DESCRIPTION

TITLE OF THE INVENTION: BONDING APPARATUS AND ALIGNMENT METHOD
Technical Field
[0001] The present invention relates to an alignment method for aligning a horn and a
clamper of abonding apparatus with each other.
Related Art
[0002] A bonding apparatus is used in a post-process in semiconductor manufacturing and
connects el ectrodes of an IC chip and alead frame with a metal wire. The bonding apparatus
includes: a capillary, performing thermocompression bonding on the wire by ultrasonic waves; a
horn, applying the ultrasonic waves to the capillary; and a clamper, gripping the wire to be
supplied to the capillary (see, for example, Patent Document 1).
Prior-Art Documents
Patent Documents
[0003] Patent Document 1: Japanese Patent Laid-Open No. 2002-064118
SUMMARY OF THE INVENTION
Problems to Be Solved by the Invention
[0004] The clamper is disposed to grip the wire on an axis of the capillary. The wire such
as agold wire used for bonding is soft and is therefore likely to be damaged. When the center
of the clamper is off the axis of the capillary, there is arisk that the clamper or the capillary may
scratch the wire and damage a surface of the wire.  Since the capillary is held by the horn, it is
important to accurately align the clamper with the horn. However, accurate aignment takes
time, leading to a heavy burden on an operator.  Since the alignment depends on the skill of the
operator, there isarisk that positioning accuracy may vary.
[0005] Accordingly, an object of the present invention is to provide an alignment method in
which a clamper of a bonding apparatus can be accurately aligned with a horn of the bonding

apparatus.



Means for Solving the Problems

[0006] An aignment method according to one aspect of the present invention is an
alignment method for aligning a horn and a clamper of a bonding apparatus with each other.
The bonding apparatus includes. the clamper, able to clamp a wire between a pair of arms; the
horn, in which a first through hole able to hold a bonding tool, and a second through hole
adjacent to the first through hole and penetrating the horn in an up-down direction are further
formed; and a bonding stage, able to carry a workpiece. The alignment method includes the
following. A mirror surface is disposed to be paralld to the bonding stage. A mirror image of
the second through hole reflected on the mirror surface is aligned with a center of the second
through hole when the mirror surface is viewed through the second through hole. The clamper
isaligned based on a position of the mirror image and the horn.

[0007] A bonding apparatus according to another aspect of the present invention includes: a
clamper, able to clamp a wire between a pair of arms; a horn, in which afirst through hole able
to hold a bonding tool, and a second through hole adjacent to the first through hole and
penetrating the horn in an up-down direction are further formed; a bonding stage, able to carry a
workpiece; and a control part, performing alignment between the horn and the clamper. The
control part aligns amirror image of the second through hole reflected on a mirror surface with a
center of the second through hole when the mirror surface is viewed through the second through
hole, the mirror surface being disposed to be parallel to the bonding stage. The control part
aligns the clamper based on a position of the mirror image and the horn.

[0008] According to these aspects, in a direction perpendicular to the bonding stage, since
the clamper is moved while the mirror image of the second through hole reflected on the mirror
surface is aligned with the center of the second through hole, the horn and the clamper can be
accurately aligned with each other.

[0009] In the above aspect, aligning the mirror image may include moving a viewpoint to a

position where the mirror image is seen in the center of the second through hole.  Aligning the



clamper may include moving the clamper so that, when viewed from the viewpoint, a symmetry
plane of the clamper that is equidistant from each of the pair of arms overlaps a symmetry plane
of the horn that bisects the first through hole and the second through hole.

[0010] According to this aspect, in the direction perpendicular to the bonding stage, the
mirror image of the second through hole reflected on the mirror surface, the second through
hole, and the viewpoint viewing the foregoing are arranged in arow.  Since the symmetry plane
of the clamper is moved so as to overlap the symmetry plane of the horn while maintaining this
positional relationship, the horn and the clamper can be accurately aligned with each other.
[0011] In the above aspect, an opening of the second through hole has a teardrop shape
having a vertex where a curvature is maximum.  Aligning the clamper may include moving the
clamper so that the symmetry plane of the clamper overlaps the vertex when viewed from the
viewpoint.

