the flatness is around 243 pm. With respect to a

AR tidR D Sch R RO ROt hEiASis thREn FiipeFnks around

34Siglg of expesyreyePRaktdsIinsthearior Rty bHgbecames difficult,apa x 1,400
result of substrate size enlargement. 5,[00% In tr%% sgecif%?t' n, the
o SR FratbB T TS S b frateis e STHACE WRich B BRPfoHS GRS

Ledidfitg expaguredi.ex thetloper surfaes). The tanm "sifacen flairessiis ahe
the front surface. The back surface is the 20 upper surface that is remat
VOREHTRE oo JASs ALty SUbRC (00 AT LeSand er® HeLd by
hombpafskake B Mye i §H58 1 RHRRET the itléAtol8 A&FEfouthd that
dewheraifinallyy25 secessarysdifnie tvprocrssiog crepditydef naatesial to
be removed (for flattening and deformation-correction) and an _area to be

£ st Res s fARIeRRIMhEA B e dtprendridilely (ARG HRfFaccotm k) as
e squaniitied (bytan®) er {810 44 )remonhdy (ed dlatiehinghquamiitgrof duattrigl the
adeRfrenveddeteimingd 0,30 the hasis ehhsight datasfihe datness arouna

and parallelism of the front and back surfaces of the large-size glass

24subgtrateWitbbk TiearRARHIGR ARitOAE RRfch e Gftaredthyiatéatdigns.

co@ﬁ@é&ﬁh&ﬁl@xf@tmsaﬁﬁt@ﬁaf@&%&@ _QBHW&:I.{@D@ fad hﬁﬁkéjdﬁ@fj@%@f

aph§. 21055128 olges S“P%%%t.ea%%?toﬁﬁﬁ‘ H‘e?c‘c’ﬁ& '%a'ﬂ‘%“é?[%éh%’ NG resuit
tate where a de fection y its own weight in the horizontal attitude does

of 75 peEal S (B Eustihr5ERMEES at to be removed given by previously

[ Olakiny into account a deflection of the substrate stock by its own weight,

calculatgd f0m e NGNS POH, the front surface of the
substrate is the surface which faces the mother glass during
exposure (i.e., the lower surface}. The term "surface
flatness™" iz of the front surface. The back surface is the
upper surface that is remote from the mother glass during
exposure.
[o018]

Addressing the manufacture of large-size glass
substrates, the inventors have found that when a finally
necessary/sufficient processing gquantity of material to be
removed (for flattening and deformation-correction) and an
area to be processed are determined by comprehensively taking
into account quantities (1) to (5) or (1) to (4) among (1) a
flattening quantity 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-sgsize 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
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size of the substrate stock and the support position when the 5 photomask
substrate (formed from the substrate stock) is horizontally supported, (3)
a quantity of material to be removed given by previously taking into
account a deformation of the photomask substrate caused by the

o) su ate su rt when the photom ksutgtrate is supported
o . o e B eyl (Gyen by

PREYCRABYFr AL LS dSRPfiHoPa PRFdeR sapRiititgehesubstrate
s tmofhebylass s aneis e fghmtjty ©f eaitHale D Fespmeved SrsRWEbYnd

sﬂsviefsluﬁ@kiggg@eﬁwguek&@gn&%ﬁoftihaem%%}ggmg S%%%ec S0 yhen the
both-side polishing or 15 S|ngle-5|deépollsh|n it pérformed; and when a

PHRSERAT TBIrRESUAERARSSoEE FimbDE FHPE tdiRkRoR P ek is
hogzoatadtbrk surdRee tegroces’ the pspettiveysouifacestefrihel to be

resmboliatessteek; heremayiRaahigineda 1a1e$i28 Yass UPSHale fFormation
at least 1,000

ing a.diggonal Jength of at least 500 mm, 20 especiall
o e (e R RBI PO o B Ro AT S TR s trate
SURRRGE. Yhen, Wwhen BhplomarisksibstastorhedIrppdr-ige sizehe
exglastissibapipteria swpportey ik agmexpeswP aParaitsra ¥ariationdfthgoved
asPTOX T daR Betuegh the %hoc%%m%%%g? Q%t{-.agt%@fgna %ir'g‘;tgffa%'s‘ésfor
servmg as an array side or color filterside substrate’ in a Iquil

SURBSEFpaAfel they Betatcatl aafinalify 6P nifig iRt htyd od material
tocdreectiomoretth echide i ihe @Xpgseappataily. AaRIRGUILHRS account

chARXIDANGaR: Matialian %9%&%&%@%?%%% Q%gcléngzolishing or
.empodiments of heﬁ?xr_esent invéntion, provided that the least sSquare

S1BEnéca cf‘??at@&’ hP ARt RAGEPTELEYS 2B KBeRfarPERTRARE NS
tomé fanddseofthb stibstrates oitle sisn mbaedaximubhébiohde vate) 88" the

swﬂgkﬁiﬂéwﬁwﬁé¥5@ﬁﬁﬁ%&%¥€@Q@g$8%§33E%gi?géﬂgggﬁy%hgﬁrfaces of
surfage_under test and the yeference surface,as shown in FIG. 1. The
th atﬁ‘e%ssi%ré’l&]%rglklol?ndwﬁ:%%%eto’flaﬂ’nlé?gat%'fﬂfeadcﬁﬁép FIRPIFR g ze glass

subg Rl brifesusidiesereldifarath "othatwebazst 500 mm,
especially at least 1,000 mm, and a flatness/diagonal length

of up to 4.8x107° in the horizontal attitude. Then, when a
photomask substrate formed from the large-size glass
substrate is supported in an exposure apparatus, a variation
of the proximity gap between the photomask substrate and a
mother glass serving as an array side or color filter side
substrate in a TFT liquid crystal panel may be reduced,
eliminating or mitigating a need for correction on the side
of the exposure apparatus. As a result, the proximity gap
variation may be readily eliminated.

[0019]

In embodiments of the present invention, provided that
the least square plane calculated from a surface under test
is used as a reference plane, the flatness of the substrate
is the sum of a maximum (absolute value) "a" and a minimum
(absolute value) "b" of the distance between the surface
under test and the reference surface as shown in FIG. 1. The
flatness is generally known as a total indicator reading
(TIR). The
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maximum and a minimum of the distance between front and back

surfaces as shown in FIG. 2. The parallelism is generally known as a total

thickness variation (TTV). In FIG. 1, 5 numeral 1 is the substrate, numeral

11 is the surface under test, and numeral 12 is the least square plane. In

FIG. eral-1,is the substrate, numeral 13 is the front surface, .and
P e A P ACC S oy Bod o pGresn 2
MaFk st dn fe MR BIVIRE a it asiaRsemike vgesifngiags and back
swifstrate, @s nedibed fampreparing the Bae g araethetlifenthesexuasere 0l v

xnBpHes 91ass: 3pd 2 qqrupwiereadanls 1qcqudingmeqium.as gefineq
below, 15 Claim 1: A method for preparing a Iaﬁgte-sae%l%ss substrate,

PUPGHthich AHHomEER SaBS At iISYRARAL tHe phGtohakuipsaaR under
telsding amdd memethel glass &ksoslee ptocegsanaugihgrastaching BIG. 2,
nd%ggwaaﬁk§§b%%?£éﬁ£§%@aﬂépefﬁﬁéﬁg@sﬁgaﬂéﬁ%ﬂé“?ﬁ%ﬂﬁ”@&?&aae,
through suppoyt, of opposed side edges, disposing underneath an
ang‘djra“c%nrﬁ]féi thééphab?or%%‘ék%ﬁ d¥tr ’gra Mother glass serving as an array
[OKdE br color filter side substrate in a TFT liquid crystal panel, and
irradiaﬂ&@&a‘ga&fﬁ@mytbe@@@a&i@eamarawsﬂaezé,ﬂ&wgrg}@i&ion
t e suhbstrate, said method comprising the st
e L L e S L L
nedfipd cSUn P ERRHHAF cHth §PMSeadt TRRPdaReR thekroRafere of
molehst4 gimsntp thedargessizgglass 3Psubsivbte, hydembvinrg thesafiam as
deldi Adlatiening removal quantity of material based on height data of the
flatnegs and parallelism of the front and back surfaces of the large-size
Clﬁlé@‘s Sibstrate stock in the vertical attitude, plus a deformation-corrective
removal gedititd of matenEpa s ing defolmagen-cbrectNaremewdstrate,

£radaniity being salsulated frogntdd e-deflection of thesubstrate stock by

' i ' i i Iculated from -9
Its owr"cﬁvee I%mc;%é%%ggnzs%gltﬁ:g@g ebecegng usaé r:Pn. a mother glass

é{e, a

exposure process including attaching a photomask substrate
having opposed sides to an exposure apparatus through support
of opposed side edges, disposing underneath and adjacent to
the photomask substrate a mother glass serving as an array
side or coloxr filter side substrate in a TFT ligquid crystal
panel, and irradiating light from the exposure apparatus to
the mother glass through the photomask substrate,

said method comprising the step of processing a
large-size glass substrate stock having front and back
surfaces and a diagonal length of at least 500 mm and a
thickness of at least 4 mm into the large-size glass
substrate, 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,

the deformation-corrective removal guantity being
calculated from (2} a deflection of the substrate stock by

its own weight in the horizontal attitude, calculated from
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* the thickness and size of the substrate stock, and the support position
when the photomask substrate is horizontally supported, (3) a
deformation of the photomask substrate caused by the photomask
substrate support when the photomask 5 substrate is attached to the
exposure apparatus, and (4) an accuracy distortion of a platen for

supporting the mother glass, wherein the resulting large-size glass
they stk agssdenlal breusE sHape frbrRssaketisit atdt théRbrfadeto
suppoi@ oppesad imthehenthdiglatsis snaskveswhenheldvardicalby hndntally

suﬁ%‘&c’@é&he PEOXiity OAR YRrAlion bspves e, other (glass And g o

photomask substrate formed from the large-size glass substrate which is
cangRh iz ohbfy RIS IS Ep SRR SRE S RLRRA Tite PRSI nTAK Photomask
subsalistedte ais sappartbed the 1bexpapwraappapparlaim,2:dik (4) an

acEthed ofglaire 1 ndiereip the Jmearla%_f%lefsﬁimaﬁ%%@ﬂ%@%mer
rocessing (for flattening and deformation-correction) step, the post step
?Eolishing the 20 glass substrate on one or both of its surfaces, the

deformbigaie&orrby erasidial RE ahity TRy 28l Wi@ed bytbakaate has
suadding (8)-achasgedflatnassdydbe pestsiemoipelishing: Gairdcddto be

opégog[%@e%d 8'%@%'85:2%%?{]?”5@6 é%rHS'X,?Q SigR U%?él%ﬁé?&ﬁ%i@gny,

sand blasting. Claim e method of claim 3 wherein t
anfe REARG e p-ISing T HHOEESEIf R ol SN RS TR st or R it e ™
glaerstantd 30lprepdurofiiaiin Siilletmettodfohmiaid 800 Wwherelmttge-size
1528030 DIASHRG MIESRAIULIES N M, SHICOMIGXIGR AP B pposed

. oxide _or silico rbide. -10 Claim 6: The method of any one of claims 1
Sl@?S%ﬂﬁﬁanq#;% e photomas sﬁLstrate are é%pporLeg'ln the

exposure apparatus.
Claim 2:

The method of claim 1, wherein the method further
comprises, aftexr the processing (for flattening and
deformation-correction) step. the post step of polishing the
glass substrate on one or both of its surfaces,

the deformation-corrective removal guantity being
calculated by further adding (5) a change of flatness by the
post step of polishing.

Claim 3:

The method of claim 1 or 2 wherein the removing step
uses a processing tool of sand blasting. '
Claim 4:

The method of claim 3 wherein the removing step using
a processing tool of sand blasting is performed at a constant
pressure.

Ciaim 5:

The method of claim 3 or 4 wherein the sand blasting

uses particles of cerium oxide, silicon oxide, aluminum oxide

or silicon carbide.

