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1 DESCRI PTI ON MANUFACTURI NG METHOD OF GLASS STRIP
GLASS STRI P, AND GLASS SUBSTRATE 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a

manufacturing mnethod of a thin bar-like glass strip

by heating and drawing a thi &k plate-like glass plate
preform a glass 10 strip nmanufactured by this

manuf acturing nmethod, and a glass substrate.

BACKGROUND ART [0002] AnDESPRDFEDENt in a flatness and
an inprovenment in a surface roughness are nost

i nportant factors for glass 15 plates used as a

pERsFharerohcanseRbeonguctaEsdevker, eLapacerrerpl AyBdcLAss
inafield effect flat panel display, a magnetic disk

substrate, or the like. FOUVBaTRRBBting nethod and a
mol di ng nethod currently generally used as a gl ass

pl ate manufacturing nethod, by contrast, since a 20

TEetinesarofrehe manufactured glass plate is low it is
eauired to g ind or polish a surface of the Iasg )

Pabélpy AR aPﬁ%SaHBn%PY?DEFPErrﬁﬁﬁE?%CY%r? applggturing

ﬁé@ﬁbaeo@ ad%ﬁhﬁesaELﬁin@sglagangﬁaipog@'ﬁaat§h@csna

surface roughness of even'the ground or polished

gtawsnplatehnskzslstekllkemglﬁﬁe ptetadovefponi shedlass
Iass er al p | g S
R S A P T R

@mhaéesubbttStestlnated that t he glass plate is

g ished three tines. The conventional nmethod has,
HQBQBQPQD BFR8bl ens in that many steps including

- gboading 3Qnamﬂpeebbﬁeheglﬁrs Feguheed, ﬁ@dahnlhﬁﬁbvbhent

takes'long time and nuch manufacturing cost
eneeuseréabestepshnpeeoareTm93tomm9ﬁrt@nalfﬁ@théa has glass

gﬁ§§8%L§§%FZ§§ Ifﬁego%ra£e BrOdu%EE¥EBMdug?8§igg@hgg,
spacer employed in a field effect flat panel display, a
magnetic disk substrate, or the like. For a floating
method and a molding method currently generally used as a
glass plate manufacturing method, by contrast, since a
flatness of the manufactured glass plate 1is low,'it-is
fequired to grind or polish a surface of the glass plate by
a large quantity after manufacturing it to provide a
desired flatness. Conventionally, since a surtface
roughness of even the ground or polished glass plate is
still low, the ground or polished glass plate is generally
polished again. Since glass plates with higher accuracy
are required in the future, it is estimated that the glass
plate is polished three times. The conventional method has,
therefore, problems in that many steps including grinding
and polishing are required, and in that it takes long time
and much manufacturing cost to execute all steps.

[CO0C3] The conventional method has many steps and is

poor in productivity. Considering these problems, there is
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2 proposed a nmethod for manufacturing a thin glass
plate having a desired thickness by heating and
softening a glass plate preform having a
predet erm ned thickness and an inproved surface
roughness and by drawing the Softened 5 gl ass plate

‘(see, for exanple, Patent Docunent 1). [0004] To

suppress a wavi ness of a surface of the thin gl ass
prapeselt ai nedhby the mhnnrfghbassipbabetABAuGaBEYr pbNgte

nethod, there is proposed a nmethod for controlling the

Q@WFQ@eam€9?ﬁé§§ By LEKEEES RY BA2BLRIcaRrdapRifAnang a glass
bower %Qe@%&h'ﬁ@v@ﬁgaahE@EH@QGEHEH@SeF%EQEnQEQtanhhgn

glass plate preformand by cutting o an upcurrent
g@@épﬁﬁédsuﬂihCﬁ rphehheasuagdfbynacew@sgethéosoftened

Pat unent 2 tent cument

%iggg 5ndse ga?%ﬁt RﬁpFFSELFSh gﬁgFét BHYRG™ i
H@@ﬂlQQZSSTé5sB@bQ@%sD@CWEﬁﬂhegs dapanggerPatepE the thin

pllcatlon Lai d- Open No. H8-183628 DI SCLOSURE OF

EﬁTPéﬂtﬁR@BEEWP¢® BE SteVvEDIBYITRES | RVERTI BTROEGBOBRTing
ﬁ@w&&ar tRYe8 hh pREoBLECH! hatRohs 18l oRgRedol 1ingOtne
| ower portion of "the-heating furnace to cut f

ﬁuxﬁaﬁe W@VlnheSabﬂoéphgoelhgoantherlometapnrnnoa lower
thereof a explained_in _the t hod dj sc| osed
BAF LT PR oBE urehE= DL AE, FraPE P EoiseLs: bRScarRaR PoFte
gasfosmskhbl bgenatat ag oﬁttahnubbﬁrbéﬁtlQQHEHQBQQGWLthln
Due to this, It is often 25 inpossible to sugpress t he
a6 heasinAdTHIBRAAI §S6F £RE c5amMPhee BRtERE PAFAment 2).
9bass plat?atéﬂtaggbﬁhgﬁt &heJaﬁgﬂggghﬁgﬁehﬁ R%%f?catlon
m xed into the heating furnace froman ~upper rtron
thedeopen| Fot hBllin$Pabbé convection current of gas IS
generated within th furnace due.to._the
o xt uPEBr Lt RACHERBEpRar dPHBRPE NS bppor MBOH Fokgr Laid-
tpen heatipgigsepace, dust within the atnosphere
enters the heating furnace and often adheres to the

BLPEEPEUBE PReINVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[000®] However, even if the air curtain is disposed in
the lower portion of the heating furnace to cut off mixture

of the atmosphere from the lower portion thereof as

‘explained in the method disclosed in the Patent Document 2,

an unstable convection current of gas is still generated
within the heating furnace. Due to this, it is often
impossible to suppress”thé waviness and a bending of the
surface of the thin glass plate. In addition, the
atmosphere is often mixed into the heating furnace from an
upper portion thereof. If the unstable convection current
of gas is generated within the heating furnace due to the
mixture of the atmosphere from the upper portion of the
heating furnace, dust within the atmosphere enters the
heating furnace and often adheres to the surface of the

obtained thin glass plate.
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obtained thin glass plate. 3 The glass surface is

" evaporated while heating the glass plate, the

evaporated gas is transformed into particles in a | ow
tenperature portion within the furnace, and the
particles are deposited on thé preformthat is 5 being
drawn or the glass strip after the draw ng, thereby
causi ng a surface defect. The evaporated gas corrodes

~and dateglekat ear@afenber evhphiratbhewhil Bagea0ing the

reacts with the material within the furnace, thereby
géAscaPLA§edusheopvagraaseduges Fhetgrassoanse igto
9%&9%5&@@ s %hﬁer%Eﬁ Eké@u&@abokﬁlég DY HLARLET £hPRace,
glass strip after the ramnng, ereby causing a

sodf sbe defectlef000E] d¥hespredents’ theeptéﬁnrhaShbbems

hi f_th t I
SELBY BB, ke bhehalle, SPRYSTLLERE! (BEoBLelg: | )8y

randfiagt ur bugraethadretta 19ngl asspsthkpat Bak eBs¥HE8s and
a high flatness of the glass strip obtained by

REAEFAGTaRESdPaMPREereHitiRés AhPoRWARFAESE #AACtA with the

ﬁﬁﬁbklgﬁn 5 Bg; nangere HﬁﬁéeadEﬁékQB Ogeﬁg93§g§pﬁgh9950r

to the glass strip after the eat I h g-an
gﬂaheudushcreahenglaestduatghasdepbsnpedand ahgl pssform

I NG P LEM_[ 000
TBR e B BeipBnrERENaRa AIEaPhaF e DbFHORE ERothe Srawing,

tﬁé@@b?rcﬁﬁﬁﬂﬁgtﬁdsﬁafheésdéiﬁéfl”ents It is
di scovered that a glass strip having a high flatness

¢8RC0Bé obt AhReBreppnEr AWVAGLACHI BES Bﬁaﬂeaﬁhéﬁﬁﬁﬁ1ﬁé view
kenga OBbQﬂﬁlﬁﬁahnﬁEBEE fd tog E P.Eﬂr g@gtoEftPﬁe

glass p ate orm equa at a i ng an raw

precess. 1b©@ﬁﬁhoA tor@toghdssasmappfaangtangumengod of a

t hod to th t t | ud ,
REaPPngtEt8 thPRarhG hPocBsEoor RLAFNHGSaRd SHri urng Strip

apghansdphgt Be30ipEehabMivhiNLhY, achgakkagal UbHaGEyiness and
drawi ng-the gl ass plate preforn1to have a desired

EhEBRAEsBENEARBTF oRrAFNngedugpgasadhesion of contaminations to
the glass strip after the heating and drawing without

increasing cost, a glass strip, and a glass substrate.

MEANS FOR SOLVING PROBLEM

.[0008] To solve the problems and attain the object, the

inventor conducted wvarious experiments. It is discovered
that a glass strip having a high flatness can be obtained
by drawing a glass plate preform to make gas flows
introduced to both surfaces of the glass plate preform
equal at a heating and drawing process.

