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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
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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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So far, liquid crystal panels have progressed to 5 higher definitions from

VGA to SVGA, XGA, SXGA, UXGA and QXGA. Itis 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
langeeshimso@hxhonasks o niyaracad nlysdidonoh thignddwet khaguartz

gikaah dHdieddediakesndiverLCirctil ok dea iie-98 RS PLriphedh PoBIRAfsion .
“’gﬁﬁi aside from the panel pixels, which requires light exposure of higher
efinftion. [0006] For a higher accuracy of light exposure, there is a need
for largsizapholdAadid ErRNRg adbSrmnes exhmimoer 2orsigred to

hiftfieessdefha bl sl_seﬁatevttm tSo WEeEASU m@ﬁed ﬂ';xap; E£XpEsAreand QXGA.
12RRaralys; J0AQr1Mhile e meliodsdos DEQGESSING|ata8:838 g From 100

photomask-forming substrafes utilize for flathess correction™25 a reaction

PigrdSaaRstMet dRR eGSO fe FA A RPIN ST BRE s ARG RETESFRFY -

Thibece deagptinstafie widde ssin e xatatad iihg re i draveh ackitpat, adtiposes a

stRsHalspigeubecupes iHas, t%%;%;&ﬁ&@i? CS@@Pi@f@%%uracgd on the
e

ppiecreases, Ieading to a reduction o ability to remove moderate
[ reﬁﬁi’éﬁﬁeg BATne substrate surface. As the size of substrates becomes
[ 0@Rget, the prior art polishing method is difficult to finish to the desired

flatnesso 0083 d@199 - thaserniebleis: dae Wﬁhﬂ@f?:ﬁ@ﬂs’@@ﬂﬂﬁﬁfgy
P- 03- - 4= il et improving t
kn#av?r?es%% o?f)La% %%%%$§agég§§l?§gt%¥§lﬁgbﬁgﬁé d%%o%ra en%t gogf'atje‘t has

S
PegBsEIotti e ag&ié%ﬁ‘f@aapé?sﬂé{gﬁ BLECHE Fodr IEBE afd e on a
peftatpbssidibgpnattigngthedf GI0rEEE 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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or less. [0009] 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

trates are,reguired to safisfy, both large size and high flatness. In the _.

szase S EucH a?ge%gé%aggs:fs%u %?rsa?;gg:as ﬁqne%#nefse%‘ iBsf? tee!‘éxei0
ommd@ifes deflected on the actual use attitude where it is held horizontally
[ cin0d] exposure apparatus, failing to acquire the desired flatness. Since

the de | a gub it \weight is,in inverse praportion to

the oo a1 T T o e e R
thpgughed S itBL R R RITGERSER St PBERRSAsBTint ReKkeasad a
predutt tiheivigigltto Hargelsine glelsc sulrstratehsralsa iricreased . deisd for

1athys desired im Bavmaswethed et lattaning Syl latoersize 91ass 1 ength of
her level of flathess. DISCLOSURE™OF INVENTION

trates to a 20 hi
1 fﬁﬁ BrENtS ﬁf%ttgbt_vr%w TERCRVERPORTPOIBIS 59 to
safisEnt ositicrrrgsehedrdonndn hikwhofithe tabee. cirumstancesse of
suelbogirgents 0f theyinyeptiamBaek L0 HE0Vide R 8KRsSI78 JRaSs trate

ubstrate, suitable for forming a photomask substrate that exhibits g high
be%ai.trr?ggs \cllvﬁ%l% Cé%a o?leor%‘ﬁy%)%tél&?aluuss% iﬁ%%le%%gc%u%lgﬁﬁaﬁfuésa held
hopbaitFed fof prepam Gifresaie, anPatemputefebbibnte feordiqypire the
dembratn hasitgeesardesi hescialtepagrladepmwsesting tha:paethede by its
owmmpodiments of {he iyentiqn further seekdg provide, & method for,
exposure of a mother glass for tise as array side and co or_fﬁter side
thigitiatss in“ReT gt GYSar IS PanIshASME ANSPRIR e \ARRE TRIE the
siPROBLEMSulpditite is increased, its thickness is also

increased. As a result, the weight of large-size 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.



10

20

30

The inventors have earnestly studied in order to attain the above object.
As a result, the inventors have 5 found that a large-size glass substrate.
obtained by a method to be described below may be improved in that
when a photomask substrate formed therefrom is horizontally held in an
exposure apparalugelfigHAlM3sk SYRE g AN B IoN fainess
enough to significartly Teducea varatormrofto- gap between

[ 1pﬁotomask substrate and a mother glass serving as an array side or
color filiee sideveunlsiratcha el ERligeid ctystalpana,d00h2Mae to

adialtigulaiy %%@%B'g%temas@@st@égaé‘é hasgoaﬂ.}?augﬁ;@éw ve

exposure apparatus, substrate chucking means may include the
£ oI R i SO BB T WHA SR SES PR e BriREnod
tosdisstides crdinpddes (feumertvie sitesopped), amdtthe subbtzatea
phdunside supBetinwbichdhRaubetiatekestinon wedde 20L34RP0I Held in
contact with the substrate |OV¥: r surt;;alcgcalca)ﬂrgc ed‘%gs usgcally two s%e o
A S Uppon. Th either means. when the - photomask TURSFAR S HEFEoRtly™
highd flrtniftsmasrustibstate imnideirer Ay dersinrsy s vamiwsighn of
thBhis rdefdimeyory aaydeanases exagg ¥Ristbak e Riniemasksubstate
nofhDECYTES LGEL sige 3 dhdglsalioniielamualion ey 1BeiRase 4 o
variation of the proximity gap between the photomask substrate and a
sSubB A tadddigpde ﬁéﬁ%’é’fﬁ tREYSHASMR&R hibstrate for exposure,
[Ogivibp noticeable negative impact on the exposure accuracy. 30 [0013] In
the prigsad. {04 reduaing 118, Drowimlly gaan %ﬁ}{@ﬁ&ﬂawﬁ&&@%%@%g
the substr Ee u%sge sugport by suction is utilized in supportln%_et?rgg
RS AGRERR SOBFAE PR exBERTE R FRREEE Fite 1S HBFIEPLS as
chpckispiacassniie Badstaelysber Surfasulesjrs tpwapd add cstwaieto in
whibelica dbe deflectivnsarenndiibe sypsiratecepifie ntherguentuMisredbe

al%%bc_;st@ gggwr(lélggrsugg nglg ug.!xl. ed g‘u@%ort) , and the substrate

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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supporting the photomask substrate in an exposure apparatus, a
downward force is applied to the edges outside the substrate support
position to similarly reduce the deflection around the substrate center.
However, this method in which 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
SUBHPR to B RPRBERb ARF LRI (8 R e T BRI e BRE TR tus -
a sigyaaa A tiegshotomaek1iG@dubsiratb decdmes |langes inisizeéha
sdamé@@edﬁﬁs6$%8%ﬁs@qﬂsﬂngg1%Qﬁmficaf&@r?ﬁﬁﬁi%%- t&@@ﬁ(eflection

Another method of using a glass substtate (for forming a photomas ,
arglﬂ()%s@ra{fgewﬁi% ?1taj§ ge%enc%alﬁ%e%]éd in‘the 1 evIéftictal{f %?tit[ﬁ?&g%ggs B which
Ehse MGRAR Feft IR PHEASMEBR SBREhfadiegldss stisstratposure

apipatessed in size@do s dingonahisagthotadeastiithmen spesificayatire
specia I , 0_For large-size
o e e R Pt o ddiEiop has
thy | 85808F furtPadpddialPa At A5HCHAS nih S SHHRSER ARy i9deep trol
theol§pfitter Sidelphotampadledulbstratbs irsib¥ tigaitiecrysiat peinelspartomask

sulosmedtkneue setiods frdpeasiring the flatness and 25 patallelism of
front and back SLgfaces of tsll]JCh a s%bst;fte mclu%e n ,og)tlcal
NeREeHerence Tech ARG e HurlS&r of bt fringes and

nidque of counting b
[0Q1dskr scanning technique in which a laser displacement meter runs in
proxingityctoHbe eniranil kackusufages of thessubksiraie farscanfiig. fb8ning
f j rate dur e measurement is
o B e L Y B e Aol

vepdisthtaR i hedal 488 sriete ReRNATMNEeddpsihag idhertiehntraask
sulvhtrnalte flamnegiand pataditlsmhof fronfaodback quifacesiawe to a

diBeesHethis R3S isficillde MeRSULE anAscHiasY MRS A Jeast 800
mﬁukéss:%aé% i%elf }c;tsa%nqLeé c'letSstovxr] f\szvoe(ljgfrl;gnllr] the horizontal attitude,
[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 the substrate
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many diverse ways are utilized for holding the substrate -5 horizontally in

the exposure apparatus, and it is difficult to measure flatness under the

same conditions as in the actual use. Since the deflection of the substrate

is in 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 asgect of deflectjon, a gosa’%@icul N

hrt 20BN WHeh e HEfMe8%RP 8Lt ARRAAIN Ry HEadired Fn

toenicak antuds istees shamséevershens anenicrond ithbcdib statel B0 e

a8eHak expesuresyill defame savarakiges éa hordresls efumiareBs 8y ifs in

3 Q0. Weioht. o uch Broplem aisg fhe way,af substiala holding Indte. s,
measurement or an accuracy such as flatness an parallelism or front

thid PREReDFalds 8Fa SsUbEERALR thé 2anfPdSfreNay bf ShsdirdtRickness

i boldingpduniag-25 exfosiwes thas isi ¢hd timeaslierd theagujesttate ifaomsehe

alih 48 cuFepLsituation  howgver, e MAthed of areyrateiumeasying.the

flatness and parallelism of front and back it},g aces of a substrate usin

LUREOGHE sUbsRartPAdHY Way hal Bedh deVRtHEN Hehilinkhe vertical
afnebbudandist dfehe flabrmessXOvamdkparatislise Of frionrang batkeudabed rate

oftf 3 substiatefass e eesprtity the Fosasusemeptmetharona bsHARIE of
the vertical atfijude. However ness 8Rtaine

b tpe ﬂ(ﬁ? 5 rodﬁ\ﬂatxrr]:sthig ige if the wa
m%%Ié%ﬁ?;emgntlm@th%"gins%%%%tﬁany iffere Hrom Bhe flathess of <ucha .
ofargalbrensHcomas Shgsiate ige RSN @RS egfostite apPHIRGY. such
alp0dbh Referensa is madetodha §atness pf curreatha avatableplassces of a

as large-si 0 S a T 0 f E .
D tiich Siseehd o S WP, TR gty auring

SHRAFIVEE of EYAEN BRhibiR% HABRsURRIyITRPIEHIT bras%o 53168 use- In
tHatressrdrung As uarehswr e dinveereerticabattiicles this Substcateately

mBgvided I ig held-hy bpdzantal faupssids SimpIEsaHRPOE VAl NAEE0® Ak
sgg¥§ggg Euéoggﬁgﬁ%QEQhﬁgfﬁge% %P%%gé?substrate holding way
has been developed. Then, the measurement of the flatness
and parallelism of front and back surfaces of a substrate has
to resort to the measurement method on a substrate in the
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
slze 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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35 flatness/diagonal length of 4.7x10"5 (flatness -34 m) as estimated by
material strength calculation. Then during the -6 actual use in the
horizontal attitude, the flatness is around 34 pm. Also, when a substrate
having a size of 1,220 x 1,400 mm and a thickness of 13 mm exhibits a
flatness/diagonal length of up to 6x10-6 (flatness -11 m) as measured in
the 5 vertical attitude, this substrate, provided it is held by _harizontal

aciEHRLidasSmbe S GO THF ARG o HoREon b s GYHRERfA 1 around

34Wn}ﬁhh0@ri)t%&pprbd§éﬁ a;lgatﬁeg&/ﬂé?wnﬁhﬁng&ll @lf bﬁﬁmﬁﬂﬂ&m& hx 1,400
-243 hem) as estimate material strength calculation. Then during the
ket ety b e L) LR

