; €3eUUpPL6TpbD 7 J U N 2002 GLASS PLATE MANUFACTURI NG METHOD, GLASS PLATE
MANUFACTURI NG APPARATUS, AND LI QUI D CRYSTAL DEVI CE 5 The preserft 7 iJtiNe2002 on

relates to mng nmet hod by which to manufacture a thin gl ass

pl at e (sheem“‘mmmmmmm 10 as a gl ass substrate for use with liquid
crystal, as well,gag+«a gl ass platedggﬁg%ﬁggg&ing apparatus and a liquid
crystal device. 15 As manufacturi or this type of sheet gl ass,
the float nethod and t he downdraw net hod are known) but when it is desired
to manufacture a glass substrate for a liquid crystal display, the downdraw

pol i shi ng GrASs SRFLY R AChustie ol e S NGt cy
connection with the ng%@g§ﬁgb%qlgg@ﬂéh@u%@p@@ngAEab@@&C%ﬁ Application

Lai d- Open No. 10-2918 The meth I scl osed therein involves the
manufsacturi ng a gl ass substrate by continuously providing nolten glass from
a melting tank along nolding surfaces, fusing the glass on both sides bel ow

the mol ds, and drawi ng the gl assTdounyesd Bsgng rollers at the edge areas
of the glass p Z JUN 2002 Because the gl ass substrate obtained through
this type of manufacturing nethod is fornmed such that both surfaces at the

time of noldi pgeapeekene sHbatesn aBdasdehtbhat mhhergb@8ging method
by which to manufacture a thin glass plate (sheet glass) such
10 as a glass substrate for use with liquid crystal, as well as a
glass plate manufacturing apparatus and a ligquid crystal

device.

15
As manufacturing methods for this type of sheet glass,
the float method and the downdraw method are known, but when
it is desired to manufacture a glass substrate for a ligquid
crystal display, the downdraw method is more widely used for
20 cost reasons, as it entails little or no polishing after

molding.

An example of the downdraw method is described in
connection with the method disclosed in Japanese Patent
25 Application Laid-Open No. 10-291826. The method disclosed
therein involves the manufacturing a glass substrate by
continuously providing molten glass from a melting tank along
molding surfaces, fusing the glass on both sides below the

molds, and drawing the glass downward using rollers at the

1 iy

*G00002*

30 edge areas of the glass.



5 surfaces that were in contact with the nold are fused together, it offers
superior snoot hness and flatness. Generally, the glass plate tgft Qﬁ 00!
obt ai ned through this manufacturing nethod and has outer dinmen t oI In1x
I mand a 10 thickness of 0.7mmis cut to a size of 550 x 650nm or 600 x '
720nm and is used as a glass substrate for a liquid crystal display.
Exanpl es of such a liquid crystal device glass substrate include a TFT

I b I fil I .15 F TFT
dubstrat e, aCERANSF! (het PARSFSEUPSCFRER PO POPREd CHROLAD &iFalabsr ofhe

I b t whil e f .col filter gl trate, I filt
<" or nbiatnrarusdtler ReePhe” oo Tarmel Solt FLek. AU qUraeERraa thBvi co i s
20 f [ QUi t t I trat whi ch
Chese t RURY Entioasite, Algl Eoie et dha Mhe Bk YRR ke %5 ng T he

convent Is%%Iac%%V%%Qwﬁﬁlehg.?h%\f&atl e éad;rt‘?P't% thIe&%g 2 RURKLAN 1l; qaunt of

25 strainoccurs in the w W se ion rection perpéendicular to

the direqtig@Edry Wigetitdhe san%%me%sdra%\/\aﬁ)flaEge%sstrai n is caused by a
pl ate thickness distribution peculiar to the downdraw nethod. The plate

t hi ckness of sheet gl ass manufactured using the downdraw nethod is |arger
at the 2 0 7 J UN 2002 edge areas in the wdthwi se direction than at the
center area (@Gzadrexiliyhe theurdlarss arleste Hatw)is GoreEqeentdhtoudertHilte sheet
glass is slowly cooled froma high tenperature after nol ding, because the

cool i ng nREh Sludiify MHRE AHEhdS uiAs @mdABINS LAY bnansReRd st the
edge areas, conpressive stress occurs at the edge areas, while tensile

stress curs at the surface area, and as a resuJt, nmnute strain occurs in
Phe 07 ol dn Sl s e b ed 4 4G oD G G at  vel y
| arger at_the edge areas than at the surface area. 10 Wien a piece of this

sheet ~ gl ’&&ha\AHY 3HisSeY RS F 33T S HSIFIBUE BN 3 LIEARIDATTH3he size

PorOP SIS RSN PRl s MBS el A
substrate lnclude a TFT glass substrate or a color filter
glass substrate.

15
For a TFT glass substrate, a thin £ilm transistor (TFT)
is formed on the surface of the glass substrate, while for a
color filter glass substrate, a color filter is formed on the
surface of the glass substrate. A ligquid crystal device is
20 formed by encasing liquid crystal between two glass substrates

on which these thin films are formed.

However, glass plates manufactured using the conventional
downdraw method have the problem that a substantial amount of
25 strain occurs in the widthwise direction (the direction
perpendicular to the direction in which the glass is drawn).
This strain is caused by a plate thickness distribution
peculiar to the downdraw method. The plate thickness of sheet

glass manufactured using the downdraw method is larger at the

2



15 m nute deformati on of the glass substrate. Wien a thin filmtransistor
(TFT) or a thin filmpattern for a color filter is formed via
phot ol i t hography on the surface of the glass substrate having PHE%UN¢HB of
m nute 20 deformation, exposure is not perforned accurately during the

obl em occurs that the

h lith h , ar . lt,.th
Dreci si HE9 FRRREREn FRFritbAERRFae | SLFEtbie. ChER  Pbr FOFCCoRRER &XaRT

I trate | nbiped with_25 filt bst 1 at th
ol anmentSHETRE BRRoRBUBPRGE! “hRR TBotRE) m AubeoderBERk: i BRSPnthRe gl ass

| at es, t I f l'iquid
Crystai ooy Coafab e Fr g1 bEYPEOOL SR, PEGHTS hydh LORpELRLE:S AEREF ol Bes
substratgsi§ih@l 96ebBuskZ8nel BEORLAY! §ﬁé9&cafst{19a%u£?§céﬂgyeh ok

y nd the anount of

deformation of fhe glass substrate s accordi ng arge a

of fsef ofatberpehhfr BhBOSbbLYAYNEpEEd! a&ga’;‘nésemfﬁgl aredBe ea&ge&ﬂwent I on
was created in view of the above problens, and has the objects described

bel ow. perebhsectcaist he phesedbei A¥eaki, oWhiiset @ehBhlbi EtkBes1l8ceaeyr rence
of mnute strain or mnute deformation in the downdraw nmet hod. Anot her

obj ect o&ttbrepseseatei aveal i andi asta pesudni nhautecstranaecoatupesihi oni ng
of fset of the pattern fornmed through 15 photolithography on the surface of
a gl ass thbswidtbwiseddimegtdogspl dp appatabos. tiés anoveher tebdsctoobet he
present invention is to prevent the occurrence of strain when a piece of
sheet ¢l Asdathuelyslagaesr rdd thier 6dgh akeagokhdnantnshBogurfacet araee a
prescribed size. Still another object of the present invention is to
iner%e the yield obtained during manufacture of |iquid

When a piece of this sheet glass having this type of
strain distribution is cut out in the size appropriate for a
display apparatus glass substrate, the strain distribution
continues to exist in a reconstructed state, which causes

15 minute deformation of the glass substrate.

When a thin film transistor (TFT) or a thin film pattern
for a color filter is formed via photolithography on the
surface of the';lass substrate having this type of minute

20 deformation, exposure is not performed accurately during the

photolithography process, and as a result, the problem occurs

that the precisicon of the thin film pattern is reduced.

Furthermore, when a TFT glass substrate is combined with

25 a color filter glass substrate, the alignment marks become
offset due to the minute deformation in the glass plates, and
as a result, the problem occurs that the yield of the liquid

crystal devices declines.



25 crystal devices. 4 0 Z,! Il N 2002 Accordingly, the present invention
proposes a manufacturing nethod wherein, in order to elim nateg3tyudi @002
caused by tenperature variations in the widthw se direction of the sheet

gl ass when the downdraw nethod is used, carries out 5 strain reduction
processes during the slow cooling of the sheet glass. Construction 1. A

gl ass pl ate nBhupattueirhgrnevhed tbe ghnafagvbstngta §Fadsrgeats B{zZfoerm ng
nolten glass into a 10 sheet using the downdraw net hod and subjecting the
obtainedt%ﬁeﬁ¥031%§5096u§ﬁoﬁhééoFgﬁgaﬂgPﬂﬁ afhéﬁfOFWééiPﬁg°ﬁnFL§ @heféin a
strain reduction process tqQ reduce strain_occurring in the sheet glass due
to the teppeFERtreldi RFEPEALBILE: hBEASt RBIcHRE %W%ggtaﬁﬁ Pﬁ§5§Grch§h§rea
inthe wd gmﬁse di[eﬁtion 15 of the sheetéglass is perfornmed during the

sl ow cooPFh§eTRoPO§IGIRBL Fat-8r F3F9§uPSalPettor the downdraw method, it is

preferred fromthe standpoint of maintaining transparency that the materi al
have a |i quid phase tenperature of 1200 or 20 lower, and ideally a liquid

Phise o i epEbebi00 oot LB, BRI,

t hi ckness of eet gl ass be bet ween

that thepshhakRs! CHHE! h83 RHACBESEE s~ dRecrabbheHedyly.i Mediately after
nol di ng. Construction 2: The glass plate manufacturing nmethod according to

the Construction 1, wherein the tenperature J

One object of the present invention is to inhibit the
10 occurrence of minute strain or minute deformation in the

downdraw method.

