[Document Name] Description

[Title of Invention] ATMOSPHERE FORMATION APPARATUS AND FLOATATION
CONVEYANCE METHOD

[Technical Field]
[0001]
The invention relates to an atmosphere formation apparatus that forms an atmosphere

at the time of conveyance floating workpiece, and a floating conveyance method.

[Background Art]
[0002]

As a laser processing apparatus that conveys and works a glass substrate for producing
a liquid crystal display, there is known a crystallization apparatus that crystallizes an
amorphous silicon film by a laser.

Conventionally, in the crystallization apparatus, there is proposed a technology of
emitting the laser to the amorphous silicon film while filling the vicinity of a laser emitter
with an inert gas.

For example, Patent Literature 1 proposes a method of providing a gas injector and an
edge-portion straightening surface that extends in a scanning direction, and appropriately
securing an atmosphere from the vicinity of the laser emitter to the periphery in the scanning
direction by making the gas injected from the gas injector flow between the edge-portion
straightening surface and the glass substrate.

In Patent Literature 2, nitrogen gas is injected to an emission portion by a swing nozzle,
so that a nitrogen gas atmosphere is secured.

In Patent Literature 3, the interior of a vacuum chamber is in a vacuum or nitrogen
(atmospheric pressure) atmosphere state, and thereby, the action of substances in the air on a

thin non-crystalline semiconductor film during annealing is prevented.

[Citation List]
[Patent Literature]
[0003]
[Patent Literature 1]
Japanese Patent Laid-Open No.2012-54603



[Patent Literature 2]

Japanese Patent Laid-Open No. 2000-349041
[Patent Literature 3]

Japanese Patent No. 3502981

[Summary of Invention]
[Technical Problem]
[0004]

In the conventional invention, the glass substrate is loaded on a conveyance stage
having a size equivalent to the glass substrate or a size greater than the glass substrate, and is
moved together with the stage. Further, the laser emission portion is fixed to the emission
apparatus.

Figures 5A, 5B show a schematic configuration of an example of the conventional
apparatus. In a laser emitter 50, an inert gas injector 51 is provided. For example, nitrogen
or an inert gas is injected downward from the inert gas injector 51, and a laser 50A is emitted
to a glass substrate 100 to be conveyed with a stage 60, through the inert gas injector 51.

As shown in Figure SA, when the glass substrate 100 comes to below the laser emitter
50 by the movement of the stage 60, an inert gas such as nitrogen, for example, is injected
from the inert gas injector 51, simultaneously with the emission of the laser SOA, and thereby,
the air on the glass substrate 100 is removed at the time of the laser emission.

[0005]

In the first place, the reason why the air is removed at the time of the laser emission is
to prevent substances such as oxygen contained in the air from acting on the non-crystalline
semiconductor film formed on the glass substrate during the laser emission. Further, it is
said that the emitted laser is influenced by the fluid in the periphery, and therefore, it is
desired that the injected inert gas flows as straight as possible, with no disturbance, at the
laser emitter.

As described above, conventionally, the stage arrives at the laser emitter, and the inert
gas atmosphere is produced around the laser emitter by the gap between the glass substrate
loaded on the stage and the inert gas injector at an upper portion.

[0006]

However, in the conventional method, the inert gas atmosphere is formed only when

the moving glass substrate arrives at the laser emitter, and therefore, at the vicinity of a

position where the inert gas is injected, the laser emission is performed while the flow of the



gas is disturbed. In the case where the glass substrate 100 is not below the laser emitter 50
as shown in Figure 5B, the inert gas atmosphere is not formed because there is no gap around
the inert gas injector 51.

Further, the flow volume of the inert gas that flows from the inert gas injector for
realizing the straight flow is very small, and therefore, the air moving together with the stage
cannot be perfectly removed at the laser emitter.

Thus, the laser emitter is fixed in the emission apparatus, and the laser is emitted to the
glass substrate in a state where the conveyance stage having the glass substrate loaded is
moving. Therefore, there is a problem in producing a local inert gas atmosphere with little
disturbance.

[0007]

The invention has been made in the context of the above circumstance, and has an
object to provide an atmosphere formation apparatus and a floating conveyance method that
make it possible to form a stable atmosphere on the conveyance path regardless of the

conveyance position of the workpiece.

[Solution to Problem]
[0008]

That is, the invention according to a first aspect of the atmosphere formation apparatus
in the invention is an atmosphere formation apparatus that is provided in a floatation
conveyance apparatus, the floatation conveyance apparatus conveying a workpiece while
performing floating support of the workpiece by gas injection,

the atmosphere formation apparatus including a small-range atmosphere formation
device that forms a small-range atmosphere in a large-range atmosphere, the large-range
atmosphere being an atmosphere in a large-range region containing a conveyance path along
which the conveyance is performed, the small-range atmosphere being an atmosphere in a
small-range region containing the conveyance path, the small-range atmosphere being
different from the large-range atmosphere.

