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DESCRIPTION

GLASS PLATE MANUFACTURING METHOD, GLASS PLATE MANUFACTURING

APPARATUS, AND LIQUID CRYSTAL DEVICE

TECHNICAL FIELD

The present invention relates to a manufacturing method
by which to manufacture a thin glass plate (sheet glass) such
as a glass substrate for use with liquid crystal, as well as a
glass plate manufacturing apparatus and a liquid crystal

device.

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

molding.

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

edge areas of the glass.



-3

5

10

15

20

25

Because the glass substrate obtained through this type of
manufacturing method is formed such that both surfaces at the
time of molding are free surfaces, and such that the glass
surfaces that were in contact with the mold are fused together,

. it offers superior smoothness and flatness.

Generally, the glass plate that is obtained through this

manufacturing method and has outer dimensions of 1m X 1m and a

thickness of 0.7mm is cut to a size of 550 x 650nm or 600 x

720nm, and is used as a glass substrate for a liquid crystal
_display. Examples of such a liquid crystal device glass
substrate include a TFT glass substrate or a color filter

<

glass substrate.

For a TFT glass substrate, a thin film transistor (TFT)
is formed on the surface of the glass substrate, while for a
coler filter glass substrate, a color filter is formed on the
surface of the glass substrate. A liquid crystal device is
formed~by encasing liquid crystal between two glass substrates

on which these thin films are formed.

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

glass manufactured using the downdraw method is larger at the
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edge areas in the widthwise direction than at the center area
(called the 'surface area' below). Consequently, when the
sheet glass is slowly cooled from a high temperature after
molding, because the cooling speed of the surface area is
faster than the cooling speed at the edge areas, compressive
stress occurs at the edge areas, while tensile stress occurs
at the surface area, and as a result, minute strain occurs in
the widthwise direction. In addition, this strain tends to be

relatively larger at the edge areas than at the surface area.

When a piece of this sheet glass having this type of
strain distribution is cut out in the size appropriate for a
4display apparatus glass substrate, the strain distribution
continues to exist in a reconstructed state, which causes

minute deformation of the glass substrate.

When a thin film transistor (TFT) or a thin film pattern
for a color filter is formed via photolithography on the
surface of the glass substrate having this type of minute
deformation, exposure is not performed accurately during the
photolithography process, and as a result, the problem occurs

that the precision ¢of the thin film pattern is reduced.

Furthermore, when a TFT glass substrate is combined with
a color filter glass substrate, the alignment marks become
offset due to the minute deformation in the glass plates, and
as a result, the problem occurs that the yield of the liquid

crystal devices declines.
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In particular, when the glass substrate is large in size,
the problem occurs that the amount of deformation of the glas§
substrate is accordingly large and the amount of offset of the

pattern positioning is large as well.

The present invention was created in view of the above

problems, and has the objects described below.

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

downdraw method.

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

display apparatus.

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

size.

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

crystal devices.
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Accordingly, the present invention proposes a
manufacturing method wherein, in order to eliminate strain
caused by temperature variations in the widthwise direction of
the sheet glass when the downdraw method is used, carries out
strain reduction processes during the slow cooling of the

sheet glass.

Construction 1: A glass plate manufacturing method for
manufacturing a glass plate by forming molten glass into a
sheet using the downdraw method and subjecting the obtained
sheet glass to slow cooling using a heat treating unit,
wherein a strain reduction process to reduce strain occurring
in the sheet glass due to the temperature difference between
the edge areas and the surface area in the widthwise direction

of the sheet glass is performed during the slow cooling.

For a glass material suitable for the downdraw method, it

is preferred from the standpoint of maintaining transparency

that the material have a liquid phase temperature of 1200T or

lower, and ideally a liquid phase temperature of 1100C or

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

glass be between 0.5 and 1.0mm.

It is also preferred that the strain reduction processes

be carried out immediately after molding.

Construction 2: The glass plate manufacturing method

according to the Construction 1, wherein the temperature
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- difference occurs between the center region of the surface

area and the edge areas.

