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ZINWE., FHEOEERB ACBIBZTRBE4ATHSZENEDEFEFLL., ZO LB 1
5ThsdsTLhXoiFEL L,

(0030])
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LEDOWREAELCBNT, KEKROBmEHBAHERT / XEHEHHTMNEICL —2ZHRITTH
FSAZMEAT BT EDNFE LV,

(003 1]

CoXokkdIhnE. REKDOEBHSHEMEIICH > TR NS 2805 X O E %= 3 %
TE27H, EROWHO—FICXZWIRAT S A0 AL ORI, RIEED R » 5
BHO—SFETOHE,. WAD—SOFEE LI ROIOD—FTOFEMELOLERZERL, i
HEBETZT( LA, REFHOHHESLEREZABDICITSO T ENARELER S,
(003 2]

Fo., FRHOREAEZEICENT, AT -S5O THKBI S —EmEETAHICBT S
FETRHMOEREMICHEA O —S 2RI ZLEDPHELL,

(003 3]

ThbbE, WKAT AR, BHO—-—FTHERFLTHALEEZETE., TOTFT S TEHICIHE
HIMICINME L EKH> &T20, wAlo—FDO FHICHPBHe—F 2RI THBFE. ZO4H
Ao —JIlXo TERRATADBEHMEimEARFEEITNZ cLicxslzd, MAO
— T EMNERICBISZWIRATAOBEHMNONMEEZMA SN TES, TOMB., X
DHMBORKRZEVIRA T A ZRS WA EERS, COHRE., WhHHo—F 07 #EE
. 5RO —FDFEED 8 0B ARIMETZ I ENFELLDY, T, WEWEHO—
SORMEENGEO T —SOFEEDS 0 BEBAID L., WIRAZ ZITHT % mEEHD
ZELLEPLT, BAHAMOWNMZNRERSMAZ AN RZLICHKRT S, M.
Mmoo —S0FEEE., 5ROV —SDEEBEDT7 0% R I B EENIIFEL
W, TLTC. RASADEHIOWNAEZMZZIRZ2ZLID KELLTBICIE. MohmHo—
S EFRAMOTELZREFIEZLOEMICKRIZENFEFLLY, WELMERITIRANEE
B hiE, Mmoo —S@., FTFTHMDO Ll ~4&EMICRITIZIEIRYTHSE, LT

TSI iAia—ozRIEEAETHoTE, TOLEAKETZHHO—FICH
TEHEZMBORTOHRENINEKRZER I B KD E RV,

CAEIED)

(003 4]
MEOXSCARHICINE., BET A AT LVAHENRD Lic#EBEEK B EZERT 3
BRI, BAHEEARFBOICASLSELS Ao, B2 _HKOKRA S A (FEK) o
Fr v SICLIPECTERMEINEEDLDNZFEOMEELZMMN TS ENRELRERNTK
MOWRAT A ZRMET B EHAHEE XS,

(003 5]

F, AFBHICEINE, A—N—TJo—HXyryrFo—Fic&kb, EAHPO0. TmmlLTF
CEHMEAT200mmE (HFLLWE1500mmldE. XO0HFLLWE2000m
mdE) OA - KBMOWRHA S AZRET AL TH->Th, LEEOMEZXKS T &N
AETHDOK O Z/NESLS T2 eNAERKIE iz RMMT 2 eNagEERDS,

(R EEMT 27-DDREDFEHE]

(00361

LR, ABHOEMFEZRNINEZZMU THHT 5,

(0037)

M1, AEHOERBMEEICKEIWA T AZHEREL TR IHMBEHKTH %, [HKICR
TR, COMATRA1IF, BEHMTCEROBHEADEMRBHR TCHLI2EREZRL. EHt
AO. TmmMUF, EHOEETL1HA1000mmldE, EXOEE (L2) 1200
mmMUE, KOENO. 03BLUTTHS, TTT, KOERLIZ, BEEHO LM J Ik
HTA1EZHFBELT, BB MBI 2EEEBRO L] ERATRA1TOREHED
MomAKHKER (KDVE) S1EZEMOLEL 1 TRAEALTELNSELMOK D K |
(S1/L1) X100} &, WHCH>AMICBI2BHEERO Lm] EmATA1TOD
THEDMORKBKEH (KOVE) S2ZEILO2EEL 2 CHRAELTHESNS EAMD
KboHE {(S2,/L2) X100} toWZFzzazL, ZLT, LD ITKOHEHO. 03
BT 3. MBEBOLHIJICKRASRALIZEEON EREORETHRELELAICS
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FAEMH O REEAMOKOHE, KU, BEEBO LW JIKKRAT A1 ZEREN T
MEOKRETHELEZLALBIZ2ELAMOKORBLEAMOK DR EDFUDOD KD H
DIHIE, RERKZTVHEHOKODEN, 0. 03BLUTTHBHEEEW®TS (D 0.
02%LF) KOG TO. 01 %L FJ D0 TdEB)

(0038])

COHE. WRATZA1OKODFRIEF, 0. 02%UFRTHZeMiFrELL, HICEO.
O1%BLUTTHACENIODIFEF LY, £/, BLUOEILI1IKUELOEZTL 2. f
NE1500mmUE, HBiIcZ2000mmUETHE->TEE VY, BIZ,. RAHAT X1 DE
Htid., 0. 6 5mmlTF,. BICIF0. 60mmiUTFTHoTEIXVH, EAtHEHETE
e, MENELLETFLTREEPETT S, TOEHtE. 0. 03 mmbl k.
B3P R0, 1mmUETHLZT ENHFEL L,

(0039])

¥, COWRAT A1, EEAN630CLUE, 30~380CIKBUTSAWERBN
28~40x107/C, EN2. 60g,/ cm T, HWHEBEZICBIZHEN1 0°
S dPa-sUETH-T, WMEMME (WY 77— R 7 vBEDPHERE) CEATL
5, COEIBRMZETAIRATA1LIE., BE T AT LAEKRKELTHWV S5 &ICH
KB TH S, COBE., MMHEBECEIZHE Fdnk>51c10°%*dPa- sE
ThnF., LBENEVWEETRKASAZHELTE, HTAPKKEYHFEET T, K
BN LT 2EDICHFELL., COREREHMEITNIE., 10°°dPa-sUEThsC
EMEXDHEFE L WL,

(00 40)

HIC, CORASA1OHEKIE, &% T, SiO, 55~70%. A1,0, 12
~22%, B,03 3~15%., 7)VAVLHEESEREILY 2~20%%2a3HL. 7IAH
VeEBitzREaNcaa LTy (BT, 7V AVEBIEMITERE % T.
0. 1%UFTHD) o RATA1IH, COXIEMHKRTHDI ., k™ T AT A
AEKRKE L THETHL, £/, COXIGHKBENT., SERK2?OZHEEZHEEHM
HhEb¥ ik, LRDODXS BREEZMAZRKAIT X 1RGNS,

(004 1]

FHOAT ZAMHREHOREHbBE., UFIKRITELTH S, B, F1ic, Si 0,
MLl Ao E2L, ATAOMERENMRTLESEZD, The@ddic, 2% 0@
X2, HTADOHRMENTEAT S I, HTARIKEKERY (FJUAMNT A ) N
LU HL<%%, MoT. SiO,DFHREE. 50~T7T0%HWEZHTHO., HFELLWES
5~68%ThHs, H2lc., Al, 00 Al EZ L, MHEEDPERL, 57X
FICKRBERY (ZVAMNT AN DEUCHLGZEEHIT, T ADEAMNMKFL, Th
LRMic, LAV EEBRLE, HTADMNANY 77— RIT7vBEBENMETT % & Hic, k&
HEHRETL, ATAHICLIA NRPEARDODEBAMDPRE LB KD, E>T. Al,
O;0FHAEHRIF. 10~19 %M EZHTHL, HELLWEF11~18%THB., & 3IC,
B,Ozid. @Al LTHE., F7A0EBEMEZTY., BMMEZRETZ2HRTTH > T.
COB,0;0 0l AbiEEs e, BAEELTOBMETNATDICKS &I, AT XD
Ny 77 —=RFRI7vBENPKTFTL, CheRMic, 2L AEVEEZ L, HTIXDOBEBLANKT
U, MEAMEIERTZ I, MEBBEPELRT S, oT, B,O;0FHREIE., 5~15
BHEZLETHD, WELLWRGT~14%ThHs, Fa4lc, 7IVAh) LEESE®BLY (Mg
O+CaO+SrO0O+Bal0) WhixlhbwmEd e, NI ADBEMENIEHLLEZD., K
HImENM ER LB AD, Theidiwiic, 2 k0¥ sL, T AXADEEIMIKELIKXD
W7k, WoT., 7IWVAY THESEEBILYOEERE., 5~20%HPEZYTHD., irE
LA WB7~18%THs, UL ofhic, A, mh&B k. gt o ks A RE
BHOMREEITSISD, ZnO, P,05s. Z1r0,, Y,03. Nb,O43, La,05. Ti
0,50 %", BL5%UFTEHEAIETTCEEL., LEBHTHSAs,05. Sb,0
5o C1, F. SO 50N E®/L2%FETCAEETRETCEIV, AL, HTRAHPIKT LA
Ve Esiew (Li,0, Na,O0, K,0) Z&HT 3. TN, K EICE
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KENS2PERIZFICHEHRL., PEREFICEELEZE A2, FENICEELAVT
ENEEND, HEoT, TNOEDORTOTHEEF., 0. 1 BUFMAZXRETH 3,
(004 2)