[0012] According to this aspect, since the vertex having a pointed shape where the curvature
ismaximum is provided, it is easy to visually recognize where the symmetry plane of the hornis
as compared with a case where the opening of the second through hole is circular and has no
vertex. The horn and the clamper can be relatively accurately aligned with each other with the
vertex as amark.

Effects of the Invention

[0013] According to the present invention, an aignment method can be provided in which a
clamper of abonding apparatus can be accurately aligned with a horn of the bonding apparatus.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1isaside view schematically showing a configuration of a bonding apparatus.
FIG. 2 isaside view showing an example of ahorn and a clamper shown in FIG. 1.

FIG. 3 is abottom view of atip portion of the horn shown in FIG. 2 as viewed from below in a
vertical direction.

FIG. 4 is a flowchart showing an example of an alignment method according to the present



invention.

FIG. 5 is a plan view of the clamper shown in FIG. 2 as viewed from above in the vertical
direction.

FIG. 6 isafront view of the horn and the clamper shown in FIG. 2 as viewed from atip side.
DESCRIPTION OF THE EMBODIMENTS

[0015] Preferred embodiments of the present invention are described with reference to the
accompanying drawings. In each figure, those with the same reference numerals have the same
or similar configurations. The present invention will be hereinafter described in detail with
reference to the drawings.

[0016] One embodiment of the present invention provides an alignment method for aligning
a horn 16 and a clamper 17 of a bonding apparatus 1 with each other. FIG. 1 is a side view
schematically showing a configuration of the bonding apparatus 1. In the illustrated example,
the bonding apparatus 1 includes abase 11, an XY table 12, abonding head 13, atorch electrode
14, a capillary 15, the horn 16, the clamper 17, a wire tensioner 18, arotary spool 19, a bonding
stage 20, a heater 21, a control part 10, and the like.

[0017] In the following embodiments, a plane parallel to a semiconductor element or a lead
frame to be bonded is taken as an XY plane, and a direction perpendicular to the XY plane is
taken as a Z-axis direction. The Z-axis direction is an up-down direction. The up-down
direction is not limited to a vertical direction in a strict sense, and may be dightly tilted from the
vertical direction. A tip position of the capillary 15 can be specified by spatial coordinates (X,
Y, Z) represented by an X coordinate, aY coordinate, and aZ coordinate.

[0018] The base 11 is configured to dlidably carry the XY table 12. The XY table 12 isa
moving device able to move the capillary 15 to a predetermined position on the XY plane based
on adrive signal from the control part 10. The bonding head 13 is a moving device held to be
movable in the Z-axis direction so that a tip of the capillary 15 attached to a tip portion of the

horn 16 contacts or is separated from a surface of a workpiece such as a substrate based on the



drive signa from the control part 10.

[0019] The horn 16 is a rod-shaped member composed of an end portion, a flange portion, a
horn portion, and the tip portion from the end to the tip. An ultrasonic vibrator 22 that vibrates
in response to the drive signa from the control part 10 is disposed on the end portion. The
flange portion is attached to so as to resonate with the bonding head 13 in a position serving as a
node of ultrasonic vibration. The horn portion is an arm extending longer than a diameter of
the end portion, and has a structure that increases the amplitude of vibration caused by the
ultrasonic vibrator 22 and transmits the vibration to the tip portion. The tip portion is
configured as an attachment portion that replaceably holds the capillary 15. The tip portion of
the horn 16 will be described in detail later with referenceto FIG. 2 to FIG. 6.

[0020] The horn 16 has a resonance structure that resonates with vibration of the ultrasonic
vibrator 22 as a whole, and is configured into a structure in which the ultrasonic vibrator 22 and
the flange portion are located at a vibration node and the capillary 15 is located at a vibration
antinode at the time of resonance. By these configurations, the horn 16 functions as a
transducer that converts an electrical drive signal into mechanical vibration.

[0021] The capillary 15 is an example of a bonding tool used for bonding. The capillary
15 is formed in a tubular shape, and a wire 2 used for bonding is inserted therethrough. The
capillary 15 isreplaceably attached to the tip portion of the horn 16.  The clamper 17 includes a
pair of aims 17L and 17R that open and close based on a signal from the control part 10, and is
ableto grip or release the wire 2 at an arbitrary timing.

