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1 DESCRIPTION MANUFACTURING METHOD OF GLASS STRIP,
GLASS STRIP, AND GLASS SUBSTRATE 5 TECHNICAL FIELD [0001]
The present invention relates to a manufacturing method of a thin bar-like
glass strip by heating and drawing a thick plate-like glass plate preform, a
glass 10 strip manufactured by this méﬂufacturing method, and a glass
substrate. BACKGROUND ART [0002] An improvement in a flatness and
an improvement ina surface roughness are most important factors for
glass 15 plates used as a substBfe-&f& Séfpitonductor device, a 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
MR A AUBIBS AR BN GTECIHAG TnetRBA Thy CoAtiist SR 291D GLASS

flatness of the manufactured glassiplaterdgtaw, it is required 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 surface
Tedghness ofraversthe ground or polished glass plate is 25 still low, the

round or polished glass plate is generally polished again. Since glas .
[gigféélwith high&r 8%8&%‘&9 ah%"?%aﬁi%é’&‘inr?%é Et%?e,%?isaes‘ﬁ?ﬁlé%&‘f%é%mg
rtheglasss plaie isipalished-thieectimes.sEhes canivertipnakmethog hasi

rohlems in th
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toexecuteralfstepsred by this manufacturing method, and a
glass substrate,

BACKGROUND ART

[0002] An improvement in a flatness and an improvement
in a surface roughnéss are most important factors for glass
plates used as a substrate of a semiconductor device, a
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 is low, 1t is
regquired to grind or polish a surface of the glass plate by
a large quantity aftér manufacturing it to provide a
desired flatness. Conventionally, since a surface
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 reguired 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.

(00033 The convenitional method has many steps and is

poor in productivity. Considering these problems, there is
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[0003] The conventional method has many steps and is poor in
productivity. Considering these problems, there is 2 proposed a method
for manufacturing a thin glass plate having a desired thickness by heating
and softening a glass plate preform ha\éing a predetermined thickness
and an improved surface roughness and by drawing the softened 5 glass
plate (see, for example, Patent Document 1). [0004] To suppress a

Wavinessdof a sur %ce of the thin %?SS £Iate obtained by the thin glass

Diate Maturactiving “method, Thete 18 5ropostd a'méfhod Bt Eafrdifidd <

ttrer iswfacedeaviness mhdisposing ansaiheurtain in atowernkd pattion of ayiass
heating furnace that heats the glass,plate preform and hy cutting off an
D e R B R B Batih
Duecument 2310005} PaterttDecteentd | JgpaneseiPatent Applicatione d

id- . HI[-1992 5 tD t2:J P t
G e SR BT Ton
PROBLEM TOBE SWINED BY WH‘EJI\REJ\I'DIDM[CE)@B#&M\/@/ér,té}ﬁenﬁhin
thesait curtaings disposed iny 20 theJower portion of the heati %{é%%ecg’ring

cut off mixture of the atmosphere from the lower portion thereo
BRAAREd iARE thethod Bigefosed if thiePaeht Dotureint 29 lantmstable

sonvectionchiprent ot gas issstilkgenerated \within the heating funace. . -
Due to this, it is often 25 impossible to suppress the waviness and a

BERding bf fie SutRRe g the thin gf@s biaté. Icideiicr: the arosphere
isreftenmixadinto the heating fumace frogp an reeper pprtien-thergot Ifenin
the unstable convection current _
the 'heating furnace {see, for example, Patent Document 2).
[00G5] Patent Document 1: Japanese Patent Application
Laid-Open No. H11-199255

Patent Document 2: Japanese Patent Application Laid-
Open No. HB-183628
DISCLOSURE OF INVENTION _
PROBLEM TO BE SCLVED BY THE INVENTION
[00C06] 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
withih the heating furnace. Due to this, it is often
impossible tTo suppress the waviness and a bending of the
surface of the thin glass plate. 1In 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 pdrtion of the
hedting furnace, dust within the atmosphere enters the
heating furnace and often adheres to the surface of the

obtained thin glass plate.



of gas is generated within the heating furnace due to the 30 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. 3 The glass surface is evaporated while
heating the glass plate, the evaporated gas is transformed into particles

in ajow temperature portion within the furnace,. and the particles.are . .

deposited on the preform that is being drawn or the glass strip after the

91 3raing thefeby Eﬁﬁsin&‘éaﬁﬁffcteeﬂgefegﬁ The evapdratétf gasE8rodes =©
raghdcdeteriorates a menibemwithinithe furnace or reacté with the mateniate,
anWithin the furnace; therebygenperating:dust or,glass.dust. Jhe.glass.dust ; s
beisn%epg%eg on ;hetgre_eforgna Strslatsi% being dg,r wn or the %Iass strip after the,

rawing, Vt\heré)ljy causin%"a Strface dBfedt. %O?]t@r%bogi?nweln of thé" = =~Y
caprasEnt hvertien provide achanuflcturimiganethiotesf aglassstiprtas and
deensuresza bighs flatness of the glass:stdp ebtained by heatingendwith the

ma dLawing, ensures a loy wayiness and at%{g%'!ag ndié;&lgpgt 5%%10%&5t
D :

adhesion of contaminations to the gfass strip after the heating and
9 @fsiwing #thout hicfeasingScost&glads® stF?ﬁ Paid Beglasesubstat@ e form
thMEANS FOR.CSSQEVING PROBIsEM [6638] According teembodiments:ofig,
rnthesinvention.;a glass strip.having ahigh flatness can be obtained by
[ 0% ing a gl{a%s) late preforn; toﬁmgke gas fl%ws ir]t_rodeucpad to bothVide N
surfaces of é%\% bldte preformieqiai®t & heatihgFand: drawity”
raprocess0009] Inatfirstaspectofthe fiventionthetesis ensures a high
flatness of the glass strip obtained by heating and
drawing, ensures a low waviness and a small bending, and
reduces adheslion 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] Acceording to embodiments of the invention, a
glass strip havincg & high £latness can be obtained by
drawing & glass plate preform to make gas fleows introduced
te both surfaces of the glass plate preform eqgual at a
heating and drawling process.
'ogosg] In a first aspect of the invention, there is
provided a method o¢of manufacturing a glass strip,
comprising: heating and drawing including heating and
softening a glass plate perform Iin a heating furnace; and
drawing a softened glass plate perform with a desired
thickness, wherein the drawing includes wmaintaining a
positive pressurs in the heating furnace with respect to an

atmospheric pressure, and drawing the softened glass plate



provided a method of manufacturing a glass strip, comprising: heating
and drawing including heating and softening a glass plate perform in a
heating furnace; and drawing a softened glass plate perform with a
desired thickness, wherein the drawing includes maintaining a positive
pressure in the heating furnace with fespect to an atmospheric pressure,

p=27d drawing dhe;softened glassplate perform in such a manner thatgas, .

flows become identical on both surfaces of the glass plate perform in the

PohéatiRg ™ futhace, By controllifgHiow rates 6t aitfals iffriduckd af-hothe st ing
fuguriaces usingmass dlolicantrollers. The<'bothSudaces:of ther glassapldateat

bopreferm’s cosrespond 4o twe widersurases-aut afvertical and  horizontal
surfaces of the glass perform plate. The _expression "so as to make gas
flowzﬂ?ilr?trodlﬂ%%g‘?.. eapﬁé aﬁ%%ns that the Glas§ stiip'is n?a‘rﬁ}f%ctu?é% 50"

Cofhiat gas flows are hirade Bgalrand nafirafyFinvelves thé factahat g  and

hoﬁkiwszevemtuadslyﬁﬂ'“tier;fﬁomc&acrt@_t&]er @ya\taé,m@eg@@m‘da@g&@emal The
ex%%ﬁ§g§igH”h%ﬂy0§%'nég]%Qy%%g”gggtO%yg%%boygtl%ﬁﬁﬁggg ... egual”

manufacturing method, at the heating and drawing process, a gas is
neRBrddUded o thetboth-&difacEs b the GlasEplté Sprefoifdindéperdeértly 9as
f ief+eachmtherz Moreover . inaaniembodimeant:of thevabiovesglass: sttipct  that
gaManufactyringmethod, the gasdspreheated before the gas, is introduced, . .

unigg% _%e glfgtigg jurﬂ?c? Eurthermore, in an embodiment_ of the a_bove
§28 S mARGTACHring Metiidd, a meniscus length while drawing the
glas§platespreform isihb mesoromoreand ¢6n times @rcless of aswiddtrip
n@%L¢@H¥§§%H§H%@QﬂQHP-BK”%%@”h@é%lﬁ@bQQH“%¥é§§B%a$9¥%ess, a
ga%azisggtroduced to the both surfaces of the glass plate
preform independentliv of each other.

