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DESCRIPTION
MEMBER BONDING APPARATUS

TECHNICAL FIELD

[0001]

The present invention relates to member bonding apparatuses in which two members are

bonded using an adhesive to make a bonded member.

BACKGROUND ART

[0002]

‘As an apparatus for bonding two members such as a liquid crystal panel and a cover
glass, for example, using the adhesive to make the bonded member there has been known an
apparatus for applying the adhesive to part of a bonding surface of one of the two flat members,
mating the bonding surfaces of the two flat members to bring the adhesive into contact with the

other member, and pressing the two flat members to spread the adhesive (for example, see Patent

Document 1).

[0003]

In addition, as an apparatus for bonding two members such as a liquid crystal panel and
a cover glass, for example, using the adhesive to manufacture the bonded member there has been
known an apparatus for applying the adhesive to part of a bonding surface of one of the two flat
members, mating the bonding surfaces of the two flat members to bring the adhesive into contact
with the other member, and pressing the two flat members to spread the adhesive (for example,
see Patent Document 1). There has been another apparatus configured to irradiate the adhesive
with ultraviolet light to increase the viscosity and spread enough liquid resin between the
members (see Patent Document 2, for example).

[0004]

FIG. 14 is a block diagram, showing an example of conventional member bonding
apparatuses. A member receiving device 11 has a jig for receiving two members to be bonded,
and the members are mounted in alignment with the position of the jig. An adhesive
application device 12 applies the adhesive to the bonding surface of one of the two members
received by the member receiving device 11, and the amount of the adhesive the thickness of
which becomes constant is applied. A member bonding or joining device 13 bonds the one

member to which the adhesive is applied by the adhesive application device 12 with the other



10

15

20

25

30

35

member to make a bonded member. A member delivery device 14 delivers the bonded member
made in the member bonding device 13. Some member delivery devices 14 have a storage part
for storing the bonded member temporarily.

[Prior Art Document]
[Patent Document]
[0005]

[PTL 1] Japanese Patent Application Publication No. 2010-24321
[PTL 2] Japanese Patent Application Publication No. 2011-67802

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006]

Although the conventional apparatus positions and arranges two members to be bonded to
a certain degree, the positioning is done by a member alignment device or a receiving jig, for
example, and is not always accurate. Thus, there is a limit to the accurate bonding of two

members. If two members are bonded out of alignment, the quality of the bonded member will

decrease.

[0007]
In the conventional apparatus, bonding is conducted so that the thickness of the bonded

member formed by bonding two members becomes constant. Thus, if the members vary in
thickness, then the thickness of the adhesive between two members fails to be constant and may
be varied. In order to improve the quality, the thickness of the adhesive between two members
is required to maintain constant.

[0008]

In the case of the bonded member where the liquid crystal panel and the cover glass are
bonded with the adhesive to form a touch panel, for example, pressing force against the cover
glass is detected through the adhesive, and thus the detection sensitivity for the pressing force
can be irregular when the thickness of the adhesive varies. This may causes incorrect detection
or an error in detection of the pressing force.

[0009]

On the other hand, the devices disclosed in the Patent Documents 1 and 2 do not take
measures to prevent the adhesive from squeezing out of the edge of the member when two
members are bonded, and thus the adhesive needs to be spread out to the edge over time. That

is to say, the adhesive needs to be spread out to the edge over time so that the adhesive cures
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almost properly when the adhesive spreads out to the edge. Thus, the formation of the bonded
member in which two members are bonded takes time.
[0010]

A first object of the present invention is to provide a member bonding apparatus that can
position two members for bonding with high accuracy.

[0011]

A second object of the present invention is to provide a member bonding apparatus that can

keep the thickness of the adhesive for bonding two plate members constant.

[0012]

A third object of the present invention is to provide a member bonding apparatus that can
make the bonded member while preventing the adhesive from squeezing out of the edge of the

bonded member, even in the state where the adhesive fails to cure.

MEANS FOR SOLVING THE PROBLEM

[0013]

A member bonding apparatus of aspect 1, comprises a member receiving device for
receiving two members to be bonded, a member alignment preprocessing device for adjusting to
align one member of the two members received by the member receiving device with another
member in X and Y-axis directions so that the positions of bonding surfaces of the two members
approximately correspond, an adhesive application device for applying an adhesive to a bonding
surface of one member of the two members that are approximately aligned by the member
alignment preprocessing device, a member alignment device for adjusting to align one member
of the two members with another member in X, Y, Z-axis directions and a, B, 6-axis directions in
accordance with images of the two members captured by a mounted CCD camera so that
positions of the bonding surfaces of the two members correspond, a member bonding device for
making the bonding surfaces of the two members aligned by the member alignment device be
bonded to each other through the adhesive; and a member delivery device for unloading and
delivering the bonded member that is bonded by the member bonding device.

