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DESCRIPTION
TITLE OF INVENTION

WIRE BONDING APPARATUS

Technical Field

[0001] The invention relates to a structure of a wire bonding apparatus.

Related Art

[0002] A wire bonding apparatus is used to connect, by using a wire, an electrode of a
semiconductor die and an electrode of a substrate.

[0003] In such wire bonding apparatus, a bonding stage on which a bonding target is mounted
and an XY driving mechanism driving, in the XY directions, a device installed to the upper side
are arranged side by side on a stand, a bonding head driving the front end of a bonding arm in
the Z direction is installed on the XY driving mechanism, the front end of the bonding arm is
driven in the XYZ directions to perform bonding of a wire or bonding of a semiconductor die
(see, for example, FIG. 6 of Patent Document 1).

Citation List

Patent Literature

[0004] [Patent Literature 1] Japanese Patent No. 3537890

SUMMARY OF INVENTION
Technical Problem
[0005] In the conventional wire bonding apparatus, in order to prevent the XY driving
mechanism or the bonding head installed on the XY driving mechanism from interfering with
the bonding stage, it is necessary to arrange the XY driving mechanism and the bonding head to

be away from the bonding stage. Therefore, the gravity center position of the bonding head is
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away from the thrust center position of the XY driving mechanism, and the vibration of the
bonding head may increase when the XY driving mechanism drives the bonding head, and the
bonding quality may be deteriorated. In addition, when the bonding speed is increased, the
vibration increases, and an issue that the bonding speed cannot be increased arises.

[0006] Therefore, an objective of the invention is to reduce the vibration of the wire bonding
apparatus and facilitate the bonding speed.

Solution to Problem

[0007] A wire bonding apparatus according to th e invention includes: a bonding stage, in
which a bonding target is mounted on a mounting surface; a bonding head, to which a bonding
arm is installed; an XY driving mechanism, driving the bonding head in a Y direction, which is a
longitudinal direction of the bonding arm, and in an X direction, which is a front-rear direction
orthogonal to the Y direction in a horizontal plane; and a frame, supporting the XY driving
mechanism. The XY driving mechanism includes: an X-direction guide installed to the frame;
an X-direction slider, which is supported by the X-direction guide in an upper-lower direction
and guided in the X direction to move in the X direction, and in which an X-direction mover of
an X-direction motor is installed to an upper side; a Y-direction guide installed to a lower side of
the X-direction slider; and a Y-direction slider, which is supported by the Y-direction guide in
the upper-lower direction and guided in the Y direction to move in the Y direction, and to which
the bonding head is installed. The XY driving mechanism is above the mounting surface of the
bonding stage and behind the bonding stage in the Y direction, and the XY driving mechanism is
installed to the frame, so that when viewed in a top perspective, a portion of the Y-direction
guide at front is overlapped with the mounting surface of the bonding stage.

[0008] In this way, since the XY driving mechanism is installed so that a portion of the
Y-direction guide at the front is overlapped with the mounting surface of the bonding stage, the

position of the X-direction slider where the Y-direction guide and the mover of the X-direction
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motor are installed can be close to the bonding stage. Accordingly, the center position of the
mover of the X-direction motor which serves as the position of the thrust center of the X
direction of the XY driving mechanism in the Y direction can be close to the bonding stage.
Accordingly, the maximum amount of deviation between the gravity center position of the
bonding head and the center position of the mover of the X-direction motor can be smaller than
that of the wire bonding apparatus of the conventional art. Therefore, the yawing moment
applied to the bonding head when the XY driving mechanism drives the bonding head in the X
direction can be reduced as compared to the wire bonding apparatus in the conventional art, the
vibration around the vertical axis of the bonding head can be reduced, and the bonding quality
can be facilitated.

[0009] In the wire bonding apparatus of the invention, a rear end of the bonding arm may be
installed to be rotatable around a rotation axis extending in the X direction, the bonding arm may
be installed to the bonding head so that a front end is movable in a direction toward or away
from the mounting surface, and a height of the rotation axis may be same as a bonding surface of
the bonding target mounted on the mounting surface of the bonding stage.

[0010] Accordingly, at the time of bonding, the front end of the bonding tool can be moved in
the vertical direction with respect to the bonding surface, and the rigidity of the bonding head
can be facilitated. In addition, the speed of the wire bonding apparatus can be increased.

[0011] In the wire bonding apparatus of the invention, a distance in the Y direction between a
position of a gravity center of a load in the Y direction when the front end of the bonding arm is
located at a center of the bonding stage in the Y direction and a position of a center of the
X-direction mover in the Y direction may be less than 1/10 of a stroke of the bonding arm in the
Y direction. The load is an integrated body of components moved in the X direction by the
X-direction mover of the X-direction motor.

[0012] Accordingly, the gravity center position of the load and the center position of the
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mover of the X-direction motor are made close to each other, the vibration around the vertical
axis of the bonding head when the bonding head 20 is driven in the X direction by the XY
driving mechanism is reduced. As a result, the bonding quality can be facilitated, and the
bonding speed can be increased.