Moreover, in an embodiment of the above glass strip
manufacturing method, the gas is preheated before the gas
is introduced into the heating furnace.

Furthermore, 1in an embodiment of the above glass strip
manufacturing method, & meniscus length while drawing the
giass plate preform 1s 1.5 times or more and ten times or
less of a width of the glass plate preform.

Moreover, 1in an embodiment of the above glass strip
manufacturing method, at the heating and drawing process,
the glass plate preform is heated so that a mean viscosity
of the glass plate preform is egual to or higher than 10°
poises and so that a lowest viscosity of a meniscus part is
egqual to or higher than 10°° poises and equal to or lower

than 107°° poises.



manufacturing method, at the heating and drawing process, the glass
plate preform is heated so that a mean viscosity of the class plate
preform is equal to or higher than 106 poises and so that a lowest
viscosity of a meniscus part is equal to or higher than i0" poises and
equal to or lower than 101,6 poises.Z5 Furthermore, in an embodiment of

the above glass:strip manufactiring methed.at the heating angd drawing: i
(0cess, .Ihe glass sirip, is manufactured ly;providing the. beating E@”JQQ&%S,
ng

ma%}uza\, r [o4 r{l
" “that softens the glass pldte preform and anarnealing furnace that” .
“hEnrats fhe YiasE strip’ obtamedBy HraRing theRyiads Pidte preférm?&hd "9
fubpeontrollingttensperatures of tite heatirig furmace-and theeanmealing:d  an
anfurnace.independentlyrofzeachrotber. Maneover; insan embosdiment-afthe by
araQue glasg strin, manufactyring method. atthe hegting and drawing 1 1 5 1
__process, a protection film |shforrped ona surface of the glass strip VbeforLe
te{%ﬁﬁ&?a‘?ﬁé”l? FurtRermore” in Anembodimént'st e abdve giass stip” @449
TupTEtactlfif TREMDE . At the Kedtihg®aid drawing process, the glass
plateipreform:is drawnso thataodriavwdownrateis cequabtocor dawerstham » 1o

1220%: The "digwilewn ate” means.a changeof widthybetween before.and -
o Aflerhe grawing.and, (size, of width aftey drawing)/(size of width before, .,

grawmg)lxl'o - Moreover, in an embodiment of the above gllasgstrlp
bedfanBifattaRfg Hiéthod, a cross-sectional aspect ratio of the glass strip is

equalitoiordrigherdthan 10andegual toortlower then 20007<Theiass strip
ma10Fese-seetional aspecidatios refers: toasatio.of awidthiand athickness:ss,
th%f%9g§§5§¥ﬁgg'preform is drawn so that a drawdown rate is
equal to or lower than 20%. The "drawdown rate" means a
change o©of width between before and after the drawing and
{{size o©of width after drawing)/{(size of width before
drawing) =100} .

Moreover, in an embodiment of the above glass strip
manufacturing method, a cross-sectional aspect ratico 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 ratlo of a2 width and a thickness of a cross secticon.

Farthermore, in an embodiment of the above glass strip
manufacturing method, after the heating and drawing
process, a shape o0of the glass strip 1s measured, a
difference between a target wvalue o©of the shape and a
measured wvalue 1s fed back to a drawing mechanism, and a
velocity of withdrawing the glass strip is controlled.

Morecver, in an embodiment of the above glass strip
manufacturing method, the measured



Furthermore, in an embodiment of the above glass strip manufacturing
method, 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 value is fed back to a drawing mechanism, and a velocity of
withdrawing the glass strip is controlled. Moreover, in an embodiment of

vaihe abave glass: striprmanufactyring method, the measured 6 value is a

width of the glass strip. Furthermore, in an embodiment of the above glass
st ARG MBS, BSHRE = i

iment of b =) vV glags “SLrip

giass plate preform; A glass Plate

ma gofisisting ol guartz glass isigsed Mobdovet, iR-BihtémBodifiert of theglass

p1abeve glassstiipg manufacturng metbed; as the-glass plate preform, a
glasg plate consisting of m&"g@&“%%”&”t glass.is “S%%-oQi§C'%%% berein ;
is a g?ass strlp’man[]facthred“ y &ra‘wﬁg a heated glass plate’preform to

mapgfa atdesiret HickHeds, Whereitta meanTolyiiness iF8qaarto op 91ass
o smallentban 200gnmand.a widthisequal ta;orsmaller thasni4d0 mm .
Disclosed petein is, 2,alass strip havmg:a,%g@tneé&@guahm@%@m@n by
0.5 m/mm, and a waviness at a wavelength of 1. mmis equaltoor =~
drefaier than fGhRf TRefetdre Nappig Siep Caitbe SimPIfisd afid £°5+- ¢
thlapiping matetiakhaving artew:polisiagratescarcbegdeptet osa thatthe Lex

chSYrface roughness.of the glass.plate after lappingscanike-improvedo The..
"flatqess"lreferg g a difference between a maximumpointanda ., .
minifUT PO in & Vertcal difecfion” at fwo arbitrary peints on & substrate

eqegrfacéaway frorpweachtathér by | ‘mriiviisty a stip is tut'Gut ekess at @

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

The "flatness" refers to a difference Dbetween a
maximum point and a minimum point in a vertical direction
at two arbitrary pocints on a substrate surface away from
each other by 1 mm when a strip 1s cut out as a substrate
having a necessary area and then the entire substrate 1s
put on a horizontal plane. The "waviness at a wavelength
cf 1 mm" refers to a waviness measured by a mNeasurement
device: ZYZO NEW VIEWZ00 (2YGC Corporation), and refers to
a mean roughness of reglons at all wavelengths egual to or
larger than 50 micrometers within a measurement suriace
range of (0.85 mm)>(0.64 mm). The "mean roughness" refers

to a roughness measured bassed on JIS-BO60LI~2001 and



having a necessary area and then the entire substrate is outon 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 regions at all

wavelengths equal to or larger than 50 micrometers within a
paeasurement surfage srange-ef(0 85mun)x(R:64mmp.=The "mean
rou%h”secsfésr%f&f%é%‘i@‘% hness measured.based on.J13;50601:2000, . .
and 7 particularly to an arithmetic mean height Ra. Discloséd herein is a
edigfdss sStfip k%‘?/inéa"ﬂ%}fne@%ﬂuapmz@r |OWFBf Tan 025 WihkiieEs &t @
wawavinessrat@al wavelength of dumin, iwequal tonel Smallertthan 10 nm, angd

+nihesmean royghness is egual Lo,0n smaller than 100 nm. Thus, it is) oo pm,
possible to dispense with the lapping step depending on purpose
h

Thpitecloséd Hérei 7§ &'glass stip havinyg a fiainéss™ 2qual to ori6wer thars t2

depiBiAimnea waviiess.a a wavelength of 1 mm. is equal to or smaller
thamQ &- D@é}@@et%r_@ﬂ@l th@gm%an @Q@_%ne% ﬁgqu%wﬁ@s@a||€ﬂ dharss
eql M- Thus, ILis possible to dispense with t%/:@%ﬁp'”% stepandthe ..
primary polishing s(fep depénding on purpbtse. isclosed heréin’is a glass
waERipHaiAg aflatnéss "Squal fo of fBtier thaf 0.05 Rrii/im! &iwavifréss at' - °
nadowavelengthref 11ne is.egnal to-osismaller than 62 nanameter, apeiheéesr

-ng1ean rogghnessis equal to or;smallet. than 0.5 nanqmeter, L1hus, s,y

possible to execute only the final polishing step. Disclosed herein is a
la@%%%%tricf)tiﬁglvh%ﬁia maferigf rmary pollishing step depending on
purpose.