[0014]

A member bonding apparatus of aspect 2, comprises a member receiving device for
receiving two members to be bonded, a thickness measuring device for measuring thicknesses
of the two members received by the member receiving device, a member alignment

preprocessing device for adjusting to align one member of the two members measured by the
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thickness measuring device with another member in X, Y-axis directions so that the positions of
bonding surfaces of the two members approximately correspond, an adhesive application device
for applying an adhesive to a bonding surface of one member of the two members that are
approximately aligned by the member alignment preprocessing device, a member alignment
device for adjusting to align one member of the two members with another member in X, Y,
Z-axis directions and o, [, 8-axis directions in accordance with images of the two members
captured by a mounted CCD camera so that the positions of the bonding surfaces of the two
members correspond, a thickness adjusting device for adjusting a thickness of a bonded member
in accordance with the thicknesses of the two members measured by the thickness measuring
device so that the thickness of the adhesive in the bonded member, which is formed when two
members aligned by the member alignment device are bonded, achieves a predetermined
thickness, a member bonding device for making the bonding surfaces of the two members be
bonded through the adhesive so that the bonded member has a thickness adjusted by the
thickness adjusting device; and a member delivery device for unloading and delivering the
bonded member bonded in the member bonding device.

[0015]

A member bonding apparatus of aspect 3, comprises a member receiving device for
receiving two members to be bonded, a thickness measuring device for measuring thicknesses
of the two members received by the member receiving device, a member alignment
preprocessing device for adjusting to align one member of the two members measured by the
thickness measuring device with another member in X, Y-axis directions so that the positions of
bonding surfaces of the two members approximately correspond, an adhesive application device
for applying an adhesive to a bonding surface of one member of the two members that are
approximately aligned by the member alignment preprocessing device, a member alignment
device for adjusting to align one member of the two members with another member in X, Y,
Z-axis directions and a, B, 6-axis directions in accordance with images of the two members
captured by a mounted CCD camera so that the positions of the bonding surfaces of the two
members correspond, a thickness adjusting device for adjusting a thickness of a bonded member
in accordance with the thicknesses of the two members measured by the thickness measuring
device so that the thickness of the adhesive in the bonded member, which is formed when the
two members aligned by the member alignment device are bonded, achieves a predetermined
thickness, a member tilt adjusting device for determining tilts of the members, adjusting the
members in o, B, 6-axis directions, and adjusting the tilts of the two members so that the

members are kept level, in accordance with the thicknesses of the members measured by the
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thickness measuring device at plural points, a member bonding device for making the bonding
surfaces of the two members be bonded through the adhesive so that the bonded member has a
thickness adjusted by the thickness adjusting device at tilt positions of the member adjusted by
the member tilt adjusting device; and a member delivery device for unloading and delivering the
bonded member bonded in the member bonding device.

[0016]

A member bonding apparatus of aspect 4 is the member bonding apparatus according to
any one of aspects 1 through 3, further comprising an adhesive curing preprocessing device for
irradiating an edge of the bonded member, bonded with the member bonding device, with
ultraviolet light through a mask and curing the adhesive at the edge of the bonded member,
wherein the member delivery device unloads and delivers the bonded member in which the

adhesive at the edge of the bonded member is cured by the adhesive curing preprocessing device.

EFFECT OF THE INVENTION

[0017]

According to the invention of aspect 1, the member alignment preprocessing device aligns
in advance the positions of bonding surfaces of the two members received by the member
receiving device so as to approximately correspond, and the member alignment device aligns the
two members so that the positions of the bonding surfaces of the two members correspond in
accordance with the images of the two members captured by CCD cameras. Thus, the member
alignment device can accurately and more quickly align the two members. In other words, the
two members can accordingly be rapidly and accurately positioned for bonding, and a bonded
member of good quality can be provided without misalignment of the two members.

[0018]

According to the invention of aspect 2, in addition to the effect of the invention of aspect 1,
the thickness of the bonded member is adjusted by the thickness adjusting device in accordance
with the thickness of the two members measured by the thickness measuring device. Thus, the
thickness of the adhesive in the bonded member, which is formed by bonding the two members,
can be kept constant with the predetermined thickness, and thus the quality of the bonded
member can be improved.

[0019]

According to the invention of aspect 3, in addition to the effect of the invention of aspect 2,
the member tilt adjusting device determines tilts of the members in accordance with the

thicknesses of the members measured by the thickness measuring device at plural points, adjusts
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the members in a, B, 6-axis directions, and adjusts the tilts of the two members so that the
members are kept level. Thus, the tilt or torsion of the bonded member can be corrected, and
the member can be brought into level, even if the member has such tilt or torsion. Therefore,
the thickness of adhesive can be kept nearly equal and constant, and the quality of the bonded
member can be improved.

[0020]
According to the invention of aspect 4, in addition to the effects of the invention of aspect 1

through aspect 3, the adhesive at the edge of the bonded member which is bonded is cured with
the adhesive curing preprocessing device. Thus, the adhesive in the bonded member can be
prevented from squeezing out of the edge of the bonded member, even in the state where the

overall adhesive between the two members which are bonded fails to cure.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a block diagram, showing an example of the member bonding apparatus
according to the first embodiment of the present invention.

FIG. 2 is a schematic drawing, showing an example of the member alignment
preprocessing device in the member bonding apparatus according to the first embodiment of the
present invention.

FIG. 3 is a schematic drawing, showing an example of the member alignment device in the
member bonding apparatus according to the first embodiment of the present invention.