Construction 3: The glass plate manufacturing method
according to the Construction 1 or the Construction 2, wherein
‘the sheet glass subjected to slow cooling exhibits a widthwise
temperature distribution such that the surface area has a

lower temperature than the edge éreas.

Construction 4: The glass plate manufacturing method
according to any of Constructions 1 through 3, wherein the
strain reduction processes are carried out based on the strain

%distribution in the post-molding glass plate measured in

advance using the optical heterodyne method.

Because the strain addressed by the present invention
comprises minute strain (deformation), it is preferred that
the birefringence amount be measured through optical
heterodyne measurement, which can measure minute strain
(minute deformation) with high precision, and that the strain
reduction processes be carried out based on the results of
this measurement. Measurement of the strain using the optical
heterodyne method allows the widthwise temperature
distribution in the sheet glass after molding to be easily

understood.

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

strain reduction process comprises a heat treatment that forms
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a prescribed temperature distribution in the widthwise
direction of the sheet glass so that the temperature
difference in the widthwise direction of the sheet glass after
molding is reduced when the sheet glass is subjected to slow

cooling by means of the heat treating unit after molding.

It is preferred that the temperature range used for slow
cooling of the sheet glass be 600 to 850C. It is further

preferred that the method for reducing the temperature
difference in the widthwise direction of the sheet glass

comprise heat treatment by a heat treating unit having a

- temperature distribution whereby the widthwise temperature

Qistribution of the sheet glass is offset.

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

distribution of the sheet glass.

Construction 6: The glass plate manufacturing method
according to Construction 5, wherein the thermal process is
carried out at least through a process in which the sheet
glass is slowly cooled from the molding temperature to a

temperature near the strain point.
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It is preferred that the heat treatment be carried out

within a temperature range from the molding temperature of th%?*-

sheet glass to an extraction temperature equal to or lower
than the strain point, but it is effective if the heat
treatment is carried ocut through the slow cooling process in )
which the sheet glass is slowly cooled from the molding
temperature'fo a temperature near the strain point. It is
preferred that the thermal process be carried out through_a

process in which the sheet glass is slowly cooled from a
temperature that is 400 to 500C lower than the molding

temperature to a temperature near the strain point. In

addition, it is preferred that where the widthwise temperaturd -

& -
51

‘of the sheet glass is made essentially uniform at a
temperature near the strain point, and slow cooling at or

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

that slow cooling be further carried out.

Furthermore, the preferred range for the temperature neat"

the strain point is 50C above and below the strain point.

Construction 7: The sheet glass manufacturing method
according to Construction 5 or Construction 6, wherein the
heat treatment is a process in which the temperature
distribution that is formed, in the widthwise direction of thé&™
sheet glass, by the heat treating unit for heating the sheet
glass is set ‘sdch that the temperature difference in the the

worra

widthwise direction of the sheet glass may be reduced. -

H
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Where the temperature distribution is formed via the heaf
treating unit, it is.preferred that, rather than forming such
temperature distribution suddenly near the strain point, the
temperature distribution near the strain point be used as a
reference, and that a temperature distribution obtained by
flattening this temperature distribution near the strain point
be formed in steps or continuously in the slow cooling process

from the strain point and the molding temperature.

Construction 8: The glass plate manufacturing method
adcording to any of Constructions 1 through 3, wherein the
strain reduction process reduces strain occurring from the
shrface area to the edge areas by increasing the amount of
extension of the edge areas relative to the amount of
extension of the surface area in accordance with the heat
contraction difference occurring between the edge areas and

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

It is preferred that the strain reduction processes be

carried out through slow cooling within a temperature range of

. 600 to 850TC.

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

0.07 kg/mm® or less.

It is further preferred that the maximum strain be 0.04

kg/mm* or less.
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Construction 10: The glass plate manufacturing method
according to any of Constructions 1 through 9, wherein the

glass plate is a glass substrate used in a display apparatus.