M2, WA AR A EOERMIKN Z R A EX., K3k, 2O ERKT
HB, 2T, WA ADORE FEOFHMPICHKITLE, M2 RUKIIKEDIHNT, RA S
ADRIEFHEDOHBICHNMENEZRKHUEBEOKKZHHT S, CORIEESE 2 ORI
ik, MWHEERKPIS T UTRZAELUEDHEBICA —NN—TJ0—# 3 a BB KET N iz]E&
3¢, WIEKRSOEHITHLSBNBZBEMASAYZRIRASTAGELTH K <FIEDLO
— 4L, RIEAKSIDOTmIHI bHLLFIEOIOT—FTA4ICESE NI AREKEEO R ICHEE
S tbtfllonAa—S 5RO THOMBBEGA O -6 EZMA TS, TN5 DKM
THE3, 4., 5, 6. WABEISEDZFETICEIOMOEENTWVWS, £, KIERK
SOMME3 cOFELA., CTOERMELETIHIFERET OMBEILANMmICIE., KEEXSOHMm 3 ¢ &
HEITBHITR (BT oA) ZHRMAGMICY —YIMAT I eNafEREROL —%8
DREAEKIOmMPAICEFNTNERINTWVLS,

(004 3]

oo =54, WIKATAGCOEAMBIHBOAEZHRETZEDTH> T, TNE
NOWMHIC =W FTDENMMEZHA TWVWS, ZLT. RIRATAGCOEXRMICET % D5
kOou—F 4k, MM 4 aTEHBEINT KBTI NS &I, ZOEMICTHFET
5 _ D50 —F 4 &M 4 aTHEHBEINT —hkREAEEIN, TS5 D5ED
O—F 42, BERSF IS INEE53CE>T03, ¥, HAla—I 5%, IR
HOAXAGCOWHIMEMMHEDOAREHRITFTZ2EDOTHD., TNETNOHWHEIC T D UMEE
HATWVEH, RIRASZAGCOERMICEIT S _HomHa—5R@ 78I, Aol
VLULTCHIEMgEENS EHiC, ZOEMICFETSZ _HonHAo—S5808HIN. Th
SR L TCHEAREEEATWVWS (HMBHAn—S6 M) . ZLT. HAT—55
. BERHAOIPINEINSIWEHo—F TN TS0 LT, #MhEEHo—F 6 3 ME
B AN EINTICEETSZIERHo—F I NTWVS,

(004 4]

g —5 4, WHO—-—S5 RGBT —561EF. AT YLAERIFMEAMNME L
CBEITIVIAETEREATWS, HiIc, 2hbou—55, 6. NE»HzEL A
STHBO, ZTOHREFZELC T AMAEHRBMNELT THENREBETREEEINTVE, TOD
Ba, ALl TR, Kkl hkzHHT AR ENTE S,

(00 45]

ZLT, BHo—-—I53, KEKSIOHEIHLASMME 3 clcibh> THBMATAYDNKRT

LT, RIEAESIOTHEAT I bTRETAIEICED, —HHORKREZSTZEZRDOWRIRAT S
ACEPHEFLTHHLEINEICERINTWVWS, 89 %E, comnHla—I 51, &
RASZAGCORAMBHEBICBITZREN, 10°°~10°°dPa- s, Xz
L<W@E10°"~107°dPa-s (HIclFFLWE10°°~107°dPa-s) O
W, ZOWMHEEHFTILIMBICAFEINTVWS, ZLT., TOEI %Mt E2HmIEZT AL
VBRSO FHEIbASHA R —S 5O ETCOEMBald. 30~200mm.
F0FFLLWE30~100mMmMIEREINTVS, TOHAE, GHT—F 5 0H e
MipmnHo—s 60RO EDOEBEDIE., 50~300mm. EVHFFLLIRE100~2
O0mMmmIKREETNTWVS,
(00 4 6]
T, Alo—S50#EEEFIEDO—F 4D #HEEEDEIFE, 1 3. 5~1:20
VEOBFFELCRL S 4~1 15 ICHREESA, MG H O —S6DEEER. HHA O —
FE5DFEEL FOFHENT., 5l BB —F4DFHEEDS8 0% AWM. XOFxELIEFT
0% AL HEDIIICHEINT VS,

(004 7]

MEoXosExWMrzAKEEE2ICENE. KEEASIKBEHEINTZFOEILEL S M
H3cICih>o TCTHFITBAEMATAYIF.,. e—X28ickvkiErfignhoo, KEMAKS
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DOFMEB3I b THALT—HKORKEED, CORKASAGCHIIELD T —F 41 kb B
FEINTrFAREIEHEIMPNT VL, TOFERLOBEB—F4ICKB5EHhEHITbN 20 E
BEicBWVWTIE., HBa— 5 BRIRHA S A G OilE )5k s GBI B fil U T, 2 o8 56 E 0
EMEICHAITZN, WIRATRAGCIKEI2HHa—F5 oM orER, Bdok
SICHEICHK WD, LEEZEDZIANLGEIO—-—FT4DOFHEZRKELLTE., WK
HITAGCEHmHAT -5 DB TAY Yy 7RIECHLI TS,

(00 48]

Lhs, REARIDOTFME3IbASHBHAT—S50m L0 ETCOREEBEZ. BB XS I
BEICELSENTWE D, IRIRASAGICBI 2o —>5 & OFEMEORERzE
MICIKLS T 2L TES, BIC, 5[Eba—F40F#EEIZ. MAT—F 5 DOFHEEIC
LT, BARDESICHMEICAKZTLENTWVWEDT, WKASAGCOBBMERZMILL &
FT. EEEERIBICED D ENAREEE RS,

(004 9]

TOEHIKLT, WIRAFAGCH FHIIIZHEIM N TS EBHICBWLW T, Mihmio
— 6K TEWRIKASAGCOBAMEHEPERE I N THBWITHEA»ITDN S, C
DHEE. Mm-S e N RICHFEELEVE LA, M3 IKHB (TS X) TRT
KOWWKAZTZAGCHIEAMICINAHEL T, MENICIHEDIJLWIRA T A ZH %5 &N HKE
X KBZMN., COEMFREROLS ICHBBAT—S62RBLTEBFE. MIKHTXAGCOIE
HHaOWEEZMZZENTE, WAHATSADHRN - KL ZXZ ETcHEMERD, TDOHFE
EHEINE., fihrido—-—S6k. REROBHAO—-—F5 R FTROFIED O —F 4 &
DI, HEE (AT 2ENMNSG4E) KRBEINTVWEIENEFELL,

[ 52 7t 3] ]

(0050])