FIG. 4 is a schematic drawing, showing an example of the member bonding device in the
member bonding apparatus according to the first embodiment of the present invention.

FIG. 5 is a schematic drawing, showing an example of the member alignment
preprocessing device in the member bonding apparatus according to the second embodiment of
the present invention.

FIG. 6 is a schematic drawing of the thickness measuring device in the member bonding
apparatus according to the second embodiment of the present invention.

FIG. 7 is a schematic drawing of the thickness adjustment device in the member bonding
apparatus according to the second embodiment of the present invention.

FIG. 8 is a schematic drawing, showing another example of the member alignment
preprocessing device in the member bonding apparatus according to the second embodiment of

the present invention.

FIG. 9 is an explanatory diagram of tilt adjustment for the member with the member tilt
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adjusting device in the member bonding apparatus according to the second embodiment of the
present invention.

FIG. 10 is a block diagram, showing an example of the member bonding apparatus
according to the third embodiment of the present invention.

FIG. 11 is a schematic drawing of the adhesive curing preprocessing device in the member
bonding apparatus according to the third embodiment of the present invention.

FIG. 12 is a block diagram, showing another example of the member bonding apparatus
according to the third embodiment of the present invention.

FIG. 13 is a block diagram, showing yet another example of the member bonding apparatus
according to the third embodiment of the present invention.

FIG. 14 is a block diagram, showing an example of the member bonding apparatus

according to the conventional art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022]

A first embodiment of the present invention will be described hereinafter. FIG. 1 is a
block diagram, showing an example of a member bonding apparatus according to the first
embodiment of the present invention. The first embodiment is provided with, in addition to the
prior art shown in FIG. 14, a member alignment preprocessing device 15 for aligning the
positions of bonding surfaces of two members received By a member receiving device 11 so as to
approximately correspond, and a member alignment device 16 for aligning the two members so
that the positions of the bonding surfaces of the two members correspond in accordance with the
images of the two members that are captured by mounted CCD cameras. The same elements as

those in FIG. 14 are denoted with same reference numerals and symbols, and duplicating

description is not repeated.

[0023]

The member alignment preprocessing device 15 aligns the positions of bonding surfaces of
the two members received by the member receiving device 11 so as to approximately
correspond. The adhesive application device 12 applies an adhesive to the bonding surface of
one of the two members that are approximately aligned by the member alignment preprocessing
device 15. The member alignment device 16 aligns one member to which the adhesive is not
applied with the other member to which the adhesive is applied.

[0024]

The member bonding device 13 enables the bonding surfaces of the two members that are
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aligned by the member alignment device 16 to be bonded to each other through the adhesive.
Therefore, since the member alignment preprocessing device 15 previously aligns the positions
of bonding surfaces of the two members received by the member receiving device 11 so as to
approximately correspond, the member alignment device 16 can accurately and quickly align the

two members.
[0025]

FIG. 2 is a schematic drawing, showing an example of a member alignment preprocessing
device 15 in the first embodiment of the present invention. FIG. 2 does not show one member
17a to which the adhesive is to be applied, but shows a case where the other member 17b to
which the adhesive is not applied is aligned to the one member 17a.

[0026]

As shown in FIG. 2, the member alignment preprocessing device 15 includes pushers 18a
to 18d for independently pushing four sides of the other member 17b to align the other member
17b with the one member 17a (not shown). The pushers 18a to 18d are respectively driven by
the pusher drive parts 19a to 19d. The pushers 18a, 18c¢ adjusts the position in Y-axis direction
shown with arrows B1, B2, and the pushers 18b, 18d adjusts the position in X-axis direction
shown with arrows Al, A2.

[0027]

As described above, the member alignment preprocessing device 15 aligns the positions of
the bonding surfaces of the two members 17a, 17b so as to approximately correspond at a stage
where the member receiving device 11 receives two members 17a, 17b. The adhesive
application device 12 applies the amount of the adhesive of which the thickness becomes
constant to the bonding surface of the one member 17a of the two members that the bonding
positions are aligned to approximately correspond in advance by the member alignment
preprocessing device 15.  The member alignment device 16 is configured to accurately align the
other member 17b to which the adhesive is not applied with the one member 17a to which the
adhesive is applied. The member alignment device 16 captures the images of the two members
with the CCD camera mounted on the member alignment device 16 and aligns two members
17a, 17b so that the positions of the bonding surfaces of the two members correspond in
accordance with the captured images of the two members. Therefore, the member alignment
device 16 starts the alignment of the two members 17a, 17b from the approximately
corresponding positions, and the member alignment device 16 can accurately and more quickly
align the two members.

[0028]
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The member bonding device 13 makes the bonding surfaces of the two members 17a, 17b
that are -aligned by the member alignment device 16 be bonded to each other through the
adhesive. The two members 17a, 17b can accordingly be positioned for bonding with high
accuracy, and a bonded member of good quality can be provided without misalignment of the
two members 17a, 17b.

