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(57) Abstract:  Apparatus and method for
heating glass to perform drying and baking
processes of a patterned thin film on the glass,
and more particularly apparatus and method
for heating glass to perform a drying process
using a heating plate prepared in a lower portion
of the inside of a chamber and provided with
a hot wire wound therein and perform a baking
process using a sheath heater prepared in an
upper portion of the inside of the chamber. The
apparatus includes a chamber, in which drying
and baking processes of the glass are performed,
including a first through hole formed through
the central portion of the lower wall thereof
and a plurality of second through holes formed
through the lower wall thereof such that the
second through holes are spaced from each other
by a designated distance; a heating plate having
a platy structure installed in a lower portion of
the inside of the chamber, including a plurality
of first pin holes formed through designated
positions thereof perpendicularly to the second
through holes, and supported by power supply
means inserted from the outside of the chamber
thereinto through the first through hole; a sheath

& heater having a platy structure installed in an upper portion of the inside of the chamber, and provided with a hot wire formed
& thereon in a designated pattern; reflecting means prepared along the inner side surface of the chamber and a virtual horizontal plane
N petween the inner lower wall of the chamber and the heating plate, and including a plurality of second pin holes formed through the
horizontal plane perpendicularly to the second through holes; a plurality of glass support pins passing through the second through
holes and the first and second pin holes and vertically moving; and support pin ascending and descending means for vertically

moving the glass support pins.



WO 2006/057481 A1 1M1 A000H0 T 00 00000

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,  For two-letter codes and other abbreviations, refer to the "Guid-
SE, SI, SK, TR), OAPI (BF, BJ, CE CG, CI, CM, GA, GN, ance Notes on Codes and Abbreviations" appearing at the begin-
GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:

—  with international search report



[1]

[2]

[3]

[4]

[5]

WO 2006/057481 PCT/KR2005/000247

Description

APPARATUS AND METHOD FOR HEATING GLASS
Technical Field

The present invention relates to an apparatus and method for heating glass to
perform drying and baking processes to a patterned thin film on the glass, and more
particularly to an apparatus and method for heating glass to perform a drying process
using a heating plate prepared in a lower portion of the inside of a chamber and
provided with a hot wire wound therein and a baking process using a sheath heater

prepared in an upper portion of the inside of the chamber.

Background Art

In order to keep pace with the rapid progress of data communication technology and
the expansion of a market thereof, flat panel displays are increasingly used as display
elements. The flat panel displays include liquid crystal displays, plasma display panels,
and organic light emitting diodes (OLEDs).

Organic light emitting diodes, which exhibit a rapid response speed, a power
consumption rate lower than that of the conventional liquid crystal display, and a light
weight, and do not require a back light device, are advantageous in that they are man-
ufactured to an ultra thin thickness and exhibit a high luminance, thus being in-
creasingly used next generation display elements.

Such an organic light emitting diode emits light due to a difference of energy
formed in an organic thin film by coating a substrate with an anode film, the organic
thin film, and a cathode film and applying voltage between obtained anode and
cathode. That is, light is emitted from excitation energy remaining after injected
electrons and holes are recombined. Here, since the wavelength of the light is adjusted
by the amount of a dopant made of an organic substance, the organic light emitting
diode exhibits full colors. the size of a glass substrate used for manufacturing a display
has been gradually increased so as to improve productivity and increase the size of the
display.

The organic light emitting diode is formed by sequentially stacking an anode, a hole
injection layer, a hole transfer layer, an emitting layer, an electron transfer layer, an
electron injection layer, and a cathode on a substrate. Here, the anode mainly employs
indium tin oxide having a low sheet resistance and a high permeability. In order to
increase efficiency in emitting light, the organic thin film has a multilayered structure
including the hole injection layer, the hole transfer layer, the emitting layer, the
electron transfer layer, the electron injection layer. The emitting layer is made of an
organic substance, such as A1q3, TPD, PBD, m-MTDATA, or TCTA. The cathode
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employs a metal layer made of LiF-Al. Since the organic thin film is weak to moisture
and oxygen in air, in order to increase the life time of the diode, a sealing layer is
formed on the uppermost layer of the diode.