LeWithHesgeaifdo eoc@raaion of suah dellectiDns wepuatermeasuiteid takerthe

R0 S8 VB ARV BEPIELEE, B 1SR o

] strgite Size enlarg ;
hogheriitbfidn fperfrork da riaéapl thes S0BSdte i¥ iHel UL FRICA faces

delhedaethen glassichEingwaxpeslgd (. ashtheHower sukaea)afhe derm
"surface flatness" is of the front surface. The,back surface is the 20 upper

£14lmastndi R9ehibte hORFHS Rbtikr Hi5sY duthPERSSre 4dd18f") as
e sAddressiaglire maarsifactiiresofdarge:size glass! sthistratesTimningeantong the

adiagifoynd that wien adinaly2onecessamisiificienbrreggssing Juadtityrquna

of material to be removed (for flattening and deformation-correction) and
243h tmea 8HdprreRSstark ddte FRIRER BYicUmmEhERSeaiRking tiHes »
co@ﬁ@@@;ﬁfraa%mﬂ@sﬂé) éfhdﬁ@é@rr_(é)iatﬂ](ﬁ) gmoage(l}a ad%amir%e:gag?%& of
aterial to be remove termine asis o t data of the
e e T e AT MR 808 reount
ofq I §EslFstiAe SdtBeK FtHRRASHED attitude which are obtained by
[ cacculately measuring the flatness and parallelism of the

In the specification, 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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front and back surfaces of the large-size glass substrate 35 stock in the

vertical attitude (i.e., in the state where a deflection by its own weight in
the horizontal attitude does -7 not occur), (2) a quantity of material to be
removed given by previously taking into account a deflection of the

b tocky its own weight, calculated fro e thickness an%ksize
no}'ltég %‘l%sﬁr'atgz?toc ana ﬂ%lga[pp%grt gtggﬁ(ﬁ]l\?v?egr??hteg% pHotSmag given by

PIeBLRERLdo e g e ARFastoek fe thawbiralyofupbastesuktrate
s oglaltity DEmatenalwe bgh temewdd-givandy FewaushdalRgdk@ess and

sﬁ%&OB@t%ﬂsﬁgﬁﬁgega%éﬂ@&HE§°@§§kﬁﬂ@“gggﬁégﬁﬁ%8¥£Q§on when the
hotomask substrate support when the photomask substrate Is supporte
PHR1RE3H xﬁﬂgﬁrﬁrﬁﬁ%répﬁ%%% GEEMiFRENRIRRHIS bR ekl &S
hagaiasared ¥lam swraeeatasy, dis®ltien quaplaiey farfsmppestingiheo be

remehes g@@%kangﬁb@augeimg %ﬁﬂ?ﬁt?h%es%@e&%%ggt%"l}ie@n%t%%mn
reviously taking into account changes o ness during subse
oﬁo%{%i&)e 8(‘?1% ignsg;jilc of T%%%ﬁ?&%id‘é%‘oﬁ%ﬁi it peforet AP sgstrate
suRBe&dsifGaboltdeheheberanksisek stmoted ithewitertibadf ine the
exjubsirate alppk SHEASE 1q MOfES%&E@a@.SEQ?CB\Ee ﬁapélagel%qume be removed
r ) he obtaine arge-sjze glass. substrate
e TEh i A BN S 5 Elaaoges
SW%H%ﬂ%I}ﬁ%S% Flengtr AP 16N 8@ omantHethopHhrmgiterial
taatbiwidesfiberdyvietarphotainask substratafarmedSkamdha ltgesi#eount

chﬂﬁé%s’?@:@t@?a@r@ﬁ’gogﬂgi@@n%Qé&ﬁ?e%%@@ﬁhéi\@ga%%&ﬁ%ﬁhigg or
.pro m_y‘gl, %ap begv_e n.the photomask substrate and a 25 mother glass
SIEGVRgHS Sn BRAY SRS ddioPRrr e dinepdietherTRTIEORRSSing

togysarpaie rmap bbratecatcekmihatingoeditigatidgea dteedddrtion of the
subiaction aiberside afibe expogifeapparatis. AsadesiJle surfaces of

= .= . =3 0191 1n
R T TP U "
subgiE TR UAEE ADnPadinrmeBvhdteRgth of at least 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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is used as a reference plane, the flatness of the substrate is the sum of a
maximum (absolute value) "a" and a minimum 35 (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

pE2H10 (LR ENe i3 PLielon ol the syRsiale SR ATIEIaNee Ko treen o
etween a maximum and a minimum of the distance between front-an

MRSy AR Sa PRGN FFG theTk phamersiresyesarafiy anfovands back
sver ftakibickaeshuatiation @TR/). . FI@hé, pavaeIalilisthe supskateal1ly

kRO 14 1S G AR AN (L ANLOURC B2)S the least gauare
plane. In FIG. 2, numeral 1 is the substrate, numeral 13 is the front

DGR, hritfnEr A Ta95 i BacR BT (4201516 PR cSMfiRRge under
tegrhbodinsbmsmwetwlpredensintbetidre psdvideraspiwtphaske-formimgfIG. 2,
nuREles317¢ dlassisidbstrate & Method fahreparing the samegamethod for, o ,

the exposure qgf, mother, glass, and a computer-readable recording
ande ?ﬂlgh%ra%quéﬁné“& b%rfb%v. Ialsrﬂﬁg:i method for preparing a

[ 087l size glass substrate, from which a photomask substrate is formed,
the phatassasi sgisiAteBeIg ueats BMOHIRY PaesSBOSHERI0EeSS
p=BeaINcAacNNG,2 RRotamAsk susliale 20.having gonosed sides [ .an,,
exposure apparatus through support oﬁ%pposegs e ec?ges, ISPOSING
nefHRInESR HRERABLEM (BPMhSFMonsk_tBsFakr nidisergresure of
mosdrgingeisas araydside asmplotditereideasbhatrateciamdIhd lgetium, as
de®ystah Ranek.and irradiating light from the exposure apparatus to 25 the
mother glass through the photomask substrate, said method comprising
bt p of processing a large-size glass substrate stock having front and
back &urfeddscah axiggmrs iongih af aklkegst-50mnybad=a shibltesste,

£ rofatigasi MpHLe tha large9izedlass is formed,

the photomask substrate being 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 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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- 30 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 quantity of material, 35 the
deformation-corrective removal quantity being calculated from (2) a
deflection of the substrate stock bé its own weight in the horizontal

thettklideleafifadddrom 29 B thitRn&SPHIT e of Brckubsttle Shsek,
sugpdithe sppoitqrosiichwbas thdphotemsmsksubstratetis hnsizhotadlyontally

suﬁgem%i (3x3 deformation.of tha paetom%kp%@éms%%s@ pydhe

otomask substrate support when the photomask 5 substrate is attached

ca?&ﬁf?e &hoklife BPFAATSIatHRT bl 2 FARPAE BT B HpfarBRegemask
subksppartiag iwe mothehgibsse whiseei g s msudingdpegsasize glagsd (4) an

acSHbsiEate pas+34ah 8n asguate Ilﬁ‘éﬂ%ﬂf‘ ¢esS ﬁﬁb%gﬁéh%ﬁérfﬁﬁﬁ:%r

lbe 10 opposed to the mother glass is concave when held vertically, and
9178 rces the proximity gap variation between the mother glass and the
photoriagkaipsthr fonmad tigrg tHeamage-Sikeeglabs sabswhetiviser idas

subBldahorizpsiallyavhenhe QEDQ&%”S éidgeﬁﬁgﬂﬁrﬁf‘tmﬁtﬁh@m&ﬁlﬂrface to be
opSURpte r%ﬁ%p%%ﬁ%%g‘ Eﬂ]@e met caaqpéar%wén%aéﬁ%dz J&?tlcally,

ethod o laim 1, wherein urt er comprises, a

anﬁrdifé‘%%@E(fo‘?‘f%tt%ﬁﬂ?&éﬂ&%eﬁ&?néf%ﬁj@éfﬁé&io ?&ﬁé%?{hetﬁ'&t’%‘?éﬁler
glaspolshingthe Zhglassssbstatesdncare of bothed! iBrsumfades, herge-size

ngEEOfE‘ﬁ‘B%fQUQC%YﬁE?{n@@l%@@“%tﬁ%rﬁ%‘i& egdnfupher op osed
ddln 5ac an offla%ness thebpostsLep 0|ISh CIal %h
n e

ﬁgd% clai AFSinTHE 7& removihg & ep u a Focesgl
exm@rga@wm@ﬁﬁg.sclaum 4:

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.
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The method of claim 3 wherein the removing step using a processing tool
of sand blasting is performed at a constant 30 pressure. Claim 5: The
method of claim 3 or 4 wherein the sand blasting uses patrticles of cerium
oxide, silicon oxide, aluminum oxide or silicon carbide. -10 Claim 6: The
method of any one of claims 1 to 5 wherein the surface of the substrate
stock at an arbitrary position is processed while the substrate stock
Claidyof the processing 5 tool is moved. Claim 7: A large-size glass
substrgig, fﬁ@%ﬂ:ﬂﬁtcla_ﬁ F&”t@%o‘f@ﬁék %bémﬁsﬁr@lg@r%d.afvwwemﬁ the
otomask sybstrate is, used in a mather glass Xposure process. .
e g B ok SIS RV OLpb SRy chestobgn oo
pPregsesind diphigtusisrosghstppba GroPoseBSC edidies, RilsperiiRing
toundemeatiirand adjacent to the photomask substrate a mother glass
Clgﬁ;}{in)g: as an array side or color filter side substrate in a TFT liquid
crystal 15 panel, and irradiating light from the exposure apparatus to the

mothdt lEEIFTSIRPHEAITSto AR 5B Ratel S8 14RyEL)2& gRRRg tomask
subgiistrdte i protiuceddly pheoessmg a large-size glass substrate stock

having fronkiancpckswiacesanda diagenaldengthofalieast 599 HW

20 and a thickness of at least 4 mm, ).a flattening removal guantity
DS AL QT of FEFRBhSe AnRRGHaNAR SRpRELate
hafdngasibacske Susidfessoftpeasr gexsins Wiasoussirke stochiotsh support
ofveliisakattitude: @lussy deforapéipbLonkeg clivel samevaliduantity-f jacent to

r e rmation-corregtive re L quantity is_calculated
thf!g:(;arﬁn?1 2 %n?éaesagc%?bﬁé%oﬁ%g §ut%stﬁ1§c§%tgc§{:k y%%ssov%v%ﬁ%féilglﬁt inthe 2TraY

SidgyigentSPrA@tldet LhrtIatdd frofit RRd Hidighek? dhdidiZe bitHald perasdal
pasitk, anditherradiating light from the exposure apparatus to

the mother glass through the photomask substrate,

said large-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 (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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support position when the photomask substrate is horizontally 30

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, 35 the large-size glass substrate has such

an arcuate shape in cross section that the surface to be opposed to the
Poewinel fasirB contavd ibentirligeenichile andtiedtcasiges-1and the
phioreXina i&?@@uaﬁf@m b&twm@dhemhehgliﬁﬁggibgﬁ@%g%%k

e ed fram the large- ubstrate which is he .