Disclosed herein 1is a glass strip having z flatness
equal to or lower than 0.05 pm/mm, a waviness at a
wavelength of 1 mm 1s equal to or smaller than 0.Z
nanomater, and the mean roughness 1s eqgual tc or smaller
than 0.5 nanometer. Thus, it is possible to execute only
the final polishing step.

Disclicsed herein is 2 glass strip in which a material
for the glass strip 1s quartez glass.

Disclosed herein is a glass strip in which a material
for the glaszs strip is multicomponent glass.

Disclosed herein 1s & glass substrate manuiactured by
drawing & heated glass plate prefcrm to have a desired
thickness, wherein 2 mean roughness 1s equal to or smaller

than 200 nm and a width i1s egual to or smaller than 40 mm.
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for the glass strip is quartz glass. Disclosed herein is a glass strip in which
a material. for the glass strip is multicomponent glass. Disclosed herein is
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. 8
BRIEF DESCRIPTION OF DRAWINGS [0010] [Fig. 1] Fig. 1 is a
schematic view of a peaked shape forming step in a manufacturing
pethed oka gfassT stip according to:diwe present invention. 5 [Fig. 2] Fig. 2
[ ematic view of g support rod connected with a proximal end of a
STt probrih: o TG S epdose B of Wbt fraisep =2k
depigting aheatigg indpdrawing process ata glasg st hmanuffcturintass
m@tQOd %%%oorging 1,;[o a&i}rsggr@nbogggerrl} of jf%% 1r9tpr&§ent invention. [Fig.
i] IJ—:igz.)4 is'a scﬁem%tic view of 4 met%og for mef'rodhcm'g gas into a
h&ating fuinadeiconducted im thehglass stripvrhanufattuwingupethod rod
acqardinada (e inyentpn. g, 9] BigaSisa graphola drawdow iale, ;.
uring 15 drawing. [Fig. 6] Fig. 6 is a graph of a Change rate of a cross-
ddictipnaldspdtt vaticdadcordingatd $PASESSTY of ey gass iRt prafame.r

EEPLANATJONS OFLELTERS QRMYME 2R (0011 1 Glass plate s
preform 2 Heater 3 Support rod 10 Heating furnace
manufacturing method according to a first embodiment of the

present inventilon.

[Fig. 4] Fig. 4 is a schematic view of a method for
introducing gas into a heating furnace conducted in the
glass strip manufacturing method according to the invention.
[Fig. 5} Fig. 5 is a graph of a drawdown rate during
drawing.

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

EXPLANATIONS OF LETTERE OR NUMERALS

f00113 i} Glass plate preform
2 Heater
3 Support rod

10 Heating furnace
11 Glass strip
15 Heater
BEST MODE (5} FOR CARRYING OUT THE INVENT T ON
[0012] Exemplary embodiments of a manufacturing method
of a glass sirip according to the present 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 ©f a peaked shape forming
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11 Glass strip 25 15 Heater BEST MODE(S) FOR CARRYING OUT THE

INVENTION [0012] Exemplary embodiments of a manufacturing method

of a glass strip according to the present invention are explained in detalil

below with reference to the 30 accompanying drawings. The present

invention is not limited by the embodimg&nts. First Embodiment Fig. 1 is a

schematic view of a peaked shape forming 9 step in a manufacturing

method of a glass strip according to the present invention. According to

thesfirstirenabodiment & longrpglane: glass ptate prefoamsl istused ascaording
refr mater | for the I plat f sb5(Q %

fenak% tﬁe%fa%sgp gte%r% or%n ?iave%gé%%ace tatfsé}lrl:c%{v%z ja'l%%hlckness

donsiarand & flamessofails withinea prederdmined fange (0.1 mmABY as a

mm 49,901 Wﬁ&@&@;th@o@a%%'ag%% peeform 1is 9;%‘}[&%%59”1 both

surfaces thereof. Thereafter, the glass plate 10 preform 1 is subjected to

flarns Holishing or mEchamdd peIRBhiee il REednigssdibstantidipve a

tansparents 49« preveny;gragking, carners ottheiglass plate preform l.are
chamfered to 0.5 mm radius or more. A glass plate preform havmg a

lehgiH6rshot A 4 lfetsr Ch iWldth SFE50S R 1A 25 thigRAEss6F- 10 BIRmMOC mm

and a syrfage yowghness, Rawé Oé)ﬁaﬁycm@r ISusedrA 1 is ground
cross-sectional asggect ratio of the Fglass Rlate preform 1 is 32.45. At this

SER™a B Ehd o e §lass Piaté Preform §%ﬁ‘§d?eeﬁea (ARG prate
@wamb&npqrtim opudhe diptend todagilitate afisstidraning 20 opergiion iat &l

ngyg%aﬂgcgﬁwug’%ggggégnégsstantlally transparent. To
prevent cracking, corners of the glass plate preform 1 are
chamfered to 0.5 mm radius or more. A glass plate preform
having a length of about 1 meter, a width of 350.5 mm, a
thickness of 10.8 mm, and a surface roughness Ra of 0.05
micrometer is used. A cross-sectional aspect ratio of the
glass plate preform 1 is 32.45. At this step, a tip end of
the glass plate preform 1 is made peaked to form a pyramid
portion on the fip end to facilitate a first drawing
operation at a next heating 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, ‘
[0013] At this step, a longitudinal intermediate portion
la of the glass plate preform 1 1is preheated by the heater
2 and longitudinél both ends of the glass plate preform 1
are pulled in A directions, respectively. Thus, the
intermediate portion 1& 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 triangle. This
enables smooth operation of initially drawing the glass
plate preform 1 at the next heating and drawing process.

[00141 Fig. 2 is a schematic view of a support rod 3
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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. [0013] At this step, a longitudinal intermediate portion 25 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 )
BTN ER Made sﬁb?t%ﬂﬁéff?@ria%ﬁla‘?,faﬁiﬁ%egé@ﬁré}gﬁfﬁofﬁéﬁﬁéD rmoL.
Aanmed en@n-apex efithe thangle~This enablessmaoth opesationef:

initially drawing the %Iass plate preform 1 at the next heating and drawing
%%cféi@.“s[oél&]fﬁg. 518 & Sehmatic Vigw BP& stifport Yod 310 7€ @
eoanectednvithea preximath endiof the glass plate prefoim 1 Aftertipands cr
algg rear en%% ?f %e\aeral glas§: n%)klate reforms_1 are coupged with one

% ' ined R, theSuppBr T s tonnd&ed

another 16 J|f)rovide A p?efde%er
fthi 5. the praximakend: ot a reareglads: plate-peeferm teThismfaciliates a hot

inputting the glass plate preform_1 into a hot drawer, and the glass plate .
dp:%% o?r#l 8&% b‘é%%eﬁ‘u%tso i ? %]Fc?xi a (J-E‘OIQI Withott \ﬁ/;jgtéiéngug?fﬁ?l pgﬁ of® *te
itr f00ed Figs iBisval pérspectivestienwcofahe hotdrawetr, 10.depicting the
gprocess in_the Ia%s strip manufact
1ve 'Vige O

Q@?grgdqmzng)?ﬁeg:?st ejfnsboddi%%ﬁts.}fgﬁ this embodlr%entf a%ﬁgegt%](g%:t%%%yer ’
theating ithe dglass plate preforan dnd aedrawingeprocess of draviing othes s
heated ad saflenord gags piate Prelom ote.a,deslfed 13 igkiigss are
simultaneously executed. A hot drawer 50 Includes a heating furnace 10,

el isTanelectrien rédistaneafgriate that hedtsthieiglass pkite pfeformting
i@ glass plate prefcorm and a drawing process of drawing
the heated and softened glass plate preform into a desired
thickness are simultaneously executed. A hot drawer 50
includes a heating furnace 10, which 1s an electric
resistance furnace that heats the glass plate preform 1, a
preform feed mechanism Z0 that feeds the glass plate
preform 1 intce the heating furnace 10, and a withdrawal
mechanism 30 that withdraws a glass strip 11 freom the
heating furnace 10. A heater 15 serving as a heating unit
that heats the glass plate preform 1 is dispcesed in the
heating furnace 10.