[0002] A first glass strip manufacturing method
according to the present invention includes a heating and
drawing process of heating and softening a glass plate
preform within a heating furnace, drawing the glass plate
preform to have a desired thickness, and forming a glass
strip. At the heating and drawing process, the glass plate

preform is drawn so that an internal pressure of the
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strip.. At the heating and draw ng process, the glass
plate preformis drawn so that an internal pressure
of the 4 heating furnace is kept positive relative to
an atnospheric pressure and so that gas fl ows

i ntroduced to both surfaces &f the glass plate
preform respectively are equal to each other within
the heating furnace. 5 The "both surfaces of the gl ass

pkatenpr ghenale Gor kepROPREst @1tWo rwhden veurhaggsabbspheric
of vertical and horizontal surfaces of the gl ass

PEEPEPHEFpPALe SOTRB2tegpFedsPryA 1§ aduredmikebgib surfaces

Bkoﬁﬁe ﬁ%gguﬁggte %B?ﬁ gg%&%ggﬁgtggeg aﬁéé to each

stripié manufactured so that WS- ar e
etibal amdhmachalhyatmmglfesnahe fact that gas flows

ent IIT iffer from each er by various N
unavordsbl 8 E&téPﬁgﬁcﬁﬁcP rggeFEFFﬁérﬁﬁﬁge REEHOBT

seeesdpghassostibpwiBByf agkuptbag oet Redvace9rdi ngntio
the present invention, at the heating 15 and draw ng

BPeéesatag gasipsepnproaheedlesst herborn platacesThe

_'EQErQE§§§nph§5eaQr@EO%HkF gﬁeegﬁswglxne osgsggngtggﬁaln

Mor eover, with p nmanuf ac
meahedthatotdenglaestEErmpe$enmanﬁfantumed Bbetgas tras
%gggreheated before_the gas is introduced into th

Fnarefﬁ?ﬂﬁc@quﬁﬁrFﬂ@rﬁﬁFBra%}VhlﬁvpéﬁﬁﬁhtBPa§§Ct that

ghEi pPLERBUREEHYLLNYY aEEE@Q 996ﬂféhEH BQhEBeb?r§§§ﬂéus
|nvent|on a meniscus - length while drawi ng the gl ass
praveigabier artsrnab £arberss or nmore and ten times or
| ess 9£Fep@%ﬂ5paofwaﬁﬁ gl ags0Rh @EasgfSég%gL%gQE%OXEurlng

with §s Strip nanu

: metbpdlagcbmduhg pbeSBetpresentlmnveﬁtlbhe heath8gheating

g graMAn rocess, t he Iass,glate preformis heated
3

CPHARYaPHBEASHT sBo8RPyLBf 1RRECHISSE pPatBepPeEdrm
bﬁr@gé@b of the glass plate preform independently of each

other.

Moreover, with a third glass strip manufacturing

method according to the present invention, the gas is

preheated before the gas is introduced into the heating
furnace. |

Furthermore, with a fourth glass strip manufacturing
method according to the present invention, a meniscus

iength while drawing the glass plate preform is 1.5 times

. or more and ten times or less of a width of the glass plate

preform.

Moreover, with a fifth glass strip manufacturing
method according to the present invention, at the heating
and drawing process, the glass plate preform is heated so
that a mean viscosity of the glass plate preform is equal
to or higher than 10° poises and so that a lowest viscosity
of a meniscus part is equal to or higher than 10%° poises

and equal to or lower than 107°® poises.
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‘Wi thdrawal . Furthernore, wWth an eigh

to or higher than 106 poises and so that a | owest
viscosity of a nmeniscus part is equal to or higher
than 105'5 poises and equal to or |lower than 107.6

‘poises. 5 Furthernore, with a sixth glass strip

manuf act uri ng net hod accordi ng5to the present

invention, at the heating and draw ng process, the

glass strip is manufactured by providing the heating

fur naceutrhaersettensitheagkagsnpbah8sSsPLehoRIh AR Rring
anneal i ng furnace that anneals the glass strip

oBesPREd 2FFdeARIn§ot REegbasseptatavpnéfionm aantdhbyheating

c r i0g .t ur 0 heating_furnace and

R e P L B G b e T PO SR TbE R =d b

Morewudingwihh heseurgt iughass shatpsoBEAVABCEHEI BUasdOplate
d_accor,di ng resent invention, at the

ﬂﬁ%??ﬁgm 3hd aPaﬁﬁﬁaggf%geganécﬁrBPéEtﬁBHePFFn¥h§ glass

f ot pegd @BtainéérE@Cgrﬁﬁiﬁﬁetﬂéa§§a§5r%%ag§;§£§£?¥?b and by

nafFaet dinfgtenpehatuseeordi hhet beahengr ésenace andhthe
[ [ h ' d_drawing process, the
R Rl S e

IS equdbreover, | eneh &haav@Qth Jhess" dt aidomant fé€furing

h .of wdth bet before and after the
dFauTAY ARHOF (513 e 0f P PHE aPRErTBY BN HE) / (SF ZEhe gFeating
vl habehong Praubag) xd00hot 20 Mon epyen. 3 ¥ HoAedl o My

glass strip manufacturing nethod according to ti
pﬁ%%@%@eiﬂgehhﬁo%la%§c$b%sp ketoionalthkdpeedslrati o of

the gl [ P.LS |_to or, . .higher than, 10 and )
el PEERLFAREL? FER o0 Ohneh S0 LBEd il ccturing
aspetedratcotdief ets tioe aprédémt of ndemt téM, 25t antk dheating
thi@kness.of a cross section. Furthernore, wth a

tFHT HTUSRY SR FPPS Manut R 193 Ty PheEhder kst dinigltam so

-theapreserdwidyentdon, 1 afdgrai he, beafing, a&%@gﬁ%&”g The

process, a shape of the glass strip is neasured,
didfayeoite betakdmrans ar gdtangs uef ofidtle Isiapsen before and

after the drawing and ((size of width after drawing) / (size
of width before drawing)x100).

Moreover, with_a ninth glass strip manufacturing
method according to the present invention, a cross-—

sectional aspect ratio of the glass strip is equal to or

.higher than 10 and equal to or .lower than 1000. The

"cross-sectional aspect ratio™ refers to a ratio of a width

and a thickness of a cross section.

Furthermore, with a tenth glass strip manufacturing

- method according to the present invention, after the

heating and drawing process, a shape of the glass strip is

measured, a difference between a target vélue 0of the shape

and a measured value ié fed back to a drawing mechanism,

and a velocity of withdrawing the glass strip is controlled.
Moreover, with an eleventh glass strip manufacturing

method according to the present invention, the measured
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30 and a neasured value is fed back to a draw ng
mechani sm and a velocity of w thdrawi ng the gl ass
strip is controlled. Moreover, wth an el eventh gl ass
strip manufacturing nethod according to the present
invention, the nmeasured 6 valfwe is a width of the
glass strip. Furthernore, with a twelfth gl ass strip
manuf acturing nethod according to the present
e | 0N, 2 agidiie Oof asse Plade Prefiorm a glass pl ate.
consisting of quartz glass is 5 used. Mreover, wth
a t hi rEleT”e HRpERSs Wi pa el Bt gl as Jhatipdianufacturing
éc?r(ilr}gg V&gﬁﬁ oy entfohq(;e gasast%e glass

ate preform g{ass plat € consi'sti
rmlat@qmrmﬁem gl dsssd plsed. cdrﬂsﬂﬁiﬂlﬁrdmr@awi hylass is
fourteenth glass strip according to the present
itRehtion is manufactured by drawing a heated gl ass
pl at e g ef Qrdn t G;ihay & aciesi &gk %ﬁgbessscr % Bl facturing
roughness is equal to or smaller than 200 nm and a
wil@ltfrqul sa@tﬂmlrtq) tor tshmlmeersarnammmor% avwortdoverlass

di
P ok S R DL S B Y G nent

il asy :IaEﬂdJ.Eaadl\ﬂVI ness at a wavel ength of 1 nmis equal

to or smaller than 10 nm Therefore | appi step can
be sifHATHS P EEd " i shi TR Her et iR 9 R8A rﬁ%%ﬂ GFcording

Rab i rtg:e?é?érrtatﬁnf@{tl% %@Qﬁeﬁ‘rﬁzfé@cdﬂ@i o %1 :fr?gcea

roughness of the glass plate after lappin
|hﬁgﬁr12ﬂﬁecglaﬁﬁe plfa,‘fﬁ rre-”ssf‘omeftecr e & d:la‘a‘le:ree?notéuckness 2\

'ver%ﬁ%@l Fect | on qtvélongc?%lst%a;r rpo' OI mzodr%ﬁélm and a

subsith ate sprdlacs m;sﬁanmﬁ&m@Mmtnﬁer by 1 mm when
a stri is cut out as a substrate havi ng a necessary

ar ea THET 4 e htd e Siisitaeel 4 i piagoerding to
hatd zonaln Plafencihg " VA nass. &t 165 ©eng by ofoider than

nm'" refers to a wavi ness neasured by asur enent
O 5 pum/mm, and a waviness at a,wavelength of 1 mm is equal

to or smaller than 10 nm. Therefore, lapping step can be

. simplified and a lapping material having a low polishing

rate can be adopted, so that the surface roughness of the
glass plate after lapping can be improved.