-10-
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surface of the substrate stock at an arbitrary position is processed while
the substrate stock and/or the processing 5 tool is moved. Claim 7: A
large-size glass substrate, from which a photomask substrate is formed,
wherein the photomask substrate is used in a mother glass 10 exposure
process including attaching a photomask substrate having opposed sides
to an exposure apparatus through support of opposed side edges,
Cldisposing underneath and adjacent to the photomask substrate a mother

glass paWinG:aRSA AraVasidecler el sifle quhsirate iha FETrioki:

stal 15 el, an |rrad| tlngl htfro the expasure apparatus. to. the
é’ ergg?sgt%hroué}h & aﬁotom%)s(f( su%}étrafle é)spdﬁérge iz8 g”‘I;as‘glon is

Pr@ﬁ’@ﬁ?&é |§’bi’d€ﬁ1c§6%y5\é%d"e’é§% éiﬁ?g&tsﬁz@dgi%s Slisstizge sRRRing

tobaving frasteand back surfaces and a diagonal length of at least 500 mm

Clé? a thickness of at least 4 mm, by (1) a flattening removal quantity
material based on he@t data of the flatness and parallelism of the

front hd"BAGES IR sDIARE |FYBEFFS fassTa Ml sl cr iRt omask
suberticaltzttitudef pluses defonevatidn-corrective removal quantity of

materighe 2 HB%%@JW%@BM@@V%G'B%@ QUANtitys reRicuIgieds

f flection of the sybstrate st it htin th
RSP HEHTER CAREINH Dt ChE TN oe APGETBPIhe R bERFe

hagibed, g ese&uphrpobionwisespireugisotspRekabbstrateriough support
ofhegzenially 80 sgppaded, (3) adeieimafiameldba hetoraask subfdat to
th%a %%%B%%%pg%@dg}?%égbé”x%ecﬁlé‘lpo&tl‘gg%” % g?.%trér?maaékan array

strate Is attache € exposure a paratus an accuracy

slgﬁt&ﬁoﬁ%%’bl5%%%?3&6&‘)’1“%‘%%%9@%3 §'§' tﬁé’-l‘é\@éisfiEYStal
pagkbs sabdtrateriasl sidingn aiglete fshapetiheresgseniion thaitheatus to

th8UHR I00g PRRESG IR hen MatRe L Ha R Rcancays dhelheld

verticall reduces,the - 1} E{)romml%/ SgC 1p variation between the mother
glass aﬁ}/%i% arge-size glass su te 1s produced by

processing a large-size glass substrate stock having front
and back surfaces and a diagonal length of at least 500 mm
and a thickness of at least 4 mm, by (1) a flattening removal
gquantity 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,

the deformation-corrective removal guantity is
calculated from (2) a deflection of the substrate stock by
its own weight in the horizontal attitude, calculated from
the thickness and size cof the substrate stock, and the
support position when the photomask substrate is horizontally
supported, (3) a deformation of the photomask substrate
caused by the photomask substrate support when the photomask
substrate is attached to the exposure apparatus, and (4) an
accuracy distortion of a platen fof supporting the mother
glassg,

the large-size glass substrate 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

-3~
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photomask substrate formed from the large-size glass substrate which is
held horizontally when the opposed side edges of the photomask
substrate are supported in the 5 exposure apparatus. Claim 8: The
large-size glass substrate of claim 7 which has a surface
flatness/diagonal length of up to 4.8x10"5 in the horizontal attitude. 10
Claim 9: The large-size glass substrate of claim 7 or 8 which has a
pPr@isgoidiiesgh of apite BReMhe iKHE anthidkfe 063 SAMSH |essithzme

pne,MaGiaimu&l I'ﬂﬁa}hﬁ lesgersizerglass ﬁu@t@éQ%éC|§£B§ Q& ukich

' ngth. of 8QQ,tq. 1 a thickness of 6_to 11 mm.,

s L e S he Relphed Pace

edgiggordl 1SRG BROAE 2 18BN AP adfiekRyeRFRL ¢6 1 5Mmihe

exBlaemii®: diedargeasize glass substrate of claim 7 or 8 which has a

c1diagoral length of 2151 to 3000 mm and a thickness of 9 25 to 20 mm.
Claim 13: A motherglass exposure %rocess com risindc.;ﬁzjlzl{tachin a

photor&k $ABSIFatE Waling G LARTHES P ExSoRHE dppgHififs Ras a

suthrolgh suppaitelonpusgdiride pdgesdismosing 3¢ undesnesth aad the
hog%acerg E{? thﬁi g?ﬂgtogmsk substrate a mother glass serving as an array

&Of cBior Tilter-side Substrate in a TFT liquid crystal panel, and

Cligdh@iating light from the exposure apparatus to the mother glass through
the photanasic gebstiate, whesein Sbrsaigabetosraskisiistrateis formadcen
haliOR HIAGLSIZE 9'8&§§1§Hb8¥a W'E‘&“é%?“?r%{i‘r%% ygr%%eféi{‘r%as fpom 3
arge-size “glass substfate stock having front and back surfaces and a -
mn to less than 6 mm.
Claim 10:

The large-size glass subsgtrate of claim 7 or 8 which
has a diagonal length of 800 to 1650 mm and a thickness of 6
toe 11 mm.

Claim 11:

The large-size glass substrate of claim 7 or 8 which
has a diagonal length of 1800 to 2150 mm and a thickness of 9
to 16 mm.

Ciaim 12:

The large-size glass substrate of claim 7 or 8 which
has a diagonal length of 2151 to 3000 mm and a thickness of 9
to 20 mm.

Claim 13:

A mother glass exposure process comprising attaching a
photomask substrate having opposed sides to an exposure
apparatus through support of opposed side edges, disposing
underneath and adjacent to the 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 photomask
substrate, wherein

said photomask substrate is formed from a large-size
glass substrate which is prepared by processing a large-size
glass substrate stock having front and back surfaces and a

12~
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diagonal length of at least 500 mm and a thickness of at least 4 nun, by

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

flatness and parallelism of the front and back surfaces of the large-size

glass substrate 5 stock in the vertical attitude, plus a

deformation-corrective removal quantity of material, the

deformation-corrective removal quantity is calculated from (2) a deflection
digiahe albdeaetdtoo ba titslewa wéitt imth@ndriforithistingles of at
1 etaiaulataghiroryl Orthe thicknass-and siyereitbe subgfiaig efask, apdiheerial
ba} cPO”If%Sé“O%\ﬁ’hﬁ[“ e p %%r%a%isu{’éé@ée Sprizontally supported.

3 deformation of the photomask Siibstrate caused y {fie rﬁm omas

fraiystateishfsdt #reRarephofortRsk stbgraeigatddissiostHestrate
stexgosiire apparaius; hadl(4% a0 lbudecurpdyndistorimroiapiaien faforrective

reﬁgﬂp&{tir@lmghe(gfglﬁa%,etpggarge-size glass substrate has such an

arcuate shaéae In €ross section that the surface to be opposed to the

motheF§RsE§E CERBREC WO LM MG ™Y thb (FHABINAEKR shifstrate
cais el hedzditally \Aén aheedpostd sideédgesofthb photdmasitock by

it@bﬁf@%@véﬁ%ﬁ@%ﬂeﬂég}[ H@ﬁmwaqt,aaa%lrﬁ%&fiﬁéaﬁﬁfmea from
w1 Proximi ap variatyon petwe € motner . giass an e otomas,
thé?ub%slflrjéék%efse uédd 5 Ei?air%%rl]j': esrlﬁoﬁw%agfaesss(é&)%gjreafigc § of
sugaRT Y3RgrkEiothehege-She gihod sngstiate whs tfifacks horizontally
suiaibessidiagonal lengbrefwintoid8x bE-Stndhehetizaniak adilude 30

' : 0 ter- ler ing.medi recording a method
:a%%eﬁiﬁa%ﬁaﬁﬂﬁéé%%%3%%2%?53%%%%%%@%|asse Phetomas

At sthik tEhd BSc e ERFERGE a AP BAFAT R &ith bf ) an
acatirastb0limhvand a3 thicknets véat feast 4upmpoaiphojornhsk mother
gisihstrate being formed from said large-size glass substrate, the

phou“@%%ki%%%gﬁgfgﬂublass substrate has such an arcuate

shape in cross section that the surface to be opposed to the
mother glass is concave, when held vertically,

the photomask substrate is held horizontally Wheﬁ the
opposed side edges of the photomask substrate are supported
in the exposure apparatus, whereby the proximity gap
variation between the mother glass and the photomask
substrate is reduced.
Claim 14:

The mother glass exposure process of claim 13 wherein

the large-size glass substrate has a surface

flatness/diagonal length of up to 4.8x107° in the horizontal
attitude.
Claim 15:

A computer-readable recording medium for recording a
method for preparing a large-size glass substrate from a
largé*size glass substrate stock having front and back
surfaces and a diagonal length of at least 500 mm and a
thickness of at least 4 mm,

& photomask substrate being formed from said
large-size glass substrate, the photomask substrate being

-]3 -
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-13 used in a mother glass exposure process including attaching the

photomask substrate having opposed sides to an exposure apparatus

through support of opposed side edges, disposing underneath and

adjacent to the photomask substrate a mother 5 glass serving as an array

side or color filter side substrate in a TFT liquid crystal panel, and

irradiating light from the exposure apparatus to the mother glass through
usfé photon 85K ReBsFARS SaRFRESMFhBHRG FscordeF iHfédma attaching

tHyogam: fiadf operaling-ibe coaiier togxesu® thedellowingatepstpasure

lcylati g remqyal titys ial.ba .
B ook gos s
urgienBRptliz87¢la8d da6&Rde o iRy S hihoF PG 814t Baliother
g ls500: v And aathickneasobat ledded omm avihervdifidaleattitlidis; asstbptrate

1107 gakepating &, daforpatien-cogesive, rempeyal ,quantivatigateriah fofrom the
2) a deflection of the substrate stock by its Qqwn weight in the horizontal
@’é?fhﬁBE?z@EBI%E%‘Eé‘ﬁfrBﬂw tHAGNIRRREEE a 828 of é’%@%‘stg}& gifomask

swreitthe lsepport position when the photomask substrate is horizontally
supporied 43ha defamatien:e) the phel@srmsknsuwestiate Cavses b ther

ofiolask substiate, support whep the Jliotemask sybsiate s attache
6 the exr?osure appaFéfus,rZSt and (&) an accuracy distortion 8f 5 p?ﬁeﬁ

for suppoftirRpthet nRAer Giads nthd G dtep JF RS S cBRMRNFd o a
quacsssingmaahiver iatamy satipranehsingfar fitdteaingfarthe £latness and

palArnalionseQirection by lemovinga tfakauantips 0630 siatgriglderived; »o
from the flattening removal (}igjantlg and the defogf:{]atlon-correctlve

98BV EFRARRF TIERT T5: PR FEGDraind HREGTR of SLH B Whetbinteast
5Q8e method farthbdcdmprseNBftek theeprdtedsing (fon flihenivgakbcas
adefanation-correction) step, the post step of polishing the glass

Substr%Fe so pe%neo%r g%. cq;itgtsfrrlfga C%S 'deformation~corrective removal

quantity of material from (2) a deflection of the substrate
stock by its own weight in the horizontal attitude,
calculated from the fthickness and size of the substrate
stock, and the support position when the photomaék substrate .
is horizontally supported, (3) a deformation of the photomask
substrate caused by the photomask substrate support when the
photomask substrate is attached to the exposure apparatus,
and (4) an accuracy distortion of a platen for supperting the
mother glass, and

a step of delivering a command to a processing machine
to carry out processing for flattening and
deformation—correction by removing a total guantity of
material derived £from the flattening removal guantity and the
deformation-corrective removal guantity.
Claim 16:

The recording medium of c¢laim 15 wherein the method
further comprises, after the processing (for flattening and
deformation-correction) step., the post step of polishing the

glass substrate on one or both of its surfaces,

wld -
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-14 the program further includes a step of calculating the total quantity of
material by further adding (5) a change of flatness by the post step of
polishing. 5 EFFECT OF THE INVENTION [0021] When a photomask
substrate formed from the large-size glass substrate according to
embodiments of the invention is used.in {he exposure process, the |
exposU TR RGeS0 A SRy TRGAH AN ScATER, Bid FAATRIGELRG the
tahay beummirbbed cthisakgranly dubfusiivsuradtanph(ddfirtiohange of
flangee=size panehdupoly Aseredredbe hikderyof exposure correction
and improve the production yield of panels. An exposure apparatus of the
so-called proximity type (i.e., 1 r) which is used only on
the color filter side in th&XJte BONFT array side to
[Q0RItA a projection exposure apparatus (i.e., projection aligner) is

assignggdn the prigi-at-Arotbarpetential EQHIEQ%Q&E“%&'%J@S&—size

side is that an exgosure 20 apparatus of the proximity type may

I LR DR TG TR BIRR AR I F Bh SRS HBrP RS S taRB EL NG Lon s
usgfiehrexpbeurxiposmied DULEsisg a pHotomagic substratecformeg from
edpedaigeisizealpssstbeliale 22aacUdinodRenbadingpisef sy be

. |n\1/:entlog, th%ﬁ)roxmlt gap, mag/g% ade small and uniform sothat . . .
HiEontror of the pjfgxfflnﬁi gap may be facilitated As 8 rggulf’,l tRe Flinfief bpi tion
laxgaueday eavslire bak toatcredsed naduee akhe shergemsof exposure

coatibstraiomayralloinfor eficianie posdre: 8040023]dVhen Projgalions .  an

EXPOSHLE tied out ggngﬁaep gtom k substrate formed. from the
< Iarge-sizegg?gés substrate according ?oa%%%%]dﬁﬁeoﬁ%%%% i%%gﬁtigi the ’

PISTHERA BY cBALERGT of HRAFM -6 HFEFLRR BXisBy Fheussias filter
sideflettiotineayplve ceduced. Aamedskfon sattectortios tFpraxipiy Japdse to

whiD&IXROS WS NI S MALbe LIminaled. (i o, projection
aligner) is assigned in the prior art. Another potential
advantage on the color filter side is that an exposure
apparatus of the proximity type may be adaptable to the black
matrix and photo-spacer as well as RGB.

[0022]

When exposure is carried out using a photomask
substrate formed from the large-size glass substrate
according to embodiments of the invention, the proximity gap
may be made small and uniform so that control of the
proximity gap may be facilitated. As a result, the number of
products by exposure can be increased and the large-size
glass substrate may allow for efficient exposure.

[0023]

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

eliminated.
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-15 BRIEF DESCRIPTION OF THE DRAWINGS [0024] FIG. lis a
schematic cross-sectional view of a substrate, illustrating a flatness. 5
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 of a processing tool. 10
BEST MODE FOR CARRYING OUT THE INVENTION [0025] One
embodiment of tB& TR IHBEIR AR ; PIRWRL IiEge-size glass
[ ogdlkgtrate, from which a 15 photomask substrate is formed, specifically a

large- glass substrate having a diagonal length of at least 500.mm
and BTGk asa S & 1B QU B ans TG S SR ory Sa8 o

sulipdrsidie subdiare inatimy |iguililafiaSfanel. [0026] 20 Material to be
removertAs subsirates diesneneilerger s size eit beoHAERS VIRRESSErYH0

suﬁé%%?éx?é‘,s%si@é%ﬁq%{g’l %trs‘ opglyfaking,jnto account not only (1) a

attenln%quantlty of materi e removed from the substrate stock

itself, BiFalsd @F a2 PEERROh T L8HstPdte JEICHFRS LI BERATATYS -
~ calculategl. framithe dhpkmegseard vieeof ¢he siizstrbtg stbek, anathd mode
of SHPRYLRESIEPR Yhesbine photomask substrate (formed from the
substrate stock) is horizontally supported, (3) a deformation of the
photomask substrate caused by the 30 photomask substrate support
b | N A R i A4 q Talc BN AHGE

H¥ddteddd tha B

NAIE N SO HAE

[ o@psapcuracy distortion of a platen for supporting the mother glass subject

t d.(5 I b iShi
PR s A e R el

- 3 p !
PreRaFdBd avibpEsts Sifdastidhigntin bt vateal fttMebigh 2
phatmmﬁaﬂesubstrate is formed, specifically a large-size

glass substrate having a diagonal length of at least 500 mm
and a thickness of at least 4 mm and serving as an array side
or color filter side substrate in a TFT ligquid crystal panel.
[0026]
Material to be removed

As substrates become larger in size, it becomes

necessary to process a substrate stock by previously taking
into account not only (1) a flattening guantity of material

to be removed from the substrate stock itself, but also (2) 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
{(formed from the substrate stock) is horizontally supported,
{3) a deformation of the photomask substrate caused by the
photomask substrate support when the photomask substrate is
attached to the exposure apparatus, (4) an accuracy
distortion of a platen for supporting the mother glass
subject to exposure, and (5) a change of flatness by
subsequent polishing. Although measurement of the substrate
shape is ideally carried out in the zero gravity state,
measurement in the vertical attitude is fully acceptable
because the deflection of the substrate by its own weight in

-16-
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because the deflection of the substrate by its own weight in -16 the

vertical attitude is negligibly little for the accuracy of the substrate to be

manufactured herein. [0027] The quantities of material to be removed

from a 5 large-size glass substrate stock that should be considered in the

method for preparing a large-size glass substrate according to the

invention are: (1) a flattening quantity of material to be removed
theletermidech bn dtet basideof heigieglhig g ilye fldtheédsafidpatdilelismouiracy

of g Jontand baek 16 sufaceaphfeciubsdaiasipek if) the vertical

attitude which are obtained by accurately measuring the flatness and
Eo?)%l?alllellsm of the front and back surfaces of the substrate stock in the
verticEhattimern(tét e theodtamahidtiad defidegoreporsasivif mely in

1a£@%h§&§@ﬂt§b.@i§wd§maasm%m ézbaatqwgimlmf B@t@éﬁié@_@@red in
remo iven by p reV|ous taking into account a deflection of ¢
the st¥§te sf cﬁb‘f/ Swin I\}\élézht %algula?edz ff orﬂaltﬁg?hlckrgessé aﬁ: size

ac%‘?ﬂﬁ’é%s‘ifhté%ﬁ)d(%‘tﬁé%p%’éﬁ poslibntwAdiHee phahrigatity of
ma Sgbstatetformeddfeaotba sabskaieisiedk)don 2Qheriantblly sipperietht data

of ($h dpaaiy ol @%ﬁﬁaﬂg%i@i‘%ﬁd gpeply E@XE‘HSQ&&‘(@Q&WO

account a deformation of the photomask substrate caused b

suBFafsiAa 9 s i SRS Hpd W A&? e MtBPI%SY%Béﬁ% |§§Eﬁ§8ﬁ€d
whinthexexpobiraiappdriys @ urqlaityy vbmaterit o bbechdatd@dssand

pafékcl@ittﬁgrggéék'%ﬂéntgﬁﬁ‘iﬁu Bhan 88@!6%}&?@&3&9” o@fl ?:Hb@t%@é taaa.te
porting. the mother glass, an antity of materia e remove
St%cgerﬁﬂne&%y TV ouss‘;ﬁ‘ta %;ﬁ%é)a %unt Cha{nggétﬁe? f%?ness urﬁlre a

de£lpsEdgshtbioth id@yBlistigoE s#@lé&ﬁe%ﬁéﬁﬁ@?ﬁﬂerﬂ#ﬁk@lée |foes
notheseiigd farpyepaiga targe-size giesesubsirale necardingvedhgiven by

prdPEI9n aE‘Qﬁ%BeS‘?ﬁéé‘rﬂé‘é@ﬁ&?Pt LTAGISENGGUaN iy szﬁ@t%rﬁéﬂé%ate

e remo d from front and back surfaces of a substrate stock and an

5tQfka Y b b5 oR¥Es i@ dete AATHERIS e frERBn el HakiRl tRB s nd
sizecolintguantities thabd5pt0(R terid) ahengtiport position when the
photomask substrate {formed from the substrate stock) is
horizontally supported, (3) a guantity of material to be
removed given by previously taking into account a deformation
of the photomask substrate caused by the photomask substrate
support when the photomask substrate is supported in the
exposure apparatus, (4) a quantity of material to be removed
as calculated by taking into account an accuracy distortion
of a platen for supporting the mother glass, and (5} a
quantity of material to be removed determined by previously
taking into account changes of flatness during subsequent
both-side polishing or singlewside polishing if performed.
In the method for preparing a large-size glass substrate
according to the invention, a finally necessary/sufficient
processing quantity of material to be removed from front and
back surfaces of a substrate stock and an area to be
processed are determined by comprehensively taking into
account quantities (1) to (5) or (1) to (4) among the
foregoing guantities (1) to (5). Processings by guantities
{(2), (3) and (4) are collectively referred to as
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foregoing quantities (1) to (5). Processings by quantities (2), (3) and (4)
are collectively referred to as -17 deformation-corrective processing and
the sum of quantities (2), (3) and (4) is referred to as a
deformation-corrective removal quantity. [0028] 5 Flattening 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
de SbHAges 6h aclarge:cizewiasaradsitaiagtonkdn tevertinalditigdent 10ies
esgage%.@'?‘(%-% Yass SHBYE acka bl Rlele oLk, Bt ve
starting stock is measured for flatness and parallelism. Measurement of
remRyifessEtRPpdralelism may be carried out using a flatness meter, for
[ oexample, FTT-1500 (Kuroda Precision Industries Ltd.) while holding the
Fl&ét%%@te stock in the vertical attitude in order to eliminate any

defleciion of the sybstrate stock by its o) ight. The method of th
orio St it AR HEITRG (R PihEce Shogthche CEfeas GPave

rerargedside gos bupdirare  R0stbastshe flatiaigh Wisat thedFartheism
flﬁé@é@&geaﬂgeﬂmlsl@ﬁﬂﬁe stockisboulealso hagopaigrrathiffaices of a
atness and parallelism qf opposite sujfaces I ifi .
laﬂ%?gfhstl(ﬁ]ea ﬂﬁga%nsﬁlem}%%ﬁ ic%laﬁg %Jbgs%rat%é‘? ﬁglrﬁgg#d? t(?aaéllf Fs)alejgrg%@g&e 8
desiard hrfcative dARE5HdRe &858 pAFRRASA Y dheakd bh¥RIcally
plaudagesoka large:nize gtaastdubistrate slocksn Memeertied dittud€atness

anc?; 2%%?9.‘1%?5]9@.5 ageierencaRiape dhe @é{ﬁ%@eﬂ@?ﬁgﬂﬂfgsm may

e surface to be flattened on the basis of the height dat

be (RERR TeRvaRGIRi i LALIGTER 36 66 TariE HETRTEShEidELT-1500
( KuvithitheHowesisioint Widnshe iasfddedto bevuencbio Eéiraiuthr) the

suB¥erallgyogesing finesiraviiefaiced embediaen!, e bsbata stock
o1{FIRAILSGRY 182 PSERBH UL ERE R LAURE” SL3BEY R s 0w
weight. :

The method of the invention starts with measuring the

flatness of opposite surfaces of a large-size glass substrate
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
£latness 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.