[0016] A gas flange ¢ 1ls provided in an upper porticn 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 pesitive relative to an atmospheric pressure, and to
make gas flows Introduced to the both surfaces of the glass
plate preform 1 egual. 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 i1s introduced to the both surfaces of
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preform feed mechanism 20 that feeds the glass plate preform 1 into the
heating furnace 10, and a withdrawal 20 mechanism 30 that withdraws a
glass strip 11 from the heating furnace 10. A heater 15 serving as a
heating unit that heats the glass plate preform ]. is disposed in the
heating furnace 10. [0016] A gas flangei.@ is provided in an upper portion
of 25 the heating furnace 10 to introduce gas to the both surfaces of the
class plate preform | independently of each other, to keep an internal

- pressure:cfdhe heating furnaee 10 positive celative: tosam atraaspheric

pressuréa %to make asfows introduced to the b th surfaces of the
30'prat

giass p?é)foFmel Gl B A5 S crbiskag or%?oﬁ%&ﬁ%”i?ed by
IﬁEﬁtmgﬁﬁlmaoedlrﬁ;mlamexamplmgha nmhmécfmmterbglucmg thegasnlet is

nto t 5 h g urna e..As shown | 4 he is introduced to the
l?oltﬁ SUF ace 0 %dglalélstgla?e orm % d% ?ow raTte% of the G& gas

introdaced tONﬂheItR:iiah’ sarfaueiﬂme@baneeoomnmﬂed tystasbiloweon in a
%P{‘éﬁ?}lec?f&\é%%i)oﬁe%q?%{ 'ygeﬁwher&@g 1S R 5%%%0'1"'0"3" Intg.a

plurality of inlets on one 5 su yau orm temperature
distripuinientin a Twidtle dirsetich ebthelglass plate prafos ¢ wanlhe provided

qmaigegrl{ngpﬁ Mare.gas ilets afe preferably provided. in.adrawing; o

direction. With this arrangement, it is possible to ensure preventing
AXEFFEOF thd atriBspHete P16 TiRtb the heddirg furRacd [DDE7IByasRGere

sueha method, Q@ﬂgﬁgnqﬁﬁgrg@églows are created within the heating
furnace to prevent generation of an unstable convection current of

By thtiforciblf Yerdatng tiiatghs Aot iftin tf??ﬁﬁﬁ&é@%?akﬁéﬂoﬁ%é%&ﬁ are

created within the heating furnace to prevent generation of
an unstable convection current of gas. By thus forcibly
creating the gas flows within the furnace, stable flows can
be realized in a longitudinal direction and heat conduction
between the gas and the glass plate preform or the glass
strip after drawing is stabilized. Therefore, the flatness
of the surface of the glass strip can be improved. Since
solidified portions of a meniscus are made eqgual 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, mizxture 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. It is also preferable to preheat the gas

introduced into the heating furnace to about 400°C to
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10

20

15 be realized in a longitudinal direction and heat conduction between the
gas and the glass plate preform or the glass strip after drawing is
stabilized. Therefore, the flatness of the surface of the glass strip can be
improved. Since solidified portions of @' meniscus are made equal
between 20 both surfaces of the glass strip, the bending of the glass strip
can be suppressed. Besides, by keeping the internal pressure of the
té4ting fu%&é@%%ﬁvé%‘%‘ﬁ%%%el atrfiB8pRBFic Preséure mixttife
ofdustiinto the beating: furnaces1d canbe preventedr 25J0048m. It is
Alternatively, ascending gas flows ca) be,gregted. within.he heating . ,
furnace. N2, Ar, Be, or a mixture thereof is used as the gas introduced
Rt the-hdafingTafitace IFasmuiticoripoReRt Hass id G8ed Tor thelglgse ssary
flate-preferan the atmosphere 30 canthe used as-the=gas introduced into
eating furnace, in which.case, the clean air with a lower water
it i prefon S WAt T LGS prbtar s frehaire
Jatredaceddintd thie hedting farvdce to about 200C {0 ¢2r12000mAleed
reheating temperature is-appropriatelradiusted accordingto;the city of
aterial for the glass plate preform. It is efficient if a heat generated by _-
R ot fmace o in A ekl RS to LoEeh s dhe ordh et st
ptisfunnecessary 5tonseparatety provideegas préheatitig héaternfp@d9;, the

g}’ﬂéé"%sd%'m?edig‘?@%o@? glass.plate, preform, copsisting of the quartz glass, |

Is used. The preform feed mechanism 20 moves the glass plate preform
gt d\el6city: BF CabBiR 4 Fimimir. The Heating futhdcd 167 heats the'§rassn s
platei 10 preform lsatsa temperature aflabeutd:86QCHAL this momentcthey of

Ylass plate preform 1 hag a viscosity of 10, poises, TheISIUe. ;o =50 m.

The "meniscus lengih™ means herein a distance from a part having
the same preform width as an original preform width to & part
having a width egual to that of a glass strip to be formed. The
length of the meniscus thus formed is contrcelled to be egqual to
or greater than 1.5 times and equal to or less than ten times as
large as a widith 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 breoad and increasing a heat zone.
Preneating the gas introduced into the furnace also contributes
to increasing the meniscus length.

(00201 As shown 1n Fig. 3, an annealing furnace that anneals
the glass strip may be provided between the heating furnace 10

and a measuring device 7. The annealing furnace is preferably

i

set to bes able to annsal 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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the glass plate preform 1 is softened. The withdrawal mechanism 30
withdraws a softened glass plate preform 1 at a velocity of about 5 m/min.
At this moment, a meniscus length is F")L%O mm. 15 The "meniscus length"
means herein a distance from a part having the same preform width as
an original preform width to a part having a width equal to that of a glass
strip. to be formed. The length of the meniscus thus formed is controlled.to

el t6 0  greater thar 15 fithes andPeduat to or [esSkivan tef timas = °

A920 large asia-width of the-prefarp by @ structureofdhe heater within qing
the furnace. The meniscus length can be increased by setting a

ga
tefparattfe- distributibR ot the Reafing furfiace itfa Swithdrawar diteétich
asiabread angd increasing aheat zongs Rieheatingrthegas-introduced:c s can
into the furnace also contributes 25 to increasing the meniscus length.
460551 As¥town in Fig. 3, an annealing furnace that anneals the glass
strip may be prayided-betweenstherheating furnage-10-and aimeasusingsed
device 7. The annealing furnace is preferably set to be able to anneal the
PGS sthif Tn BB Mpetataré fange” 30 from haffto ?WS-%ﬁiF@ Fa gikes ~7¢
matesakseftening temperature. Héhe glass platerd3 preformeoonsists oft 1m
the quartz glass,fa temperature of t@e Tangealin&furnavce is %eifﬂably
APout 800C7BY providing’ th%%%r?eé%ﬁ firnace, trains ‘of the glass strip
ane rreteasedancka glassstrip havingféwee sorfacédefettsscars Srhe 11
obtained. [0021] A protection-film coating device 8, is disposed under,the
I?nee‘zfsjfffin'gh ev%l"ea§slt is prefera Iect%%t'%wce%Spr(‘)'qt"égtgonaifiI%l(l:ggtir{:goa%vigé
Bforrhs asprotectiondilmoeonsisting obresirs amiorphous carbohy or a self
%94%%%%¥%§E?a¥?%VOQﬁ%%%?QPF‘¥§h8é$§§ﬁﬁgp%é reduce damages on

the surface of the glass strip 11 and to prevent adhesion

A

of contaminations to the surface of the glass strip 11.
The“glass strip 11 having the protection £ilm formed on the
surface is high in strength, so that the glass strip 11 can
be wound around a bebbin 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 1s 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 tensicn measured by the tension meter 1s constant, a
shape of the glass strip obtained by the drawing can be
stabilized. If the measured tensicn 1s high, the
temperature of the heating furnace i1s ralsed. If the
measured tension is low, the temperature ls reduced.