= o (oo e S LIS 34 eg, svae
edﬁ@%%o%@@ iR SRR FELHIFRARIsS2 CRaP BPPRE Rt géTsiZd §lass
exsubstrate apglaina Fughich has a surface flatness/diagonal length of up to
¢148x1@'5 in the horizontal attitude. 10 Claim 9: The large-size glass

substrate of claim 7 or 8 which has a diagonal length of up to 825 mm
2nd a MEkrEES iR 57 P 16 o RAR B ARE (JAnF 1605 Trebich has a

sulafGR:size phassesiibsiaigyehelaim doefthwhichupasa diagonal fengih ghe

ho?:%.%)% 650 nkn%igd&thickness of 6 to 11 mm. Claim 11: The large-size
glass substrate of cfaim 7 or 8 which 20 has a diagonal length of 1800 to

Clzfimp i and a thickness of 9 to 16 mm. Claim 12: The large-size glass

substratesoficiaige 7 ©f Bavkyith shas asiagenss lengthc0b3 361 23000 MM ch
h.a%n%a&}iiggg?ﬁﬁml%rgétlﬁ %Ofn@ g@“ﬁﬁ ‘mm and a thickness from 3
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.

Claim 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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A mother glass exposure process comprising attaching a photomask

substrate having opposed sides to an exposure apparatus through

support of opposed side edges, disposing 30 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
diagsznale, bevarbin 35 saitl JiestshaBR Suibstrateds forietckomss of at
1d§|@g@-aiz§ngla§§ swhs;tr@iemf?iek&&m&e%)af%ﬁ@s?@lomédMﬁ?r%%erial

ass substrate stock having.front a ck surfaces and a - lagona

b Sl e 2h S RAAERE B TR TR B ek ene

ength o
£ r%?enﬂ%@?réh%%l HHBERAGAS RatcHAP bhREFdnHerghidibas of gibstrate
s titatResmanthpatadietismeol the tianidand ackssuifates ofike:lboge-sizerective

31355 subsiale Prsios iniheaertisal attitude, plus a

deformation-corrective removal quantity of material, the

deforntatRrted et ehcvargeatty s TSRO HBAPEY Wadfection
cadfcthé stibdtrétecstodl2 by atsle®hevdidlminglie hbezentblsdttituide, stock by

iteplgqiateddiom A Osthethickness and size fthe subslrate siecks 208dhe rom

,thsupﬁ(j)rt(fj?{osmon when the ghg%on% sk squstr{;\te jtsehor%on ally s%[())p rted,

ra o) 96Hb 8k

)a eformation o hs'élp%otomas SuBstrate™Eafse
suREhte 8§sidrewhenene Photdhadionudliraiets bratted o therizontally

SUSPSUEIAPRARtUS, @Rtlddnhan ddnaccaratiediptostiomaba plaies fafate
ry m t rge-size strate has.such. an.
ooSHR08T AP WR OISt sk DOIROEATEE SBSAUURE 53 8 B

SURBHHe? GraskSs Rbhaghe duifch R VRO 20 AP BRGtb skt bstrate 20
adsueit-odZzontellybihen dfe 2oppbstdsidoedgeppiohe phptahaskother
gisihstrate are supported in the exposure apparatus, whereby the

IOFOXim_é?{ ap_variatiqn between the mother glass and the photomask
substra eelgs réddced, -#® 9+ass substia & 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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25 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
4.8x10-5 in the horizontal attitude. 30 Claim 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 front and back
surfaces and a diagonal length of at least 500 mm and a 35 thickness of
usgdeddt 42mip EISAOISARER SEHBRSIRTRIRG RIFREE fidH Sakfipagaliaching
trglasmsihstiaie thaphoiemaskastistiate ppinge dl Fusekintm mothexposure

a %Sitsa%xtpso S%?c B{fggg Stgollg%léqj@g (?ftaBBi}S'Q s@& @P&%méaﬁég?s ;Spo sing

aving opposed si exposure apparatus through support o

urgippRes shicadh&d iRgRRingt antbs Bt AP adfcerPBthate a mother
glphetomaskrsulgstrate @mathed gassesewingedan flrdysidesddeolenbstrate

1ritgr sie subshate dn-gahhah ligrid ciystalhanel.Andinadiang IightfrePom the
the exposure apparatus to the mother glass through the photomask
eXRpEHafe, SRRATBGR N EBviRB'?eE‘é’r*dEg’fh s chK’g’fSE‘F‘F&r"ﬂ? photomask

swpetatéieethe computer to execute the following steps: a step of
calculating 41 ha datianingveme vabauanity: ok matesioh based09:haightor
ol ot the flf%%e%s %”%feaEa”ce"S@x%fctQ% ffo{%&”?o%fk%gac%%&f g
I:‘farge-3|2t§1 glass SUDHTALS Stock having a diagona Iengtcl)ﬁ oF &t I8astlD:
500 M SHEER tEkaskot Tdad 4Ghh R thd IE/RALBIEERCY 3lep of
queaictiatingost datoteadian-dosrective rerhevdalhquahiitnobmatdrial foat{Bss and

pa-dafiection,pf the sulstiate stogh BY s ownayeishtingdhg hotizentale - s 1 ze

attitude, 20 calculated from the thickness_and size of the substrate stoik,

91 3%%h 8 LRB5ER HosRibAh SRtEShdto W8P QB A& HbrZbnihy L east
5 Gupported.d 33 atdeicirmation offthe phbtsradskd mm in the vertical

attitude,

a step of calculating a 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,
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substrate caused by the photomask substrate support when the

photomask substrate is attached to the exposure apparatus, 25 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 flat and defor n correctio removing a total quantity of

30 maﬁéf%ﬁlg@ern?eaa‘fn omuf'ﬁe fattefifhg re #ﬁaﬁqﬁéﬁ‘ﬁ v @hdFRgcrlating the
tietdrrsmtttddive @ ere itk dulantitf ue ibhe 2 6adHa ngcotBingemetiamye of
£ 1 elaies] Hyhereingbe tialbeg furhpeaansRrses, after the processing

(for flattening and 35 deformation-correction) step, the post step of

polishing the glass substrate on one or both of its surfaces, -14 the

program further includes:a*¥ Mealciating N A EN quantity of material
[d®efujther adding (5) a change of flatness by the post step of polishing. 5

EPPEGRQF THGNENTION 021 LA A RIGIORIASK RS RIE go o1 e

formed from the large-size _glass substrate according to embodiment
IIRE T B HIE (R PRI BosFe B @@W@x&%u?@%c&&r‘é%?ti@n is
usgnpethillphegiswntionaecrpocyasd reshlatiexprgte: impovesicFhis

espay palyignahle expesresf ahigh Aefigition Jargassize Lang! Hul My
i also redcyce e, burden of (}?{)osurgbiorrectlon and |m|%ove the

"Broduction yie et 5t PaRelRR AN Sisodufe SPPaAIR 1Y hRgdefinition
1%%77%/2@@@@1 15rbxmaY aigaerniadues il buydenhefotrposure
cditescsidedn Heiplieartoan bRdIsedRiBeldnT ?Eéﬂéidﬁﬁopm‘saa 3 An

n r .8 DIQISStion aligner) is assigned ip.the
e"'?{%%%tg o A S e e

é’s?b’c}%a?afzélab%?a’ibs PrERPpRInEPY peay BE aﬁ%ﬁtéfﬂélﬂfth%ll ter
sildacki madix gncliphotaspacenadbaell ssRGE. R FT array side to

which a projection exposure apparatus (i.e., projection

aligner) is assigned in the prior art. Another potential
advantage on the color filter side is that an 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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When exposure is carried out using a photomask substrate formed from
the large-size glass substrate 25 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. 30 [0023] When projection
exposure is carrByIRE UsE & IO fr BRAMANGSfrom the

[of¥dg-size glass substrate according to embodiments of the invention, the
burdep of corestion ot 2,5hifing of an gptical axisyy 3 sybsiate.: ,
deflection may b8 r8dicett K nesd for correction o1 the proximity gap on

suirtedesurd hppataad ire Raf bataRfifated. -15 BRIEF
DESGRIETIQNi@F al R RaRAWANGSr §30244 &4@ 1 bihd Sohemabe a

s ul%é%?ésceé’f'ogi'l‘ﬂ%‘é’ﬂ@iﬁ\%bgritﬁrgiitéﬂtw flatness. 5 FIG. 2 is a

schematic cross-sectional view of a_ substrate, illustrating a parallelism.