It is preferred that the display apparatus comprise a

liquid crystal device, and that the glass substrate for the

liquid crystal device have an expansion coefficient of 32-38 x°

107/C, and that the strain point be at least 650C.

It is preferred that the glass have a composition
comprising 60-70% SiO,, 7-12% B,0,, 9-13% AL,0,, 1-8% MgO, 2-8%
Ca0, 0.5-5% SrO, and 0.5-5% BaO, where the percentages are

expressed in terms of molar percentages.

It is also preferred that the glass have a composition
comprising 65-75% SiO,, 6-11% B,0,, 8-15% AL,0,, 3-15% MgO, 0-8%

Ca0O, 0-1% Sr0O, and 0-1% BaoO.

Construction 11: A glass plate manufacturing apparatus

that includes a molding unit that molds molten glass provided

' continuously from a molten glass storage tank into a sheet;

a drawing unit that draws down the sheet glass molded by

the molding unit and existing in a softened state; and

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

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

10
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Construction 12: The glass plate manufacturing apparatus
according to Construction 11, wherein the strain reduction
unit is a heat treating unit that slowly cools the sheet glass
after molding, and sets in the widthwise direction of the
sheet glass a temperature distribution that reduces the
temperature difference in the widthwise direction of the post-

molding sheet glass.

It is preferred that the heat treating unit be located on
one side or both sides of the sheet glass. It is also
preferred that the heat treating unit be located near the

surface or surfaces of the sheet glass.

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

the temperature difference from the surface area to the edge

~ areas of the sheet glass that is being slowly cooled by the

heat treating unit.

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

of Constructions 1 through 10.

11



Fig. 1 is a schematic diagram showing an embodiment of
the glass plate manufacturing apparatus of the present

5 invention that manufactures sheet glass from molten glass:

Fig. 2 is a cross-section of the apparatus shown in Fig.

1 cut along the A-A line;

10 Fig. 3 is a side view of the drawing rollers shown in Fig.

Fig. 4 is a drawing showing a strain distribution in a
glass plate that has not undergone strain reduction

15 processing;

Fig. 5 is a table showing the temperatures of the heaters

and the glass during the strain reduction processing;
20 Fig. 6 is a graph of the data shown in Fig. 5;

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

25

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

into pieces.

12
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Embodiments of the present invention will be explained

below with reference to the drawings.

Fig. 1 is a schematic diagram showing an embodiment of
the glass plate manufacturing apparatus of the present
invention that manufactures sheet glass from molten glass, Fig.
2 is a cross-section of the apparatus shown in Fig. 1 cut
along the A-A line, Fig. 3 is a side view of the drawing
rollers shown in Fig. 1, Fig. 4 is a drawing showing a strain

*distribution in a glass plate that has not undergone strain
reduction processing, Fig. 5 is a table showing the
temperatures of the heaters (heat treating unit) and the glass
during the strain reduction processing, Fig. 6 is a graph of
the data shown in Fig. 5, Fig. 7 is a drawing showing the
strain distribution in a glass plate after it has undergone
strain reduction processing, and Fig. 8 is a drawing showing
the relationship between the total pitch shift amount of a

glass plate after it was cut out and the strain amount of the

_ sheet glass before it was cut into pieces.

(Glass plate manufacturing apparatus)

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

Figs. 1 through 3.

13
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The glass plate manufacturing apparatus comprising one
embodiment of the present invention comprises basically a
molten glass storage tank 1 and a cooling oven 10, as shown in

Fig. 1.

The molten glass storage tank 1 has a storage unit la
having an opening, and the molten glass 2 obtained through
melting of the glass raw material at a prescribed temperature
is stored in the storage unit la. A molding unit 3 is formed

at the bottom edge of the storage unit la. A slit-shaped

_opening 3a that extends in the widthwise direction of the

sheet glass 8 is formed in the molding unit 3. The molding

unit 3 comprises heat-resistant bricks coated with white gold.

