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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 man&facturing method, and a glass
substrate. BACKGROUND ART [0002] An improvement in a flatness and

an improvement in a surface roughi&ss T e most important factors for

glass 15 plates used as a substrate of a semiconductor device, a spacer
employed in a field effect flat panel display, a magnetic disk substrate, or
tHEAIKEE T BRAGET NGE fistho @ BndamB AR Afoth6d-8GFe BRgéherallyy GLASS
used as a glass plate manufacturing method, by contrast, since a 20

flatness of the manufactured glass plate is low, it is required to grind or

polish a surface of the glass plate by a large quantity after manufacturing
ittepravide-a gesirgd flatness. Conventionally, since a surface

roughness of even the ground or polished glass plate is 25 still low, the
gEGWRd- or polisherl §ass phate i generalty potisREE again. Simaglagsturing
plates with higher.ageuracy. are requireds in the future, Jt isestimated that

the glass plate is polished three times. The conventional method has,

tisereforBIprolbidrhs in st Fiary &8 ps 1RdSdiRg YFRJMEEIT aRd pdlisHiAg S
are required, apddn that dt takes jong time, and much-manufactisingcost a

to execute all steps. [0003] The conventional method has many steps and
i< oot i BrodfucaiVity. Considering these problems, there is

BACKGROUND ART

(00021 An improvement in a flatness and an improvement
in a surface roughness 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 coentrast, since a
flatness of the manufactured glass plate is low, it is
required to grind or polish a surface of the glass plate by
a large guanitity after 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 reguired, and in that it takes long time
and much manufacturing cost to execute all steps.

0003 The conventional method has many steps and 1s

poor in productivity. Considering these problems, there is
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2 proposed a method for manufacturing a thin glass plate having a
desired thickness by heating and softening a glass plate preform having a
predetermined thickness and an improved surface roughness and by
drawing the softened 5 glass plate (see, for example, Patent Document 1).
[0004-1 To suppress a waviness of a suttace of the thin glass plate
obtained by the thin glass plate manufacturing method, there is proposed
amethod:fbraontrolling the rsurtaceiwavmess by disgosingzdm aF cuitaie

i 2 Jower 10 portion of @ heating fymage thatheats e olassplate. 5 g1as

prg%lfr%gand y cuiting off an upcurrenygenerate within §1e heating
fodnece (see fforrexhmplePaeptrBdetment 20005 FRatens Docdnent

%&CS‘B%O%%F Egtent Application, d 'd-&%&%?%%ﬁ? 2eReloBatent .
Document 2: Japanese Patent Application Laid- Open No. H8-183628
RISTLOSYREOFINVENTION PROBEEM FOBE SOIVERTBY THE

INVENTION [0006] However, even.if ihe.alk curtaln is,disposed in 2, the.y 4
lower portion of the heating furnace to cut off mixture of the atmosphere

fébka #¥e foveereporiitn therdobas dxpldinéd irdthesmethbitdiselsed #ithering
Ratentdocyment.2,; anunsiahle gogvechan-cureent ot gas i stilk g +ne

generated within the heating furnace. Due to this, it is often 25 impossible
16 SUPPressHRE Weiredsvard- S behding éfthe lsufadeéfithe thinglasy’er

plate: addition, the.atmosphere is-aften mixed: intq the,beafingirpace: o
from an upper portion thereof. If the unstable convection current of gas is
Jehefstert vitkin e Reating'firRdde ate & HE-3G ilixtiFe BF theed within

atmespheresfromhe wpper paeion of the chealingfurnace. dustwithindhe 2) .
atmosphere enters the heating furnace and often adheres to the surface
0 5] Patent Document 1: Japanese Patent Application
Laid-0Open No. H11-199255
Patent Document 2: Japanese Patent Application Laid-

Open No. H8-183628

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] 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 Doccument 2Z,
an unstable convection current of gas is still generated
within the heating furnace. Due to this, it is often
impossible to suppress the 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 cf 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 low
temperature portion within the furnace, and the particles are deposited on
the preform that is 5 being drawn or the %Iass strip after the drawing,

thereby causing a surface defect. The evaporated gas corrodes and
deteriorates a member within the furnace or reacts with the material

within tienfurgaees therebfjageneratimgrdustortglasy'dust Theadglass doste

is deposited on the preform 10 that is bei r strip,.after
S Réroby sat g e SEteck (60T The Disbent
iperitionlies beermadhievédinpwewt of thepcoriventional groblends: Itfg amce,
ohiget ol the, syesenrdveniion o igviges manyfactuingemetnad ofa 13
glass strip that ensures a high flatness of the glass strip obtained by

heating afidadrawing, EnsutEssa fove Waviness ahe  alsalkberdiay, afgreby

r@%Hﬁ%%@FQ?%Rﬁ@%g@“ég@gﬁ@ﬂst?ﬂgeéﬂ§§%§%@éﬁt dhe heatingi= and

and drawing without increasing cost, a glass strip, and a glass substrate.
20 EANS FOFS SOINVANG: PROBLEN [0D68]TFS B6IVE the pFoierns antth the

ajfain.the.objegt, the, inventer gonducted.yvarioys. experiments distust or
discovered that a glass strip having a high flatness can be obtained b

dediing aigaks platepreformstotiake §8s ABWR D5 Rffofticdd fo E’éftﬁ¥ orm
surfaces of thesglass;plate, preform equal &t adeatipg anerawing drawing,

process. [0009] A first glass strip manufacturing method according to the
pFESErt i ertibh iRdude s 1 heafifig ARd®8fawing process of heating and

softening a glass plate S0preformwithin g heatingfusraces drawing the view
O e Breram I haye B asTen hickness, and Topl9 8 988° tne
present invention to provide a manufacturing method of a
glass strip that ensures a high flatness of the glass strip
obtained by heating and drawing, ensures a low waviness and
a small bending, and reduces adhesion 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 various 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.
[GO09] A first glass strip manufacturing method
according to the present inventicn 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 drawing process, the glass plate preform is

drawn so that an internal pressure of the 4 heating furnace is kept

positive relative to an atmospheric pressure and so that gas flows

introduced to both surfaces of the glass Zflate preform, respectively are

equal to each other within the heating furnace. 5 The "both surfaces of

the glass plate preform" correspond to two wider surfaces out of vertical

amela horigortal-surfacessofithe glassspdriorm platetThes ekpressicntsosageric

:%f%%@ug%s gg\gs érgroc%%cr?dc%’a se%wg]?ﬁ]éfg%]ﬁ@&gl%%s %@HS surfaces
anufactured so that gas 10 flows are made equal and naturally involves

théd fadtehat!l gas flowsteventgdliyrdifferesmesdchvether by vafaug L to each

unayoidable. externa| fagtors. fuyrthermare. with a second glass strip

manufacturing method according to the present invention, at the heating

15 and drsving pEbcesst hagassis dtrddifced to the HoHt Suitacesstthe
glass,plaigpreform independently. gf each, other. Mareguer, ywith:a thirg

glass strip manufacturing method according to the present invention, the
JaR1is 220 preheaied Befte te §ES iCihtddubsd fitethe hadfing The

