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DESCRIPTION
TITLE OF INVENTION

ULTRASONIC HORN AND MANUFACTURING APPARATUS OF SEMICONDUCTOR
DEVICE

Technical Field

[0001] The present specification discloses an ultrasonic horn used in an ultrasonic processing
machine for vibration processing (joining, cutting, polishing, etc.) of an object, and a
semiconductor device manufacturing apparatus having the ultrasonic horn.

Related Art

[0002] Conventionaly, ultrasonic horns that generate longitudinal vibration and torsional
vibration have been proposed in order to perform vibration processing of an object. Many of
such ultrasonic horns have a plurality of inclined slits formed on the peripheral surface thereof in
order to convert longitudinal vibration into torsional vibration. Theinclined slit advancesin the
circumferential direction as it advances in the axial direction. Longitudinal vibration is
converted into torsional vibration when passing through the inclined dlit.

Citation List

Patent Literature

[0003] [Patent Literature 1] Japanese Patent No. 8-294673

SUMMARY OF INVENTION
Technical Problem
[0004] However, such an inclined dit is formed only on the peripheral surface layer of the
ultrasonic horn and does not reach the radial center of the ultrasonic horn. In this case, the

efficiency of conversion from longitudinal vibration into torsional vibration is poor, and it is
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difficult to obtain sufficient torsional vibration.

[0005] Furthermore, in the conventional ultrasonic horn, a plurality of inclined dlits
independent of each other are inclined. In this case, mutual positions tend to vary among the
plurality of inclined dlits, and the vibration characteristics tend to fluctuate.

[0006] Therefore, the present specification discloses an ultrasonic horn and a manufacturing
apparatus of a semiconductor device with which the desired vibration characteristics can be
obtained more reliably.

Solution to Problem

[0007] An ultrasonic horn disclosed in the present specification includes. a vibration source
part to which an ultrasonic vibrator is mounted; a tip end part to which a machining tool is
mounted; and an intermediate part which is interposed between the tip end part and the vibration
source part and propagates vibration generated by the ultrasonic vibrator to the tip end part.
The intermediate part has a single spira hole which is a hole penetrating in a radia direction of
the ultrasonic horn and advances in an axia direction as the spiral hole advances in a
circumferential direction.

[0008] In this case, the tip end part may have a mounting hole which penetrates in a first
direction orthogonal to the axial direction and to which the machining tool is mounted, and atip
end side end portion of the spiral hole may penetrate in a direction substantialy parale to the
first direction.

[0009] Further, the spiral hole may have a shape that advances by 1/4 turn in the
circumferential direction between a base end side end portion and the tip end side end portion.
[0010] Further, the intermediate part may have a tapered shape with a cross-sectional area that
decreases from a base end side toward atip end side.

[0011] A manufacturing apparatus of a semiconductor device disclosed in the present
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specification includes: the ultrasonic horn described above; and a cylindrical capillary which is
mounted to the tip end part of the ultrasonic horn and through which awireisinserted.

Effects of Invention

[0012] According to the technique disclosed in the present specification, the spiral hole
penetrates the ultrasonic horn in the radia direction, so that the efficiency of conversion into
torsiona vibration is high. Therefore, it is sufficient to form one spira hole in the ultrasonic
horn. Then, by forming only one hole, an error in shape or the like can be suppressed as
compared with the case of forming a plurality of dlits, and it is easy to maintain the vibration
characteristics as designed. As a result, according to the technique disclosed in the present

specification, the desired vibration characteristics can be obtained more reliably.

BRIEF DESCRIPTION OF DRAWINGS
[0013]
FIG. 1 is a view showing a configuration of the manufacturing apparatus of the semiconductor
device equipped with the ultrasonic horn.
FIG. 2 isaperspective view of the ultrasonic horn.
FIG. 3isaplan view of the ultrasonic horn.
FIG. 4isacross-sectiona view taken along the line A-A of FIG. 3.
FIG. 5isaschematic view showing the states of formation of the spiral hole.
FIG. 6A is adiagram showing a movement locus of the tip end part when the first drive signal is
applied.
FIG. 6B is adiagram showing a movement locus of the tip end part when the second drive signal
isapplied.

FIG. 6C is adiagram showing a movement locus when the first drive signal and the second drive
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signal are applied.

FIG. 7 isaview showing the ultrasonic horn of a comparative example.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, the configurations of an ultrasonic horn 50 and a manufacturing apparatus
10 of a semiconductor device equipped with the ultrasonic horn 50 will be described with
reference to the drawings. FIG. 1 is a view showing the configuration of the manufacturing
apparatus 10 equipped with the ultrasonic horn 50.

[0015] The manufacturing apparatus 10 is a wire bonding apparatus that manufactures a
semiconductor device by connecting two electrodes provided on an object 30 with a wire 26.
The object 30 is, for example, a lead frame on which a semiconductor chip is mounted.
Usually, electrodes are respectively provided on the semiconductor chip and the lead frame, and
the semiconductor device is manufactured by electrically connecting these electrodes with the
wire 26.