AFHOFEMEH 1 LT, M2 MUKIIKRTRPEE2 EHANEERNIE —-TH->T
fihmAo—g6hRISNTVEVEEZHWT, H&E% T, Si0, 60%. Al,
O, 15%. B,0O; 10%. CaO 6%. SrO 6%. BaO 2%. iHHEH
1 %DM ZHETE2HRATA (HABXH AFHMAXHBEOA—-10) ZRELE, T
BICBIFA2REERIDEAMOEETIZ2500mm. KEAEK3IOTFHE I bAASHEAO—
F5DHLMETOREHMIZII OOMmTHS, M. HHO—-—F5DHBEIERTH S, T
DRFICELTRE., e —28IC&K>T., MEKIOHmMWE 3 clicih> TH NI 2R Z
AYR, REEKSIDOFMEBIbEHEAT—F5LLDMORIKATTAGCEZMAL. RIKH S
ZGCOIEAMBEMMTOMEN 1 0°°dPa-sOiic, YZETrhAo— 5 T
T5EI2IC Lk, /2. 5l B0 —F4DFEEZ200cm 7. mHa—75 0 F#
% 40 cm, /7 &LK,

(005 1]

COEIBEMEDFTHRIESNEZRAT T ZE, WIEA 210 0mm. &5 HREOJE
HFNO0O. TmmTHo>T. EHANO. Tmm=*z0. O 5 mmOFEHICINEZENEIZ. 1
8O00mMmUETHE->Tz, TZOWMATAZ, AN 1 800mm, EXZHA2200mmdD
SEEERZESKCUBmMT L, ZoOKOEEZEHLEZET A, WA E ELR & O NG H
0. 01 %BUFRTHok, T, CORMHATRAEF., EHEHMP660C., 30~380°TIC
BUSZAWEREN I TX10 " /C, HEMN2. 49g./ cm’, WHIEEICH T BH
EEMN10°dPa-sUbEThd,. Ny T77y—R7v@BELHEBECLEBRTY I,
W, £/ME. ASTM C336—-710HEICEDHTHEL., BAEEGREE. Ml
AWENMEEEICX->THMEL, BEWE., ANOT7IVFATFTRAFEICESOTHEL 2, i)
NHTADKMHBEICB T2 EIX., ZRTHE300~500pumicHMBLENT A ZH®
R—hicAREL, HEABRFNICSRMMERFL., EMEZH O THARCHE S H LR
EEWVWREEZRS, ToOREZHRMBEEEE L., BHoBA&KRsI 2 EF Bk, wmHEEE
RIS TBHMBEERMETZ2 LIk TROI, MNANYy T 7y —RT7vBEE., #5 XXM
HNEWMELZE, 20CIKEFEFINZ3I8. THEY 7vibk7E=ZUL, 1. 68 &
% T VN DERBZNY Ty — R T vBEAKRICIOONHBEELEE., ZOXRMIKERZBIRT
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LKoo CHMEL ., XcmEEEE., AAXAXMEZNEHRELTHSE. 80 CITRE
SN OHEBERBERKBIRIC2 AKFMRBE LR, TOXKBKREZH RIS LIcX-o
Talfti L7z, LRl OMAT ARG, REHOELDED LN, WMEMECENTWV I,
(005 2]

AFEHOREGEH 2 & LT, AT —=F5ICMAT-ROMPHHNT—F 6 %A 2 RIE
KE, DEOM2MUTRIECRTEDLERMKOMBMERZMATLLDTH> T, Ll DHE
Ml 1 THEHLEREEELE., MhmAT—F62MA TVEROIBFDHEL TV B
REEZMEML T, ERORMEH | ERBKOMLZHT Z2RATZTAZRIE LT, TOWRIE
KEICBVWTR, WAo—5o0hLiewihmilio—60h.olieOf#iZ200m

mic@EETH LI, WRKHTSAGCOWBHMMMHMOKEN10°°dPa - sDHFICY 10

ZimZz MmN — 5 TR I AKX L. HD., Gl e —F 4 DFEEZ2 20 cm

SO, WA —S 50 #EEZ33 cm /. #MGH o -6 0F®EEZ]1 55 cm,/

Lk, M. AT —I 5 RNUHPEBH o —-—F60rmEIX. Mhet 2R Tbs,

{005 3]
COXIBREZEMHEDOFTHRIESNTZRAT A, WIEN2 25 0mm. IE5 B HREEOE

HFHNO0. 63 mmTH->TC. EHFNO0. 63mm=+0. 05 mmOHEAHNICINE 5 H5%E

F. 1950mmlUETCH->%, TLT. CORATAZ, AN 1950mm. EAN
2200mmoNEEESZE5CUlmT L, ZokbHERz2zHEHBLELEE A, UM EE

W E DRG0, 01 U FRTH - K,

{005 4] 20
AREHOEMHB 3 & LT, LidDOHMEH 2 THEHALZED L HEMKDOMKERZ KA 2K
CREEZMERA LT, LEdOoEREH 1 ERABEOHKEZREITAIRAITAZRE LR, TOHE

B 3THHATAZREEEN, FLOHEMH 2ICHTZREEEEHET 8. RKIEHAE 3

DIEAMEEN2000mmTbsre., 59O —F 4D #EZ500cm,/ 7.

Ho—S50FEEZ40cm ./ ., fiPhmAo—S6D0FEEZ300cm, e Lk

HETH 5,

{005 5]
COXIBREFEMHDOTTHRIEENTERAT AT, IIEAD 1 6 00 mm., 5 MHREEDE

HFNO0. 2mmTH->T. EANO0. 2mm=*t0. 05 mmoOFMANICINE % H IR,
1200mmbBMETH-T, ZLT. TORATAZ, WiH1200mm, EANI1 4 30
O0OmmO~SfEemd XYM T L, ZOoOROVPEFEZHEMNLLECA, FAMle EAM
EDOMWMKFHICO0. 02%URTH- Tz,

(X o> f& L 7% 36 ]

{005 6]

(K1) ARHOEMEEICHERINA T A ZFEREL TR IMBEHHXTH 5,

(K2]) fiadk AT ADRBICHVWEIRELEBED B Z RIBMIBM N TD %,

(K3]) Wi AT ADRBICHVWAIRKIELEED B Z RIMIBERNTD %,

(FF5 D& ]

{005 7]

1 WA X 40
2 B HEE

3 Ik

3 b HEIE KD T b

3 ¢ ARIE K O ] A

4 gHlEgkvowm—7

5 HmHua—I

6 HimAoD—I

8 b—%

Y @A Z A

G WRRHTZ X 50
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(54) [Title of the Invention] Sheet Glass and Manufacturing Method Therefor

(57) [Abstract]

[Problem] To provide a high-quality sheet glass
while avoiding the problems of significant warping
and difficulties in improving productivity
associated with the thinning and enlargement of
sheet glass.

[Solution] Provided is a rectangular sheet glass 1
with both surfaces unpolished, a thickness of
0.7 mm or less, a short side length of 1000 mm
or more, a long side length of 1200 mm or more,
and a warping rate of 0.03% or less. In the
formation of this sheet glass 1, cooling rollers 5
are provided between a forming body 3 having a
wedge-shaped cross-sectional profile and pulling
rollers 4, so that both ends of the sheet glass G
in the width direction are held between the
cooling rollers 5 when the viscosity of the ends is
1052 to 108-¢ dPa-s, or the distance from the lower
end portion 3b of the forming body 3 to the center
axis of the cooling rollers 5 is set to 30 to 200mm,
or the ratio B/A of the circumferential speed A of
the cooling rollers 5 to the circumferential speeds
B of the pulling rollers 4 is set to 3.5 to 20.
[Selected Drawing] FIG. 2
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Page

EX1005
16 of 31



(2) JP 2007-51027 A 2007.3.1

[Claims]
[Claim 1]

A rectangular sheet glass with both sides unpolished, the sheet glass characterized in having a thickness
of 0.7 mm or less, a short side length of 1000 mm or more, a long side length of 1200 mm or more,
and a warping rate of 0.03% or less.

[Claim 2]

The sheet glass according to claim 1, wherein the sheet glass has a strain point of 630°C or higher, a
thermal expansion coefficient at 30 to 380°C or 28 to 40 x 107/°C, a density of 2.60 g/cm?3 or less, and
a viscosity at the liquid phase temperature of 10°-8 dPa-s or higher.

[Claim 3]

The sheet glass according to claim 1 or 2, wherein the sheet glass contains, in terms of mass percentages,
55 to 70% SiO2, 12 to 22% Al203, 3 to 15% B203, and 2 to 20% alkaline earth metal oxides, with
alkaline metal oxides at 0.1% or less.

[Claim 4]

The sheet glass according to any of claims 1 to 3, wherein the sheet glass is used as a substrate for a
display.

[Claim 5]

The sheet glass according to claim 4, wherein the substrate for a display is a substrate for a liquid crystal
display.