[0029]

FIG. 3 is a schematic drawing of the member alignment device 16 according to the first
embodiment of the present invention. The member alignment device 16 includes a plurality of
CCD cameras 20. The CCD cameras 20 are controlled to be driven in direction of arrows Al,
B1 (X-axis direction and Y-axis direction) by a CCD camera drive part 21 and capture the
images of the two members 17a, 17b. The one member 17a of the two members 17a, 17b to
which the adhesive is applied is rotated a half-turn by the member bonding device 13 described
later and arranged above the other member 17b. The other member 17b to which the adhesive
is not applied is placed on a member mount table 22 in the member bonding device 13. The
member mount table 22 has a suction head, which suctions the other member 17b onto the
member mount table 22.

[0030]
The member mount table 22 is driven by the drive unit 23. The drive unit 23 has an

X-axis drive part 24 for driving the member mount table 22 in X-axis direction, a Y-axis drive
part 25 for driving the member mount table 22 in Y-axis direction, a Z-axis drive part 26 for
driving the member mount table 22 in Z-axis direction, an a-axis drive part 27 for driving the
member mount table 22 in X-axis rotational direction (rotation direction on a YZ-plane), a f-axis
drive part 28 for driving the member mount table 22 in Y-axis rotational direction (rotation
direction on a ZX-plane), a 6-axis drive part 29 for driving the member mount table 22 in Z-axis
rotational direction (rotation direction on an XY -plane).
[0031]

Two reflectors 30 are provided with different lengths. The reflectors 30 are provided to

enhance contrast of the image captured by the CCD cameras 20 and driven by a reflector drive

unit 31.
[0032]

FIG. 4A and FIG. 4B are explanatory drawings for alignment of the two members 17a, 17b
by the member alignment device 16. FIG. 4A is an explanatory drawing of a positional relation
between the one member 17a and the other member 17b before alignment, FIG. 4B is an

explanatory diagram of a state where the one member 17a is arranged above the other member
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17b for alignment, FIG. 4C is a top view of the two members 17a, 17b during the alignment, and
FIG. 4D is an explanatory drawing, showing a state where the two members 17a, 17b are bonded

after the alignment.

[0033]
As shown in FIG. 4A, the member bonding device 13 holds the one member 17a to which

the adhesive is applied with a holding device 32. The holding device 32 includes the suction
head, and the suction head suctions the one member 17a. On the other hand, the other member
17b is suctioned by the suction head and mounted on the member mount table 22 of the member

alignment device 16.

[0034]
An arm of the holding device 32 of the member bonding device 13 makes a half-turn from

the state shown in FIG. 4A and arranges the one member 17a over the other member 17b as
shown in FIG. 4B. The CCD cameras 20 then take to capture the images of the one member
17a and the other member 17b. At that time, the reflectors 30 are driven by the reflector drive
unit 31 and enhance the contrast of the images of the two members 17a, 17b. Reference
positions 33 for the bonding surface positions are aligned as shown in FIG. 4C. For example,
when the two members 17a, 17b are a liquid crystal panel and a cover glass, respectively, corners
of a display surface in the liquid crystal panel are set as the reference positions 33.

[0035]

The alignment is performed such that a controller (not shown) drives the drive unit 23
shown in FIG. 3 in accordance with the images captured by the CCD cameras 20. That is to
say, the alignment is performed through drive control of the member mount table 22 in X, Y,
Z-axis directions and o, B, 8-axis directions. After the alignment is completed, the Z-axis drive
part 26 of the drive unit 23 lifts the member mount table 22 upward, and the bonding surfaces of
the two members 17a, 17b are bonded through the adhesive.

[0036]

In the first embodiment of the present invention as described above, the two members 17a,
17b are aligned using the CCD cameras 20 so that the positions of the bonding surfaces of the
two members 17a, 17b correspond or coincide with each other, and thus the two members can be
positioned for bonding with high accuracy, and a bonded member of good quality can be
provided without misalignment of the two members 17a, 17b.

[0037]

A second embodiment of the present invention will be described next. FIG. 5 is a block

diagram, showing an example of a member bonding apparatus according to the second
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embodiment of the present invention. The second embodiment is provided with, in addition to
the first embodiment shown in FIG. 1, a thickness measuring device 34 for measuring the
thicknesses of the two members received by the member receiving device 11, and a thickness
adjusting device 35 for adjusting the thickness of the bonded member in accordance with the
thicknesses of the two members measuréd by the thickness measuring device 34 so that the
thickness of the adhesive in the bonded member, which is formed when the two members
aligned by the member alignment device 16 are bonded, achieves the predetermined thickness.
The same elements as those in FIG. 1 are denoted with same reference numerals and symbols,
and duplicating description is not repeated.

[0038]
In FIG. 3, the thickness measuring device 34 measures each thickness of the two members

received by the member receiving device 11. The member alignment preprocessing device 15
then adjusts to align one of the two members measured by the thickness measuring device 34
with the other member in X, Y-axis directions so that the positions of the bonding surfaces of the
two members approximately correspond.

[0039]
The adhesive application device 12 applies the amount of the adhesive the thickness of

which becomes constant to the bonding surface of the one member of the two members that the
bonding positions are aligned to approximately correspond by the member alignment
preprocessing device 15.  The member alignment device 16 adjusts to align the one member of
the two members with the other member in X, Y, Z-axis directions and a, f, 6-axis directions in
accordance with the images of the two members captured by the mounted CCD cameras so that
the positions of the bonding surfaces of the two members correspond.

