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CAPILLARY GUIDE DEVICE AND WIRE BONDING APPARATUS

BACKGROUND

Technical Field

[0001] The present invention relates to a capillary guide device and a wire bonding apparatus.
Related Art

[0002] Patent literature 1 discloses a wire bonding apparatus. The wire bonding apparatus
has a capillary which is a bonding tool. The wire bonding apparatus connects a wire to an
electrode by using the capillary to apply heat, an ultrasonic wave, or the like to the wire.
[Literature of related art]

[Patent literature]

[0003] Patent literature 1: Japanese Patent Laid-open No. 2018-6731

SUMMARY

[Problems to be Solved]

[0004] In a manufacturing factory of electronic machines, plural manufacturing apparatuses
are operated in order to manufacture a large number of electronic machines. As the number of
manufacturing apparatus increases, the number of production increases. On the other hand, the
manufacturing apparatus requires various maintenance works. The maintenance works are
required for each manufacturing apparatus. Thus, the increase in the number of the production
and the load of maintenance works are in a contradictory relationship. Therefore, if the
maintenance works can be automatically performed without the worker, the load of the
maintenance works can be reduced.

[0005] The wire bonding apparatus has a capillary replacement work as one of the

maintenance works. Therefore, in this technical field, a technique capable of reliably performing
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an automatic capillary replacement work is desired.

[0006] An object of the present invention is to provide a capillary guide device and a wire
bonding apparatus that can reliably perform an automatic capillary replacement work.

[Means to Solve Problems]

[0007] One embodiment of the present invention is a capillary guide device which guides a
capillary into a holding hole of a bonding tool.  The capillary guide device includes: a guide body
portion capable of being in contact with the capillary held in the holding hole; and a drive portion
which arranges the guide body portion at a position capable of being in contact with the capillary
by moving the guide body portion along a second direction intersecting a first direction along a
central axis of the holding hole. The drive portion includes: a moving body connected to the
guide body portion; a drive shaft extending in the second direction and exerting a frictional
resistance force with the moving body; and an ultrasonic wave generation body fixed to an end of
the drive shaft and supplying an ultrasonic wave to the drive shaft.

[0008] The guide body portion may be in contact the capillary held by the bonding tool. With
this contact, the position of the capillary held by the bonding tool may be preserved as the position
of the guide body portion. Here, when the guide body portion is brought into contact with the
capillary, the drive portion brings the guide body portion closer to the capillary by moving the
moving body by an ultrasonic wave supplied by the ultrasonic wave generation body. Then, the
position of the guide body portion in contact with the capillary is held by the frictional resistance
force between the moving body and the drive shaft. That is, in the state when the guide body
portion is in contact with the capillary, there is no force with which the guide body portion presses
the capillary. As a result, the relative position of the guide body portion with respect to the
bonding tool is reliably maintained when the capillary is detached. That is, when the capillary is
guided by the guide body portion, the capillary can be reliably guided to the holding hole of the
bonding tool. Thus, an automatic replacement work of the capillary can be reliably performed.

[0009] The drive portion of the capillary guide device may further include a vibration
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generation portion which is attached to the moving body and which supplies a vibration along a
third direction intersecting each of the first direction and the second direction to the guide body
portion via the moving body. According to this configuration, the guide body portion can be
reliably brought into contact with the capillary. Thus, the position of the capillary can be more
satisfactorily stored as the position of the guide body portion.

[0010] The guide body portion of the capillary guide device may include a guide surface
capable of being in contact with a side surface of the capillary; and a tapered surface continuous
with the guide surface. A main surface of the guide body portion facing the bonding tool may
include an open end that constitutes the guide surface. A back surface of the guide body portion
opposite to the main surface may include an open end that constitutes the tapered surface.
According to these configurations, a new capillary is supplied from the tapered surface side. As
a result, even when an outer peripheral surface of the capillary is deviated from the guide surface,
the capillary is guided to the guide surface by moving along the tapered surface continuous with
the guide surface. Thus, the automatic replacement work of the capillary can be further reliably
performed.

[0011] The capillary guide device may further include a contact detection portion which
detects that the guide body portion comes into contact with the bonding tool. The contact
detection portion may further include a voltage supply portion which generates a potential
difference between the bonding tool and the guide body portion; and an information acquisition
portion which acquires information indicating that the guide body portion comes into contact with
the bonding tool according to a state of an electric circuit formed by the bonding tool, the guide
body portion, and the voltage supply portion. According to these configurations, the contact
between the bonding tool and the guide body portion may be electrically detected. Thus, a
reaction force acting between the bonding tool and the guide body portion can be made extremely
small. Then, the relative position of the guide body portion with respect to the bonding tool can

be maintained more reliably.
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[0012] A bonding apparatus according to another embodiment of the present invention
includes: a bonding tool having a capillary detachably held in a holding hole; and a mounting
portion that guides the capillary to the holding hole by a guide portion and attaches the capillary
to the holding hole. The guide portion includes: a guide body portion capable of being in contact
with the capillary held in the holding hole; and a drive portion which arranges the guide body
portion at a position capable of being in contact with the capillary by moving the guide body
portion along a second direction intersecting a first direction along a central axis of the holding
hole. The drive portion includes: a moving body connected to the guide body portion; a drive
shaft extending in the second direction and exerting a frictional resistance force with the moving
body; and an ultrasonic wave generation body fixed to an end of the drive shaft and supplying an
ultrasonic wave to the drive shaft. The bonding apparatus includes the guide portion having the
same configuration as that of the capillary guide device. Thus, the bonding apparatus can reliably
perform the automatic replacement work of the capillary.

[Effect]

[0013] According to the present invention, a capillary guide device and a wire bonding

apparatus are provided which can reliably perform an automatic replacement work of a capillary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a perspective view showing a wire bonding apparatus according to an
embodiment.

FIG. 2 is an enlarged perspective view showing a capillary replacement device
included in the wire bonding apparatus.

FIG. 3 is a perspective view showing a part of a capillary holding portion in a cross-
section view.

FIG. 4 is a diagram illustrating an operation of the capillary holding portion.

FIG. 5 is a plan view showing a main portion of an actuator included in the capillary
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replacement device.

FIG. 6 is a diagram illustrating an operation principle of the actuator.

FIG. 7 is a diagram illustrating specific control of the actuator.

FIG. 8 is a diagram illustrating specific control of the actuator.

FIG. 9 is a perspective view showing a part of a capillary guide device in a cross-
section view.

FIG. 10 is a function block diagram of the capillary guide device.

FIG. 12 is a diagram showing an operation of the capillary replacement device.

FIG. 12 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 11.

FIG. 13 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 12.

FIG. 14 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 13.

FIG. 15 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 14.

FIG. 16 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 15.

FIG. 17 1s a diagram showing a guide function of a capillary fulfilled by the capillary
holding portion and the capillary guide device.

FIG. 18 is a diagram showing another guide function of the capillary fulfilled by the
capillary holding portion and the capillary guide device.

FIG. 19 is a diagram showing an operation of the capillary replacement device
subsequent to FIG. 16.

FIG. 20 is a perspective view showing a cross section of a capillary holding portion

according to a modification example.
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DESCRIPTION OF THE EMBODIMENTS

[0015] Embodiments for implementing the present invention are described specifically below
with reference to the accompanying drawings. In the description of the drawings, the same
elements are denoted by the same reference symbols, and repeated description is omitted.

[0016] A wire bonding apparatus 1 shown in FIG. 1 uses a small-diameter metal wire to
electrically connect, for example, an electrode of a print substrate or the like to an electrode of a
semiconductor element arranged on the print substrate. The wire bonding apparatus 1 supplies
heat, an ultrasonic wave, or pressure to a wire to connect the wire to the electrode. The wire
bonding apparatus 1 has a base 2, a bonding portion 3 for the above-mentioned connection work,
and a transfer portion 4 for transferring the print substrate or the like which is a component to be
processed to a bonding area.

[0017] The bonding portion 3 includes a bonding tool 6.  An ultrasonic horn 7 is arranged at
a front end of the bonding tool 6. At a front end of the ultrasonic horn 7, a capillary 8 for
supplying the heat, the ultrasonic wave or the pressure to the wire is detachably arranged.