ﬂé@eggs%%ﬁermeawit_{a@ fﬁ’é’ﬁ@ glass ;%tIiQJEaF‘L%f@EE{ﬁi@E‘Qemelh%ual"
accordlng_to the present invention, a meniscus Ien%th while drawin%the

eSS Flate PreformPisit 3%imés D5k Tford2dHi e timéslof ess bt a 9as

width.ef the glass-plateypsefosma Moreaver; with anfifth glass sHip fact that
manufacturing method according to the present invention, at the heating

AP AW proteEs e ‘glask pIate prefGim fenéated Eo B¢ thal aThean
viseasity ehktheglass plate prefernds equal

Furthermore, with a second glass strip manufacturing
method according to the present invention, at the heating
and drawing process, a gas is introduced tc the both
surfaces of the glass plate preform independently of each
other.

Morecver, 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
length 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

7.6

and egqual to cr lower than 10 poises.
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to or higher than 106 poises and so that a lowest viscosity of a meniscus
part is equal to or higher than 105'5 poises and equal to or lower than

10Z6 poises. 5 Furthermore, with a sixth glass strip manufacturing

method according to the present invention, at the heating and drawing
process, the glass strip is manufactured by providing the heating furnace
that softens the glass plate 5 preform and an annealing furnace that
annealstherglassmstry obtained: by thrawingithe glassrlaterprefdrat; anding

by congollin temperatures of the heatin% furnace and the an aIing o
ifidte n&gfgfé) ¥ of @athothér” Midteoval! With'a Séventh g(?lqaess Stap -9
rmadufacturingg 10 method according tosthespresentiinvention at theced by
heating .and drawing process, a protection.film is farmed on a_surface. of

thé %Y s%*sl}ﬁp @é?org%ithl&gwgffﬁ%t %rrg%ﬁrag, vx?it%cj)ﬁra{;nﬁ3 1re}|Sgh"frf?%Ia%j;,asstf':;’p plate
martfacturimgcdmethacaeedriling thuthe preseritdriventions astheleatings s

15.and diawing process. e glass plate piefoun i diawn 3045864, ang oy

e'is equaf to or lowet than 2 rawdown rate’
means a thange ofwidth detween béfdraanae afténthefdrawiig and d(sizee

ol widthyafter diawingdilsize ity hefove grawinlxlO0). 20 Moreover,
with a nint C‘élass strip manufacturing method according to the present
inventiotie a<ross: sectidialaspeteitio of the §lassstip aEgual ¢6 oF 119

highsr than 10 anglequal to of, lower than 1000, The ;'Grossssectigah e at ing

aspect ratio” refers to a ratio of a width 25 and a thickness of a cross
seetorl IRUHHEYMRES, SRIfF a tenthriflass tHpmaARdfAckRingC HitRodn 2

%89@&%%@%@@%{&%@8‘@%@“@&m&e@ﬂﬂﬁéflgmdé@wing process,
a shape of the glass strip is measured, a difference between a target

value of th& shapeore, with an eighth glass strip manufacturing
method accerding to the present invention, at the heating
and drawing process, the glass plate preform is drawn so
that a drawdown rate is equal to or lower than 20%. The
"drawdown rate" means a change of width between 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-
secticnal aspect ratio of the glass strip is egqgual 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.

Furthermcre, with a tenth glass strip manufacturing
method according te the present invention, 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 velccity 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 measured value is 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 6 value is a width of the glass strip. Furthermore,
with a twelfth glass strip manufacturing “method according to the present
invention, as the glass. plate preform, a glass plate consisting of quartz
glabsds Sused: iMoreovér, iiith althisteenthglass strip manufacturing

methog aecording o he present iyentian, ag {12 glase - plale DIRIOHT Ayrs g
glass plate consisting of multicomponent glass is used. 10 Furthermore,
withtofourteenthriglass stripraecardimgetd thepreséeatifventiortise glass

factured by drawing a; hegted glass plate preform o baye .degireds 15
Ickness. A mean roughness is equal to or smaller than 200 nm and a
witith is equal to or smaller than 40 mm. 15 Moreover, with a fifteenth

glass strip-according to. the presept inygation; B flatness-isequal t& 9k ur ing

lower than 0.5 m/mm, and a waviness at a wavelength of 1 mm is equal

ESTSTAaRSIARER 10k OThéreféres kg SEptarBe shipiifed Snd &°
lapping material having p lowspelishing 201atessan-be adopied: se dhatdhent

suﬁrface roughness of the glass plate after lapping can be improved. The
'Flafricsst fefef$b a difference between a maximum point and a

minimugy; peint in,a vertical diregtion, at twe afbitranspeints-oni g substateing
surface away from 25 each other by 1 mm when a st?i) IS cut out as a

Sibskate TGS nECBESty Hred Arftthen Hd BRfife SUbstraE s Bufon
a berizontat planeThe awpyvinessat aovavelengthdefst pun” refdrstosss. A
waviness measured by a measurement .
mean roughness 15 egual to or smaller than 200 nm and a
width is equal to or smaller than 40 mm.

Moreover, with a fifteenth glass strip according to

the present invention, a flatness is equal to or lower than

0.5 wm/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 arbitrary points on a substrate surface away from
each other by 1 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 regions at all wavelengths equai to or
larger than 50 micrometers within a measurement surface
range of (0.85 mm)x(0.64 mmj. The "mean roughness" refers

to a roughness measured based on JIS-B0601-2001 and
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device: ZYGO NEW VIEW200 (ZYGO Corporation), and refers to 30 a
mean roughness of regions 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 7 particularly to an’ arithmetic mean height Ra.
Furthermore, with a sixteenth glass strip according to the present
ipuentian; afldtpessissequat ia brnower tharr0.25 im/mmRa waviness at a
Waveleggthtq 1 mm is equal.to 5 orisxrrialler{é an 10 nm, and the mean ,. .
roughnessrls eeqrﬁaaﬁ”fg ‘or srﬁ’gﬂle&? than 100 hm. ﬁws, itis pOSé]IbFe to ¢
dispemse: svithttherappingstep depénding on purpeselMoreover, wittvar than
seventeenth glass strip according to the present invention, a flatness is