The "flatness" refers to a difference between a
maximum point and a minimum point in a vertical direction
at two a;bitrary points on a substrate surface away from
each other by i.mm when a strip is cut out as a substrate
having a necessary area and then the entire substrate is
put on a horizontal plane. The "waviness at a wavelength
of 1 mm" refers to a waviness measured by a measurement
device: ZYGO NEW VIEW200 (ZYGO Corporation), and refers to
a mean roughness of regicns at all wavelengths equal to or
larger than 50 micrometers within a measurement surface
range of (0.85 mm)x(0.€64 mm). The "mean roughness" refers

to a roughness measured based on JIS-B0601-2001 and
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devi ce: ZYGO NEW VI EW200 (ZYQO Cor poration), and
refers to 30 a nean roughness of regions at al

wavel engt hs equal to or larger than 50 mcroneters

wi thin a neasurenent surface range of (0.85 mmx(0.64
nmm) . The "mean roughness” refefs to a roughness
nmeasur ed based on JI S-B0601-2001 and 7 particularly
to an arithnetic nean height Ra. Furthernore, with a
spgkggeﬁbagiﬁséosw Qrﬁﬁﬁﬂégi{ﬂgméé’n RERE egent
invention, a flatness I1s equal to or Tower than 0.25
gninn1Farmb@rm©sg,anahmaveL&ngehtbfglammw$Brbgua¢c®nding to

th he [
S, SURLEE Ui de.gmeeaseite oo st 1o ST 0
t@.gssmnﬁlﬁ, M b 1hes s appi ngac’\tigpexgtﬁﬁgn&f )RR is equal to

pur pose. Moreover, wWth a seventee | ass strip
a@CoﬁmahgerothaMel@rE&enanngBetmamn woiidlateessi s sequal to

BT BRERE o FS ) SMaqual D of E hhIF L P B0 ot Spense

nanoietes , L ameli Adies PBANAEPHIRNES Soh SpuBsitkad . t 0 or
smaller than 2 nm Thus, it is possible to dispense

with tHereeppT ngvslepa aﬁ%lvwh%ewtlﬁmglya%| $ehipgaceeeping to
depengdi 9. 00 PN 8OSEon 195 Ffi%@ﬁéggrfé {4y an, ot lower than

el ght'eenth glass strip according to t presen

mwem u/m A 4 | NesSs 4 Sa€0dlabat @l Sigtovwef 1t 9. HGual to
a wavi ness at_a wavelength of 1 nmis equal to

o?rs%ﬂje@rtwawooﬁ NAROMEE BR L, amdtweerr@wn roughmess is
'é §QPa£ t@r°§m§f?%£eEh£Qa§ %% ; nﬁ %Qlétto
B e final’ o |§%| 0 3 ep.

B possible to execute only

_ N@repa@$e Wil t Iin Ghmlh@ppemghsgépsanﬁttn¢)pmimmrwrpplbshing

§te§ sent invention, a material for the glass strip

(AP GHAE O P ER®FTore, with a twentieth gl ass

strip Peeohdhierd 0 wibnthe O @SeMntNVENMdOdNstAip according
material for the glass strip 1s nulticonponent gl ass.

NP eBRRroresementyvVenELen gl asElatibety ate ewedt diaget olower

than 0.05 pm/mm, a waviness at a wavelength of 1 mm is
equal‘to or smaller than 0.2 nanometer, and the mean
roughness is equal fo or smaller than 0.5 nanometer. Thus,
it is possible to execute only the final polishing step.

Moreover, with a nineteenth glass strip according to
the present invention, a material for the glass strip is
guartz glass.

Furthermore, with a twentieth glass strip accqrding to
the -present invention, a material for the glass strip is
multicomponent glass.

Moreover, a twenty first glass substrate according to
the present invention is manufaétured by drawing a heated
glass plate preform to have a desired thickness. A mean
roughness is equal to or smaller than 200 nm and a width is

equal to or smaller than 40 mm.
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the present invention is manufactured by drawi ng a

-heated glass plate preformto have a desired
~thickness. A nmean 30 roughness is equal to or smaller
than 200 nmand a width is equal to or snaller than

40 mm 8 BRI EF DESCRI PTI ON OFs DRAW NGS [0010] [Fig.

1] Fig. 1 is a schematic view of a peaked shape

formng step in a manufacturing nethod of a gl ass

Stk t Pr aGEQE S &9 tPRenRLR invention. 5 [Fig. 2]

Fig. 2 1s a schematic view of a support rod connected

W OB1@ proxifey. ehd ofi@. gl abs ol atleemeformew|[FH g peaked

3], Fig..3 | ti ' f a hot
et ForhEat T Shor PV rociedie Hhat grhey olass

SEEEDp SBEMH ACAI AL HBL heds @ecoridgigha first
enbodi nent of the 10 present invention. [Fig. 4] Fig.

4l¥59a 3khefiad i c2 vievd ofchemptodvier of m rodeReRy oad

| @%@&P@@%P&%‘%@&&rﬁ&fd&% e(?% | t h(i =53 g[!%??%en .Sﬁfé.Porm.

acturing net according
[1FFxgg 531 Fli@ptt_;[y:S BSiG:a a;g;!rmmsépéctai@b ath?wr;faﬁel;}durdimﬂer,
rawi ng. i g.. i g. is agraph of,a c e :
v o dinfe il Ped Pl h A il o et et
Vb $0054 dtu0f nd Neet1I9b@SSc @b Bl B PrEs o N i FPLAMI NS O f the
LETTERS OR NUMERALS 20 [0011] 1 G ass plate preform
TR JN&RiPpe?®- rod 10 Heating furnace 11 d ass
St p 2p, 15-Heater, T, NODE F Y. QIO T
IF\IVJE(%TI%\I [B%JgZ]'EE&%n%gI Sary entbs%%i%}n S oféglgé Ja Tt
namuf @dderngngraet hode afheagiassistiaqe acaoddtingd tin the
thf gresen.t i nvention are ) o
glass strip manufacturing method according to the invention.

[Fig. 5] Fig. 5 is a graph of a drawdown rate during

drawing.

[Fig. 6] Fig. 6 is a graph of a change rate of a cross-
sectional aspect ratio according to a wviscosity of the
glass plate preform.

EXPLANATIONS OF LETTERS OR NUMERALS

[0C11] 1 Glass plate preform
2 Heater
3 Support rod

10  Heating furnace
11 Glass strip
15 Heater
BEST MCDE(S) FOR CARRYING QUT THE INVENTION
[0012] Exemplary embodiments of a manufacturing method
of a glass strip according to the présent invention are
explained in detail below with reference to the
accompanying draWings. The present invention is not.
limited by the embodiments.

' First Embodiment

Fig. 1 is a schematic view of a peaked shape forming
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explained in detail below wth reference to the 30

acconpanyi ng drawi ngs. The present invention is not

limted by the enbodi nents. First Enbodinent Fig. 1 is
a schematic view of a peaked shape formng 9 step in
a manufacturing nethod of a gl@ass strip according to

the present invention. According to the first :

enbodi ment, a long plane glass plate preform1 is used
astdp U of AfdRuAhdBLENl @lnd Qlod Ner Al 458, Nl ale- 8 ef QU dRqing
11s 5 quartz glass. To nake the glass plate preform1l
havetlze Brgfeare stertion whilkirardhgoknesshe sfiomist ant

a a..flatness falls within a predeterm ned range .
COASHTO0 e L T8 P S 00" 1Y 4 R G s iy @ised as @
pedosim.l is maoschl fromdod hysded aeestd heremirm 1 is
Thereafter, the glass plate 10 preform 1 is subjected

t 3 el ot § shi TR Bkeedhariads patsmirfum il have a

becormse substantd ahl yei ranspas T

cracki ng, corners o (ﬁweég assﬁ{pﬁsast e&pr%%%’m taarned 2
chiaatfrerssd fapl 05 Svinrh iradi usr axdte tnarmel. nefl gt aasge pl Gatle mm/100 mm
pr ef or hayj a length of about 1 nete a w dth of
3508 Gl P il G0 At it WL i dround

r otghnesish Rauofade DS hdi Ll PNt B eish (S8, thhe glass plate
cross-sectional aspect ratio of the | ass pl ate

PR 1 i 3uBECciRd thh sflang vl gipikhPbmegimmnical

T O R e T T TR A P A & o

Jocoperatdmacking, nextndrweate g rendyldrsssMpip iy qeesfnrm il are

(BsrSTopd ety the pyran ort] on 5 TS BY o retom
Howei

MES ,a thengforemtdiudret hpo d:s, Notyildd ted Ihereten, -
[0013] At this step, a longitudinal internediate

pettGiBes 2T ol Bf8 ey Fnb s ity afordhness Ra of 0.05
BSERALES LI of CA S|P o SO 8 o
di ey imlrest e respBetn Vieldys 3Thuss. tret this step, a tip end of
the glass plate preform 1 is made peaked to form a pyramid
portion on the tip end to facilitate a'first drawing
operation at a next heéting and drawing process. In this
embodiment, the pyramid portion is formed by fusing the
glass plate preform 1 by a heater 2. -However, the
formation method is not limited thereto. 7

{0013] At this step, a longitudinal intermediate portion
la of the glass plate preform 1 is preheated by the heater
2 and longitudinal both ends of the glass plate preform 1
are pulled in A directions, respectively. Thus, the
intermediate portion la is fused, the tip end of the glass
plate preform 1 is made substantially triangular, and the
pyramid portion is formed on an apex of the trianglefr This
enables smooth operation of initially drawing the glass
plate preform 1 at the next heating and drawing process.