The molten glass may be molded into sheet-shaped glass 8
by drawing the molten glass 2 through the opening 3a. The
sheet glass 8 passing through the molding unit 3 is slowly
cooled by heaters 4 in order to inhibit the contraction of the

edge areas toward the center area that would result from rapid

cooling.

The slow cooling oven 10 slowly cools the glass 8 molded
into a sheet shape and is hollow inside, such that as the edge
areas of the sheet glass 8 are drawn downward by the drawing
rollers 5 through 7, slowly cooling is carried out while rapid
cooling of the sheet glass 8 is prevented by the heat treating

unit 9.

14
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The drawing rollers 5 through 7 are aligned in the
direction of drawing of the sheet glass 8, and are located at‘
prescribed distances from each other. The heat treating unit 9
is located at a prescribed distance from and near the main

surface of the sheet glass 8.

The drawing rollers 5 through.7 grasp the edge areas 8a
and 8b of the sheet glass 8 and draw the sheet glass 8
downward. The drawing rollers 5a, 6a and 7a draw the sheet
glass 8 downward in concert with the drawing rollers 5&, 6C
and 7c located at the back side of the sheet glass 8, as shown
in Fig. 2. The drawing rollers 5b, 6b and 7b shown in Fig. 1
also have drawing rollers not shown in the drawing that draw
50wn the sheet glass in cooperation with the drawing rollers
5b, &b and 7b and are located at the reverse side of the sheet

glass 8.

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

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

rollers 5b, 6b and 7b shown in Fig. 1 are also positioned in a

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

15
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The heat treating unit 9 used for slow cooling may form a
prescribed temperature distribution in both the widthwise '
direction and the drawing direction of the sheet glass 8 in
order to prevent the occurrence of strain. Consequently, the
heat treating unit 9 has a plurality of heaters aligned in the
widthwise direction (the horizontal direction) and the drawing
direction (the vertical direction) of the sheet glass 8. In
the drawing, a representative situation in which eight heaters
are arrayed along the widthwise direction of the sheet glass 8
is shown. In addition, ten heaters, for example, are arrayed

along the direction of dréwing of the sheet glass 8, though

these heaters are not shown in the drawing. The temperature of

; each heater may be individually controlled. The use of plural

neaters arrayed along the widthwise direction of the sheet
glass 8 is intended to form identical prescribed temperature
distributions in the same direction in order to reduce the
occurrence of strain in the same direction. Furthermore, the
use of multiple heaters along the direction of drawing of the
sheet glass 8 1s intended to form prescribed temperature
distributions that will prevent rapid cooling and permit slow
cooling in the same direction. Rapid cooling is prevented in
order to prevent damage to the sheet glass 8 during the

drawing process. In particular, when rapid temperature changes
occur to the sheet glass 8 within the range of 600-700TC,

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

deformation.

(Glass plate manufacturing method)

16
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A method by which to manufacture a glass plate using the

above apparatus will be explained below using the example of

manufacture of a glass substrate for a liquid crystal display.

At the outset, preparations for the strain reduction
processing are carried out. First, the amount of strain in the
sheet glass 8 that has not undergone strain reduction
processing is measured using the optical heterodyne method.
The measurement sample is a glass plate cut out from the sheet
glass 8 and having a width of 650mm and a length of 550 mm.
The results of the measurement are shown in Fig. 4. As seen

%ffom the table, the amount of strain of the sheet glass 8 has
a distribution wherein it increases gradually from the center
fégion of the display area to the edge areas, and the maximum
strain is the strain at which the birefringence Re is 4.1lnm

(strain: 0.12 kg/mm?).

The scale used in the drawing indicates the length in
millimeters. The centers of the individual circles on the
glass plate represent measurement points, and the size of each

c¢lrcle indicates the amount of strain. While not shown in the

~ drawing, the fast axis that indicates the direction of strain

runs toward the center bottom edge of the glass plate.

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

indicating the correlation between the strain distribution and

17
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the widthwise temperature distribution of the heat treating

unit 9 are obtained.