[0013] In the wire bonding apparatus according ot the invention, the position of the gravity
center of the load in the Y direction when the front end of the bonding arm is located at the
center of the bonding stage in the Y direction may be same as a position of the center of the
X-direction mover in the Y direction or behind, in the Y direction, the position of the center of
the X-direction mover in the Y direction.

[0014] Accordingly, by making the gravity center of the load in the Y direction when the front
end of the bonding arm is located at the center of the bonding stage in the Y direction same as
the position of the center of the X-direction mover in the Y direction, the amount of deviation
between the gravity center position of the load and the center position of the mover of the
X-direction motor can be minimized. Therefore, the vibration around the vertical axis of the
bonding head when the bonding head is driven in the X direction by the XY driving mechanism
can be further reduced to facilitate the bonding quality, and the bonding speed can be increased.
[0015] In addition, by making the position of the gravity center of the load in the Y direction
when the front end of the bonding arm is located at the center of the bonding stage in the Y
direction behind the position of the center of the X-direction mover in the Y direction, the
vibration around the vertical axis of the bonding head when the front end of the bonding arm is
located in the vicinity of the front end of the bonding stage can be reduced, and the bonding
quality can be facilitated.

[0016] In the wire bonding apparatus of the invention, the load may be formed by the
Y-direction guide, the Y-direction slider, the bonding head, and the bonding arm.

[0017] In the wire bonding apparatus of the invention, an image capturing device and a lens
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barrel guiding a light beam from the bonding target to the image capturing device may be
installed to the bonding head, and the load may be formed by the Y-direction guide, the
Y -direction slider, the bonding head, the bonding arm, the image capturing device, and the lens
barrel.

[0018] In the wire bonding apparatus of the invention, the Y-direction slider may move in the
Y -direction above the mounting surface of the bonding stage, the bonding arm may be installed
to the bonding head to extend forward in the Y direction from the bonding head, and the bonding
head may be installed to a lower side of the Y-direction slider, so that the bonding arm is moved
in the Y direction above the mounting surface of the bonding stage.

[0019] In the wire bonding apparatus of the invention, the rear end part of the bonding arm
may be rotatably installed to the bonding head by a cross-shaped leaf spring in which two spring
plates intersect in a cross shape, and the rotation axis may be an axis along a line along which
the two spring plates intersect

[0020] Since the bonding arm is rotationally supported around the rotation axis by the
cross-shaped leaf spring, there is no friction resistance such as rotational bearing, and
substantially no resistance to rotation is generated. Therefore, it is possible to apply a small
bonding load to the wire, the bonding article, and the bonding accuracy can be facilitated.

Effects of Invention

[0021] The wire bonding apparatus of the invention is capable of reducing the vibration of the

wire bonding apparatus and facilitating the bonding speed.

BRIEF DESCRIPTION OF DRAWINGS
[0022]
FIG. 1 is a side view illustrating a wire bonding apparatus according to an embodiment, and is a

diagram illustrating a state in which the front end of a bonding arm is located at the center of a
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bonding stage in the Y direction.

FIG. 2 is a perspective view illustrating an XY driving mechanism, a bonding head installed to
the XY driving mechanism, and a bonding arm and a lens barrel installed to the bonding head.
FIG. 3 is a perspective view illustrating a Y-direction slider of the XY driving mechanism and a
bonding head installed to the Y-direction slider.

FIG. 4 is a perspective view illustrating a Y-direction mover of the XY driving mechanism and a
slide mechanism of the Y-direction mover.

FIG. 5 is a perspective view illustrating a cross roller guide connecting the Y-direction slider and
a Y-direction mover base of the XY driving mechanism.

FIG. 6 is a perspective view illustrating the bonding arm of the wire bonding apparatus shown in
FIG. 1.

FIG. 7 is a perspective view illustrating the configuration of a cross-shaped leaf spring installing
the bonding arm to the bonding head.

FIG. 8 is a side view illustrating the wire bonding apparatus shown in FIG. 1, and is a diagram
illustrating a state in which the front end of the bonding arm is located in a vicinity of the front
end of the bonding stage.

FIG. 9 is a side view illustrating the wire bonding apparatus shown in FIG. 1, and is a diagram
illustrating a state in which the front end of the bonding arm is located in a vicinity of the rear

end of the bonding stage.