[0014] Fig. 2 is a schematic view 0of a support rod 3
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intermedi ate portion la is fused, the tip end of the

glass plate preform1l is nmade substantially

triangular, and the 30 pyram d portion is fornmed on

an apex of the triangle. This enables snooth operation

of initially drawing the glasslOplate preform1 at the

next heating and drawi ng process. [0014] Fig. 2 is a
schematic view of a support rod 3 10 connected with a
peexheBkeandieh Ehﬁrgkﬂﬁélpéﬁﬁeo@r%ﬁ@rﬂléss ﬁi%@énéfgform 1.
ends and rear ends of several glass plate
aﬁgtééuEP@demﬂﬁha@ﬁeraﬁétﬁ@dStgfpﬁevedelaglass plate
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p@é@@§§r|ﬁnﬂhéhgl@é@sssplﬁbenananEMUllannbeh@ﬂed up to its

RhohTnan, S REchont e EEPAY RER vl hetttass plate

f@@bﬁh]andFagdrEM1@gapp@ﬁ§§§c@inYﬁMEﬁgoftbﬁeh@@%e@rawer,
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resi stance furnace that heats t SsS p te pre or m

_1€m%0dbm%mbrn1i@eﬁhn%c®®M®®nm@@txh@thé@Eﬂﬁgt$Ee@I@BSheatlng

n t he atln furnace 10
P LB ST g L P ST | Al Bofo e o futrauwing
ptméeh@aeé@ramd émﬁméné@egi&§E|% s f &I Po€Lo AR it heRt &L sired
15 serV|n$ as a heatin unit that heats the gl ass
0]

pHat SR 2 0P he 153rr%u%l1f%1b%%‘é?jly exeHet edat i hghdurdipieer 50

1 ] ange, Sy pr
p%?%%%%é%faﬁggg?ﬁiéheat|€%%fﬂ$ng§%ggg io |ntrod§£e gas

teethetpoch femiceeshaf hdmwtgltdss plate praforpmdform 1, a
&%9§Bﬁﬁﬁeﬁééa ﬁgchanlsm 20 that feeds the glass plate

preform 1 into the heating furnace 10, and.a withdrawal
mechanism 30 that withdraws the glass plate preform 1 from
the heating furnace 10. A heater 15 serving as a heating
unit that heats the glass plate preform 1 is disposed in
the heating furnace 10,

[0016] A gas flange 6 is-provided‘in an upper portion of
the heating furnace 10 to introduce gas to the both
surfaces of the glass plate preform 1 independently of each
other, to keep an internal pressure of the heating furnace
10 positive relative to an atmospheric pressure, and to
make gas flows introduced to the both surfaces of the glass
plate preform 1 equal. Fig. 4 is a cross-sectional top
view of the heating furnace 10, as an example of a method
for introducing the gas into the heating furnace. As shown

in Fig. 4, the gas is introduced to the both surfaces of
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other, to keep an internal pressure of the heating
furnace 10 positive relative to an atnospheric
pressure, and to nake gas flows introduced to the
both surfaces of the glass 30 plate preform 1l equal.
Fig. 4 is a cross-sectional taom view of the heating
furnace 10, as an exanple of a nethod for introducing
the gas into the heating furnace. As shown in Fig. 4,

and flow rates 0

tgﬁegagﬁatebg%E?oPESgOEH &h nQOkR %u££?8§8 9fthe géhe
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distribution in a wdth direction of the glass plate
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noktaieedf tﬂeoabnnmpher@aslﬂnlétﬁ Lhe beaténgbly prov1ded
furnace. [0017].By using such a method, descendi ng gas
f HBu8 gF@‘L’lEgeéi“é%CW%r n FhERhERE P ngrFapaskento 1t 15

of gas. By thus fo?géﬁfy cregtlngtthe gast?€oﬁg£5§ﬁﬂere

M}P Pnthpeheakhagefusrabte flows can 15 be realized in
t ud duct t
(L0081 10,81 92100 A Desh TOLUUELACE, DEL'PEDLs e

streptaﬁtﬁitﬂlamth@ h@aﬁi@@lfuiﬁﬁceTh@rpféWénttgéheratlon of
fl at ness g; the surface of the glass strip can be

i Aprovagab nE%nV%%F+ﬂ?f?%ar%%Ft?En%a%f B Yeriae usoagEbly
”@ﬂ@a@ﬂﬂﬁetﬁgt@E@nngWQO%ftﬁyﬁf§H§3f8£n£@§ 9 @SS1e fiows can

strip, bendi ng of the glass strip can
sh@pf%é%é@edBegl@eéon%yt&@e@ahgdlhecthEr@mm h@ﬂ@ss@m@uctlon

furpac ositlye rel at ve to
rioaenar rat pfae IR Bt BT Gr LGRS o TR S e s
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ascendi n as flows can be created
: o% the gug

. face of the glass strip can be improved. Since
solidified portions of a meniscus are made equal between
both surfaces of the glass strip, the bending of the glass;

. strip can be suppressed. Besides, by keeping the internal
pressure of the heating furnace 10 positivé relative to the
atmospheric pressure, mixture of dust into the heating
furnace 10 can be prevented. |
[0018] Alternatively, ascending gas flows can be created
within the heating furnace.

Nz, Ar, He, or a mixture thereof is used as the gas
introduced into the heating furnace. If a multicomponent
glass is used for the glass plate preform, the atmosphere
can be used as the gas introduced into the heating furnace,
in which case, the clean air with a lower water content is

preferably used. TIt is also preferable to preheat the gas

introduced into the heating furnace to about 400°C to
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'M”*:mithin the heating furnace. N2, Ar, He, or a mxture

thereof is used as the gas introduced into the
heati ng furnace. If a nulticonponent glass is used

-for the glass plate preform the atnosphere 30 can be

used as the gas introduced inti® the heating furnace,
in which case, the clean air mﬁth a |l ower water
content is preferably used. It is also preferable to

t [ it t he heating .furnace _,
PLELES, I 0 T R0 T S
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h%%@%?ess?gmlg? $©p@hagebﬁbpdow2@e at@@sg¢ﬁsseiﬁfﬁ% heater.
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heatln furpace 10 heats the glass 10 plate preform1
e a1

areghe Vet dolagsociae ReeSormphert a thelocity
t m S (0] | S
BESLOIELE BIAMD e pe ORIl TP helOl S glass

v diide aued £ onee hamd s 30embd el e @ Sfdienedh @SS At this
plate reforn11 at a velocity of about 5 mimn. At

tHPESNs ngherlass mk st uere hl {5550 WACORHe Y of 10°
"B SCUS e means e.froma

havi n%§t heTsarreﬂ:brree form %d%rgs génsé)r?elr% ﬁrgl pr ef o%ﬁened
Wi R Hﬂﬂﬂﬁl@@aﬂ Tk ATyl s v @t tledpuad s t0 ddternfd aglass

be faorne Ie gt.h of nmeni scus
gé] %fé@ 8 L oI TR qlgc Chqthitt @ 6‘}/6“’261 gr &4t rbis
tnlxtmzerilt,s 4 inmsi sant equajti 0l§r55|033ﬂ§nt ham, & efhetdlePc%s %_Sength"-

arge as a width of the preformby a structure of
H%ea%“ésr afbﬁlferﬁlh & HE Fipec £ romh e rﬁaﬁ‘fsdwm@ngme c;wmeb@reform

ciieRsed Y Selding d.lamel aus, Pty bl on ol d e s gen

heating furnace 1n a tion as a
&fthal to that of a glass strip to be formed. The length of

the meniscus thus formed is controlled to be equal to or
greater than 1.5 times and equal to or less than ten times
as large as a width of the preform by a structure of the
heater within the furnace. The meniscus length can be
increased by'setting a temperature distribution of the
heating furnace in a withdrawal direction as a broad and
increasing a heat zone. Preheating the gas introduced into
the furnace also contributes to increasing the meniscus
length. .

[0020} As shown in Fig. 3, an annealing furnace that
anneals the glass strip may be provided between the heating
furnace 10 and an outside diameter meter 7. The annealing
furnace is preferably set to be able to anneal the glass
strip in a temperature_range from half to two-thirds of a

glass material softening temperature. ‘If the glass plate
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-25kihckEasing a heat zone. Preheating the gas

introduced into the furnace also contributes to

i ncreasi ng the nmeniscus |ength. [0020] As shown in

Fig. 3, an annealing furnace that anneals the glass

strip may be provided between tthe heating 30 furnace

10 and an outside dianeter neter 7. The annealing

furnace is preferably set to be able to anneal the
gb2sSorl EbRsi 8cd bEMPRLALYELLraRes Ll O PallelOrure of the
two-thirds of a glass material Softening tenperature:

| &nhhelghgssuphate 18 ppeeéosplgoassst S§0H°d he Muaitdiding
gLass, a tengerature of the annealing furnace is
praferBBFF 4BYuEUERRES By HREVF dPAGERE hel anmeat THg are

fHéDé&@edséﬁéing9£s§h§t9£§5ﬁa?%%gpg§?§r é@éfﬁéggdgggcts can

a glass strip having fewer” sur ects can
obtaPhbdingdo21] A protection-filmcoating device 8 is

o EP2R L o Thltot CREt b r Sl GReF o Qb dbb dbsosed

. fongsratpeodecsion dfamereonsesétNg of 1€ShFeferable that

agnrphous carbon, or a self 10 lubricating material on
a*i

%r%%eﬁa?l%ngfja%@ Sertpna1devbeore foenylaserete¢plon
13 cANEEEESsM A @f?Hé%f%!?%&o%phéﬁstéﬁfﬁgﬁ§so%a?:§§ﬁf-

coating is preferably 1 m cr onet ers,
whitlehi¢ 2t {rg posee bl 2l t on redsicef deerage sa onl ad hies st acke
s strip. 1. and to prevent hesi on, 15 of
g%en%gfne g{é}??qo%ga?% Ef%]él%uf} a%%&b?c?%emgﬁbs% G Ll 5. A
Thiei gkasss séf i thd ledwving 1Hepps pdeobipwn f1we o5 med
on, the surface is high in strength, so that the gl ass

STHFPCatehtr e ot Ar bunks s bvbEN e oFC tirdu¢kedamages on
Wit doyt - £4EL T Y {he gﬂé%sagf{%r)l%]arp(y ?%;p#%%\sénﬁ Oab%ﬁsion

depending on a wdth or a ckness
AT et bamimed Biors i o dilsposedfamelest titee glass strip 11,

ection-film t.i ng. device 8. The tension neter 9
R ST TR oL P € et AL T 1 el (Fighad on the
Byarface is high in strength, so that the glass strip 11 can
be wound around a bobbin or the like without cutting the

glass strip 11 by a cutter depending on a width or a

thickness thereof.