(06237 As a result, the glass plate preform 1 is drawn
to the glass strip 11 having & width of 2Z0.58 mm and a
thickness of (.60 mm. Namely, the glass strip 11 having a

cross-sectional aspect ratio of 34.24 is formed. 1In this
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~ before the glass strip 11 contacts with a guide roll 5. A thickness of the

coating is preferably 0.1 to 10 micrometers, with which it is possible to
reduce damages on the surface of the glass strip 11 and to prevent
adhesion 15 of contaminations to the surface of the glass strip 11. The

glass strip 11 having the protection filmférmed on the surface 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
a20dhitkeess theteof. [0022}A terisionpmeter. Qds disposadiundersthes the

: prgtectlon-fllm caatin hd@g/lcg 8. Trée tension meter 9 _measures a tensiaon

for %?tﬁdf’a{tvﬁjﬁa the glass strlf)} 11 y con %ﬁfﬁ%@ihiej%eem%%?a Greof IR 1E5S
keatingtfariscedsothat 25the terisiors measured Byntherterdsionmgetedisesion

Of t tri ' h ' b
o A S S B g
farracens raiskhd. Hilkhe indgasuret tarisiomisdowp thestehwperaterpe ishe

reduced, 30 [0023] A5 a resulty he,glass, platepreform, 1,15, drawn, 10 18 . v ; e
glass strip 11 having a width of 20.58 mm and a thickness of 0.601 mm.
NiamEelRe tie Blass st £1 Waging e Tréssisdctionakaspeet ratisof 3494

is farmed, in this J4. gmbodiment, with a\dew of improyingsthe flatness ofe £ o rm

the glass strip 11 thus formed, reducing the surface waviness™ and the _
Sy dhthehGlaks atribt dnd vedhicisy adhésiod ‘sitnidiinatidds /ptained

the glasssstepafier heaiingand 5 drawing ke drawing4s pedormed 8@ A8ss of
to keep the internal pressure of the heating furnace positive relative to

tRe AtiBpReric presstFeandto Fiake tRé ghdflofentaninations adhering

to the surface is 0.01 piece/m. The contaminations are
measured by an optical microscope or an electron microscope
and the waviness is measured by an AFM (atomic force
microscope), a laser microscope, or a stylus roughness
meter.

[CQz4] At this time, a drawdown rate 1s about 6% and a
mean surface roughness (Ra) is 4 nm. Fig. 5 1s 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 roughness. "Ra"
indicates an arithmetic mean height defined in JIS BO601I~
2001 and is used to represent the surface roughness.
Herein, a roughness change 1s expressed by Ray/Ra, which
indicates how Ra is changed from Ra (Ray) 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 sc that the drawdown rate
is egual to or lower than 20%, the surface roughness can be
improved as compared with the glass plate preform 1 before
the dxawing._-lt is also discovered that a desired surface
roughness can be obtained.

{00257 The glass plate preform 1 consisting of the
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introduced to the both surfaces of the glass plate preform equal in the
heating furnace. The glass strip 11 obtained 10 in this embodiment has a
waviness of 2 nm and a flatness of 0. én/mm. An adhesion rate of the
contaminations adhering to the surfaceé’is 0.01 piece/m. The
contaminations are measured by an optical microscope or an electron
microscope_and the waviness is measured by an AFM r(latomic force 15
(?Hi%ffds%ogé)n‘,saj lak8r FiGB8coe, ofa SHilis roughiedy” mster (60241 4t
dhisdime, ray drawvdowen rate 4 about-6%mand-a vmean surfgce raughtessrature
(Rayis.4 nm.Fig. 5 Is.a graph for _explaining & draudoyn rgte duuring the

raw : a |

%g. In Fig. orizontar axis indicates e drawdown rate and a

- yetical pxisdndicatestha surfage seughnessyRal indigatgs:an arithmetic, e

mean height defined in JIS BO601- 2001 and is used to represent the
Shirface t6ughinett Heérkin: Hroughiess Brangd & ‘expréssed by'Rab/Ra
which 25 dndicateshove Rads ghasged from Ra{Raa) before e drawingnt,
when the glass plate preform is drawn at a predetermined drawdown rate.
11§ discovered that by “dfawind fie Glads platé préfofm so'that e~ *
crawdewn ratends equalde of fowersthan 2056, 4be surfase reughnesscanio is
be 30 improved as compared with the glass plate preform 1 before the
Wratiing it is 5Is%m&‘ﬁs“(%vreré‘§ ?ﬁla?aﬁdeg?ﬁe%nssu r#a%aéL rd‘u%% na§§§’ %Jghl pe vElue
obtained.]0025ET he glass plate«preformst sensisting:of theddboquaetzio ((1-
glass s drawn at e same drawdown rate as that aceording fq the first
mbodiment with on y ﬁ1‘é‘“tempe“fature c%angég. I aatemp% ature of the
heaterdhat heats the glassiplate’preforir dvis. setito TA90Canlalbisolyute
g%gfler than 7%. If the temperature of the heating furnace

is set to 1980°C, then the viscosity of the glass plate
preform 1 is about 10° poises, the absolute value of the
change rate of the cross-sectional aspect ratio is 49.6%,
and the surface roughness Ra is 1.7 nm. After thus
repeating variocus 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
crogs~gectional aspect ratio of the glass plate preform
pefore heating and drawing is egual to that of the glass
strip after heating and drawing.

[00Z8] | Fig. & is a graph of the drawdown rate and the change
rate of the cross-sectional aspect ratlo when the viscosity of
the glass plate prefcorm 1 isg changed. In Fig. 6, a herizontal
axis indicates the drawdown rate and & vertical axzils indicates
the change rate of the cross-sectional aspect ratio. As shown
in Fig 6, in drawing the glass plate preform 1 at sz tTemperature
at which the viscosity of the glass plate preform 1 is 10°
poises, 1f the drawdown rate i1s reduced, the change rate of the

cross—-secticnal aspect ratio is increased. In drawing the glass
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5 of a change rate of the cross-sectional aspect ratio is 6.3% and a
surface roughness Ra is 8 nm. At this moment, the viscosity of the glass
plate preform 1 is about 10" poises. "The change of the cross-sectional
aspect ratio is equal to or smaller than 7%" means that the absolute value
10 of the change rate of the cross-sectippal aspect ratio ((1-
(cross-sectional aspect ratio before drawing)/(cross- sectional aspect ratio
after drawing)) is equal to or smaller than 7%. If the temperature of the

haating fynaceis set fa 13806 rthentha viscosity,afithg glass plate-d2i vy of
preform 1 is about 10 poises, the absolute value of the change rate of the

{rbgs-Bbetichal HapECPRiEIS RO 69 S ahdl the 2iffate réliGhhess HE R

hfdwaohtienthts repeating vaHoUs BXpeiifaents, therBvetorhas cross-
discovered _that a glass strip having a high flatness can be obtained 20 b

[FESnGCAT ARG the §fast prae gréformith thatithe Trosiedciphd), drav
aspecyratiosofdheglass-plate-preform thefore heatingand dawing-isss -

equal to that of the glass strip after heating and drawing. [0026] Fig. 6 is a
B BT GRS TAE A (e S BAGS Cob 18 of Bk Ebtekebtont®
aspestraticawhep thef visnodityief theedlass plage peeform 1ds changed.ta or
E'ig. 6, a harizontal saxis indicates the drawdown rate and a yertical axis
i}r%g%%?ers ht%eagh;ﬁ]ége‘?otlestﬁsfhe crfc})%ss?sgc?igﬁgltas‘ﬁ]é%f: Pa%fb).é ss o%i/%hein
Figr6l ircdrawing the glasstplate preformud at &tempetatgiec30 atwhich0®>

108 vircosity of e dlpse plale PIRIGUD 1ipll) pgises, i NGdraNAONN. ;o e
rate is reduced, the change rate of the cross-sectional aspect'ratio Is
inéreased. latdra®iaf thesglass a6aplatesprefdrm bt a tempergtuferathex

whigh the;viscosity of the glass plate preform 1 is 106 poises, even if the

100271 After the flatness and the surface roughness of
the glass plate preform 1 before the drawing are increased
to 0.5 or -0.5 micrometer and 0.0l micrometer, respectively,
the glass plate preform 1 is drawn under conditions that
the change rate of the cross-sectional aspect ratio is
egqual 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 pm/mm and a surface roughness of
0.5 nanometer can be obtained. The flatness and the
surface roughness of the obtained glass strip 11 can be
arbitrarily changed by changing those of the giass plate
preform 1 before the drawing, respectively.