Another object of the present invention is to prevent the
occurrence of positioning offset of the pattern formed through
15 photolithography on the surface of a glass substrate used in a

display apparatus.

Yet another object of the present invention is to prevent
the occurrence of strain when a piece of sheet glass that is
20 formed through the downdraw method is cut into a prescribed

size.

Still another object of the present invention is to
improve the yield obtained during manufacture of liquid

25 crystal devices.



Ol J UN 2002 difference occurs between the center region of the surface
area and the edge areas. Construction 3: The gl ass pl ate nanufgaEtjuNi 2082

nmet hod 5 according to the Construction 1 or the Construction 2, wherein the
sheet gl ass subjected to slow cooling exhibits a wi dthw se tenperature

di stribution such that the surface area has a | ower tenperature than the
edge areas. 1BcConmdingdyiohhs: pTheegltadsvphatennnnapasear eng net hod
according to any of Constructions 1 through 3, wherein the strain reduction
processeBaBPREREERFLBE pathpdswhesr ifhe 18t PARRTAESt PLBBLRSKS] STTRAD

post - nol di n | ass pl ate neasured in advance using the optical heterodyne
met hod. EéugégaagetFHBeEPFHFﬁ X&Hﬁé§%€&sbﬁntﬁ@epVggéﬁwlFﬁv@ﬁFP6ﬁ188nﬁﬁlses

m nute strain formati on) ferred t .the birefringence anount
e heasuFbR BREGGRIGRE: BAFBnEhe: BOYRERELBGELAGNLS HAREH cares s

m nutge stra def ornati i.th_high recson hat t he
str;i rgaﬁégpoﬁenggggge?rB e@ﬁ?ﬁl@érwb? Egé 51§H th f@éﬂl this
nmeasur e H%etwsﬁ§grenent of the strain using the optical heterodyne met hod
al | ows dfhwse tenperature distribution in the sheet glass after

nmol di ng to be easily 25 understood. Construction 5: The glass plate
manuf acturing nmet hod according to any of Constructions 1 through 4, wherein

the strain redualsitemdioncys AOHEsEePpla theaantreati@ihgt it B 0 ?
~uN 2002 a prescribed tenperature distribution in the w dthw se direction

of the shefufglcassing ahaflalsize plaiteemat Woanmdinkf ebated gl aske inwtdt fawi se
direction of the sheet glass after nolding is reduced when the sheet gl ass
i s sibj echeedtt asingw theC downdyawy metdmesl @hd sabheatt itvge ahienghtaiinedf t er
nolding. It is preferred that the tenperature range used for slow cooling
of the sisbetetglgdesshdbBGlomwo BBIDg [usiing fauhteladr tpeeftamrgedintitat t he net hod
for reducing the tenperature 10 difference in the w dthw se direction of
the sheewhgirads compmada meatuatian maAcans &ohegduceestingg umacurning a
tenmperature distribution whereby the wi dthw se tenperature distribution of

t he sheettNglthes sheed fadarss I%‘eBé'fEaLFé? tHRmP aradune ddiffefence Rawesd out
d th | | dt h t di byt f
The Sheettlis adse hAAk 4 i qvéngaﬁqvgni% m&l@ﬁtﬁf e A nae g

that het era di.strj |on chang
cont| ﬁey |thn % «%‘s aﬁg‘ D[%rg%& gfrec (?Et ?%v‘(‘nyr?gocfln %ccordance

wth the terrperature distri but| on of the sheet gI ass. Construction 6: The
gl ass plate manufacturing nmethod according to Construction 5, wherein the

thermal procesgqd S 2o £ b 01 adud €adle HYOUI JJUREESS dtndd chid he
sheet glass is slowmy cooled fromthe nolding tenmperature to a tenperature

near the iy ipdd¥Editdd .from Qe stdhdi¥iht of maintaining transparency
that the material have a liquid phase temperature of 1200TC or
20 lower, and ideally a liquid phase temperature of 1100TC or

lower. It is further preferred that the thickness of the sheet

glass be between 0.5 and 1.0mm.

It is alse preferred that the strain reduction processes

25 Dbe carried out immediately after molding.

Construction 2: The glass plate manufacturing method

according to the Construction 1, wherein the temperature



It is preferred that the heat treatnent be carried out within a tenperature
range fromthe nolding tenperature of the sheet glass to an extraction
temperature equal to or lower than the strain point, but it |9 efoecve if
the heat 5 treatnment is carried out through the slow cooling process in

whi ch thg sheet gl ass is slowy cooled fromthe, nol di ntg ten‘Berature to a

t enper aftF ESREAFEt RECREPaPRTYERRt ThRt CRRERFFBFLRR PhalPEn8UEhRBFRRl process
be carried out tggougg a grocess in which the sheet glass is slowy cool ed
froma 10°ReAP8r 5Pr EY€Raf*FE5400 to 500C | ower than the nol di ng
tenperature to a tenperature near the strain point. In addition, it is
preferred that where the w dthw se tenperature of the sheet glass is nade

essential ly ?B%E‘Eﬁﬁ—g}:%oﬁ 5§MRELA E%@s”?iétéhﬁaﬁ{n%?&@uﬂh tmegﬂgd5| ow

cooling at o ow the strain point Is thereafter carried out, that the

uni for ThEEBRALALULS hal eoflstiierilget ghasgebeopBRLALARH andyhaaka! ow
cooling be further carried out. Furthernore, the preferred range for the

tenper atyeespeat d9akhe sabraicteROitdl siswolsoakayeeandphesow tAatsiiakn
poi nt. Construction 7: The sheet glass manufacturing nethod according to

Const r ugkemperataireCansitiri®iitamnd sudhetaft the BaakFateeak@@nhalissaa process
in which the tenperature 25 distribution that is forned, in the w dt hw se
di recti dowefr tteepelratctre ahen het kedecatretseat i ng unit for heating the
sheet glass is set such that the tenperature difference in the the

wi dt hwi se direction of the sheet glass may be reduced. 0 ~ ~uN zoo2
Where the tenperature distributionis forned via the heat treating unit) it
is pPeferred truckdiear 4:hdhe Glifssy PIade réppépstyrdng seihed i on -
suddenly near_ the strain point, the 5 tenperature_distribution near the

strain FEREHEULL] 3Ry 8F &NSHFUCtIRF thdPTRUSEder 3GTEd 38 buti on

obt ai ned by flatteni this tenperature distrjbution near t st r.ai_n_poi nt
bo. f of e HALR, FARi b, HERTRAY A5 (RE DG SEOATE Bt aRe Aimirhe
strain pint_.and .the .nolding tenmperature. .10 Construction 8:. The gl ass

ol e TR, Aok HO RS BEIs SH ST Pae: PR Bg T4 hrough 3,
wherein t j ti P8 q§g S rain occurring fromthe
surface aﬁ%&%%q{%é{gg%ceé aoge}:alggag"y |nce:rg°a ier?gmf%ﬁtg%gﬁount of 15 extension of
t heigdge areas relative to the anount of extension of the surface area in
accordance wth the heat contraction difference occurring between the edge

areas and t hegedadcery aprddin haaadidud 3 dinegriayer fhamdiant gl ass.

20 It is preferred that the strain reduction processes be carried out

t hr ough cdny i inlichudd M traid e(efadnateiomenge tofis preferred that
the birefringence amount be measured through optical
heterodyne measurement, which can measure minute strain

20 (minute deformation) with high precision, and that the strain

reduction processes be carried out based on the results of
this measurement. Measurement of the strain using the optical
heterodyne method allows the widthwise temperature

distribution in the sheet glass after molding to be easily

25 understood.

Construction 5: The glass plate manufacturing method
according to any of Constructions 1 through 4, wherein the

strain reduction process comprises a heat treatment that forms



600 to 850 . Construction 9: A glass plate manufacturing nmethod 25 wherein
the maxi num strain of the manufactured sheet glass is 0 . 07 R 2 | ess
. It is further preferred that the maxi numstrain be 0.04 kg/ or less .