For reducing the overall processing time, in a
preferred embodiment, the substrate stock (or plate stock])
has been mirror finished by a double- or single-~side lapping
machine so as to provide as moderate a flatness and/or
parallelism as possible.
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35 machine so as to provide as moderate a flatness and/or parallelism as

possible. _18 A program delivering to a computer a command for a

processing tool to carry out flattening processing by removing a quantity

of material calculated by the above step and simultaneously

deformation-corrective processing (to be 5 described later) may be stored

in a computer-readable recording medium. Then simulation may be

perfoangcd-agingmhéabtvehigmedadiuma. [OORR1 Deflestiawipanth Weighe
prdfeA deflectionsf the suhstgtesieck:hy its awinyeight s saleuigted,on

material strength basis from the thickness and size o tkt?e S ti?strat stock
rene¥he sﬂp&%‘?’bﬁ%ﬁgn %Efﬂ%tp%ﬂ?ﬁa %&DU;I% g %To e% Bnihpye step
andubsmudnodguahsn dappsned horzewameatigehpreresing (to be
desalcuitad apddp)prasymed tg ¥esdiirem the abaypea flatieriag qupgessing
redS 1 {RI5 0 hE SUAROL RSN 5,06 SATE A2 when e OPIRTASK tne

SUbSTrae iS supported In"an exposure appar:TtU : %&Ofoe] Ubstrate
re¢RystnRAionedLiPHe photomask substrate is deformed when it is set in
{ ogdacE in the exposure apparatus by chucking. The quantity of deformation

D ef/i\éig% X\/&t} tgg ag%awgfgﬁge of the chucked portions, the surface

accuracy of chucking platés, and whether the chuckin%supeport is at two

sides?r {6 Gl 9B Ay 5P eSBREEREFHE SR telitsy fiEFimgiont
is eterhentlaistidocrinmaireisiedd plocedgid) atmisy Glass dlisstrdd ckness
an&:c%fﬂ'é as%aaﬂytsﬂetﬁw%%&elafe&@m%w%ée lsj\ﬁ@%é&tﬂs pdSURREN of
or aerormatio a umm ass_supstrate sfock unadergoes Is
th(?né) s?ﬂ;é’ ,aasn% tﬁ%ﬁ%%ﬁﬁa@n%itif gf’%ler‘raat%sﬁgﬂer%%%af Pgr#g: Sla%ssmcm

whenbstmpotsadoinrprretadd Vs detiitindd so 8Y ¥ eempRadtiaded and
préaeasged guaiiul 0034 cesayrdisiertionaf piaiend pabaligrsdiieas a
re£$¥%ﬁ%%?e“Wﬁ%1%HB%B%EQB§§ition is the same as when the
photomask substrate is supported in an exposure apparatus.
{0030]

Substirate deformation

The photomask substrate is deformed when it is set in
place in the exposure apparatus by chucking. The guantity of
deformation varies with the area and shape of the chucked
portions, thg 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 quantity of deformation that the dummy glass
substrate stock undergoes is measured, and then a guantity of
material removal from a glass substrate stock to be processed
is determined so as to comply with the measured gquantity.
{0031]

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
TFT liquid crystal panel and the surface of the photomask
substrate, known as proximity gap, can be affected by the
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~ thepigngyImbidb s

35 serving as an array side or color filter side substrate ina TFT liquid
crystal panel and the surface of the photomask substrate, known as
proximity gap, can be affected by the -19 flatness of a platen in the
exposure apparatus (governed by the processing accuracy of the platen
itself, the assembly accuracy of the platen, deformation by temperature
during exposure and the like), that is, the accuracy distortion of 5 the
L1atnessTRE MuftirtaReA bR cEHROSISR RRPEEREMSLI6FLBRERE DY
theeppualedinnity scaiemipeds Litewipd atapraferetiproctturasaembly
acYPYRY IBESHDSERE: SIOCkds ASHRANY SYRPRYEE IhBBES I INE quring

exposure apparatus, a dummeﬁémother glassisrestedon a %I,aten, al0
SXRARYESN APthe DBt lap HitdbeiieehtE nRSCHFAF B fHeprg ton of
theuphtityesf maliries rametaltfroriakgnsd sdiostateostotk telfepeoddssed

aef(?fgﬁ@xem&ﬁde&' s Q«?&Q@%‘%&?{BQ&GS@MQ& qyanﬁytéﬁbh@ﬂ&da.

. difference obtaine subtracting a rocessjng quantity (obtaine

L ARG B SOR Ao B S ey T R ot g Erate

s topbxidmty 1SRRI FERPEdh dsio R 516 Be ddin F 3B a AR BUIEE on

appabatate defomuainn modR@ielyaaswagy distartied. bis aoeUiRainea

vaﬁ{%}'%}{ 9ap '%ﬁ%e?%qsﬁﬂ%, %ﬁ%ﬂ%%ﬁ%#ﬁ&g 350 asured, and

Isplacement meter’[0032) Polishing Most often, the post step of -

ke B e dudsitie & el Altpstrate

stamprave B8 prfacesseghriessimiteelimimate swcrescdpic defgrly, fer.th the

me £3ANRE A8 ockpach the finally desired surface quality. If the post step
of finish poli r?.:ng isu ecessar for th d_esirgd surfac% uality .or a
change SRS By FHISFe PO g BF e 15sb: Sy Ry iR e
propessins 3peatdtar td bb taheedd Beanidad by piadomsipasadg into
quAaceoRt aalargMmOtialgass by polishingsan begamitied. groighpotighiagp
valiRt B8 SAUIA QUL e T2 PGB L 15 OGN PRG BULAEPSR @

conventiona
substrate deformation and platen accuracy distortion,
It is noted that the proximity gap is measured from
the lower side using a laser displacement meter.

[0032]

Polishing

Most often, the post step of pelishing one or both
surfaces of the glass substrate is carried out to improve
surface roughness and eliminate microscopic defects, for
example, s0 as to reach the finally desired surface quality.
If the post step of finish polishing is unnecessary for the
desired surface quality or a change of flatness by finish
polishing of the post step is very little, the quantity of

material to be removed determined by previously taking into

account a change of flatness by polishing can be omitted.
Finish polishing may be carried out on the front
surface or the front and back surfaces in a conventional
manner by means of a double- or single-side polishing machine
using soft polishing cloth with abrasives such as cerium

oxide.
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manner by means of a double- or single-side polishing machine 35 using
soft polishing cloth with abrasives such as cerium oxide. -20 In the actual
processing for removal, the feed rate (or residence time) of a processing
tool or the substrate stock in a substrate surface direction is altered on
the basis of the processing removal quantity (flattening and 5
deformation-corrective processing quantities) determined by totaling

quantes rpta@Y W11 PBISTESE DGt PFoFeHvREpethir ferisrate
(owhesehyiaieeslly iRepseay angrodiisienhguaiy ivemoedsbierate

st«S’BR‘éib ﬁu%ﬁ? Qs e WF&E E%QXEQ%% %CESQT%QQ' 4 1940033

asting W en processing for flattening and deformation-corrective
basisR8intie BRARPEFHATHERRTE bf AreRbdve cdEdatdrgdaditRrd
de Poomessingnvitie arkcddnto lpt sesidericagtimpean phsdible) Pdatdechinadd by

to {3 AMGCRRINAIPO) 5:a $3nd plgs j”&g el the feed rate pf g Sdted from

blastlng nozzle is slowed to extend the residence time where more

the BEFRABHiAERaf 875N DeFRATDIRY HAsET SR MESSHEaTHaA G
sufifierdaip thadead idne cishasmed 2d biastitheoxplecis feasef aces of

théhaiss fraesidancading wheredeswedasitaie serygrial should be
[ dgrﬁ)ved It is also possible to carry out processing by controlling the

nce between the substrate and the sand blasting nozzle while setting
nd pneumatic 25 pressure of the nozzle fixed. This utilizes
the pisessipg ocder adieygstiusthal thetndassimgdpeed is fast when the

deﬁb?ﬁx%%%“"@&f’z@ééﬂ?g latingNozzle and (e SURSHALR, SIK the basis

surface js short and is slow when the distance is long. Instead, while the

OF (A r AR VY e S HRERTy THHOLIEHE Bet 8&%?&&5 {'r{égpr‘&‘:EEsuﬁg is
conthipvabid thestighe pressuiaeortrolposchidd by inreavinddfie |liat the

pr&astisgnpressyre gkthg seaddlasiiginrgleraidhe poi feewhichate of the
sand 981 JURTY O S1alg Al remoy e 152339784 80d N s s dence 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
controlling the distance between the substrate and the sand
blasting nozzle while setting the feed rate and pneumatic
pressure of the nozzle fixed. This utilizes the processing
characteristics that the processing speed is fast when the
distance between the sand blasting nozzle and the substrate
stock surface is short and is slow when the distance is long.

Instead, while the feed rate of the sand blasting
nozzle is set constant, the processing is achievable through
pressure control, such as by increasing the air blasting
pressure of the sand blasting nozzle at the point for which a
larger quantity of material removed is assigned and reducing
the air blasting pressure at the point for which a smaller
gquantity of material removed is assigned,. ‘

In the event the processing tool is a sandblasting
nozzle, processing is possible with the apparatus shown in
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the air blasting pressure at the point for which a smaller 35 quantity of

material removed is assigned. In the event the processing tool is a

sandblasting nozzle, processing is possible with the apparatus shown in

-21 FIG. 3. A sandblasting nozzle 21 for creating a blast 22 of abrasives

is movable substantially parallel to a platform 20 and spaced from the

surface of a substrate stock 1 on the platform 20 by a certain distance. 5
FIG034] THe sreébding tdaids ARvabie ihlX BAE Ycaradibrg @whidast 22 of
abRvefent is: capiralisTeb\salse Munitala Exyiviatard 1Jlretessing ippedsiden 20

it X apism. i eumal] e isrelated ta th

S Tt e
plakEqimocdlyP bt feRicted th €HASFB%e removal rate and the depth of
{ ool damaged layer. [0035] The abrasives used herein are not particularly

limitegy > g%&b@s%@éb%@%wﬁ@@ sie Rf 4660 0 §30QR 1316n s

referred. Abrasives having a £artlcle size of greater th%n #600 form a .
whil8e HrGo Moy BRSEESsHY ISPR P ArbeesS¥g 2P RS FrioreESHouALSE
provgEalipustdhesemDred invhenp el SIB tankarnevel KR diskiirek the _

rocessing_20 layer, and more stock is necessary because the thickness
pod Rt mEesita da hedarad S8 TR AL ALERes MRS  the

toel aghpin #8004 imbaarpvaiitc BedGhcdedioRinaty Arsekeeally .
buforaspnddading: Firg-particlestisediarnioer sangastingg@reRd depth of

Woﬁz%ﬁ%é‘gﬁmi@ﬂ%qe’ silico_n oxide, aluminum oxidg or silicon carbide.
03 strate” The large-size glass substrate obtained by the 30
[o htive method has a diagonal length of at least 500 mm, preferably at

least 80@ nabrameisr prefasdi) dtleasnl 806 mot, grakd flvcdrestof kimited
a1 e gnah Fhe:dagonaldanih is particle size of #600 to #3000
are preferred. Abrasives having a particle size of greater
than #600 form a large distorted processing layer by
processing, and then a more amount of material must be
removed in the post step to remove the distorted processing
layer, and more stock is necessary because the thickness must
be increased. This is unecoﬁomical. If abrasives have a
particle size of less than #3000, the removal rate becomes
slow, taking a longer time for sand blasting.

Fine particles used in the sand blasting are
preferably cerium oxide, silicon oxide, aluminum oxide or
gilicon carbide. |
[0036]

Substrate

The large-~size glass substrate obtained by 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 4 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
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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 35 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 arange of 6 to 11 mm; for a diagonal length
of 1,800 to -22 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
2, Dp0mimn Thehehaplelistne s gd siddsgbstanaen®f b8 stgadks mm; for a
aiag@ﬂagwﬁéayfukwﬁwthﬁheﬂatbqﬁ?as&@tﬁkﬁda&ﬁﬂaﬁﬁfgﬁtm% in a
lagonal h refers to t [ ter. 7], The large-size glass
o ol 0 i e e 08 M et E A Mg prate
mah b sHERAEE thd SO-FREErfasCidEoHeave PRRhERR ek attitude. The
cadergessiza glend substbtetediitits,a shidacki dgtnesd/dizganeh lengtie ok to
+h&!PaP4.8%105, preferably up to 2.4x10-5, more preferably up to 1.2x10"5,
at the horizontal attitude, that is, when it is held horizontally during 15
woe%) sure. The surface flatness /diagonal length is usually at least 2x10"6
althodgtethkbdvger Hiitenebbaivet beudpeicifiede Trsbasichurfaceadoasarict
shagauii@xaﬁﬂﬁgﬁks@%sﬁhsn&entt_ﬁgf%i@rﬂ%eg&ao?qitEPbB&éaiSto the
reason, the back surface flatness/diagonal Jength is preferahly up
o SR bt SISRIRy 1B 18 SO TRk bags e
langendskatia ot ferfiR v nakAIyeathddst D106 RBAGR the lower limit
£1468840) beapsclipd: ARAEL T0e lapenizagipes subsialeAelEialivup o
has a 25 parallelism of up to 50 pm, more preferably up to 10 m. With a
2. peiaNtlisme e npre fiearablyn um xtral b2rdbd faybe thepdsed iorosusl

at O{LORRIANGH 38 AcOrTeation 19 fedueeDe eSS GAR MNENHE ng

substrate is installed in the exposure af)garatus. 30 E)0391: xposure
axposure. The surface flatness/diagonal length is usually at

least 2x10"° although the lower limit need not be specified.
The back surface does not require a flatness as does the
front surface. Though not critical for this reason, the back

surface flatness/diagonal length is preferably up to 4.8x10°°,

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.
{0038] '

The large-size glass substrate preferably has a
parallelism of up to 50 pum, more preferably up to 10 um.