Regardless of the above several advantages, since equipment for mass-producing
large-size organic light emitting diodes is not yet standardized, the organic light
emitting diode does not yet secure a position as a next generation display element. That
is, the size of a liquid crystal display or a plasma display panel is rapidly increased and
equipment for mass-producing the liquid crystal display or the plasma display panel
having large dimensions is under development and standardization. Accordingly, the
development of equipment for mass-producing the large-size organic light emitting
diode has been required.

In order to manufacture the above organic light emitting diode, a series of processes
is performed. The series of processes include a process for drying a patterned thin film
on glass and a process for baking the patterned thin film.

Conventionally, the drying process and the baking process are performed in a single
chamber or in different chambers.

That is, the drying process and the baking process are sequentially performed on a
glass substrate placed on a heating plate prepared in a single process chamber, or the
drying process is first performed in a drying process chamber and then the baking
process is performed in a baking process chamber.

Disclosure of Invention
Technical Problem

However, when the drying process and the baking process are performed in
different process chambers, two chambers and additional devices are required, thereby
complicating the overall layout of the equipment for manufacturing the organic light
emitting diode and increasing costs for installing the equipment.

Further, when the drying process and the baking process are performed on the
heating plate in a single process chamber, the heating plate is deformed and the time
for cooling the heating plate is long.

That is, in order to bake a glass substrate placed on the heating plate, a high
temperature of 200°C is required. The above temperature easily deforms the heating
plate, and a long time is taken to cool the heated heating plate.

Technical Solution

Therefore, the present invention has been made in view of the above problems, and
it is an object of the present invention to provide an apparatus for heating glass, which
performs a process for drying the glass and a process for baking the glass in a single

chamber using a heating plate prepared in a lower portion of the chamber and a sheath
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heater prepared in an upper portion of the chamber.

It is another object of the present invention to provide an apparatus for heating
glass, which adjusts the height of the glass placed in a single chamber, thereby
adjusting the temperature of heat transferred to the glass.

In accordance with an aspect of the present invention, the above and other objects
can be accomplished by the provision of an apparatus for heating glass comprising: a
chamber, in which drying and baking processes of the glass are performed, including a
first through hole formed through the central portion of the lower wall thereof and a
plurality of second through holes formed through the lower wall thereof such that the
second through holes are spaced from each other by a designated distance; a heating
plate having a platy structure installed in a lower portion of the inside of the chamber,
including a plurality of first pin holes formed through designated positions thereof per-
pendicularly to the second through holes, and supported by power supply means
inserted from the outside of the chamber thereinto through the first through hole; a
sheath heater having a platy structure installed in an upper portion of the inside of the
chamber, and provided with a hot wire formed thereon in a designated pattern;
reflecting means prepared along the inner side surface of the chamber and a virtual
horizontal plane between the inner lower wall of the chamber and the heating plate,
and including a plurality of second pin holes formed through the horizontal plane per-
pendicularly to the second through holes; a plurality of glass support pins passing
through the second through holes and the first and second pin holes and vertically
moving; and support pin ascending and descending means for vertically moving the
glass support pins.

Preferably, a hot wire heated by the power supply means is wound on the inner
surface of the heating plate, the power supply means includes cooling means for
cooling the heating plate, and a cooling pass, along which cooling water transmitted
from the cooling means moves, is formed in the heating plate. That is, since the hot
wire is wound on the inner surface of the heating plate, when the heating plate is
heated once, it takes a long time to cool the heating plate. The cooling pass serves to
rapidly cool the heated heating plate, thereby facilitating the process of the next glass.

Further, preferably, the pattern of the hot wire of the sheath heater is divided into a
first pattern having a winding shape provided at the central portion of the sheath
heater, a second pattern having a winding shape provided outside the first pattern, and
a third pattern 31c¢ having a winding shape provided outside the second pattern. Ac-
cordingly, a problem caused by the temperature of the edge portion of the glass, which
is lower than that of the central portion of the glass, is solved by properly controlling
the divided patterns of the hot wire of the sheath heater.

Preferably, the number of each of the glass support pins, the second through holes,
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the first pin holes and the second pin holes is sixteen, and each of the glass support
pins, the second through holes, the first pin holes and the second pin holes are spaced
from each other by a designated distance. Further, a plurality of supporters for
supporting the heating plate are installed on the lower wall of the inside of the
chamber. Here, preferably, the number of the supporters is sixteen, and the supporters
are spaced from each other by a designated distance.