DESCRIPTION OF EMBODIMENTS
[0023] In the following, a wire bonding apparatus 100 of the embodiment is described with
reference to the drawings. In the following description, the wire bonding apparatus 100 is
described as a wire bonding apparatus for connecting, by using a wire, an electrode of a

semiconductor die and an electrode of a substrate. As shown in FIG. 1, a wire bonding
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apparatus 100 includes a stand 11, a bonding stage 12, a frame 50, an XY driving mechanism 30,
a bonding head 20, a bonding arm 21, and a lens barrel 23. In the following description, as
shown in FIG. 1, the longitudinal direction of the bonding arm 21 from the bonding stage 12
toward the bonding head 20 is set as the Y direction, which is the front-rear direction, and the
direction orthogonal to the Y direction in a horizontal plane is set as the X direction, which is a
conveyance direction of the bonding target, and the upper-lower direction is set as the Z
direction. In addition, the negative side of the Y direction which faces toward the bonding
stage 12 is set as "front", the positive side of the Y direction opposite thereto is set as "rear", the
positive side of the X direction is set as the conveyance direction, the positive side of the Z
direction is set as "upper", and the negative side of the Z direction is set as "lower".

[0024] The stand 11 is fixed to a base of the wire bonding apparatus 100 not shown herein.
The bonding stage 12 is installed to the upper side at the front of the stand 11. The upper
surface of the bonding stage 12 is a mounting surface 12a on which a bonding target, such as a
substrate, a semiconductor die, is mounted. In addition, the bonding target, such as a substrate,
is conveyed, by a conveyance apparatus not shown herein, on the mounting surface toward the
positive side of the X direction.

[0025] The frame 50 is a support structure installed to the upper surface of the stand 11 and
suspending the XY driving mechanism 30 from the top. The frame 50 is formed by pillars 51
fixed onto the stand 11, a beam 52 connecting the pillars 51, and two support arms 53 extending
downward from the beam 52, X-direction guides 31 of the XY driving mechanism 30 being
installed to the lower ends thereof.

[0026] The XY driving mechanism 30 is suspended from and supported by the frame 50 to
drive the bonding head 20 installed to the lower side in the XY directions. The XY driving
mechanism 30 includes the X-direction guides 31, an X-direction slider 32, a Y-direction guide

33, Y-direction sliders 34, an X-direction motor 40, and a Y-direction motor 47.
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[0027] The X-direction guides 31 are square, rod-shaped members respectively installed to the
lower ends of the two support arms 53 of the frame 50 and extending in the X direction, and are
provided, on the side surfaces, ridge sections 311 having a ridge cross-section and extending in
the longitudinal direction.

[0028] The X-direction slider 32 is formed by two X-direction slide members 32a and an
X-direction slide plate 32b. Each of the X-direction slide members 32a is a square, rod-shaped
member extending in the X direction, and is provided, on the side surface, a receiving groove
321. The receiving groove 321 extends in the longitudinal direction and has a V-shape groove
into which the ridge part 311 of the X-direction guide 31 is fit. The X-direction slide plate 32b
is a plate-shaped member connecting the two X-direction slide members 32a, and is provided
with flange parts on the side ends. The X-direction slide members 32a are installed to the
upper side of the flange parts. The two X-direction slide members 32a are fixed by being
fastened, by bolts, onto the respective flange parts of the two side ends. When the ridge parts
311 of the X-direction guides 31 are fit into the receiving grooves 321 of the X-direction slide
members 32a of the X-direction slider 32, the X-direction slider 32 is supported by the
X-direction guides 31 in the upper-lower direction and guided by the X-direction guides 31 to
move in the X direction.

[0029] An X-direction mover 41 forming the X-direction motor 40 is installed on the upper
side of the X-direction slide plate 32b of the X-direction slider 32. In addition, X-direction
stators 42 are respectively fixed to the sides of the respective support arms 53 of the frame 50
with respect to the X-direction mover 41 to face the X-direction mover 41. The X-direction
mover 41 and the X-direction stators 42 form the X-direction motor 40 driving the X-direction
slider 32 in the X direction. In addition, a center 43 of the X-direction mover 41 serves as the
thrust center of the X-direction motor 40 in the X direction.

[0030] As shown in FIG. 2, the Y-direction guide 33 includes two Y-direction guide members
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33a and a Y-direction guide frame 33b to which the two Y-direction guide members 33a are
installed. The Y-direction guide frame 33b is a member open on the lower side, extending in
the Y direction, and having a groove-shaped cross-section, and a convex part on the upper side is
installed to the lower side of the X-direction slide plate 32b of the X-direction slider 32.

[0031] The Y-direction guide members 33a are square, rod-shaped members extending in the
Y direction, and provided, on the side surface, ridge parts 331 having ridge-shaped
cross-sections and extending in the longitudinal direction. The two Y-direction guide members
33a are respectively fixed, by bolts, to the two side ends on the lower side of the Y-direction
guide frame 33b, so that the respective ridge parts 331 face each other. The end surfaces of the
Y-direction guide members 33a at the front in the Y direction are slightly more protrusive
forward in the Y direction than the end surface of the Y-direction guide frame 33b at the front in
the Y direction. In addition, the end surfaces of the Y-direction guide members 33a at the front
in the Y direction protrude forward in the Y direction by a distance d from a rear end surface 12d
of the mounting surface 12a of the bonding stage 12 in the Y direction.