[0018] In the following description, a direction in which the ultrasonic horn 7 extends is
defined as an X-axis (a second direction). A direction in which the print substrate is transferred
by the transfer portion 4 is defined as a Y-axis (a third direction). A direction (a first direction)
in which the capillary 8 moves when the bonding operation is performed is defined as a Z-axis.
[0019] The capillary 8 is a component that needs to be replaced regularly. Therefore, the
wire bonding apparatus 1 has a capillary replacement device 9 for automatically replacing the
capillary 8 without operation by a worker.

[0020] The capillary replacement device 9 recovers the capillary 8 attached to the ultrasonic
horn 7. Furthermore, the capillary replacement device 9 mounts a new capillary 8 to the
ultrasonic horn 7. The replacement work of the capillary 8 includes a work of recovering a

capillary 8 and a work of mounting a capillary 8. The replacement work of the capillary 8 is
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automatically carried out when a pre-set condition is satisfied. For example, the condition may
be the number of times of the bonding work. That is, the capillary 8 may be replaced every time
the bonding work is performed a predetermined number of times.

[0021] As shown in FIG. 2, the capillary replacement device 9 has, as main constituent
elements, a capillary transfer device 10 (a mounting portion) and a capillary guide device 40 (a
guide portion). The capillary replacement device 9 has, as additional constituent elements, an
attachment/detachment jig 61 and a jig drive portion 62. The jig drive portion 62 drives the
attachment/detachment jig 61.

[0022] <Capillary transfer device>

The capillary transfer device 10 detaches the capillary 8 attached to the ultrasonic horn 7. The
capillary transfer device 10 transfers the capillary 8 to the ultrasonic horn 7. The capillary
transfer device 10 has a capillary holding portion 11 and an actuator 12.

[0023] <Capillary holding portion>

The capillary holding portion 11 holds the capillary 8. The capillary holding portion 11 is
attached to the actuator 12 via the holder 14. The capillary holding portion 11 has a columnar
shape extending in a Z-axis direction. A lower end of the capillary holding portion 11 is held by
the holder 14. The capillary 8 is detachably inserted into an upper end of the capillary holding
portion 11.

[0024] As shown in FIG. 3, the capillary holding portion 11 has, as main constituent elements,
an upper socket 16, a coil spring 17, a lower socket 18, and an O-ring 19. The upper socket 16,
the coil spring 17 and the lower socket 18 are arranged on a common axis. Specifically, the
upper socket 16, the coil spring 17, and the lower socket 18 are arranged in this order from the top.
[0025] The upper socket 16 has a substantially cylindrical shape. The upper socket 16 has a
through hole 16h extending from an upper end surface 16a to a lower end surface 16b. The upper
socket 16 holds a tapered surface 8a of the capillary 8. Thus, an inner diameter of the through

hole 16h corresponds to an outer diameter of the tapered surface 8a of the capillary 8. For
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example, the inner diameter of the through hole 16h is smaller than an outer diameter of the
capillary body 8b. A counter-bore portion 16¢ for the O-ring 19 is arranged on the upper end
surface 16a side of the through hole 16h. The counter-bore portion 16¢ has a size capable of
accommodating the O-ring 19. A depth of the counter-bore portion 16c¢ is approximately the
same as a height of the O-ring 19. An inner diameter of the counter-bore portion 16¢ is
approximately the same as an outer diameter of the O-ring 19.

[0026] The O-ring 19 has a so-called torus shape. The O-ring 19 is in direct contact with the
tapered surface 8a of the capillary 8. The O-ring 19 holds the capillary 8 in the capillary holding
portion 11. The holding is done by an adhesive layer formed on a surface of the O-ring 19. An
inner diameter of the O-ring 19 is substantially the same as the inner diameter of the through hole
16h. The tapered surface 8a of the capillary 8 is inserted into the O-ring 19.

[0027] The upper socket 16 has a step 16d arranged on an outer peripheral surface. Thus, an
outer diameter of the upper end surface 16a is different from an outer diameter of the lower end
surface 16b.  Specifically, the outer diameter of the lower end surface 16b is slightly smaller than
the outer diameter of the upper end surface 16a. The coil spring 17 is fitted in a small-diameter
portion 16e on the lower end surface 16b side.

[0028] The lower socket 18 has a substantially cylindrical shape. An upper end surface 18a
of the lower socket 18 faces the lower end surface 16b of the upper socket 16. The outer shape
of the lower socket 18 is the same as the outer shape of the upper socket 16. A step 18d is
arranged on an outer peripheral surface of the lower socket 18. In contrast to the upper socket
16, the lower socket 18 is provided with a small-diameter portion 18e on the upper end surface
18aside. The coil spring 17 is also fitted into the small-diameter portion 18e. A large-diameter
portion 18f on a lower end surface 18b side of the lower socket 18 is clamped by the holder 14.
[0029] The coil spring 17 is a compression spring. An upper end side of the coil spring 17
is fitted into the small-diameter portion 16e of the upper socket 16. A lower end side of the coil

spring 17 is inserted into the small-diameter portion 18e of the lower socket 18.  The upper socket

-8-



10

15

20

25

16 and the coil spring 17 configure a flexible portion 15.  Thus, the upper socket 16 and the lower
socket 18 are connected by the coil spring 17. The coil spring 17 has elasticity in a direction of
an axis 17A and a direction intersecting the axis 17A. As a result, the upper socket 16 may
change a relative position with respect to the lower socket 18.

[0030] The capillary holding portion 11 having the above configuration has holding modes
shown in FIG. 4. Part (a) of FIG. 4 shows the capillary holding portion 11 in an initial mode.
Part (b) of FIG. 4 shows the capillary holding portion 11 in a first modified mode. Part (c) of
FIG. 4 shows the capillary holding portion 11 in a second modified mode.

[0031] As shown in Part (a) of FIG. 4, in the capillary holding portion 11 according to a first
holding mode, an axis 16A of the upper socket 16 overlaps an axis 18A of the lower socket 18.
Furthermore, an axis 8A of the capillary 8 also overlaps the axes 16A and 18A.

[0032] As shown in Part (b) of FIG. 4, in the capillary holding portion 11 according to a second
holding mode, the axis 16A of the upper socket 16 does not overlap the axis 18A of the lower
socket 18. Specifically, the lower socket 18 is held by the holder 14 and the position of the lower
socket 18 is maintained. The upper socket 16 moves in X-axis and Y-axis directions with respect
to the lower socket 18. In this state, the axis 16A of the upper socket 16 is parallel to the axis
18A of the lower socket 18.

[0033] As shown in Part (¢) of FIG. 4, in the capillary holding portion 11 according to a third
modification, the axis 16A of the upper socket 16 overlaps the axis 18A of the lower socket 18.
That is, these configurations are the same as those of the first holding mode. On the other hand,
the axis 8A of the capillary 8 is inclined with respect to the axis 16A of the upper socket 16.
Because the O-ring 19 has a torus shape, an inner peripheral surface into which the tapered surface
8a of the capillary 8 is inserted is a curved surface. For example, the cross-sectional shape of the
O-ring 19 in a cross section parallel to the Z axis is circular. In a cross-section view of a state in
which the tapered surface 8a is inserted into the O-ring 19, the O-ring 19 is in contact with the

tapered surface 8a by two contact portions C1 and C2. The O-ring 19 is in line contact in which
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the O-ring 19 comes into contact with the capillary 8 at an annular contact line CL (see FIG. 3).
According to this contact state, inclination of the capillary 8 with respect to the O-ring 19 is
allowed.

[0034] <Actuator>

As shown in FIG. 2 again, the actuator 12 moves the capillary 8 to be replaced and a new capillary
8. Furthermore, the actuator 12 holds the capillary 8 at a predetermined position and posture.
The actuator 12 may reciprocate along a predetermined translational axis (Z axis) direction. In
the embodiment, the translational axis is along the vertical direction (Z axis). Thus, the actuator
12 moves the capillary 8 up and down along the vertical direction. Furthermore, the actuator 12
may rotate around the rotation axis (X axis). In the embodiment, the rotation axis is orthogonal
to the vertical direction (Z axis). That is, the rotation axis is along the horizontal direction (X
axis). Thus, the actuator 12 rotates the capillary 8 around the horizontal direction.