The support pin ascending and descending means includes support pin connection
portions vertically installed below the chamber such that ends of the support pin
connection portions are fixedly connected to the glass support pins; a support plate
having a platy structure fixedly connected to the other ends of the support pin
connection portions; driving means for vertically moving the support plate; and guide
means for guiding the vertical movement of the support plate by the driving means.

A nut hole provided with a screw thread formed thereon is formed through the
central portion of the support plate; and the driving means includes: a ball screw
engaged with the nut hole and rotated; a first pulley connected to one end of the ball
screw; a second pulley connected to the first pulley by a belt; and a servo motor
connected to the second pulley for generating driving force.

Preferably, bellows are respectively connected to designated parts of the lower
outer surface of the chamber and the support pin connection portions. The hermetic
sealing state of the inside of the chamber is maintained by the bellows so that the
drying and baking processes are performed under a vacuum condition.

In accordance with another aspect of the present invention, there is provided a
method for heating glass comprising inserting the glass to a chamber and placing the
glass on a heating plate; performing a drying process by separating the glass from the
heating plate by a small distance using glass support pins; performing a baking process
by more upwardly moving the glass support pins so that the glass moves close to a
sheath heater after the drying process is completed; and taking the glass out of the
chamber after the baking process is completed.

Preferably, the drying process is performed for 2 minutes, and the baking process is
performed for 8 minutes. Further, preferably, in the drying process, conditions of the
inside of the chamber are maintained such that the vacuum degree of the chamber is
0.01 Torr and the temperature of the chamber is 30~100°C, and in the baking process,
conditions of the inside of the chamber are maintained such that the vacuum degree of
the chamber is 0.01 Torr and the temperature of the chamber is 180~220°C.

The glass is vertically moved on the glass support pins so that the temperature of
the glass is adjustable. That is, since the glass support pins are vertically moved by the
support pin ascending and descending means, a control unit receives data inputted
from a temperature sensor provided at a designated position of the chamber, and
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calculates the movement distance of the support pins, thereby controlling the support
pin ascending and descending means.

Advantageous Effects

The apparatus and method for heating glass of the present invention, in which
drying and baking processes are performed in a single process chamber, simplify the
layout of the apparatus and reduce costs taken to manufacture light emitting diodes.

Further, since a sheath heater obtained by winding a hot wire on the thin plate bakes
a thin film on a glass substrate and is then rapidly cooed, the apparatus and method for
heating glass of the present invention shorten the time taken to manufacture light
emitting diodes and improve yield of the light emitting diodes.

Moreover, since the height of the glass substrate in the chamber is adjustable, the
drying and baking processes of the glass substrate are achieved by proper heat.

Brief Description of the Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a sectional view of an apparatus for heating glass in accordance with the
present invention;

FIG. 2 is a plan view of a sheath heater of the apparatus of the present invention;

FIG. 3 is a sectional view of support pin ascending and descending means of the
apparatus of the present invention; and

FIG. 4 is a plan view of a heating plate of the apparatus of the present invention.
Best Mode for Carrying Out the Invention

Now, a preferred embodiment of apparatus and method for heating glass of the
present invention will be described in detail with reference to the accompanying
drawings.

FIG. 1 is a sectional view of the apparatus for heating glass in accordance with the
present invention.

As shown in FIG. 1, the apparatus 100 of the present invention comprises a
chamber 10, in which the method for heating glass is performed, a heating plate 20
having a platy structure installed in a lower portion of the inside of the chamber 10, a
sheath heater 30 having a platy structure installed in an upper portion of the inside of
the chamber 10, reflecting means 40 prepared along the inner side surface of the
chamber and a virtual horizontal plane between inner lower surface of the chamber 10
and the heating plate 20, glass support pins 50 for supporting a glass substrate 60, and
support pin ascending and descending means 80 for vertically moving the glass support
pins 50.
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The chamber 10 is a space, in which processes for drying and baking the glass
substrate 60 to be processed are performed. The chamber 10 has a frame structure
similar to that of a general process chamber. A shutter (not shown), through which the
glass substrate 60 is inserted into and taken out of the chamber 10, is formed through
the side wall of the chamber 10, and pumping means (not shown) for vacuumizing the
chamber 10 is installed at a designated position of the chamber 10. Various sensors
including a temperature sensor are provided in the chamber 10.