9 Q7 J UN 2002 Construction 10: The gl ass plate manuf act uri ng net hod

accordlu% é 9¥18£ C?Qﬁ%é¥§£u déﬁé §#91°§ l?t gln%épgvglass plate is a

gl ass s e use 28 that the
di spl ay &Pfé&@iﬁﬁ §9ﬂ@ﬁ559née£ gfégs9§¥Skﬁ£tdﬁﬂé0@emﬁggaigfé the glass

substrate Tor t Iquid crystal deéevice have an ex siron coefficient of

32-38 X dDsrbtencandnt bRt heraliabNaPrLBtibg 8 %ﬁéséhégg 8$%%S éffér 12%

preferred that the glass have a conposition conprising 6

BzO,, 9-dsYafhg08s #e8¥cdQynéndtntathelSgd¥esr & aﬁsggcéeéw@gagaowhere

the percentages are expressed in ternms of nolar percenfages. 15 It is also
pref &y redobhahgt B¢ gkans baveha HEAPOSEEhONNGOHRLtShAGe85mdDYE SHOZ, 6-11%
B203, 8-15% ALZO,, 3-15% MgO, 0-8% CaQ, 0-1% SrO, and 0-1% BaO. 20
Construction 11: A glass plate manufacturing apparatus that includes a

nol ding unit that nolds nolten glass provided continuously froma nolten
gl ass storageltamk pmefearefeshat the temperature range used for slow

cooling of the sheet glass be 600 to 850C. It is further

preferred that the method for reducing the temperature

10 difference in the widthwilise direction of the sheet glass
comprise heat treatment by a heat treating unit having a
temperature distribution whereby the widthwise temperature

distribution of the sheet glass is offset.

15 Because this heat treatment is carried out during the
slow cooling process, the wldthwise temperature distribution
of the sheet glass changes with the cocling time. Therefore,
it is preferred that the temperature distribution of the heat
treating unit change continuously or in steps along the

20 direction of drawing in accordance with the temperature

distribution of the sheet glass.

Construction 6: The glass plate manufacturing method
according to Construction 5, wherein the thermal process is

25 carried out at least through a process in which the sheet

glass is slowly cooled from the molding temperature to a

temperature near the strain point.



a drawng unit that draws down the sheet glass nol ded by 25 the nol ding
unit and existing in a softened state; and a strain reduction unit that
reduces the strain caused by the tenperature difference occurringOﬁr&HIﬂW@
edge areas to the surface area in the widthw se direction of the sheet

I . 10 7 JUN 2002 Co i 12: Th I I i
appar at s ackd dinG i G Y e HE R P AT AN B8 AT BT o uni
[ heat. .t r.eat. i t l,s th I t | di ng,
oo SR nlla Al L0 NS RSN e T 1O
anc sete in t . ; ; _ !
i recti ohar (i2tad XU A AR Rl el AL T M AR e neat
treati ngHyy el J1SAP P ONGE! 06 Ofs ROt S ARS O e fipet gl ass. 1t

is also preferred that the heat treating unit be | ocated near the surface

or s§rfacesmtfedthe shesird@ssut Ien rerd i Powl Joolh P psscdd Atm
manuf act uri ng apparatus according to nstruction 11, wherein the strain

reduct i ahigl ttHeSsHedadlddLals N owiy ddvlied |y tHinoldkngheet gl ass
after nolding and a unit that perforns control to ensure that the anount of
ext ensi dremyfetdimesigeo a eesmpardangernddmntZd 4 thwaianpointof Bxtiensi on of
the surface area in accordance with the tenperature difference fromthe
sur f ace prefenned Mehatgthear daasrmdl tiwocdmet byl casriditouts Herongsliaw y
cool ed by the heat treating unit. 25 Construction 14: A liquid crystal
devi ce CFAFEST rif |TRAER g sihgehaFirpetivenl e bai Fovkeq | M B at es f or ned
t hrough the gl ass plate manufacturing nethod according to any

100 temperature that is 400 to 500C lower than the molding

temperature to a temperature near the strain point. In
addition, it is preferred that where the widthwise temperature
of the sheet glass is made essentially uniform at a
temperature near the strain point, and slow cooling at or

15 ©below the strain point is thereafter carried out, that the
uniform temperature state of the sheet glass be maintained and

that slow cooling be further carried out.

Furthermore, the preferred range for the temperature near

20 the strain point is 50T above and below the strain point.

Construction 7: The sheet glass manufacturing method
according to Construction 5 or Construction 6, wherein the
heat treatment is a process in which the temperature

25 distribution that is formed, in the widthwise direction of the
sheet glass, by the heat treating unit for heating the sheet
glass is set such that the temperature difference in the the

widthwise direction of the sheet glass may be reduced.



of Constructions 1 through 10. 11 pZJUNZ2~~ Fig. 1is a schematic

di agram showi ng an enbodi nent of the glass plate nmanufacturing apparatus of
the present 5 invention that manufactures sheet gl ass fron1no|g¢nngldgﬂ;
Fig. 2 is a cross-section of the apparatus shown in Fig. 1 cut along the
A-Aline; 10 Fig. 3 is a side view of the drawing rollers shown in Fig. 1;
Fig. 4 is a drawing showng a strain distribution in a glass plate that has

not undergone_strain reduction 15 prqcessing; Fig. 5 is a table showi ng the
Lenper at ures YReFfe THEaFErE AT o CFdea AP LS OSTER Y Moo diiet PORT

ing, 20 Fig. .G i . h _of t t h inFig.5 Fig. 7
(i i ng. SREREARS RB 22y &t 11 SEATRIPI G A Ta. JFSEE plhal ARHAT sgh ° °
a g5 e St X PSS TpI'aFe et |
R e L e A A ST A

aftersit tWas el udd! ARG LRRSIIRIH AN s¥ralife plieR! vl AR Pefoe it was
cut into piéeces. 12
reference, and that a temperature distribution obtained by
flattening this temperature distribution near the strain point
be formed in steps or continuously in the slow cooling process
from the strain point and the molding temperature.
10
Construction 8: The glass plate manufacturing method
according to any of Constructions 1 through 3, wherein the
strain reduction process reduces strain occurring from the.
surface area to the edge areas by increasing the amount of
15 extension of the edge areas relative to the amount of
extension of the surface area in accordance with the heat

contraction difference occurring between the edge areas and

the surface area in the widthwise direction of the sheet glass.

20 It is preferred that the strain reduction processes be

carried out through slow cooling within a temperature range of

600 to 850T.

Construction 9: A glass plate manufacturing method
25 wherein the maximum strain of the manufactured sheet glass is

0.07 kg/mm® or less.

It is further preferred that the maximum strain be 0.04

kg/mm’ or less.




~ ~ ~u~y 2002 Enbodi ments of the present invention will be explained 5
below with reference to the drawings. Fig. 1 is a schematic di agram show ng
an enbodi ment of the glass plate manufacturing apparatus of gheuprasdent
invention that manufactures sheet glass fromnolten glass, Fig. 10 2 is a
cross-section of the apparatus shown in Fig. 1 cut along the A-Aline, Fig.
3is aside view of the drawing rollers shown in Fig. 1, Fig. 4 is a
drawi ng showing a strain distribution in_a glass plate that has not

under gone st FARAtFBAGEPROACpr SBEs SilRGS P#@teSm?§u5aF§HFén§h@th@dthe 15

t enper at ur es gf the heaters (heat treatin unltg and the Iass durlng t he
sprain PEHAEHLBA ﬁPoéBgsPﬁg psgrustiong 3raﬁﬁ° Ehtﬁe N eéﬁo &n Fig. 5,

Fig. a_dr mnng show the strain distribution a_glass plate after

it has 8%88?982 t 15i f ngﬁétl8§s§F85§s§Fﬁ& 4nd %@Yg§98 2iSng
sh@@ ng 20 the relatlonshlp bet ween the total pitch shlft anount of a gl ass
pl at'e after it was cut out and the strain anount of the sheet glass before

[ Ml out 80481 6e8%e:CEOTHA 3 HUNAG! UELAGHMAALIBL S ST oL, o

manuf act uri ng appa atus hat 1 npl enent's ate manu acturlng met hod

and CONMpPEL38d eRgsAROAR/e, Ofantd“%hl%rte%%%t fllfa‘é%msh%t‘!t‘a'ﬂe ke dese i bed
below with referénce to Figs. 1 through 3. 01 uu~ 2a2 The glass plate

Tanufachyhae 20%A1 ACATY kA0 B AU U 3l (iR 43015 L ST O
conpri ses “basi ca a nolten ¢ ass 2 an a cool1nhg ‘oven 10, as
shown in 5 Fig. 1. The nDIten gl ass stora e tank 1 has a.storage unit la

havi ng &R dﬂénlﬁgd dRhatt fRensitEadngPedat2 bebaLi Aeasthb89gh - mel ting of the
glass raw material at a prescribed tenperature 10 is stored in the storage
unitOla. A nmolding unit 3 is fornmed at the bottom edge of the storage unit
la. A slit-shaped opening 3a that extends in the w dthw se direction of the
sheet gl ass &t &sf pnedrined Hdawlthenglass aveTlre cnpindisigcian t 3 conpri ses
heat -resi stant bricks coated with white gold. 15 The nolten gl ass nay be
mol ded ICOMPIIHFERT SRapfdF Fidss 8- deu ng-LR& ABL®en 1918%@19 90 .t Frdifgh the

openi ng 3a. The sheet gl ass 8 passi é%through the nolding unit 3 is slowy
cool ed B#he-@rs¥% S5P .0t &0 153iFRY. ettt ReTseiagdee are

expressed in terms of molar percentages.