10028] 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 xroll 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 ﬁhickness 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
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drawdown rate is reduced, the change rate of the cross- sectional aspect

ratio can be kept low. To heat and draw 5 the glass plate preform 1

without changing the cross- sectional aspect ratio, therefore, the viscosity

of the glass plate preform 1 is preferably set to be equal to or higher than

106 poises. If a lowest viscosity of the preniscus part is set to be equal to

or higher than 105.5 10 poises and equal to or lower than 107'6 poises,

the change rate of the cross-sectional aspect ratio can be further

reduced. [0927}After-theflataess,ane thersusfacesoughnessof; the.glass in

plate preform 1 before the drawing are increased 15to 0.5 or-0.5

tHicrGMetéSaind 8.01%hicrdrhéte IréepebfiveR/ thé gldiebiaetefoim Pl ted

ariawin: undereconditionsdhat the change rate of the cross-sectional aspect
or lower than 70{0 gndgD at the drawdown rate is equal to

Wik I |
garé :@%‘vﬁeﬁﬂﬁ é%%? Us “the Glass sthip %aa%HgWaﬁ?S??&F@.ﬁg device

- pmimmtand asuface robghnessiofri. Shandmeieneari ba abtained. Ehe

flatness and the .surface royghness of the ohtained glass strip 11 can be
R e e AR S S rots
therdrawingn réspettivelo 25 1Q028] ke guide:ralk5 foregpieuentingativisting The
;afetgguqléas Sip, L1 i provided aﬂﬂ@%agvgg!%% f@&?g@“% is also
urnace 10. The measuring device 7 is provided betwéen the heating
fupthdestand théguideiofl 52 The mreaBaringtevite Timeasdresdhe ck

shape.ofhe glags.stp dily 30 HOWeVEr, SiNGe it 1S, poteasior s

continuously and accurately measure the thickness of the glass strip 11

FeHbREd 8'abottes- S Fhiny the fiedsaiing deviée 735 askd 16 lineasurbithehis
wigith, af therglass; strip-lik: Jhesmeaswing 1 ed while a withdrawal

velocity control is.assumed as a main control and a preform
feed velocity control is assumed a sub control so as to
stabilize the shape of the glass strip 11 after the drawing.
A withdrawal velocity control cycle is 0.1 to 2 seconds
whereas a preform feed velocity control cycle is set 10 to
100 times as long as the withdrawal velocity control cycle,
thereby eliminating control system interference.

[0030] 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 eqgual 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 cccur 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 1s 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 i5a, 15b, and 15¢ arranged in a
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17 device is preferably disposed right under the drawer, in which case, a
solidifying point of the meniscus is located within. the furnace. [0029] A
measured value obtained by the measuring device 5 7 is fed back to the
preform feed mechanism 20 via a feedback route 13. The preform feed
mechanism 20 controls a preform feed\elocity based on this feedback
value. The measured value obtained by the measuring device 7 is also
fed back to the withdrawal mechanism 30 via a feedback 10 route 14. The
Witheéreiwab machapisnl B0wbntrotgra awithidrawhivelotity baded-on the

feedback valugIn.this %%di@fgeeveg)oi%%%ﬁogaﬁ%é'egowg%%ﬁl ble

withdrawal velocity control is aSsumed as a main control and a preform
feedarteciydontroP s &ssumed &b control so as to 15 stabilize the

shapgof the glassspdl Liaftenthe drawing. A withgrawal velagify contral,
cycle is 0.1 to 2 seconds whereas a preform feed velocity control cycCle is

SétPtot 106 RinfestRIRAY &yt WitidraWwakve BERIéSRFoldyeRs trean of
therehy: eliminating captralsystem-interferencen 20 {QA30JANeatiNG ss strip
operation (heating and drawing process) executed within the heating

futnace £6TrePl&ined FAP ¥hé heahiid aRd 6ratingritdss thétglags®
platerpreform: 4 gistheated sodhatithednean viscosity of the glass plate

prefarm 1 is equal to or higher than 106 poises. If the 25 glass plate
6@%@ 1 having& Féﬁ&ﬁ%ﬁ%ﬁ’ Cro%s%%g'ontgaﬁsg&ra? gBr]IJfIaCEOOJ“S the

tenperatste distridytiontends $0 ancurite theqreformahecauseraftheed
digmeellesicopbion betiemn e leelon e o of
480 terhperatarterdistriblition infaispate fommedby the heatevisincrease a
hardness of the surface of the glass strip 11 which is not
completely solidified and to prevent the surface of the
glass strip 11 from being damaged by the guide roll 5 or
the like. |

[0033] In this embodiment, the glass plate preform 1
consisting of the QUartz glass i1s 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
guartz glass may be used. The multicomponent glass is
normally lower in softening temperature than the qguartz
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 adiusted 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
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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 18 direction perpendicular to a direction

to a forward direction of the glass plate preform and controllable
independently of one another. [0031] Algroove is cut out in a surface of

the glass 5 strip 11 thus formed by a cutter 21 provided downstream of

the withdrawal mechanism 30, and the resultant glass strip 11 is bent and
ciitthy a capstani(iiot shavinkto kave & qniformdength obabout-hmeten’-°
0032] Alternatively, a.unit.that forcibly cools the 10 glass, strip 11, such ,
B B e proled Ao ataat o e FoclAg Hidach 3 aher
adherelnyithe swrfaeewsttthecgladsy stripritleis gjuickhecatled solas toeated to

increa of f f S ' ich.is n
B T e e S S rppever

fromibdihg damsaged Wﬁ@gui@é%lﬁ@@Sth_éT_FiIZéP[ODQB]iIWIhFS suf _ficient
S'E‘P&Q‘g\mﬁmt the,glass plate preform &y, consisting, of the, quartziglags.is

used. Alternatively, the glass plate preform 1 consisting of a material that
PO -EBAtITS Riltice®iponent glass such as alumina-containing,

barpte-contairing.SfSaskalimegontaining multicomponent glass as well
as alkali metal and metal, and a material having a lower softening

temperAfifi e AR that Of the® YRS ko) e usedt TReheating and
medticompanent glass is 25 nesmally lowerdn spftering demperatyre-than

the quartz Ifglass and can be machined by a relatively simple heating

Bt O ENE, (e BO1SieSEoraNTYy Glass BEn BeasS Strib 11 are

doped with nitrogen to improve rigidity of the surfaces
thereof. In addition, right after the heating and drawing

process, the glass strip 11 is caused to pass through an

ammonium gas atmosphere and the surfaces of the glass strip

1l are doped with nitrogen to improve the'rigidity of the
surfaces thereof. Simiiarly to the first embodiment, gas

is introduced to the both surfaces of the glass 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 i1s possible to prevent the surface
of the glass strip 11 from being damaged by the guide roll
5 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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machined at about 1260C. If such a multicomponent glass is used,
machining temperature is adjusted to an optimum 30 temperature for the
material. Specifically, a machining temperature at which the mean
viscosity of the glass plate preform is equal to or higher than 106 poises
and at which the lowest viscosity of the tneniscus part is equal to or 19
higher than 105'5 poises and equal to or lower than 10"6 poises may be
selected. The quartz glass having the higher softening temperature, by

geatasigheedstohe beateddn Highitemperature and instatlation loaghisrphous
high. However, 5 with the quartz glass, the glass strip.having a sufficient
SHShEvio e 1 GATRe BAAT MHBUTE orar PR e e o
[1034¢ Sesond Emlgodiment Apeerding:toté secondfermbedinferithat @lass
heatin d 10 drawing progess, nitrogen gas is introduced into the