[0009]

According to the invention, by the small-range atmosphere formation device, the
small-range atmosphere different from the large-range atmosphere is formed in the large-
range atmosphere, and a stable small-range atmosphere is obtained on the conveyance path
regardless of the existence of a workpiece.

[0010]



As an invention of an atmosphere formation apparatus according to another aspect, in
one aspect of the invention, the large-range atmosphere and the small-range atmosphere
contain a floating injection gas injected for the floating support, as part of atmosphere gases,
and the floating injection gas in the large-range atmosphere and the floating injection gas in
the small-range atmosphere are different from each other.

[0011]

According to the invention, it is possible to use the floating injection gas as part of the
atmosphere gases, and to simplify the apparatus configuration.
[0012]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, an atmosphere gas in the large-range atmosphere and an
atmosphere gas in the small-range atmosphere are different from each other in gas component.
[0013]

According to the above invention, it is possible to adopt atmospheres different in gas
component, in the large-range atmosphere and the small-range atmosphere, and to move the
workpiece in the different gas atmospheres along the conveyance path.

[0014]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, a gas in the large-range atmosphere and a gas in the small-
range atmosphere are composed of an identical component and are different from each other
in purity.

[0015]

According to the above invention, it is possible to form the atmospheres using gases
composed of an identical component and different in purity, as the large-range atmosphere
and the small-range atmosphere.

[0016]

An invention of an atmosphere formation apparatus according to another aspect, in any
one aspect of the inventions, includes a large-range atmosphere formation device that forms
the large-range atmosphere, the large-range atmosphere formation device including a large-
range gas introducer that introduces an atmosphere gas from an exterior of the large-range
region.

[0017]



According to the invention, the gas can be introduced from the exterior of the large-
range region by the large-range gas introducer, and can be used as at least part of the
atmosphere gas in the large-range atmosphere.

[0018]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere formation device includes a
small-range gas introducer that introduces an atmosphere gas from an exterior of the large-
range region and the small-range region.

[0019]

According to the invention, the gas can be introduced from the exterior of the large-
range region and the small-range region by the small-range gas introducer, and can be used as
at least part of the gas in the small-range atmosphere.

[0020]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere formation device includes a
downward gas injector that injects an atmosphere gas from an upper side in accordance with
at least the whole or part of a floating injection gas that is injected from a lower side.

[0021]

According to the invention, the small-range atmosphere is formed at least by the
floating injection gas and the gas injected from the downward gas injector. Further, by
moving the workpiece at a position where the floating injection gas and the gas injected from
the downward gas injector are balanced, it is possible to reduce the disturbance of the gas due
to the conveyance of the workpiece as much as possible.

[0022]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, a downward gas injector is positioned such that the
conveyance path for the workpiece is positioned between a gas injected from the downward
gas injector and a floating injection gas.

[0023]

According to the invention, the workpiece is conveyed on the conveyance path
between the gas injected from the downward gas injector and the gas injected from a gas
floating gas injector, and the workpiece can be moved in the large-range atmosphere and the
small-range atmosphere.

[0024]



As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere is formed in a region containing
a working area for the workpiece.

[0025]

According to the invention, the working area for the workpiece can be disposed in the
small-range atmosphere, and the working can be performed in a desired atmosphere.
[0026]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere contains a region on a
conveyance-directional upstream side of a working area for the workpiece.

[0027]

According to the invention, it is possible to cover the workpiece with the small-range
atmosphere before the workpiece arrives at the working area, and to obtain a stable
atmosphere before the working.

[0028]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere contains a region on a
conveyance-directional downstream side of a working area for the workpiece.

[0029]

According to the invention, the small-range atmosphere exists on the upstream side of
the working area, and therefore, it is possible to cover the workpiece after the working with
the small-range atmosphere.

[0030]

As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the small-range atmosphere formation device is formed so as
to cover both vertical sides and both conveyance-directional lateral sides of the workpiece
that is conveyed in the small-range atmosphere.

[0031]

According to the invention, the small-range atmosphere is formed so as to surround the
workpiece from both vertical sides and both lateral sides, at the conveyance position of the
workpiece, and it is possible to secure a stable small-range atmosphere regardless of the
conveyance position of the workpiece.

[0032]



As an invention of an atmosphere formation apparatus according to another aspect, in
any one aspect of the inventions, the large-range region and the small-range region are
included in a processing chamber in which the workpiece is processed.