Squfal 16°8f Blerthif "16'6715 & wavinkssat H\waveldhgth 81 mim fiual to
equatie o1 smatlesthan®.armanemeter anddha meanrpughpess issegual to

to or smaller than 2 nm. Thus, it is possible to dispense \ i? the Iapping

§p FRE DTy phIShRY stef Hbenting on BUfoRe 85 0 oo stense
Rurthermaore L with anceighteenteglass strip accasdingotesthe present
inventiolvrll, a flatness is ,eckual to or Iov%__er than 0.05 m/mr@, a Wavinessdat
Wavelenatﬁeocf‘ier%m }%l%qugl {B°or Smaliar thai? P Ranometer “and the"
mean protighness isvequal 4o pr amaller than=0.5 nangmeter: T hus, 20itdg than
possible to execute only the final polishing step. Moreover, with a

Mindrelth Giass 3 Ecctidngto the preseftinventon, a Materfal fofeat o
the glassIStEp is rquartz glass iufthesmorewith adweatieth glasgstdps 1s
according to 25 the present invention, a material for the glass strip is

fRAitieomponght GRS IBrediRY, & tihty firstbiass Substrate aecsrdg ©

t@ispense with the lapping step and the primary polishing

a
ng to

step depending on purpose.
Furthermore, with an eighteenth glass strip according

to the present invention, a flatness i1s equal to or lower

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

Moreover, with a nineteenth glass strip acceording to
the present invention, a material for the glass strip 1is
guartz glass.

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

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

aqual to or smaller than 40 mm.
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the present invention is manufactured by drawing a heated glass plate
preform to have a desired thickness. A mean 30 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. 1is a
schematic view of a peaked shape forming step in a manufacturing
method of a glass strip according to the present invention. 5 [Fig. 2] Fig. 2
IsRISheMastitrdew afta SuppariiaiN@dnnected with a proximal end of a

te pr arm. [F| 3LFi 3|sa ersetlveV| o] t drawe
o‘eplﬁtBnIa eﬁﬁn& an dra\]E;W proce?g in % g%lass st‘ril\g r%gﬁ%gacg#ur\lgr{]gb saked
methoe afc:n:ondmg te efirst.embodimerfzofthe it presehemveftion. JFiggs s
A asc%s hematic viewof 8 suetbad for, inliaduging gas into a
heatln firnace conducted'in th glass strip manufacturlng method
aoébeding 1o the mvehtion. fFigebERigt 5ds dpaply 6f 8 drawdewin ratd
dusingta dipvng, [0 RIIG.6. 1 agranitora ghange (Ale ol adiess.y,
sectional aspect ratio a(? cording to a viscosity of the glass plate preform.
EXREANATIONSOFLEFTERSCORNUMERANS €20 [0013] 1612335 Pieé -
Regform. 2-deater, 3.sypportrod 10 Heating furpace ;11 GlassstiR 2515 1
Heater BEST MODE(S) FOR CARRYING OUT THE INVENTION [0012]
E@EmplanrambodiMeTs ol aaRaatracidFing mathot: of agikecempnt of the

aEggggdép& tq the.presgpt invention are

[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 1s a graph of a change rate of a cross-
sectional aspect ratio according to a viscosity of the
glass plate preform.

EXPLANATIONS OF LETTERS OR NUMERALS

(00117 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 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 of a peaked shape forming
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explained in detail below with reference to the 30 accompanying drawings.
The present invention is not limited by the embodiments. First

Embodiment Fig. 1 is a schematic view of a peaked shape forming 9 step

in a manufacturing method of a glass st;ig according to the present
invention. According to the first embodiment, a long plane glass plate
preform 1 is used as a preform. A material for the glass plate preform 1 is
Ssqeartzi glassnibo nfakectheiglassnplateprefdrna 1Hiavesa surface staterdning

hich a thickness is constant.and a flatness falls withi r ined
RGeS L e ol S e
geobad froen bothke sidace s thereofg Thereaftes thegiassoplatel 16 prefopd as a

;ﬁ%&f‘?&%ted 10 flame polishing ormechanical palishing uatd ithecomes

stantially transparent. To prevent cracking, corners of the glass plate
prefornnzl grea shamféredtals:s ind radiussormeres Aoglags platé prefbEma

haying.a length pfabaut 1 mater, awigih of.330.5mm, als, thickness of

10.8 mm, and a surface roughness Ra of 0.05 micrometer is used. A

cfosstsedtivnapasect Fatic bf thed GRES RaBIgreforim L #e32 451 Alfg 00 mm
step, @ tip end of dhe.glass plate %ffé%fén 1is ma to foM @& o und

pyramid portion on the tip end to facilitate a first drawing 20 operation at a

nexfHeatg arfd Bf8MRG pro€esO in this "émbBadikfent, thepyrdmif Plate
portion isformed by fusing the; glassplate preformilbya beatet Zanical

However, the formation method is not limited thereto. [0013] At this step,
alBRgititiAal ikfetrhediate PBFIEH 2598107 W@%@% JpYatE HrefrRreRt. o

preheated by the heater 2apddengitudinaldbath gnds of the-glass plate 1 are

preform 1 are gulled in A directions, respectively. Thus, the
chamfered Te 0.5 mm radius or more. A glass plate preform

having a length of about 1 meter, a width ¢f 350.5 mm, a
thickness of 10.8 mm, and a surface roughness Ra ¢f 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
porticn on the tip 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 prefeorm 1 by a heater 2. However, the
formation method is not limited thereto.

[0012] 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 triangle. This
enables smcoth operation of initielly drawing the glass
plate preform 1 at the next heating and drawing process.

[0014] Fig. 2 is a schematic view of a support rod 3
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intermediate portion la is fused, the tip end of the glass plate preform 1 is
made substantially triangular, and the 30 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. [0014]

Fig. 2 is a schematic view of a support r d 310 connected with a

proximal end of the glass plate preform 1. After tip ends and rear ends of
several glass plate: preformsiinare eoupled with@nglanotheltotpropideform 1.

etermined length, the support rc{)f 3 is.connected with_5 the proximal
%%ggfr a Fej“apr g?élélsgp% gj pFe%%rIm T ﬁisO%acsllﬁgt%rsa}npgttgﬁs thé %%%s(g
phate fpreformll inte achotp tealver; ahd the glassiplate prefarmel tder be