With a parallelism of more than 50 pm, an extra burden may be
imposed on such an operation as a correction to reduce the
axposure gap when the substrate is installed ih the exposure
apparatus,

[0039]

Exposure ,

A mother glass exposure process using the large-size
glass substrate is described. By substantially the same
technique as the lithographic technique of processing
photomasks, a chromium thin film is formed on the surface of
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A mother glass exposure process using the large-size glass substrate is

described. By substantially the same technique as the lithographic

technique of processing 35 photomasks, a chromium thin film is formed on

the surface of -23 the large-size glass substrate using a sputtering

system. A photosensitive material, typically resist material is coated

thereon, exposed imagewise using an electron beam apparatus, and
theddvslupedadFerng baesiss phada Thewhiladium seNRitmisdhsvekemd A
photBileusing tharepist oaitenn asgp maskliormingia ehremie M pattesated

0040] The photomask s tajned.is.r izon
endi08), SHIE SRR NPT AN cE, U 0

andndeipiPBErwe? shffale anted botitRAS spaBed seberF TR EYs or
thisevefdlmmentimeters iesicleddomiia sidessidge. Specifieallys thpattern as a

masW0RTARK Ry P3rale salh hedaantgliv aad secured at peripheral two

or four sides 0n the upper surface by suction or vacuum 15 chucking via
L0048rhina ceramic plates having a band width of 4 cm. In the case of fixed
secufiigeviploetamirslatash e abearhleusiaes tad pecfeisb ¥ eigirdnd
hof%EEHHQ§ﬂ§OEﬁHQQ%PBHQ&HE§r@@é@@@'dﬁﬁ@kﬁh&ﬁeﬁﬁémyéﬁﬁstrate
. suction es have a flatness o to 5 m. By virtye of 20 the inventi
15 R R N UL PP € g 1ok (LELReE g st

posjsiiPaLoRREaGreatiBRAL cBAd HREGTM RAIFGHRFBrbgFamt imeters
ingareeiogsiyneetided iaereinidde rppeaniduat lifingtthe sphtiiopiad®s is

S: he . nfl 0 f '
i R i

e
or MiFaftldfiFalB bEEMtPREY LEHEREC AW p GRS re&STRHG
chunkding adng thenprograer prevdoushatesordaditbhegein. Phadfiuehth o?f 4
cm liltifg apgle caRaIVeLE siadalede38 180 M ilheduetipl &lasradisrosathe
cerpte b das SRSl SRS a e L0 1R° A1 R RERRRY P
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 qguantity 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.
{00411

The mother glass disposed beneath the photomask
substrate and on the irradiation side may be a glass plate
having a thickness of 0.5 to 1.2 mm with a thickness erroxr

within 100 pm. The stage used for chucking the mother glass
should preferably be finished to a flatness within 20 pm,

more preferably within 5 pm.
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having a thickness of 0.5 to 1.2 mm with a thickness error within 100 im.
The stage used for chucking the mother glass 35 should preferably be
finished to a flatness within 20 jnn, more preferably within 5 m. -24 [0042]
Thereafter, the proximity gap between the photomask substrate and the
mother glass is measured over substantially the entire region by a laser
displacement meter. The 5 proximity gap thus measured has an average
[0@4Rk of 50 to 100 m and a gap error of 0 to 50 gm, preferably 0 to 10 pm,

over e eslirevegiomexclydiag tha poripharabegianseéerdipa ot fask

subl g%'ongéi({%se (90431 030 ngseé‘P:‘BE“Eaee@S@PngféQ%P"s%@g%%tially
applicable to otherexposure systems including mirfror projection and lens

thersREHGIPsFREFRMIBNG ab3S§iosHERIAGAS G U BFE phdibask
praxbstiate apgbthemsthes giassadhich earenotkeptaimecordacte Allfosgh to 100

the proximity gap is not involved, 15 these systems normally carry out
im0 o FoF @ SERRESE O 168 pROOH R SERBALNY 2 ot dSigHPon Ve
théherkposureeghiparatsdidé. iNigerthesimpthegilmtahase gibstsatex tending

4 darmeedfromdhe glags systeate according to the invention, the burden of
[o c(%&ection on the exposure apparatus side is 20 reduced or eliminated.
1

4] As discussed above, the present invention overcomes the

outstdifing PRSIERS dreitdphoprrt Bycaldiragiondciecapp blegdde to
otasestsHate by iis twsWeight 28 alntive to-is thiekpsst 868 and lens

' t tock t IS I
profSEERY Sietann it iR S0E. Bfsuaee 1Y BUNE Bikougn tne
pPhoh o ShinRBPHERGHGhEPRoFBR. BELEBLIMmGidas Fadsi chvéFsietRbidipPt
in acsindat830 MABuh atbla thickaizss o 3040 ha experioncesved,
théﬂseélegggk@ags QAR WhiGhis o GalcWiaiaciBdeBRS SEMAteid 1 ection

stren to.be 89.m under th fmg;ic_j&gim le suggo t condition.

g
of éﬁﬁaﬁ wn welight on the exposure

t%q;a%ggk substrate
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. '
[0044]

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
deflection. The thickness of glass substrate can be made
thinna; than in the prior art. For example, a glass
substrate having a size of 830 by 960 mm and a thickness of
10 mm experiences a deflection by its own weight which is

calculated in terms of material strength to be 89 pm under

the four-side simple support condition. Similarly, a glass
substrate having a size of 830 by 960 mm and a thickness of 8

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

having a size of 830 by 960 mm and a thickness of 6 mm

experiences a deflection of 247 pm. Once a glass substrate
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substrate having a size of 830 by 960 mm and a thickness of 8 mm
experiences a deflection of 139 gm, and a glass substrate 35 having a
size of 830 by 960 mm and a thickness of 6 mm experiences a deflection
of 247 m. Once a glass substrate -25 is processed to create a surface
thereof on service (i.e., the lower surface during exposure) which is
concave by the quantity of deflection in the vertical attitude, the glass
is gqutsnessblcdiresal it HHeNtIeRR0de oREFeReiEm (1.e..,
theSuRsiiate g@mﬂaé@lctda@md@' @ﬂpsiged:eﬂ)atmsﬁdml ring @mﬁml $gcahe
expensive [ ass is_often T ligui a
e T S LA 5 U8 AR PR daT MR EOl TR g1ass
SubgHEAhes NESENER FRthitoh b bubBir A8 Rp RbABBASIWAER e -
Evemofhetiglassssiexpasddtheangh arphbaernaskpsobstiateafofdimed feodn the
r1aeiiEE2agARSbRglnalhe ANRIOBIERIVIAR & BadSs 15
smaller and uniform so_that control of thngroxmlt gap is facilitated. As a

ofteR MSRAIASH HBer S prodit by SEREdle Bt he SRBELLET ArfitinERe
premetier gtdss gfficenihi dijinseit Wihdmprgjactivheemgsdurglsisarisdioeirate
1eadfing 8 Rhotnask substiate fonmad-fram dpstarge-size glass substrate

EOOOf the invention, the correction of a shifting of an optical axis by substrate

ﬁ’(? deflection can be easily controlled. EXAMPLE [0046] Examples of the
inverfeerarskpvareidien HAREY ol 2 FHBSERBDnEARPHSMLPWR)SEomask
sublifaitation. fobxempsonflathessieies-te {Fenty suEacafibesatwless the

1nv@ERYRe %ﬂ@ﬂpl@ﬁﬂ%ﬁ"&?sﬁ‘& Ry allglain ofa SUDSUAlESIE Bhrm o

substrate were measured using a flatness tester FTT-1500 bé)TKuroda

thag eaadi R fridshad PRATS ROh PAR ibshaft3d stk sdvbtfate
resverticallyh 00dniermanefiefrAadtartiag sybstkaeonstibstntdstoth omasased

andUpished ther glass efficiently exposed. When projection
exposure is carried out using a photomask substrate formed
from the large-size glass substrate of the invention, the

correction of a shifting of an optical axis by substrate

deflection can be easily controlled.

EXAMPLE
[0046]

Examples of the invention are given below by way of
illustration and not by way of limitation. In Examples,
flatness refers to (front) surface flatness unless otherwise
stated. The flatness and parallelism of a substrate stock or

. substrate were measured using a flatness tester FTT-1500 by

Kuroda Precision Industries Ltd. while holding the substrate
stock or substrate vertically.
{00471

Example 1
A starting substrate or substrate stock was furnished

by lapping a synthetic quartz glass substrate stock having a
size of 330 mm x 450 mm (diagonal length ca. 558 mm) and a

thickness of 5.3 mm by means of a planetary motion
double-side lapping machine using abrasives GC#600 (Fujimi

26~
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by lapping a synthetic quartz glass substrate stock having a 35 size of

330 mm x 450 mm (diagonal length ca. 558 mm) and a thickness of 5.3

mm by means of a planetary motion double-side lapping machine using

abrasives GC#600 (Fujimi -26 Abrasive Co., Ltd.). The substrate stock

had an accuracy as demonstrated by a front surface flatness of 22 pm

(surface flatness/diagonal length = 39x10-6), a back surface flatness of
Abﬁss.pi.m afld a, pdridlelism dfileprawssheaseredtindhke badrioal atlitudeacy as

de‘Iﬁmd %f%sobé;e h%vmgg hlgh%r cent é)igrtlon thagﬁgé%%ns;(sqgafeace

plane. TheR a defi8ction of tha su strates l?as?appe

£1.8aleassail sydwa by iteoynweighs whenheld hnizenialyfdse flatness
calculated using material strength and the 10 support position of a
of s@Bstiste \IReh AelaictzbAtkiifma odustidle A8foRRTBRM iRlaldne

ve BESURATY SAI @BV IRAPWRYIDUSE WSHREISS T Bngplantity gher center
OQEE_OVm n 01‘13l duyeﬁl gla §§g§gra§ stock which was actually
the

supporte m place in exposure a aratus and a variation of the 15

proxirkii¢Bap %e@ﬁ@éﬁﬁ%ﬁ&nﬂ@ §hes sebstaataost afl s28uimmped
hawiothenglahs ckstingsornd phatem regpecivelwn wibgtity eheatatial d

hof%ryex%'afﬁarp wgsaaimaat%é@%@ngemwﬂ %@ﬁ@@ﬂ'@ﬂhe

tak |n%|nto account the above-obtained deflection, deformation and

SURRAGioR VISR 0 Eorfk et B R 3 RelbeRrP el RAT A RBAL LY - A
submbnayeatdsthrpetibniwandetpimivet Retiracntoldesdount timabers

pr&dileessy thaldpe Spahsyiane @I%ﬂé&%&wa&@ byélflomfﬂﬂéhe of a
a vertic attltudeg d&the backtsuq{ac IS Choanex at the sam

uqmn?{e A ErREr Bk INg |nto accoun‘f%% wregﬁlam% &S On #L & fronFand. %gdk in
Pl%ﬂﬁaéés HR@ tERASET QapIRARAH MR bratl HaRd bl afitddeand
prehanges afdintnesswnshpanlielisanmiendicib sheabdacescwopltle: and a
du&ﬁ%?rml&f@ @’i@éQy PQQ‘&E%%DHH”JOHQ{‘&O'O%%?O 7t PRUSYNG p

machine. Removal operatlon Was'ﬁ]er ormed y means aprocessm
TR T BERT Rl BB TR e FrRE B PR e stock to
be gprocmssedvivathedetmvaligedniy. taking into account the

above-obtained deflection, deformation and distortion values.
Conseguently, a necessary sufficient removal gquantity at each
portion was determined by taking into account the above
values, so that the front surface might be concave by 11 pm

in the vertical attitude and the back surface is convex by 11

pm at the same time, and further taking into account

irregularities on the front and back surfaces and thickness
variations as measured in the vertical attitude and changes
cf flatness and parallelism when both the surfaces would be