[0033]

According to the invention, the large-range atmosphere and the small-range
atmosphere are formed in the processing chamber in which the workpiece is processed.
[0034]

A first aspect of a floating conveyance method in the invention is a floating
conveyance method for conveying a workpiece while performing floating support of the
workpiece by gas injection,

the floating conveyance method including: a step of forming a small-range atmosphere
in a large-range atmosphere, the large-range atmosphere being an atmosphere in a large-range
region containing a conveyance path along which the conveyance is performed, the small-
range atmosphere being an atmosphere in a small-range region containing the conveyance
path along which the conveyance is performed, the small-range atmosphere being different
from the large-range atmosphere; and a step of conveying the workpiece along the
conveyance path through the large-range atmosphere and the small-range atmosphere.

[0035]

An invention of a floating conveyance method according to another aspect, in one

aspect of the invention, includes a step of forming the large-range atmosphere in the large-

range region.

[Advantageous Effect of Invention]
[0036]

That is, the invention has an effect of making it possible to form the small-range
atmosphere in a predetermined region and form an atmosphere with no disturbance,

regardless of the existence of a workpiece.

[Brief Description of Drawings]

[0037]

[Figure 1] Figure 1 is a diagram for describing a large-range atmosphere and a small-range
atmosphere in the invention.

[Figure 2] Figure 2 is a diagram showing a laser processing apparatus that includes an

atmosphere formation apparatus according to an embodiment of the invention, similarly.



[Figure 3] Figure 3 is a diagram showing a laser processing apparatus that includes an
atmosphere formation apparatus according to an alternative embodiment of the invention,
similarly.

[Figure 4] Figure 4 is a diagram showing a laser processing apparatus that includes an
atmosphere formation apparatus according to a further alternative embodiment of the
invention, similarly.

[Figure 5] Figure 5 is a diagram showing a schematic configuration of a conventional laser
processing apparatus, in which Figure A shows a state where a glass substrate comes to below
a laser emitter 50, an inert gas is injected from an inert gas injector 51 and the air on the glass
substrate 100 is removed at the time of laser emission, and Figure B shows a state where the

glass substrate deviates from below the laser emitter 50.

[Description of Embodiments]
[0038]

Hereinafter, an embodiment of the invention will be described based on the
accompanying drawings.

Figure 1 is a diagram showing a plane of a laser processing apparatus, and a large-
range atmosphere A that is a large-range atmosphere and a small-range atmosphere B that is a
local atmosphere are formed in a processing chamber 1.

[0039]
(Embodiment 1)

In Embodiment 1, the description will be made assuming that the large-range
atmosphere and the small-range atmosphere are formed in the processing chamber, but in the
invention is not limited to the atmospheres in the processing chamber. In Figure 1, the
processing chamber 1 is shown as an enclosed space. However, in the case where the large-
range atmosphere and the small-range atmosphere are formed in the processing chamber 1,
the processing chamber is not limited to an enclosed space, and can have a configuration in
which a workpiece is continuously conveyed into the processing chamber. In this case, it is
allowable to provide an openable and closable door, curtain or the like in the processing
chamber. An atmosphere gas composing the large-range atmosphere is continuously
introduced into a large-range region at an appropriate timing, and thereby, the atmosphere can
be maintained.

The above atmosphere is formed by an atmosphere formation apparatus described

below.



[0040]

As shown in Figure 2, in a laser processing apparatus 2 in Embodiment 1, many stages
3 configured to float a workpiece for injecting the compressed fluid supplied from the exterior
are arranged for conveying a glass substrate 100. The glass substrate 100 corresponds to the
workpiece in the invention. The workpiece in the invention is not limited to the glass
substrate.

Here, the stage 3 is formed by a porous shape, a hole, a groove or the like, and injects
the fluid from an upper surface of the device when the compressed fluid is putin. By the
fluid supplied from the stage 3, a lower surface of the glass substrate 100 receives a fluid
force, and is supported at a certain height so as to be away from the stage 3, in a floating and
contactless manner. The conveyance path in the invention is a path along the support
position. The glass substrate 100 is conveyed so as to be moved along the stages 3 in a state
where a part of the glass substrate 100 is held by an unillustrated conveyance mechanism,
which is a separate mechanism from the invention. The configuration of the conveyance
mechanism is not limited to this, and in short, only needs to be a configuration allowing the
conveyance of the floated glass substrate.