FIG. FGx parsheciv@ SRAPBLE bYScSELRY QipdtaRicodas ing prparatus.
perspedive ewsshowing spetriiistenodevwf stypetessind oot rEVBESTode

6f MOBEFQRGABRYINS, OUT THE INVENTION [0025] One embodiment

of the invention is a method for preparing a large-size glass substrate,

glass subst i 2 \ IRGH G T A B O B i
[ oddekness of at least 4 mm and serving as an array side or color filter side

substigte I S e cortahRaneh \002eha0 Matgrigldebsdemgyed
preparing a large-size glass substrate, from which a
photomask substrate is formed, specifically a large-size
glass sﬁbstrate 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
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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 25 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)
thés kenzontally suppbtiede (3} ardeddrigstiohyof tid phetofmasktdubstratairacy

of CaHaed hy dhe-30 Hhotpraaskanksiate spBROH wWhepihe photomask

o substrate is attached to the exposure apparatus, (4) an accuracy
[OQfetortion of a platen for supporting the mother glass subject to exposure,

and (5he cinagd: dtimaeof bpadisisbalieiopdishmemanpadudirom a
1afRastiemegt aidtbe subskaterdd shapskistHadllysetied ovbindbgsfiered in
th r%\éi hs(;[a:ef measurement in thejt\éertice}_lsa.tt:iztgde i5,fully acceptable,

ecalse the d&fIdetion of the sibstrate by 1S ow Welg%t in -16 the
acRREEP gt RencHRYRMLHER (e a{%br@yféﬁtﬁ‘eegu%%&a@%ty of
maaanufactue beeredn e |ddteequdniisiés mi nidieridlde be remavetight data

£ MO a8 lgecsize Alass,sybsialg siagkdratshould Be consigerar i the
method f(()%r#)r'(:aganng a large-size glass substrate according_to the
e:

SURH RSN § afiRRhH R GuaRRTbr Hatthg BByt titude
whebermiredbhaha bdsispf Aeiphtalaed wftea famesy ahtipatdictismsst and

paﬁiﬁirgmaem_ﬂ ﬁ@cleﬂ%tssffaéﬁ%s aﬁwﬁ@t@&'@t&e&%ﬁ zrﬁ w&c@u%strate

attitude which are obtaine cyrately measuring the flatness a

St%% all-lerﬁs%pl& the ?r%lﬁ?ggl'd %Qa\é% s%%‘%c sx ofthe s‘!h%s Fate %%‘c%n rk‘éa re a

dedbegthl- afitlde (&S invhe YRleMhla atBefdemhasnitadwa Weidmds does

noﬁhadaedzqr}tal(atuittweqimst]i&mb@m)té&):iatmumtitys@f _ma&eﬁv@do dEven by

pré@‘%&\fgg.gg' %H’@ﬂ%s'}éé%ﬂ%“tg a&&%li%tc?tqgfk%@ntcﬁéh%ubstrate
substrate” stock by’its own weight, calculated from the thickness and size

S tQfFkh PRGOS the SRBORIRfbrEFREN fie thickness and

size of the substrate stock and the support pesition 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

-17-
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photomask substrate (formed from the substrate stock) is 20 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, (4) a quantity of material to be

removed 25 as calculated by taking into account an accuracy distortion of
de Porinianiion supreding ike nibekglesaganch(®) ehquaniity of mplendidies

e remove rmiped iokisly . taking.in GOINS £hang
(2 ﬁétnﬁeggs dt dg?r?;(t siug]sgguébr%éggﬁggd%’op%%g%%%ngIe-s%lgeﬂpc?‘ﬁsﬁﬁ?}n%ci}:ive
remRyYRim@da3 ifhe method for preparing a large-size glass substrate
[ o@ezgording to the invention, a finally necessary/sufficient processing
Fl%ﬂggﬁg%gsggtkeriaéto be rerrtlovbed from frontd and ba;ck sgrfa(tjC(ka)s of a
) and an area to be processed. are determine

compraRiisivaly FAAT AR 38 ARk C4darRbes T 1B BT SRtL 58 (b
reagvedy tetfomegoed quantiies pRstbI 5P P laedsHErigHiaE guariitidae (2),
£143hake (Z’a)rﬁedﬁé)ﬁah (ﬂ@i}%@iﬁeﬁed tnasciodefasmatinacerregiaces of a

rocessing and the sum of quantities (2), is.referred .

1la o%?o'r?nlazt%gngg'oi%Fescti\s/g%rséﬁc?v%? qﬁ%ﬁﬁ%. f%’agz deé&é%é%%é%é%@ai thde is
deggrbhrg -quinthprTaor fiaeiAiB T FERETE R hAda of RGN Y
pl#fseighb dria alihenbatneas andpasaitetismicf tine dmmtadd Hack flatness
and Uéfgf?ﬁd%i]ﬂéﬁg‘e'ﬁ@a@éﬁérﬁgﬂ%ﬂg@ $qckndbe verigabatiideitldh may

described, A large-size glass substrate stock, typically plate stock, as the
be EAHRYSHAE ST 10 IRERE JMATFAIeheh. FERRiSmentar 1500
( Kilatries sParebparatelishedws/t beesarfidd olit wind o freddsisngetdrefor
suS%epPple RBirb4R0A nKunady Brecision |adustiesibidihwhiebeldig the

15 substrate stock in the vertical attitude in.order to elimin ny .
el%@hgaﬁﬁ]gﬁﬁeéﬁﬁé ti %;%EF sub§¥ra%e stog§e% its own

Fc on
rate stoc own
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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weight. The method of the invention starts with measuring the flatness of
opposite surfaces of a large-size glass substrate 20 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 25 flatness and parallelism
of froiat ancbipackms uttaiCksaaf ndprge-siza:glaps S esteate stoeknd tier a

prycsisal atfitudsare: gbiaingd, (Siing asAelarence planedhs erstisguare
lane calculated from th(;]liurf%:e to b&e flatt%eneg OF (tﬁe baslé%of tl})e N
reRaY R Gath, Ftehing Sm B ARty S8 CSRuRARST 38%0 1S AROVe step
andefgimediraivesusilythdcboesabdon withiFrae tdurtacenodrstidiidhetito be
ded@F{pdiing hergvaral Prcesebgdimedna peslplied erakasiasnt the
rec?g?at{%te stogk (ar p'a@n%o?@iﬂﬁié)f%ﬁmﬁor figighed by 8 double-ar o the
Sing e-s%leniapplng 35 MAGHING S0 as fo prowda as moderate a flatness

reepEfkngarafidisifas possible. 18 A program delivering to a computer
{ o@eeommand for a processing tool to carry out flattening processing by

D ef§@8¥l.['9r? gaﬁrg%o&%ﬁ&al calculated by the above step and
Simultaneously deformatior-corrective processing (to be 5 described later) _ .
may Be SefdPmtde8mphteriteadibe tRAbRIFS IR, $H&nown weight

is simillatida teay v peddemdd Lsmbthn gldsoieisgimetiiton. [0029thickness

an@eé_l@r‘]étg?'&g)l’ﬂflx\ét‘ \yﬁiggﬁégaadgft%h@E&i&&f@%{%@ﬁi@fkﬂ%iﬁ%\uﬂ' of
wei is calculated on material strength_ basis from the.thickness a
thesi g&‘iﬁg‘asﬁ%st?ﬁgs&gc g&nﬁoergﬁgpotﬁg&it‘l{g}]eof ‘tﬁ)es [%)ﬁgt%%”lassﬁocm

whepbstReqigiadiesh 208 5abdatetdald When SUppaesd ReAsdRalpd and
praSingdie sorfipee calkuinted abid Sapresemellda tesulbiomribesdowing as a

ref@ggﬂgg}xqfﬁ§ﬂg%ﬁﬁékt position 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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reference. The support position is the same as when the photomask
substrate is supported in an exposure apparatus. [0030] Substrate
deformation 20 The photomask substrate is deformed when it is set in
place in the exposure apparatus by chucking. The quantity of deformation
varies with the area and shape of the chucked portions, the surface
accuracy of chucking plates, and whether the chucking support is at two
flajnass b SdedalPRnidf e CHBRFYESN BRRAMAINE] bYINSTRRS bY
thelgperie seihad docupeigrred ptdoe dpiss bedunmyedlass shlesteaieembly
acSlfekdy a&@ﬂ@ﬂélﬁ%eﬁ in glags:in e BYPASY e ARRAFAIS -8 Wapilg

of deformation thaf the dumm keg:lass substrate ‘stock undergoes is
eXposIRe #hdhens alrmt% BoiRateliBfiefitAF AGH f3ffgrtion of
theubimdterstockid bemrodeduedt Bdatednined aocasvtcdraflgnathtine

defORaMFeS HUBBIYe AT AcHir@digiosinn eknlatenid varaior gf the
distance between e_?;:nother glass 35f§ervmg asc?n array i ide or color fllte

lee E-&fbsttad iPa Ig‘f‘?qwdpcrysta pane’l andthe's rf%ce T the strate
St%térﬁage%%éﬂ«artesﬂamﬁ%dpmmm anheafeRes Byshe
app&&iﬁﬁ@SS@f@ﬂﬁ@ﬂﬂBﬁh&fngg apparaigs égoveinad pyathen, a

va %%?éé[‘gl?xc%%‘: UEfu&@Sfure It e, assemily A gfﬁ ?1{%[%(/ %‘& €a, and

platen eformation y tempera uring exposure an that IS,

| thefo ACEHARS HISKoMENTHR SR o ATFRR i AEAGTS FLBEAEAe

st deforedhe edgfopnatmedoieciletemovat duantitss tetermiely with the
me &4(BVISe f.aprefeyed procedure, a dummy glass substrate stock is

3?222‘%?&%@3%%%& FE o8 Ry PR VA G ins o
prqm&emauenﬁé&wégbﬁﬁdqﬁén Mrﬁ%ﬁ@ftmmérml remevallrom
quandasy subsraenswek ihbe peguessedds fleteratinachso pEIX LANPY gap
vaﬁﬂgUﬁgn”E%§E§§L®ﬁH§“¥o a processing gquanitity based on
substrate deformation and platen accuracy distortion,

It is noted that the proximity gap is measured from
the lower side using a laser displacement meter.
[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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Actually, a difference obtained by subtracting a 15 processing quantity
(obtained from flattening removal quantity and own weight deflection)

from the proximity gap variation corresponds to a processing quantity
based on substrate deformation and platen accuracy distortion. It is noted
that the proximity gap is measured from 20 the lower side using a laser
displacement meter. [0032) Polishing Most often, the post step of
polishiy &Re of BbHRdURRRSYT THE §laEeBubSIe®Bad calffitel diged rate

(cimMpEyedensdrfacmequyimess phdalistialg nicasepictiriesishitrate
stc??%@  SOAMIOIERER the,finally d eciirfgét*if eﬂgaﬁ%éﬁr@& RSt SIRP