[0022] A tension meter 9 is disposed under the
protection—film coating device 8. The tension meter 9
measures a- tension for withdrawing the glass strip 11. By
controlling the temperature of the heating furnace so that
the tension measured by the tension meter is constant,, a
shape of the glass strip cbtained by the drawing can be
stabilized. If the measured tension is high, the
temperature of the heating furnace is réised. If the
measured tension is low, the temperature is reduced.

[0023] As a result, the-glass plate preform 1 is drawn
te the glass strip 11 having a width of 20.58 mm and a
thickness of 0.601 mm. Namely, the glass strip 11 having a

cross-sectional aspect ratio of 34.24 is formed:. In this
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having a width of 20.58 nm an

'controlling'the tenperature of the heating furnace so-

that 25 the tension neasured by the tension neter is

constant, a shape of the glass strip obtained by the

drawi ng can be stabilized. If the nmeasured tension is

high, the tenperature of thelHeating furnace is

raised. If the neasured tension is |ow, -the

tenperature is reduced. 30 [0023] As a result, the

gbAsSaphah e, PHefRr i 4iks Qfawgpr&@lﬁ@eugé a§§a1§ﬂéé§ &ﬂ the
t hi ckness of 0.601
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the n 0 [ to.the surface |s 0.0
p?é%e’%{r?r%rﬁ%ea%%n am na r|£o€%t%1roef R Y aatf%ons adhering
Opb i tiad M CFOSEOPE OrOBMpEEEEHHON m@r@ﬁ@m@lneﬂf@oﬁ@&are
wavi ness i s measured $¥ an AFM (atom c force 15

MEFDSELHEY N | WRetCan CPHSERPOPHIOR &t v RC IRy Hireggos cope

r t
neherehd ORRAIn S U sudditercd o ool | oo Bl
|@l©r@$@m¢Efora kﬂ@ﬂﬁumn¢mp$c®pewwbwwarsﬂyﬂuﬂnrmugnmmﬁs
gmnng In Fig. 5, 20 a horizontal axis indicates
% drawdown rate and a vertical axis indicates the

suoface roughngsss tHad, 4 ndiHdem aﬂfht?éli&l@éé@t EANnd a

“height defined in JIS BO601-

mean surface rcughness (Ra) is 4 nm. Fig. 5 is a graph for
explaining a drawdown rate during the drawing. In Fig. 5,
a horizontal axis indicates the drawdown rate and a
vertical axis indicates the surface roughnesé. "Ra"
indicates an arithmetic mean height defined in JIS B0601-
2001 and is used to represent the surface roughness.
Herein, a rdughness change is expressed by Rag/Ra, which
indicates how Ra is changed from Ra (Rag) before the
drawing when the glass plate preform is drawn at a
predetermined drawdown rate. It is discovered that by
drawing the glass plate preform so that the drawdown rate
is equal to oﬁ lower than 20%, the surface roughness can be
improved as compared with the glass plate preform 1 before
the drawing. It is also discovered that a desired surface
roughness can be obtained.

[00251 The glass plate preform 1 consisting of the
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2001 and is used to represent the surface roughness.
Herein, a roughness change is expressed by Rao/ Ra,

whi ch 25 indicates how Ra is changed from Ra (Rao)
before the draw ng when the glass plate preformis
drawn at a predeterm ned dravidown rate. It is

di scovered that by drawing the glass plate preformso
that the drawdown rate is equal to or |ower than 20%

t frastbf gcessoughpneasncan bge30,i &93@8 A8 CopRaLgdiy ¢
of F
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the viscosity of the glass plate preform1 is :
a%%ﬂu%eim ?)%? seRanIThel chafger oFs tHectioral seepeonaratio is

aspest fatdP kfa1eaMainin @i"sﬁﬁéﬁ§rtﬂ§9nF%§ﬁ Q$§¥§te value

that the absol ute value 10 of change
C‘P%s%h%efélliaml raspeef tlatior¢fd~sdcrossabesspomal ratio ((i-

I t
EPRE e O Gy TE Bl HoRSre “Tawran) ¢ FaFses

Iéect’d:ta)rtam'pﬁ}aé@t er ot i ¢ herheat drgyfug Paces 'éq@ﬁ L9 or
1980C, then the viscosity of the glass plate

PR OrsH 1530 abbut &ﬁst%ug@gpexm@%s@f Utlee vlaﬂfau’@llw furnace

t of the r 0Ss-sect.i onal pect. ratiQ

f§i§92iﬂ9 %p YO & 3 FoTtiedy RE é%elg%%%ﬁ plate

Abtefotouls ig e:{lﬁ@jit NV YoliQeSs , ©XPRY aHRMI St ot %lue Of the
ventor has discovered that a glass strip having a

g

49 a‘fei‘wt'e%so%aii‘h%&%‘%smﬁfébt%l@y FRRRGhgrand is 49.6%
CH M tm&{@essrcmﬁr?eﬂ eE(aorJTrg Slg I}ﬁ& the ter, thus
cross-sectional aspect ratio t ass ‘pla
[ﬁQﬁQﬂﬁﬁng various experiments, the inventor has discovered
that a glass strip having a high flatness can be obtained
by heating and drawing the glass plate preform so that the
cross-sectional aspect ratio of the glass plate preform
before heating'and draWing 1s equal to that of the glass
strip after heating and drawing, ,
[0026] Fig. 6 is a graph of the drawdown rate and the
change rate of the cross-sectional aspect ratio when the
viscosity of the glass.plate preform 1 is changed. 1In Fig.
6, a horizontal axis indicates the dréwdown rate and a
vertical.axis indicates the change rate of the cross-

sectional aspect ratio. As shown in Fig 5, in drawing the

glass plate preform 1 at a temperature at which the

‘viscosity of the glass plate preform 1 is 10° poises, if

the drawdown rate is reduced, the change rate of the cross-

sectional aspect ratio is increased. In drawing the glass
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before heating and drawing is equal to that of the

glass strip after heating and drawi ng. [00261 Fig. 6

is a graph of the drawdown rate and the 25 change

rate of the cross-sectional aspect ratio when the
viscosity of the glass plate preform 1 is changed. In

Fig. 6, a horizontal axis indicates the drawdown rate

and a vertical axis indicates the change rate of the
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6 j the change, .rate of the
chat "6 I8N e70Ls DaBOtPERs AGRETE P thorsn ha gt e
[DO2TFedfter the flatness and the surface roughness of

t ss plate preform 1 before the drawing are
iE@Qgiﬁed PAELED Bhg BIAT0eSS nhed ohat eFIRAECE. Daughness of

ni@éogﬁagg,pisﬁgegiéfskm,1t®§fﬁ£@8§h@'a£§w9ﬁ§f§£@1£né§eased

drawn” under” conditions that the change rate of the -

ctos8-seeri ohab mipreretatri andsl. efualcronetet pweespectively,
own rate i

t 7% and_th he_.dra s .equal _to or
R TR AN BhIEL e ShR el T A AR fraSoeomat Ry chat
ftiad nelssngé D206 OF Mmandr@s $4EEQELoNOUIARSSSE OFatio is
equal to or lower than 7% and that the drawdown rate is

equal to or lower than 20%. Thus, the glass strip 11
having a flatness of 0.05 um/mm and a surface roughness of
0.5 nanometer can be obtained. The flatness and the
surface roughness of the obhtained glass strip 11 can be
arbitrariiy changed by changing those of the glass plate
preform 1 before the drawing, respectively.

[0028] The guide roll 5 for preventing twisting of the
glass strip 11 is provided on a withdrawal side of the
heating furnace 10. The measuring device 7 is provided
between the heating furnace 10 and the guide roll 5. The
measuring device 7 measures the shape of the glass strip 11.
However, since it is not easy to continuously and
accurately measure the thickness of the glass strip 11
reduced to about 0.5 mm, the measuring device 7 is used to

measure the width of the glass strip 11. The measuring




10

i5

20

25

30

0.5 nanoneter can be obtained. The flatness and the
surface roughness of the obtained glass strip 11 can

be arbitrarily changed by changi ng those of the gl ass
plate preform1 before the draw ng, respectively. 25
[0028] The guide roll 5 for prieventing twi sting of the
glass strip 11 is provided on a withdrawal side of the
heati ng furnace 10. The neasuri ng device 7dis provided

b e ' u n he_qui

T g TR T
gvasshstasp, 14. s3Di MR YRG, pSintecFt the m@ﬁlgaﬁy 19 located
conEVnuoueg and accurately neasure the thickness of

t e %%%sg St FPp"34°  reduced to about 0.5 mm the

measeisi Nng devinegsdrkd H§§Qet8btg§ﬂ§8rﬁytPﬁe“hgéguPIng device
the glass strip 11. The neasuring device Is

‘p?e%%rﬁ%@ybdtkpbgeﬂhﬁlghefgnMefeeﬁemdcha31$m|hO mmacm

c 0 yiRg p the pENi scus is.loc

it feRarplritd? PobBoParhel hFen Gatuatuntel hagpnerols
by phefunmsﬂeé@gvdb&tﬂﬁy badetiSofeghbackeé@ide value. ' The
preform feed. nechanism 20 via a feedback route 13.

fﬂ%a%&“é?%rﬁ?%%%d %h%ﬁﬁisl?afzéh%oﬁa@%vgln@ FeeEeR i feegplso
vebgcohiyxbasedhom,t higriseabackn v lyﬁ 3@h§1a aﬁgg %Fk
val ue obtai ned by the neasuring eV|ce e
baekte ol'ﬂ he The h‘dl’alm@raﬂv@bhmlsmjs@mv]i@ raoxﬁ‘e'ecu[b@ox 10

r T mechani sm.30 controls a ,
o E AV D e T HeS TEROARRE v TS | n this
tdarmsodﬁn@mj nﬁ@locj/’ej/ oL t Yom Sr SO & Okth £Te Wi BrBdrawal
drawal velocity control is assuned as a main
c% o LRNGOREPPRf bF nFS § R0 V2T o i gl operipro} sand a preform
agsares. c S t I
o%§the g?%ggp%tggﬁfg%la??gfs%égggrémfﬁ%.é W??H%ygﬁglto
v%t@@ilyzﬁohh¢o$h@g©l@f|Bh® dlaws 2ssetopntls aﬁh@reﬂﬁzgdrawing.
0 f V. Clt cont.rol 10to 1
P SRt B8 e PRy oot S el bt of seconds
Cwméﬁeast@epﬁ@ﬁofmlf@é&ﬂvémbéiﬁwféﬁnﬁﬂ§le@?cle is set 10 to

[ erference
{% times as long as the withdrawal velocity control cycle,

thereby eliminating control system interference.