[0041]

In Embodiment 1, there is a working area W, and a laser emitter 5 is provided above
the working area W. The laser emitter 5 has a size corresponding to the conveyance-
directional lateral shape of the glass substrate 100 to which the working process is performed,
and a laser output from an unillustrated laser light source and made in a predetermined shape
is emitted toward the glass substrate 100. Further, at the vicinity of the laser emitter 5, a
nitrogen injector 6, which is separate from the stage, is provided on a lower surface of the
laser emitter 5. The nitrogen injector 6 can inject nitrogen downward, and can transmit the
laser downward. The nitrogen injector 6 corresponds to the downward gas injector in the
invention.

In Embodiment 1, the laser light is made in a line beam shape, and is emitted to the
glass substrate 100 such that the line direction of the line beam crosses the conveyance
direction. The nitrogen injector 6 injects nitrogen linearly along the shape of the line beam.
[0042]

An upper-surface wall portion 7 is provided at the lower surfaces and periphery of the
laser emitter 5 and the nitrogen injector 6. In the gap, the glass substrate 100 moves along a

movement direction D, and thereby, the flow of the gas depending on the existence of the



_10_

glass substrate 100 becomes small. The upper-surface wall portion 7 extends also in a
direction orthogonal to the conveyance direction, so as to correspond to the line beam shape.
[0043]

The stages 3 at a position corresponding to the upper-surface wall portion 7 are
configured by stages 3B configured to float a workpiece that inject nitrogen gas upward, and
the outer stages 3 are configured by stages 3A configured to float a workpiece that inject air
upward. That is, the stage 3A and the stage 3B are collectively referred to as the stage 3.
[0044]

The nitrogen injector 6 in the laser emitter 5 injects the nitrogen supplied from a
nitrogen introducer 21 in the exterior, and as a flow with no disturbance due to the internal
structure of the nitrogen injector 6, the nitrogen is injected from the nitrogen injector 6 to an
upper surface of the glass substrate 100. The injected nitrogen flows to the outside of the
glass substrate 100, along the gap between the upper surface of the glass substrate 100 and the
upper-surface wall portion 7. The nitrogen introducer corresponds to the small-range gas
introducer in one aspect of the invention.

[0045]

The lower surface of the glass substrate 100 is supported by the nitrogen injected from
the stage 3B, in a floating and contactless manner, and the lower surface of the glass substrate
100 is filled with the nitrogen, similarly to the upper surface. The injection nitrogen injected
from the stage 3B corresponds to the floating injection gas in the invention.

As described above, by the nitrogen injector 6 and the upper-surface wall portion 7, the
nitrogen injected from the nitrogen injector 6 is positioned so as to accord with at least the
whole or part of the injection nitrogen from the stage 3B, and the vicinity of the laser emitter
5 is filled with the nitrogen. Therefore, it is possible to form and maintain a local nitrogen
atmosphere, that is, the small-range atmosphere B. The small-range atmosphere B is formed
so0 as to cover the upper side, the lower side and both lateral sides of the glass substrate 100,
and the working area W is positioned in the small-range atmosphere B.

That is, the stage 3B, the nitrogen injector 6 and the upper-surface wall portion 7
constitute the small-range atmosphere formation device in the invention.

[0046]

In the embodiment, even when the glass substrate 100 is not below the laser emitter 5,
the nitrogen atmosphere is formed by the nitrogen injection from the upper and lower surfaces.
When the glass substrate 100 is not below the laser emitter 5, because the expansion of the

nitrogen due to the glass substrate 100 does not occur, the small-range atmosphere is in a



narrower range than when the glass substrate is below the laser emitter 5. However, a size
allowing the working area W and the periphery to be covered is secured.

The small-range atmosphere does not need to be constantly formed during the
conveyance of the glass substrate, and only needs to be formed at least by the time when the
glass substrate 100 is conveyed in the movement direction D and arrives at the region where
the small-range atmosphere B is formed, or the time when the glass substrate 100 arrives at
the working area W.

[0047]

Further, in the large-range region, the large-range atmosphere A composed of air is
formed, and in the large-range atmosphere A, it is allowable to use the cleaned air introduced
from an air introducer 20 in the exterior of the large-range region, or use the air in the
atmospheric air with no change. The air introducer 20 corresponds to the large-range gas
introducer in one aspect of the invention.

Furthermore, in the large-range region where the large-range atmosphere A is formed,
the atmosphere is formed by adding the injection air injected upward from the stage 3A.

The injection air corresponds to the floating injection gas in one aspect of the invention.
[0048]

In the embodiment, the glass substrate 100 is floated by the compressed air, and the
nitrogen as the inert gas is injected at the vicinity of the laser emitter 5. However, the
combination of the fluids is not limited to this, and all fluids that can be used for the laser
emission are applicable. Further, for example, it is allowable to use gasses composed of an
identical component in the large-range atmosphere and the small-range atmosphere and use
gasses different from each other in purity in the large-range atmosphere and the small-range
atmosphere. In this case, it is preferable that an inert gas having a higher purity be used in
the small-range atmosphere.