BB, T e e o OO
drawinuprotess iretie gliiss steip mankfactugng hrethoe Becording tolthes

istcempoaiment i e embadiment aiealing,step pLISANG, 10,0298 1o+
plate preform and a drawing process of drawing the heated and softened
glassyslate preforpiinte baddsitetIBtHigkness are sitaitdifecusl up to its

ecyted. A hot drawer 30+ includes. a heating furnaces1Q,which is an

electric resistance furnace that heats'the glass plate preform 1, a
ptéfolh ffeed nidchanisrh 2Rthae fedds thé Hrassiptate® préfbim Nohtaihawer,

heating fyrnace 10, and-a withdrawal 20, mechanism 30that withdrays.the
glass plate preform | from the heating furnace 10. A heater 15 serving as

afigating Rt IR HEEE thé' §lalBs PIRE FrédmaL fsuispssetlihsthe

heating fuipace 10:{0Q16] A gas.Hange Gis provided-inan upper partieR at ing
of 25 the heating furnace 10 to introduce gas to the both surfaces of the

gkﬁ%;ﬂéﬁﬁﬁe” ﬁ$?iﬁiﬁﬁ9ﬁﬁmﬁ9%féa pawing process of drawing

the heated and softened glass plate preform intc a desired
thickness are simultaneously executed. A hot drawer 50
includes a heating furnace 10, which is an electric
resistance furnace that heats the glass plate preform 1, a
preform feed mechanism 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 prefcorm 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 atmospheric pressure, and to make gas flows introduced to
the both surfaces of the glass 30 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]h}eating furnace. As shown in Fig.
4, the gas is introduced to the both surfaces of 11 the glass plate preform
t anddlonsmates ofthepgas” introduceddtofihe ot sefaces theredfate

ggg@é'ggégaggSJ@gv gantrollers IMECS), respegtively. A gas inlehis.q 1y

erably into a plurality of inlets on one 5 surface, whereby a .
oniformitemperature distamationihGs widthediesction of the gldssgsgtetnlet i1s

rreform 1can be; obtained..fwo or moye gas.nlets-argpreferably one

provided in a drawing direction. With this arrangement, it is possible to
énstiFe prevemtingahixtFe BT the BImbSper6 210 ito IR6 healing futhaée @
[00%71,By ysingsuch a methed  descending.gas flows.are creatgdwthin

the heating furnace to prevent generation of an unstable convection ‘
@irtert ot gas. BY thisforeibl ercating tRé Jad fRwehFifAthe furhged +ded
stable flows,can 15 bedealized in & longitudingl direction-and beati ¢ is

conduction between the gas and the glass plate preform or the glass

AP BHBF Bravfing 1S SEHIlREEY FhEIG I e HdtReSS dftfie EHAEEDFTE

theglasssirip £an-hejimproved..Since solidified portions of a meniscus
are made equal between 20 both surfaces of the glass strgiip, the bending

ofthe Glass strip dHirBe siippresteleBsides, FPk&ing theimterhal ™S 87

pressureOf the heating. firnaee 1Qpositiveelative te theratmosphetietion of
pressure, mixture of dust into the heati%% urnace 10 can beﬂorev

f ted.,
0B B AfldrnafivBly S GScetiting §aE Rows tafibe created 1S “OrCIPLY

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 ilatness
of the surface 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 pesitive 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.

N;, Ar, He, or a mixture thereof is used as the gas
intreduced 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 ccntent is

preferably used. It is also preferable to preheat the gas

introduced into the heating furnace to about 400°C to 1200°C.
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within the heating furnace. N2, 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 30 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 400C to 1200C. 12

A prehéatingitem petatuee iS-appropaatehr adjipstest acgording totthe

material, for the glass plate preform..it_is efficient if a heat generat
Tt e Br e e i e ehbar e 1t
itz 3 0fnedessani o separately provide adjaspreheatingphieater. £ [0018Fe ox
i,Jhis, saBediment. the alass lale, prefaun Gonsisling of the, qad glass,

is used. The preform feed mechanism 20 movesthe glass plate pretform
Liaha veloity vofrabat g demai/miny. ThieHedingpfusracect@ heatsithe dlass-er .

plats preform 1 gt.atemperatyre,of aboyt 1830G ALHIS morment, fhe

glass plate preform 1 has a viscosity of 106 poises. Therefore, the glass
platesgreforie 1 95 séfen el aThe withdfdval medthism Boewikdrawet feed

softened glass, platg-preformel %&Q é’@'%lﬁﬂéé OFf agoutsd, IYMIN AL RIS ocity

moment, a meniscus length is 550 mm. The "meniscus length” means

refPa distancetierhia partiHavitRythe sante pret6im Widtifag anthe g-ass
gggigé%aét?ég@f@r\%'dih 1o a parthaving a width, equal (o dhatefaglass,:. v

rip to ormed. The length of the meniscus thus tormed is controlled to
beowgudl t0 Or 200reater tart ¢ . Sotimés andleduastcomess trdriterp £ 10°

tmes; s largq as.awidih %ﬁ@&g?%g‘ by a sirugture githey heater, e oo g

within the furnace. The meniscuslength can be increased by setting a
temperdtufe distribution Giahe seatihgfuiiadesan & withidrahal: dife ctlors s

Q§ﬁ§pgx¥k@@%rm 1 at a velocity of about 5 m/min. At this
moment, a meniscus length is 550 mm. 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 te be formed. The length of
the meniscus thus formed is controlled to be equal to or
greater than 1.5 times and egual 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 scftening temperature. If the glass plate
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25 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 30 furnace 10 and an outside diameter meter 7. The
annealing furnace is preferably set to bé able to anneal the glass strip in

a temperature range from half to two-thirds of a glass material softening
tenyerature of thesglass plate 4 3apeeformabasists of therqprareztiglass, @ the

temperature of the annealing furnace js preferabl 0 00C. B L
e R A e e gy iaing
and-a glass:sttip havingfewey surface gefects car o beobtained[0822]

A protection-film coating device 8,is dEi\sposed nder the outside diameter
N e p eI T he TSROk ] CHR0G dEURB S forAgiat o oan
frote¢tioni fikmiconsisting of resin, amorphous carbon, or a self 10

lubricating material on a surface.of.a glass,strip. 11 before the.glass stri

e acts wih s o & ket of he Sonting 6 prctosaiy Goc

torkfe miciometets; with whichdtis:possilde to réducedamadges el ithethat
face of the glass strip 11 and.to pre .adhesi fco inat

e i o e e S T1 T class Sup 11 Peving e o i

p‘iéﬂe@ti@ﬂﬁmﬁﬁﬁﬁrﬁ@d of the %mfao@ﬁ@#@@i@mﬁstﬁ@r@@,rso that thesghass

sifip, 14.can; be wound aropnd,a hohbip.ar the fike withoytautting the 1 1

glass strip 11 by a cutter depending on a width or a 20 thickness thereof.

[00Z2]4 téfisioy hictér §isrdispéded ontiecthe protEctiorsfilidiéoatingt > A

deyice 8. Lhe tension.meter9 [peasures a-epsion fopwithdrawing the

glass strip 11. By

micrometers, with which it is possible to reduce damages on
the surface of the glass strip 11 and to prevent adhesion
of contaminationsg to the surface of the glass strip 11.

The glass strip 11 having the protection film formed 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 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 tensicn measured by the tension meter is constant, a
shape of the glass strip obtained by the drawing can be
stabilized. If the measured tension is high, the
temperature of the heating furnace is raised. If the
measured tensicn 1g low, the temperature is reduced.