15
It is also preferred that the glass have a composition
comprising 65-75% SiO,, 6-11% B,0,, 8-15% AL,O0,, 3-15% MgO, 0-8%
Ca0, 0-1% SrO, and 0-1% BaoO.
20 Construction 11: A glass plate manufacturing apparatus

that includes a molding unit that molds molten glass provided

continuously from a molten glass storage tank into a sheet;

a drawing unit that draws down the sheet glass molded by

25 the molding unit and existing in a softened state; and

a strain reduction unit that reduces the strain caused by
the temperature difference occurring from the edge areas to

the surface area in the widthwise direction of the sheet glass.

10



20 edge areas toward the center area that would result fromrapid cooling.
The sl ow cooling oven 10 slowy cools the glass 8 nolded into a sheet -shape
and is hollow inside, such that as the edge 25 areas of the §{NnJiEss 8
are drawn downward by the drawing rollers 5 through 7, slow cooPing is
carried out while rapid cooling of the sheet glass 8 is prevented by the
heat treating unit 9. 14 01 J UN 2D02 The drawing rollers 5 through 7
are aligned in the directign of drawi ng of the she%t ﬂlass 8, and are

| ocated at pr &SBFLHBGLAPEt arcedfr GARESCRLBEReMANFRECHEEL NS, BRPRRG I t 9
is located at .a prescribed distance.fromand near the_nain surface of the
sheet gl 86555838 Re TR GRRRG=PSIIERs 14 APGRGR™T ChPaSEPIE B85UcH8Rs 8a and
8b of th e I 8 W t _gl ' .do rd. The.draw ng
ol lers 81085, A8 AdLetBihl} $HSE) 23039 Sanndr $REN SHanto b debt

t he awi 0 C, 28 ards7G ) gt &d g ke Is sheet in
Fig.q%.w%ggegrgkgﬁgn?élFgrSQSbF 68 an ?g gﬁggghaégggfgﬁgﬁg%%ongrs not

shown inghRe+d dawa bhe cwipeeth tiirds Aiist radPARELAL ithA tWirklulag +pedSb, 6b and
7b and are located at the reverse glass 8. glass 8, as shown shown in Fig.

1 yaw ng tlehple rdfcaited Gaifedendd ans thied&idfthiiiges daglectiondoEWithe pRlsiers 5
through 7 that are aligned in the direction of drawing of the sheet glass 8

are posi moadadgs ytfee0 gillaats .adj acent rollers are displaced relative to each
ot her by a prescribed amount in the direction of thickness of the sheet
glass 8. In this way, the edge areas of the sheet glass travel a |onger

di stance than the surface area. For exanple, with regard to the roller

pai r$05a/ 5¢c, &/ 8¢ antfEyrAd |Wead dheatheat tiredtding sindd dfe Riqpated e -
rollers 6a/6¢c are displaced by a distance a relative to the rollers 5al/5c

and 7a/ 7@neTHe e |qeRe WY sigiEaRf ARSWREY F1aS§ - Etard &P positioned in

a simlar fashion, though this is not,aQParent in_the drawing. 1J Q7J U
N 2402 TRESHERTAS EHAFRMINSAF (SRR IOH Skt ol ioa TRy H85Hin theor escri bed
tenperature distribution in bg qﬁghe qu{h i se direction and the draw ng

di rect i oif FiE 39 TheBF RS & i Morddet $4% ent the occurrence of

strain. Consequently, the 5 heat treating unit 9 has a plurality of heaters
aligned in the

15 Construction 13: The glass plate manufacturing apparatus
according to Construction 11, wherein the strain reduction
unit has a heat treating unit that slowly cools the sheet
glass after molding and a unit that performs control to ensure
that the amount of extension of the edge areas is larger than

20 the amount of extension of the surface area in accordance with
the temperature difference from the surface area to the edge
areas of the sheet glass that is being slowly cooled by the

heat treating unit.

25 Construction 14: A liquid crystal device comprising
liquid crystal held between a pair of glass plates formed
through the glass plate manufacturing method according to any

of Constructions 1 through 10.
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wi dt hwi se direction (the horizontal direction) and the drawi ng direction
(the vertical direction) of the sheet glass 8. In the drawing, a
representative situation in which eight heaters are arrayedépigﬂﬂ e

wi dt hwi se direction of the sheet glass 8 10 is shown. In addition, ten
heaters, for exanple, are arrayed along the direction of drawing of the
sheet glass 8) though tBREEBFhE EPALONNOF THBWDRAW drawi ng. The
tenperature of each heater may be individually controlled. The use of

plural heaters arrayed along the wi dthw se direction of the sheet 15 gl ass
8 is intended to formidentical prescribed tenperature distributions in the
same directi ofiBn é&r dér at §chenaddct R agEenr FRAVANSf a8t paPRdimente ofane

direction, Furthermpre) the use of nultiple heaters along the direction of
drawi ng &Pet Hé2SRe @l agRaRangfes tugingd S@PEE AL ENPEr £8€r PREFePEnperat ure 20

di stributions that w || prevent rapid _coqli and permt .slow._cooling in
the. shrs BV EBELOBn tHa PR G aE g o PBee T SAATR0S 00 MR tEfodh Sdein ng
process. In particular, when occur to the sheet glass 8 within th~ 25
darmage can easily occur to the sheet deformation . (d ass plate
manuf act uri ng hgd); .cqold i n [ urJ t rap d
enper at U ¢ oRatjes &% anoE ar SO0 00 oigihs, Ranates Sl 43 FAY -, -
~~N 2002 ;Acet Radnky vifal ghat g sgnuf acture a glass plate using the above
apparatus wlll be expl ai ned bel ow using the exanple of manufacture of a
gl ass substrate for a liquid crystal display. 5 At the outset, preparations
for the strain reduction processing are carried out. First, the anount of
stral® in therdgee3 gsass sd dehati s Mathel diawdme ratllaids rmwel iion Fig. -
processing is neasured using the optical heterodyne nethod. The neasurenent
sanple id:a glass plate cut out fromthe sheet 10 glass 8 and having a
w dth of 650nmm and a | ength of 550 mm ' The results of the neasurenent are
shown in Fig. 4. As seen fromthe table, the anmount of strain of the sheet
glass 8 has a distribution wherein it increases gradually fromthe center
regi on of the HiS%pléysarkedtaite SREng stz HEREWiAM S St ain is
the strain at which the birefringence Re is 4. lnm( strain: 0. 12 kg/miZ )
The sc&@Sfs&tate (Hetahas MPY AhdeRIane fEHeefytdeFIF 9% i neters. The
centers of the individual circles~~on the 20 gl ass plate represent
neasur emeHtPFHIHE? and the size of each circle indicates the amunt of
strain. Wile not shown in the drawing, the fast axis that indicates the
direction of strain runs toward the center bottom edge of the glass plate.
2~ Next, data gsndi caty t r i t W
di stribution aﬂnlgbd't Eéé‘ la%un%hgo% gplgiﬁr%%nrta agj uistfﬁﬁf%%%gﬁbfar\{m&n%rs
rollers SQdraiyiasfsaweldg aﬁléiaé@ramlfaiumdrh?ﬁs&é@éﬁgpn between the
strain distribution and 17 0 ~J UN 2042 the wi dthwi se tenperature
distribution of the heat treating unit 9 are obtained.

20 Fig. 6 is a graph of the data shown in Fig. 5;

Fig. 7 is a drawing showing the strain distribution in a
glass plate after it has undergone strain reduction
processing; and

25

Fig. 8 is a drawing showing the relationship between the
total pitch shift amount of a glass plate after it was cut out
and the strain amount of the sheet glass before it was cut

into pieces.

12



Based on this data, the anmount of displacenent regarding 5 the draw ng
rollers 5 through 7 needed to reduce the occurrence of strain and the

wi dt hwi se tenperature distribution of the sheet glass 8 set by, § Gnheml
treating unit 9 are determ ned. 10 Based on these preparatlons e sheet
glass 8 is manufactured fromnolten glass. First, the alun1n05|llcate raw
material is nelted at a nelting tenperature of 1550 1650 in a nelting tank
not shown 1~ in the dramnnos and after ref|n|no and honogeni zati on are
carried out, noltenté 5ERaASE L QgL 8A—-gNASHLISEN hen nmoved from
the melting tank to the storage unlt | a. InC|dentaIIy, the alumnosilicate
glass raw naterial used 20 was mixed so that the follomﬁng conposition

woul d be obt 659 1% BZO 12% AL O, 5‘V CaO, .2. 4%
S0 “and 1. coRBRRLRaRES e S0P PrETeRL ERVERFReY dELL Y ¥Rl oinbRe:
Strain 6 elas 33nm cm kgf/cm-. Next, the
nnltgn Q?%gg%gaéFgrggE?gggﬁg é?o%g%eﬁgﬁﬁggpa Is fornmed into sheet glass 8
via the opening 3a in the nolding 18 0 7 JUN 2002 unit 3. The nol ding
tenperature for this process is set to be 1150-1250 . The sheet glass 8

nol ded in thigigayii st BeBcEkAWkYcSaeagkedl BMowlRgShhakbAbbREMEhitOBsUNIt as
the occurrence of strain is inhibited. These straln reducti on processes are

expl ai negnbebldss plate manufacturing apparatus of the present

invention that manufactures sheet glass from molten glass, Fig.