Inish polishing 1s unnecessary for the desired surface quality or a

baghgngd o RnRES B FHidhS pEFIMIYG&f ®maasbist sl 1R R fid Pheand
de floantty ioh30qnatssiat forke parooextdalgrminenttpreyipudtyttakingrnetd by

to BLAWY dehanerqidlatngss upqlishing.can he pgiged. EIsh RIS rom

be carried out on the frorﬁsu ace or the front and back surfaces in a

th%oﬁy9 SRR FRar AT iR eXREBER Y oBb kS SR ShY SRR FAERiIngRd
sufidctime Boawsing Sbi pbiishiageiotid with diresioppegdit as sgrdimces of

th@XEi?ms%Q*Ht@es&ﬁ@m Fgcassing.fos semavalgthesteed rate (or
s_ﬁ nce time) of a processing tool or the substrate stock in a substrate
su ce direction is altered on the basis of the processing removal
ing and 5 deformation-corrective processing quantities)

determmd it dotedind ey anttie sA1Ly tr &8 i 1 ptod(5) calcu_lgted from _
aefafesPESHVR A Us M eRy gdecallyipcessay,And UBIGe N, JUeilypas i

is removed on the opposite surfaces of the substrate stock by the

of p’FS’c%s%ﬁ%Vt‘BoFaib“[%%]%ar%ﬂ%%f’n’fd?\?ﬁer?ﬁfb‘&%%r“r&%r”ﬁa‘ifén?ng

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

above-calculated quantities, processing with a 15 controlled residence

time is possible. Provided that the processing tool is a sand blasting tool,

the feed rate of the sand blasting nozzle is slowed to extend the

residence time where more substrate material should be removed based

on the measured data, or inversely, the feed rate of the sand 20 blasting
FIGozAe isAncandbd apsisrten@ez8idéhcé 9mchgrtd i sSsUbsagte 22 of

abﬁéﬁ@ﬁj@aﬁhﬂsl|dnb&&mévgﬂxﬂbiséﬁiﬁ.§m3§+bbdﬁa:ﬁl.@lolﬁcpr@c%sﬂlg:‘bktm 20
on lling, t st h ubst S a

an%oz%gég}%e%%ﬁng %q"\%@fgt%éan p%em%gtgggé?ogres%%%g%f ?he nozz e

Plaké@rhig ﬁthé@sath%‘?ﬁ*é@ééélﬁb’-%ﬁéFﬁerlstlcs that the processing

{ 08padd is fast when the distance between the sand blasting nozzle and the

substrigle fiagk.sudackyishiolt and Rl dernthg disiange &§ilPB8tions

Instead, while the feed rate of the sand blastlneg 30 nozzle is set constant,

w Wpf‘o‘éﬁs&ﬂ&%‘%ﬁle?z&bl‘é?ﬁrjbﬁ% Bfe s r & cSIRPES R as%?ulvalent

proseasing thesas diastiblepiessureaef tReGanddiastingmozaemtéheahe
pngomt{ qr which a Iarg[er guantg)égf Qa{erl I removed IS, aSS|gned

g’ tRE S biasting preSsute at the poin e FSRERER A smgﬁer%E)and the
toeafty < radieridiehioned is h5siyfied oh e tEnipRboBeBIAY esHLLlY .

buts agqadleating: roZies peaceshvigremesablesaith thaappaatidcgows £

a Fé =3 Asppdblasting nozzle 21 for creating a blast 22 of
Worr%ras%l\%s IS moﬁas§1 %e substantially parallel to a platform 20 and spaced

[093%d the surface of a substrate stock 1 on the platform 20 by a certain
distaritiee 540834 iMmsprosessihg tedlns moyabtetinpéahdadmedtipnsimited

a1 YUIRdIS @9&%‘9@%@ qoptolled Ry g-comiuter Savalent: pErress gisoo

0SSi leth mechanls . Since the ne ma#ﬁc pressure is relate

aTrq, RREESAERSs uRF SRS 0 oAb S RE &G h e 3E RS noci greater
thaetdtaife £ alieg@vdedige 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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but adjusted in terms of the removal rate and the depth of work damaged
layer. [0035] The abrasives used herein are not particularly limited 15
although abrasives having a patrticle 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
2, bh@causingtze |Ahdickhe $rorbsstdek B ezegsaryHeBalice e tcknges a
aidnwside ineegsadoFhis jasmewcmi)ioelolfrﬁbralaiw Iﬂkﬁ\ie:ﬁ?wm@ssi&el a
ess_ than #300Q, removal rate becomes, sloy, taking a longer.time
ra‘?éré saénfé t?lagtgng.a:igr%&eﬁba%gs é%g&’ h tﬁg st;’%% b gsﬁﬁ\%"%rjéﬁ% Sivstrate
mayyr & r &S 8 EAUMISTIE ARbRToxi e B AN PEXidB or Ltikdn camidde
cage03] SihsitdterTbalargesizesqglashsuldstaienhlainethyhadfiers to
+hdNVENNE Mmgthod 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
L0984k 4 mm. The diagonal length is usually up to 2,500 mm although the
uppefirait hasd ot beesgdaified. Fop sitdiagendrésngidhupno 828unrie

shdpe0 3?918%%§§§ng%lcth§dﬁicfg§g:s i@zli% ggﬁﬂﬁ%@@ﬁﬁ'ﬂﬂe I8HERED to the
m: for a diagonal length o , mm, t thickness IS In range
mofhE: SIASLUNLEIERE 10 Ihe ST DiRTesRs N AHE
laﬁﬂ@kﬁé@sﬁﬁ%ﬁﬁn@@ﬁ@ﬁ@ﬁ% rﬁﬁ?}*&%%ié’gd’?&?f@@h of 2,151 to
£1003.078.10EHELNSRHBIR o2 U LAY ThESBNSHY, <o

large-size substrate may be square, rectangular, circular or the like. In t
2 . 524852, ofreircelapsebsratedy thepdidigorial 2idifi refels tthehddimirmtertal

at 49934 Nedamae-size glasssuhstale fas sUeR 23 25eH3i8 1y during
exposure. 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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shape in cross section that the surface to be opposed to the 10 mother

glass is concave in the vertical attitude. The large-size glass substrate

exhibits a surface flatness/diagonal length of up to 4.8x10'5, 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 exposure. The surface

flatness /diagonal length is usually at least 2x10"6 although the lower limit
thendetngs: beigse ciffeas sTIsbEEC 3G9 dt5ddes RotTRYbF e BimAnsssiem. A
phdiﬁ%ﬁf %ﬁffe_me%tﬁ@@@dlmuglwpﬁ.eféiipairfqréhismamé&abac&s coated

surface flatness/diaqo [ 8x10:
e AEO8 S s TAE Bk Shacll (LD Do Biifaratus.

or
ang, deyeberedt 201 F6 N 8uds the fowatkfT Reed TiMt DERGRIRHIEY.
thi[ROB81hheikargdrsizeeiatedubiirate prefeiablythas ae3 pargietiseref as a

P S0 AT, J1re e Al U1 e Wi parallelism, of more than

50 m, an extra burden may be imposed on such an operation as a
004 ection to reduce the exposure gap when the substrate is installed in
the eXpesupbcdppeastiss 80 $603d]eExpasurobAaicnhdr gassexposure

hoﬁttg.%@;isaﬁ@ghmf @r&er?hgﬁ;%%%s §tuf-]lg1'sg{@11i i%‘ﬂ@S@lhﬁ@bf' :Bygwm% etdte
) e same, [ecnnigue a Ilthogtapnic tecnnigue rQcessin

15 SERERALT HRBRRS It s (SRSt o et S S5, and. at
posgiiyosige gRasedbseiRIEnGhlshbimeliRg Sy SENE WV PFelosRiiae ters
insnaterigkdvpieally resise malekal isspatacr thereny,, exposephinageasde
subs¥ 1l e&?ﬁﬁ?@l@%f‘%ﬁ@?ﬁ%&l nd J8veIaRGI I UM 3EeSigheral two

pattern. The chromium s thin-tilm is then etched while using the resist

Or Fn aLdeth Rk, fotmitPRThr ST A BEHERC fdoab) Thevacuum
chutiotogaski sulsstraté tlausebwiried predted having a band width of 4

cm. In the case of fixed securing via ceramic plates, the
ceramic plates are preferably rigid and constructed for
tilting motion in a horizontal direction. Preferably the

suction plates have a flatness of up to 5 um. By virtue of
the invention, a quantity of deformation of the substrate by

clamping can be simulated using a computer-readable recording
medium having the program previously recorded therein. The

mechanism of tilting the suction plates is not always

necessary. The influence of the accuracy of suction plates
and a 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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horizontally on a substrate stage. The photomask substrate 10 is

generally supported on the upper or lower surface and at positions spaced

several millimeters or several centimeters inside from the side edge.

Specifically, the photomask substrate is held horizontally and secured at

peripheral two or four sides on the upper surface by suction or vacuum 15

chucking via alumina ceramic plates having a band width of 4 cm. In the
[0@42¢ of fixed securing via ceramic plates, the ceramic plates are

preferabbs-daie e, cansd usiaskion iting aetina tadiorignatabbirestieisk
suIRIEIaR e Sclonplates ays a1aesp alR 10, 0y BY Wihe 1201011y

?ﬁe vention, a quant'ﬂy of defofmation of the subs rate% clamping can

theyeeRiifReF 28R BEmPuldtSeadIpEReA5BRR n Thavihi $he
pr@xagraypeaio ushuee cacdacithedeina$hanmackanige ofdilting the SEtian 100

plates is not always necessary. The influence of the accuracy of syction
um SR SoSRR SRS of Gt Aiok Ty & 56452 RISy Alahbif o2 Ve
théhestlisteateaghais@ ke baddkde dbeinperd. iuemaite rrapidabie extending

4 JRceding mediunyhgviegdhe program previously recorded therein. The
[OJ% ence of tilting angle can also be simulated. 30 [0041] The mother
9

disposed beneath the photomask substrate and on the irradiation
side rag bexpgausplae thadngh thikRnddyend.5ap 11% napRdikcable to
otHBIEKBeSsoRstitle VEHH T 20 IMnEhe siags weeekior chuekjegimOoiheY lens

pr%%?%%ﬁh%ﬁgtpéﬁ@f%@y §§J‘ '%{15%&9 %E@apsswméo Hié}:oﬁ‘}gﬁe the
preferably within 5 m. -24 [004Z] Thereatfter, the proximity gap between
Phafieppslontids Supditadithdtie MOFRETIEL3Shadlifdy 8t not kept
in sobstzatially thetenduehedibe byrolated digpepment meteimhelved,
thd¥XRIAaRINHE AgASHFed hasfnaMerage-yalue Qi p0dP 1001 8% #8d A on
£ %a}g errQr of 0 to 50 %%greferabl)ég? t0 10 pm, over_tr}?tentlre{gglon
of (AR t%%ﬂ}:%?r H Eﬁ%ﬁ%e A 'ﬁg own weig on exposure
apparatus side., Then, using the photomask substrate formed
from the glass substrate according to the invention, the
burden of correction on the exposure apparatus side is
reduced or eliminated. '