[0023] As a result, the glass plate preform 1 1s drawn
to 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-gectional aspect ratio of 34.24 is formed. In this
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controlling the temperature of the heating furnace so that 25 the tension
measured by the tension meter is constant, a shape of the glass strip
obtained by the drawing can be stabilized. If the measured tension is

high, the temperature of the heating furnace is raised. If the measured
tension is low, the temperature is reduced. 30 [0023] As a result, the glass
plate preform 1 is drawn to the glass strip 11 having a width of 20.58 mm
antbadthicknessvof 0661 mherNahelyitieyglbass stipl1f havinmgss of the

ggfggé?&fé%@f%' aspect ratioof 34.24 is formed 1 thig. 14, embodiment.; s
ith a view of'improving the flatness of the glass strip 11 thus formed,
rediicireethecsudface wdvindss anddhe behding Gflfe HRISSSHIP, andiesion

reducing.adhesion of contaminations to;the.glags stripafter heating and b
drawing, the drawing is performedso as to keep the internal pressure of

theddating fafracerpositive refativer fetReeatniisphérié présitire ARE to
make the gas flows,,introduiced o the, bathsurfaces of the.glass platec 1 ative

preform equal in the heating furnace. The glass strip 11 obtained 10 in
this éfBodirertHR e WalifRss of 2 MnAnta Hathess BF 072 fn/Mim¥An

adhesion;rate of the- sentgminationsradheringrtathe sprtace is 00k preform
piece/m. The contaminations are measured by an optical microscope or

SPBRetrbh hicfodedps 1aAd e Rathess T MeAsard 5y anArRM obtained
(atorpiciforcanba Migroseope)s adaserinicsescope, or astyusirelgimessess of
meter. [0024] At this time, a drawdown rate is about 6% and a mean ‘
Surfacer6tighneds (RIS i, FigtS IS grafh for BRPlaHG ans adnering
drawdown.rate-during the,drpwing JnFig. 5, 202 horizontal-axds indicates:

the drawdown rate and a vertical axis indicates the surface roughness.

"R SHERAEY ak Aritithé fE heBhHEGIARSEined iADISBBBHISN microscope

and the waviness is measured by an AFM (atomic force
microscope), a laser microscope, or a stylus roughness
meter.

[0024] At this time, a drawdown rate is about 6% and a
mean surface roughness (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 roughness. "Ra"
indicates an arithmetic mean height defined in JIS BO601-
2001 and is used to represent the surface roughness.
Herein, a roughness change 1s expressed by Rag/Ra, which
indicates how Ra is changed from Ra (Rap} 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 egual to or
lower than 20%, the surface roughness can be improved as
compared with the glass plate preform 1 before the drawing.
It is also disceovered that a desired surface roughness can
be obtained.

[G0Z5] 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, which 25 indicates how Ra is
changed from Ra (Rao) 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 thattRe drawdown rate is equal to or
lower than 20%, the surface roughness can be improved as 30 compared
withethiezglgss plate prefoemrl befoterthesdrawing.a tds atsordiscovesed hat

that a desired surface rqughness can .be obtained. [0025] The glass plate
e e g 51 T TS P Gk e (o oL e shr - SHFacure
drawdgwn ratelds thdteagcording:te the fitstembbediment with onbetiee the

temperature changed. If a temperature of the_heater that heats the_glass
B eI £ L8 17000 B iischite VAN of 55 cHANGRAFS o SLue of
the erpssesectional aspect satio st 3% @ntlkansurface-ratighness Relis 8. 3%
nm. At this moment, the ,viscosityRof the glass plat%Qreg rm 1 is about ‘

1 poal‘séssu.r' Ceecﬁés’ﬁlggengfetﬁg cross-8ectiorial aspect raté is%ﬂ%?ﬁ 6 &'
smalles $han, 7% meansyihat theoabselutecealueof thei 0 ghange taté efoises.

tmefﬁross-sectional ast%ect ratio 1-S(cross- seitional as%ectr tio before
e ange of . q Crosg= ectﬁong SSRECL ratlio 1s egual to
drawmgf cross-sectional aspect ratio after drawing)) is'equal to or

smallenthare 794. hif the/ temperature Wi dlie hoatingpfurhaceisvsette of the

1980C. then the viscosity of the glass plate preform 1 is about 105 15_ _
O the Aol i oF Dol e bt e eos Snchonal T (c¥os
aspecttiratie is 4916%6;;and: theosurfatermughavss Ra isck.Zamm sAftérithas L

repeating various experiment: jnyentor nas discoyered thata glass v ., 7.
strr% %g\]/{%ng a #%h%%ess c?r%vg}e?%%\{ained b %eating and drawing the &0
20ylass:platenprefarm se that thieecross-seetipnal aspeet tatiosefithe glass30°c,

pgg%ﬁ"@@gné¥g%ggq%§"g%a%%gngQgS plate preform 1 is about 107
poises, the absclute value of the change rate of the cross-
sectional aspect ratio is 49.6%, and the surface roughness
Ra ig 1.7 nm. After thus repeating various experiments,

the inventor has discovered that a glass strip having a
high flatness can be cbtained by heating and drawing the
glass plate preform so that the cross-sectional aspect
ratic of the glass plate preform before heating and drawing
is 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. In Fig.
6, a horizontal axis indicates the drawdown rate and a
vertical axig indicates the change rate ©of the cross-
sectional aspect ratio. As shown in Fig b5, in drawing the
glass plate preform 1 at a temperature at which the
viscosity of the glass plate preform 1 is 10° poises, 1if the
drawdown rate is reduced, the change rate of the cross-

sectiocnal aspect ratio is increased. In drawing the glass
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is equal, to that of the glass strip after heating and drawing. [0026] 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 axijgdicates the drawdown rate and

a vertical axis indicates the change rate of the cross- sectional aspect

ratio. As shown in Fig 5, in drawing the 30 glass plate preform 1 at a

telhpetature bwhich the wistesinesfthe glasstplatelpleféie 1vg 30551ty of

Rqises, itthe draywdows rate g reduced, e ghange rate of the ¢rosse,

sectional aspect ratio is increased. In drawing the glass 16 plate preform

Taeademperattife atwhieH4he Jiscdsity 6h e §lass prate préfoPmCrzss -

106-paises,evendtthe drawdown raie s reduced, the change.rate of thesray

cross- sectional aspect ratio can be kept low. To heat and draw 5 the

glass plates prefémh 4 Wikt dhahgifithe Erossi aeeicnal Gspectatio

therefare, the viscesity ofthe glass plate preformileis.preferably pet to bee

equal to or higher than 106 poises. If a lowest viscosity of the meniscus
BisSdP 6 b artal fr8r Highsr #rahifos*5 10 fisesand 2qBdi®dlort® ©F

lowgk.than- 10416 poises; the shanger rate;ofithe crassssestiongl aspeste

ratio can be further reduced. [0027] After the flatness and the surface

GG  tHe glhss Pidte prefofmedbérbre thedrawiiy afe in&idhase

151025 0. Sagicsometerandi304 mierometen, réspectively, the glassange

plate preform 1 is drawn under conditions that the change rate of the

Cr6s€EsEdticnat aSpedTafis i B0l SHowEr fifin' Toe ANt that fg‘r:%rther

drawdewa rate is equal to or lower than 20%. Thus, the glass strip 11 20

having a flatness of 0.05 m/
[OOfH} After the gT%%ggggS%H? egggggg¥¥2%% roughness of

5.3

the glass plate preform 1 before the drawing are increased
to 0.5 or -0.5 micrometer and (.01 micrometer, respectively,
the glass plate preform 1 is drawn under conditions that

the change rate of the cross-sectional aspect ratio 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 obtained glass strip 11 can be
arbitrarily changed by changing those of the glass plate
preform 1 before the drawing, respectively.