[0032] Accordingly, the Y-direction guide 33 is installed to the lower side of the X-direction
slide plate 32b so that, when viewed in a top perspective, a portion thereof at the front is
overlapped with the mounting surface 12a of the bonding stage 12 by d. In addition, the
X-direction slide plate 32b is installed to the frame 50 via the X-direction guide 31.
Accordingly, the Y-direction guide 33 is installed to the frame 50 so that, when viewed from the
top perspective, a portion thereof at the front in the Y direction is overlapped with the mounting
surface 12a of the bonding stage 12.

[0033] As shown in FIG. 3, the Y-direction sliders 34 are square, rod-shaped members
extending in the Y direction and provided with receiving grooves 341 on the side surfaces. The
receiving grooves 341 are V-shaped grooves which extend in the longitudinal direction and into

which the ridge parts 331 of the Y-direction guide members 33a are fit. As shown in FIG. 3,
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the Y-direction sliders 34 are fixed, by bolts, to two side surfaces of the Y direction at the upper
end of the bonding head 20, so that the receiving grooves 341 serve as the outer sides.
Accordingly, as shown in FIG. 2, when the Y-direction sliders 34 and the Y-direction guide 33
are assembled so that the ridge parts 331 of the Y-direction guide members 33a of the
Y-direction guide 33 are fit into the receiving grooves 341 of the Y-direction sliders 34, the
Y -direction sliders 34 are supported by the Y-direction guide 33 in the upper-lower direction and
move in the Y direction. In addition, the bonding head 20 installed to the Y-direction sliders
34are supported, together with the Y-direction sliders 34, by the Y-direction guide 33, and
moves in the Y direction.

[0034] Referring to FIG. 1 again, on the rear side of the bonding head 20, a Y-direction motor
support stage 13, a Y-direction stator 46, a Y-direction mover 45, and a Y-direction mover base
36 are provided. The Y-direction motor support stage 13 is a support structure fixed to the
stand 11, and the Y-direction stator 46 is installed to the upper side at the central part. In
addition, guide rails 35 which guide sliders 36a of the Y-direction mover base 36 are installed to
the upper end of the Y-direction motor support stage 13 on the front end side and the rear end
side in the Y direction. The Y-direction mover 45 is installed to the Y-direction mover base 36
to face the Y-direction stator 46. In addition, the Y-direction mover base 36 and the rear end of
the bonding head 20 are connected by a linear guide 37. A cross roller guide, a needle guide,
for example, can be used in the linear guide 37.

[0035] The linear guide 37 is formed by two, that is, upper and lower, driven side guides 37a
installed to the rear end of the bonding head 20, as shown in FIG. 3, and a driving side guide 37b
fixed to the front end of the Y-direction mover base 36 in the Y direction, as shown in FIG. 4.
The driving side guide 37b is a rod-shaped longitudinal member, and provided with ridge parts
372 having ridge-shaped cross-sections on the upper and lower surfaces. The driven side

guides 37a are pillar-shaped longitudinal members, and V-shaped receiving grooves 371 into
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which the ridge parts 372 of the driving side guide 37b are fit are provided on the upper surface
or the lower surface.

[0036] When the driving side guide 37b and the driven side guides 37a are assembled so that
the ridge parts 372 of the driving side guide 37b and the receiving grooves 371 of the driven side
guides 37a are engaged, as shown in FIG. 5, the driven side 37a follows the movement of the
driving side guide 37b in the Y direction to move in the Y direction, while sliding in the X
direction with respect to the driving side guide 37b. Therefore, when the Y-direction mover
base 36 is moved in the Y direction by the Y-direction mover 45, the driven side guide 37a
drives the connected bonding head 20 to move in the Y direction, while moving in the X
direction. Accordingly, the bonding head 20 is driven in the XY directions by the X-direction
mover 41 of the X-direction motor 40 and the Y-direction mover 45 of the Y-direction motor 47.
[0037] As described above, the X-direction guides 31, the X-direction slider 32, the
Y-direction guide 33, and the Y-direction sliders 34 forming the XY driving mechanism 30 is
installed to the frame 50 so as to be located on the rear side of the bonding stage 12 in the Y
direction above the mounting surface 12 of the bonding stage 12.

[0038] As shown in FIG. 6, the bonding arm 21 is formed by a body 21a, and an ultrasonic
horn 21b installed to the front of the body 21a in the Y direction. A capillary 22, which is a
bonding tool, is installed to a front end 21f of the ultrasonic horn 21b.  An opening to which an
ultrasonic vibrator is installed is provided at the center of the body 21a in the longitudinal
direction.