Further, in the embodiment, the same mechanism is configured also in the forward and
backward directions in Figure 2. Thereby, when the glass substrate 100 arrives at the small-
range atmosphere B, the glass substrate 100 is covered with the atmosphere gas from the
upper side, the lower side and both lateral sides of the glass substrate 100. Further, it is
preferable that at least the gas injection range of the nitrogen injector 6 and the upper-surface
wall portion 7 be positioned to the outside of the working area W in the direction
perpendicular to the conveyance direction, and it is preferable that the gas injection range of
the stage 3B be positioned to the outside of the working area W similarly.

[0049]



(Embodiment 2)

Next, Figure 3 shows a schematic diagram of Embodiment 2. Here, the same
reference characters are assigned to the same constituents as Embodiment 1, and the
descriptions are omitted or simplified.

In a laser processing apparatus 2A shown in the embodiment, many stages 3
configured to float a workpiece for injecting the compressed fluid supplied from the exterior
are arranged below the conveyance path, for conveying the glass substrate 100. Here, the
stage 3 is formed by a porous shape, a hole, a groove or the like, and injects the fluid from the
upper surface of the device when the compressed fluid is putin. By the fluid supplied from
the stage 3, the lower surface of the glass substrate 100 receives a fluid force, and is supported
at a certain height so as to be away from the stage 100, in a floating and contactless manner.
The conveyance path in the invention is a path along the support position. The glass
substrate 100 is conveyed so as to be moved along the stages 3 in a state where a part of the
glass substrate 100 is held by an unillustrated conveyance mechanism, which is a separate
mechanism from the invention.

[0050]

The laser processing apparatus 2A includes the working area W, and the laser emitter 5
is provided above the working area W. The laser emitter 5 has a size corresponding to the
conveyance-directional lateral shape of the glass substrate 100 to which the working process
is performed, and a laser output from an unillustrated laser light source and made in a
predetermined shape is emitted toward the glass substrate 100.  Further, at the vicinity of the
laser emitter 5, the nitrogen injector 6, which is separate from the stage, is provided on the
lower surface of the laser emitter 5. The nitrogen injector 6 injects nitrogen downward, and
transmits the laser light downward.

[0051]

Furthermore, on both lateral sides of the nitrogen injector 6, there are downward
nitrogen injectors 8 that have a performance equivalent to the performance of the stages 3 at
the lower portion and that inject nitrogen to the lower surface side. In accordance with the
line beam shape, downward nitrogen injectors 8 are similarly arranged also along the
direction crossing the conveyance direction. The downward nitrogen injector 8 corresponds
to the downward gas injector in one aspect of the invention.

The stages 3 at positions corresponding to the downward nitrogen injectors 8§ are

configured by the stages 3B that inject nitrogen gas upward, and the outer stages 3 are
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configured by the stages 3A that inject air upward. That is, the stage 3A and the stage 3B
are collectively referred to as the stage 3.
[0052]

The nitrogen injector 6 in the laser emitter 5 injects the nitrogen supplied from the
nitrogen introducer 21 in the exterior, and as a flow with no disturbance due to the internal
structure of the nitrogen injector 6, the nitrogen is injected from the nitrogen injector 6 to the
upper surface of the glass substrate 100. The downward nitrogen injector 8 injects the
nitrogen supplied from the nitrogen introducer 21 in the exterior, in the vertically downward
direction, so that the nitrogen is injected to the upper surface of the glass substrate 100. The
nitrogen injected from the nitrogen injector 6 and the downward nitrogen injector 8 flows to
the outside of the glass substrate, along the gap between the upper surface of the glass
substrate 100 and the downward nitrogen injector 6.

[0053]

The lower surface of the glass substrate 100 is supported by the nitrogen injected from
the stage 3B, in a floating and contactless manner. The lower surface of the glass substrate
100 is filled with the nitrogen, similarly to the upper surface.

As described above, the nitrogen injected from the nitrogen injector 6 and the
downward nitrogen injector 8 is positioned so as to accord with at least the whole or part of
the injection nitrogen from the stage 3B, and the vicinity of the laser emitter 5 is filled with
the nitrogen. Therefore, it is possible to form and maintain a local nitrogen atmosphere, that
is, the small-range atmosphere B.

That is, the stage 3B, the nitrogen injector 6 and the downward nitrogen injector 8
constitute the small-range atmosphere formation device in the invention.