[0035] The actuator 12 has an actuator base 21, a pair of linear motors 22A and 22B, a linear
guide 24, a carriage 26, and a control device 27 (see FIG. 1).

[0036] The actuator base 21 has a flat plate shape. The actuator base 21 has a main surface
2la. A normal line direction of the main surface 21a is along the horizontal direction (the X-axis
direction). The linear motors 22A and 22B, the linear guide 24, and the carriage 26 are arranged
on the main surface 21a.

[0037] The linear motor 22A moves the carriage 26. The linear motor 22A is an ultrasonic
motor based on so-called impact drive. The linear motor 22A has a drive shaft 28A and an
ultrasonic element 29A. The drive shaft 28A is a round bar made of metal. An axis of the drive
shaft 28A 1is parallel to the main surface 21a of the actuator base 21. The carriage 26 is moved
along the drive shaft 28A. Thus, the length of the drive shaft 28 A determines a movement range
of the carriage 26. A lower end of the drive shaft 28A is fixed to the ultrasonic element 29A.
An upper end of the drive shaft 28 A is supported by a guide 31 protruding from the main surface

21a of the actuator base 21. The upper end of the drive shaft 28 A may be fixed to the guide 31
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or may be in contact without being fixed. That is, the lower end of the drive shaft 28A is a fixed
end. The upper end of the drive shaft 28A is a fixed end or a free end.

[0038] The ultrasonic element 29A supplies an ultrasonic wave to the drive shaft 28A.
Specifically, the drive shaft 28A to which the ultrasonic wave is supplied slightly reciprocates
along the Z-axis. As the ultrasonic element 29A, for example, a piezo element which is a
piezoelectric element may be employed. The piezo element deforms according to an applied
voltage. Thus, when a high frequency voltage is applied to the piezo element, the piezo element
repeatedly deforms according to the frequency of the voltage and the magnitude of the voltage and
generates an ultrasonic wave. The ultrasonic element 29A is fixed to a guide 32 protruding from
the actuator base 21.

[0039] The control device 27 is electrically connected to the ultrasonic element 29A. The
ultrasonic element 29A receives a drive voltage generated by the control device 27. The control
device 27 controls a frequency and an amplitude of an AC voltage supplied to the ultrasonic
element 29A.

[0040] The configuration of the linear motor 22B is the same as the configuration of the linear
motor 22A. The linear motor 22B is arranged apart from the linear motor 22A in the Y-axis
direction that intersects the Z-axis. That is, a drive shaft 28B of the linear motor 22B is parallel
to the drive shaft 28A of the linear motor 22A.  An upper end of the linear motor 22B is arranged
at the same height as the upper end of the linear motor 22A. Similarly, a lower end of the linear
motor 22B is arranged at the same height as the lower end of the linear motor 22A.

[0041] The carriage 26 is a moving body that is translated and rotated by the linear motors
22A and 22B. The carriage 26 has a disc shape. The carriage 26 is stretched between the linear
motors 22A and 22B. The linear guide 24 that guides the carriage 26 in the Z-axis direction is
arranged between the actuator base 21 and the carriage 26. The carriage 26 is guided in the Z-
axis direction by the linear guide 24. The linear guide 24 regulates a movement direction of the

carriage 26. The linear guide 24 does not generate a driving force in the Z-axis direction.

-11-



10

15

20

25

[0042] The carriage 26 has a front disc 33, a pressurizing disc 34, and a rear disc 36. These
discs have the same outer diameter with each other and are stacked along a common axis. A
shaft body 37 is clamped between the front disc 33 and the pressurizing disc 34. An outer
diameter of the shaft body 37 is smaller than an outer diameter of the front disc 33 and an outer
diameter of the pressuring disc 34. Thus, a gap is formed between an outer peripheral portion of
the front disc 33 and an outer peripheral portion of the pressurizing disc 34. Similarly, a shaft
body 38 is also clamped between the rear disc 36 and the pressurizing disc 34.  An outer diameter
of the shaft body 37 is also smaller than an outer shape of the rear disc 36 and the outer diameter
of the pressuring disc 34. Thus, a gap is also formed between an outer peripheral portion of the
rear disc 36 and the outer peripheral portion of the pressurizing disc 34.

[0043] The rear disc 36 is connected to a table 24a of the linear guide 24. The rear disc 36
is rotatably connected to the table 24a. The pressuring disc 34 and the front disc 33 are
mechanically fixed to the rear disc 36. The pressuring disc 34 and the front disc 33 do not rotate
with respect to the rear disc 36. Thus, the entire carriage 26 including the front disc 33, the
pressurizing disc 34, and the rear disc 36 may rotate with respect to the table 24a of the linear
guide 24.

[0044] As shown in FIG. 5, the drive shafts 28A and 28B are clamped in the gap G1 between
the pressurizing disc 34 and the rear disc 36. Specifically, the pair of drive shafts 28A and 28B
are arranged to clamp the center of gravity of the carriage 26. The drive shafts 28A and 28B are
in contact with a back surface 34b of the pressurizing disc 34 and a main surface 36a of the rear
disc 36. The drive shafts 28A and 28B are not in contact with an outer peripheral surface 38a of
the shaft body 38. The gap G1 is smaller than the outer diameters of the pressurizing disc 34 and
the rear disc 36 and larger than the outer diameter of the shaft body 38. A difference between
the outer diameter of the shaft body 38 and the outer diameter of the rear disc 36 is larger than the
outer diameters of the drive shafts 28 A and 28B. A difference between the outer diameter of the

shaft body 37 and the outer diameter of the pressurizing disc 34 is larger than the outer diameters
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of the drive shafts 28A and 28B.

[0045] The gap G1 is slightly smaller than the outer diameters of the drive shafts 28 A and 28B.
A gap G2 is formed between the front disc 33 and the pressurizing disc 34.  As a result, when the
drive shafts 28A and 28B are arranged between the pressurizing disc 34 and the rear disc 36, the
pressurizing disc 34 slightly bends toward the front disc 33 side. The bending generates a force
that presses the drive shafts 28 A and 28B against the rear disc 36.

[0046] An operation principle of the actuator 12 is described below with reference to FIG. 6.
Parts (a), (b) and (c) of FIG. 6 are diagrams for illustrating the operation principle of the actuator
12.  For convenience of description, in FIG. 6, the linear motor 22 A and the carriage 26 are shown,
and illustration of the linear motor 22B and the like is omitted.

[0047] Part (a) of FIG. 6 shows a mode in which a position of the carriage 26 is held. As
described above, in the carriage 26, the drive shaft 28A is clamped between the pressurizing disc
34 and the rear disc 36. The position of the carriage 26 is maintained by the pressure applied by
the clamping. More specifically, the position of the carriage 26 is maintained by the frictional
resistance force which takes the applied pressure as a normal force. At this time, the control
device 27 does not supply a voltage to the ultrasonic element 29A (voltage value zero, see signal
El). Alternatively, the control device 27 may supply a DC current having a predetermined
voltage value to the ultrasonic element 29A.