[0039] In a rear end part 21r of the body 21a, a spreading triangular installation rib 21c is
provided on each of the positive side and the negative side of the X direction. An installation
seat 21d for installation of a cross-shaped leaf spring 26 is provided at the rear end of the
installation rib 21c, and the rear end part 21r of the bonding arm 21 is installed to a structure

member 20a at the front of the bonding head 20 in the Y direction by the cross-shaped leaf
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spring 26 installed to the installation seat 21d. In addition, a plate-shaped Z-direction mover
installation plate 21m of a Z-direction motor extends rearward in the Y direction from the rear
end part 21r of the body 21a. A Z-direction mover 48 is installed to the Z-direction mover
installation plate 2Im. The Z-direction mover installation plate 21m and the Z-direction mover
48 are accommodated inside the bonding head 20.

[0040] As shown in FIG. 7, the cross-shaped leaf spring 26 is assembled so that a horizontal
spring plate 27 and a vertical spring plate 28 on which bolt holes 27b and 28b are provided
intersect in a cross shape. As shown in FIG. 6, the rear end (positive side in Y direction) of the
horizontal spring plate 27 is fixed, by a bolt 27a, to the structure member 20a of the bonding
head 20, and the front end (negative side in Y direction) is fixed, by a bolt, to the lower surface
of the installation seat 21d of the bonding arm 21. In addition, the upper end of the vertical
spring plate 28 is fixed, by a bolt 28a, to the vertical surface on the rear end of the installation
seat 21d of the bonding arm 21, and the lower end is fixed, by a bolt, to the structure member
20a of the bonding head 20. In addition, a line along which the horizontal spring plate 27 and
the vertical spring plate 28 intersect and which extends in the X direction is a rotation axis 29 of
the bonding arm 21, and the cross-shaped leaf spring 26 rotatably supports the bonding arm 21
around the rotation axis 29.

[0041] Accordingly, the rear end part 21r of the bonding arm 21 is rotatably installed around
the rotation axis 29 extending in the X direction. In addition, Z-direction stators not shown
herein are installed on two sides of the Z-direction mover 48 accommodated inside the bonding
head 20. The Z-direction stators drive the Z-direction mover 48 to rotate around the rotation
axis 29, and drive in a direction in which the lower end of the capillary 22 installed to the front
end 21f of the ultrasonic horn 21b moves toward or away from the mounting surface 12a of the
bonding stage 12.

[0042] The bonding arm 21 is installed to the bonding head 20, so that the height of the
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rotation axis 29 is the same as the bonding surface of the bonding target mounted on the
mounting surface 12a of the bonding stage 12. Therefore, the lower end of the capillary 22
moves toward or away from the bonding surface of the bonding target in a vertical direction.
[0043] Accordingly, the bonding arm 21 extends forward in the Y direction from the bonding
head 20, and is installed to the bonding head 20 so as to move in the Y direction above the
mounting surface 12a of the bonding stage 12.

[0044] The lens barrel 23 is an optical member guiding a light beam from the bonding target
mounted on the mounting surface 12a of the bonding stage 12 to an image capturing device
installed inside the bonding head 20. The lens barrel 23 is installed to the front end of an
installation arm 23a extending forward in the Y direction and installed to the bonding head 20,
and the lens barrel 23 is provided above the front end 21f of the bonding arm 21. In addition,
the image capturing device (not shown) obtaining the light beam, as an image, from the bonding
target from the lens barrel 23 is installed in the bonding head 20.

[0045] In the wire bonding apparatus 100 with the above configuration, when the Y-direction
mover 45 moves in the Y direction, the bonding head 20 connected to the Y-direction mover 45
and the Y-direction sliders 34 installed to the bonding head 20 move in the Y direction. In
addition, when the X-direction mover 41 moves in the X direction, the Y-direction guide 33
installed to the lower side of the X-direction slider 32, the Y-direction sliders 34 supported by
the Y-direction guide 33 in the upper-lower direction and moving in the Y direction, and the
bonding head 20 installed to the Y-direction sliders 34 move integrally in the X direction.
Accordingly, the XY driving mechanism 30 drives the bonding head 20 in the XY directions.
[0046] Here, when the X-direction mover 41 moves in the X direction, the Y-direction guide
33, the Y-direction sliders 34, the bonding head 20, the bonding arm 21 installed to the bonding
head 20, the lens barrel 23, and the image capturing device moving with the X-direction mover

41 in the X direction form a load that is an integrated body of components moved in the X
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direction by the X-direction mover 41. In FIG. 1, a gravity center mark indicates a gravity
center position 25 of the load as a whole. In addition, a dot-chain line 20c is a line passing
through the gravity center position 25 of the load and extending in the upper-lower direction.
In addition, in FIGs. 1, 8, and 9, a dot-chain line 40c is a line passing through the center 43 of
the X-direction mover 41, which is the thrust center of the X-direction motor 40 in the X
direction, and extending in the upper-lower direction, and a dot-chain line 12c¢ is a line passing
through the center of the bonding stage 12 in the Y direction and extending in the upper-lower
direction.