Various holes are formed through the lower wall of the chamber 10. That is, a first
through hole 11 having a designated size is formed through the central portion of the
lower wall of the chamber 10, and a plurality of second through holes 13 spaced from
each other by a designated interval are formed through the lower wall of the chamber
10 separately from the first through hole 11.

Power supply means 23 is inserted into the first through hole 11, and the glass
support pins 50 for supporting the glass substrate 60 vertically move through the cor-
responding second through holes 13.

The heating plate 20 and the sheath heater 30, which are main components for
achieving the present invention, are installed in the chamber 10. That is, the heating
plate 20 having a platy structure is installed in the lower portion of the inside of the
chamber 10 so as to perform the drying process on the glass substrate 60, and the
sheath heater 30 having a platy structure is installed in the upper portion of the inside
of the chamber 10 so as to perform the baking process on the glass substrate 60.

The heating plate 20 has the platy structure, and a hot wire in a designated pattern
for emitting heat of a designated temperature is wound in the heating plate 20. The hot
wire in the designated pattern is inserted into the chamber 10 through the first through
hole 11 formed through the lower wall of the chamber 10, and is heated by the power
supply means 23 supporting the heating plate 20.

Although the heating plate 20 is supported by the power supply means 23, the
heated heating plate 20 may be deformed or warped. Accordingly, as shown in FIG. 1,
a plurality of supporters 25 for supporting the heating plate 20 are installed on the
lower wall of the chamber 10. In the case that the supporters 25 are installed, supporter
holes 27 prepared in a designated number, through which the supporters 25 pass, are
formed through a portion of the reflecting plate 40 located between the heating plate 20
and the lower wall of the chamber 10.

The number of the supporters 25 may vary according to the structure of the
chamber 10. Preferably, in order to properly prevent the warpage of the heating plate
20, the supporters 25 are arranged in four lines and four rows such that the total
number of the supporters 25 is sixteen. Further, preferably, the supporters 25 are
spaced from each other by a designated distance. When the number of the supporters



WO 2006/057481 PCT/KR2005/000247

[43]

[44]

[45]

[46]

[47]

[48]

[49]

25 for supporting the heating plate 20 is sixteen, the number of the support holes 27
formed through the reflecting plate 40 is sixteen.

The heating plate 20 includes a plurality of first pin holes 21, through which the
glass support pins 50 pass. The first pin holes 21 are prepared in the same number as
that of the second through holes 13. That is, the first pin holes 21 are formed through
predetermined positions of the heating plate 20 perpendicularly to the second through
holes 13. Accordingly, the glass support pins 50 pass through the second through holes
13 and the first pin holes 21, and vertically move.

The power supply means 23 supporting the heating plate 20 cools the heated
heating plate 20 as well as supplies power to the hot wire wound in the heating plate
20. That is, the power supply means 23 includes means (not shown) for cooling the
heating plate 20 and a cooling pass, along which cooling water transmitted from the
cooling means (not shown) moves, is formed in the heating plate 20, thereby cooling
the heated heating plate 20.

The sheath heater 30 is installed in the upper portion of the inside of the chamber 10
such that the sheath heater 30 faces the heating plate 20. The sheath heater 30 has a
platy structure, and a hot wire in a designated pattern is formed on the sheath heater 30.
The glass substrate 60 is baked by the hot wire 31 in the designated pattern.

The hot wire 31 formed on the sheath heater 30 may have various patterns. FIG. 2
illustrates one example of the pattern of the hot wire 31. That is, such a pattern of the
hot wire 31 is divided into a first pattern 31a having a winding shape provided at the
central portion of the sheath heater 30, a second pattern 31b having a winding shape
provided outside the first pattern 31a, and a third pattern 31¢ having a winding shape
provided outside the second pattern 31b.

By baking the glass substrate 60 using the hot wire 31 having the above three
patterns 31a, 31b, and 31c, the baking process is performed more selectively and ef-
ficiently. That is, the temperature of the edge portion of the glass substrate 60 is
generally lower than the temperature of the central portion of the glass substrate 60.
Thus, the baking process on the glass substrate 60 is uniformly performed by
increasing the temperature of heat emitted from the third pattern 31c rather than the
first and second patterns 31a and 31b.