[Claim 6]

A method for forming sheet glass by allowing molten glass to flow downward from the top portion of a
forming body having a wedge-shaped cross-sectional profile along both side surfaces, converging the
molten glass at the lower end portion of the forming body to form a sheet-shaped glass, and pulling the
sheet-shaped glass downward while holding the glass between pulling rollers, the method for forming
sheet glass characterized in that cooling rollers are provided between the forming body and the pulling
rollers to hold and cool both widthwise end portions of the sheet-shaped glass, the cooling rollers holding
both end portions when the viscosity of the widthwise end portions of the sheet-shaped glass is 10>2 to
1086 dPa-s.

[Claim 7]

A method for forming sheet glass by allowing molten glass to flow downward from the top portion of a
forming body having a wedge-shaped cross-sectional profile along both side surfaces, converging the
molten glass at the lower end portion of the forming body to form a sheet-shaped glass, and pulling the
sheet-shaped glass downward while holding the glass between pulling rollers, the method for forming
sheet glass characterized in that cooling rollers are provided between the forming body and the pulling
rollers to hold and cool the widthwise end portions of the sheet-shaped glass, the distance from the
lower end portion of the forming body to the center axis of the cooling rollers being set from 30 to
200 mm.

[Claim 8]

A method for forming sheet glass by allowing molten glass to flow downward from the top portion of a
forming body having a wedge-shaped cross-sectional profile along both side surfaces, converging the
molten glass at the lower end portion of the forming body to form a sheet-shaped glass, and pulling the
sheet-shaped glass downward while holding the glass between pulling rollers, the method for forming
sheet glass characterized in that cooling rollers are provided between the forming body and the pulling
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rollers to hold and cool the widthwise end portions of the sheet-shaped glass, the ratio B/A of the
circumferential speed A of the cooling rollers to the circumferential speed B of the pulling rollers being
set from 3.5 to 20.

[Claim 9]

The method for forming sheet glass according to any of claims 6 to 8, wherein a heater is provided near
the side portion and/or the top portion of the forming body to heat the glass.

[Claim 10]

The method for forming sheet glass according to any of claims 6 to 9, wherein auxiliary cooling rollers
are provided at one or more locations in the downstream direction below the cooling rollers.

[Claim 11]

The method for forming sheet glass according to any of claims 6 to 10, wherein the thickness of the
sheet glass solidified downstream of the pulling rollers is 0.7 mm or less, and the effective width of the
sheet glass is 1200 mm or more.

[Claim 12]

The method for forming sheet glass according to any of claims 6 to 11, wherein the warping rate of the
sheet glass solidified downstream of the pulling rollers is 0.03% or less.

[Detailed Description of the Invention]
[Technical Field]
[0001]

The present invention relates to a sheet glass that can be used as a substrate for various electronic
devices, specifically flat panel displays such as liquid crystal displays, electroluminescent displays,
plasma displays, and field emission displays, as well as sensors, and as a cover glass for semiconductor
packages such as solid-state imaging elements and laser diodes, and to a method for forming this sheet
glass.

[Background Art]
[0002]

In recent years, as the electronic device industry has developed, sheet glass with a thickness of 0.3 to
3.0 mm has begun to be used in large quantities as substrates for various electronic devices, particularly
flat panel displays such as liquid crystal displays, electroluminescent displays, and plasma displays, as
well as cover glass for solid imaging elements. This sheet glass is actually formed using various methods,
such as the overflow down-draw method, the slot down-draw method, and the float method. However,
among these methods, the overflow down-draw method is known to produce sheet glass with minimal
surface undulations and roughness and excellent surface qualities.

[0003]

More specifically, the overflow down-draw method is a method for forming sheet glass by allowing molten
glass to flow downward from the top portion of a forming body having a wedge-shaped cross-sectional
profile along both side surfaces, converging the molten glass at the lower end portion of the forming
body to form a sheet-shaped glass, and pulling the sheet-shaped glass downward while holding the
glass between pulling rollers, which glass eventually solidifies. Because the pulling rollers usually hold
only both end portions of the flat glass in the width direction, if the small held portion (the portion
outside of the effective surface) is excluded, sheet glass can be formed with a surface that has not been
touched by anything, resulting in sheet glass with excellent surface qualities. As a result, this forming
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method eliminates the polishing process, which is a major cause of high costs. However, when large,
thin-walled sheet glass used in LCDs and other applications is formed, there is a tendency for warping
to increase.

[0004]

In line with this tendency, when the warping of a glass substrate for a liquid crystal display is significant,
problems arise with the forming of thin-film electrical circuits on top of the glass substrate, such as the
intended exposure distance not being realized and uneven gaps appearing between the two glass sheets
(substrates) sandwiching the liquid crystals, and these problems may impair display performance. Thin-
film electrical circuits for liquid crystal displays used in televisions in particular are complex and require
high display performance, resulting in extremely stringent warping requirements for substrates. Warping
can be reduced by heat treating the formed sheet glass while it is placed on a flat plate, but adding a
heat treatment process increases costs, making it undesirable.

[0005]

Against this background, various techniques have been proposed for the overflow down-draw method
to form sheet glass with minimal warping (see, for example, Patent Documents 1 and 2).

[0006]

[Patent Document 1] JP HO05-163032 A
[Patent Document 2] JP H10-291826 A
[Disclosure of the Invention]

[Problem to Be Solved by the Invention]
[0007]

In the sheet glass manufacturing device using the overflow down-draw method disclosed in Patent
Document 1, a hollow partition plate is provided to approach the sheet-shaped glass from both sides
immediately after convergences at the bottom of the forming body, thereby reducing warping and
thickness unevenness of the sheet glass.

[0008]

However, in this means, the sheet-shaped glass separated from the forming body is pulled down solely
by the pulling force of the pulling rollers. Therefore, when forming thin, large sheet glass, sufficient
tension is not applied in the transverse (widthwise) and longitudinal directions of the sheet-shaped glass,
making it prone to warping.

[0009]

In recent years, in addition to making thinner and larger sheet glass, productivity has become an
important factor. Therefore, when a hollow partition plate is inserted between the forming body and the
pulling rollers as described above, if the sheet glass passes through the space in the hollow partition
plate in a very short period of time, the effect of using a hollow partition plate cannot be fully realized,
resulting in wasteful equipment costs.

[0010]
In the sheet glass manufacturing device using the overflow down-draw method disclosed in Patent
Document 2, a pair of cooling rollers are provided to hold both end portions of the sheet-shaped glass

below the forming body, and a means is used to improve the warping of flat glass by making the
circumferential speed of the cooling rollers lower than that of the pulling rollers. This means makes it
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possible to apply tension to the horizontal and vertical directions of the sheet glass through the
interaction between the cooling rollers and the pulling rollers, thereby reducing warping.

[0011]

However, even when the means disclosed in Patent Document 2 is used, given the recent trend toward
thinner and larger sheet glass, which has led to more significant warping, and the difficulties with
improving productivity, there are still issues that need to be resolved.

[0012]

Specifically, the cooling roller placement positions and placement conditions, as well as the relationship
between the cooling roller circumferential speed and the pulling roller circumferential speed, make it as
difficult to obtain high-quality sheet glass as conventional methods, when sheet glass is made thinner
and larger, and when the amount of molten glass supplied to the forming body is increased to improve
productivity.

[0013]

For example, Patent Document 2 mentions that slippage occurs between the sheet-shaped glass and
the cooling rollers when the circumferential speed of the pulling rollers is increased, and more specifically,
that slippage occurs when the circumferential speed of the cooling rollers is less than 30% of the
circumferential speed of the pulling rollers. When such slippage occurs, the traveling speed of the sheet
glass becomes unstable, causing transverse contraction or insufficient tension in both the longitudinal
and transverse directions, which makes warping more likely to occur. However, with slippage occurring
at this ratio for the circumferential speeds of both sets of rollers, it is difficult to appropriately address
recent demands for thinner and larger sheet glass and improved productivity.

[0014]

In view of these circumstances, the technical problem of the present invention is to provide a high-
quality sheet glass while avoiding the problems of significant warping and difficulties in improving
productivity associated with the thinning and enlargement of sheet glass.