[0022] The wire tensioner 18 has the wire 2 inserted therethrough and freely changes the
tension on the wire 2 based on a control signal of the control part 10, thereby being able to apply
appropriate tension to the wire 2 during bonding. The rotary spool 19 replaceably holds a reel
around which the wire 2 is wound, and is configured to send out the wire 2 according to the
tension applied from the wire tensioner 18. A material of the wire 2 is selected on account of

easy processing and low electrical resistance. Gold (Au), silver (Ag), auminum (Al), copper



(Cu) or the likeis usualy used.

[0023] The torch electrode 14 is connected to a high voltage power supply (not shown) viaa
discharge stabilizing resistor, and generates a spark (discharge) based on the control signal from
the control part 10. Due to heat of the spark, a free air ball can be formed at a hanging end of
the wire 2 sent out from the tip of the capillary 15. The bonding stage 20 is a processing table
able to carry a semiconductor chip or alead frameto be bonded. The heater 21 is embedded in
an upper surface of the bonding stage 20, and is configured to be able to heat the semiconductor
chip or the lead frame to a temperature suitable for bonding. The upper surface of the bonding
stage 20 is formed parallel to the aforesaid XY plane.

[0024] The control part 10 is configured to be able to output various control signals for
controlling the bonding apparatus 1 based on a predetermined software program. The
configuration of the bonding apparatus 1 is not limited to the illustrated example. For example,
amoving device for moving in the X-axis direction and/or the Y -axis direction may be provided
on the bonding stage 20 side. Alternatively, the moving device may be provided on both the
XY table 12 side and the bonding stage 20 side.

[0025] FIG. 2 is a side view showing an example of the horn 16 and the clamper 17 shown
in FIG. 1. Asshown in FIG. 2, the horn 16 is disposed so that a longitudinal direction thereof
isalong ahorizontal direction.

[0026] FIG. 3 is abottom view of the tip portion of the horn 16 shown in FIG. 2 as viewed
from below in the vertical direction. Asshown in FIG. 3, afirst through hole 41 and a second
through hole 42 respectively penetrating the horn 16 are formed in the tip portion of the horn 16.
The first through hole 41 is a holding hole for the capillary 15, and is formed in a circular shape
conforming to an outer shape of the capillary 15.

[0027] The second through hole 42 is adjacent to the first through hole 41. The second
through hole 42 is formed in a teardrop shape having a vertex 421 where the curvature is

maximum. The first through hole 41 and the second through hole 42 are communicated with



each other by a dlit (bottleneck) 43. The dlit 43 is located on a side opposite the vertex 421.
The horn 16 is formed mirror-symmetrical with respect to a symmetry plane 160 that bisects the
first through hole 41 and the second through hole 42. The symmetry plane 160 includes the
center of the first through hole 41 and the vertex 421 of the second through hole 42.

[0028] Similarly, the clamper 17 is formed mirror-symmetrical with respect to a symmetry
plane 170 of the clamper 17 that is equidistant from each of gripping surfaces of the pair of arms
17L and 17R gripping the wire 2. However, the clamper 17 is not limited to be mirror-
symmetrical with respect to the symmetry plane 170, and arrangement of members such as a
tightening screw may be different between the pair of clamp arms 17L and 17R.

[0029] Subsequently, an alignment method according to the present invention is described
with reference to FIG. 4to FIG. 6. FIG. 4 is aflowchart showing an example of an alignment
method according to the present invention. FIG. 5 is a plan view of the clamper 17 shown in
FIG. 2 as viewed from abovein the vertical direction. FIG. 6isafront view of the horn 16 and
the clamper 17 shown in FIG. 2 as viewed from atip side. In an aignment method according
to the present invention, first, amirror surface 20 is disposed to be parallel to the bonding stage
20 (step S1).  The mirror surface 200 is not limited to a plane mirror shown in FIG. 6, and may
be a plating film processed on the bonding stage 20 or the like. Examples of the mirror surface
200 include those having a function of amirror surface.

[0030] Subsequently, as shown in FIG. 5, when the mirror surface 200 is viewed through
the second through hole 42, a mirror image of the second through hole reflected on the mirror
surface 200 is aligned with the center of the second through hole (step S2). To align the mirror
image 420, for example, a viewpoint 400 (shown in FIG. 6) may be moved to a position where
the mirror image 420 is seen in the center of the second through hole 42.  Theterms“view” and
“seg” are not limited to visual observation and include capturing an object within an imaging
range of acamera.