[0040]

The thickness adjusting device 35 adjusts the thickness of the bonded member in
accordance with the thicknesses of the two members measured by the thickness measuring
device 34 so that the thickness of the adhesive in the bonded member, which is formed when the
two members aligned by the member alignment device 16 are bonded, achieves the
predetermined thickness. The member bonding device 13 makes the bonding surfaces of the
two members be bonded through the adhesive so that the bonded member has a thickness
adjusted by the thickness adjusting device 35. The member delivery device 14 unloads and
delivers the bonded member bonded in the member bonding device 13.

[0041]
As described above, the thickness adjusting device 35 adjusts the thickness of the bonded
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member so that the thickness of the adhesive in the bonded member, which is formed when the
two members are bonded, achieves the predetermined thickness. In other words, instead of
adjusting the thickness of the bonded member so that the thickness of the bonded member, which
is formed when the two members are bonded, becomes constant as a conventional art, this
embodiment adjusts the thickness of the bonded member so that the thickness of the adhesive
achieves the predetermined thickness. The member bonding device 13 makes the bonding
surfaces of the two members the thicknesses of which are adjusted by the thickness adjusting
device 35 be bonded through the adhesive, and thus the thickness of the adhesive can be kept
constant, and the quality of the bonded member can be improved.

[0042]

The thickness measuring device 34 will be described next. FIG. 6 is a schematic drawing
of the thickness measuring device 34. The thickness measuring device 34 measures the
thicknesses of the two members received by the member receiving device 11 and has a thickness
measuring instrument 36 which measures the thickness of the member 17. The thickness
measuring instrument 36 is a laser displacement gage, for example. FIG. 6 shows a case where
a single member 17 is illustrated.

[0043]

The thickness measuring instrument 36 is moved to the position of the member 17 by an
X-axis drive mechanism 37 and a Y-axis drive mechanism 38. FIG. 6 shows a case where the
thickness measuring instrument 36 is mounted on the Y-axis drive mechanism 38. The X-axis
drive mechanism 37 drives the Y-axis drive mechanism 38 in the direction of an arrow Al
(X-axis direction ), the Y-axis drive mechanism 38 drives the Y-axis drive mechanism 38 itself
in the direction of an arrow B1 (Y-axis direction), and thus the thickness measuring instrument
36 travels. Then, the thickness measuring instrument 36 detects the thickness of the member 17
and outputs the detected thickness of the member 17 to the thickness adjusting device 35.

[0044]

The thickness adjusting device 35 will be described next. FIG. 7A and FIG. 7B are
explanatory drawings of the thickness adjusting device 35. FIG. 7A shows a state before the
one member 17a and the other member 17b are bonded, and FIG. 7B shows a state after the one
member 17a and the other member 17b are bonded. The thickness adjusting device 35 is
configured including a member mount table drive control part 39 for driving and controlling the
Z-axis drive part 26 of the member alignment device 16 shown in FIG. 3. The thickness
adjusting device 35 drives and controls the Z-axis drive part 26 of the member alignment device

16 by the member mount table drive control part 39 and adjusts the thickness of the bonded
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member so that the thickness of the adhesive in the bonded member, which is formed when the
two members are bonded, achieves the predetermined thickness.
[0045] '

FIG. 7A shows a case where the thickness of the one member 17a to which the adhesive 40
is applied is a member reference thickness d0, the thickness of the other member 17b has Ad
thicker than the member reference thickness d0, and the one member 17a is held by the holding
device 32 of the member bonding device 13 and arranged or positioned over the other member
17b mounted on the member mount table 22 of the member bonding device 13. The member
mount table 22 is driven in up-and-down directions (in the direction of an arrow C1) by the
member mount table drive part 39, which drives and controls the Z-axis drive part 26 of the
member alignment device 16.

[0046]

In other words, the member bonding device 13 drives to move the member mount table 22
upward with the member mount table drive part 39 and allows the other member 17b mounted
on the member mount table 22 to be bonded to the one member 17a held by the holding device
32 when the bonding surfaces of the two members 17a, 17b are bonded. At that time, the
bonding surfaces of the two members are bonded through the adhesive 40 so that the thickness of

the bonded member becomes a bonded member reference thickness adjusted by the thickness

adjusting device 35.

[0047]
FIG. 7B shows a state after the one member 17a and the other member 17b are bonded.

When both the one member 17a and the other member 17b have the bonded member reference
thickness d0, the thicknesses are adjusted so that the thickness of the bonded member achieves
the bonded member reference thickness da, and then the two members 17a, 17b are bonded. In
this case, the adhesive applied by the adhesive application device 12 has the amount where the
thickness of the adhesive 40 becomes an adhesive reference thickness d1, and thus the thickness
of the adhesive 40 can be set to the adhesive reference thickness dl through a thickness

adjustment such that the thickness of the bonded member achieves the bonded member reference

thickness da.