[0048] As described above, the position of the carriage 26 is maintained by the frictional
resistance force between the carriage 26 and the drive shaft 28A. Here, when the drive shaft 28A
is moved, a mode in which the carriage 26 is moved along with the drive shaft 28 A and a mode in
which the carriage 26 is not moved along with the drive shaft 28 A and the position is maintained
by inertia of the carriage 26 may occur. Which of these modes is achieved may be determined
by a speed at which the drive shaft 28A is moved, that is, a frequency of the ultrasonic wave. For
example, when the frequency is relatively low (15 kHz to 30 kHz), the carriage 26 is moved along

with the drive shaft 28A. For example, when the frequency is relatively high (100 kHz to 150
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kHz), the carriage 26 maintains the position without moving along with the drive shaft 28A.
[0049] For example, as shown in Part (b) of FIG. 6, when the drive shaft 28A is moved in an
upward direction (positive direction), the carriage 26 is also moved along with the movement of
the drive shaft 28A. That is, the relative positional relationship between the drive shaft 28 A and
the carriage 26 does not change. Besides, when the drive shaft 28A is moved in a downward
direction (negative direction), the carriage 26 is not moved along with downward movement of
the drive shaft 28A. That is, the relative positional relationship between the drive shaft 28 A and
the carriage 26 changes. When these operations are repeated, the carriage 26 gradually moves
upward. That is, by making a cycle of a voltage (a symbol E2a in the signal E2) for moving the
drive shaft 28 A upwards longer than a cycle of a voltage (a symbol E2b in the signal E2) for
moving the drive shaft 28A downward, the carriage 26 may be moved upwards.

[0050] On the contrary, as shown in Part (¢) of FIG. 6, when the drive shaft 28A is moved
downward, the carriage 26 is also moved along with the movement of the drive shaft 28A. That
is, the relative positional relationship between the drive shaft 28 A and the carriage 26 does not
change. Besides, when the drive shaft 28 A is moved upward, the carriage 26 is not moved along
with upward movement of the drive shaft 28A. That is, the relative positional relationship
between the drive shaft 28A and the carriage 26 changes. When these operations are repeated,
the carriage 26 gradually moves downward. That is, by making a cycle of a voltage (a symbol
E3a in a signal E3) for moving the drive shaft 28 A upward shorter than a cycle of a voltage (a
symbol E3b in the signal E3) for moving the drive shaft 28 A downward, the carriage 26 may be
moved downward.

[0051] Moreover, when the carriage 26 is moved downward, the carriage 26 may not follow
both the upward and downward movements of the drive shaft 28 A, in addition to the above control.
That is, the frictional resistance force between the carriage 26 and the drive shaft 28 A is apparently
smaller than gravity acting on the carriage 26. As a result, the carriage 26 appears to fall. In

this mode, the gravity acting on the carriage 26 is used as a force for moving the carriage 26
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downward.

[0052] Next, a specific operation of the actuator 12 is described with reference to FIGS. 7 and
8.

[0053] Part (a) of FIG. 7 shows an operation of maintaining the position of the carriage 26.
As described above, when the position of the carriage 26 is maintained, the control device 27
supplies a constant voltage (see signals E4 and ES5 in part (a) of FIG. 7) to the respective ultrasonic
elements 29A and 29B. Alternatively, the control device 27 does not supply a voltage to either
of the ultrasonic elements 29A and 29B.

[0054] Part (b) of FIG. 7 shows an operation of moving the carriage 26 upward. At this time,
the control device 27 supplies, to the ultrasonic element 29A, an AC voltage (see a signal E6 in
Part (b) of FIG. 7) in which the cycle of the voltage for moving the drive shaft 28 A upward is
made longer than the cycle of the voltage for moving the drive shaft 28 A downward. Similarly,
the control device 27 also supplies, to the ultrasonic element 29B, an AC voltage (see a signal E7
in Part (b) of FIG. 7) in which the cycle of the voltage for moving the drive shaft 28B upward is
made longer than the cycle of the voltage for moving the drive shaft 28B downward. That is, the
control device 27 supplies the same AC voltage to both the ultrasonic elements 29A and 29B.
Besides, the control device 27 makes a timing of moving the drive shaft 28A upward match a
timing of moving the drive shaft 28B upward. That is, the control device 27 makes a phase of
the voltage supplied to the ultrasonic element 29A the same as a phase of the voltage supplied to
the ultrasonic element 29B. Then, a contact portion P1 where the drive shaft 28A is pressed
against the pressurizing disc 34 and the rear disc 36 and a contact portion P2 where the drive shaft
28B is pressed against the pressurizing disc 34 and the rear disc 36 are moved upward by the same
distance. As a result, the contact portions P1 and P2 are moved upward while maintaining a
parallel state. That is, the carriage 26 is translated upward without rotating around the center of
gravity.

[0055] Part (¢) of FIG. 7 shows an operation of moving the carriage 26 downward. At this
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time, the control device 27 supplies, to the ultrasonic element 29A, an AC voltage (see a signal
E8 in Part (c) of FIG. 7) in which the cycle of the voltage for moving the drive shaft 28 A upward
is made shorter than the cycle of the voltage for moving the drive shaft 28A downward. Similarly,
the control device 27 also supplies, to the ultrasonic element 29B, an AC voltage (see a signal E9
in Part (¢) of FIG. 7) in which the cycle of the voltage for moving the drive shaft 28B upward is
made shorter than the cycle of the voltage for moving the drive shaft 28B downward. Then, the
contact portion P1 where the drive shaft 28A is pressed against the pressurizing disc 34 and the

rear disc 36 and the contact portion P2 where the drive shaft 28B is pressed against the pressurizing
disc 34 and the rear disc 36 are moved downward by the same distance. As a result, the contact
portions P1 and P2 are moved downward while maintaining a parallel state. That is, the carriage

26 is translated downward without rotating around the center of gravity.

[0056] According to the above control, when the carriage 26 is moved downward, the

frictional resistance forces act between the carriage 26 and the drive shafts 28A and 28B, and

respective relative positions do not change. Thus, the carriage 26 does not rotate around the

center of gravity. As aresult, for example, even when torque that causes the carriage 26 to rotate
due to the posture of the capillary 8 held by the carriage 26, the rotation of the carriage 26 may be
suppressed and the carriage 26 may be moved downward.

[0057] Moreover, one linear motor 22A can also realize translation of moving the carriage 26

upward and downward. Because the actuator 12 according to the embodiment has the two linear
motors 22A and 22B, a propulsive force can be increased as compared with the configuration
having one linear motor 22A.

[0058] Part (a) of FIG. 8 shows an operation of rotating the carriage 26 in a clockwise direction.
At this time, the control device 27 supplies, to the ultrasonic element 29A, an AC voltage (see a
signal E10 in Part (a) of FIG. 8) in which the cycle of the voltage for moving the drive shaft 28A

upward is made shorter than the cycle of the voltage for moving the drive shaft 28 A downward.

On the other hand, the control device 27 supplies, to the ultrasonic element 29B, an AC voltage
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(see asignal E11 in Part (a) of FIG. 8) in which the cycle of the voltage for moving the drive shaft
28B upward is made longer than the cycle of the voltage for moving the drive shaft 28B downward.
That is, the control device 27 makes the voltage supplied to the ultrasonic element 29A and the
voltage supplied to the ultrasonic element 29B different from each other. Besides, the control
device 27 makes the timing of moving the drive shaft 28A upward match the timing of moving
the drive shaft 28B upward. The control device 27 makes the phase of the voltage supplied to
the ultrasonic element 29A and the phase of the voltage supplied to the ultrasonic element 29B
opposite to each other. Then, the contact portion P1 where the drive shaft 28A is pressed against
the pressurizing disc 34 and the rear disc 36 is moved downward, and the contact portion P2 where
the drive shaft 28B is pressed against the pressurizing disc 34 and the rear disc 36 is moved upward.
The contact portions P1 and P2 are moved in mutually opposite directions.  If movement amounts
of the two contact portions match, the contact portions P1 and P2 are rotated clockwise while
positions of the contact portions P1 and P2 are maintained in the Z-axis direction.