[0054]

Further, even when the glass substrate 100 is not below the laser emitter 5, the nitrogen
atmosphere is formed by the nitrogen injection from the upper and lower surfaces. In the
embodiment, the nitrogen is injected just downward by the downward nitrogen injector 8, and
the small-range atmosphere is secured regardless of the existence of the glass substrate 100.
The small-range atmosphere B is formed so as to cover the upper side, the lower side and both
lateral sides of the glass substrate 100, and the working area W is positioned in the small-
range atmosphere B.

[0055]
The small-range atmosphere does not need to be constantly formed during the

conveyance of the glass substrate, and only needs to be formed at least by the time when the



glass substrate 100, in the movement direction D, arrives at the region where the small-range
atmosphere B is formed, or the time when the glass substrate 100 arrives at the working
region.

[0056]

Further, in the large-range region, the large-range atmosphere A composed of air is
formed, and in the large-range atmosphere A, it is allowable to use the cleaned air introduced
from the air introducer 20, or use the air in the atmospheric air with no change.

Furthermore, in the large-range region where the large-range atmosphere A is formed,
the atmosphere is formed by adding the injection air injected upward from the stage 3A.
[0057]

In the embodiment, the glass substrate 100 is floated by the compressed air, and the
nitrogen as the inert gas is injected at the vicinity of the laser emitter 5. However, the
combination of the fluids is not limited to this, and all fluids that can be used for the laser
emission are applicable. Further, for example, it is allowable to use an identical kind of gas
and use gasses different in purity in the large-range atmosphere and the small-range
atmosphere. In this case, it is preferable that an inert gas having a higher purity be used in
the small-range atmosphere.

[0058]

Further, in the embodiment, the same mechanism is configured also in the forward and
backward directions in Figure 3. Thereby, when the glass substrate 100 arrives at the small-
range atmosphere B, the glass substrate 100 is covered with the atmosphere gas from the
upper side, the lower side and both lateral sides of the glass substrate 100. Further, it is
preferable that at least the gas injection range of the nitrogen injector 6 and the upper-surface
wall portion 7 be positioned to the outside of the working area W in the direction
perpendicular to the conveyance direction, and it is preferable that the gas injection range of
the stage 3B be positioned to the outside of the working area W similarly.

[0059]
(Embodiment 3)

Next, Figure 4 shows a schematic diagram of Embodiment 3. Here, the same
reference characters are assigned to the same constituents as Embodiment 1, and the
descriptions are omitted or simplified.

In a laser processing apparatus 2B shown in the embodiment, many stages 3
configured to float a workpiece for injecting the compressed fluid supplied from the exterior

are arranged below the conveyance path, for conveying the glass substrate 100. Here, the



stage 3 is formed by a porous shape, a hole, a groove or the like, and injects the fluid from the
upper surface of the device when the compressed fluid is putin. By the fluid supplied from
the stage 3, the lower surface of the glass substrate 100 receives a fluid force, and is supported
at a certain height so as to be away from the stage 100, in a floating and contactless manner.
The conveyance path in the invention is a path along the support position. The glass
substrate 100 is conveyed so as to be moved along the stages 3 in a state where a part of the
glass substrate 100 is held by an unillustrated conveyance mechanism, which is a separate
mechanism from the invention.

[0060]

The laser processing apparatus 2B includes the working area W, and the laser emitter 5
is provided above the working area W. The laser emitter 5 has a size corresponding to the
conveyance-directional lateral shape of the glass substrate 100 to which the working process
is performed, and a laser output from an unillustrated laser light source and made in a
predetermined shape is emitted toward the glass substrate 100. Further, at the vicinity of the
laser emitter 5, the nitrogen injector 6, which is separate from the stage, is provided on the
lower surface of the laser emitter 5. The nitrogen injector 6 injects nitrogen downward, and
transmits the laser light downward.

[0061]

Furthermore, on both lateral sides of the nitrogen injector 6, there are downward
nitrogen injectors 9 that have a performance equivalent to the performance of the stages 3 at
the lower portion and that are obliquely provided so as to inject nitrogen to sides (in oblique
directions) that are lower surface sides and conveyance-directional outer sides with respect to
the working area W. The downward nitrogen injector 9 corresponds to the downward gas
injector in one aspect of the invention.

The stages 3 at positions corresponding to the downward nitrogen injectors 9 are
configured by the stages 3B that inject nitrogen gas upward, and the outer stages 3 are
configured by the stages 3A that inject air upward. That is, the stage 3A and the stage 3B
are collectively referred to as the stage 3.