.[00301] A heating operation (heating and drawing process)

~ executed within the heating furnace 10 is explained. At

the heating and drawing process, the glass plate preform 1
is heated so that the mean viscosity of the glass plate
preform 1 is equal to or higher than 10° poises. If the
glass plate preform 1 having a rectangular cross section is
used, a non-flat temperature distribution tends to occur to
the preform because of the difference in heat conduction
between the width direction and the thickness direction.
Due to this, the glass plate preform 1 is heated while a
temperature distribution in a space formed by the heater is
made non-uniform in the width direction. Specifically, the

temperature distribution is controlled to be non-uniform by,

for example, three heaters 15a, 15b, and 15c arranged in a
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20 [0030] A heating operation (heating and draw ng
process) executed within the heating furnace 10 is
expl ai ned. At the heating and drawi ng process, the
glass plate preform1l is heated so that the nean
viscosity of the glass plate Jmeform1l is equal to or

-hi gher than 106 poises. |If the 25 glass plate preform

1 having a rectangul ar cross section is used, a

n@nré&@ioﬁeﬂpﬁﬁéﬁaiéuﬁg§tEsb&t@99e5999§ £§e§§fg£w£9d

the preform because of the difference in
cohdection cbetheeplabe width drefotrinoandndotbeollable

thi direction. Due to this, the glass plate
p?%?%ﬁ%ﬁ%ngiﬁeg ed B8 A80 tenperature
dis0Bibuti on fhRoevepasechersrd by Lheuheaterof StndBdeass
non-uniformin the width direction. Specifically, the

t 2hpEl at tr BMAF sfprpediey #scebherobl eprevighed downstream of
s U , i 15a, 15b .
n@@eUﬁiéﬂ&?&@ﬁldm%%ﬁgﬁ%%ﬂp%f?e%?&eghgegégﬁftaéfa?f%%$astrlp

and 15c arrange I on perpendicu
dik ettiloent oandfoninary adiapstaon(obtt sicoghasso phatre a

p and controllable . i ndependently of one

d%%iﬁé?& ?%5% _%fg?%%%% t et#Tout in a surface of
theogt pss Sastéirmaddvd s {oined Pyae EMeBS18k00ls the
provi ded downstream of the wthdrawal nechani sm 30,

P TheSteshI T hnt Sgthasas sait i pir daleke hamy drel m;nvibxge@
t ' i f h abo
SER S0Pt SHOND SR O 05 OASPBLD, O ShPMce o
cout sgtdwes dOrgh akk ESrqwidMl¥sm@®lﬁ$ fﬁ]&ﬁgtéﬂxwwﬂﬁife a
ided d t the heatin ur nace
T s T o it o RS (R Ghacelady ot o i 4 Givead yis not
conhETk 561 ASs $ DL dNET &BSE @ thay sogesst of nd he, sy faces gédhe

the glass strip 11 which is not conpletely solidifi

P TD Prevent! theoms hrgiaee dinagrd 15y gils sywsitdd prdldl 5 or
faam peihg damaged by the guide roll 5 or the like.
[0033] In this enbodinent, the glass plate preform1l
cloHEI3lt i ng Tf ties rrarddingliatss ise ugleths Adlerdaidaminm 1

the . ..

consasting of the quartz glass is used. Alternatively, the
glass plate preform 1 consisting of a material that
contains multicomponent glass such as alumina-containing,

borate~containing, or soda lime-containing multicomponent

- glass as well as alkali metal and metal, and a.material

having a lower softening temperature than that of the
quartz glass may be used. The multicomponent glass is

normally lower in softening temperature than the quartz

~glass and can be machined by a relatively simple heating

device. For example, the borate-containing glass can be

machined at about 1260°C. If such a multicomponent glass
is used, machining temperature is adjustéd to an optimum
temperature for the material. Specifically, a machining
temperature at which the mean viscosity of the glass plate
preform is egual to or higher than 10° poises and at which

the lowest viscosity of the meniscus part is equal to or




10

gl-ass plate preform1 consisting of a material that 20
cont ai ns mul ti conponent gl ass such as

al um na-contai ni ng, borate-containing, or soda

i me-containing nulticonponent glass as well as

al kali nmetal and netal, and aXtaterial having a | ower
softening tenperature than that of the quartz glass

-may be used. The multi conponent glass is 25 normally

|l@£\§ﬁeknt§9ﬁt§@5’ AGLL LIPS QLYY Eqh ?”t&hsrqféwéf tﬁér?sfw 5

and can be machined by a re atl |'e héatl
dEQlé%S oy examplectede bﬁhatquanhtaghamg @i@SSgCHMe higher
e about 126 such a onpone
FosEBETha e B e BT b ST o o b Gorbatated to
anlghttﬁMpéB@t&ﬁ@p&ﬁ@tﬂﬁ@tiplatb@nnﬁéﬁﬁlf% ‘high. However,
Specifically, a machining tenperature at which the

nERRD VFRR 0gi et Bf Il des gl Bas plase spriw oraving e@qu%ﬂllffbclent
of £ hi ghen £J9a51%1a9§e@0é§ﬁsb@“9b@£1%@&0 t}ﬁé‘ﬁt 'é"’@éter

vi scosity of € neniscus part Is equa

- higheforhamg 198815. poi ses and equal to or |ower than

101; poi s S lect ed. The quartz gl ass havi ng

ﬁ80€4bher § ‘%ﬁgﬁ% $ ature by contrast, needs
to be ﬂa@@n’bﬁcﬂhﬂi@ t@lag%écﬁfmfélﬁb'é&u@ék@t' nst & |z?éé19£hg and
|l oad js high. However, 5 with the quartz gl ass,

gfﬂla%‘fél%q rE”E)O‘FI%-‘W fngmatmﬁ@m cqraeﬁtls stirterpAurad :netcus@@e
&g [ r

??%%4] %econd En‘\cl)&o%%t Accor of3 n%Ft%Hé; @e‘%gsndégplp 11 are

efdroel rmeinth IaltlaJQ’IHattmglmurbvé.Orﬂjmm @f oagesSsurfaces

RN O e AL DR R
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pisoged, tend prove giaigity of dhessurdacass ther&dn an
In addjtion, right after the heating and raMAn
FHERIELIM { S } iaes e g amd @eemqezﬁ gafsstnehrmgw strip

o, S ST A RS, i A SR T e
riwd thags of hetmof sura‘larmasaﬁhermftheSlﬂmﬁsaf |e§l‘nHCQj.JIIItEQ1t gas
fllsrSltnteJ:ncPc?ucen(Fq:t aes both surfaces ‘of the giass plate
preform 1 independently of each other, the internal
pressure of the heating furnace 10 is kept positive
relative to the atmospheric pressure, and the gas flows
‘introduced to the both surfaces of the glass plate preform
1 are made equal to each other.

[0035] By thus improving the rigidity of the surface of
the glass strip 11, it is possible to prevent the surface
of the glass strip 11 from being damaged by the guide roll
3 or the like. Preferably, a protection film consisting of
resin, amorphous carbon, or a self-lubricating material is
formed on the surface of the glass strip 11.

[0036] In this embodiment, the surfaces of the glass
strip 11 are reinforced by doping the surfaces thereof with
nitrogen. Alternatively, after the surfaces of the glass

strip 11 are doped with nitrogen right after heating and
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is introduced to the both surfaces of the glass plate
preform 1 i ndependently of each other, the internal 20
pressure of the heating furnace 10 is kept positive
relative to the atnospheric pressure, and the gas
flows introduced to the both surfaces of the gl ass
plate preform 1 are made equal to each other. [0035]

"By thus inproving the rigidity of the surface of 25

the Qhﬁﬁso?ﬁ kgr&#ectio Sf99%8|$ngl£ revgg%%%gg p§orPhous

sur ace ass™s rom

t hergandecorothe 5ebf lhBrLCKELHErm§Eéabhy mﬁy be formed on
tec:lonf'lmc sjstin resin, anorphous

L RboRLa8F GELihror s | BAPY Rt nhher PAFRacor of b ofiLass

tB@rSpfi@CEr@ﬁ E@En?|é§ﬁa§éﬂ'p 11. 30 [0036] In this

enbodi nent, the surfaces of the glass strip 11 are
r éPAB S ced %ymélﬁlp?’ﬁgctﬁ@skuﬁ‘ﬁ]a&ésatheleofovme@ out of the

f
U5 L809°8, AL GRRLLYB Lo cBThlot e ST 2088, oLyt nene

heatln@handbﬂ@lnddaglmgs shﬁlprﬂseﬁir@ﬂ fht MEEf into a
gnstst resin, anprphous carbon,_ or the