[0059] Part (b) of FIG. 8 shows an operation of rotating the carriage 26 in a counter-clockwise
direction. At this time, the control device 27 supplies, to the ultrasonic element 29A, an AC
voltage (see a signal E12 in Part (b) of FIG. 8) in which the cycle of the voltage for moving the
drive shaft 28 A upward is made longer than the cycle of the voltage for moving the drive shaft
28A downward. On the other hand, the control device 27 supplies, to the ultrasonic element 29B,
an AC voltage (see a signal E13 in Part (b) of FIG. 8) in which the cycle of the voltage for moving
the drive shaft 28B upward is made shorter than the cycle of the voltage for moving the drive shaft
28B downward. Then, the contact portion P1 where the drive shaft 28A is pressed against the
pressurizing disc 34 and the rear disc 36 is moved upward. The contact portion P2 where the
drive shaft 28B is pressed against the pressurizing disc 34 and the rear disc 36 is moved downward.
The contact portions P1 and P2 are moved in mutually opposite directions. If the movement
amounts of the two contact portions match, the contact portions P1 and P2 are rotated counter-

clockwise while positions of the contact portions P1 and P2 are maintained in the Z-axis direction.
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[0060] <Capillary guide device>

As shown in FIG. 2 again, the capillary guide device 40 guides the capillary 8 when inserting the
capillary 8 into a hole 7h (a capillary holding hole) of the ultrasonic horn 7. The capillary guide
device 40 is arranged in the actuator 12. Thus, the capillary guide device 40 preserves a relative
positional relationship with the components configuring the actuator 12. The capillary guide
device 40 has a cantilever shape extending from the actuator 12 toward the ultrasonic horn 7.
[0061] FIG. 9 is a perspective view in which a main portion of the capillary guide device 40
is cross-sectionally viewed. FIG. 10 is a function block diagram showing the capillary guide
device 40. The capillary guide device 40 includes a guide body portion 41, a drive portion 42,
and a contact detection portion 43 (see FIG. 10).

[0062] The guide body portion 41 has a guide hole 41h arranged at a free end of the guide
body portion 41. The guide hole 41h receives the capillary body 8b of the capillary 8. Then,
the guide hole 41h guides the capillary 8 to the hole 7h of the ultrasonic horn 7. The guide hole
41h is a through hole extending from a main surface 41a of the capillary guide device 40 to a back
surface 41b. The guide hole 41h is also opened in a front end surface 41c of the capillary guide
device 40. The guide hole 41h receives the capillary 8 from the back surface 41b and the front
end surface 41c.

[0063] The guide hole 41h includes a tapered hole portion 41t (tapered surface) and a parallel
hole portion 41p (guided surface). A lower end of the tapered hole portion 41t is opened in the
back surface 41b. An upper end of the parallel hole portion 41p is opened in the main surface
41a. An inner diameter of the tapered hole portion 41t on the back surface 41b is larger than an
inner diameter of the parallel hole portion 41p on the main surface 41a. This inner diameter is
larger than an outer diameter at the upper end of the capillary 8.  An inner diameter of the guide
hole 41h gradually decreases from the back surface 41b toward the main surface 41a. The inner
diameter of the guide hole 41h has a minimum value at a position where the tapered hole portion

41t and the parallel hole portion 41p are connected. This inner diameter is substantially the same
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as the outer diameter at the upper end of the capillary 8. Besides, the inner diameter of the
parallel hole portion 41p is constant.

[0064] The drive portion 42 brings the guide body portion 41 close to and away from the
capillary 8. The drive portion 42 separates the guide body portion 41 from the capillary 8§ when
the replacement work of the capillary 8 is not performed. The drive portion 42 brings the guide
body portion 41 into contact with the capillary 8 when the replacement work of the capillary 8 is
performed. The drive portion 42 vibrates the guide body portion 41 when the replacement work
of the capillary 8 is performed.

[0065] The drive portion 42 includes a drive body portion 44, a table 46 (moving body), linear
motors 47A and 47B, an ultrasonic element 48 (a vibration generation portion), and a connection
portion 49. The drive body portion 44 is fixed to the actuator base 21. The table 46 is movable
with respect to the drive body portion 44. The table 46 is moved in a direction approaching the
capillary 8 and a direction away from the capillary 8. These directions are parallel to the X-axis
direction. The table 46 reciprocates along the X-axis direction. The drive portion 42 has the
two linear motors 47A and 47B. The number of the linear motor may be one.

[0066] The linear motors 47A and 47B guide the table 46 in the X-axis direction and supply a
driving force along the X-axis direction to the table 46. The linear motors 47A and 47B are
ultrasonic motors based on so-called impact drive. The linear motors 47A and 47B each have an
ultrasonic element 47a (ultrasonic wave generator) and a drive shaft 47b. The drive shaft 47b is
a round bar made of metal. An axis of the drive shaft 47b is parallel to the X-axis direction.
The drive shaft 47b is disposed in a groove arranged in the table 46. The drive shaft 47b is
pressed against the wall surface of the groove with a predetermined force by a leaf spring member.
A predetermined frictional resistance force is generated between the wall surface of the groove
and an outer peripheral surface of the drive shaft 47b. When an external force along the X-axis
direction acts on the table 46, the frictional resistance force opposes the external force. Thus,

when the external force is smaller than the frictional resistance force, the table 46 is not moved.
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When the external force is larger than the frictional resistance force, the table 46 is moved.
[0067] The ultrasonic element 47a is arranged at an end of the drive shaft 47b. The ultrasonic
element 47a supplies an ultrasonic wave to the drive shaft 47b. As the ultrasonic element 29A,
for example, a piezo element which is a piezoelectric element may be employed. The ultrasonic
element 47a is fixed to the drive body portion 44. A driving force is supplied to the table 46 by
controlling a frequency of the ultrasonic wave generated by the ultrasonic element 47a. The
direction of this driving force is the direction in which the table 46 approaches the capillary 8
(hereinafter referred to as the "positive X-axis direction") and the direction in which the table 46
moves away from the capillary 8 (hereinafter referred to as the "negative X-axis direction"). The
relationship between the movement of the table 46 and a signal supplied to the ultrasonic element
47a (for example, a signal E14 shown in FIG. 14) is described later.

[0068] The ultrasonic element 48 is fixed to the table 46 and the connection portion 49. The
ultrasonic element 48 supplies the ultrasonic wave to the connection portion 49. A vibration
direction of the ultrasonic element 48 is orthogonal to the drive shaft 47b. In other words, the
ultrasonic element 48 vibrates the connection portion 49 in the Y-axis direction. This vibration
is transmitted to the guide body portion 41 via the connection portion 49. The operation of the
ultrasonic element 48 may be performed as needed.

[0069] The contact detection portion 43 shown in FIG. 10 detects that the ultrasonic horn 7 is
in contact with the guide body portion 41. The contact detection portion 43 is an electrical
contact detection mechanism that does not interfere with effects of the guide body portion 41 and
the drive portion 42. The contact detection portion 43 includes a power source 51 (a voltage
supply portion) and an ammeter 52 (an information acquisition portion). A first output of the
power source 51 is electrically connected to the ultrasonic horn 7. A second output of the power
source 51 is electrically connected to the guide body portion 41.  According to this configuration,
a predetermined potential difference is generated between the ultrasonic horn 7 and the guide body

portion 41. Besides, the ammeter 52 is arranged on a path 53 that electrically connects the
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ultrasonic horn 7 and the guide body portion 41. When the capillary 8 is not replaced, the
ultrasonic horn 7 is separated from the guide body portion 41.  Thus, no current flows in the path
53. As a result, the control device 27 may recognize that the ultrasonic horn 7 and the guide
body portion 41 are separated from each other based on a fact that an output of the ammeter 52 is
zero. On the other hand, the ultrasonic horn 7 and the guide body portion 41 are in contact with
each other for a predetermined period in the work of replacing the capillary 8. Thus, a current
flows through the path 53. As a result, the control device 27 may recognize that the ultrasonic
horn 7 and the guide body portion 41 are in contact with each other based on a fact that a signal
indicating that the current is flowing is output from the ammeter 52.

[0070] The contact between the ultrasonic horn 7 and the guide body portion 41 may be
detected based on the potential difference generated between the ultrasonic horn 7 and the guide
body portion 41. In this case, the contact detection portion 43 has a voltmeter instead of the
ammeter. When the ultrasonic horn 7 and the guide body portion 41 are not in contact with each
other, the voltmeter outputs a predetermined voltage value supplied by the power source 51. On
the other hand, when the ultrasonic horn 7 and the guide body portion 41 are in contact with each
other, because a current flows between the ultrasonic horn 7 and the guide body portion 41, the
voltage value decreases. The contact between the ultrasonic horn 7 and the guide body portion
41 may be detected based on change in the voltage value.