[Means for Solving the Problem]
[0015]

As a result of extensive research, the present inventor found that a cause of slippage between the sheet
glass and the cooling rollers, as well as a factor contributing to poor productivity, is the cooling rollers
being improperly positioned or arranged in relation to the solidification of the sheet glass. He also found
that depending on the cooling roller placement positions and placement conditions, slippage does not
necessarily occur when the circumferential speed of the cooling rollers is less than 30% of the
circumferential speed of the pulling rolls, as described in Patent Document 2, and that there is a more
appropriate ratio of the circumferential speeds between both sets of rollers, including improvements in
productivity.

[0016]

More specifically, the present inventor found that (1) the viscosity of the portion of the sheet-shaped
glass sandwiched between the cooling rollers was too high, (2) the distance between the bottom of the
forming body and the cooling rollers was too great, and (3) the circumferential speed of the cooling
rollers was too high compared to the circumferential speed of the pulling rollers, and identified the
specific ranges for the numerical values in elements (1) to (3) above on this basis.

[0017]

The present invention is a product of these findings. A first aspect of the present invention,
corresponding to element (1) above, is a method for forming sheet glass by allowing molten glass to
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flow downward from the top portion of a forming body having a wedge-shaped cross-sectional profile
along both side surfaces, converging the molten glass at the lower end portion of the forming body to
form a sheet-shaped glass, and pulling the sheet-shaped glass downward while holding the glass
between pulling rollers, the method for forming sheet glass characterized in that cooling rollers are
provided between the forming body and the pulling rollers to hold and cool both widthwise end portions
of the sheet-shaped glass, the cooling rollers holding both end portions when the viscosity of the
widthwise end portions of the sheet-shaped glass is 10>2 to 1086 dPa-s. A second aspect of the present
invention, corresponding to element (2) above, is that the distance from the lower end portion of the
forming body to the center axis of the cooling rollers is set from 30 to 200 mm. A third aspect of the
present invention, corresponding to element (3) above, is that the ratio B/A of the circumferential speed
A of the cooling rollers to the circumferential speed B of the pulling rollers being set from 3.5 to 20.

[0018]

Specifically, the present inventor conceived of the necessity of holding the sheet-shaped glass in a high-
temperature state (low-viscosity state) as much as possible between the cooling rollers when producing
thin, large flat glass with a thickness of 0.7 mm or less and an effective width of 1200 mm or more
using the overflow down-draw method, in order to improve productivity while increasing the
circumferential speed of the pull-down rollers and suppressing the widthwise shrinkage of the flat glass
to reduce warping. He also discovered a specific means for holding sheet-shaped glass in a high-
temperature state between cooling rollers, in which if sheet-shaped glass is held between the cooling
rollers when the viscosity of the sheet-shaped glass at both end portions widthwise is 10°-2 to 1086 dPa-s,
slippage between the sheet-shaped glass and the cooling rollers does not occur, resulting in a warping
rate of 0.03% or less in the sheet glass. He found that this sheet glass is particularly suitable as a
substrate for liquid crystal displays. Based on these findings, the present inventor devised an invention
corresponding to (1) above.

[0019]

In addition, the present inventor has found that, in the process of producing thin, large sheet glass in
the manner described above, in order to improve productivity while reducing warping, it is necessary to
shorten the distance between the lower end portion of the forming body and the cooling rollers as much
as possible. As a specific means of doing so, he found that setting the distance from the lower end
portion of the forming body to the center axis of the cooling rollers to 30 to 200 mm results in a warping
rate of 0.03% or less for the sheet glass, similar to that above. Based on these findings, the present
inventor devised an invention corresponding to (2) above.

[0020]

In addition, the present inventor has found that, in the process of producing thin, large sheet glass in
the same manner as above, in order to improve productivity while reducing warping, it is necessary to
significantly increase the circumferential speed of the pulling rollers relative to the circumferential speed
of the cooling rollers. As a specific means of doing so, he found that if the ratio B/A of the circumferential
speed A of the cooling rollers to the circumferential speed B of the pulling rollers is set to 3.5 to 20, the
warping rate of the sheet glass obtained is 0.03% or less, similar to that above. Based on these findings,
the present inventor devised an invention corresponding to (3) above.

[0021]

The present invention is also a sheet glass produced based on these findings, which is a rectangular
sheet glass with both sides unpolished, the sheet glass characterized in having a thickness of 0.7 mm
or less, a short side length of 1000 mm or more, a long side length of 1200 mm or more, and a warping
rate of 0.03% or less.

[0022]
Sheet glass with both sides unpolished and formed by the overflow down draw method has been known

to be used as a substrate for liquid crystal displays, but products of the prior art, even though they have
a thickness of 0.7 mm or less, a short side length of 1000 mm or more, and a long side length of
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1200 mm or more, have a warping rate that exceeds 0.03%. Therefore, in this respect, the sheet glass
of the present invention is a novel type of sheet glass. Using sheet glass with such an extremely low
warping rate as a substrate for liquid crystal displays eliminates problems such as exposure distances
not being as intended when forming thin-film electrical circuits on the substrate, and uneven gaps
between the two sheets of glass (substrates) sandwiching the liquid crystals, which can impair display
performance. From this perspective, the sheet glass of the present invention is suitable for use as a
substrate for displays such as liquid crystal display televisions. Here, “a warping rate of 0.03% or less”
means the largest warping rate among the first to fourth warping rates is 0.03% or less. Here, when
sheet glass is placed with its surface facing upward on an ideal plane (specifically, the upper surface of
a precision flat plate), the first warping rate is obtained by dividing the maximum warping distance
(warping amount) between the ideal plane in the direction along the long side and the back surface of
the sheet glass by the total length of the long side, and the second warping rate obtained by dividing
the maximum warping distance (warping amount) between the ideal plane in the direction along the
short side and the back surface of the sheet glass by the total length of the short side. When sheet glass
is placed facing downward on an ideal plane, the third warping rate is obtained by dividing the maximum
distance between the ideal plane and the surface of the sheet glass in the direction along the long side
by the total length of the long side, and the fourth warping rate is obtained by dividing the maximum
distance between the ideal plane in the direction along the short side and the surface of the sheet glass
by the total length of the short side.

[0023]

The resulting sheet glass has a strain point of 630°C or higher, a thermal expansion coefficient of 28 to
40 x 1077/°C at 30 to 380°C, a density of 2.60 g/cm3 or less, and a viscosity of 10>8 dPa-s or higher at
the liquid phase temperature, and contains, in terms of mass percentages, 55 to 70% SiO2, 12 to 22%
Al203, 3 to 15% B203, and 2 to 20% alkaline earth metal oxides, with alkaline metal oxides at 0.1% or
less.

[0024]

The method for forming sheet glass according to the present invention has been described above.
However, it should be added that if the method for forming sheet glass corresponding to (1) above is
used, that is, the method in which both end portions of a sheet-shaped glass held between the cooling
rollers has a viscosity of 1032 to 1086 dPa-s in the width direction, it confers the following advantages.

[0025]

When forming sheet glass using the overflow down-draw method, in order to efficiently produce thin,
large sheet glass, the circumferential speed of the pulling rollers has to be increased, but when
attempting to cool both end portions of the sheet glass in the width direction, circumferential speed of
the cooling rollers has to be decreased and the contact time between the sheet glass and the cooling
rollers has to be increased. However, when the end portions of the sheet glass in the width direction are
cooled and their viscosity has already increased, increasing the circumferential speed of the pulling
rollers while both end portions are held between the cooling rollers causes slippage between the sheet
glass and the cooling rollers, resulting in unstable movement of the sheet glass and increased warping.
However, in this forming method, when both end portions of the sheet-shaped glass in the width
direction are still in a state of low viscosity due to high temperature, specifically when the viscosity of
both end portions is 108-¢ dPa-s or less, the probability of slippage occurring between the sheet-shaped
glass and the cooling rollers is extremely low even when the circumferential speed of the pulling rollers
is increased. As a result, both end portions of the sheet glass in the width direction can be cooled stably,
thereby sufficiently suppressing shrinkage in the width direction. In other words, the sheet-shaped glass
separated from the lower end portion of the forming body is pulled downward while gradually contracting
in width, but in this forming method, both end portions of the sheet glass in the width direction, which
are still in a state where they are easily softened and deformed immediately after being separated from
the forming body, are held between cooling rollers, and the traveling speed can be reduced, thereby
suppressing shrinkage in the width direction. In this state, the sheet glass is pulled downward, and
solidifies with tension acting in both the horizontal and vertical directions. This makes it possible to
easily form thin, large sheet glass with minimal warping. Also, even if the circumferential speed of the
pulling rollers is increased, slippage is unlikely to occur, enabling improved productivity. Here, if the
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sheet-shaped glass is too soft when it is held between the cooling rollers, the glass may wrap around
the cooling rollers or cause the cooling rollers to deteriorate. Therefore, it is necessary to hold the sheet-
shaped glass between the cooling rollers only after the viscosity of the sheet-shaped glass at both ends
in the width direction is 1032 dPa-s or higher. The lower limit value of the viscosity mentioned above is
preferably 1057 dPa-s, and the upper limit value is preferably 107:> dPa-s. Additionally, the lower limit
value of the viscosity mentioned above is more preferably 108-° dPa-s, and the upper limit value is more
preferably 107-° dPa-s.