[0031] Asshown in FIG. 6, in the alignment method according to the present invention, the



clamper 17 is aligned based on positions of the mirror image 420 and the horn 16 (step S3). To
align the clamper 17, for example, the clamper may be moved so that the symmetry plane 170 of
the clamper 17 overlaps the symmetry plane 160 of the horn 16 when viewed from the viewpoint
400.

[0032] The procedure of the alignment method described so far may be automatically
performed by the control part 10 or may be manually performed by an operator. In the case
where the control part 10 performs the aforesaid procedure, the bonding apparatus 1 may further
include an actuator that moves the clamper 17.

[0033] According to the alignment method of each embodiment of the present invention, as
shown in FIG. 6, in a direction perpendicular to the bonding stage 20, the mirror image 420 of
the second through hole 42 reflected on the mirror surface 200, the second through hole 42, and
the viewpoint 400 viewing the foregoing are arranged in arow.  Since the symmetry plane 170
of the clamper 17 is moved so as to overlap the symmetry plane 160 of the horn 16 while
maintaining this positional relationship, the horn 16 and the clamper 17 can be accurately
aligned with each other.  Since the second through hole 42 has a teardrop shape, the horn 16
and the clamper 17 can be relatively accurately aligned with each other with the vertex 421 as a
mark.

[0034] The embodiments described above are for facilitating the understanding of the
present invention rather than for limiting the interpretation of the present invention. Each
element included in the embodiments and its arrangement, material, condition, shape, size, and
the like are not limited to those illustrated and can be appropriately changed. It is possible to
partialy replace or combine the configurations shown in different embodiments.

Description of Reference Numerals

[0035] 1: bonding apparatus; 2: wire; 10: control part; 11: base; 12: XY table; 13: bonding
head; 14: torch electrode; 15: capillary (an example of bonding tool); 16: horn; 17: clamper;

17L, 17R: arm; 18: wire tensioner; 19: rotary spool; 20: bonding stage; 21: heater; 22: ultrasonic



vibrator; 41: first through hole; 42: second through hole; 43: dlit; 160: symmetry plane of horn;
170: symmetry plane of clamper; 200: mirror surface; 400: viewpoint; 420: mirror image; 421.:

vertex; X: left-right direction; Y: front-back direction; Z: up-down direction.



CLAIMS
[Claim 1]
An aignment method for aligning a horn and a clamper of a bonding apparatus with each
other,
the bonding apparatus comprising:
the clamper, able to clamp awire between a pair of arms;
the horn, in which a first through hole able to hold a bonding tool, and a second
through hole adjacent to the first through hole and penetrating the horn in an up-down direction
are further formed; and
abonding stage, able to carry aworkpiece,
wherein the alignment method comprises:
disposing amirror surface to be parallel to the bonding stage;
aligning amirror image of the second through hole reflected on the mirror surface with a
center of the second through hole when the mirror surface is viewed through the second through
hole; and
aligning the clamper based on a position of the mirror image and the horn.
[Claim 2]
The alignment method according to claim 1, wherein
aligning the mirror image comprises moving a viewpoint to a position where the mirror
image is seen in the center of the second through hole;
aligning the clamper comprises moving the clamper so that, when viewed from the
viewpoint, a symmetry plane of the clamper that is equidistant from each of the pair of arms
overlaps a symmetry plane of the horn that bisects the first through hole and the second through
hole.
[Claim 3]

The alignment method according to claim 2, wherein
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an opening of the second through hole has a teardrop shape having a vertex where a
curvature is maximum;

aligning the clamper comprises moving the clamper so that the symmetry plane of the
clamper overlaps the vertex when viewed from the viewpoint.

[Claim 4]

A bonding apparatus, comprising:

aclamper, able to clamp awire between apair of arms;

a horn, in which a first through hole able to hold a bonding tool, and a second through
hole adjacent to the first through hole and penetrating the horn in an up-down direction are
further formed;

abonding stage, able to carry a workpiece; and

acontrol part, performing alignment between the horn and the clamper, wherein

the control part aligns a mirror image of the second through hole reflected on a mirror
surface with a center of the second through hole when the mirror surface is viewed through the
second through hole, the mirror surface being disposed to be parallel to the bonding stage, and

the control part aligns the clamper based on a position of the mirror image and the horn.
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