[0047] As shown in FIG. 1, the front end 21f of the bonding arm 21 is located at the center of
the bonding stage 12 in the Y direction. That is, as shown in FIG. 1, when the center of the
capillary 22 is at the position of the dot-chain line 12c, the position of the gravity center position
25 of the load in the Y direction is substantially the same as the position of the center 43 of the
X-direction mover 41 in the Y direction.

[0048] In addition, as shown in FIG. 8, when the bonding head 20 moves from the position
indicated in FIG. 1 toward the negative side of the Y direction by a distance L1, and the front
end 21f of the bonding arm 21 moves to the vicinity of the front end of the bonding stage 12, the
Y-direction sliders 34 move in the Y direction above the mounting surface 12a of the bonding
stage 12, and the bonding arm 21 moves in the Y direction above the mounting surface 12a of
the bonding stage 12. In addition, the position of the gravity center position 25 of the load in
the Y direction is deviated forward in the Y direction by the distance L1 with respect to the
position of the center 43 of the X-direction mover 41 in the Y direction.

[0049] Comparatively, as shown in FIG. 9, when the bonding head 20 moves from the position
indicated in FIG. 1 toward the positive side of the Y direction by the distance L1, and the front
end 21f of the bonding arm 21 moves to the vicinity of the rear end of the bonding stage 12, the

position of the gravity center position 25 of the load in the Y direction is deviated rearward in
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the Y direction by the distance L1 with respect to the position of the center 43 of the X-direction
mover 41 in the Y direction.

[0050] Accordingly, the amount of deviation between the position of the gravity center
position 25 of the load in the Y direction and the position of the center 43 of the X-direction
mover 41 in the Y direction reaches the maximum when the front end 21f of the bonding arm 21
is located at the front end or the rear end of the bonding stage 12 in the Y direction, as shown in
FIGs. 8 and 9.

[0051] The wire bonding apparatus 100 according to the embodiment has a configuration as
follows. The driving mechanism 30 is installed to the frame 50 so that a portion of the
Y-direction guide 33 at the front is overlapped with the mounting surface 12a of the bonding
stage 12, and the position of the X-direction slider 32 to which the Y-direction guide 33 and the
X-direction mover 41 are installed in the Y direction is near the bonding stage 12.
Accordingly, the gravity center position 25 of the load moves, in the Y direction, forward and
rearward in the vicinity of the center 43 of the X-direction mover 41. Accordingly, the
maximum amount of deviation between the gravity center position 25 of the load and the center
43 of the X-direction mover 41 can be smaller than that of the wire bonding apparatus of the
conventional art as recited in Patent Literature 1. Therefore, the yawing moment applied to the
bonding head 20 when the XY driving mechanism 30 drives the bonding head 20 in the X
direction is also reduced as compared to the wire bonding apparatus in the conventional art, and
the vibration around the vertical axis of the bonding head 20 can be reduced. In addition, by
reducing the vibration around the vertical axis of the bonding head 20, the vibration amplitude
around the vertical axis of the bonding head 20 can be reduced. In addition, by reducing the
yawing moment applied to the bonding head 20, the characteristic vibration frequency around
the vertical axis of the bonding head 20 is increased, and the amplitude of the vibration around

the vertical axis of the bonding head 20 can be reduced.
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[0052] Then, by reducing the amplitude of the vibration around the vertical axis of the
bonding head, the amplitude of the vibration of the capillary 22 installed to the front end 21f of
the bonding arm 21 in the X direction due to vibration can be reduced, and the bonding quality
can be facilitated.

[0053] In addition, in the wire bonding apparatus 100 according to the embodiment, by
making the position of the gravity center position 25 of the load in the Y direction when the
front end 21f of the bonding arm 21 is located at the center of the bonding stage 12 in the Y
direction same as the position of the center 43 of the X-direction mover 41 in the Y direction, the
gravity center position 25 of the load is moved in the Y direction at the front and the rear of the
center 43 of the X-direction mover 41. Accordingly, the distance L1 shown in FIGs. 8 and 9
becomes 1/2 of the stroke of the bonding head 20 in the Y direction, and the maximum amount
of deviation between the gravity center position 25 of the load and the center 43 of the
X-direction mover 41 can be minimized. Therefore, the yawing moment applied to the bonding
head 20 when the XY driving mechanism 30 drives the bonding head 20 in the X direction can
be further reduced, thereby further reducing the vibration around the vertical axis and further
facilitating the bonding quality.

[0054] Moreover, in the wire bonding apparatus 100 of the embodiment, the Y-direction
sliders 34 move in the Y direction above the mounting surface 12a of the bonding stage 12, the
bonding arm 21 is installed to the bonding head 20 to extend forward from the bonding head 20
in the Y direction, and the bonding head 20 is installed to the lower side of the Y-direction
sliders 34, so that the bonding arm 21 is moved in the Y direction above the mounting surface
12a of the bonding stage 12. Accordingly, the movement stroke of the Y direction of the front
end 21f of the bonding arm 21 can be increased, and the bonding can be performed on a large
substrate.