[0062]

The nitrogen injector 6 in the laser emitter 5 injects the nitrogen supplied from the
nitrogen introducer 21 in the exterior, and as a flow with no disturbance due to the internal
structure of the nitrogen injector 6, the nitrogen is injected from the nitrogen injector 6 to the
upper surface of the glass substrate 100. The downward nitrogen injector 9 injects the

nitrogen supplied from the nitrogen introducer 21 in the exterior, to the downward and
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obliquely outer sides with respect to the working area W, so that the nitrogen is injected to the
upper surface of the glass substrate 100. The nitrogen injected from the nitrogen injector 6
and the downward nitrogen injector 9 flows to the outside of the glass substrate 100, along the
gap between the upper surface of the glass substrate 100 and the downward nitrogen injector
6.

[0063]

The detail of the nitrogen injection by the downward nitrogen injector 9 will be
described.

As shown in Figure 4, when the glass substrate 100 comes in the working area W from
the left side in the figure, the downward nitrogen injector 9 injects the nitrogen to the side
opposite to the advancement direction D of the glass substrate 100. Therefore, the nitrogen
is sufficiently supplied to the glass substrate 100 early. After the glass substrate 100 comes
in the working area W, the downward nitrogen injector 9 on the right side in the figure, in the
working area W, injects the nitrogen in the same direction as the advancement direction of the
glass substrate.

[0064]

The nitrogen injected from the nitrogen injector 6 and the downward nitrogen injector
9 flows to the outside of the glass substrate 100, along the gap between the upper surface of
the glass substrate and the nitrogen injector 3.

Further, the lower surface of the glass substrate 100 is supported by the nitrogen
injected from the stage 3B, in a floating and contactless manner. The lower surface of the
glass substrate 100 is filled with the nitrogen, similarly to the upper surface.

As described above, the nitrogen injected from the nitrogen injector 6 and the
downward nitrogen injector 9 is positioned so as to accord with at least the whole or part of
the injection nitrogen from the stage 3B, and the vicinity of the laser emitter 5 is filled with
the nitrogen. Therefore, it is possible to form and maintain a local nitrogen atmosphere, that
is, the small-range atmosphere B.

That is, the stage 3B, the nitrogen injector 6 and the downward nitrogen injector 9
constitute the small-range atmosphere formation device in the invention.

[0065]

Even when the glass substrate 100 is not below the laser emitter 5, the nitrogen
atmosphere is formed by the nitrogen injection from the upper and lower surfaces. In the
embodiment, the nitrogen is injected just downward by the downward nitrogen injector 9, and

the small-range atmosphere is secured regardless of the existence of the glass substrate 100.



Since the downward nitrogen injectors 9 inject the nitrogen in the oblique directions, the glass
substrate 100 comes in contact with the nitrogen early. The small-range atmosphere B is
formed so as to cover the upper side, the lower side and both lateral sides of the glass
substrate 100, and the working area W is positioned in the small-range atmosphere B.

The small-range atmosphere does not need to be constantly formed during the
conveyance of the glass substrate, and only needs to be formed at least by the time when the
glass substrate 100, in the movement direction D, arrives at the region where the small-range
atmosphere B is formed, or the time when the glass substrate 100 arrives at the working
region.

[0066]

Further, in the large-range region, the large-range atmosphere A composed of air is
formed, and in the large-range atmosphere A, it is allowable to use the cleaned air introduced
from the exterior of the large-range region, or use the air in the atmospheric air.

Furthermore, in the large-range region where the large-range atmosphere A is formed,
the atmosphere is formed by adding the injection air injected upward from the stage 3A.
[0067]

In the embodiment, the glass substrate is floated by the compressed air, and the
nitrogen as the inert gas is injected at the vicinity of the laser emitter. However, the
combination of the fluids is not limited to this, and all fluids that can be used for the laser
emission are applicable.

Further, in the embodiment, the same mechanism is configured also in the forward and
backward directions in Figure 4. Thereby, when the glass substrate 100 arrives at the small-
range atmosphere B, the glass substrate 100 is covered with the atmosphere gas from the
upper side, the lower side and both lateral sides of the glass substrate 100. Further, it is
preferable that at least the gas injection range of the nitrogen injector 6 and the upper-surface
wall portion 7 be positioned to the outside of the working area W in the direction
perpendicular to the conveyance direction, and it is preferable that the gas injection range of
the stage 3B be positioned to the outside of the working area W similarly.

[0068]

Here, in the embodiments, apparatuses in which the glass substrate, as the workpiece,
is conveyed in a floating manner and the laser processing is performed have been described as
objects. However, the workpiece is not limited to the glass substrate, and the processing for
the working is not limited to the laser processing. Furthermore, the invention is not limited

depending on whether the working is performed.
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[0069]
Thus, the invention has been described based on the above embodiments. However,
the invention is not limited to the descriptions of the above embodiments, and appropriate

modifications can be made without departing from the scope of the invention.