P ot FREPE ng Aoleiy BV rINg O8RS ToFHedL S1eE ( hen iaseh
StbhPprddsiPe PEEVELL &B@ssu{gafgﬁmgé &f@hgﬁaés %§§{£§Ee glass

11 from bei ng damaged. 37] A magnetic
sibsfrateut ssiofaed @@@mm?alhz (lo¥ asrs Stcnhl:pn@bwmlmeal Tow

' h bt d gl
TP et Mt oo FRES A R s et Chapel “ R b 1y

degehen at 20 ¥ ayiey , pOlt i 64, alaSOmRE essi Mee STT18SS, by
acts,. is formed within a substrate glass 10 near a

- cTPEiNg alde cheh A T3CT Dy hRN et hi g WRIC 03 lover such as

CQRELRLTati @ ol &C SF
rrgl(ﬁ:]hanl cal | y{]%%wyg%olc%}g% ng, @& %%;ﬁ%ﬁ?i@ %i%ﬂg %r
chasFegltere, cine smlf@a@e’@;lwtﬁlhm 1$1qvegaheot ot t = ewcdnot to

ent osecon

a8 e N AL MR B 8 o S TSSO e vent ox

ofifi sDtassmoic twavelanhgsy thedgf assosddd Ludn@ (We‘plasma
fg ess USI{ﬁgzﬁéﬁgeggge(gurface is polished using a
colloidal silica slurry, thereby polishing one surface by
0.2 micrometer., It is thus possible to eliminate a
distorted layer on the surface and also. simultaneously
eliminate contaminations and scratches on the surface. It
- takes about 10 minutes to perform this polishing.
According to the present invention, a ground amount by
polishing can be reduced.
[0039] First Example
A glass plate preform having a width of 100 mm and a
thickness of 2 mm is used. A surface roughness Ra of the
glass plate preform is 73 nm. Thé glass plate preform is
drawn by a drawing furnace by the manufacturing method
according to the present invention. As a result, a glass
plate having a width of 22.3 mm and a thickness of 0.45 mm

is obtained. & drawdown rate is 20%. Finally, a glass
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an ultrasonic wave or by a dry process using 02

pl asma. ~ [ 0038] The substrate surface is polished
using a colloidal silica slurry, thereby polishing
one surface by 20 0.2 mcroneter. It is thus possible
to elimnate a distorted |ayern on the surface and

al so. sinultaneously elininate cont ani nati ons and
scratches on the surface. t akes about 10 mi nutes

t shi ng ording to the esent
|%5gné|o%Vl g?oﬁg%é %n?ng 5%%01% st %éﬁ\%g 9 nm, and
rgduseshné H9394 & rsb ﬁxaﬂplxﬁarﬁlﬂé@%@&ate pref orm

havi n width of 100 nmand a thickness of 2 mmis

ué%@4gh‘sur$%%@n¢o@§ﬁW@%% Ra of the gl ass plate
pref or a%f f%f%%%D&BQ%?ﬁE ptate. §ﬁé"§9£§ %g)ﬁﬁé% of the

by a manu ac uring net
a@b@$ﬂ|mgat® prEQEMSEmtth@VEiﬁitHExdﬁpIeFE§L&§eda Helium
of 22.3 mm and a, thickness

pl at
%28 s i TRl Dot Iethbivie 1 et faltace and

Final §Vas@ gl ss Pde rStdi Ps hAVA R aaf |1§§é‘e§§mé’ftémperature
nmmm a wavi ness of 9 nm and a roughness Ra of

ﬁfr‘ﬁ i Sharaniit aeiter Bdr st ooamtp Beconkis B(@?ﬁﬁlelm @f a@sawmg the
%}fig&% Béf“%%ér [%J?e%ft%%ﬁ Iﬁ’m@hé' &Fa Sn& hﬁirn dé g?iags §S§tr1p

r st exarrp e 1S use

gesvisg i Ot £ ogduceds hys 19, 1/ ok Nt V&ah/elrfé"@/\ﬂcn@ 4 Whacghd a
and the gl ass Plate preforn1|s heated at the sane

tePRpERE TP Ra ol tHatnm nl e Heatyfattwsetpl e, As a result
of dr % gtJ) ht_ehe J.Sor?l %& etl% egé)leri?éésh% drzfar\lM% e%(cellent

furnace, a glass s havi ng a Hness
ﬁmrantncca'ldmttnes@,ofth?e MM asndia evaighnesscRp o©f - 30
nmis manufactured. Due to the action of the heljum

*%ﬁ%%%}éﬂr@ﬁw%e%e coltReIHiaRe HHe WiEEess
e Yehead Beh-d OcnSigRl Wulémp%é he £4.88 ngss

and the wavi ness. 15 However, since the heat
C@@Qﬁ@ﬂ$cﬁ]Qﬂrfaﬂgrﬁgm@ﬁmgﬁuxe of the glass and increases a

viscosity of the glass, the roughness is deteriorated.
[0041] Third Example

If the glass plate preform put into the drawing
furnace, the glass strip at a position of the outside
diameter meter shown in Fig. 3, and the glass strip at a
position'of the withdrawal mechanism 30 shown in Fig. 3 are
located relative to one another so that respective axial
centerlines thereof are not aligned linearly, the glass
plate is gradually drawn obliquely. The manufactured glass
strip is, therefore, warped.

This warping quantitatively expresses a synonym for,
for example, the flatness. In this example, the flatness
is 10 pum/mm or more.
f0042) Fourth Example

If a distance between a withdrawal tlp end of the

preform and an lnlet of a withdrawal machlne is ebout 3
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reduces a surface tenperature of the glass and
increases a viscosity of the glass, the roughness is
deteriorated. [0041] Third Exanple If the glass plate
preformput into the drawing 20 furnace, the gl ass
strip at a position of the outx de dlaneter net er
shown in Fig. 3, and the glass strip at a position of
the wi thdrawal nechanism 30 shown in Fig. 3 are

lﬂ&g%fg rglﬁg ﬂ&réﬁ%ﬁere Oﬁ@eélf%ﬂg?.gne %g%ﬁ%%%%@ so that

axXl cent er I nes are no
temedgirmsl% ptmealsl@eadu@tlgomm ofthéd GuBt drdel tip

faqﬁured strip is, therefore, ed. This
% %t%&ﬁ?‘% vE? ytlégp?}é%%%sc%%% 9Hrthe fgkass
91253'3‘&'@43 e‘pré Ferh| B4 NBSenih nO thi I%neﬁc@%@&&éﬁelf{&?t@f%e

O pmmmor nore. 30 [0042] Fourth
Wstm@w%tm@@m@ew thyir dwehg t$ @, etk omanmﬁacw:eéobrgnass

ﬁ%?egg’iglgg ékw§thdramal machi ne i s about 3 22

machi ne alignment is adjusted so
that43n deVFfﬁtMWEiammﬂ@ l'ine that connects the
Wi t hdr end and the inlet to the axial

cent ert§ %egjo?&t Hel G aRr e b at e priioriiiisshgd Hih lepve a
A @tn the Pasidd Oy of h { e o W S Ady gyl Jmehi ng, - By

doi ng so, the manuf act ur ed glass strip is not warped
[D@ﬂ@}nﬁi‘r tBa Exﬁn%)lmTheﬁfglaassewJai eai‘brdafa}rmg sthe glass

Ve, a; wi dt h t hi ckness
B E5 4 P Rl Qe D et e o S TR, naving
raesiel dt1of ol r2sy 1gud hend@l Asishi @tad s preforss bMIltlhEe obtained.
dr.awi furnace, a glass plate having a width of 22.3

MR A IHIEKESS B 90%U5 finallobt & eldss Terlp baving a
#at ness. o(%‘( il B@?W aF:/"v“ga\ell":rl G!ssss o& ?S i gﬂ’\—gj P nL%hness Ra
refighye ssarRane thér of s rhuenaietes. i s manuf act ur ed.

The roughness of the finished glass strip is improved
as compared with the first example. This is due to
reduction of the roughness of the glass plate preform.
Using the colloidal silica slurry, the substrate surface is
poliShed for about 10 minutes. As a result, although the
roughness Ra is improved te 0.3 nanometer, the waviness is
hardly reduced.