10 2 is a cross-section of the apparatus shown in Fig. 1 cut
along the A-A line, Fig. 3 is a side view of the drawing
rollers shown in Fig. 1, Fig. 4 is a drawing showing a strain
distribution in a glass plate that has not undergone strain
reduction processing, Fig. 5 is a table showing the

15 temperatures of the heaters (heat treating unit) and the glass
during the strain reduction processing, Fig. 6 1s a graph of
the data shown in Fig. 5, Fig. 7 is a drawing showing the
strain distribution in a glass plate after it has undergone
strain reduction processing, and Fig. 8 is a drawing showing

20 the relationship between the total pitch shift amount of a
glass plate after it was cut out and the strain amount of the

sheet glass before it was cut into pieces.

(Glass plate manufacturing apparatus)
25
First, a manufacturing apparatus that implements a glass
plate manufacturing method and comprises one embodiment of the
present invention will be described below with reference to

Figs. 1 through 3.

13



10 The strain reduction nethod conbines two types of strain reduction

met hods: a nethod in which the anount of stretch of the sheet gh§;§8§w@ﬂe
to heat contraction difference is controlled (nmethod 1) and a n®t i

whi ch heat treatnent is then carried out by formng a tenperature

di stribution through 15 a slow cooling process (nethod 2). (Method 1:

Met hod in which drawing rollers 5 through 7 are displaced) 20 Wen the
sheet glass 8 is drawn downward by the drawing rollers 5 through 7, because
one of the ddjaERsSs Alafe @ANTKEITHITIENGS WPIRBIF ATREA NGt a, the
edge areas of the sheet glass 8 are drawn to a greater degree than the

sur f acETRAHMERE P& ddif (PTRIFRL KN TERELD HHRELTED RBDI 2B 2 25
difference in the thickness of the edge areas, and the surface area nay be
elim né‘l";‘ut.e“rrﬁlsaﬁ% YREAFONIHe § ATOWR MPSFFEEOVEH the 37 e3RYBetR
disgan%g in the direction in which the sheet glass 8 is conveyed, the
amolint ‘of9 heht contraction of 19 p Z ,fuN 2~2 the surface area is |larger
t han the anobunt of heat contraction of the edge areas. Therefore, if the
surface area and the edge areas are drawn down in a uniformfashion) strain

occurs. Accgl"nl'gt% Y Yeerd f%iggs %M%?&g‘ﬁ]@nf%égratﬁo%eﬂgg aheasigaving S a

relatively | er contTaction ano I's longer than draw ng di stance

for theySH{RCkh BFen1 PP AR | BhE W6 BNE R0y Th 84 aNCOSLd Dhed NEnSYRGRCE area
and the edge areas may be maintained in accordance with the difference in

their hesltOONtSRCERONGBADSINESw BaEe £DAT egtieat pesdNELOG CERSAERL O e 10
strain may be inhibited. (Method 2: Method in which heat treatnent is

periDor niesl ¢ twvad hid otlne ngtofagenmpelat Lae Niméldbud i wmitusi bg sbomegool i'ng
process) 15 The heat treating unit 9 of this enbodi nent has nultiple

heat er satartlag oo t torh hedge dofivtke siteorage omnidndla heA dshiknghdpeécti on of the
sheet glass 8, as described above. The table shown in Fig. 5 indicates the
t enper a@ReRLNY GGa othaticexherder inothe reydhvihse hdigeathansefdthecti on and
the drawing direction of the sheet glass_ 8, as well _as the tenperature (~)
of the Sheet glass & hs faEmadcin therBRBehEFngnib BachhRemPifinghe

vertical colums in the table indicate the . .
unit 3 comprises heat-resistant bricks coated with white gold.

15
The molten glass may be molded into sheet-shaped glass 8
by drawing the molten glass 2 through the opening 3a. The
sheet glass 8 passing through the molding unit 3 is slowly
cooled by heaters 4 in order to inhibit the contraction of the
20 edge areas toward the center area that would result from rapid

cooling.

The slow cooling oven 10 slowly cools the glass 8 molded
into a sheet shape and is hollow inside, such that as the edge

25 areas of the sheet glass 8 are drawn downward by the drawing
rollers 5 through 7, slowly cooling is carried out while rapid
cooling of the sheet glass 8 is prevented by the heat treating

unit 9.
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25 tenmperatures of the nultiple heaters sequentially arrayed in the draw ng
direction of the sheet glass 8 and the tenperatures at the areas of the
sheet glass 8 corresponding to each heater. Here, 'Atnosphere' igydjgmt2eR
the tenperature 20 fl 1 JU N 20U2 of each heater) while 'd ass' indicates
the tenperature of the sheet glass 8. The tenperature of each heater is
measur ed t hrotphb, dtawibgexalpkes GeahpvagRnt atet AkRiyrmaepetiat uhe of the air
at a position |ocated 20mm away fromthe surface of the sheet glass 8 using
a t her noddupkéiorheft dumpwiaguré thet Bbeshegllagba8s 8ndsameadurcetieihadbugh
measurenent of the tenperature of the sheet glass 8 using a radiation

t her ronepPEescrdb¥re digisracesofisomheachnpéharur 8seohefutrgrsdpg vhihkelters

| ocated at progressively farther distances fromthe nolding unit 3, as well
as the téﬁngéﬁGPésaGfatﬁ§e§ﬁ€épeél§§§t8n§? 5F@§sa§§rﬂé§ﬁog§?ngaﬁa each
heater. These four heater 15 groups are referred to as first, second, third
and f urFHrﬁé&FePngB&p§hPﬁtt%&aﬁﬁd@r of their proximity to the nolding
unit 3. Inthe table, "1 Atnosphere' through '4 Atnosphere' 20 indicate the
tenperatures of the first through fourth heater groups, respectively.

Smiarly, | LoBeasvadeoudsed Cash ol oobe the e pRLal uren Ot he

sheet gl ass at the areas correspondin t he aters 'St Fhrough

fourth hedlelsdibdRte rs%%@%cy'tl\ag%g anal ey thk" shilef Lhalssl @V Nl cat es

the heater located at the le t he sheet gl ass I'n the w dthw se

diTect i ORoyira” Tidiahand ho1183esd 06a! aadal e atertd stbekhe 21 ..

10 glass 8 downward in concert with the drawing rollers 5c, 6cC
and 7c¢ located at the back side of the sheet glass 8, as shown
in Fig. 2. The drawing rollers 5b, éb and 7b shown in Fig. 1
also have drawing rollers not shown in the drawing that draw
down the sheet glass in cooperation with the drawing rollers

15 5b, 6b and 7b and are located at the reverse side of the sﬁeet

glass 8.

The drawing rollers 5 through 7 that are aligned in the
direction of drawing of the sheet glass 8 are positioned such
20 that adjacent rollers are displaced relative to each other by
a prescribed amount in the direction of thickness of the sheet
glass 8. In this way, the edge areas of the sheet glass travel
a longer distance than the surface area. For example, with
regard to the roller pairs 5a/5c, 6a/6¢c and 7a/7c located at

25 the left side of Fig. 1, the rollers 6a/6c are displaced by a
distance a relative to the rollers 5a/S5c and 7a/7c. The

rollers Sb, 6b and 7b shown in Fig. 1 are also positioned in a

similar fashion, though this is not apparent in the drawing.



sheet glass 8, and the 'R indicates the heater |ocated at the right edge
of the sheet glass 8. Fig. 6 is a graphical representation of the data - -
shown in 5 the table in Fig. 5. As can be deternined from Fi gsg 75)@h@us,
the tenperatures of the multiple heater groups arrayed in the w dt hw se
direction of the sheet glass 8 are set so _that the 10 tenperatures of the
heat ers | ocat EBeabPefhetE8AféPIolPLhesHERE §PESELBWaFROALGHePAY nEATRNE

f h I he ed f. fically, th
EE%EE HF 2o 1 0P o SRR BF THER: BRE CFEo) AR S8 SPb DERgs ABOB AP Bhor L han
‘ h .
G 11 or onGEECRRLPRoPPEy ShECPEPNTAY ArE oS5Ot ok EhrEREoRTre] P & ¢ ne

first hegbgbyt fo! BealAHk! RnReRERLy rAhcLNB S 8RBT hIPCohRLaRRELAl Upg of the

sheet gl ass S so that the tenperature of the cen he “sur f ace

area 20 gbakhergheeh0lass 8 ahst *aepgh%ﬁe regraBding th&%‘ﬁeEi [ §t tﬁsater
ﬁ ﬁy cont t he

I's 28~ higher than the tenperature Of the edge areas. rast,

di fferengeaitRwligBP AL 2Lk oBEWRRN Hbhe zoaRbLEr aa-ea+aBd )t Bgaedae argasngt the
area corresponding to the third heater is set to be 3~C. .In this way, the

t enper at digeeft tbhe (Zhesheetr iglaasdiFeict ibhg wiEtdthel steditr galais@nsi.. gnmade
uniformat this area.. In addition, the tenperature of the sheet glass 8 in
t he ar easheodraspiagdi Rg representtkitridehsdttaa tdoaupni whdeht redighed hea teqsa
the strain point tenperature of 650. In 22 0 ZJ UN 2002
are arrayed along the widthwise direction of the sheet glass 8
10 is shown. In addition, ten heaters, for example, are arrayed
along the direction of drawing of the sheet glass 8, though
these heaters are not shown in the drawing. The temperature of
each heater may be individually controlled. The use of plural
heaters arrayed along the widthwise direction of the sheet
15 glass 8 is intended to form identical prescribed temperature
distributions in the same direction in order to reduce the
occurrence of strain in the same direction. Furthermore, the
use of multiple heaters along the direction of drawing of the
sheet glass 8 is intended to form prescribed temperature
20 distributions that will prevent rapid cooling and permit slow
cooling in the same direction. Rapid cooling is prevented in

order to prevent damage to the sheet glass 8 during the

drawing process. In particular, when rapid temperature changes

occur to the sheet glass 8 within the range of 600-700TC,

25 damage can easily occur to the sheet glass 8 due to buckling

deformation.