-later polished away by about 50 pum in total by a double-side

polishing machine. Removal operation was performed by means
of a processing tool as shown below while controlling the
feed rate of the tool in accordance with the removal
guantity.
[0o048]

Specifically, the substrate stock was mounted on a
platform 20 of the apparatus shown in FIG. 3. The apparatus
included a processing tool having a pneumatic mechanism. The
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[0048] Specifically, the substrate stock was mounted on a 35 platform 20

of the apparatus shown in FIG. 3. The apparatus included a processing

tool having a pneumatic mechanism. The -27 processing tool having a

sandblasting nozzle 21 was movable in X and Y 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
propasuhatic bquassiae nh§. aMEan dbhkasaintbiasting nbezle hadsa movable

in Edapyaraiecian balg Oéédnghﬂ\éégr{@'l‘a?i‘ﬁ;ﬁ%ﬁ?nf&&i% frogn the

surface of the substrate stock 1 by a distance_of’4 m. [0049] 10 The .
PlabforlsiAg techRfUESRONVEF MERRRANE SimdbiadingHbARFasive grits
22 (EodRoAshypdralicng Xpbdesher @ovinglddistantedepitahpiadrmamic

pre#sYAKiISHirerlionueRd sepe asshawIhislfg 4nb5m éhepEevipusly
rechgasy ed values, the proc ssin rgrte undéer th{e&e conditions was 15
|

cc&}r%%ﬁ e%lrtoeﬂee@&& AImir, ﬁ.‘)O% he Teed rate o%eagandfgﬁsﬁﬁg ced
fromorhe wizrEarroIRt ikhrcoRRAEEIH fEAdEesshy suffbdghance of 40
mm . quantity to be removed which was determined by 20 comprehensively
mo@(ing 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

backr i fRESSHRIAHB I HEFBRH T i BERVEERDLARY 1 e R glass
sandbistrté nstook rethe \eotical titudd whichrakletaibeddy28 s, then

mov#he! ré?%@%&é”%ﬂqepﬂ%ﬁs_%ﬁf B¢ %ﬂtﬁ?d}cb%ﬁu ﬁ%%ee%@;fi@ﬁ , and
large-size %{ass sub?;&agge shock ln the \1(1 rtical attitude éf., in the stat(i

SO FhefE asa% g&ié‘ﬁlby itS owri Weizg:ﬁ’f“ln € nefizormal &itudedoes s

valgesur), thy 2H9aaRy dheate e i bdesmbhes givernsidbiaiotsNas0

com&gg&in&ag@% & ‘ﬂ&&'ﬂﬁ?‘iﬁq of the substrate stock by its own weight,
calculated from the thickness and size of the substrate stock and the

[00%8dport position when the photomask
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
stock in the vertical attitude which are obtained by
accurately measuring the flatness 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 guantity of material to be removed given by previocusly
taking into account a deflection of the substrate stock by
its own welight, calculated from the thickness and size ¢f the
substrate stock and the support position when the photomask
substrate (formed from the substrate stock) is horizontally
supported, (3) a quantity of material to be removed given by
previously taking into account a deformation of the photomask
substrate caused by the photomask substrate support when the
photomask substrate is supported in the exposure apparatus,
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substrate (formed from the substrate stock) is horizontally supported, (3)
a quantity of material to be removed given by 35 previously taking into
account a deformation of the photomask substrate caused by the
photomask substrate support when the photomask substrate is supported
in the exposure apparatus, -28 (4) a quantity of material to be removed
given by previously taking into account an accuracy distortion of a platen

( 4 Yo sgpportihy Yhemothdegiaed, dmel (83 axpeevigdofahusniabyopreeviously
takemgves deteipinprhiy RreVAisly-talN Gk 8¢l Shangssdien for
flatness during subsequent hoth-side %%sggﬁ or S{?%I%anl e po isrrglin erial

SURDRL AR Farkltt FE rc?cresgln%jstsom s nrs8ca eB’or%on ot the

to shbswamasrrpede tenaHnedmbile RERBhENAIMMARKANE AR wasount

cha’ﬁéi@éleaﬂnfﬁél@ﬁ@éﬁndﬁhﬂﬂ@oﬁﬁﬁﬁe@ii@ﬂwaﬁ)}?ﬁri@gﬂm p6 Dothihey or
. to surfaces. [0051] Thereafteg,the r s poli Ly a

= B B W e e o THS PRI tool

wago HRdHHIIRE stifatdRaB akABsL6f FRpntID FHACS/§AgBRate which
a dergihest 3xihh) dnd wes ofdbeeried domeosedevalsheasarbdeksin oras
ca Pl MEILA PREIIMaBl SUP RS 418 N9KIZR QIR DRIL IR EROBBEh the

afgaratus by engagement for free motion at four sides, this corresponds
SUL53Gff1ess of 2 m on calculation (flatness/diagonal length = 3.6x10-6).
[ 0@®IThis means that a substrate having a flatness of 2 m (flatness/diagonal

Cratyg AL O gl el AL g R o

doyinssidedalisibug FeekiorreteRen e pusbirrxE kasness
wadlaRsaubsate-wag pravided witha.cChropiume filgy patiesm By A4HQCeSS 13 um

similar to a conventional lithographic photomask substrate manufacturing
( £ ndossss Kbievifivady, dehwbbium RiBHHY Whsdodnewsn atfe suMeas8d dome

sngh e dliss subsuale yding a spuittering Sy§ierm, ALPRROEERSINE substrate
Mmposition,typically Tesist was coat _
is horizontally held in an exposure apparatus by engagement

for free motion at four sides, this corresponds to a flatness

of 2 ym on calculation (flatness/diagonal length = 3.6x10°°).
This means that a substrate having a flatness of 2 pm

(flatness/diagonal length = 3.6x10°) in the horizontal
attitude is obtained. The flatness and parallelism of a
substrate stock or substrate were measured using a flatness
tester by Kuroda Precision Industries Ltd,

[0052]

Next, the glass substrate was provided with a chromium
film pattern by a process similar to a conventional
lithographic photomask substrate manufacturing process.
Specifically, a chromium thin-film was formed on the surface
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-film was etched using the pattern as a mask,

forming a patterned chromium f£ilm.

~20.-
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thereon, exposed imagewise by means of an electron beam apparatus,

and developed to form a pattern. Thereafter, the chromium thin-film was
etched using the pattern as a mask, 35 forming a patterned chromium

film. -29 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
porod&heerahmid: platekhavibg s band agdthaf Hzan teid verzenit pfaten a

subMeeigid apd geonfigiyeddorfiee Slipgirathwrizaptahdiractii-TH68€ally,

encycipa piales Nad 2 lnese of - On e 0er100d: 451808 18 ene
chucking a'mother glass™ 10 be disposed beneath the photomask

uP%sﬁﬂféf%?@xB&suﬁ@cIé%ﬁﬁ%&&%’ﬂ&tn@%@?‘@‘ﬂaﬂ%é?%‘éshRVing a
banglasd glate baving ansizeTHS00er4f(d onp had esthiekness 0§04 mnawith

con® UCKAESS £507 WU 2 PIRLwas fested ARG Siape THE PLOITWY Jahmese

between the photomask substraie and the mother glass was measured
suchirsupdrahesyhind antifd el esfoelsihgitMaser displacement meter.

The BRAgEMEHES of BIOXHNI0L 03R Hydudeska BiaxiRyAy AURGERSM glass

nd a minimu alue of 47 nm, over the entire region excluding the

to B PR IS anE BRERhd AP RBCIE T WA YR T oTor e SuTe

waspiiiad fe3 1+ bxampias2ridwspresedunaennfdaxanae 1 wasdepeateglate
except that a substrate stock having a size of 520 mm x 800 mm

havipg Raf &Rt ta3884 A Ant ARknesEBitdasim Whs Qsdams with
a tHHSRIXURIN.GR WagPRAFUSd YerSUPSaRTRl B eRWedegion.

usinqa‘a laser displacement meter. The measurements of proximlté/ gap
inclu é%?aﬁ’ﬁé&?ﬁiﬁqlﬁwalﬁé%f%%tﬁﬁ?&nd:&%iﬁm stpgamte and
theowsr theentybasgionaexoedmngriad peviphemabvegiant riehdingé centire

regiQR e 3 pides; ¥itha @30 105 OhdA Phe BOH005%e measurements of

proximity gap included a maximum value of 53 pum and a minimum

value of 47 um, over the entire region excluding the
reripheral regions extending 4 cm from the sides, with a gap
erroxr of 6 um.

[0053]

Example 2
The procedure of Example 1 was repeated except that a

substrate stock having a size of 520 mm x 800 mm (diagonal
length ca. 954 mm) and a thickness of 10.4 mm was used.

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 58
um and a minimum value of 47 um, over the entire region
excluding the peripheral regions exteﬁéing 4 cm from the

sides, with a gap error of 11 pum.
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Example 3 The procedure of Example 1 was repeated except that a
substrate stock having a size of 850 mm x 1,200 mm (diagonal 5 length
ca. 1,471 mm) and a thickness of 10.4 mm was used. The proximity gap
was measured over substantially the entire region using a laser
displacement meter. The measurements of proximity gap included a
maximum value of 59 pm and a minimum value of 47 pm, over the entire
{0G84ibn 10 excluding the peripheral regions extending 4 cm from the sides,
Exakifira gap error of 12 m. [0055] Example 4 The procedure of Example 1 -

was I, exc tthat 5 sub tra stock havm e 0of 1,220
x1,4 mrﬁ ?a%%%a ength ca §§7 mm 5aptﬁ ness oFf?ﬁ trplat a

subsdsased stlme:]mrdmiylgap vsazmeasu laaﬁl(b\nan sybitandiallyntine( &na@onal
Led§HeNdieING 2 P '%%%“S”tt'ﬂiﬁﬁénm%28@%’”&%&”&?&@ used.

proximity gap’included a maximum valu m and a minimum value

of 46 T, REPTHEE hifr 9B & xBRBTIIIRE p‘éYﬁﬁeF&FP@daeﬁé‘-lallY the
entextendieg dam Teimihea sitkese with bsgdm erneaftl mpe Q05615

me£sPRABNIYE Example.litfe-prageguseehiaple hwashaRedisdue of 59

except that a substrate stock having a size of 850 mm x 1,200 mm
um @pghoRalidHgiBaveye hfh)ahdahickirss Bre. Rk ARasTRgEoand

exdiladergssaiy spHisigih sHatiydg hene mayed el igntang3¢ Bask the
surfaces and the area to be removed were determined by taking into

S1deSoult @) X FRRIRFGH R of frdfBtial to be removed determined on

[ oothe basis of height data of the flatness of the front and back surfaces and

Examsﬁi)@rqllelism therebetween of the large-size glass substrate stock in the
vertical attitude which are obtained t()%/ accurately measuring -31 the

flatneSRO IR IBALET BECKEBMRIS Jf HBTarhelgad o &eeaRtrathat a
subsieglaifehe vedicahatifwde §.:1pdhef 1,220 mm x 1,400 mm
(diagonal length ca. 1,857 mm) and a thickness of 13.4 mm was
used.
| The proximity gap was measured over substantially the
entire regidn using a laser displacement meter. The
measurements of proximity gap included a maximum value of 61

pm 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,

[0056]