[0026]

When the forming method corresponding to (2) above is used, that is, the forming method in which the
distance from the lower end portion of the forming body to the center axis of the cooling rollers is 30 to
200 mm, it confers the following advantages.

[0027]

In other words, when the distance from the lower end portion of the forming body to the center axis of
the cooling rollers is long and, as in the above case, both ends of the sheet-shaped glass in the width
direction are cooled and their viscosity is already high when they are held between the cooling rollers,
increasing the circumferential speed of the pulling rollers in order to increase productivity causes
slippage between the sheet glass and the cooling rollers, resulting in instability in the traveling speed of
the sheet glass and increased warping. However, in this forming method, when both end portions of the
sheet-shaped glass in the width direction are still in a state of low viscosity due to high temperature,
specifically at a position where the separation distance from the lower end portion of the forming body
is within 200 mm, both end portions of the sheet-shaped glass in the width direction are held by the
cooling rollers. Therefore, even if the circumferential speed of the pulling rollers is increased, the
probability of slippage occurring between the sheet glass and the cooling rollers is extremely low.
Therefore, by using this forming method, it is possible to easily form thin, large, and low-warping sheet
glass for the same reasons as above. Also, even if the circumferential speed of the pulling rollers is
increased, slippage is unlikely to occur, making it possible to improve productivity. In addition, if the
distance between the lower end portion of the forming body and the center axis of the cooling rollers is
too short, the sheet glass will be too soft when it is held between the cooling rollers, and problems such
as glass wrapping around the cooling rollers will occur. Therefore, the distance between the lower end
portion of the forming body and the center axis of the cooling rollers must be 30 mm or more. Note that
the preferred upper limit for this separation dimension is 100 mm.

[0028]

When the forming method corresponding to (3) above is used, that is, the ratio B/A of the circumferential
speed A of the cooling rollers to the circumferential speed B of the pulling rollers is set to 3.5 to 20, it
confers the following advantages.

[0029]

In other words, as mentioned above, when forming sheet glass using the overflow down-draw method,
in order to efficiently produce large, thin-walled sheet glass, the circumferential speed of the pulling
rollers has to be increased. However, in order to properly cool both ends of the sheet glass in the width
direction, the circumferential speed of the cooling rollers has to be reduced. When the difference
between the circumferential speed A of the cooling rollers and the circumferential speed B of the pulling
rollers is small, in other words, when the above ratio B/A is small, if conditions are set to increase the
circumferential speed of the pulling rollers to improve productivity, the circumferential speed A of the
cooling roller will increase. This makes it difficult to cool the sheet glass appropriately with the cooling
rollers and to ensure a stable traveling speed for the sheet glass. As a result, when forming thin, large
sheet glass, it is extremely difficult to achieve high productivity and reduce warping by establishing
appropriate forming conditions. However, in this forming method, the cooling roller circumferential speed
A and the pulling roller circumferential speed B are set so that they differ sufficiently, specifically so that
the ratio B/A is 3.5 or greater, making it possible to improve the productivity of thin, large sheet glass
while minimizing warping. If the difference between the circumferential speed A of the cooling rollers
and the circumferential speed B of the pulling rollers is excessively large (that is, ratio B/A is excessively
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large), the forming conditions become unstable, making it difficult to obtain sheet glass of the desired
shape in a stable manner. Therefore, in this forming method, the ratio B/A is set to 20 or less. After full
consideration of the matters described above, the lower limit of the ratio B/A is preferably 4, and the
upper limit is preferably 15.

[0030]

In the forming methods described above, a heater is preferably provided near the side portion and/or
the top portion of the forming body to heat the glass.

[0031]

In this way, the viscosity of the molten glass flowing down from the top of the forming body along the
side surfaces can be adjusted, enabling appropriate changes to be made to the viscosity of the sheet-
shaped glass held between the cooling rollers, the distance between the lower end portion of the forming
body and the cooling rollers, and the ratio of the circumferential speed of the cooling rollers to that of
the pulling rollers. This makes it possible to easily set favorable forming conditions.

[0032]

In addition, in the forming methods described above, auxiliary cooling rollers are preferably provided at
one or more locations in the downstream direction below the cooling rollers.

[0033]

In other words, even after being cooled while held between cooling rollers, sheet glass tends to contract
further in the width direction below the rollers. However, by installing auxiliary cooling rollers below the
cooling rollers, the auxiliary cooling rollers also hold the width end portions of the sheet glass, thereby
suppressing widthwise contraction of the sheet glass after it leaves the cooling rollers. As a result, sheet
glass with a larger effective width can be obtained. In this case, the circumferential speed of the auxiliary
cooling rollers is preferably less than 80% of the circumferential speed of the pulling rollers. This is
because when the circumferential speed of the auxiliary cooling rollers exceeds 80% of the
circumferential speed of the pulling rollers, the cooling effect on the sheet glass is significantly reduced,
making it difficult to efficiently suppress shrinkage in the width direction. Note that the circumferential
speed of the auxiliary cooling rollers is more preferably less than 70% of the circumferential speed of
the pulling rollers. In order to further enhance the effect of suppressing contraction of the sheet glass
in the width direction, auxiliary cooling rollers are preferably installed at as many points as possible in
the vertical direction. However, given manufacturing conditions and cost, it is reasonable to install
auxiliary cooling rollers at one to four locations in the vertical direction. When auxiliary cooling rollers
are provided as described above, all of the matters described above concerning the cooling rollers
located above them remain valid.

[Effects of the Invention]
[0034]

As described above, the present invention is able to provide thin, large sheet glass that eliminates
problems such as the exposure distance not being as intended when forming thin film electrical circuits
on a substrate for liquid crystal displays, and the unevenness of gaps occurring between the two sheets
of glass (substrates) sandwiching the liquid crystals, which can impair display performance.

[0035]

Also, in the present invention, even when thin-walled, large sheet glass with a thickness of 0.7 mm or
less and an effective width of 1200 mm or more (preferably 1500 mm or more, more preferably
2000 mm or more) is formed using the overflow down-draw method, a forming method can be provided
that enables improvements in productivity and a reduction in warping.
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[Best Mode of Carrying Out the Invention]

[0036]

An embodiment of the present invention will now be described with reference to the appended drawings.
[0037]

FIG. 1 is a cross-sectional view showing an exaggerated representation of the sheet glass in an
embodiment of the present invention. As shown in this figure, the sheet glass 1 has a rectangular shape
with both the front surface and the back surface remaining unpolished, a thickness t of 0.7 mm or less,
a short side length L1 of 1000 mm or more, a long side length (L2) of 1200 mm or more, and a warping
rate of 0.03% or less. Here, the warping rate includes, when the sheet glass 1 is placed on the top
surface J of a precision flat plate, the warping rate of the long side {(S1/L1) x 100} obtained by dividing
the maximum separation distance (warping rate) S1 between the upper surface J of the precision flat
plate and the lower surface of sheet glass 1 in the direction parallel to the long side divided by the total
length L1 of the long side, and the warping rate of the long side {(S2/L2) x 100} obtained by dividing
the maximum separation distance (warping rate) S2 between the upper surface J of the precision flat
plate and the lower surface of sheet glass 1 in the direction parallel to the short side divided by the total
length L2 of the short side. Here, the “warping rate of 0.03% or less” described above means a 0.03%
warping rate for the maximum value among the four warping rates consisting of the warping rate of the
long side and the warping rate of the short side when the sheet glass 1 is placed on the upper surface
J of a precision flat plate with its surface facing upward, and the warping rate of the long side and the
warping rate of the short side when the sheet glass 1 is placed on the upper surface J of a precision flat
plate with its surface facing downward. (The same applies to “0.02% or less” and “0.01% or less”
below.)