In addition to the heating plate 20 and the sheath heater 30, the reflecting means 40
is prepared in the chamber 10. The reflecting means 40 is installed along the inner side
surface and the inner lower surface of the chamber 11 so that heat emitted from the
heating plate 20 or the sheath heater 30 is concentrated on the glass substrate 60.

As shown in FIG. 1, the reflecting means 40 is prepared along the inner side surface
of the chamber 10 and the virtual horizontal plane between the inner lower surface of
the chamber 10 and the heating plate 20. Accordingly, the reflecting mean 40 prevents
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the heat emitted from the heating plate 20 or the sheath heater 30 from flowing towards
the side or lower wall of the chamber 10, and reflects the emitted heat to be con-
centrated onto the glass substrate 60.

The reflecting means 40 installed on the virtual horizontal plane includes a plurality
of second pin holes 41 formed through the horizontal plane thereof located at positions
corresponding to the plural second through holes 13 formed through the lower wall of
the chamber 10 and the first pin holes 21 formed through the heating plate 20. By
forming the second pin holes 41 through the reflecting means 40, the glass support pins
50 for supporting the glass substrate 60 vertically move through the second through
holes 13 and the first and second pin holes 21 and 41.

The vertical movement of the plural glass support pins 50 through the second
through holes 13 and the first and second pin holes 21 and 41 is achieved by the
support pin ascending and descending means 80 installed below the chamber 10.

Preferably, the glass support pins 50 are arranged in four lines and four rows such
that the total number of the glass support pins 50 is sixteen. Accordingly, the second
through holes 13, the first pin holes 21, and the second pin holes 41, through which the
glass support pins 50 pass, are respectively arranged in four lines and four rows such
that the total numbers of the second through holes 13, the first pin holes 21, and the
second pin holes 41 are respectively sixteen.

That is, as shown in FIG. 4, the sixteen first pin holes 21 arranged on the heating
plate 20 in four lines and four rows are spaced from each other by a designated
distance. Further, the second through holes 13 formed through the lower wall of the
chamber 10 and the second pin holes 41 formed through the reflecting means 40 have
the same arrangement as that of the first pin holes 21 shown in FIG. 4.

FIG. 3 illustrates the constitution of the support pin ascending and descending
means 80 for driving the glass support pins 50 vertically moving through the second
through holes 13, the first pin holes 21, and the second pin holes 41.

As shown in FIG. 3, the support pin ascending and descending means 80 includes
support pin connection portions 81 vertically installed below the chamber 10 such that
ends of the support pin connection portions 81 are fixedly connected to the glass
support pins 50 shown in FIG. 1, a support plate 82 having a platy structure fixedly
connected to the other ends of the support pin connection portions 81, driving means
88 for vertically moving the support plate 82, and guide means (71 in FIG. 1) for
guiding the vertical movement of the support plate 82 by the driving means 88.

The support pin connection portions 81 fixedly connected to the glass support pins
50 is vertically erected on the support plate 82. When the glass support pins 50 are
arranged in four lines and four rows such that the total number of the glass support pins
50 is sixteen, the number of the support pin connection portions 81 is sixteen. Here, the
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sixteen support pin connection portions 81 are fixedly connected to the glass support
pins 50 under the condition that the support pin connection portions 81 on the support
plate 82 in erected states are spaced from each other by a designated distance.

Since the support pin connection portions 81 vertically move below the chamber 10,
the support pin connection portions 81 cannot achieve the hermetic sealing of the
chamber 10. Accordingly, in order to maintain hermetic sealing condition of the
chamber 10, preferably, bellows 70 are respectively connected to designated parts of
the lower outer surface of the chamber 10 and the support pin connection portions 81,
as shown in FIG. 1.

The driving means 88 may have various configurations for vertically moving the
support plate 82. That is, a vertical bar (not shown) attached to the lower part of the
central portion of the support plate 82 is vertically moved by an air cylinder (not
shown). However, in the present invention, in order to precisely control the vertical
movement of the support plate 82, the support plate 82 is vertically moved by rotating
a ball screw using a servo motor.

That is, a nut hole 82a provided with a screw thread formed thereon is formed
through the central portion of the support plate 82, and the driving means 88 includes a
ball screw 83 engaged with the nut hole 82a and rotated, a first pulley 84 connected to
one end of the ball screw 83, a second pulley 86 connected to the first pulley 84 by a
belt 85, and a servo motor 87 for driving the second pulley 86, thereby vertically
moving the support plate 82.