Comparative Example 1
The procedure of Example 1 was repeated except that a

substrate stock having'a size of 850 mm x 1,200 mm (diagonal
length ca. 1,471 mm) and a thickness of 8.4 mm was used; and
the necessary sufficient guantity to be removed on front and
back surfaces and the area to be removed were determined by -
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 stock in the

vertical attitude which are obtained by accurately measuring

~31-
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state where a deflection by its own weight in the horizontal attitude does

not occur), and (5) a quantity Q5 of material 5 to be removed determined

by previously taking into account changes of flatness during subsequent

both-side polishing or single-side polishing, while disregarding (2) a

qguantity of material to be removed given by previously taking into account

a deflection of the substrate stock by its own 10 weight, (3) a quantity of
thenfiépdme e ehdieel diven byap@hagl rrpiasesacdbubha large-size
glasformionoh the pltolemask shbstalerant {4)=ctuanidy of magerialia the

e ve iously takipg i n acc y

e e LB R O PO £ RS horgzonta
at i huise 0T pARheBI5PSA puft 4 HouBIasRB HhiEhMAg tod. mRéerial
to sbefareflatneds deaise meiasededto e thiaddisd gurfadel hgd Arflathesscafuht

chPRydlapesydiagonallengih 7. GxlkBhaRd Was SONCAYG e Mo1ishing or
. parallelis Waséﬁ)m._ZO Wr@}é e deflection béiﬂlrts own weight is added

S1nGhes FAOR RO IR A TR R IRE abr BPARELLY of

matfathads/Hagbaaltengined 8cgMENs hihdieginioaredyveiakhage 00657)

‘ac@buNextaagdrsanplnl dhelassauatnie wastpracesged ¥io gwn

om substrate,.which was disposed, in, place in an exposure
weg p%lr'atﬁs. The [(?II’%?(FFE\I‘NE}: ﬁagv%av;/égsa?ngerais%%ea: §ve°r83lﬁ)esffl§)rﬁé§y e &Reir2Y

Pre¥gigRthgtalees distacerrariietdr. fpEanBadirements shsroriepmask
suhﬁ¢ﬁ£thMdﬁdFﬁmax&nmmaﬁﬂmtpfB&Omatamdalntﬁﬂbm\E$M§0332@iven
by pﬁ%ﬁf&&ﬁ@%ﬁﬂ%@%%@&%ee%h%rél:@a%gfmggggw%n of a

cm from the sides, with'a gap error of 160 pun. It is note
pl?)?%nﬁt?’@a?)“rﬁ@&ﬁﬁ%ﬂ%b’fﬁ% BRENSE bEeAE8mected on the exposure

apparpier-eide+92,[00h8] suppparativerxampa 2sthairwgederaal by a
aofBYRPARHL EATTIE 44138 (P22l R ERL AL LTSRS sk
measured to find that the surface had a flatness of 4 um

' (flatness/diagonal length = 2.7x10°%) and was concave. The

parallelism was 2 pm.
When the deflection by its own weight is added to the

measured flatness, the resultant flatness was about 130 um

(flatness/diagonal length = 8.8x107°), indicating a convex

shape.
[0057]

Next, as in 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 280 um and a minimum value of 120
pm, over the entire region excluding the peripheral regions

extending 4 cm from the sides, with a gap error of 160 um.
It is noted that the proximity gap measured above had
not been corrected on the exposure apparatus side.

-30-
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5 1,400 mm (diagonal length ca. 1,857 mm) and a thickness of 10.4 mm

was used. Thereafter, as in Comparative Example 1, the substrate was

polished by 50 m by a double-side polishing tool, whereupon the surface

flatness was measured to find that the 10 surface had a flatness of 4 pm

(flatness/diagonal length = 2.2x10-6) and was concave. The parallelism

was 2 m. [0059] Next, as in Comparative Example 1, the glass substrate
[ 00waq processed into a photomask substrate, which was disposed 15 in

conac i 38 eI g apparatus. The proximity gap was measured over

substantially the entire re%llon usm%a laser displacement meter. The

measut8rmehRCEANbRinttly SAFRAGAtSY ] HAMRMT vAILEDF 15895 ted

exc@yﬂcet]mgliﬁnms@ﬂiﬁeﬁk@ m,dwe:]geiloaﬁgtir@ £=hf7aty ﬁmlqdjlzgz menrr; X
riphergl regions xtending 4 cm fro e sides, with a gap error o

LA AR o B SF B iy oo b eadihba e A ERER = of
10 . domsrtad 8nus€@xposure apparatus side. [0060] For Examples and

Compaestive fo@mplas the nrasued taespitanpllatness end substrate

parallelism before and aftergprocessi%gﬁare summarized in Table 1. -33

r

was BB PARE PR e MhePBrite LMY Sroxifig B9 HiBdaEifpot

wheldenipanialt beibsuattsatttutita sze {sakwatadagumrg &latnessiharaielt the

Eront Parallel- Front thickness front/back ism surface. ism surfac
£1a %)f ﬁ%i efﬁ

SUrLASIn AR MAIRIA B8 (T1) T Thuess PR i4edPamA: :ﬁ-?ﬁ%‘jh
2. 28my (mhAamy s Edataassl (Pnphdiggenal lenotim was 2 pm.
[0059]

Next, as in Comparative Example 1, the glass substrate

il

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 pum and a minimum value of 120

‘'pm, over the entire region excluding the peripheral regions

extending 4 cm from the sides, with a gap error of 60 um.
It is noted that the proximity gap measured above had
been corrected on the exposure apparatus side.
[0060]
For Examples and Comparative Examples, the measured
results of flatness and parallelism before and after

processing are summarized in Table 1.

33~



1 330x50 0 22/25 3 132 3.6x2 10'6 253 47 6 2 Ew 2 5x10840 26/30 10
232 2.1x10" 258 47 11 rt W 3 850x1200 120/150 30 136 2 1.4x2 10'6 2
5947 12 10"6 26146 15 4 12x131400 210/2204024321.1x2N 1
850x1200 100/112 30 4 2 130 2 280 120 160 44 x8.4 8.8x10-6 ma 'p~ 2
1220x1400 115/120 304 2 240 2 180 120 64 0 x10.4 1.3x10 -34
CLAIMS: 1. A method for preparing a large-size glass substrate, from

[ 0@¢hidh a photomask substrate is formed, 5 the photomask substrate being
used in a mother glass exposure pgegaessincluding attaching a
photomask substrate having opposed sides to an exposure apparatus

throygh suppo?t ofmpﬁsd de edggs, dis gcsgngiunderne ath gpoqdmity gap
adjagent to th d substrate a mother g ass serving as an array
10 side or cold strate in a TFT Ilqliﬂgiggﬁ anel, and
irrad)| PR IRGM dure apparatus tQoihen ﬂaer jlass through
the photﬂﬁ)asl« id rethoel compriswgithe step of proce ssmg
i age i Errox
a lafd8igpey 3k diaving froreeisdebac 511;15%,% S s
a diggonal len )0(min [art ' thic @Ss|ofgd lgast 4 mm into
the large-size , by removing ﬂjﬁagona m (9 a flattenipg
remgval quantity of material hased gn height dgatarofithe flafness and
darallgligm of the front and bark surfaces of the largersize 20 glass
subgtraie stock if%Hfe vertidal attitddd, plus Azdeformatioh-cprréttiie 47 | 6
removaquantty of materal; e defprmatigr=corrective removat quantity
2 being 2JEl§Ated Feam (2) acdefleetion| of thesuhdiatd stack pyss | a7 | 11
= /
8
B | 3]859%12001 1207150 | 30 | 136 2 |5 2] 2 59 a7 | 12
(4 |12201400 5107220 | 40 | 243 2 |4 1P| 2 61 46 15
E% 1| 850%22001 100/112 | 30 4 2 | g a3 sl 2 280 | 120 | 160
2 8
E‘m 2 |122051400) 1357120 | 30 4 2 |, 20 2 180 | 120 | 60
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its own weight in the horizontal attitude, calculated from 25 the thickness
and size of the substrate stock, and the support position when the
photomask substrate is horizontally supported, (3) a deformation of the
photomask substrate caused by the photomask substrate support when
the photomask substrate is attached to the exposure apparatus, and (4)
L an 30 accuracy distortion of a platen for supporting the mother glass,
Ruh&téin the resulting large-size glass substrate has such an arcuate
shape in cross section that the surface to be opposed to the mother glass

1. is concaye D keld sHigady-13yand i@%@@@rgﬁﬁty BPostrate,
Fr variW i(__)Lré #eté/ve nolipoe rggg@er uq;%%sr a@g tq% pgotom substrate formed
Fom the arge-‘rs),lze g?éss SuBStrate Wiiich 1€ haldhow ontally when the

oppoéd&® -BhekrnagdessetaRE pabtorhgdiesubsirde dre suppdiheringthess
expRXPasErepaeRaraiisi Acina meihed ehclaim d, whereiadhe sxethon furthare

' e rocessing fqQrf '
et e e 5 A AP IEA e ats hroughy aygeort
of GPBRS 8RS i%%ce&lﬁﬁ%%?&ﬁnﬁwg@eﬁﬁéﬁhe%%oﬁéﬁamﬁy to
thebgihg walaidted dlysftith¢radding (hea charges obatne sy by gheanl Gpesty

s1deB f Belishing & d0e aethod alglaimat or 2 whereinsthe Jemoying step., |

uses a processing tool of sand blasting. 15 4. The method of Claim 3
par\ﬁsr]rere elr’éﬁ?o%ﬁfbtét’éﬁ uifrﬁjhg ﬁ’gg&sﬁﬁﬁtdﬁf%‘?ﬁ&ﬁ& biRAAGILus to
thep@maihed akassnstimopasiiiee SpIfhsonethliodpfleiimeer, 4 wherein

the saad 8lastinacg ussamaiglag ot aeriwpaxidsy SHEEROX g a
1ara|ur_nisnuzrré Qx' le_or SQLIJ(E‘)OS car, éde-@-gﬁ‘ehm%thx?d %%1 one ?aims_l

D5 Wharein the. SUFFAcE O the subsirate STOLK &¢ ah arg(f%rar %0%?[8# IS
SUrfagREedset whid agesadstrt@ gidtkodndidr theasscéingmosnd a
thimRueds . Jtlage-sizeptass subsiate fram whiclya phoiemadkss
substrate, by removing therefrom (1) a flattening removal
quantity 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 gquantity of material,

the deformation-corrective removal quantity being
calculated from (2) a deflection of the substrate stock by
its own weight in the hoxrizontal attitude, calculated from
the thickness and size of the substrate stock, and the
support position when the photomask substrate is horizontally
supported, {3) a deformation of the photomask substrate
caused by the photomask substrate support when the photomask
substrate is attached to the exposure apparatus, and {(4) an
accuracy distortion of a platen for supporting the mother
glass,
wherein the resulting large-size glass substrate 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 photomask substrate formed from the large-size
glass substrate which is held horizontally when the opposed
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substrate is formed, wherein 30 the photomask substrate is used in a

mother glass exposure process including attaching a photomask

substrate having opposed sides to an exposure apparatus through

support of opposed side edges, disposing underneath and adjacent to

the photomask substrate a mother glass serving as an array 35 side or

color filter side substrate in a TFT liquid crystal panel, and irradiating light
sidpmdEesxpbutdapphaionaskhé wiikaadigs frro s I iiectokaiskhe

expobsiFaleapihsalddarge-size glass substrate is produced by processing a
large-size glass substrate stock having front and back surfaces and a

diagonal length of at least 500 mm and a thickness of at least 4 mm, by
2. (1) a FReedsEhafofdl sdadmit} of W€t Dasbe oRaidigt datathreie
conilatniess snda pamtietivm gftbe érosi and back sudacemakigedage-size

defASRSUbsHale stack i e w&'g;' atfidg JRlys étgsf%@age;mi%q&s&?@%he

removal quantity of material, the_deformation-corrective removal quant

91385 o RYRBIHES FrofP (IREd e ABRL ¥e SFSstEHEER &K DY its own
weighitle thisslforzontdlatticoeregit drate doeomvinke thicknes$anbesizayof

cafﬁﬁﬁﬁ@@t%yst%@ﬂgfh%&ﬂ}@rt(%))’s“@rb‘ﬂﬁ%@@%Ehgfﬂﬁﬁé‘ss by the
subs%ate is orlzs(ier]]dt%_le(L supported, (3) a deformation of the photomask
t y

POSTbETER R cRR ﬂ%‘photomask substrate support when the

photomask substrate is attached to the exposure apparatus, and (4) an
3. accuragy digéantien aba Rlaternfor suppating ieiwtheleglossothtng step

usel rg%] g:eo @gggg stégtglh%sgsmt an é&c#&e&é% shape in cross section

that surface to be oppose e mother S is concave when held
vertically, and reduces the proximity gap variation between the mother
4. glassTnsl tine thladtooaskisahstratevioemed drovh therkswgersivg glasd using

a pHbsiatemlych i3 helgdharizontally yhamibeapnosed Side. 85 £098S O nstant
the photomask substrate are supported in the exposure apparatus. 8. The
pre?ﬁl%‘é?s‘?‘Ze glass substrate of claim 7 which has a

5. The method of claim 3 or 4 wherein the sand blasting
uses particles of cerium oxide, silicon oxide, aluminum oxide

or silicon carbide.