[0055] Moreover, in the wire bonding apparatus 100 of the embodiment, the bonding arm 21
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is installed to the bonding head 20, so that the height of the rotation axis 29 is the same as the
bonding surface of the bonding target mounted on the mounting surface of the bonding stage 12.
Accordingly, at the time of bonding, the lower end of the capillary 22 can be moved with respect
to the bonding surface in the vertical direction, and the bonding quality can be facilitated.

[0056] In addition, in the wire bonding apparatus 100 of the embodiment, since the bonding
arm 21 is rotatably installed to the bonding head 20 by the cross-shaped leaf spring 26, there is
no friction resistance such as rotational bearing, and substantially no resistance to rotation is
generated. Therefore, it is possible to apply a small bonding load to the wire, the bonding
article, and the bonding accuracy can be facilitated.

[0057] In the wire bonding apparatus 100 described above, the position of the gravity position
25 of the load in the Y direction when the front end 21f of the bonding arm 21 is located at the
center of the bonding stage 12 in the Y direction is the same as the position of the center 43 of
the X-direction mover in the Y direction. However, the invention is not limited thereto. The
distance in the Y direction between the position of the gravity center position 25 of the load in
the Y direction and the position of the center 43 of the X-direction mover 41 in the Y direction
may also fall within a range of being less than 1/10 of the stroke of the bonding arm 21 in the Y
direction. Accordingly, the gravity center position 25 of the load and the center 43 of the
X-direction mover 41 are close to each other, the vibration around the vertical axis of the
bonding head 20 when the bonding head 20 is driven in the X direction is reduced, thereby being
able to facilitate the bonding quality and speed up the bonding.

[0058] In addition, the XY driving mechanism 30 may also be arranged, so that the position of
the gravity center position 25 of the load in the Y direction when the front end 21 of the bonding
arm 21 is located at the center of the bonding stage 12 in the Y direction is behind, in the Y
direction, the position of the center 43 of the X-direction mover 41 in the Y direction.

[0059] The vibration around the vertical axis of the bonding head 20 when the bonding head
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20 is driven in the X direction reaches the maximum in the case where, as shown in FIG. 8, the
front end 21f of the bonding arm 21 is located in the vicinity of the front end of the bonding
stage 12. This is because the distance between the front end 21f of the bonding arm 21 to
which the capillary 22 is installed and the center 43 of the X-direction mover 41 as the thrust
center of the X direction reaches the maximum. Therefore, by making the position of the XY
driving mechanism 30 slightly deviated forward in the Y direction, and making the position of
the gravity center position 25 of the load in the Y direction when the front end 21f of the
bonding arm 21 is located at the center of the bonding stage 12 in the Y direction slightly
behind, in the Y direction, the position of the center 43 of the X-direction mover 41 in the Y
direction, the amount of deviation between the position of the gravity center position 25 of the
load in the Y direction when the front end 21f of the bonding arm 21 is located at the vicinity of
the front end of the bonding stage 12 and the position of the center 43 of the X-direction mover
41 in the Y direction can be reduced. Accordingly, the vibration around the vertical axis of the
bonding head 20 when the front end of the bonding arm 21 is located in the vicinity of the front
end of the bonding stage 12 can be reduced, and the bonding quality can be facilitated.

[0060] To which extent the position of the gravity center position 25 of the load in the Y
direction when the front end 21f of the bonding arm 21 is located at the center of the bonding
stage 12 in the Y direction is deviated rearward with respect to the position of the center 43 of
the X-direction mover 41 in the Y direction may be set according to the mass of the bonding
head 20 or the mass, the length of the bonding arm 21. For example, such rearward deviation
may be set as 1/50 to 1/10 of the stroke of the bonding arm 21 in the Y direction.

[0061] In addition, in the wire bonding apparatus 100 of the embodiment, the Y-direction
guide 33, the Y-direction sliders 34, the bonding head 20, the bonding arm 21, and the lens
barrel 23 are described as forming a load that is the integrated body of components moved in the

X direction by the X-direction mover 41. However, the invention is not limited thereto.
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[0062] For example, in the case where an optical element, such as an optical fiber that is very
light is configured to be installed to the bonding head 20 to transmit a light beam from the
bonding target to the image capturing device, and the lens barrel 23 is not provided, the load
may also be formed by the Y-direction guide 33, the Y-direction sliders 34, the bonding head 20,
the bonding arm 21, and the image capturing device without the lens barrel 23. In the case
where the image capturing device is not installed to the bonding head 20, either, the load may
also be formed by the Y-direction guide 33, the Y-direction sliders 34, the bonding head 20, and
the bonding arm 21, without the lens barrel 23 and the image capturing device.