Accordingly, when a control unit (not shown) transmits a control signal for
vertically moving the glass support pins 50 to the servo motor 87, the servo motor 87
generates driving force, and the second pulley 86 and the first pulley 84 linked with the
second pulley 86 by the belt 85 are rotated by the driving force. Then, the ball screw
83 connected to the first pulley 84 is rotated, and the support plate 82 engaged with the
ball screw 83 vertically moves. Thereby, the support pins 50 connected to the support
pin connection portions 81 fixedly connected to the support plate 82 vertically move in
the chamber 10.

Hereinafter, a method for performing drying and baking processes on glass using
the above apparatus will be described.

First, the glass substrate 60 to be processed is introduced into the chamber 10, and
is placed on the heating plate 20. The glass substrate 60 is inserted into the chamber 10
by a robot arm (not shown) through the shutter (not shown) formed through the side
surface of the chamber 10.

When the glass substrate 60 is inserted into the chamber 10, the support pin
ascending and descending means 80 is driven by the control of the control unit (not
shown). Thereby, the glass support pins 50 separate the glass substrate 60 from the
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heating plate 20 by a small distance, and then the drying process is performed on the
glass substrate 60.

When the drying process is performed on the glass substrate 60, the drying process
is performed for a proper time under proper conditions of the inside of the chamber 10.
That is, preferably, the drying process is performed for 2 minutes, and the conditions
of the inside of the chamber 10 are maintained such that the vacuum degree of the
chamber 10 is 0.01 Torr and the temperature of the chamber 10 is 30~100°C.

When the temperature of heat reaching the glass substrate 60 is excessively high,
the glass support pins 50 move more upwardly so that the temperature of the glass
substrate 60 is lowered, and when the temperature of heat reaching the glass substrate
is excessively low, the glass support pins 50 move more downwardly so that the
temperature of the glass substrate 60 is raised. That is, during the drying process, the
glass substrate 60 is vertically moved by the glass support pins 50 so that the
temperature of the glass substrate 60 is adjustable. Thereby, the drying process of the
glass substrate 60 is properly performed.

The glass substrate 60, after passing through the drying process under the above
conditions of the inside of the chamber 10, is moved close to the sheath heater 30 by
upwardly moving the glass support pins 50, and then goes through the baking process.
That is, after the drying process is completed, the glass support pins 50 are moved
more upwardly by the control of the control unit (not shown), thereby moving the glass
substrate 60 close to the sheath heater 30 so as to perform the baking process.

When the baking process is performed on the glass substrate 60, the baking process
is performed for a proper time under proper conditions of the inside of the chamber 10.
That is, preferably, the baking process is performed for 8 minutes, and the conditions
of the inside of the chamber 10 are maintained such that the vacuum degree of the
chamber 10 is 0.01 Torr and the temperature of the chamber 10 is 180~220°C. Most
preferably, the temperature of the chamber 10 is 200°C.

When the temperature of heat reaching the glass substrate 60 is excessively high,
the glass support pins 50 move more downwardly so that the temperature of the glass
substrate 60 is lowered, and when the temperature of heat reaching the glass substrate
is excessively low, the glass support pins 50 move more upwardly so that the
temperature of the glass substrate 60 is raised. That is, during the baking process, the
glass substrate 60 is vertically moved by the glass support pins 50 so that the
temperature of the glass substrate 60 is adjustable. Thereby, the baking process of the
glass substrate 60 is properly performed.

After the baking process is completed, the heating plate 20 is cooled and the glass
substrate 60 is taken out of the chamber 10. Then, the next glass substrate 60 is
inserted into the chamber 10, and goes through the drying and baking processes.

10
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[70]

[71]

[72]

[73]

Industrial Applicability

As apparent from the above description, the present invention provides apparatus
and method for heating glass, in which drying and baking processes are performed in a
single process chamber, thereby simplifying the layout of the apparatus and reducing
costs taken to manufacture light emitting diodes.

Further, since a sheath heater obtained by winding a hot wire on the thin plate bakes
a thin film on a glass substrate and is then rapidly cooed, the apparatus and method for
heating glass of the present invention shorten the time taken to manufacture light
emtting diodes and improve yield of the light emitting diodes.