Based on this data, the amount of displacement regarding
the drawing rollers 5 through 7 needed to reduce the
occurrence of strain and the widthwise temperature
distribution of the sheet glass 8 set by the heat treating

unit 9 are determined.

Based on these preparations, the sheet glass 8 is

manufactured from molten glass.

First, the aluminosilicate raw material is melted at a
melting temperature of 1550-1650C in a melting tank not shown
in the drawings, and after refining and homogenization are

carried out, molten glass is obtained. The molten glass 1is

then moved from the melting tank to the storage unit 1la.

Incidentally, the aluminosilicate glass raw material used
was mixed so that the following composition would be obtained:

65% sio,, 11% B,0,, 12% AL,0,, 12% MgO, 5% CaO, 2.4% SrO, and

- 1.65% BaO.

The characteristics of this glass are as follows: Strain

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

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

-formed into sheet glass 8 via the opening 3a in the molding - - ~zuiww =

18
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unit 3. The molding temperature for this process is set to be

1150-1250TC.

The sheet glass 8 molded in this way is then slowly
cooled by the strain reduction unit as the occurrence of

strain is inhibited.
These strain reduction processes are explained below.

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

a slow cooling process (method 2).

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

displaced)

When the sheet glass 8 is drawn downward by the drawing

rollers 5 through 7, because one of the adjacent roller pairs

" (rollers 6) is offset by an amount o, the edge areas of the

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

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

In the prescribed distance in the direction::in. which the -

sheet glass 8 is conveyed, the amount of heat contraction of
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the surface area is larger than the amount of heat contraction
of the edge areas. Therefore, if the surface area and the edgé
areas are drawn down in a uniform fashion, strain occurs.
Accordingly, if the drawing distance for the edge areas having
a relatively smaller contraction amount is longer than thé
drawing distance for the surface area, appropriate drawing
distances for the surface area and the edge areas may be
maintained in accordance with the difference in their heat
contraction amounts, and consequently, the occurrence of"

strain may be inhibited.

(Method 2: Method in which heat treatment is performed through
,forming of temperature distribution during slow cooling

process)

The heat treating unit 9 of this embodiment has multiple
heaters arrayed in the widthwise direction and the drawing

direction of the sheet glass 8, as described above. The table
shown in Fig. 5 indicates the temperatures () of each heater
arrayed in the widthwise direction and the drawing direction

of the sheet glass 8, as well as the temperature (%3) of the

~ sheet glass 8 at the areas corresponding to each heater,

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

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

20



(9}

10

15

20

25

of each heater, while 'Glass' indicates the temperature of the

*

sheet glass 8.

The temperature of each heater is measured through, for
example, measurement of the temperature of the air at a
position located 20mm away from the surface of the sheet glass
8 using a thermocouple. The temperature of the shegt glass 8
is measured through measurement of the temperature of the

sheet glass 8 using a radiation thermometer. -

The table shows the temperatures of four groups of
heaters located at progressively farther distances from the
molding unit 3, as well as the temperatures of the sheet glass
8 at areas corresponding to each heater. These four heater
groups are referred'to as first, second, third and fourth
heater groups in the order of their proximity to the molding

unit 3.

In the table, 'l Atmosphere' through '4 Atmosphere'
indicate the temperatures of the first through fourth heater

groups, respectively. Similarly, 'l Glass' through '4 Glass'

~ indicate the temperatures of the sheet glass at the areas

corresponding to the heaters of the first through fourth

heater groups, respectively.
The 'L' in the first row indicates the heater located at

the left edge of the sheet glass 8 in the widthwise direction,

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

21



5

10

15

-

20

25

sheet glass 8, and the 'R' indicates the heater located at the

A

right edge of the sheet glass 8.

Fig. 6 is a graphical representation of the data shown in

the table in Fig. 5.