[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
thinner than in the prior art. For example, a glass
substrate having a size of 830 by 960 mm and a thickness of
10 mm experiences a deflection by its own weight which is

calculated in terms of material strength to be 89 pm under
the four-side simple support condition. Similarly, a glass
substrate having a size of 830 by 960 mm and a thickness of 8

mm experiences a deflection of 139 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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4 cm from the long sides. [0043] 10 The exposure method of the
invention is applicable to other exposure systems including mirror
projection and lens projection systems as long as exposure is made
through the photomask substrate and the mother glass which are not kept
in contact. Although the proximity gap is not involved, 15 these systems
normally carry out correction of a deflection of the photomask substrate
is myrisesndeifht G tfstexsosive LispardieBart TPRNSaEMEIRe (1.2,
thePh_QiQE@SlﬁSﬁEb&%fd&eéfQ?fﬁﬂ@ fearp de glapswanbetiatbsacesndiagdo Bie the
inyention en of correctign o u us [
s e T Ao oy e paeal.” THE S
subgijgraditeberettitstiHdihg préBlenidoftthe reriR Slic@btdade -
Evetiefliecting of subytgtasesuksirate by fiscawn peait @5 relalivs tardd
£12IRK0ES S ALY 0883RIA4 e dlassubsiain plockdofa9aRe AL 1s
Inversely pre-déformed by that deflection, The thickness of glass
O g 43R4c AT bE N ThkhEPHar ARYAS BhoPAR e SHRE A a Yase
presuhstratdhaving sssitd. 0830 ©F J60imniag fltleickaeds o136 50 swhstrate
1eafPefignges-adiefiesion by itg.onarweight which is calculated in terms of
E:(mgglterial strength to be 89 m under the four-side simple support condition.
|m|ilarly, a glass substrate having a size of 830 by 960 mm and a
thickHasoft@renmoblirFicHtas s deflceiRPsPIRFBRN A fgrBStomask
subsithsireée 8bhaxigm-sime i 830hydR6G& e agd asthickapst pAGenmf the
inv%%@ﬂ?e%ﬂedeélfggk(}.@nﬁ;ft%é% Q@%gagsgﬁgﬁfg%teﬁﬁ@ thiform so
processed to create a surfaCe thereof on service (i.e., the lower surface

Ehady FRPERSURE) ViHiEh RECHIBLEDPMR §arfty bt dbfEaHn ifhe?
resveartical @ttudepibeylads subdusteshdry nestpiokyflat ipathehorizoptedéased
and@ififlidens BYeP aihin subsirale cantilyfaskPEadee a qesiiep Heiestion
exﬁ%ggg%EQ%xyg%éﬁggggé e%%%% u%”%ﬂ%%%ﬁ%sk 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
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often used as the TFT liquid crystal mask substrate at the present, the

possibility of thinning the mask glass substrate leads to a reduction of

substrate cost. 10 [0045] When the mother glass is exposed through a

photomask substrate formed from the large-size glass substrate of the

invention, the proximity gap is made smaller and uniform so that control

of the proximity gap is facilitated. As a 15 result, the number of products
Abhyskpesiie.carliid increaSeck asubthbradthes Yiass dificiently exposegicy as

de V\érllles dg ée%lotr)] expesure {5 carnEd out%Jfr]&h ghoto&n%sf subsgate ace

orme rom th Iarge Sizé glass SL?bs?r e |nvent|on Frect

£ 1Letashiliag efanapticarydhby- subsirate Y0 defiegtinn @ﬁﬂﬁw@yamess
controlled. EXAMPLE [0046] Examples of the invention are given below
of hgvdiof 2B FtRABA AR HoiByFay ofinf&ti i3S exathpies the

veflainess rafers tadeonihauiace ftnassHaless Riemise statgdeth@enter
poﬁ@?essﬁarpdnpq:r IIeIf % % tr%t %ck or substrate were measured
at

using a flatness ester KAiroda Precision Industries Ltd.

while Fidffing ﬂﬂéiﬁﬁ&sﬁfé?ége sﬂfck%%&‘?r%?é—"@éﬁcﬁlﬁpcﬂeoq?] lapped
hatkamnpie 1A slatting soisStBtamar substtatecstiackveiginighed hygid

ho13PRIAG 3 BYPINRLS QU2 HasSRURRIALS SiRckDAving §t§%ﬁ'§€l‘9f§§8 the

mm X 450 mim (diagonal length ca. 558 mm) and a thickness of 5.3 mm X

SURROLs &%bf&h@&rﬁ%&uoﬁ“ﬁﬁﬁﬁl@tﬁdgﬁ’iﬂb Rf hA AR FIRG 2Ly -
subbtasiies GEHBO0AELjmi aR@ Aptadiea GoeduddcThd sabstrdtbiosiere
pr@@ﬂ@&@%%ﬁ%@%ﬂ@{nmfﬁtﬁd eﬁeﬁnff.%tyw@ceé@amtqf&z BF a
du urfa flatnesgl ﬁ !%onal Ieggcqc w?i? é}(l) @aa bgcléu ace fIatnesg 01:i i

a paralelism mof pn as measure 28 veﬁlca\lgﬁ’?u 3 n
Pl%@vwsﬁh&sﬁﬁﬁéﬁﬁvmg@ﬁgﬁéﬁﬁént@d a Varlatlon of the
proximity gap between this dummy glass substrate stock and a

dummy mother glass resting on a platen, respectively. A
gquantity of material removal from a glass substrate stock to
be processed was determined by taking into account the
above-obtained deflection, deformation and distortion values.
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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portion than the least square plane. Then, a deflection of the substrate

stock as lapped having a thickness of 5 mm by its own weight when held

horizontally was calculated using material strength and the 10 support

position of a substrate when held horizontally. A substrate deformation

and platen accuracy distortion were previously inspected from a quantity

of deformation of a dummy glass substrate stock which was actually
proseppartey oplhceanr iheyexposune bppatatugyanc aa/beiaidn wathenbirable

in Rr%ﬁ't)kgéﬁf@é‘iﬁ%g"%ﬂﬁmg%@é‘éﬁ%Qit@eﬁ%ﬂ%at@”EHI%/

mother %aSS restlng onap laten, respectlve y. A quan of material
I W{E

Platfari 40m £98ssedsHas s?c?cﬁ’&%lﬁe‘b?oé@s@é& FREARHE] pyrits
22 (gt hycdlrd el alovesivain€ad deflbdtbn) defotsmationpmelumatic

predistariopyalies. i@ LONseaEentin BNaGaseal sidtidieat lemoval
uantltx at ea(:h .rtlon aPs_ detpfm}:ned ta |Bg into ac&ount the abovg*1
LecvanEs & tha??n frOht surface mig t € concave Blmlil pun |

fro‘&‘eﬁﬁé&l ﬁﬂﬁﬁi@%d’ﬁle%k%%‘éﬁé:@oﬁ\% 11 t}ﬁfn%\t@i@%ﬁ@e of 40
mm . time, and further taking into account 25 irregularities on the front and back
[0 %rj‘aces and thickness variations as measured in the vertical attitude and

C an% of flatness and %arallellsm when both the surfaces would be

later PfisREP SRS RREBB It HRIBedoINEdE Pfishing
sandtdchinel iRe movad be e atioh iraspedarnped-iay. eehns S Xofeas procetsbing

movgﬁﬁaﬁ5&9@%&%%@Wdﬂ“Ei%ﬁﬂogﬁgihed§eﬂﬂa¥*%ﬂﬂ%tgﬁﬁ@ctlon and
accordan e with the g,?govzil qu ntlt %8&) eclflcal the substr

S0 g&)cﬁﬁvass r%%ﬂnt]&l 35 plat oM 200 apgélga us ghown WE

valyag appaminE dfeifgdaa protessmyien | Hagng consliidans was

comﬂ@fgémém 5@930%7 RED §ﬁ|ng tool having a sandblasting nozzle 21
was movable in X and Y directions and substantially parallel to the

[003fhform 20. The tool was capable of blasting abrasive grits 22 (FO#800
by Fujiai AbeasiusnCe., &ftl. rhederamprbliamatidng 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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5 pressure of 0.1 MPa. The sandblasting nozzle had a rectangular
ejection hole of 1 mm by 40 mm and was spaced from the surface of the
substrate stock 1 by a distance of 40 mm. [0049] 10 The processing
technique involved moving the sandblasting nozzle continuously parallel
to X axis, then moving a distance or pitch of 20 mm in Y axis direction,
and so on as shown in FIG. 4. From the previously measured values, the
( 4 precepsamtraty undemdnbee tahditionbevaseloymdpatedean bey3@reviously
+ 21PN 1 HIQP0l J B fRed safe i dhe-sapd-plasting hpgaleoras Gonirelad #dbr
accordance vgth thgé%lecess r%sufficiergt (ig ntity to bIe1 {grl[_]ovggﬁi Whi%h rial
SURPRE fetBhi 86{} 85m8re S('9sn's,iv"’leﬁly a mag iftoraceoun {(1) afl&?erﬁng
to (eantgnevedtciil e Bérefdobyd BetsHitedyn ik bass B Eeighecount
chéliér of be flatprsseridhaden: gndbsskgudaeenand tha parpialisbhing or
. therebetween of.the.large-sizg.gla S S W th ical. s
= L L e EyE i ing foo

wagropf o H8RR Stirfatae RWE R Sz ctiigsSuhsdirat ¢icitkdRgndc which
a swedichtattitupeaied tig tlhe shadd sulbad amgileckdh by stsaewhgradhtan
calt@borzyyal a%%@%ﬁ%%”g%%mo@)M@Q%Q&ﬁé@r%t%g%h the

removed given by previously 30 taking into account a deflection of the
SULtaERSe stock by its own weight, calculated from the thickness and size
[0®F1tHe substrate stock and the support position when the photomask

b f | ' | t
2 Qe O EEHEl e aBad Sk 5 ety g o oY 2

doylisnmifige@Phisdd BIHERSHotoMRRK SRS atd 8o S BF thf Latness
waPNRIRAskensiras SUPRrA Whendhe Rholeragk substaieds skRPe®ed 3 um

in the exposure apparatus, -28 (4) a quantity of material to be removed
( £ Yturelsspdiiashe lakieg §itb accdusrdd ocurady vigwortidn bhuetited dome
shgg%. The parallelism was 2 um. When a photomask substrate
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.
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supporting the mother glass, and (5) a quantity of material to be removed

determined by previously taking into account 5 changes of flatness during

subsequent both-side polishing or single-side polishing. The feed rate of

the processing tool was 50 mm/sec at the portion of the substrate shape

to which a smallest quantity of material removed was assigned on

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

[005 [T epdafeomebeis bshataabe polishébbyl 8ophabyy veabkdsiga a
sub%ﬂ@ﬁiﬂfﬁ t@@hg@ef:ewmrl&ﬂfec%wf@mgﬁtﬂa&% W/ : ﬁaiallaeﬂigiiﬂaﬁlaamy,

the surface had a flathess o atness/diagonal length =
tne, SEHPEFREE R RESh e BE b, TRTHREOLE SEHEE o ene
UPDEFefi BFIRISMAEK SHEsiaR WEHATREIRHRIFREATESSAECs having a
band@ppatdtn hyfngagememhéordeammbtion hhfnts sidese thid gadespends
corlpllHlaasE of 20p 0 calgafign {iataesnldiageRy IOl BEXAR ) these

20 This means that a substrate having a flatness of 2 m (flatness/diagonal

sudbihgth p3Bke6-d)ad tife duioresls aqifude Wbbtained. The flatness and

paraliglismf & sHBSIrRenAOCK Ok suhiraie Were Maased URifder glass
flatness tester by Kuroda Precision Industries Ltd, 25 [0052] Next, the
to H AR B B PR Eh AR, THY REhBRCS SRS uTe

wa sSifhilad eha gone ndiona b tithagsapliic phaioeaskishsirata ngaridfactpliage
process. Specifically, a chromium thin-film was formed on the surface 30

havfife Ylass2ansharOfsing 4 MRrAB Sy e i itSsdikitRe’ Mo with

a tSAVBRIRIAN, Hically PEist Was GaRiGH JNSeop aXRISeImageyise by
means of an electron beam apparatus, and developed to form a pattern.