(Glass plate manufacturing method)
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other words, it can be seen that the tenperature of the sheet glass 8 is
made uniformin the widthw se direction at a tenperature near tP% Ridom n
poi nt of the sheet glass 8. 5 The heater group that fulfills dh inortant
role in this enbodinent is the third heater group, which carry out heat
treatnment at a tenperature near the strain point. The first and second
heat er groups® &Lt RedEchste cgpelagiuram FiaaHRE iR ashhdgdelue to

the cooling of the sheet glass 8 10 fromthe nol ding tenperature (12000 to
the str 9Py TRESAHET gt th PRotEPLERARD FELIB A Shase Tk 19f out

sl ow cooling.of. the sheet glass 8 to an even |ower t erature.while a
i T or mAAARGTIFS S of T H00T cPOBLITEbRa 1) ¢ METHT R Sr SRR <
mai nt ai ned. The fifth through tenth heater groups 15 (not shown in the
drawi ngs) following the fourth heater group are located so as to gradually

carry out 5|QM$C@Q i t 1 ?Pp@ﬁ t gl ass 8
(150¥1809), l'1 ke p%e oig%hhﬁggﬁéﬁég%%ﬁ%.f n otﬁé#%g%gés%ggﬂgggg%eater
groups Cﬁaaegyingngf@n@afﬁieaeaattrp@fﬁ@nttﬂé dMGushest gLassn8180cgd that
sl ow cooling occurs while rapid cooling is prevented. The sheet glass 8

conveyedshfet hgrexéracthat pasi hb@nuhéeﬁﬁbnéts@f@_ﬁl@rf@@@cfﬂbﬁ‘r vals in the
drawing direction and carried out fromthe apparatus. 25 The thickness of

t he sheeprgtassifgwhenmeatdreg wasngothécbptivat HebarvaynéhmeeHge. area
(the area extending 120130mm from the edge toward the center) of both the

| eft andTR8 meps@rémeéntl 28021ei bt asgliess phaté. Fun autt iromuthaceheeta

| ocated i nside the edge areas. The external dinmensions conprised a w dth of
1060 M agdaas| 8ngn#é bavingnem widshed§ebbPrmsanégar dengthpEnSBAemmhi ckness
was not nmanaged were then elinmnated, and a glass plate having a usable

wi dt h of TBROORAFHABSaCEeiBEhMERSRIERANRa3TRr 8RPER. 1McF T -t he B8aBPBDWI dth is
the wdth of the area having a uniformthickness, The glass pl ate then
under wentrelgEhBoFrBAPNg tRAI2MALRENGE 36TaAB PRetREnafRepFoddefswlshas

conpl eted. .-The strain_of the.glass, plate manufactured iin this wa s then
Teabur edS UGt AETIRE CABR HAFTRERor g e REE RO REST-LE FFOMasRa FRRE REm
birefrin ce Re_.o . i strai,n. 0.04 / ) he,result f
Teacur cnBaRtaR Dhetie SEsbRAY: ALRR roncia Ade 1eaRpoardepeane iy i n
Fig. 4. ] i h i 0Q, o] i st aign unt
R A R T o
conpari sQg+ehihheoghasggphate. of this embodi ment and 20 a conventional
glass plate shown in Fig. 4, which was manufactured w thout strain
reduction processing, it is seen that the glass plate of this enbodi nent
has superior strain uniformty and a smaller anount of strain. 25 In this
enbodi nent, b&hauseadamaged dnt khesldeatvigicadadd catesr tiheg leémgtho ist r ai n was
prevented through the slow cooling process, the yield was inproved by 10-.
( Manuf acmddldgedfersi.qine cepdegls gdvithe) individual)ogimcies2-on [thgui d
crystal device was manufactured fromthe glass plates manufactured through
t he dBov@lamSo@ladet represenitc Mapunefe M2 PoLnEssningl £4¢ Hiimee Siv@achcut
out froma single 550 x 5 650mm full-size glass plate. The total, pitch

Shi Tt amSUFCLSr INMISStoR tha PN Vs 1Faide, MRLLR Mog SOGME rel ot he

total pitch shift t be |. I _1f.th | gt.i I p.bet.
L 1 of afArels iR TR0 ST (RS A% B SRR & e ot e

s Sought B QPR PSR T S st e R ot oo ubed

in an actual display apparatus can be nanaged vi a managenent of the strain
anmount of the full-size glass plate.

25 Next, data indicating the correlation between the
measured strain distribution and the amounts of positional
adjustment of the drawing rollers 5 through 7, as well as data

indicating the correlation between the strain distribution and
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15 Fig. 8 shows a graph indicating the correlation between these two
values. In the graph, the vertical axis represents the total pitch shift
anount (in arm occurring in the glass plate obtained through08U€Q$ = and
the horizontal axis represents the birefringence (in nm of a full-size
glass plate prior to 20 cutting. Fromthe glass plates of this enbodi nent
in whi chEhevistidifiehcleeresitars destrmrblenet cdhrorheat i breating
substrates, and TFT gl ass substrates were manufactured. Liquid 25 crystal
display‘HEV?c%smﬂ%réb??iﬁp nuf actured by aligning the alignment marks on
each glass plate. Because the glass plates of this enbodi nent having
reduced strain were used here, the manufacture of the |iquid crystal

devi ces coul [ u Lth hj Leld. -2~ U_N_ 2002 The
present i nvegfé%)%en&?r‘éé/ glgigp%ﬂ%ed F%Iea %uv\%%r%gv%% %J()%g%flz?lggrléﬁga?. oMY t he

downdr aw gt hod, of 5 they £oPOds MBAL (g5 CY | Dedagboye. rEgicexgfpl . the present

invention may be applied to 5 the conventional downdraw net hod descri bed

Wi th refesonblei@e tHE PEFAInakAd tRe l PEIBRRYSe SHORGL FRPLret WO types of
strain reduction processes were used, but it is acceptable if only one of

these 104pse£E59ESohSofiSEHei Shegfaglas® §heepropertie i NygAt tOBatEHgt her nor e,
t he above enbodi nent used a heat treating unit conprising nmultiple heaters

arrayed amithe atretdetsemithed@cti on of the sheet glass 8 such that a

prescri bed 15 tenperature distribution was formed in the same direction

t hrough i ndi vidual control of the tenperatures of the heaters. However, it
is acceptable if the present invention uses a heat treating unit that ha
onl yl&a si ngl eBasedepnt hhasenbreparationem thatshaatl alpsessriibed '
tenperature distribution in the 20 wi dthw se direction of the sheet glass 8
i s obt ai RRHUEAFBYREASt REOP| BEARBAt 9bRSAppropriate thermal insulators on the
surface of the heater. Mreover, the present invention may be applied in
the 25 manufacture of glass substrates used in a display apparatus other

Lhan a 110Ul degyst al,deus o, 00, 80" L8l Rl eBkesl 0" SaBdugt (such as

melting temperature of 1550-1650C in a melting tank not shown

15 in the drawings, and after refining and homogenization are
carried out, molten glass is obtained. The molten glass is

then moved from the melting tank to the storage unit la.

Incidentally, the aluminosilicate glass raw material used
20 was mixed so that the following composition would be obtained:
65% sio,, 11% B,0,, 12% AL,0,, 12% MgO, 5% Ca0, 2.4% SrO, and

1.65% BaO.

The characteristics of this glass are as follows: Strain

25 point = 650, photoelastic constant = 33nm/cm/kgf/cm?.

Next, the molten glass 2 stored in the storage unit la is

formed into sheet glass 8 via the opening 3a in the molding
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26 ~ 7 J UN 2002 Using the present invention, sheet glass in which the
occurrence of strain is inhibited nmay be manufactured using 5 thnﬁpgmwraw
met hod. I n particular, the occurrence of strain in the wi dthw se direction
of the sheet glass may be inhibited. As a result, strain in the glass
plates cut out fromthe sheet glass may be reduced. 10 Therefore ) when a
fine patt®th ?s FREnBALIFRIphePBEFehBER apPy BRL8 BFASesHl dfeSAhntPaleur ed
using the present_invention, offset of the position of the pattern may be
prevent el 5851¥80 her more, where sheet glass is manufactured via the
downdr aw nmet hod using the present invention, because the occurrence of heat
strain is inhibited, when the sheet-shaped glass is drawn dowward whil e
being slowy cool ed, damage to the sheet-shaped gl ass may be prevented. As
a result, theTR® phedtcyglaasyBemdldasi be thpsowveg. iknthddi slowlyusi ng the
di spl ay gl ass substrates manufactured using the present invention, the

yi el & obtabhed by the stmafiacredsctfonhendtspbayheppacarusesenaf be

i nproved. 27 Q7 J UN 2002 1. A glass plate manufacturing method for
manuf act §EFagnalgl 485iplaed-by forming nolten glass into.a sheet using the
5 downdraw nmet hod and subj ecting the obtained sheet glass to slow cooling
using heat treating unit, wherein a strain reduction process to reduce

bet veon e cHBBSE 858 SARALERECE 4P PaBB OGP B°Fn o o CRPAPHASEe P PYe | on of
the sheet 10 glass is carried out during the slow cooling.