[G0Z8] 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
hetween the heating furnace 10 and the guide rcll 5. The
measuring device 7 measures the shape of the glass strip 11.
However, since 1t 1s net easy to continuously and
accurately measure the thickness of the glass strip 11
reduced to about 0.5 mm, the measuring device 7 1s used to

measure the width of the glass strip 11. The measuring
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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 glass plate preform 1 before the drawing, respectively. 25

[0028] The guide roll 5 for preventing twisting of the glass strip 11 is

provided on a withdrawal side of the he]a¥ing furnace 10. The measuring
device 7 is provided between the heating furnace 10 and the guide roll 5.

Ther imeasiringrdeiace: B Igedsiaps teai smage of thedglass Sipdkh@0r, in
However, since it is not easy to continuausly and ,ac t asyre-t
e S e las ST o Lo O B i R e ed
devidel 7t isosed tormeasure the width of the glass strip 11. The

ing 17 ,device. is preferably di right I y :
WRCH Lhot, & SO TG Baint of e Sbnacks o lobatad v e 2 @vies
firnseel 00293 Akmeastiel valed obtaides By Tive higasaring device 8 7

I§ fedipack to theprefoym fegd-mgehanism 2Q.ua g, deedbackrodte 13 ro1 s

The preform feed mechanism 20 controls a preform feed velocity based
Gh thissfeebaék valuee Thel redsarslvalle bbidinéd ByRAE measliving 1he

device 7 isalsq fed backtothe withdrawalmechanism 3Q viaafepdback ; <o

10 route 14. The withdrawal mechanism 30 controls a  withdrawal velocit

beRedbirthe feedb&ck vAINE L Ri'this TBRIBGIMERt, YRIOEHT IS codmFoiier

whilera withdrawal=velocity cantial is assumed:as main eontral and a
preform feed velocity control is assumed a sub control so as to 15 ,
StAtifrE tHeeshapR6Tthe I ESSEHp L At thEAARMY. YA Withdrawal this
velociy Gantrel cyale is-04:10i2 seconds, whereasa preform feed velogity

control cycle is set 10 to 100 times as long as the withdrawal velocity

coRtrBFeydle SHgrEBy efimifdifigtontidt system mtéifatbnge, 27d & 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.

[G030] 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 cof the glass plate
preform 1 is equal to or higher than 10° poises. If the
glass plate preform 1 having a rectangular cross section 1s
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 contrelled to be non-uniform by,

for example, three heaters 1l5a, 15b, and 15c¢ arranged in a
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20 [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 equal to or_higher than 106 poises. If the 25
glass plate preform 1 having a rectangdllgr cross section is used, a
non-flat temperature distribution tends to occur to the preform because of
therdifferenceds heatddnductiont betwebhrtheidih directioncanthtié
thidkness difegtion. Dug g s, the.glass piale. prefp s heatad yhie
a 30 temperature distribution in"a space formed by the heater is made
noeniforde i the wibtivdirestior:Specifically, the temperature

fléié%bftion is gontrolled.toshe pop-upifprm by, far.example,threg heaters
5a, 15%, and 15c arranged in a 18 direction perpendicular to a direction
tota farwhid tdireetion onese Hlass atk éfofmh anPEdftfsliaprynstrean of

independently.qf one.anather. J003H A grpovers cutauhipghsurfacesel strip

the glass 5 strip 11 thus formed by a cutter 21 provided downstream of
thé withd?awal meeh&misnP30 fardiiet@sultant'y &S erip 12 B8Rt dnd

cut by a-capstan {rotshoyyy de haveda: amiform length of about 1 meter.
[0032] Alternatively, a unit that forcibly cools the 10 glass strip 11, such

dDAR air blowsr iy Be provided HoWhstreahPdf the Fehfing fGhace 167

whereby dhe sprfage of the glassastrip 14 is guiekly ecoledsopsdoided
increase a hardness of the surface of the glass strip 11 which is not

cHtHipIetely EBlidified fid 16 previsht the Saftace of the T&ikss Sfrip tf f2°¢ °F
from heingdagageg bythe guige o5 0edhe dlke 40033] ladhisncrease a

ot the lase PR BEYR ety ItY LIPS A A1 s no
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 is used. Alternatively, the
glass plate preform 1 consisting of a material that
contains multicomponent glass such as alumina-containing,
porate-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 glasg is
normally lower in softening temperature than the guartz
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 adjusted to an optimum
temperature for the material. Specifically, a machining
temperature at which the mean viscosity of the glass plate
preform is equal to or higher than 10° poises and at which

the lowest viscesity of the meniscus part is equal to or
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glass plate preform 1 consisting of a material that 20 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 muI]ri%omponent glass is 25 normally

lower in softening temperature than the quartz glass and can be

achined Hyzawrelativelpsinsle heatingadedice.Forexhmysie, thean 107°

horatescontaining.olass canhe. machineg 2LABOWIZ60G AU 3o s grex
uljﬁcompongnt glassis used, machining temperature Is adjusted to an

optifign 30stehsparatias forethelraterial. ;Spetificaty de maehiring eated to

tﬁ%@faﬁtg&%g&%{?@ethsﬁae%¥i§g9§i£>{~,%¥?el%g%8 Rlate, PLaformys e ver,

equal to or higher than 106 poises and at which the lowest viscosity of the
rneiiscls paftis egdaltba=l9 Higherthan 165Tpoises antiequabtéiclent

lawer than.107,6-poises may.pe selestad, The auartzglass havingthe

higher Softening temperature, by contrast, needs to be heated to high
t&mperattife-aAd fistRllation load is high. However, 5 with the quartz

gE@@:gme glass.strip, having asuffigient strength to be used can be
obtained without a later reinforcing step. [0034] Second Embodiment

Accordift§ $8 8KetdnH mibGEiRfEH, SFPREAHT and 30 draliRd pretedsd
nifregen.gas issintreduced inte ihe, heatingfumaee JO.ardisurfaces-ofthe

lass strip 11 are doped with nitrogen to improve rigidit%?of the surfaces

théreot. A additisif Tight afterthd Hetng arittdraling i6cess; & gtass*+°

strip- 4% is;caused torpassthreughar dbammenim gas atmpspheremntk s
the surfaces of the glass strip 11 are doped with nitrogen to improve the

rigidityFSfthe Surfacsdithérior. Sififaryo 1hé fird BmisoimeRt, Fag cravwing

process, the glass strip 11 is caused to pass through an
ammonium gas atmosphere and the surfaces of the glass strip
11 are doped with nitrogen to improve the rigidity of the
surfaces therecof. Similarly to the first embodiment, gas
is introduced to the both surfaces of the glass plate
preform 1 independently cof 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 egual to each other.