[0038]

Here, the warping rate of the sheet glass 1 is preferably 0.02% or less, and more preferably 0.01% or
less. In addition, the length L1 of the short side and the length L2 of the long side may each be 1500 mm
or more, or even 2000 mm or more. In addition, the thickness t of sheet glass 1 may be 0.65 mm or
less, or even 0.60 mm or less, but if the thickness t is too thin, the strength will be significantly reduced
and the formability will deteriorate. Therefore, the thickness t is preferably 0.03 mm or more, and more
preferably 0.1 mm or more.

[0039]

The sheet glass 1 also has a strain point of 630°C or higher, a thermal expansion coefficient of 28 to
40 x 1077/°C at 30 to 380°C, a density of 2.60 g/cm? or less, and a viscosity of 10>8 dPa-s or higher at
the liquid phase temperature. It also exhibits excellent chemical resistance, including resistance to
buffered hydrofluoric acid and hydrochloric acid. Sheet glass 1 with these characteristics is particularly
suitable for use as a liquid crystal display substrate. If the viscosity at the liquid phase temperature is
1038 dPa-s or higher as described above, even when formed sheet-shaped glass is at a relatively low
temperature, no opaque particles are generated in the glass, and formability is improved, making this
desirable. In consideration of this, a viscosity of 10°-° dPa-s or higher is more preferable.

[0040]

The composition of this sheet glass 1 is, in terms of mass percentages, 55 to 70% SiO2, 12 to 22%
Al203, 3 to 15% B203, and 2 to 20% alkaline earth metal oxides, while not substantially containing
alkali metal oxides (in other words, alkali metal oxides are 0.1% or less in terms of mass percentage).
When sheet glass 1 has this composition, it is particularly suitable for use as a substrate for liquid crystal
displays, and within this composition range, sheet glass 1 with the above characteristics can be obtained
by appropriately combining the appropriate amount of each constituent component.
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[0041]

The reasons for limiting the glass composition ranges above are as follows. First, if SiO, becomes too
low, the chemical resistance of the glass tends to decrease, and conversely, if it becomes too high, the
fusibility of the glass deteriorates and opaque impurities (cristobalite) tend to form in the glass.
Therefore, the amount of SiO; should be between 50 and 70%, and preferably between 55 and 68%.
Second, when Al,O3 becomes too low, the liquid phase temperature rises, making it easier for opaque
impurities (cristobalite) to form in the glass, while decreasing the strain point of the glass. Conversely,
when Al;O3 becomes too high, the resistance of the glass to buffered hydrofluoric acid decreases, along
with its opacity, making it easier for opaque impurities such as mullite or feldspar-based impurities to
form in the glass. Therefore, the amount of Al;O3 should be between 10 and 19%, and preferably
between 11 and 18%. Third, B20s3 acts as a fluxing agent, reducing the high-temperature viscosity of
glass and improving its meltability. When the amount of B,O3 becomes too low, its fluxing agent function
becomes insufficient, and the resistance of glass to buffered hydrofluoric acid decreases. Conversely,
when the amount becomes too high, the strain point of the glass decreases, leading to reduced heat
resistance and deteriorating acid resistance. Therefore, the amount of B,0O3 should be between 5 and
15%, and preferably between 7 and 14%. Fourth, if the amount of alkaline earth metal oxides (MgO +
CaO + SrO + BaO) becomes too low, the meltability of the glass deteriorates and the liquid phase
temperature tends to rise. Conversely, if the amount becomes too high, the density of the glass tends
to increase. Therefore, the amount of alkaline earth metal oxides should be 5 to 20%, and preferably 7
to 18%. In addition to the components mentioned above, in order to improve meltability, resistance to
loss of transparency, and acid resistance, and to adjust the coefficient of thermal expansion, components
such as ZnO, P20s, ZrOz2, Y203, Nb203, La20s3, TiO2, etc., may be included each in an amount of 5% or
less, and clarifying agents such as As203, Sb203, Cl, F, SOs, etc., may be included each in an amount
up to 2%. However, if the glass contains alkali metal oxides (Li>O, Naz0, K;0), these components diffuse
into the semiconductor elements formed on the substrate and adversely affect the semiconductor
elements. Therefore, it is desirable that these components be substantially absent. Therefore, the
amount of these components should be kept to 0.1% or less.

[0042]

FIG. 2 is a side view showing an embodiment of the sheet glass forming method, and FIG. 3 is a front
view thereof. Before explaining the method for forming sheet glass, the configuration of the forming
device used to embody the method will be described based on FIG. 2 and FIG. 3. The basic configuration
of the forming device 2 comprises a forming body 3 having a wedge-shaped cross-sectional profile and
an overflow groove 3a formed in the top portion, pulling rollers 4 for pulling down the molten glass Y
overflowing from the top portion of the forming body 3 as a sheet-shaped glass G, and upper cooling
rollers 5 and lower auxiliary cooling rollers 6 arranged in the glass forming path from the lower end 3b
of the forming body 3 to the pulling rollers 4. Each of components 3, 4, 5, and 6 is surrounded by a
furnace wall 7 made of fire-resistant bricks. In addition, in this embodiment, a plurality of heaters 8
capable of zone heating the glass (molten glass) flowing down the side surface 3c of the forming body
3 in the vertical and horizontal directions are arranged around the periphery of the side surface 3c of
the forming body 3 on both sides of the forming body 3 within the inner surface of the side wall portion
of the furnace wall 7.

[0043]

Four pairs of pulling rollers 4 holding only the end portions of sheet glass G in the width direction are
provided, one pair at each end. Two pulling rollers 4 on the front side of the sheet-shaped glass G are
connected by a shaft member 4a to rotate integrally, and the two pulling rollers 4 on the rear side are
also connected by a shaft member 4a to rotate integrally. These pulling rollers 4 are provided with
rotational driving force. Four pairs of cooling rollers 5 holding only the end portions of sheet glass G in
the width direction are provided, one pair at each end. The two cooling rollers 5 on the front side of the
sheet glass G are separated and can rotate independently, and the two cooling rollers 5 on the back side
are also separated and can rotate independently (the same applies to the auxiliary cooling rollers 6).
The cooling rollers 5 are driven rollers that are rotated by a rotational driving force, whereas the auxiliary
cooling rollers 6 are non-driven rollers that rotate freely without being driven by a rotational driving
force.
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[0044]

The pulling rollers 4, cooling rollers 5, and auxiliary cooling rollers 6 are formed of stainless steel, heat-
resistant steel, or ceramics. These rollers 5, 6 are also hollow inside, allowing a coolant to flow through
the hollow portion to the axial end portion. Here, a gas or liquid can be used as the coolant.

[0045]

The cooling rollers 5 are arranged so as to hold and cool the sheet-shaped glass G, which has just been
formed into a single sheet by molten glass Y flowing down from the top portion of the forming body 3
along both sides 3c and converging at the lower end 3b of the forming body 3. More specifically, the
cooling rollers 5 are maintained at positions where they hold the end portions of the sheet-shaped glass
G in the width direction when the viscosity at the end portions is 1052 to 1086 dPa-s, preferably 10>7 to
1075 dPa-s (and more preferably 1060 to 107:% dPa-s). In order to satisfy these conditions, the distance
(a) from the lower end portion 3b of the forming body 3 to the center axis of the cooling rollers 5 is set
from 30 to 200 mm, and more preferably to from 30 to 100 mm. Here, the distance (b) between the
center axis of the cooling rollers 5 and the center axis of the auxiliary cooling rollers 6 is set from 50 to
300 mm, and more preferably to from 100 to 200 mm.

[0046]

The ratio of the circumferential speed of the cooling rollers 5 to that of pulling rollers 4 is set from 1:3.5
to 1:20, and more preferably to from 1:4 to 1:15, and the circumferential speed of auxiliary cooling
rollers 6 is set to be at least within the range of the circumferential speed of the cooling rollers 5, and
less than 80%, and more preferably less than 70%, of the circumferential speed of pulling rollers 4.