[0048]
On the other hand, when the thickness of the other member 17b is thicker by Ad than the

member reference thickness d0, the thicknesses are adjusted so that a target value of the
thickness of the bonded member is determined as a bonded member target thickness db which is

thicker by Ad than the bonded member reference thickness da and the thickness of the bonded
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member achieves the bonded member target thickness db (= da + Ad), and then the two members
17a, 17b are bonded. The thickness of the adhesive 40 can achieve the adhesive reference
thickness d1 accordingly.

[0049] ,
The above description is made in the case where the other member 17b is thicker than the

member reference thickness do. However, the same wayt can be applied to a case where the
other member 17b is thinner than the member reference thickness d0. In addition, the
above-described way may be applied to a case where the one member 17a is thicker or thinner
than the member reference thickness dO and where both the one member 17a and the other
member 17b are thicker or thinner than the member reference thickness do.

[0050]

In the second embodiment as described above, the thickness of the adhesive 40 in the
bonded member, Which is formed when the two members 17a, 17b are bonded, is adjusted to
achieve the predetermined thickness d1, and thus the thickness of the adhesive 40 can be kept
constant even if the two members 17a, 17b which are bonded have variations in thickness. The
quality of the bonded member can be improved accordingly.

[0051]

FIG. 8 is a block diagram, showing another example of the member bonding apparatus
according to the second embodiment of the present invention. This example of the second
embodiment is provided with, in addition to the example of the member bonding apparatus
according to the second embodiment shown in FIG. 5, a member tilt adjusting device 41 for
adjusting a tilt of the member in accordance with the thicknesses of the two members measured
by the thickness measuring device 34 at plural points. The same elements as those in FIG. 5 are
denoted with same reference numerals and symbols, and duplicating description is not repeated.
[0052]

In FIG. 8, the member tilt adjusting device 41 determines the tilt of the member in
accordance with the thicknesses of the members measured by the thickness measuring device 34
at plural points and adjusts the tilt of the member so that the member is kept level. The member
bonding device 13 then makes the bonding surfaces of the two members be bonded at the tilt
position of the member adjusted by the member tilt adjusting device 41.

[0053]

FIG. 9 is an explanatory drawing of tilt adjustment for the member with the member tilt

adjusting device in the member bonding apparatus according to the second embodiment of the

present invention. The member tilt adjusting device 41 is made up including the member
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mount table drive control part for driving and controlling the a-axis drive part 27, the B-axis
drive part 28, and the 6-axis drive part 29 of the member alignment device 16 shown in FIG. 3.
The member tilt adjusting device 41 adjusts the positions of the holding device 32 holding the
one member and the member mount table 22 bearing the other member thereon.

[0054]

As shown in FIG. 9, the member tilt adjusting device 41 drives and controls the a-axis
drive part 27 that drives in the X-axis rotational direction (rotation direction on the YZ-plane),
the B-axis drive part 28 that drives in the Y-axis rotational direction (rotation direction on the
ZX-plane), the f-axis drive part 29 that drives in the Z-axis rotational direction (rotation
direction on the XY-plane) in XYZ-space with the member mount table drive control part (not
shown) and thus corrects the tilt or torsion of the member 17.

[0055]

In other words, the tilt of the member is judged in accordance with the thicknesses of the
members measured by the thickness measurfng device 34 at plural points and adjusts the a-axis
direction, the B-axis direction, and the 6-axis direction so that the member is brought into level as
compared with the aforementioned example. Therefore, the member can be kept nearly level
even if the member has any tilt or torsion, and the thickness of adhesive can be kept nearly equal
and constant.

[0056]

A third embodiment of the present invention will be described next. FIG. 10 is a block
diagram, showing an example of a member bonding apparatus according to the third
embodiment of the present invention. The third embodiment is provided with, in addition to the
first embodiment shown in FIG. 1, an adhesive curing preprocessing device 42 for curing the
adhesive at the edge of the bonded member which is bonded with the member bonding device
13. The same elements as those in FIG. 1 are denoted with same reference numerals and
symbols, and duplicating description is not repeated.

[0057]

The member receiving device 11 receives the two members, the member alignment
preprocessing device 15 aligns the two members so that the positions of the bonding surfaces
approximately correspond, the adhesive application device 12 applies the adhesive to the
bonding surface of one member of the two members, and the member alignment device 16 aligns
the two members so that the positions of the bonding surfaces of the two members accurately
correspond. Then, the member bonding device 13 makes the one member and the other

member be bonded. The bonded member is formed accordingly.
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[0058]
The adhesive curing preprocessing device 42 is configured to cure the adhesive at the edge

of the bonded member which is bonded with the member bonding device 13 and allows to cure
the adhesive only at the edge of the bonded member in advance on the member bonding device
13 even in a state where the overall adhesive between the two members which are bonded fails to
cure. Thus, the adhesive in the bonded member can be prevented from squeezing out of the
edge of the bonded member, even in the state where the overall adhesive between the two
members which are bonded fails to cure.