Reference Signs List

[0063]

11: Stand; 12: Bonding stage; 12: Mounting surface; 12d: Y-direction rear end surface; 13:
Y-direction motor support stage; 20: Bonding head; 20a: Structure member; 21: Bonding arm;
21a: Body; 21b: Ultrasonic horn; 21c: Installation rib; 21d: Installation seat; 21f: Front end;
21m: Z-direction mover installation plate; 21r: Rear end part; 22: Capillary; 23: Lens barrel;
23a: Arm; 25: Gravity center position; 26: Cross-shaped leaf spring; 27: Horizontal spring plate;
27a, 28a: Bolt; 27b, 28b: Bolt hole; 28: Vertical spring plate; 29: Rotation axis; 30: XY driving
mechanism; 31: X-direction guide; 32: X-direction slider; 32a: X-direction slide member; 32b:
X-direction slide plate; 33: Y-direction guide; 33a: Y-direction guide member; 33b: Y-direction
guide frame; 34: Y-direction slider; 35: Guide rail; 36: Y-direction mover base; 36a: Slider; 37:
Linear guide; 37a: Driven side guide; 37b: Driving side guide; 40: X-direction motor; 41:
X-direction mover; 42: X-direction stator; 43: Center; 45: Y-direction mover; 46: Y-direction
stator; 47: Y-direction motor; 48: Z-direction mover; 50: Frame; 51: Pillar; 52: Beam; 53:
Support arm; 100: Wire bonding apparatus; 311, 331, 372: Ridge part; 321, 341, 371: Receiving

groove.
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WHAT IS CLAIMED IS:
1. A wire bonding apparatus, comprising:
a bonding stage, in which a bonding target is mounted on a mounting surface;
a bonding head, to which a bonding arm is installed;

5 an XY driving mechanism, driving the bonding head in a Y direction, which is a
longitudinal direction of the bonding arm, and in an X direction, which is a front-rear direction
orthogonal to the Y direction in a horizontal plane; and

a frame, supporting the XY driving mechanism,
wherein the XY driving mechanism comprises:
10 an X-direction guide installed to the frame;
an X-direction slider, which is supported by the X-direction guide in an upper-lower
direction and guided in the X direction to move in the X direction, and in which an X-direction
mover of an X-direction motor is installed to an upper side;
a Y-direction guide installed to a lower side of the X-direction slider; and
15 a Y-direction slider, which is supported by the Y-direction guide in the upper-lower
direction and guided in the Y direction to move in the Y direction, and to which the bonding
head is installed,
wherein the XY driving mechanism is above the mounting surface of the bonding stage and
behind the bonding stage in the Y direction, and the XY driving mechanism is installed to the
20  frame, so that when viewed in a top perspective, a portion of the Y-direction guide at front is
overlapped with the mounting surface of the bonding stage.
2. The wire bonding apparatus as claimed in claim 1, wherein a rear end of the bonding arm
is installed to be rotatable around a rotation axis extending in the X direction, and the bonding
arm is installed to the bonding head so that a front end is movable in a direction toward or away

25  from the mounting surface, and
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a height of the rotation axis is same as a bonding surface of the bonding target mounted on
the mounting surface of the bonding stage.

3. The wire bonding apparatus as claimed in claim 1 or 2, wherein a distance in the Y
direction between a position of a gravity center of a load in the Y direction when the front end of
the bonding arm is located at a center of the bonding stage in the Y direction and a position of a
center of the X-direction mover in the Y direction is less than 1/10 of a stroke of the bonding
arm in the Y direction, the load being an integrated body of components moved in the X
direction by the X-direction mover of the X-direction motor.

4. The wire bonding apparatus as claimed in claim 3, wherein the position of the gravity
center of the load in the Y direction when the front end of the bonding arm is located at the
center of the bonding stage in the Y direction is same as a position of the center of the
X-direction mover in the Y direction or behind, in the Y direction, the position of the center of
the X-direction mover in the Y direction.

5. The wire bonding apparatus as claimed in claim 3 or 4, wherein the load is formed by the
Y-direction guide, the Y-direction slider, the bonding head, and the bonding arm.

6. The wire bonding apparatus as claimed in claim 3 or 4, wherein an image capturing
device and a lens barrel guiding a light beam from the bonding target to the image capturing
device are installed to the bonding head, and the load is formed by the Y-direction guide, the
Y-direction slider, the bonding head, the bonding arm, the image capturing device, and the lens
barrel.

7. The wire bonding apparatus as claimed in any one of claims 1 to 6, wherein the
Y -direction slider moves in the Y-direction above the mounting surface of the bonding stage,

the bonding arm is installed to the bonding head to extend forward in the Y direction from
the bonding head, and

the bonding head is installed to a lower side of the Y-direction slider, so that the bonding
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arm is moved in the Y direction above the mounting surface of the bonding stage.

8. The wire bonding apparatus as claimed in claim 2, wherein the rear end part of the
bonding arm is rotatably installed to the bonding head by a cross-shaped leaf spring in which
two spring plates intersect in a cross shape, and the rotation axis is an axis along a line along

which the two spring plates intersect.
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