Ther@XerPIFRX ML UARRIRATTHRR dibfePhohgTRehafidhsdEate and
themask I3sfoghmgsa patemsalschrediwwdiim sudd Tap pholdipashe entire

regiWistrale Was Qoiié%tf"ﬁi%‘"di@@@n?e&'bﬁ‘é%@éiag@h\é\/hﬂéégﬁrements of
substrate was held horizontally,
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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the substrate was secured at two peripheral sides on the upper surface
by suction using porous ceramic plates having a 5 band width of 4 cm.
The ceramic plates were rigid and configured for free tilting in a horizontal
direction. These suction plates had a flatness of 1 m. On the other hand,
a stage for chucking a mother glass to be disposed beneath the
photomask substrate for exposure 10 was finished to a flatness of 5 dam
[ 0Qr4dss. A glass plate having a size of 300 x 400 mm and a thickness of
Exdhpramivith a thickness error within 2 pmt was rested on the stage. The
proXitgty 9§B hebugen the-PRolomak SJ;‘b%”aterae“deé@%g‘Oeth%%g%‘s%nat a
was measured over substan |éﬁf§/%e enfire 15 regron using a’laser
sulgisptadcemernionitdnraTtia geassiements df Pooximity gap2iooludad gdiagonal
TedJEH TN V%'PSP%%W ; da:%m@m%ﬂn\é%lée SEA1 O " HNGCUUES .
region excluding the peripheral regions extending 4 cm from the sides,
with FB&p BHAS S EMI 2D [HO53 PIBGHTRE oMer pteatipnsfally the
entiyanplediwas veyicaied eXespithdtliz rslistnatenttonk having &is&e of
mea2A 8- @1 800 SEMyeinpnnat Jerelh can 394 8uR) andadhirinesuetdo4s 59

mm was used. 25 The proximity gap was measured over substantially the
um &fife PedidB LBIHG FRSBLIRPIAEMEN nMster THee nfeHslremeagisn

exdlQdiiYy gapnplidegreraxinudieie eka® fin AgdA BNIFHERhVIHE

. of 47 dam, over the entire region excluding the peripheral regions
Sld@)ﬁend‘fﬁg}i& @n §3h G985 shfes1qitH®-gap error of 11 pm. -30 [0054]
[ ooBsample 3 The procedure of Example 1 was repeated except that a

Ex@d@?lga@ stock having a size of 850 mm x 1,200 mm (diagonal 5 length

ca. mm) and a thickness of 10.4 mm was used. The proximit%/ gap
was MREsHEATRANEELQENTERPRES ehifAR gTPPRITG 1835ePt that a

subdsplaeemenoBriiati8g a size of 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,

[00586]
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
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measurements of proximity gap included a maximum value of 59 pm and

a minimum value of 47 pm, over the entire region 10 excluding the

peripheral regions extending 4 cm from the sides, with a gap error of 12

m. [0055] Example 4 The procedure of Example 1 was repeated except

that a 15 substrate stock having a size of 1,220 mm x 1,400 mm

(diagonal length ca. 1,857 mm) and a thickness of 13.4 mm was used.
thahglnsraas gb Was idehkeardebPagdistamaiioers afiréhegidarge-size
glasngsaipser-displagesmnt tnetehel R 2@ MedbusBeRisdd plaxiaity gap the

sté&%“%Pe%@?&‘;r&g%‘%#%%S%pﬁkgn%é}ﬂ“_@@%gt%’n bl %31%6 Rok-146htal

the entire regio eripheral regions e&xtending 4 cm from
At Hid Wikl £84p @FTrD! 1590, (0BG 28UERhp&#atdE EXEnipdqrial
to Tihe premedierd of &xample ddvay repestddexdgpt thktia substrateaziockint:

Chsﬁ%@% 276 paTRRdN W T AN DDA BOUH Srde’ PTG or
,a ICKNESS O 4, R : .

51 B BT A t0 Bt S BE S SAT ol 1 ARy of
maygsrdajbtdimibed bpmekied ialyeocdunt Prey laterivg takaty ointo

‘acedgtakdoabe 1Beyed deteratieed ap dhe-basis Hf height gatacaf thgn

latness qf the front a ack surfaces and the parallelism_therebgetwee
we%%e’ Ia‘ogg -S%ec_ﬁfgsn;% %l?gstfja%elg (%c rl%afge gv%?tic%?rgﬁ?ﬁ e g/ﬁf:%nar%y
Prepigned By trkdnge fmeasirrod1 theinfincansion int Bhg Rieptomask
sulsstinate of thedange)siae qulass subsisdtensiackrindne vertisal adidesd given

by (pEelPibEssipte nheis,a delsclon Budle A YEERPEUEBR A on of a
attitude does not occur), and (5) a quantity Q5 of material 5 to be removed

PLYEenfifEd BYRPRAEILY (dhisg MM5RRE0GHEEFanges of flatness during
subseguens bhetheside podskimg D rainglesside poliskingavbie 50 um by a

douiﬂgg%?ﬁglngyiﬁﬁﬁgygEol. The surface flatness was

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.
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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
material to be removed given by previously taking into account a
deformation of the photomask substrate, and (4) a quantity of material to
be removed given by previously taking into account an accuracy
distortion of a platen for supporting the mother glass. 15 Thereatfter, the

[ 0 0&ubstrate was polished by 50 pun by a double-side polishing tool. The

consiifaceiflaingssnag gngasured to find that the surface had a flatness of 4

Iatness/dla onal Ien th = 2.7x10- 62éand was concave. The

pm
paralitenPRAS ePH 20 ﬁé?ﬁ“&%r&etﬁle BoFBTR S wERfht ReRG AP
exc@gbe tmeasyeshilntresst e rstlanaiiangsawas 2000E130 pUD mm x
tness/dja onal I x10"5),.indicating a convex 0057]
1. 4%@ é %’ xample ?Ln%egglass subgtgze@n S prcz)licessle:—gm - of
10. ﬁh(ﬂt@mﬁ%ﬁ suB&date, which was disposed in place in an exposure
appariiesehire gIoXimEy gapownspameasived pxanginstantiallidhe;abierate
region, using a laser displacement meter. The measurements of proximity
was ned & 2 M uRY VRSB 25D i SRGRCHFRLRPV A8 b 120
whepeupoer thheem:rce:m@:m Exdudiegstheperpbemhregions exierdingdt the
fro Wlth ag or of It is npted that

sid h
S  rELR LR s Aindohd o R B ST B e RERe =
2 . 2RppAfAtUSRIdGra 32 HORRHve oM maratiya EXanwial &nl heayosege of
(o 0%8 paratiye Example 1 was repeated except that a substrate stock
aving a size of 1,220 mm x 5 1,400 mm (diagonal length ca. 1,857 mm)

and HeHi&kness otnl GanpatRid vse§xpmmdaftdr, ashe Cohafasudstrate
wasEpgaiopleskdlie sibstralepnesintished by soraty,a daulie-sides disposed
in B@E%%pgﬁgogn 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~



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 was processed into a photomask
substrate, which was disposed 15 in place in an exposure apparatus. The
proximity gap was measured over substantially the entire region using a
[00&del displacement meter. The measurements of proximity gap included
a maximum value of 180 pin and &gHngnum value of 120 pm, over the
entire region excluding the peripheral regions 20 extending 4 cm from the

sides, with a gpp ernserdk60 pm. It 'SAQQ&‘?dp}:@% Stggngroxm iy gt;l?sygosx nity gop

measured abolve FERGSEEEA carrected on the exposure app

[006D] For Examples and Comparatiye Exa mpl i{jf@'gﬂéasured 2b
result§'8f fiathess and garallelism before and affercpracassing are

glze
summarized ir] Jahlg.l. ;?a’,’x&m%& pTahlg, ; BelgmAfter progessing
Proxjriiitg/fies | provessingiHonZGAlal| Stbstratetattuge r':,'&z@l"(’ﬁé;l’ﬁ‘lffé}w Bor
{ Il atness ar tel- q pm
(mm) Flatness, P&8llelt FF8ng Parallel- Elont thigkness tontback ism
surfgce ism surface Makimum Minimpm Err ffg'&fa")l/(n) ftness (pm)
flatness Parallel- (pm) (Im) (prm) (pmi) ism Flama 888/ (pm) dlagonall lengtt
1330%50.0.22/25 3 13 P 3.6x2 10'6 4 53 476 2,
1 et 22/25 3 13 2 {5 ex10¢]| 2 53 47 6
% 2 | 9205890 | 26/30 10 23 2 |, k0] 2 58 47 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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Ew 2 5x10840 26/30 10 23 2 2.1x10" 258 47 11 rt W 3 850x1200
120/150 30136 2 1.4x2 10'6 259 47 12 10"6 2 61 46 15 4 12x131400
210/220 40 243 2 1.1x2 N 1 850x1200 100/112 30 4 2 130 2 280 120 160
44 x8.4 8.8x10-6 ma 'p~ 2 1220x1400 115/120 30 4 2 2402 180 12064 0
x10.4 1.3x10 -34 CLAIMS: 1. A method for preparing a large-size glass
L substrate, from which a photomask substrate is formed, 5 the photomask
p&%%t‘rate being used in a mother glass exposure process including
attaching a photomask substrate having opposed sides to an exposure