10 The strain reduction method combines two types of strain
reduction methods: a method in which the amount of stretch of
the sheet glass 8 due to heat contraction difference is
controlled (method 1) and a method in which heat treatment is
then carried out by forming a temperature distribution through

15 a slow cooling process (method 2).

(Method 1: Method in which drawing rollers 5 through 7 are
displaced)

20 When the sheet glass 8 is drawn downward by the drawing
rollers 5 through 7, because one of the adjacent roller pairs
(rollers 6) is offset by an amount o, the edge areas of the

sheet glass 8 are drawn to a greater degree than the surface
area. As a result, some of the strain attributable to a
25 difference in the thickness of the edge areas and the surface

area may be eliminated. This is based on the following effect.

In the prescribed distance in the direction in which the

sheet glass 8 is conveyed, the amount of heat contraction of
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2. The glass plate manufacturing nmethod according to claim1, wherein the
tenperature difference occurs between the center region of the surgﬁc rea
and the edge areas. 15 3. The gl ass plate manufacturing net hod GEstd ng to
claim1 or claim?2, wherein the sheet glass subjected to slow cooling
exhibits a widthw se tenperature distribution such that the surface area
has a | od® FERPBE&t AF82t hAnlRKEeEdg§RaROtAReaBOUNE ofhBegltasonsracsion
manuf act uri ng nmet hod according to any of clainms 1 through 3, wherein the
strain refut PoﬁdBPo€€§§FngTPgrégPFPedigthEa§EHf6ﬁetﬁéeétﬁéﬂntaﬁs?ﬂﬂﬁution

in 25 the gost-rml ing gl.ass Iaterresuregi .advance ysing the opti cal
het er odyfE°fEt ADE. 952 ?hQOgPagg fI P& fahu 5EBﬁPPngS%§FEBd° €86fding to any
f clai . 4, i . al d [ 2 0_7. JUN. 2002

br ocees BSBFReBsy sy UReCkP ARl HiB AabRs ek PHel B gl FeRseravare

process COTBrTSes A neht Tredthgnt | oreScrt pefavar
Lempet at ir GoAPT LR e ARG o A S8 T Re F o o T HETaAEAr dREcs af ter

mol di ng hiaaiheda&‘%a%gnfbh}e +pae8lirghass ﬁ&h?@g@{:@?ﬁq&ﬁ% %&@wﬁﬁtged to

sl ow cooling by neans of the heat treating unit.’ e glass plate _
manuf act 4k sRAnERENEra¢aar duRgalce alrdiaMadd Wher elgel Recheaimalyr @at ment is

carried out at least 10 during a process in which the sheet glass is slowy

cool ed fmaanthened dnnacteraanaelra tho thet @iEEeakbrHce ARARHIS Heladi N point.
7. The sheet glass manufacturing 15 claim5 or claim®6, wherein the heat

try whi ceohlteaceipear amouea tdi, s anid wonae glileat: 1w, dtthel e ctinretideofof t he
sheet glass, unit for heating the sheet glass is set tenperature difference
in the wsdtradins@ag0 byl dedifdytede reduced. nmethod according to ~atnment is ' a
process inis formed, in the by the heat treating such that the direction
of the sheet '

(Method 2: Method in which heat treatment is performed through
forming of temperature distribution during slow cooling
process)
15
The heat treating unit 9 of this embodiment has multiple
heaters arrayed in the widthwise direction and the drawing

direction of the sheet glass 8, as described above. The table

shown in Fig. 5 indicates the temperatures (C) of each heater
20 arrayed in the widthwise direction and the drawing direction

of the sheet glass 8, as well as the temperature (C) of the

sheet glass 8 at the areas corresponding to each heater.

The vertical columns in the table indicate the
25 temperatures of the multiple heaters sequentially arrayed in
the drawing direction of the sheet glass 8 and the
temperatures at the areas of the sheet glass 8 corresponding

to each heater. Here, 'Atmosphere' indicates the temperature



8. The gl ass plate manufacturing nethod according to any of clains 1
through 3, wherein the strain reduction process reduces strain occurring
fromthe surface area to the 25 edge areas by increasing the anduhsUdf2802
extension of the edge areas relative to the anount of extension of the
surface ' CC nce Wth the heat contraction difference occurring
bet ween ﬁ]%aeed ge%zfracel%eg‘t‘a'an@]\t,i% s%f"fsa%e nEcatee Hdantampa et e exf i thre of

t he ShGG%HHé%ﬂblég% g Q7 J UN 2002 9. A glass plate manufacturing nethod
wherein the nmaximum strain of the manufactured sheet glass is 0.07 kg/ me
or less. S 10. The gl ass plate manufacturing nethod according to any of
clainms 1 through 9, wherein the glass plate is a glass substrate used in a

2 ol 1 g i £ ha e O e R A AR R D SP 4o o t o

a nolding unit that nolds nolten gl ass provi

gl assSst @xayp Yeankndddursnehteads tHA digh dil dutd3ls d%’f%thaﬁ'grg EL the sheet

gl ass nolded by the nolding unit and existing ina s &te; and 1~

strain redwdttiion Unida tetnt2 ored unRsy thom il uiaused Jy dhe I
di fference occurring fromthe edge areas to the surface area In

wi dt hwi s8 disleg icorthsirnduuiieet Massempekatiie Prashed!Hd rapYactdIring
apparatus according to 20 claim 11, wherein the strain reduction unit

conpr i sed Sh&WasUrest | thyandh memtursnedty cbdhe tdempehieaturd ass @fd er
mol di ng, and sets in the widthw se direction of the sheet glass a

t enper at §PEed SlASFud s inma maficdsi arheheomosetear.e di fference in the
mﬁdt?@ﬁse direction of the post-nolding 25 sheet glass. 13. The glass plate
manufacturi ng apparatus according to claim11l) wherein the strain reduction

unit has: 30
The table shows the temperatures of four groups of

heaters located at progressively farther distances from the
molding unit 3, as well as the temperatures of the sheet glass
8 at areas corresponding to each heater. These four heater

15 groups are referred to as first, second, third and fourth

heater groups in the order of their proximity to the molding

unit 3.

In the table, 'l Atmosphere' through '4 Atmosphere'

20 indicate the temperatures of the first through fourth heater
groups, respectively. Similarly, 'l Glass' through '4 Glass'
indicate the temperatures of the sheet glass at the areas
corresponding to the heaters of the first through fourth
heater groups, respectively.

25

The 'L' in the first row indicates the heater located at
the left edge of the sheet glass 8 in the widthwise direction,

the 'C' indicates the heater located at the center of the

21 .



0 7 JUN 2U42 heat treating unit that slowy cools the sheet glass after
nol di ng; and controlling unit that perforns control to ensure that the
amount of extension of the edge areas is larger than the 5 anoldtJWw¥ 2002
extension of the surface area in accordance with the tenperature difference
fromthe surface area tq the edge areas of the sheet glass that is_being
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At the same time, the temperature of the sheet glass 8 is
set so that the temperature of the center of the surface area

20 of the sheet glass 8 at the area corresponding to the first
heater is 28T higher than the temperature of the edge areas.