As can be determined from Figs. 5 and 6, the temperatures
of the multiple heater groups arrayed in the widthwise
direction of the sheet glass 8 are set so that the
temperatures of the heaters located at the center of the sheet
glass 8 are higher than the temperatures of the heaters

located at the edges thereof. Specifically, the temperatures
of the center heaters (C) are set to be 13-45C higher than
the temperatures of the edge heaters (R and L). Furthermore,

the differences in their temperatures are set to decline

gradually from the first heater to the fourth heater.

At the same time, the temperature of the sheet glass 8 is
set so that the temperature of the center of the surface area

of the sheet glass 8 at the area corresponding to the first

heater is 28T higher than the temperature of the edge areas.

' By contrast, the difference in temperature between the center

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

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

in the areas corresponding to the third heater group is

controlled to equal the strain point temperature of'GSOTD; In

22
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other words, it can be seen that the temperature of the sheet
glass 8 is made uniform in the widthwise direction at a

temperature near the strain point of the sheet glass 8.

The heater group that fulfills an important role in this
embodiment is the thiré‘heater group, which carxry out heat
treatment at a temperature near the strain point, The first
and second heater groups are located so as to prevent rapid

temperature change due to the cooling of the sheet glass 8
from the molding temperature (1200C) to the strain point. The

fourth heater group is located so as to carry out slow cooling
of the sheet glass 8 to an even lower temperature while a
uniform temperature distribution achieved by the third heater
group is maintained. The fifth through tenth heater groups
(not shown in the drawings) following the fourth heater group

are located so as to gradually carry out slow cooling to the
extraction temperature of the sheet glass 8 (150-180T), like

the fourth heater group. In other words, these heater groups
carry out incremental heat treatment of the sheet glass 8 so

that slow cooling occurs while rapid cooling 1s prevented.

The sheet glass 8 conveyed to the extraction position is
cut at prescribed intervals in the drawing direction and

carried out from the apparatus.
The thickness of the sheet glass 8 when molding was

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

130mm from the edge toward the center) of both the left and
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right sides, and 0.7mm at the surface area located inside the
edge areas. The extérnal dimensions comprised a width of
1060mm and a length of 110mm. The edge areas regarding which
the thickness was not managed were then eliminated, and a
glass plate having 4 usable width of 800mm and a length of
110mm was created. Here, the usable width is the width of the

area having a uniform thickness.

The glass plate then underwent edge polishing and washing,
and the final prodﬁat was completed. The strain of the glass
plate manufactured in this way was then measured using the

optical heterodyne wiethod. The result was a maximum

- birefringence Re of 0.77 (maximum strain: 0.04 kg/mm?). The

results of measuremeit of the stress distribution in this
embodiment are shown in Fig. 7. As shown in the drawing, not
only was the maximuf strain amount reduced, but the strain

distribution was made almost uniform.

From comparison of the glass plate of this embodiment and
a conventional glas% plate shown in Fig. 4, which was

manufactured without strain reduction processing, it is seen

that the glass platé of this embodiment has superior strain

uniformity and a smaller amount of strain.

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

process, the yield was improved by 10%.

(Manufacturing of liguid crystal device)
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A liquid crystal device was manufactured from the glass

plates manufactured through the above embodiment. Specifically,
two 423 x 275mm glass plates were cut out from a single 550 x
650mm full-size glass plate. The total pitch shift amount of

these cut out plates was 0.40ym. It is preferred that the

total pitch shift amount be 1.0mm or lower.

If the relationship between the total pitch shift amount
and the strain of a full-size glass plate (the size of the

glass plate before the smaller glass plates are cut out) is

- sought beforehand, the total pitch shift amount of the glass

plates used in an actual display apparatus can be managed via
management of the strain amount of the full-size glass plate.
Fig. 8 shows a graph indicating the correlation between these
two values. In the graph, the vertical axis represents the
total pitch shift amount (in gm) occurring in the glass plate
obtained through cutting, and the horizontal axis represents
the birefringence (in nm) of a full-size glass plate prior to

cutting.