[0059]

FIG. 11A and(F'IG. 11B are explanatory diagrams of the adhesive curing preprocessing
device 42. FIG. 11A is a schematic drawing of the adhesive curing preprocessing device 42,
and FIG. 11B is a plan view of the bonded member 47 during the preprocessing of adhesive
curing. As shown in FIG. 11A, the adhesive curing preprocessing device 42 has an adhesive
curing device 43 for curing the adhesive. In the case where a liquid material in which a solid
polymer content such as a synthetic adhesive is dissolved in a solvent is used as the adhesive, the
irradiation of ultraviolet (UV) light, for example, causes an increase in viscosity of the adhesive
and a decrease in flowability depending UV intensity. Thus, a UV irradiation device is used as
the adhesive curing device 43.

[0060]

The adhesive curing device 43 is mounted to the Z-axis drive mechanism 45 through a
curing device drive part 44 and irradiates the edge of the bonded member 47 with ultraviolet
light through a mask 46. The curing device drive part 44 adjusts the positions of the adhesive
curing device 43 and the mask 46 so that the edge of the member 47 is irradiated by the
ultraviolet light from the adhesive curing device 43. In addition, the Z-axis drive mechanism
45 adjusts the positions of the adhesive curing device 43 and the mask 46 in vertical direction
(Z-axis direction).

[0061]

As shown in FIG. 11B, the part of the bonded member 47 covered with the mask 46 is not
irradiated by the ultraviolet light, and thus the adhesive at the edge of bonded member 47 which
is not covered with the mask 46 cures in advance. Therefore, the adhesive in the bonded
member can be prevented from squeezing out of the edge of the bonded member, even in the
state where the overall adhesive between the two members which are bonded fails to cure.

[0062]
FIG. 12 is a block diagram, showing another example of the member bonding apparatus
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according to the third embodiment of the present invention. This example is provided with, in
addition to one example of the member bonding apparatus according to the third embodiment
shown in FIG. 10, the thickness measuring device 34 for measuring the thicknesses of the two
members received by the member receiving device 11, and the thickness adjusting device 35 for
adjusting the thickness of the bonded member in accordance with the thicknesses of the two
members measured by the thickness measuring device 34 so that the thickness of the adhesive in
the bonded member, which is formed when the two members aligned by the member alignment
device 16 are bonded, achieves the predetermined thickness. The same elements as those in
FIG. 10 are denoted with same reference numerals and symbols, and duplicating description is
not repeated.

[0063]
As shown in FIG. 12, the member receiving device 11 receives the two members, and the

thickness measuring device 34 measures each thickness of the two members received by the
member recéiving device 11. Then, the member alignment preprocessing device 15 aligns the
two members so that the positions of the bonding surfaces approximately correspond, the
adhesive application device 12 applies the adhesive to the bonding surface of one member of the
two members, and the member alignment device 16 aligns the two members so that the positions
of the bonding surfaces of the two members accurately correspond.

[0064]

In addition, the thickness adjusting device 35 adjusts the thickness of the bonded member
in accordance with the thicknesses of the two members measured by the thickness measuring
device 34 so that the thickness of the adhesive in the bonded member, which is formed when the
two members aligned by the member alignment device 16 are bonded, achieves or becomes the
predetermined thickness. The member bonding device 13 makes the bonding surfaces of the
two members be bonded through the adhesive so that the bonded member has the thickness
adjusted by the thickness adjusting device 35. The member delivery device 14 unloads and
delivers the bonded member bonded in the member bonding device 13.

[0065] '

The two members can accordingly be positioned for bonding with rapidity and high
accuracy, and a bonded member of good quality can be provided without misalignment of the
two members. The thickness of the adhesive in the bonded member, which is formed when the
two members are bonded, can be kept constant to be the predetermined thickness, and thus the
quality of the bonded member can be improved. Furthermore, the adhesive in the bonded

member can be prevented from squeezing out of the edge of the bonded member, even in the
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state where the overall adhesive between the two members which are bonded is not yet cured.
[0066]

FIG. 13 is a block diagram, showing yet another example of the member bonding apparatus
according to the third embodiment of the present invention. This example is provided with, in
addition to another example of the member bonding apparatus according to the third embodiment
shown in FIG. 12, the member tilt adjusting device 41 for determining the tilts of the members,
adjusting the members in a, B, 6-axis directions, and adjusting the tilts of the two members so
that the members are kept level, in accordance with the thicknesses of the members measured by
the thickness measuring device 34 at plural points. The same elements as those in FIG. 12 are
denoted with same reference numerals and symbols, and duplicating description is not repeated.
[0067] }

The member bonding device 13 makes the bonding surfaces of the two members be bonded
through the adhesive so that the bonded member has the thickness adjusted by the thickness
adjusting device 35 at the tilt position of the member adjusted by the member tilt adjusting
device 41. Thus, in addition to the effectiveness of another example of the member bonding
apparatus according to the third embodiment shown in FIG. 12, yet another example enables to
correct the tilt or torsion of the bonded member and to bring the member into level as compared
with the aforementioned example, even if the member has any tilt or torsion. Therefore, the
thickness of adhesive can be kept nearly equal and constant, and the quality of the bonded
member can be improved.