ﬁgé:tﬂfg u%n%eOTO%%H%%r Aces %?%th’e glass strip 11 are doped with

nigr@gen to improvegigidifycotthelsusidees rthsrect.sn fauditioh, ¢ight affelthe
fhe1eating,and dianing, ogess, Mg Aipse SUIRLL I GASed 0 NARent .
%rough an 15 ammonium gas atmosphere and the surfaces of the glass

strip 1T1ape doped with ritkegen & itdiprove tHe ity of thef Suifates 2
@&%%%é'@ﬁ@{éfet‘? the figst, pmbodiment. gas, isdatredycad tothe.hothy, 4
surfaces of the glass plate preform | independently of each other, the
iAESIBARZC PrEsstife 6Pthedidating farneREMds ket posifive tefiiva s 9iass

the.atmospheric pressuee, ansddhe gas.flows, introduced ta ghebeth a 1ow

. surfaces of the glass plate%)reform 1 are made equal to each other.

[DOBSFBY Willsliprprbving U Fgidhty ot thE safacoeP solution),
mechanically (by polishing, lapping or the like), by

coating the cut surfaces with an inorganic matter such as
gquartz of titanium oxide, or by a femtosecond laserx.
Thereafter, the protection film is peeled off so as not to
damage the glass strip by a wet process using a solvent or
an ultrasonic wave or by a dry process using Op plasma.
[0038] The substrate surface 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 alsc simultanecusly
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.
f0039] 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 resulf, a glass
plate having a width of 22.3 mm and a thickness of 0.45 mm

is obtained. A drawdown rate is 20%. Finally, a glass
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25 the glass strip 11, it is possible to prevent the surface of the glass strip

11 from being damaged by the guide roll 5 or the like. Preferably, a

protection film consisting of resin, amgpphous carbon, or a self-lubricating
material is formed on the surface of the glass strip 11. 30 [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
Plass sty 11%@ré dbpad Withaniftbgen Fght &fterhe&ting Etr20 drawily, 2nd

dhe protestion film copsisting, of resin, amerphous- Larbon, or the
self-lubricating material may be formed on the glass strip 11 to prevent

tHE Sbiffaces offHe'gladsi&tip £1 from being damaged. 5 [0037] A
magneticdisk substeate is farmedout-ofithe glassstipabtaigedhat of the
according to the first embodiment. The obtained glass strip is first cut off
Iritd S desifed shApe- A Bensity ‘dégeherated Sa7EIPoR whichiged-  Helium
£OBPressive syess agtsyis formed:within arsubstiate:glags kP meana eut and
surface chemically (by an etching with a low cpgcentration hydrofluoric
il dqiesudséilifiory” méeancally By Polishing MappiGor tRERREF by™ ©
£oating the eut-swrfates svth-arinorganicarattersuchlas goadzofing the
itfanium (ixide, or %}/ﬁa femtosecond laser.. 15 Thereatfter, the protection

i o
il 1S peefetoff 46 48 ot 1o’ daiage the gidss St by 4 wet process™ = 2

Msing-a selvent on anultsasonic Wave.ar by:a JeiRIeeess ¥sing 0., and a
plasma. [0038] The substrate surface is polished using a colloidal silica
LRitE iRerebiholishing oMe suffdte By 26 B2 Fitrometer. It is thus

possibte to eliminate a distortediayer-omthesuifageandhalsay excellent
simultaneously . . . .

heat ceondudtivity, the giass 1s avenly heated o
gimultanecusly ilmprove the flatness and the waviness.
However, since the heat conduction of the helium gas
reduces a surface temperature of the glass and increases a
viscosity of the glass, the rocughness is detericorated.
[00471] Third Example

If the glass plate preform put into the drawing
furnace, the glass strip at a position of the measuring
device 7 shown in Fig. 3, and the glass strip at a pesition
of the withdrawal mechanism 30 shown in Fig. 3 are located
relative to one another so that respective axial
centerlines thereof are not aiigned linearlv, The glass
plate 1s gradually drawn obliguely. The manufactured glass
strip 18, therefcre, warped.

This warping guanititatively expresses a synonym for,
for example, the flatness. In this example, the flatness
ig 10 um/mm or more.

(00427 Fourth Example
If a distance between a withdrawal tip end of the

preform and an inlet of a withdrawzsl machine is about 3
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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 25 polishing can be reduced. [0039] First Example A

glass plate preform having a width of 2100 mm and a thickness of 2 mm is
used. A surface roughness Ra of the glass plate preform is 73 nm. The

glass plate preform is 30 drawn by a drawing furnace by the

manufacturing method according to the present invention. As a result, a
glassr plate havinigd-widih of:2213:mm and authickness:o@ 46 mmdissc that

, : P ; .

obtained /A dravdown rate is, 209, FHinally, aglass 84, Stip panga,, s,
atness of 1'gm/mm, a'waviness of 9'nm, and "a roughness Ra 0 nm

tsihaautactiredi {00401 tSeconel Examplecglass plate préfotineofdies s

i t of the . lat f in the fi i d.
B B A D i T The Twhg Foah oo e
glaish pratespreforphisireatedat theisaine températarenad dvat iy the firsess

S%@Tﬁlei éAsn%Ee%tr%;énging the glass plate preform by the drawing
furnace, a glass strip 10 having a flatness of 0.1 Rm/mm, a waviness of 2
hAY &hd a rofighiéssFRE®BP36 nm is manufactured. Due to the action of

the heliym gas having:excellgnte bsakcandyctivitys {he glass i svenlye a
heated to simultaneously improve the flatness and the waviness. 15
HoWelep, Siddd tHEhedt cbRAGETBIOST hE helilify gad* feducedd dGitace

temperatine aidhe glass.and inareases aswiseosily ofthe Olassythe glass
g&gwgegig%g?gnggﬂi%eHﬁ?ﬁ%lﬂgdggggggg, 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
fiatness of 1 wm/mm, a waviness of 2 nm, and a roughness Ra
cf 0.6 nanometer is manufactured.

The roughness of the finished glass strip is improved
as compared with the first examplie. 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 to 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
into the drawing furnace into which helium gas is
introduced by 10 i/min, heated at the same tempetature as
that in the f£ifth 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

nancmeter, and a roughness Ra of 2 nm is manufactured.
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If the glass plate preform put into the drawing 20 furnace, the glass strip at

a position of the measuring device 7 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 25 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
flatnesglie 10qmimms=ar mdre: 136 [@042]<FeutthyExarmpletlt aglistanceproved
between a withdrawal tip. end_of the preform and an inlet of a withdrawal
R e A AR BachiS rgn i o TeTa
adjusted solthat v déviatiomirefra tine shat Tonaedts the Withdealvdldtip about
g A0d the. nlet tg the axial &%‘%‘.e”lﬂ?e"f}@ﬁ@ﬁ%sés %'az&(% F’E%foﬁ%%%%’%@ to
0.1 mm at the position of the 5 withdrawal machine. By doing so, the
haAufaeiied Yassstip-Ranof wekped S 0043 Fifth Eadnipste TheTlaggiometer.