[Reference Signs List]
[0070]
1 processing chamber
2 laser processing apparatus
2A laser processing apparatus
2B laser processing apparatus
3 stage
3A stage
3B stage
5 laser emitter
6 nitrogen injector
7 upper-surface wall portion
8 downward nitrogen injector
9 downward nitrogen injector
20 air introducer
21 nitrogen introducer
100 glass substrate
A large-range atmosphere
B small-range atmosphere

D advancement direction



[Document Name] Claims

[Claim 1]

An atmosphere formation apparatus that is provided in a floatation conveyance
apparatus, the floatation conveyance apparatus conveying a workpiece while performing
floating support of the workpiece by gas injection,

the atmosphere formation apparatus comprising a small-range atmosphere formation
device that forms a small-range atmosphere in a large-range atmosphere, the large-range
atmosphere being an atmosphere in a large-range region containing a conveyance path along
which the conveyance is performed, the small-range atmosphere being an atmosphere in a
small-range region containing the conveyance path, the small-range atmosphere being
different from the large-range atmosphere.

[Claim 2]

The atmosphere formation apparatus according to claim 1, wherein the large-range
atmosphere and the small-range atmosphere contain a floating injection gas injected for the
floating support, as part of atmosphere gases, and the floating injection gas in the large-range
atmosphere and the floating injection gas in the small-range atmosphere are different from
each other.

[Claim 3]

The atmosphere formation apparatus according to claim 1 or 2, wherein an atmosphere
gas in the large-range atmosphere and an atmosphere gas in the small-range atmosphere are
different from each other in gas component.

[Claim 4]

The atmosphere formation apparatus according to any one of claims 1 to 3, wherein a
gas in the large-range atmosphere and a gas in the small-range atmosphere are composed of
an identical component and are different from each other in purity.

[Claim 5]

The atmosphere formation apparatus according to any one of claims 1 to 4, comprising
a large-range atmosphere formation device that forms the large-range atmosphere, the large-
range atmosphere formation device including a large-range gas introducer that introduces an
atmosphere gas from an exterior of the large-range region.

[Claim 6]
The atmosphere formation apparatus according to any one of claims 1 to 5, wherein

the small-range atmosphere formation device includes a small-range gas introducer that



introduces an atmosphere gas from an exterior of the large-range region and the small-range
region.
[Claim 7]

The atmosphere formation apparatus according to any one of claims 1 to 6, wherein
the small-range atmosphere formation device includes a downward gas injector that injects an
atmosphere gas from an upper side in accordance with at least the whole or part of a floating
injection gas that is injected from a lower side.

[Claim 8]

The atmosphere formation apparatus according to any one of claims 1 to 7, wherein a
downward gas injector is positioned such that the conveyance path for the workpiece is
positioned between a gas injected from the downward gas injector and a floating injection gas.
[Claim 9]

The atmosphere formation apparatus according to any one of claims 1 to 8, wherein
the small-range atmosphere is formed in a region containing a working area for the workpiece.
[Claim 10]

The atmosphere formation apparatus according to any one of claims 1 to 9, wherein
the small-range atmosphere contains a region on a conveyance-directional upstream side of a
working area for the workpiece.

[Claim 11]

The atmosphere formation apparatus according to any one of claims 1 to 10, wherein
the small-range atmosphere contains a region on a conveyance-directional downstream side of
a working area for the workpiece.

[Claim 12]

The atmosphere formation apparatus according to any one of claims 9 to 11, wherein
the small-range atmosphere formation device is formed so as to cover both vertical sides and
both conveyance-directional lateral sides of the workpiece that is conveyed in the small-range
atmosphere.

[Claim 13]

The atmosphere formation apparatus according to any one of claims 1 to 12, wherein
the large-range region and the small-range region are included in a processing chamber in
which the workpiece is processed.

[Claim 14]
A floating conveyance method for conveying a workpiece while performing floating

support of the workpiece by gas injection,
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the floating conveyance method comprising: a step of forming a small-range
atmosphere in a large-range atmosphere, the large-range atmosphere being an atmosphere in a
large-range region containing a conveyance path along which the conveyance is performed,
the small-range atmosphere being an atmosphere in a small-range region containing the
conveyance path along which the conveyance is performed, the small-range atmosphere being
different from the large-range atmosphere; and a step of conveying the workpiece along the
conveyance path through the large-range atmosphere and the small-range atmosphere.
[Claim 15]

The floating conveyance method according to claim 14, comprising a step of forming

the large-range atmosphere in the large-range region.