From the glass plates of this embodiment in which the
occurrence of strain was inhibited, color filter glass
substrates and TFT glass substrates were manufactured. Liquid
crystal displa& devices were then manufactured by aligning the
alignment marks on each glass plate. Because the glass plates
of this embodiment having reduced strain were used here, the
manufacture of the liquid crystal devices could be carried out

with a high yield.
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The present invention may be applied to a downdraw method
different from the downdraw method of the embodiment described
above. For example, the present invention may be applied to
the conventional downdraw method described with reference to

the prior art.

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

processes is used in regard to the present invention.

Furthermore, the above embodiment used a heat treating
unit comprising multiple heaters arrayed in the widthwise
airection of the sheet glass 8 such that a prescribed
temperature distribution was formed in the same direction
through individual control of the temperatures of the heaters.
However, it is acceptable if the present invention uses a heat
treating unit that has only a single heater than emits a
uniform heat; and a prescribed temperature distribution in the
widthwise direction of the sheet glass 8 is obtained through
the placement of appropriate thermal insulators on the surface

of the heater.

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

electronic product (such as an information recording medium).
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Using the present invention, sheet glass in which the
occurrence of strain is inhibited may be manufactursd using
the downdraw method. In particular, the occurrence of strain
in the widthwise direction of the sheet glass may be inhibited.
As a result, strain in the glass plates cut out from the sheet

glass may be reduced.

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

be prevented.

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

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

manufactured using the present invention, the yield obtained

in the manufacture of the display apparatuses may be improved.
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1. A glass plate manufacturing method for manufacturing
a glass plate by forming molten glass into a sheet using the
downdraw method and subjecting the obtained sheet glass to
slow cooling using heat treating unit, wherein a strain
reduction process to reduce strain occurring in the sheet
glass due to the temperature difference between the edge areas
and the surface area in the widthwise direction of the sheet

glass is carried out during the slow cooling.

2. The glass plate manufacturing method according to
claim 1, wherein the temperature difference occurs between the

center region of the surface area and the edge areas.

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

dareas.

4. The glass plate manufacturing method according to

'any of claims 1 through 3, wherein the strain reduction

processing is carried out based on the strain distribution in
the post-molding glass plate measured in advance using the

optical heterodyne method.

5, The glass plate manufacturing method according to

any of claims 1 through 4, wherein the strain reduction
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process comprises'a heat treatment that forms a prescribed
temperature distribution in the widthwise direction of the
sheet glass so that the temperature difference in the
widthwise direction of the sheet glass after molding is
reduced when the sheet glass after molding is subjected to

slow cooling by means of the heat treating unit.

6. The glass plate manufacturing method according to
claim 5, wherein the heat treatment is carried out at least
during a process in which the sheet glass is slowly cooled

from the molding temperature to a temperature near the strain

_pdint.

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

glass may be reduced.

8. The glass plate manufacturing method according to
any of claims 1 through 3, wherein the strain reduction
process reduces strain occurring from the surface area to the
edge areas by increasing the amount of extension of the edge
areas relative to the amount of extension of the surface area
in accordance with the heat contraction difference occurring
between the edge areas and the surface area in the widthwise

——

direction of the sheet glass. IS
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9, A glass plate manufacturing method wherein the
maximum strain of the manufactured sheet glass is 0.07 kg/mm’

or less,.

10. The glass plate manufacturing method according to
any of claims 1 through 9, wherein the glass plate is a glass

substrate used in a display apparatus.

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

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

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

sheet glass.

13. The glass plate manufacturing apparatus according to

claim 11, wherein the strain reduction unit has:

-
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heat treating unit that slowly cools the sheet glass
after molding; and

controlling unit that performs control to ensure that the
amount of extension of the edge areas is larger than the
amount of extension of the surface area in accordance with the
temperature difference from the surface area to the edge areas
of the sheet glass that is being slowly cooled by the heat

treating unit.

14. A liquid crystal device comprising liquid crystal
held between a pair of glass plates formed using the glass
,piate manufacturing method according to any of claims 1

through 10.
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