[0047]

In a forming device 2 with the configuration described above, the molten glass Y supplied to the forming
body 3 and flowing down along the side 3c from the top portion thereof is adjusted in terms of viscosity
by the heaters 8 and converges at the lower end 3b of the forming body 3 to form a single sheet of
glass. This sheet-like glass G is then held by the pulling rollers 4 and pulled downward. In the initial
stage of pulling by the pulling rollers 4, the cooling rollers 5 come into contact with both ends of the
sheet glass G in the width direction and moderately cool the surrounding contact portions. The viscosity
at the contact portions between the sheet glass G and the cooling rollers 5 is fairly low, as mentioned
above. Therefore, even if the circumferential speed of the pulling rollers 4 is increased to improve
productivity, slippage between the sheet glass G and the cooling rollers 5 is unlikely to occur.

[0048]

Also, since the distance between the lower end portion 3b of the forming body 3 and the center axis of
the cooling rollers 5 has been appropriately shortened as described above, the viscosity at the contact
portions between the sheet-shaped glass G and the cooling rollers 5 can be effectively lowered. In
addition, the circumferential speed of the pulling rollers 4 is appropriately increased relative to the
circumferential speed of the cooling rollers 5, as described above, thereby preventing obstruction of
travel by the sheet-shaped glass G and enabling a significant increase in productivity.

[0049]

In this way, while the sheet-shaped glass G is being pulled downward, the auxiliary cooling rollers 6 also
hold the end portions of the sheet-shaped glass G in the widthwise direction and perform auxiliary
cooling. If the auxiliary cooling rollers 6 were not present, the sheet glass G would contract in the width
direction as indicated by the dotted lines (and by X) in FIG. 3, and it would not be possible to obtain
wide sheet glass. By providing auxiliary cooling rollers 6 as in the present embodiment, it is possible to
suppress the widthwise contraction of the sheet glass G, which is advantageous for producing thinner
and larger sheet glass. In consideration of this, auxiliary cooling rollers 6 are preferably arranged at
multiple stages (for example, two to four stages) between the uppermost cooling rollers 5 and the
lowermost pulling rollers 4.
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[Examples]
[0050]

In Example 1 of the present invention, a device having the same basic configuration as the forming
device 2 shown in FIG. 2 and FIG. 3 but without auxiliary cooling rollers 6 was used to form sheet glass
with a composition of SiO2 60%, Al203 15%, B203 10%, CaO 6%, SrO 6%, BaO 2%, and 1% clarifying
agent in terms of mass percentages (No. OA-10 from Nippon Electric Glass Co., Ltd.). The width of the
forming body 3 in this device was 2500 mm, and the distance from the lower end 3b of the forming
body 3 to the center axis of the cooling rollers 5 was 100 mm. Note that the coolant for the cooling
rollers 5 was air. During formation, the heaters 8 heated the molten glass Y flowing down along both
sides 3c of the forming body 3 and the sheet-shaped glass G between lower end 3b of forming body 3
and cooling rollers 5 so that the viscosity of the end portions of sheet-shaped glass G in the width
direction was 10%° dPa's when held between cooling rollers 5. The circumferential speed of the pulling
rollers 4 was set to 200 cm/min, and the circumferential speed of the cooling rollers 5 was set to
40 cm/min.

[0051]

The sheet glass formed under these conditions had a sheet width of 2100 mm, a thickness of 0.7 mm
at the center in the widthwise direction, and an effective width of 1800 mm or more, with the thickness
falling within the range of 0.7 mm £ 0.05 mm. This sheet glass was cut to dimensions of 1800 mm on
the short side and 2200 mm on the long side, and the warping rate was calculated. The results showed
that the warping rate was 0.01% or less on both the short side and the long side. In addition, this sheet
glass had a strain point of 660°C, a thermal expansion coefficient of 37 x 10-7/°C at 30 to 380°C, a
density of 2.49 g/cm3, and a viscosity of 106 dPa-s or higher at the liquid phase temperature. It also
exhibits excellent resistance to buffered hydrofluoric acid and hydrochloric acid. Note that the strain
point was measured using the method specified in ASTM C336-71, the thermal expansion coefficient
was measured using a push-rod type thermal expansion measuring device, and the density was
measured using the well-known Archimedes method. The viscosity of the sheet glass at the liquid phase
temperature was determined by first grinding the glass into particles of 300 to 500 ym in diameter,
filling a platinum boat with the ground glass, holding the glass in a temperature gradient furnace for
eight hours, and then using a microscope to determine the highest temperature at which crystals
precipitated inside. This temperature was used as the liquid phase temperature, and the viscosity
corresponding to this liquid phase temperature was measured using the well-known platinum ball pull-
up method. The buffered hydrofluoric acid resistance was evaluated by optically polishing the glass
surface, immersing the glass in a buffered hydrofluoric acid solution consisting of 38.7 mass%
ammonium fluoride and 1.6 mass% hydrofluoric acid maintained at 20°C for 30 minutes, and then
observing the surface conditions. In addition, acid resistance was evaluated by optically polishing the
glass surface, immersing the glass in a 10 mass% hydrochloric acid solution maintained at 80°C for
24 hours, and then observing the surface condition. The sheet glass showed no surface changes and
thus had excellent chemical resistance.

[0052]

In Example 2 of the present invention, a forming device comprising auxiliary cooling rollers 6 in addition
to cooling rollers 5 is provided, that is, one having the same components as those shown in FIG. 2 and
FIG. 3. A sheet glass with the same composition as the sheet glass formed in Example 1 was formed
using a forming device similar to the one in Example 1, differing only in that it was provided with auxiliary
cooling rollers 6. In this forming device, the distance between the center axis of the cooling rollers 5
and the center axis of the auxiliary cooling rollers 6 was set to 200 mm, and the end portions of the
sheet-shaped glass G were held by the cooling rollers 5 when the viscosity of the end portions was 106-°
dPa-s, the circumferential speed of the pulling rollers 4 was set to 220 cm/min, the circumferential speed
of the cooling rollers 5 are set to 33 cm/min, and the circumferential speed of auxiliary cooling rollers 6
was set to 155 cm/min. Also, the cooling medium for both the cooling rollers 5 and the auxiliary cooling
rollers 6 was air.
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[0053]

The sheet glass formed under these conditions had a sheet width of 2250 mm, a thickness of 0.63 mm
at the center widthwise, and an effective width of 1950 mm or more, with the thickness falling within
the range of 0.63 mm %= 0.05 mm. Then, this sheet glass was cut to dimensions of 1950 mm on the
short side and 2200 mm on the long side, and the warping rate was calculated. The results showed that
the warping rate was 0.01% or less on both the short side and the long side.

[0054]

In Example 3 of the present invention, a sheet glass with the same composition as that described in
Example 1 was formed using a forming device with the same components as those used in Example 2.
The forming device used in Example 3 differs from the forming device in Example 2 in that the width of
the forming body 3 is 2000 mm, and the circumferential speed of the pulling rollers 4 is 500 cm/min,
the circumferential speed of the cooling rollers 5 is 40 cm/min, and the circumferential speed of the
auxiliary cooling rollers 6 is 300 cm/min.

[0055]

The sheet glass formed under these conditions had a sheet width of 1600 mm, a thickness of 0.2 mm
at the center widthwise, and an effective width of 1200 mm or more, with the thickness falling within
the range of 0.2 mm % 0.05 mm. Then, this sheet glass was cut to dimensions of 1200 mm on the short
side and 1400 mm on the long side, and the warping rate was calculated. The results showed that the
warping rate was 0.02% or less on both the short side and the long side.

[Brief Description of the Drawings]
[0056]

[FIG. 1] FIG. 1 is a cross-sectional view showing an exaggerated representation of the sheet glass in an
embodiment of the present invention.

[FIG. 2] FIG. 2 is a side view showing the main components of the forming device used to form the
sheet glass.

[FIG. 3] FIG. 3 is a front view showing the main components of the forming device used to form the
sheet glass.

[Reference Numbers]
[0057]

1: Sheet glass

2: Forming device

3: Forming body

3b: Lower end portion of the forming body
3c: Side portion of the forming body

: Pulling roller

: Cooling roller

: Auxiliary cooling roller

: Heater

: Molten glass

: Sheet glass

: Distance from the lower end portion of the forming body to the center axis of the cooling rollers
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[FIG. 1] [FIG. 3]

L1(L2)

[FIG. 2]
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