Moreover, since the height of the glass substrate in the chamber is adjustable, the
drying and baking processes of the glass substrate are achiebed by proper heat.

Although the preferred embodiment of the present invention has been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

An apparatus for heating glass comprising:

a chamber, in which drying and baking processes of the glass are performed,
including a first through hole formed through the central portion of the lower
wall thereof and a plurality of second through holes formed through the lower
wall thereof such that the second through holes are spaced from each other by a
designated distance;

a heating plate having a platy structure installed in a lower portion of the inside
of the chamber, including a plurality of first pin holes formed through designated
positions thereof perpendicularly to the second through holes, and supported by
power supply means inserted from the outside of the chamber thereinto through
the first through hole;

a sheath heater having a platy structure installed in an upper portion of the inside
of the chamber, and provided with a hot wire formed thereon in a designated
pattern,

reflecting means prepared along the inner side surface of the chamber and a
virtual horizontal plane between the inner lower wall of the chamber and the
heating plate, and including a plurality of second pin holes formed through the
horizontal plane perpendicularly to the second through holes;

a plurality of glass support pins passing through the second through holes and the
first and second pin holes and vertically moving; and

support pin ascending and descending means for vertically moving the glass
support pins.

The apparatus as set forth in claim 1, wherein a hot wire heated by the power
supply means is wound on the inner surface of the heating plate.

The apparatus as set forth in claim 2, wherein the power supply means includes
cooling means for cooling the heating plate, and a cooling pass, along which
cooling water transmitted from the cooling means moves, is formed in the
heating plate.

The apparatus as set forth in claim 1, wherein the pattern of the hot wire of the
sheath heater is divided into a first pattern having a winding shape provided at
the central portion of the sheath heater, a second pattern having a winding shape
provided outside the first pattern, and a third pattern having a winding shape
provided outside the second pattern.

The apparatus as set forth in claim 1, wherein the number of each of the glass
support pins, the second through holes, the first pin holes and the second pin
holes is sixteen, and each of the glass support pins, the second through holes, the

12
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[6]

[7]

[8]

[9]

[10]

[11]

[12]

first pin holes and the second pin holes are spaced from each other by a
designated distance.

The apparatus as set forth in claim 1, wherein a plurality of supporters for
supporting the heating plate are installed on the lower wall of the inside of the
chamber.

The apparatus as set forth in claim 6, wherein the number of the supporters is
sixteen, and the supporters are spaced from each other by a designated distance.
The apparatus as set forth in claim 1, wherein the support pin ascending and
descending means includes:

support pin connection portions vertically installed below the chamber such that
ends of the support pin connection portions are fixedly connected to the glass
support pins;

a support plate having a platy structure fixedly connected to the other ends of the
support pin connection portions;

driving means for vertically moving the support plate; and

guide means for guiding the vertical movement of the support plate by the
driving means.

The apparatus as set forth in claim 8, wherein:

a nut hole provided with a screw thread formed thereon is formed through the
central portion of the support plate; and

the driving means includes:

a ball screw engaged with the nut hole and rotated;

a first pulley connected to one end of the ball screw;

a second pulley connected to the first pulley by a belt; and

a servo motor connected to the second pulley for generating driving force.

The apparatus as set forth in claim 8, wherein bellows are respectively connected
to designated parts of the lower outer surface of the chamber and the support pin
connection portions.

A method for heating glass comprising:

inserting the glass to a chamber and placing the glass on a heating plate;
performing a drying process by separating the glass from the heating plate by a
small distance using glass support pins;

performing a baking process by more upwardly moving the glass support pins so
that the glass moves close to a sheath heater after the drying process is
completed; and

taking the glass out of the chamber after the baking process is completed.

The method as set forth in claim 11, wherein the drying process is performed for

2 minutes, and the baking process is performed for 8 minutes.

13
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[13] The method as set forth in claim 12, wherein, in the drying process, conditions of
the inside of the chamber are maintained such that the vacuum degree of the
chamber is 0.01 Torr and the temperature of the chamber is 30~100°C.

[14] The method as set forth in claim 12, wherein, in the baking process, conditions of
the inside of the chamber are maintained such that the vacuum degree of the
chamber is 0.01 Torr and the temperature of the chamber is 180~220°C.

[15] The method as set forth in claim 11, wherein the glass is vertically moved on the
glass support pins so that the temperature of the glass is adjustable.

14
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