[0071] <Replacement operation>

Next, the capillary replacement operation performed by the above capillary replacement device 9
is described.

[0072] Part (a) of FIG. 11 shows a state immediately before replacing a capillary 8U attached
to the ultrasonic horn 7. The capillary replacement device 9 has, in addition to the
aforementioned capillary holding portion 11, the capillary guiding device 40 and the actuator 12,
a capillary stocker 54 and a capillary recovery portion 55 as additional constituent elements. The

capillary stocker 54 accommodates a plurality of capillaries 8N for replacement. In addition, the
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capillary recovery portion 55 accommodates the used capillary 8U.

[0073] A state shown in Part (a) of FIG. 11 is, for example, a state in which a wire bonding
work is being performed by the capillary 8U attached to the ultrasonic horn 7.  Thus, the capillary
replacement device 9 may be retracted to a position that does not hinder the wire bonding work.
[0074] Part (b) of FIG. 11 shows a first step in the replacement operation.  First, the capillary
replacement device 9 rotates the carriage 26 in the clockwise direction by the control device 27.
This rotation corresponds to the operation shown in Part (a) of FIG. 8. By this rotation, the
capillary holding portion 11 retracted to the position where the wire bonding work is not hindered
is positioned below the capillary 8U.

[0075] Part (a) of FIG. 12 and Part (b) of FIG. 12 show a second step in the replacement
operation. In the second step, the guide body portion 41 is brought into contact with the capillary
8. First, the control device 27 supplies the signal E14 to the ultrasonic element 47a.  This signal
E14 moves the table 46 in the positive X-axis direction. ~The ultrasonic wave includes amplitude
toward the positive X-axis direction (hereinafter referred to as “positive amplitude”) and
amplitude toward the negative X-axis direction (hereinafter referred to as “negative amplitude”).
Modes of the drive shaft 47b and the table 46 differ depending on the frequency of the ultrasonic
wave. For example, when the frequency of the ultrasonic wave is relatively low (15 kHz or more
and 30 kHz or less), the table 46 is also moved along with the movement of the drive shaft 47b.
On the other hand, when the frequency of the ultrasonic wave is relatively high (100 kHz or more
and 150 kHz or less), the drive shaft 47b is not moved along with the movement of the table 46.
In other words, the drive shaft 47b is moved with respect to the table 46.

[0076] According to the above modes, the control device 27 generates, as shown by the signal
E14 in Part (b) of FIG. 12, a control signal which repeats a signal component having a positive
amplitude and a relatively low frequency and a signal component having a negative amplitude and
a relatively high frequency. As a result, the table 46 is moved in the positive X-axis direction.

Then, when the parallel hole portion 41p of the guide body portion 41 comes into contact with the
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capillary 8, the control device 27 stops supplying the control signal. When the guide body
portion 41 is in contact with the capillary 8, no pressing force acts on the capillary 8 from the
guide body portion 41. That is, the guide body portion 41 is merely in contact with the capillary
8.

[0077] In the second step, an operation of vibrating the guide body portion 41 is also
performed in parallel with the operation of moving the guide body portion41. The control device
27 supplies the control signal to the ultrasonic element 48.  As a result, the ultrasonic element 48
supplies the ultrasonic wave to the guide body portion 41 via the connection portion 49.
According to this vibration, the capillary 8 can be satisfactorily guided to the parallel hole portion
41p.

[0078] Part (a) of FIG. 13 shows a third step in the replacement operation. In the third step,
the ultrasonic horn 7 is brought into contact with the guide body portion 41.  The control device
27 supplies a control signal to the bonding portion 3.  As a result, the ultrasonic horn 7 descends.
In other words, the control device 27 moves the ultrasonic horn 7 in the negative Z-axis direction.
The control device 27 monitors the output of the ammeter 52 while moving the ultrasonic horn 7.
When a predetermined change appears in the output of the ammeter 52, the control device 27
determines that a lower surface 7a of the ultrasonic horn 7 is in contact with the main surface 41a
of the guide body portion 41. This predetermined change may be, for example, a case when the
output of the ammeter 52 changes from zero (non-contact) to a predetermined value. Then, the
control device 27 stops the descent of the ultrasonic horn 7.

[0079] Part (b) of FIG. 13 shows a state of a fourth step in the replacement operation. In the
fourth step, the capillary 8U is mounted to the capillary holding portion 11. The capillary
replacement device 9 moves the carriage 26 upward by the control device 27. This movement
corresponds to the operation shown in Part (b) of FIG. 7. By this movement, the capillary
holding portion 11 holds the capillary 8U attached to the ultrasonic horn 7.

[0080] Part (a) of FIG. 14 and Part (b) of FIG. 14 show a state of a fifth step in the replacement
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operation. In the fifth step, the capillary 8U is pulled out from the ultrasonic horn 7. The
capillary replacement device 9 moves the carriage 26 downward by the control device 27. This
movement corresponds to the operation shown in Part (c) of FIG. 7. By this movement, the
capillary 8U held by the capillary holding portion 11 is detached from the ultrasonic horn 7. The
guide body portion 41 is only in contact with the capillary 8U. The guide body portion 41 does
not generate a force toward the capillary 8U. As a result, even if the capillary 8U is detached,
the guide body portion 41 continues to keep its position. In other words, the detachment of the
capillary 8U does not cause significant movement in the positive X-axis direction. As a result,
the relative positional relationship between the guide body portion 41 and the ultrasonic horn 7 is
preserved.

[0081] Part (a) of FIG. 15 shows a state of a sixth step in the replacement operation. In the
sixth step, the detached capillary 8U is transferred. The capillary replacement device 9 rotates
the carriage 26 by the control device 27 in the clockwise direction. This movement corresponds
to the operation shown in Part (a) of FIG. 8. By this movement, the capillary 8U held by the
capillary holding portion 11 is transferred to the capillary recovery portion 55 and recovered as a
used capillary 8U.

[0082] Part (b) of FIG. 15 shows a state of a seventh step in the replacement operation. In
the seventh step, a new capillary 8N is held. The capillary replacement device 9 rotates the
carriage 26 by the control device 27 in the counter-clockwise direction. This movement
corresponds to the operation shown in Part (b) of FIG. 8. By this movement, the capillary
holding portion 11 holds a new capillary 8N for replacement.

[0083] Part (a) of FIG. 16 shows a state of an eighth step in the replacement operation. In
the eighth step, the new capillary 8N is transferred to the lower side of the ultrasonic horn 7. The
capillary replacement device 9 rotates the carriage 26 by the control device 27 in the clockwise
direction. This movement corresponds to the operation shown in Part (a) of FIG. 8. By this

movement, the new capillary 8N held by the capillary holding portion 11 is positioned below the
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hole 7h of the ultrasonic horn 7.

[0084] Part (b) of FIG. 16 shows a state of a ninth step in the replacement operation. In the
ninth step, the capillary 8N is inserted into the hole 7h. The capillary replacement device 9
moves the carriage 26 upward by the control device 27. This movement corresponds to the
operation shown in Part (b) of FIG. 7. By this movement, the new capillary 8N held by the
capillary holding portion 11 is inserted into the hole 7h of the ultrasonic horn 7.  In this insertion,
the action of the capillary holding portion 11 and the capillary guide device 40 eliminates deviation
between the capillary 8N and the capillary guide device 40 and deviation between the capillary
8N and the hole 7h of the ultrasonic horn 7.

[0085] A mounting operation of the capillary 8N in the ninth step is described in detail with
reference to FIGS. 17 and 18. In a state shown in Part (a) of FIG. 17, an axis 7A of the hole 7h
of the ultrasonic horn 7 overlaps an axis 41 A of the guide hole 41h of the guide body portion 41.
On the other hand, the axis 8A of the capillary 8N held by the capillary holding portion 11 is
deviated parallel to the X-axis direction with respect to the axes 7A and 41A.