[6G35] 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
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.

10036] 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 nitregen right after heating and
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is introduced to the both surfaces of the glass plate preform 1

independently of each other, the internal 20 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. [00351 By thUs improving the rigidity of the

surface of 25 the glass strip 11, it is possible to prevent the surface of the
dlassistdp 11Hrom belrgrdamagéd by thepridecrolgs of the ik, amorphous
Preferably, a pratectjon fin isting. of., resi pho b

sé Eblatﬁ)nrfcact%lg %gteﬁgﬁig o%%%%%h%gs%&%@%Ee@ﬁ%riﬁﬁég .
[0086] Iz this ehibidlimhént; theosarfacds shitheyladsStrip of aféle glass

rsq#gfgéc%cibgg ggﬂiqgetgg(fu&f%gﬁé@reof with nitrogen. Alternatively,
after i

e surfaces of the glass stfip 11 are doped with nitrogen right after
he&tig and 2B BrAWIAG thedrbtectib TihdoRsisiing dFF&sinout of the

amorphqys. carban, or the;self-lubricating wnaterial may be fermed ofethe,
glass strip 11to prevent the surfaces of the glass strip 11 from being

damag@#es PEu3T remaghefie diskisubstiite s T8Fmed buP 6 the™ fasd
sirip-abtained according to-the:first embogimente 0 hesghtainesrglass sttips

is first cut off into a desired shape. A density degenerated layer, on whic

h
5 RGBSR SHESRHTtS 3 formict withRSHsiidthats gfass 16 Weara 9+25°
cutsurtace ghemically-(by an-etchinm with ajowrcoseentrationdhiydrofluatie

acid aqueous solution), mechanically (by polishing, lapping or the like), by
COAARARE i QTSR R A EReF Sl B8 G or

titapivm, oxige] or by feattasecongd, laser d brkheseafters thei protection
film is peeled off so as not to damaclye the glass stri b¥L a WetjE rocess
&ﬁﬁ&éﬂﬁﬂﬁ@ﬁcﬁut surfaces with a lnorgin ¢ matTer such as

quartz or titanium oxide, or by a femtosecond laser.
Thereafter, the protection film is peeled off so as not to
damage the glass strip by a wet process using a soivent or
an ultrasonic wave or by a dry process using C; plasma.
[0038] The substrate surface is polished using a
colloidal silica slurry, thereby polishing one surface by
0.2 micrometer. It is thus possible tc eliminate a
distorted layer on the surface and also simultaneocusly
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
pelishing can be reduced.
(00391 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. The glass plate prefcorm 1is
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. A drawdown rate is 20%. Finally, a glass
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an ultrasonic wave or by a dry process using 02 plasma. [0038] The

substrate surface is polished using a colloidal silica slurry, thereby

polishing one surface by 20 0.2 micrometer. It is thus possible to eliminate

a distorted layer on the surface and also simultaneously eliminate
contaminations and scratches on the sufface. It takes about 10 minutes

to perform this polishing. According to the present invention, a ground

asneunt bys 2brpplishinpeean-be reduced.f0039] FirstExamplesAglass nm, and
plate preform having a Wif h of 100 mm and a thickness of 2 mm is used.

R sUFESE ToUGhreRs Ra of thegiads AR Beforn™e 73 nm. The glass
plate gureform iss3h-aravirkhyaidsawing furnace by the manufacturing

method_accordin the present invention. As a result,.a glass ga‘tt

having §* v\ﬁg‘ Xeii %ﬁt% ?‘r?mparn%%fhr?cl?n%esgh(ﬁ 045 mri lié%b?ging _a% of the
drawdewnrateisi296okinally, e glkass 24s strgpdaaviig a flatnesscof 1 Helium
m/mm, a waviness of 9,n oughness Ra of 1Q nm is

Rt TOOHOT Setthd Ex A S Gt premmrsr Faies
siZzecagthat of the: Beglass plate preformandhbe st exempanis Usedperature

Hes!iu@}]aqcasiir% introduced by 10 1pmin into the drawing.furnace %%%JE;S the
g?ass plate preform is heated at the same temperature as that in the fir
exampie MAs agesule bbdrawing the: glassiplate preforacby thie drawiAgstrip

f%gce, a laﬁf tg S10 %aﬁligg_ a flartnn)emsrg ofao.%awmm,saswg ir’fssrg)f 2 nd a
i, ‘antPa “roughness Rao nmHE marufactifed: DU to the action of
th@h@lﬂlﬂmgﬁsﬁaﬁ\&mg exagﬂeni sheat conductivitydthe glass is evenly
resed g STAEOUSy ptous e felngss SR WAITERS Bcnsonn
heat conductivity, the glass is evenly heated to
simultanecusly improve 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 roughness is deteriorated.
I0041] 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 therecf are not aligned linearly, the glass
plate is gradually drawn cbliquely. The manufactured glass
gstrip is, therefore, warped.

This warping guantitatively expresses a syncnym for,
for example, the flatness. In this example, the flatness
is 10 um/mm or more.

100423 Fourth Example
If a distance between a withdrawal tip end of the

preform and an inlet of a withdrawal machine is about 3
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reduces a surface temperature 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 20 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 mechaniém 30 shown in Fig. 3 are located
relative to one another so that respective axial centerlines thereof are not
afighed dinearlyithedjlassa25 platé is gradualiyndeavin obliguely.stred sc that
manyfactied glass, strip is, lnerefore, warped. Thiswarping Quantiatively
expresses a synonym for, for éxample, the flathess. n this example, the
fratdessnis 10:en/mmh ot Mioret BO [@6421 Foertli Example ¢ffa distancezss

?ﬁe]t- %%nﬁr‘@%@fﬁwf?‘é“%@ﬁﬁ{ the -pr OrQ‘aa@%Qné'&'%E‘8‘3_%9{"“39”%‘@{%'
ac all

Ine’ls about 3 22 meters, a withdrawal machin gnment Is

adjusied soahatacdevigtion fymc ing thg conhectsahe ithtvawsl tiptass
eggﬂrbd the iplet t%g}%géigl centerline of the glass plate preform is within

0.1 mm at the position of the 5 withdrawal machine. By doing so, the
maifddtured Glesshsipigmbtwarped. [0043] Fifth Example The glass

plate preformys pre-finished to.have a, width 01100 mm, g thickness.of 2,

mm, and a surface 10 roughness Ra of 4 nm. As a result of drawing the
gfasstblté préforfrby theldra®iitpRifnade, 4 glass plade havingt aifidth
of 223w anda thicknesg of 0;45 mm-isQhtaineel. JEhe drawdown rate s s

is 20%. Finally, a glass strip having a flatness of 1 m/mm, a waviness of 2
it 2 2 %6 SOR& 5 BF 6. 6ishomeéter iemaRufatiirédplate 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 um/mm, a waviness of 2 nm, and a roughness Ra
of 0.6 nanometer is manufactured.