1. appa@atuﬁﬂﬁgwkégpeﬁféﬁ@mgsad sidepdoes, dispoaing undesrsatie

and %d,!a ent to th hot mask s strateam ther glass serving as an
froé?ray ide o?c ?orx?"ﬁe%& el%su st afie ina TRt crystal panel,

and ifFBGialhg hgrakdm NP 8% Fedifte Rpbasatus ed tha neothetlessglass
expgbeugh the phetamasicaulisiiate Laitharethed aowﬂﬁiﬂﬁébﬁ S!ﬁfb@ftrate

ham%ec%sg%%% JA'9R-8izg olass %ubéygg%ﬁaogo g W d baCH* Support

sur a diagonal Iengt of at Teast 5 and a thickness

of |gRRofRih MdtherIGs ﬂZ@h?é’é%SJs’&BsN&t‘éeE?‘?éfﬁBvﬁ@%é@%WB to
thea fiatteiromg smevdlstuarttity af materiat bated ondwighitrdata of the array

s1ditagssnd, Papalielish fthe front ard bagk sprfacesaf helarge-gizesray

glass ubstra | attitude, plus a

2% stock in the vertic
Pang Yo AR bSG PARbr 8oV AP Bt Fafur D gere apparatus to
thed@orthatiorgd@ssctivererairaltdusarning beingsdalcuibietifedme (2) a

deflegtigmotiberslstairssiock Ay l@x@WM@gmﬂnﬂj%B@E%&% la

1a %t:guf%e calcilatesd fé% S%gér%%thé ass an\glsdsz;e Lghr? subs gabe stock
surfaceg 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
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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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 30 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
sidr efpgesed® thbenpiret olrrsks s8hedealre fRedsinneakeds5igndthe

expoduGes thg @ity gap variation between the mother glass and the
photomask substrate formed from the large-size glass substrate which is
held horizontally when the opposed -35 side edges of the photomask

2. substidie drehpforedd MlittMekpodtitetpparathe MmeHodefivetber
comgatinsk syheré et etthethetdo b e ibacafoprisesaaftenthedgraadassing for

aeé@iﬁa@gmcgs@é@@ﬂeﬂ-C@E@gﬁoeﬁaepp5@%pg%e?;egﬁf,gza&i@ﬂq the

glass substrate on one or both of its surfaces, the deformation-corrective

915}5&10?73%5%8%9%&08&&?59flﬁf’ne"r{éﬂdﬁ‘@r(%?ﬁﬁange of
flatnesbdydieé olfnpidtcste pof pelidhing 3 dihevadthpdaoticldign bei2g

ca MRErgindRe FgMPNIERIIBP AR PeFESaINgHaglf SARAMIAING 454, the
The rﬁethod of C|§jm ﬁwhereln the removing step using a processing tool

Posk <8 8%Ia%%n8? ﬂ‘)g SftHed at a constant pressure. 5. The method of

claim 3 or 4 wherein the sand blasting 20 uses particles of cerium oxide,

3. silicorpsidgealwsingn exidenorisiieoncaghidee8n Meaatbad i a8y step
one_of claims 1 \Ague in the _sur bstrate stock at an

useaérqbﬁlra }%?séltslosr? Fs% 2 op#%cggse%}%ﬁ?&]%gs%gbé ate stock and/or the
processing tool is moved. 7. A large-size glass substrate, from which a

4 . photonmaskmstthsithtefs fdradied, vheteinein the removing step using

a processing tcool of sand blasting is performed at a constant

pressure.

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,

-3 -



10

15

20

25

30

35

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 from the exposure apparatus to the
moth&iagdldsd ansagh e padpraskEubthale -36 snicbdugedizbylass
prmgﬁa@dsarq@&@ﬂ-mﬁ%&m awgeﬁ@geﬁaambﬁwﬁﬁgo%ont

ami]at\)”n ront %nd back erfac%siand r??(} % t%nq;@ of gt Ilfast %O%HH“

ness (0] t?east 2 mm, att ning remova quantlty Of
an%aeﬁawséawan PBight dARRSTithS ff&ffiwegg&ranhl%a@améa%ha%ﬁ@moval
quaantihackatiriacesof e igedizen glass gubstiatesstoek thefldticalss and

pax] 14t40e RIS & dRfIMALgRLCaliGetinG Lemoyalananity,ef @ﬁ&e“f‘é,z@% size

eformation-corrective removal quantity is 10 calculated from (2) a

gl&l:?e?leﬁff&’r? SrdEesiHefske dbcks YEBWhSRdightiHithEHoriz8
defaiindé Loaleylatateiradiv thertricknads gndmsizetyf theé sudobserateastock,

and t@%é‘&@@é&ﬂ&?&ti%WBSEﬁ@%9519@”1%?4%"@15%%05 optally

1 ogegk(f'%% rmatl flh hotom skfslubstr te 1s caused b‘%/ b
ca mas Bé'}r uppo 2 ph omask sHiEtRR R AfRfEqCY
ltﬁtoQW@ eXpdsing aﬁpa?&@s%ﬁ@@ﬁhoé@@?%ert@#&@ﬁlﬁ@ forom
theSUPROEIGIES mﬁmeéﬂasaﬁhaﬂﬁgemwa& spbsiraie hassuehean
sup%giﬁ‘%teg si‘%ap NHRES E%“ (et ines ?{U lﬁgﬁ .RG-.9pRgsed fo.f th%ntally

ass IS concave W enh vertical UCGS € proximity

Frthtioh bete8f R RtAOTyI9ds SRS tlﬁ%‘%ﬁﬁ@rﬁ%sl@gaﬁﬁﬁﬁé'e
caudsmiethfronhtheplacgessizelglassh sulrsttate svpiph isheiddorizhatafifo t omask

suafg*ﬁryé@ QRPoserRige 45 €SI9eROf 1hs, BRaPeagk sulslate ate, 3 (4) an

orted in the ex osure app ratus. 8. The large- S|ze glass substrate of
acg iﬁ% ﬁ§ é arp aten 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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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
10 of 18000 2E8WATH BHE DAGG S8R TR Afn Cla Ithellaffe-8izehich

haglassasubstateioficlaigt i B whizhtd0 hesa dingend lenath 0fRkdbd400f 6
fo SPQOHmrp and a thickness of 9 to 20 mm. 13. A mother glass exposure
process comprising attaching a photomask substrate having opposed
sides to an exposure 15 apparatus through support of opposed side
11 edgeSispasing: tunileenedth sod=atiacerd tethefphdtatmask stbsgatehd .ch

had"Qh8E QlRsS-SerYIB AS: LAY S coledfiligh SidesSWstiiRA&ss of 9
TFT liquid crystal panel, and irradiating light from the exposure apparatus
0 1J th&other glass through the photomask 20 substrate, wherein said

photomask substrate is formed from a large-size glass substrate which is
12 prepargd by Hroeessinga dargesiztkiass-aubsyatestosh having fioRinich

and back surfaces and.a_di ength gf at least 500.mm and
had il AR e o A SR B Bt ety Jess of 5
to mM&e@l- 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

nd bac large-size . o
L oot A T, SRR L B Dot LR o - e pacidts o

PhoSt oM S FHRS STtk HE e RRRPE fftnd itz ohty 2RitGe@osure
apmaimtated floppugh support of opposed side edges, disposing

underneath and adjacent to the photomask substrate a mother
glass serving as an array side or color filiter 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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the thickness and size of the substrate stock, and the 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
accyiapYe Shabeuf tessLCdelioR REEM iR BRB D OPHHsERGoMAT T
glapwher glass is concave, when held vertically, the photomask substrate is

neldiouzenialy Wishihg: gaRosed vee AI0eR Al 1, BRORM A cuate

substrate are Supported Tn the exposure apfaratus, whereby t

he
shapf ity EapsvattiohBethBah thdmAHEEGiE8s Bhdkfe PRBRIFLIC R0 the
mo thelastidiea s reidiicedn &4 vEhe winthehglhds expddsire Jotgcess of claim 13

whetaip, the largessize glass srhskateshaza suilaes Antnessidiagaeal the
length of up to 4.8x10-5 in the harizontal 15 attjtude. 15. A

OPPESH PRt I8 a8 38R e ChrdP AR S e cBIIRS B2 he g rgf uPPorted
in plepasmpesiarge-siypagiadaisubsthaadioim bhargeekbnyliys samstrate
var$iRekfavingrteriranehkack2® swfagesandadiagenaliengihaé pt least
5%0 mm angl %é icggceiss of at least 4 mm, a photomask substrate being
forfred Trom sai l1‘argefsize glass substrate, the photomask substrate
being used in a mother glass exposure process including attaching 25 the
14 . photom@skstihsiratgladen g appesat: siles de 88 exposieimpparatierein
tne TOUGL suppart of gRRosed Sl 0055 disRO8R0 s Rderneath and
adjacent to the photomask substrate a mother glass serving as an array
£ 1asilesor tdicrditen bideeubbracs itta TOT figdidldtystanpdried, mrizontal
att5agdigfing light from the 30 exposure apparatus to the mother glass
through the photomask substrate, said medium having recorded therein a

program for
15. A computer-readable recording medium for recording a

sub

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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operating the computer to execute the following steps: a step of
calculating (1) a flattening removal 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)

509 J5heRh6n B e GiRGaRk SFsdtk b§itovn MBighR iR NeRohea

at gititude, .calculated from the thickness and size of the substrate stock,

and the swRPPTLpOSItAN-WISRIRE PROMIPRSHRUPEYRI IS PRHENE ! -emoval
%ﬁg?g)rted, a deformation of tZe Ehotom sk suhstrate caused by the

2 S s{Eitd SdpFdrPnt A th8 10 HOESHIASE s MistiAtg igubstrate
s teghchad id thecaitpogadcaltpdrmtush eadb ) zendeeliradytdiswigon of a
cap&igaf@cﬁminﬁlﬂ@.etﬂmmgfﬁas%rﬂﬂdsﬁﬁ@pdﬁ da!hée;ém%atrape
C mana.t rocessing.machine . to_carjy. out,Qrocessi or flattenin
G D ol e Brace
is dapvddomdiathy SHORRY FeRovalduahtramd Brtdemrpbtidie photomask
sulgstieatiee temeval quantitie]l Ghberecadisg veadideofal@pott when the

i th 0 further comprises aftgr th '
D oty oy o tﬁé{i&o&%@%&?ﬁﬁ“ﬂﬁ harge-

and &) HARGS B BRE oL bEHPEEROBufhced, rFRFuRHEPoTting the
mo idordeslastep efghlculating the total quantity of material by further

adding (3t 8ishaRrge &l Zr:flalngss by dagaas! step of BRlshing iy machine
ABSTRACT A large-size 1qlasg from which_a g%%tomask
-S

N subg_ttrag:e .

© CBERRteOl Folr S R S r &by broce S 91738 sihef gRation-
coxmpekAeIstbEk B IDvLMstaniig Ferhodlanbhtiy disadbatisghtdrrived
fr&hthensulrstepte stooK 4N thenveditabjuantity 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.

-



1o

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 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.

ABSTRACT

A large-size glass substrate, from which a photomask
substrate is formed, is prepared by prdcessing a large-size
glass substrate stock by (1) a flattening removal quantity
based on height data of the substrate stock in the vertical
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
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.
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