[0068]

While the present invention has been described in detail with reference to embodiments
thereof, it is to be understood that those embodiments are merely illustrative and the scope of the
present invention are not intended to be limited to those embodiments. Those novel
embodiments can be put into practice with various modes, and any elimination, replacement,
change or other modification can be made without departing from the scope of the invention.
Those embodiments or other modifications fall within the scope of the invention and also within

the scope of the claims and the equivalent range of the claims.

DESCRIPTION OF REFERENCE NUMERALS AND SYMBOLS

[0069]
11: member receiving device
12: adhesive application device

13: member bonding device
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15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:

member delivery device,
member alignment preprocessing device
member alignment device
member

pusher

pusher drive part

CCD camera

CCD camera drive part
member mount table

drive unit

X-axis drive part

Y -axis drive part

Z-axis drive part

o-axis drive part

B-axis drive part

f-axis drive part

reflector

reflector drive unit

holding device

reference position

thickness measuring device
thickness adjusting device
thickness measuring instrument
X-axis drive mechanism
Y-axis drive mechanism
member mount table drive control part
adhesive

member tilt adjusting device
curing preprocessing device
adhesive curing device
curing device drive part
Z-axis drive mechanism
mask

bonded member

19
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CLAIMS

1. A member bonding apparatus, comprising:

a member receiving device for receiving two members to be bonded;

a member alignment preprocessing device for adjusting to align one member of the two
members received by the member receiving device with another member in X and Y-axis
directions so that the positions of bonding surfaces of the two members approximately
correspond;

an adhesive application device for applying an adhesive to a bonding surface of one
member of the two members that are approximately aligned by the member alignment
preprocessing device; |

a member alignment device for adjusting to align one member of the two members with
another member in X, Y, Z-axis directions and o, B, 6-axis directions in accordance with images
of the two members captured by a mounted CCD camera so that positions of the bonding
surfaces of the two members correspond;

a member bonding device for making the bonding surfaces of the two members aligned by
the member alignment device be bonded to each other through the adhesive; and

a member delivery device for unloading and delivering the bonded member that is bonded
by the member bonding device.

2. A member bonding apparatus, comprising:

a member receiving device for receiving two members to be bonded;

a thickness measuring device for measuring thicknesses of the two members received by
the member receiving device;

a member alignment preprocessing device for adjusting to align one member of the two
members measured by the thickness measuring device with another member in X, Y-axis
directions so that the positions of bonding surfaces of the two members approximately
correspond;

an adhesive application device for applying an adhesive to a bonding surface of one
member of the two members that are approximately aligned by the member alignment
preprocessing device;

a member alignment device for adjusting to align one member of the two members with
another member in X, Y, Z-axis directions and a, B, 6-axis directions in accordance with images
of the two members captured by a mounted CCD camera so that the positions of the bonding
surfaces of the two members correspond,;

a thickness adjusting device for adjusting a thickness of a bonded member in accordance
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with the thicknesses of the two members measured by the thickness measuring device so that the
thickness of the adhesive in the bonded member, which is formed when two members aligned by
the member alignment device are bonded, achieves a predetermined thickness;

a member bonding device for making the bonding surfaces of the two members be bonded
through the adhesive so that the bonded member has a thickness adjusted by the thickness
adjusting device; and

a member delivery device for unloading and delivering the bonded member bonded in the
member bonding device.

3. A member bonding apparatus, comprising:

a member receiving device for receiving two members to be bonded;

a thickness measuring device for measuring thicknesses of the two members received by
the member receiving device;

a member alignment preprocessing device for adjusting to align one member of the two
members measured by the thickness measuring device with another member in X, Y-axis
directions so that the positions of bonding surfaces of the two members approximately
correspond;

an adhesive application device for applying an adhesive to a bonding surface of one
member of the two members that are approximately aligned by the member alignment
preprocessing device;

a member alignment device for adjusting to align one member of the two members with
another member in X, Y, Z-axis directions and a, 3, 6-axis directions in accordance with images
of the two members captured by a mounted CCD camera so that the positions of the bonding
surfaces of the two members correspond;

a thickness adjusting device for adjusting a thickness of a bonded member in accordance
with the thicknesses of the two members measured by the thickness measuring device so that the
thickness of the adhesive in the bonded member, which is formed when the two members
aligned by the member alignment device are bonded, achieves a predetermined thickness;

a member tilt adjusting device for determining tilts of the members, adjusting the members
in a, B, 6-axis directions, and adjusting the tilts of the two members so that the members are kept
level, in accordance with the thicknesses of the members measured by the thickness measuring
device at plural points;

a member bonding device for making the bonding surfaces of the two members be bonded
through the adhesive so that the bonded member has a thickness adjusted by the thickness

adjusting device at tilt positions of the member adjusted by the member tilt adjusting device; and
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a member delivery device for unloading and delivering the bonded member bonded in the
member bonding device.
4,  The member bonding apparatus according to any one of claims 1 through 3, further
comprising:

an adhesive curing preprocessing device for irradiating an edge of the bonded member,
bonded with the member bonding device, with ultraviolet light through a mask and curing the
adhesive at the edge of the bonded member;

wherein the member delivery device unloads and delivers the bonded member in which the

adhesive at the edge of the bonded member is cured by the adhesive curing preprocessing device.