6. The method of any one of claimg 1 to 5 wherein the
surface of the substrate stock at an arbitrary position is
processed while the substrate stock and/or the processing
tool is moved. |

7. A large-size glass substrate, from which a photomask
substrate is formed, wherein

the photomask substrate is used in a mother glass
exposure process including attaching a photomask substrate
having'opposed sides to an exposure apparatus through support
of opposed side edges, disposing underneath and adjacent to
the photomask substrate a mother glass serving as an array
side or color filter side substrate in a TFT liquid crystal
panel, and irradiating light from the exposure apparatus to
the mother glass through the photomask substrate,
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surface flatness/diagonal length of up to 4.8x10"5 in the 30 horizontal
attitude. 9. The large-size glass substrate of claim 7 or 8 which has a
diagonal length of up to 825 mm and a thickness from 3 mm to less than
6 mm. 35 -37 10. The large-size glass substrate of claim 7 or 8 which has
a diagonal length of 800 to 1650 mm and a thickness of 6 to 11 mm. 5 11.
The large-size glass substrate of claim 7 or 8 which has a diagonal length
of 186@is12 15T aemsikeen tHidgRs8\WISt IR te nim. p2ZotnerigdXsize
prdéfRssssulstiate abgain 7-of which 0hesadi@genadrnaivaind Strient
and JogRM)e %ég'g"”%ﬁ.%f 448 2&@5‘-{é”nﬁt@"%@@@%%xsp@sgg% mm
an(grocess comprising aftaching a photomask substraté having oppose

idesHeikBRfi e 13%pkRRgts thBlighBlppbh 6t dbpBSEGRRT removal
quaatigbsydisfosiagemidarnbateandadjacdnhtd the photdmasiesfisitaie ss and

parBEn AAFHFEMNG 3581 AT P19 Bk CURLFIRI SIS SURSIAG JP R, 51 26

TFT liquid crystal panel, and irradiating light from the exposure apparatus
91353 SHittaAdiasS ifGligH the PRobRTask®2d sBb&t4kdGhePdiHSaft
defphoterhasit suiostrate i formeshivorala kvgarsizbyglessmsabstra@ivhich is

prepargd bdé%@%ﬁxﬁ%ﬁ%@@r@é%jg}és&ém@le §ipgkdanng; front

an#ba%:cgds%faces Ci]f a dd% %réal %)%n th o}; a%Egst 5%0 mm and a K b
caltﬁl% oSS of &b least & i y(f a at?ening reMovS| dﬁ?a%‘ﬁtf&fw Y
itsmateniareohghl okbhdifis di bt ond-Adines$ hnd Praralaibandiahe dfr from
theanehRagkn i cesdf dhe rge-sizeeglsad stbsitaie sstoek n Heqvertieal

ttitude. pl .defo, jon-correcti val quantity of material, .30 the
L s e LA e e

supRqgd-ednstfate %&@W#&%MW%tWﬂw@ﬁ@r?ﬂﬂ&F‘atﬁfﬁH%Fr ate
cawndel|ated from pihettbickBissabd sizetet teaspbsttatelstack; eadpghe tomask

substrate is attached to the exposure apparatus, and (4) an
accuracy distortion of a platen for supporting the mother
glass,

the large-size glass substrate 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
photomask substrate formed from the large-size glass
substrate which is held horizontally when the opposed side
edges of the photomask substrate are supported in the
exposure apparatus.

8, The large-sgize glass substrate of claim 7 which has a
surface flatness/diagonal length of up to 4.8x10° in the

horizontal attitude.
9. The large-size glass substrate of claim 7 or 8 which

has a diagonal length of up to 825 mm and a thickness from 3
mm to less than 6 mm.
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support position when the photomask substrate is horizontally 35

supported, (3) a deformation of the photomask substrate caused by the

photomask substrate support when the photomask substrate is attached

to the exposure apparatus, and (4) an -38 accuracy distortion of a platen

for supporting the mother glass, the large-size glass substrate has such

an arcuate shape in cross section that the surface to be opposed to the 5
10 moth8hgladasdaredve, Whas herihstcake ttpikddiiask sebsfamdisch
hadeld harzontally wherthe eppssed sileladuesnel thahatomaskkness of 6
fo sil?sg@lt.e are supported in the exposure apparatus, whereby the

proximity gap variation between the mother glass and the photomask 10

substrate is reduced. 14. The mother glass exposure process of claim 13
11 wherd@hethkdamge-siie glasbssubstratesstasa sudace Hfiatpess/dirgenshich

haée@tﬁféﬁgﬂ%f'wgﬁﬂquﬁg@@% %ﬁggitg{g@.é{?&% thickness of 9

computer-readable recording medium for recording a method for
to pjrépg}‘ﬁw'g a large-size glass substrate from a large-size glass substrate
stock having front and back 20 surfaces and a diagonal length of at least
12 500 mmeandsa-dhicknass ghallsasidh gwia Bhetpmaskisvbstrate Beipgdich
nadOtne fom.sd large-3iz6 dlgssqubisyals, fhe pholomask sybstiale - e
eing tead i a mother glass exposure process mcIuari‘ng attacr:hlng 25iRe
to phdtdliask substrate having opposed sides to an exposure apparatus
through support of opposed side edges, disposing underneath and

dj h | . _
13 e & e GHRE S S PRDLEL S R ER S BpAliing

Phofomafiy ﬁg‘ﬂﬁ%?d?ﬁ‘fﬁe RS sIRPYIRHaftt 46The tdtRefdiReS UTe
apphmaghshéphotoghaskigpbsttatef seppredidmstiziang decosded ibgremiag
und¥RA@M O [ARETAHAA o E0PRUIGILO KB URLRG fAIMNURG518DSA Frother
glé%e 22%%%%%“%%(1éiQ@¥2¥”%f§2°§¥ color filter side substrate
in a TFT liquid crystal panel, and irradiating light from the
exposure apparatus to the mother glass through the photomask
substrate, wherein

said photomask substrate is formed from a large-size
glass substrate which is prepared by processing a large-size
glass substrate stock having front and back surfaces and a
diagonal length of at least 500 mm and a thickness of at
least 4 mm, by (1) a flattening removal quantity of material
based on height data of the flatness and parallelism of the
front and back surfaces of the large-gize glass substrate
stock in the vertical attitude, plus a deformation-corrective
removal quantity of material, |

the deformation-corrective removal guantity is

calculated f£rom (2) a deflection of the substrate stock by

. its own weight in the horizontal attitude, calculated from

the thickness ahd size of the substrate stock, and the
support position.when the photomask substrate is horizontally
supported, (3) a deformation of the photomask substrate
caused by the photomask substrate support when the photomask
substrate is attached to the exposure apparatus, and (4) an
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35 quantity of material based on height data of the flatness and
parallelism of the front and back surfaces of a large-size glass substrate
stock having a diagonal length of at least -39 500 mm and a thickness of
at least 4 mm in the vertical attitude, a step of calculating a
deformation-corrective removal quantity of material from (2) a deflection
of the substrate 5 stock by its own weight in the horizontal attitude,
accuaRamteH FHATTHERiRAeds ARG SRR SORe SUBERATR BB ckDand Rid o
glagepport position when the photomask substrate is horizontally supported,

(3) at%eéom%%g %Vﬁh@s lamagk susiate faused iy, the,phgtamask

substrate suppo en the 10 photomask substrate is attached to the
shapgnddureEppRratstinn (APt atbaraRY hétbfiohoREpIgRRPRFA to the
motheppariag shd snothecglass, ahda stepdf delnteromlid gommand to a

processing MRACHiRS KO £AHYQH PEOses g forflaitening anm defarmatione

15 correction bg removing a total %uantity of material derived from the

OPPASRENIRG TEmRYErGuATit AT B GeRTH AL SH P EorTE R e FemTRPPOT ted
in thantyoteTe Fapeding wiodiwiesledaint b6 iesaibmhs MahDd 20

var EHhes Sopwrisesnaieidhppracassine o flaianingaahotomask

d%forrpation-corr ctiongistep, the post step of polishing the glass substrate
subgirate %§ ﬁe qce . .
on'one or’both of its Surfaces, the program further includes a step of

calculating the total quantity of material by further adding (5) a change of
14 .25 fletnesabyrbe ppshsiepatmoishiagp40 ABSTRACELAlArgeisikherein

eneOipsaSUbSYRLE. fpmLuhicha phgiomgsicubsitale fyjgrmed. is prepared

by précessing a Targe-size glass substrate stock by (1) a flattening
£ 1atomev] dlagtna baset ghtheightiatd of hdsdfsirata sidek ihawizontal
at+Y¢ktigal, attitude plus a deformation-corrective removal quantity. The
deformation-corrective removal quantity is calculated from (2) a deflection

of the substrate stock by its own weight in
15. A computer-readable recording medium for recording a

method for preparing a large-size glass substrate from a
large-size glass substrate stock having £ront and back
surfaces and a diagonal length of at leaSt 500 mm and a
thickness of at least 4 mm,

a photomask substrate being formed from said
large-gize glass substrate, the photomask substrate being
used in a mother glass exposure process includiﬁg attaching
the photomask substrate having opposed sides to an exposure
apparatus through support of opposed side edges, disposing
underneath and adjacent to the photomask substrate a mother
glass serving as an array side or color filter side substrate
in a TFT ligquid crystal panel, and irradiating light from the
exposure apparatus to the mother glass through the photomask
substrate;

said medium having recorded therein a program for
operating the computer to execute the following steps:

a step of calculating (1) a flattening removal
quantity of material based on height data of the flatness and
parallelism of the front and back surfaces of a large-size
glass substrate stock having a diagonal length of at least
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the horizontal attitude, (3) a deformation of the photomask substrate
caused by chucking in an exposure apparatus, and (4) an accuracy
distortion of a platen for supporting a mother glass.

500 mm and a thickness of at least 4 mm in the vertical
attitude,

a step of calculating a deformation—cofrective removal
quantity of material from (2) a deflection of the substrate
stock by its own weight in the horizontal attitude,
calculated from the thickness and size of the substrate
stock, and the support position when the photomask substrate
is horizontally supported, (3) a deformation of the photomask
substrate caused by the photomask substrate support when the
photomask substrate is attached to the exposure apparatus,
and (4) an accuracy distortion of a platen for supporting the
mother glass, and

a step of delivering a command to a processing machine
to carry out processing for flattening and deformation-
correction by removing a total quantity of material derived
from the flattening removal guantity and the deformation-

corrective removal quantity.

16. The recording medium of claim 15 wherein the method
further comprises, after the processing for flattening and
deformation-correction step, the post step of polishing the

-glass substrate on cone or both of its surfaces,

the program further includes a step of calculating the
total guantity of material by further adding (5) a change of
Flatness by the post step of polishing.
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