[0086] From the state shown in Part (a) of FIG. 17, the capillary holding portion 11 is moved
in the Z-axis direction. Then, as shown in Part (b) of FIG. 17, first, an upper end of the capillary
8N comes into contact with a wall surface of the tapered hole portion 41t. When the capillary
holding portion 11 is further moved upward, the capillary 8N is moved along the wall surface.
This movement includes a component in the horizontal direction (the X-axis direction) in addition
to an upward component (the Z-axis direction). In the capillary holding portion 11, the upper
socket 16 may be moved with respect to the lower socket 18 by the coil spring 17. That is, when
the lower socket 18 is moved upward, the upper socket 16 is moved upward and is also moved
horizontally by the coil spring 17.

[0087] According to this movement, the axis 8A of the capillary 8N gradually approaches the
axis 7A of the hole 7h. When the upper end of the capillary 8N reaches the parallel hole portion

41p, the axis 8A of the capillary 8N overlaps the axis 7A of the hole 7h. Thus, the capillary 8N
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is inserted into the hole 7h of the ultrasonic horn 7.

[0088] In the example shown in Part (a) of FIG. 17, the positional relationship between the
ultrasonic horn 7 and the guide body portion 41 is ideal. ~On the other hand, in an example shown
in Part (a) of FIG. 18, the axis 7A of the hole 7h of the ultrasonic horn 7 is inclined with respect
to the axis 41 A of the guide body portion 41.

[0089] An operation of inserting the capillary 8N in this state is described. As shown in Part
(b) of FIG. 18, the axis 8A of the capillary 8N is relatively inclined with respect to the axis 7A of
the hole 7h. Thus, because the upper end of the capillary 8N is in contact with a wall surface of
the hole 7h, the capillary 8N may not be inserted any further into the hole 7h. In order to insert
the capillary 8N further into the hole 7h, it is necessary to make the axis 8A of the capillary 8N
parallel to the axis 7A of the hole 7h and to overlap the axis 8 A with the axis 7A.

[0090] As described above, in the capillary holding portion 11, the upper socket 16 may be
deviated from the lower socket 18, and the capillary 8N may be inclined with respect to the axis
16A of the upper socket 16. According to these actions, as shown in Part (c) of FIG. 18, as the
capillary holding portion 11 is raised, the axis 8A of the capillary 8N gradually approaches the
axis 7A of the hole 7h, and finally may be inserted into the hole 7h. That is, because the capillary
holding portion 11 flexibly holds the capillary 8N, the deviation between the capillary 8N and the
guide body portion 41 and the deviation between the capillary 8N and the hole 7h of the ultrasonic
horn 7 can be eliminated. Thus, according to the capillary holding portion 11 and the guide body
portion 41, the capillary 8N can be reliably mounted.

[0091] Next, as shown in Part (a) of FIG. 19, the ultrasonic horn 7 is separated from the guide
body portion 41. Specifically, the control device 27 supplies a control signal to the bonding
portion 3. As a result, the ultrasonic horn 7 is moved upward (in a positive Z-axis direction).
[0092] As shown in Part (b) of FIG. 19, the guide body portion 41 is separated from the
capillary 8N. Specifically, first, the control device 27 supplies a signal E15 to the ultrasonic

element 47a. The signal E15 is a signal for moving the table 46 in the negative X-axis direction.
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The control device 27 generates the signal E15 that repeats a signal component having positive
amplitude and a relatively high frequency and a signal component having negative amplitude and
a relatively low frequency. As a result, the table 46 is moved in the negative X-axis direction.
Then, when the guide body portion 41 returns to an initial position, the control device 27 stops
supplying the control signal.

[0093] Operational effects of the capillary guiding device 40 and the wire bonding apparatus
1 according to the embodiment are described below.

[0094] The capillary guide device 40 guides the capillary 8 into the hole 7h of the bonding
tool 6. The capillary guide device 40 includes the guide body portion 41 which is capable of
being in contact with the capillary 8 held in the hole 7h, and the drive portion 42 for arranging the
guide body portion 41 at a position capable of being in contact with the capillary 8 by moving the
guide body portion 41 along the X-axis direction along a central axis of the hole 7h. The drive
portion 42 includes the table 46 connected to the guide body portion 41, the drive shaft 47b
extending in the X-axis direction and exerting a frictional resistance force with the table 46, and
the ultrasonic element 47a fixed to the end of the drive shaft 47b and supplying an ultrasonic wave
to the drive shaft 47b.

[0095] The guide body portion 41 may be in contact with the capillary 8 held by the bonding
tool 6. With this contact, the position of the capillary 8 held by the bonding tool 6 may be
preserved as the position of the guide body portion 41. When the guide body portion 41 1is
brought into contact with the capillary 8, the drive portion 42 moves the table 46 by the ultrasonic
wave supplied by the ultrasonic element 47a, thereby bringing the guide body portion 41 closer
the capillary 8. The position of the guide body portion 41 in contact with the capillary 8 is held
by the frictional resistance force between the table 46 and the drive shaft 47b. In the state where
the guide body portion 41 is in contact with the capillary 8, there is no force with which the guide
body portion 41 presses the capillary 8.  As a result, a relative position of the guide body portion

41 with respect to the bonding tool 6 is reliably maintained when the capillary 8 is detached.
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When the capillary 8 is guided by the guide body portion 41, the capillary 8 can be reliably guided
to the hole 7h of the bonding tool 6.  Thus, the automatic replacement work of the capillary 8 can
be reliably performed.

[0096] In short, the guide body portion 41 is brought into contact with the capillary 8 and
positioned using the already inserted capillary 8 as a reference component. For example, a
mechanism for bringing the guide body portion into contact with the capillary includes a
mechanism using a lead screw. However, mechanical strain may be accumulated due to rattling
(backlash) between the lead screw and a nut.  In addition, when the guide body portion is pressed
against the capillary, the pressing force may cause the entire unit to bend. For example, when
the guide body portion is pressed against the capillary by using an air cylinder, the extra stroke
and the like are released when the capillary is detached. As a result, the position of the guide
body portion may be deviated.

[0097] With respect to the aforementioned problems, the drive section 42 using an ultrasonic
motor as a drive source has no mechanical rattling. In addition, the capillary guide device 40
holds the position of the guide body portion 41 by the frictional resistance force between the table
46 and the drive shaft 47b. That is, no mechanical strain is accumulated in the capillary guide
device 40. Thus, even if the capillary 8 is detached, the position of the guide body portion 41 is
reliably maintained. As a result, a following effect exerted by the capillary guide device 40 can
be maximized. In addition, tuning work for adapting each individual characteristic can be
eliminated for each wire bonding apparatus 1.

[0098] The drive portion 42 of the capillary guide device 40 further has the ultrasonic element
48 which is attached to the table 46 and which supplies vibration along the Y-axis direction to the
guide body portion 41 via the table 46. According to this configuration, the guide body portion
41 can be reliably brought into contact with the capillary 8. Thus, the position of the capillary 8
can be further satisfactorily preserved as the position of the guide body portion 41.

[0099] The guide body portion 41 of the capillary guide device 40 includes the parallel hole
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portion 41p capable of being in contact with the side surface of the capillary 8 and the tapered hole
portion 41t continuous with the parallel hole portion 41p. The main surface 41a of the guide
body portion 41 facing the bonding tool 6 includes an open end forming the parallel hole portion
41p. The back surface 41b of the guide body portion 41 opposite to the main surface 41a includes
an open end forming the tapered hole portion 41t. According to this configuration, the new
capillary 8 is supplied from the tapered hole portion 41t side. As a result, even when the outer
peripheral surface of the capillary body 8b is deviated from the parallel hole portion 41p, the
capillary 8 is moved along the tapered hole portion 41t continuous with the parallel hole portion
41p, and thereby, the capillary 8 is guided to the parallel hole portion 41p. Thus, the automatic
replacement work of the capillary 8 can be performed more reliably.