[0044] Sixth Example

The glass plate preform is pre-finished to have a
width of 100 mm, a thickness of 2 mm, and a surface
roughness Ra of 4 nm. The glass plate preform is input
intorthe drawing furnace into which helium gas is
introduced by 10 1/min, heated at the same temperature as
that in the fifth example, and drawn. As a result, a glass
plate having a width of 22.3 mm and a thickness of 0.45 mm
is obtained. The drawdown rate is 20%. Finally, a glass
strip having a flatness of 1 um/mm, a waviness of 0.45

nanometer, dnd a roughness Ra of 2 nm is manufactured.
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‘The roughness of the finished glass strip is inproved

as conpared with the first exanple. This is due to
reducti on of the roughness of the glass plate preform
Using the colloidal silica slurry, the substrate
surface is 20. polished for almut 10 m nutes. As a
result, although the roughness Ra is inproved to 0.3
nanoneter, the waviness is hardly reduced. [0044]

“Sixth ﬁﬁ@npbggﬂﬂ@sglB?SEg%aE§¥Pgﬁ%ﬁ{g&5§sp5@;£%nighfgproved

to have a 25"wdth o Nness 0 ﬁn]

-af@ gaospafadevwitbughaessrRa ekadiphen Theigbaskeptaleoidal

p .S Lnput, . into the drawing furpace into which

P Sk DY rob oatRehta e Soh P ars Tachpbashed fer about
sahtremisupesat une aSreEbﬂt,iﬁhéhﬁoﬁ@ﬁﬁ@s§xﬁﬂph§aiﬁ?goved to
draywn. As a result, a glass 30 plate having a wi dth of

29:3 RANGRETArt AnEkhBSsWarineas #in redugpdarned. 1 Theanometer.
dr gpgloywn r | $- 0 . Fi Vi St k] vin
TEorRats of iph . Srandtnobs"sPhBihea kikE £FY, [
apdampteughhess Raldsh2nagnpiscemnufbect U edor23di Fhecult to
r of, the finished glass strip is inproved as
CRPAPEEE tnt R IR 8 Ba ot e LR 6 Lol ora o
séliganster fyughhies substs ahen st £acee | 8hPOL1 $H0sfi9strate
about 10 mnutes. As a result, the roughness Ra Is

| APFOVRUIT 0t DN PEpBRRE cindeRIE 1o awmvipessagretic disk
regusesato, 0 15 0a0epplerye L0043], The. L LN, exan

I
i's conmpared W e Sixth exanpre. Th & porf3hi %ﬁiler as
prtloeesbas$tstsiporavingfa cuhtiness ebf nd NAt gatidReter or less
wavi ness at, a mave'eggth ofhéenn1than to elimnate

r BUghRes S IREe HANDT act TP e°F hES i asSSubsReRied tpherefor, the

AgeHt APl Otihe PF esat g HVEIHE F QL ASY LHe: FBgReTd £aving
disk substrate, it is effective to nake the wavi ness
sharrase aand t Hee gremre B2 Fupe halvi e af wavd pesasrefadidsted,

nanopeter. ot | £88; nand, ness of .2 nmor l.ess. As

a net ho% fher e?%rl,n?he @h]éa agglo%d%}ﬁgf e oF e Thet fagaviness
i o riduricEthl stted tdeadly gyl aige and the roughness thereof.
[0046] As explained above, the glass strip manufactured

by the glass strip manufacturing method according to the

present invention can be applied to various products for

which the flatness and the surface propérty of the glass

 strip are made use of. For example, the glass strip is

suitable as a material for a spacer or a substrate of a

.semiconductor element or a field effect flat panel display.
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15 furnace and the tenperature of the furnace are
adjusted, thereby controlling the relationship

bet ween the wavi ness of the finished glass plate and
t he roughness thereof. [0046] As expl ai ned above, the
gl ass strip manufactured by the glass strip

~manuf acturing nethod according to the 20 present

i nvention can be applied to various products for
which the flatness and the suifgge property of the
glass strip are nmade use of. For exanple, the glass

stri p Rsmapuifeablieziag wehhodrpél af glaasspacep, otha method
S f_a mi.condyct.or elenent or a field .
SPERETHERD lneR S Eory (Sa el ARR-Tos pot Redting ana

manftant ngi aggresboglateapgbassmsii tRint Ren8BENRY furnace,
congrlsing a heating_and draw ng grocess of heati ng

af82vEBet BRAPngLasy Biatpl arelpref spnhavenindas headi plgickness,
f HhRae8rmPndr aW;ng-ther gt gss preformto have a
desiredr?thknggs,s and # ?nvﬁéééfalaSS'strip, wher ei n

at theahedhénfeahdndramilngrpwbogssrothesgl ass plase plate

PEELOLIL 5 Chot0n o0 DpL o] nLernaly pressure, of e

IhAg furnace is

ahawsphgr tGrdfcpr essuept apds 50it8ate 0aBiHL OMS an atmospheric
introduced to both surfaces. of the glass plate

pPEEBF T r 2RPedPi VR e Ehowd ioteadnCcedtherbokk hswefaces

the Bﬁétﬁﬂgsguﬁféﬁg-%%egghﬁ,9£@§€%§E{%ng?gﬁ%g&ﬁ%%iP%% each

nmet hod according to alm1, erern

apthelr awi byl pr beeskeatigasfuisacat roduced to the both
surfaces of the glass plate preformindependently of

each other. 3. The glass strip manufacturing nethod

agcor ding ¢Das20s €l ab Mrdnu PREEEE Tnd NRe 81884 | Sc B £ERS b
before the gas.is introduced into the heating

fotdaRel - A"hqReiy) akstle rhge mapwf aed AT gL mBtDRRCESS, a gas
acgof.di clai , rei ni.sc I ile

e e e oed P B ORI CHS | PR S
nmpreferm ieRepémesnioly|esseafh other.

3. The glass strip manufacturing method according to

claim 1, wherein the gas is preheated before the gas is

introduced into the heating furnace.

4. The glass strip manufacturing method according to
claim 1, wherein a meniscus length while drawing the glass

plate preform is 1.5 times or more and ten times or less of

~a width of the glaés plate preform.

5, The glass strip manufacturing method according to
claim 1, wherein at the heating and drawing process, the
glass plate preform is heated so that a mean viscosity of
the glass plate preform is equal to or higher than 10°
poises and so that a lowest viscosity of a meniscus pért is

equal to or higher than 10°° poises and equal to or lower
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~a width of the glass plate preform 5. The glass strip

manuf acturing nmet hod according to claim1, wherein at
the heating and drawi ng process, the 30 glass plate
preformis heated so that a nean viscosity of the
glass plate preformis equal tan or hi gher than 106

poi ses and so that a | owest viscosity of a neniscus
part is equal to or higher than 105.5 poi ses and
egdah 1070rphowek 25 than 107.6 poises. 6. The glass
strip manufacturing nmethod according to claiml,
wherein at the heating and drawi ng process, the 5

glLass I R4 1 wfactured b rovi di he heatjn
féfnaczh%hg%ggggggﬁ%pt%%n@gﬁggu F%gemﬁgﬁ?érﬁ?%ﬂ opd to
anhedhi by #hepate sbathanneatsnghendl @swshéi Process, the

obtai ned by drawing the glass plate preform and by
cOnt?dl PFAGP tenperaferbdre? Prephentdhydf thaatea tiwg

t ali [ n y. h her .
Pesanerlie 10cLbcet, NERr I PSRl
chaieRlilnghévenacat thde dmacaihy and giaws ngtpipcassaived by
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the heating_and drawi ng process, the glass plate
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to or lower than 20% 9. The glass strip manufacturing
nmet hod according to claiml1, wherein a
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8. The glass strip manufacturing method according to
claim 1, wherein at the heating and drawing process, the
glass plate preform is drawn so that a drawdown rate is

equal to or lower than 20%.

9. The glass strip manufacturing method éccording to
claim 1, wherein a cross-sectional aspect ratio of the
glass strip is equal to or higher than 10 and equal to or

lower than 1000.

10. The glass strip manufacturing method according to
claim 1, wherein after the heating and drawing process, a
shape of the glass strip is measured, a difference between
a target value of the shape and a measured valueAis fed
back to a drawing mechanism, and a velocity of withdrawing

the glass strip is controlled.
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back to a draw ng nechanism and a velocity of

Wi thdrawing the glass strip is controlled. 26 11. .
The gl ass strip manufacturing nethod according to
claim 10, wherein the neasured value is a wdth of the
glass strip. 5 12. The glass st&ip manufacturing

nmet hod according to claiml1l, wherein as the gl ass
plate preform a glass plate consisting of quartz
gkass rBeU§eHss13¢r T, b tuLl i
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pFagémpl Bf ovheraiygl tiss peaseredonsisei ng afwidth of the

.ggié%gogpgggpt glass is used. 14. A glass strip
nur act ur e

by drawi ng a heated glass plate preform
to have a desired thickness, wherein 15 a nean

&ﬁgghness_is equal to or smaller than 200 rim and a
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nm 16. The glass strip according to claim 14, wherein

a flatness is equal to or lower than 0.25 mnmm a
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mmm a waviness at a wavelength of 1 mmis equal to
or sned |TBFaR} hepighness is equal to or smaller than 200 nm

and a width is equal to or smaller than 40 mm.

15. The glass strip according to claim 14, wherein a
flatness is equal to or lower than 0.5 pm/mm, and a

waviness at a wavelength of 1 mm is equal to or smaller

than 10 nm.

16. The glass strip according to claim 14, wherein a
flatness is equal to.or lower than 0.25 um/mm, a waviness
at a wavelength of 1 mm is equal to or smaller than 10 nm,

and the mean roughness is equal to or smaller than 100 nm.

17. The glass strip according to claim 14, wherein a
flatness is equal to or lower than 0.15 pum/mm, a waviness
at a wavelength of 1 mm is equal to or smaller than 0.5

nanometer, and the mean rouchness is equal to or smaller

than 2 nm.




5 nanoneter, and the mean roughness is equal to or
smaller than 0.5 nanoneter. 19. The glass strip
according to claim 14, wherein a material for the
glass strip is quartz glass. 10 20. The glass strip
according to claim 14, whereira material for the
glass strip is nmulticonponent glass. .21. A glass

- substrate manufactured by drawi ng a heated 15 gl ass
plate preformto have a desired thickness, wherein a
mean roughness is equal to or smaller than 200 nm and
alft dt Rhfsgégeal stviprasaariéngt hanc@immi4, wherein a

flatness is equal to or lower than 0.05 um/mm, a waviness
at a wavelength of 1 mm is equal to or smaller than 0.2
nanometer, and the mean roughness is equal to or smaller .

than 0;5 nancmeter.

19. The glass strip according to claim 14, wherein a

material for the glass strip is quartz glass.

20. The glass strip according to claim 14, wherein a

material for the glass strip is multicomponent glass.

21. A glass substrate manufactured by drawing a heated
glass plate preform to have a desired thickness, wherein
a mean roughness is equal to or smaller than 200 nm

and a width is equal to or smaller than 40 mm.