Rlgtepreform isfyedinished tohavea swidihaf 100 mm.:a fpigkness.af 2,
mm, and a surface 10 roughness Ra of 4 nm. As a result of drawing the
JlEsspl&te préform BY tHeSlraning AtASES, a dlass plate HavikgL aiwiatt to

Qfi22:3 mynand. thiskngssof 0:45 mmyisehtad The draywdovy rate

is 20%. Finally, a glass strip having a flatness of 1 )Am/mm, a waviness

SHALAMPERE LOgRHBSS Ra 15 drore haRdmster i mahtdsturede Theate
reughressef the finishesh¢lass stripris dmMpPIoedas the magnetic disk

substrate, it is effective to make the waviness smaller as
the glass strip having a waviness of 0.5 nanometer or less
and a roughness of 2 nm or less. As a method therefor, the
heat conduction of the gas introduced into the drawing
furnace and the temperature of the furnace are adjusted,
thereby controlling the relationship between the waviness
of the finished glass plate 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 property of the glass
strip are made use of. For example, the glass strip is
suitable as & material for a spacer or a substrate of a

semiconductor element or a field effect flat panel display.



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 20 polished for about 10 minutes. As a result,
although the roughness Ra is impro%ﬂed to 0.3 nanometer, the waviness is
craImasrdly reduced. [0044] Sixth Example The glass plate preform is
1 pre-finished to have a 25 width of 100 mm, a thickness of 2 mm, and a
© stirfAce talighmedS RA 0t 4 i The glassTidte hréform is TRPUL- htd the
draewwingfurnace intoawhich hetiaihugsistis introduced by 10 1/min, heated
at the same ;elm(geratgre%%% ére]%t,:in th%1 fiftg eggr&g{% ?aend drr§W§+ I,g\s;a
result, a glass 30 platé having a width of 223 mni and a thickness of 0.45
heatmmy iSwbtained. Thel drawdown rate is 20%. Finally, a glass strip having
a flatness,of, PRV, Sewayiess oL 45, nanameler cand ajoughness
. Ra of 2 nm is manufactured. 23 The roughness of the finished glass strip
des1gthprbvetcas edmpared With the first example. Using the colloidal silica
slury, thessubstrate surfaee is polished for about 10 minutes. As a result,
the roughness Ra is improved to 5 0.3 nanometer and the waviness is

reducedt8 0715 nanGmeter? (6045] The fiftexXaifiplelis Comparéd with
furnthessixth: Exampies 48 apolishingdaeeesss itis more diffiedl te;reliminate

the waviness at a wi velenogﬂ.b of 1énm than to _eliminate rpuﬁghness. To

manufac Er%""tﬁré%lé‘%ses%sdtr”a?gﬁ actording tothe preséntifventionas @
mannthe magneticdisk Lsulsstiatedinis effeetive taiake the Wavinesszsmaller ¢!

as _the glass strp having a waviness of 0.5 nanometer.or less and a .

lass D-aé% ngﬂﬁ 19%,8 Eea-ln TUrnace, Dy Ccontrollin
¢ foughness of 2'nm or Tess. As a method therefor, thé K
flow rates of a gas introcduced at both surfaces using mass

flow controllers.

2. The method according to claim 1, wherein the drawing
includes introducing a gas to each of the surfaces of the

glass plate preform independentl

3. The method according to claim 1, wherein the drawing
includes preheating the gas before introducing the gas into

the heating furnace.

4. The method zccording to claim 1, wherein a meniscus
length at the drawing is equal to or wmore than 1.5 times and

equal te or less than ten times of a width of the glass



heat conduction of the gas introduced into the drawing 15 furnace and the
temperature of the furnace are adjusted, thereby controlling the
relationship between the waviness 2 the finished glass plate and the
lat roughnes§ thereof. [0046] As explained above, the glass strip
LSnEndractured by the glass strip manufacturing method according to the
20 present invention can be applied to various products for which the
5. alnessand the surface.propery of thealass \alin. atg, made yse.qf, For
example, the glassstrip’is “suitable as a material for a spacer or a
inclguibstratesdfia senticonducter sleatent br afieldreffect flatpapekdisplay. that
24 CLAIMS L A method of manufadiuring a glass strip.Gompdsing:, .
heating and drawing including heating and softening a glass plate preform
or hiwheRedtimy futfac® arifdrawifi§ a softened glass plate preform with a
desired, thicknesscwherein the drawing dncludes.maintaining.a positive -
pressure in the heating furnace with respect to an atmospheric pressure,

highahd 8fiwing the BofterTed Giass PAtE bréformiin sl & mafferthat gas

vois#lews become identical on both surfaces of the glass plate preform in the
heating furnace, by controlling flow rates of a gas introduced at both
surfaces using mass flow controllers. 2. The method according to claim 1,

6. Wwheteindhe diawingoindliudestintraducing a gasiteeach of tke saadesjofanc

arawil® 9 &?ﬁln%tve Areformiindependently, 3, The method aceqrding,to glaim, -

] L T ok e erdillre
1, wherein the drawing ;

the heating furnace and an anneallng furnace that anneals the

P

s

G

drawn glass strip independently.

7. The method according to claim 1, wherein the heatling and

drawing further includes forming a protection film on a

surface of th

&

glass strip before withdrawal.

8. The method according to claim 1, wherelin the drawiling
inciudes drawing the glass plate preform in such a manner that

a pulling-down rate is egual to or lower than 20%.

9. The method according to ¢laim 1, wherein a cross-

-—r



includes preheating the gas before introducing the gas into the heating
furnace. 4. The method according to claim 1, wherein a meniscus length
at the drawing is equal to or more than 1.5 times and equal to or less than
ten times of a width of the glass 25 plate preform. 5. The method
according to claim 1, wherein the heating includes heating the glass plate

sect jpreformeinsuch amannep thatha melanadscosity of the glass plate preform

i gnd$ eguaLo; gr higher than 106 paises, and.a Jowestyiscosity of a
meniscus part is equal “Co or higher than 10poises and equal to or lower
than 10"6 poises. 6. The method according to claim 1, wherein the

10. heatingand  drawing further includes cpntrolling, atemperaiyrs oteach of
the heating furnace and an annealing furnace that anneals the drawn
ofeassSstip idepetidiently OF ww@%ﬁa&%iﬁg 16 eRimM vhdiein-the

and deating and:drawing further includes forming a protection film on a
surface of the glass strip before withdrawal. 8. he methad according to.
M ITRherdiA the BRERing mclluel Yrawingine Jass piate preformn Y

per SUEN Adnanmesthat a-Dulling-dowt este is-equsd tor oejowerihan 20%: L ue

The method according tq claim 1, wherein a cross 26 sectional aspect

Fatie 61 the GladSsthip i§ equalto’or higher than i0 and equal to or lower

than 1000. 10. The method according to claim I, further comprising:

11, Measuiing @ shape of.the,glass stup after the heating. and.drawing; and..

value is a width of the ¢lass strip.

=

and

12. The method according to c¢laim 1, wherein the glass plate

preform 1s a glass plate consisting of a silica glass.

13. The method according te claim 1, wherein the glass plate

=

"3

reform is a glass plate consisting of & multi-component

SE.

e}
}_...1
W
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controlling a speed of withdrawing the glass strip by performing a

feedback of a difference between a target value and a measured value of
the shape. 11. The method according to claim 10, wherein the measured
value is a width of the glass strip. 12. THe method according to claim 1,
wherein the glass plate preform is a glass plate consisting of a silica

glass. 13. The method according to claim I, wherein the class plate

preform is a glass plate consistingA&SaT%ﬁ component glass.

ABSTRACT A method of manufacturing a glass strip includes heating, .
AREMARIG i Feathig B SoReARG o e e T T -7
Hreatingfurnage L and deawingrtbe softened: glass ptate preformaditiza plate
Jesired hickness, The,drawing includes maintaining.a pogitive pressurg
in the ﬁeatlng Furhace with respectto’an atmosp%erlcgf)ressure, and
drawingithetsoftened gtassplate preferm inesuchha mannes .thafCgas flows ing
become identical on;hoth surfages of the.olass plate preformia the. . s ng
"heaﬁng?urnace.
furnace with respect to an atmospheric pressure, and

drawing the softened glass plate preform 1n such a manner
that gas flows become identical on both surfaces of the

glass plate preform in the heating furnace.