The roughness of the finished glassgs strip is improved
as compared with the first example. This is due to
reduction of the roughness of the glass plate preform.
Using the ceolloidal silica slurry, the substrate surface is
polished for about 10 minutes. As a result, although the
roughness Ra 1s improved to 0.3 nanomster, the waviness is
hardly reduced.

{0C44} Sixth Example

The glass plate preform i1s pre-finished to have a
width of 100 mm, & 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 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 & 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, and a roughness Ra of 2 nm is manufactured.
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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 20
polished for about 10 minutes. As a result, although the roughness Ra is
improved to 0.3 manometer, the waviness is hardly reduced. [0044] Sixth
Example The glass plate preform is pre-finished to have a 25 width of 100
mm, a thicknessigh24nm, andt@surface: sdughness Ra eft4 hm. Fheimproved

lass plate preform js input into the drawing.furnace._into which heli ,
o by A0 Ui et S b ime mdratire o a1
the fifthaexample vand deaveioAs azésul arglass 30 plate havingra Widthabout
of g2 mip and a inickness 1045 oy is bained The.diawdan il <o
is 20%. Finally, a glass strip having a flatness of 1 m/mm, a waviness of

(45 narometer anera rodghnesy Reest2 am is efauddctured) 285 Thenoneter.

reyghness of the finjshed glass stripds mprayved.as.compaiedwith the, v,

first example. Using the colloidal silica slurry, the substrate surface is
potisked for abbut 210 minges As RTesHE The FoughinédeRa klirdpreved ©o

ta b:Q: 3 nanometer gad the waviness is,reduced 10:0. Lxnangmetelan «o
[0045] The fifth example is compared with the sixth example. In a
polisAiRg Precess ais widre diffieultt6 Elirfinaethé Mav gpbstrate

wavelength of L manthap,taseliminale rouahngsssTe manacture theq i sk
glass substrate 10 according to the present invention as the magnetic disk
StBSfate? tGs effective foihaké tHE Wavint3E Sntdlfer 48 VineSglassefipl e @3

haying;a Mayinessof 0.2 napgmeterpriess andm Ughness ek 2MeF less
less. As a method therefor, the heat conduction of the ass introduced into
tﬁ@ﬁnﬁMﬁﬁughness of 2 nmm cr less. As a method therefor, the
heat conduction of the gas introduced into the drawing
furnace and the tempetature of the furnace are adiustied,
thereby controlling the relationship between the waviness
of the finished glass plate and the roughness thereof.
[004¢] 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 c¢f 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

gsemiconductor element or a field effect flat panel display.



15 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 20 present invention can be app i€d to various products for which the

flatness and the surface property of the glass strip are made use of. For
craIssample, 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.

25 24 CLAIMS 1. A glass strip manufactured by drawing a heated glass
1. plateprefernswitha desireththickness bwhereiv armean rougieésy bf tie
o121 @335 Stip 5 200 nanomelers ay less, alalaess ghibe glass strip is equal

to or lower than 0.5 pm/mm, and a waviness of the glass strip of a

wavealeagthisfug ifiisfetefistégual e 6 swalléfthap KW naveheRis . or
less‘l:he glass strip according to claim 1, wherein a width of the glass strip is

40 millimeters or less. 3. The glass strip according to claim 1, wherein a

flatndsS6IRa HIads Stip i§ baaal ©ieriBwertHA D5 fmAhm:@rer than
0.5 Waviness ahthe glass strip of a wavelength of 1 millimeter is equal to or

smaller than 10 nanometers, and the mean roughness i%ggual to_or

[

Sl ThaART 160 Clardifiefers 4 Thie gidss strib SE6TdmGt6 Sldim 1
millwheredra flatness:0f the glass:strp issequal 4o of lowerdhane@.d5pm/mm,

2. The glass strip according to claim 1, wherein

a width of the glass strip is 40 millimeters or less.

3. The glass strip according to claim 1, wherein

a flatness of the glass strip is equal to or lower than
0.25 um/mm,

a waviness of the glass strip of a wavelength of 1
millimeter is egual to or smaller than 10 nanometers, and

the mean roughness is egual to or smaller than 100

nanometers.

4. The glass strip according to claim 1, wherein

a flatness of the glass strip is egual to or lower than
0.15 pm/mm,

a waviness of the glass strip of a wavelength of 1
millimeter is equal to or smaller than 0.5 nancmeter, and

the mean roughness is equal to or smaller than 2

nanometers,

5. The glass strip according to c¢laim 1, wherein
a flatness of the glass strip is equal to or lower than

0.0% um/mm,



a waviness of the glass strip of a wavelength of 1 millimeter is equal to or
smaller than 0.5 nanometer, and the mean roughness is equal to or
smaller than 2 nanometers. 5. The glass strip according to claim 1,
wherein a flatness of the glass strip ES equal to or lower than 0.05 m/mm,
: : 5 . :
25 a waviness of the glass strip of a'wavelength of 1 millimeter is equal to
or smaller than 0.2 nanometer, and the mean roughness is equal to or
smaherthar 85 manometet. 46 F hetglags stfipsaccovding tg thaimil, 1

ni1 (4RREIN.2 matepal for. (e glass,aifipds a sliga gjass f; The.0lass slipy
accor(ﬁng]fo claim 1, wthereln a material forthe glass strip Is'a
mukiscomponentldss: 85 Alglass sabstraterianifastupad b drawing a

nandigated glass plate preform with a desired thickness, wherein a mean
roughness of the glass substrate is 200 nanometers or less, and a width
of the glass substrate is 40 millimeters or less.

6. The glass strip according to claim 1, wherein a material

for the glass strip is a silica glass.

7. The glass strip according to claim 1, wherein a material

for the glass strip is a multi-component glass.

8. A glass substrate manufactured by drawing a heated glass
plate preform with a desired thickness, wherein

a mean roughness of the glass substrate is 200 nanometers
or less, and

a width of the glass substrate is 40 millimeters or less.