[0100] The capillary guide device 40 further includes the contact detection portion 43 which
detects that the guide body portion 41 comes into contact with the bonding tool 6. The contact
detector 43 further has the power source 51 which causes the potential difference between the
bonding tool 6 and the guide body portion 41, and the ammeter 52 which obtains information
indicating that the guide body portion 41 comes into contact with the bonding tool 6 according to
the state of the electric circuit formed by the bonding tool 6, the guide body portion 41, and the
power source 51. According to this configuration, the contact between the bonding tool 6 and
the guide body portion 41 can be electrically detected. Thus, the reaction force acting between
the bonding tool 6 and the guide body portion 41 can be made extremely small. Then, the relative
position of the guide body portion 41 with respect to the bonding tool 6 can be maintained more
reliably.

[0101] The wire bonding apparatus 1 includes the bonding tool 6 having the capillary 8
detachably held in the hole 7h and the capillary replacement device 9 which guides the capillary
8 toward the hole 7h by the capillary guiding device 40 and attaches the capillary 8 to the hole 7h.
The capillary guide device 40 has the guide body portion 41 capable of being in contact with the

capillary 8 held in the hole 7h, and the drive portion 42 that arranges the guide body portion 41 at
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the position capable of being in contact with the capillary 8 by moving the guide body portion 41
along the X-axis direction along the central axis of the hole 7h. The drive portion 42 includes
the table 46 connected to the guide body portion 41, the drive shaft 47b extending in the X-axis
direction and exerting a frictional resistance force with the table 46, and the ultrasonic element
47a fixed to the end of the drive shaft 47b and supplying an ultrasonic wave to the drive shaft 47b.
The wire bonding apparatus 1 includes the capillary guide device 40. Thus, the wire bonding
apparatus 1 can reliably perform the automatic replacement work of the capillary 8.

[0102] Although the embodiment of the present invention has been described above, the
present invention is not limited to the above embodiment and may be implemented in various
embodiments.

[0103] <Modification example 1>

In the capillary replacement device 9 of the embodiment, the ultrasonic drive motor based on
impact drive using the law of inertia is illustrated as the drive source. The drive source of the
capillary replacement device 9 is not limited to this configuration, and a device capable of
generating a force along a predetermined direction may be appropriately employed. For example,
a linear guide using a ball screw may be employed as the drive source.

[0104] <Modification example 2>

The capillary holding portion may hold the capillary 8 in a mode where the posture of the capillary
8 may be changed flexibly. Thus, the present invention is not limited to the configuration of the
capillary holding portion, and a capillary holding portion 11A according to a modification example
shown in FIG. 20 may be employed.

[0105] The capillary holding portion 11A has, as main constituent elements, a pipe 72 made
of metal, a tube 73 made of silicone resin, and a cap 74. The pipe 72 has a tubular shape and
accommodates the tube 73 therein. One end of the pipe 72 and one end of the tube 73 are closed
by the cap 74. The cap 74 is held by the holder 14. An upper end 73a (upper end opening edge)

of the tube 73 substantially matches an upper end 72a of the pipe 72. In addition, an outer
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diameter of the tube 73 is smaller than an inner diameter of the pipe 72. That is, a slight gap is
formed between an outer peripheral surface of the tube 73 and an inner peripheral surface of the
pipe 72. Besides, a tapered surface 8a of the capillary 8 is held at the upper end 73a of the tube
73.

[0106] According to the capillary holding portion 11A, the tube 73 has a predetermined
flexibility. Thus, the capillary holding portion 11A can allow the posture change of the capillary
8 by the amount of the gap formed between the outer peripheral surface of the tube 73 and the
inner peripheral surface of the pipe 72. Specifically, eccentricity and inclination of the pipe 72
to a direction intersecting an axis 72A can be allowed.

[0107] Here, in the case of only the tube 73, rigidity of the tube 73 may be insufficient
depending on the posture of the capillary 8, and thus the capillary 8 may not be held. However,
because the pipe 72 having rigidity higher than that of the tube 73 exists outside the tube 73, even
when the rigidity of the tube 73 is insufficient, displacement of the capillary 8 can be kept within
the allowable range by the pipe 72.

[0108] When the capillary 8 is inserted into the tube 73, a contact state between an inner
peripheral edge of the upper end 73a and the tapered surface 8a is a line contact. Thus, similarly
to the capillary holding portion 11A according to the embodiment, the capillary 8 can also be
inclined and held.

[Reference Signs List]

[0109] 1 wire bonding apparatus
2 base
3 bonding portion
4 transfer portion
6 bonding tool
7 ultrasonic horn
7h hole (holding hole)

31-



10

15

20

25

&, 8N, 8U

8a

10

11, 11A
12

14

15

16

16¢

16e

16h

17

18

18e

18f

19

21
22A,22B
24

24a

26

27

28A, 28B
29A, 29B

31,32

capillary

tapered surface
capillary replacement device
capillary transfer device
capillary holding portion
actuator

holder

flexible portion

upper socket
counter-bore portion
small-diameter portion
through hole

coil spring

lower socket
small-diameter portion
large-diameter portion
O-ring

actuator base

linear motor

linear guide

table

carriage

control device

drive shaft

ultrasonic element
guide
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33
34
36
37,38
40
41
41h
41p
41t
42
43
44
46
47A,47B
47a
47b
48
49
51
52
54
55
61
62
72

73

front disc

pressurizing disc

rear disc

shaft body

capillary guide device (guide portion)
guide body portion

guide hole

parallel hole portion (guide surface)
tapered hole portion (tapered surface)
drive portion

contact detection portion

drive body portion

table (moving body)

linear motor

ultrasonic element (ultrasonic wave generation body)

drive shaft

ultrasonic element (vibration generation portion)

connection portion

power source (voltage supply portion)

ammeter (information acquisition portion)

capillary stocker

capillary recovery portion
attachment/detachment jig
jig drive portion

pipe

tube
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WHAT IS CLAIMED IS:

1. A capillary guide device, adapted to guide a capillary into a holding hole of a
bonding tool, comprising:

a guide body portion, capable of being in contact with the capillary held in the holding
hole; and

a drive portion, arranging the guide body portion at a position capable of being in
contact with the capillary by moving the guide body portion along a second direction, wherein the
second direction is a direction intersecting a first direction along a central axis of the holding hole,
wherein

the drive portion comprises:

a moving body, connected to the guide body portion;

a drive shaft, extending in the second direction and exerting a frictional resistance force
with the moving body; and

an ultrasonic wave generation body, fixed to an end of the drive shaft and supplying an
ultrasonic wave to the drive shatft.

2. The capillary guide device according to claim 1, wherein the drive portion further
comprises a vibration generation portion which is attached to the moving body and which supplies
a vibration along a third direction intersecting each of the first direction and the second direction
to the guide body portion via the moving body.

3. The capillary guide device according to claim 1 or 2, wherein the guide body
portion comprises: a guide surface capable of being in contact with a side surface of the capillary,
and a tapered surface continuous with the guide surface,

a main surface of the guide body portion facing the bonding tool comprises an open
end that constitutes the guide surface, and

a back surface of the guide body portion opposite to the main surface comprises an

open end that constitutes the tapered surface.
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4. The capillary guide device according to any one of claims 1 to 3, further comprising
a contact detection portion which detects that the guide body portion comes into contact with the
bonding tool, wherein

the contact detection portion further comprises:

a voltage supply portion which generates a potential difference between the bonding
tool and the guide body portion; and

an information acquisition portion which acquires an information indicating that the
guide body portion comes into contact with the bonding tool according to a state of an electric
circuit formed by the bonding tool, the guide body portion, and the voltage supply portion.

5. A wire bonding apparatus, comprising:

a bonding tool, comprising a capillary detachably held in a holding hole; and

a mounting portion, guiding the capillary to the holding hole by a guide portion and
attaching the capillary to the holding hole, wherein

the guide portion comprises:

a guide body portion, capable of being in contact with the capillary held in the holding
hole; and

a drive portion, arranging the guide body portion at a position capable of being in
contact with the capillary by moving the guide body portion along a second direction, wherein the
second direction is a direction intersecting a first direction along a central axis of the holding hole,
wherein

the drive portion comprises:

a moving body, connected to the guide body portion;

adrive shaft, extending in the second direction and exerting a frictional resistance force
with the moving body; and

an ultrasonic wave generation body, fixed to an end of the drive shaft and supplying an

ultrasonic wave to the drive shaft.