By contrast, the difference in temperature between the center

area and the edge areas at the area corresponding to the third
heater is set to be 3. In this way, the temperature of the

25 sheet glass 8 in the widthwise direction is made uniform at
this area. In addition, the temperature of the sheet glass 8

in the areas corresponding to the third heater group is

controlled to equal the strain point temperature of 650C. In

22



] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! kBl El xI | | . mkmmmmbnn
n- ol oooooopXpopppqUaaqqr Errr|w mhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca]kchpul] ¥ ca] c
a]J ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]calcalcalrr/snsss(tet

o s e e el plergplend
1211 ) 0 o2l il e 2 ol o o

il ol calgs gl s lani o8 cad ol

r)b} xsnisd_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
"a] ca]'ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
J] PFRU) b} xsnithe |14 £0d £ af€ahs at wat caf ol T cal calgad { £ed codral £al e sal calc
a] ca] ca] ca] ca] calU] cal] ca] cal] ca] ca] ca] ca] caLqgsi K-Lnm'10%&' ()-&9 10%& ()-YF
S10%<& (emboyddiiesi’ {9 - theé 1084RA (hedRdD%EqUp, WHDSK &4y out heat
+dl 0i K-$: 1 109%<& () -#! 109%<& () -L9! MLO%<&' () - .
Y10%<&' (jredOfet (3t d0%6mp¢raiOVaéar) thelds teBin 11064%E () ThE1EL1O8&& () - &01
09%& ()-sY.109%& ()-*m0¥%& ()-3(!'10%& ()-& 10%& ()-4LMNOP] i K3n' 10%<&' () -
T Z" 1090 &R -s400aR teatsn 0ogeups - 31e<locdey@o as to prevent rapid
$10%& () -3mM 10%<& ()- R~-5ti K- K#109&' ()-fz#1090& ()-&" 109%& ()-nml0%I& ()-L
1099&' () qmggqg@ggp(yh?ngg%§gg(yotphg cooling of the sheet glass 8
i K- KO&G'1090&' () -9%! 109%0& ()-"10%& ()-!109%& ()-&310%& ()-&S
109318 () Esamogize (Moldipg KtembBeta00TE (}M@ﬂ 10991 &N -9 trE 0Ly - (Che
10%9& ()-9@ 10990& ()- *3%0%& ()-9( 10%& () -
4+f HLS' #0068 €h (hea¥e108ES&LH) 18 Y120Y8A( sof 2y H308EsRy (dut $306wE&cbdpiing
10T10T10T=s10%0& ()-+. C >f HL5m' 109 @0$10%<& ()- @k #$10% < <& ()-3 Kk
#3$10% < && the3sh840%¢L&$sS8Sto an even lower temperature while a
PLOYECE' () -S10%& ()->~_ @5n'10% L"109% & () -&10% & ()-9%, 10%4 & ()- 10< 10<
10<&l =s108&8oEm- teBpBtatraxdisrrdbhtion achieved by the third heater
@E~_@Q5m 109 9&10% & ()-Lf10% & ()-&s10% & () - |
t 1094 & (PTeuDod& ppintadoed. (Yhe) ELJdEr Chsaugbotanthobgater- groups
Y%4.0% & i) -"10% & ()-L- 10% & ()-s10% & ()- !'10% & ()-[ KdE~_@5ni'10% 1
1094 () {BPEOSRRvR) in16DpedrRrvaRgsdofRLLYYingoth) fpurgh heater group
10% & ()-bCL5mM 109 L 10%& () - &Z1Q9&' ()-s$, 109%& ()-.10( 10
10( L=t 108¢ & ??Fﬁg@o%&a@ g“EﬁN&Eﬁ‘%t‘ &ﬁi’o%&yleby ! €}9Y_’F°?65/&“€) o159 ()-
F109&' ()-" Y"109%& () - "109& ()- N@EbCL5n 10% s&$ 10%& S% 3f
| 109’ () e*Xt00RELPDS FETOSELLNTE0E theashesk giass & (150-180T), like
CJdEbCL5M' 1098 1nl0%&' ()-3. T109%& ()-,"10%& ()-F *"10%& ()-'"10%& () -

the fourth heater group. In other words, these heater groups

carry out incremental heat treatment of the sheet glass 8 so

20 that slow cooling occurs while rapid cooling is prevented.

The sheet glass 8 conveyed to the extraction position is
cut at prescribed intervals in the drawing direction and
carried out from the apparatus.

25

The thickness of the sheet glass 8 when molding was

completed was 4-6mm at the edge area (the area extending 120-

130mm from the edge toward the center) of both the left and
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results of measurement of the stress dlstrlbutlon in this
15 embodiment are shown in Fig. 7. As shown in the drawing, not

only was the maximum strain amount reduced, but the strain

distribution was made almost uniform.

From comparison of the glass plate of this embodiment and
20 a conventional glass plate shown in Fig. 4, which was
manufactured without strain reduction processing, it is seen
that the glass plate of this embodiment has superior strain

uniformity and a smaller amount of strain.

25 In this embodiment, because damage to the sheet glass 8
occurring due to strain was prevented through the slow cooling

process, the yield was improved by 10%.

(Manufacturing of liquid crystal device)
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10 and the strain of a full-size glass plate (the size of the
glass plate before the smaller glass plates are cut out) is
sought beforehand, the total pitch shift amount of the glass
plates used in an actual display apparatus can be managed via
management of the strain amount of the full-size glass plate.

15 Fig. 8 shows a graph indicating the correlation between these
two values. In the graph, the vertical axis represents the
total pitch shift amount (in zm) occurring in the glass plate
obtained through cutting, and the horizontal axis represents
the birefringence (in nm) of a full-size glass plate prior to

20 cutting.

From the glass plates of this embodiment in which the
occurrence of strain was inhibited, color filter glass
substrates and TFT glass substrates were manufactured. Liquid

25 crystal display devices were then manufactured by aligning the
alignment marks on each glass plate. Because the glass plates
of this embodiment having reduced strain were used here, the
manufacture of the liquid crystal devices could be carried out

with a high vield.
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5 the conventional downdraw method described with reference to

the prior art.

In the above embodiment, two types of strain reduction
processes were used, but it is acceptable if only one of these

10 processes is used in regard to the present invention.

Furthermore, the above embodiment used a heat treating
unit comprising multiple heaters arrayed in the widthwise
direction of the sheet glass 8 such that a prescribed

15 temperature distribution was formed in the same direction
through individual control of the temperatures of the heaters.
However, it is acceptable if the present invention uses a heat
treating unit that has only a single heater than emits a
uniform heat, and a prescribed temperature distribution in the

20 widthwise direction of the sheet glass 8 is obtained through

the placement of appropriate thermal insulators on the surface

of the heater.

Moreover, the present invention may be applied in the
25 manufacture of glass substrates used in a display apparatus
other than a liquid crystal device or in a different

electronic product (such as an information recording medium).
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in the widthwise direction of the sheet glass may be inhibited.
As a result, strain in the glass plates cut out from the sheet

glass may be reduced.

10 Therefore, when a fine pattern is formed via
photolithography on a glass plate manufactured using the
present invention, offset of the position of the pattern may

be prevented.

15 Furthermore, where sheet glass is manufactured via the
downdraw method using the present invention, because the
occurrence of heat strain is inhibited, when the sheet-shaped
glass is drawn downward while being slowly cooled, damage to
the sheet-shaped glass may be prevented. As a result, the

20 production yield may be improved.
In addition, using the display glass substrates

manufactured using the present invention, the yield obtained

in the manufacture of the display apparatuses may be improved.
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slow cooling using heat treating unit, wherein a strain

reduction process to reduce strain occurring in £he sheet

glass due to the temperature difference between the edge areas

and the surface area in the widthwise direction of the sheet

10 glass is carried out during the slow cooling.

2. The glass plate manufacturing method according to
claim 1, wherein the temperature difference occurs between the
center region of the surface area and the edge areas.

15

3. The glass plate manufacturing method according to
claim 1 or claim 2, wherein the sheet glass subjected to slow
cooling exhibits a widthwise temperature distribution such
that the surface area has a lower temperature than the edge

20 areas.

4. The glass plate manufacturing method according to
any of claims 1 through 3, wherein the strain reduction
processing is carried out based on the strain distribution in

25 the post-molding glass plate measured in advance using the

optical heterodyne method.

5. The glass plate manufacturing methed according to

any of claims 1 through 4, wherein the strain reduction
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6. The glass plate manufacturing method according to
claim 5, wherein the heat treatment is carried out at least
10 during a process in which the sheet glass is slowly cooled

from the molding temperature to a temperature near the strain

point.

7. The sheet glass manufacturing method according to
15 claim 5 or claim 6, wherein the heat treatment is a process in
which the temperature distribution that is formed, in the
widthwise direction of the sheet glass, by the heat treating
unit for heating the sheet glass is set such that the
temperature difference in the widthwise direction of the sheet

20 glass may be reduced.

8. The glass plate manufacturing method according to
any of claims 1 through 3, wherein the strain reduction
process reduces strain occurring from the surface area to the

25 edge areas by increasing the amount of extension of the edge
areas relative to the amount of extension of the surface area
in accordance with the heat contraction difference occurring
between the edge areas and the surface area in the widthwise

direction of the sheet glass.
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substrate used in a display apparatus.

10 11. A glass plate manufacturing apparatus comprising:
a molding unit that molds molten glass provided
continuously from a molten glass storage tank into a sheet;
drawing unit that draws down the sheet glass molded by
the molding unit and existing in a softened state; and
15 strain reduction unit that reduces the strain caused by
the temperature difference occurring from the edge areas to

the surface area in the widthwise direction of the sheet glass.

12. The glass plate manufacturing apparatus according to
20 claim 11, wherein the strain reduction unit comprises heat
treating unit that slowly cools the sheet glass after molding,
and sets in the widthwise direction of the sheet glass a
temperature distribution that reduces the temperature
difference in the widthwise direction of the post-molding

25 sheet glass.

13. The glass plate manufacturing apparatus according to

claim 11, wherein the strain reduction unit has:
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heat treating unit that slowly cools the sheet glass
after molding; and
controlling unit that performs control to ensure that the
amount of extension of the edge areas is larger than the
S amount of extension of the surface area in accordance with the
teméerature difference from the surface area to the edge areas

of the sheet glass that is being slowly cooled by the heat

treating unit.

10 14. A liquid crystal device comprising ligquid crystal
held between a pair of glass plates formed using the glass

plate manufacturing method according to any of claims 1

through 10.
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