[0016] The manufacturing apparatus 10 has a bonding head 12 assembled to an XY stage 20.
The XY stage 20 moves the bonding head 12 in the horizontal direction, that is, in an X direction
and aY direction. The ultrasonic horn 50 and a camera 22 are attached to the bonding head 12
S0 as to be movable in the vertical direction, that is, in aZ direction. The ultrasonic horn 50 is
attached to the bonding head 12 via a horn holder 14. The ultrasonic horn 50 generates
longitudinal vibration and torsional vibration and propagates them to a capillary. The capillary
18 is a cylindrical member which is attached to the distal end of the ultrasonic horn 50 and
through which the wire 26 is inserted. The longitudinal vibration and torsional vibration are
transmitted to the wire 26 via the capillary 18. Further, above the capillary 18, a clamper 19

that moves together with the capillary 18 and sandwiches the wire 26 is provided.
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[0017] The camera 22 captures an image of the object 30 as required. A controller 32
identifies the position of the capillary 18 with respect to the object 30 based on the image
captured by the camera 22, and positions the capillary 18. The bonding head 12 is further
provided with a spool 24 around which the wire 26 is wound, and the wire 26 is unwound from
the spool 24 as required. The controller 32 controls the drive of each part constituting the
manufacturing apparatus 10. For example, the controller 32 applies a voltage of a
predetermined frequency (that is, drive signal) to an ultrasonic vibrator 58 provided in the
ultrasonic horn 50 to generate vibration of a predetermined frequency.

[0018] Next, the configuration of the ultrasonic horn 50 mounted on the manufacturing
apparatus 10 will be described. FIG. 2 is a perspective view of the ultrasonic horn 50, and FIG.
3isaplan view of the ultrasonic horn 50. Further, FIG. 4 is a cross-sectional view taken along
theline A-A of FIG. 3.

[0019] Inthe ultrasonic horn 50, a base end part 52, a vibration source part 53, an intermediate
part 54, and atip end part 56 are aligned in a straight line from the base end side to the distal end
side. The base end part 52 is a part attached to the horn holder 14, and has a substantially
conical shape with a diameter decreasing as it approaches the base end side.

[0020] The ultrasonic vibrator 58 is incorporated in the vibration source part 53. The
ultrasonic vibrator 58 is a vibration generation source that receives a drive signal, which is a
voltage signal, to generate longitudinal vibration. This ultrasonic vibrator 58 has, for example,
lead zirconate titanate (commonly known as PZT) which vibrates in response to an AC voltage,
and is a bolt-tightened Langevin type vibrator (commonly known as BLT or BL vibrator) in
which PZT is applied with a tightening pressure with scissors and screws (bolts) in a metal
block. In this example, the ultrasonic vibrator 58 is applied with an AC signal of a first

frequency (hereinafter referred to as “first drive signal”) and an AC signal of a second frequency
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larger than the first frequency (hereinafter referred to as “ second drive signal”) at the same time.
[0021] The intermediate part 54 propagates the vibration generated by the ultrasonic vibrator
58 to thetip end part 56. In this example, the intermediate part 54 has a substantially pyramidal
shape with a cross-sectional area decreasing as it approaches the tip end. With such a
configuration, the vibration generated in the vibration source part 53 is amplified and propagated
to the tip end part 56. Further, the intermediate part 54 is formed with a spiral hole 68 that
converts part of the longitudinal vibration into torsional vibration, which will be described later.
[0022] Thetip end part 56 is a part that holds the capillary 18. A mounting hole 64, which
penetrates in the Z direction (that is, in the axial direction of the capillary 18) and into which the
capillary 18 is inserted, is formed in the vicinity of the distal end of the tip end part 56. The
diameter of the mounting hole 64 is slightly smaller than the diameter of the capillary 18 under
no load. On the base end side of the mounting hole 64, an adjusting hole 66 penetrating in the
Z direction and having a substantialy drop shape when viewed from the Z direction is formed.
The adjusting hole 66 and the mounting hole 64 are connected via a narrow dit.  Therefore,
when a special jig or the like is press-fitted into the adjusting hole 66 to widen the adjusting hole
66, the diameter of the mounting hole 64 is also expanded. Then, by expanding the diameter of
the mounting hole 64, the capillary 18 can be inserted into the mounting hole 64. When the jig
is separated from the adjusting hole 66 with the capillary 18 inserted into the mounting hole 64,
the diameter of the mounting hole 64 is reduced and the capillary 18 isfirmly held.

[0023] Here, as described above, a spiral hole 68 is formed in the intermediate part 54. The
spiral hole 68 will be described in detail. The spiral hole 68 is a hole for converting part of the
longitudinal vibration output by the ultrasonic vibrator 58 into torsional vibration. The spiral
hole 68 is a hole that penetrates the intermediate part 54 in the radial direction and advances in

the circumferential direction as it advances in the axia direction. More specifically, the spira
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hole 68 penetrates the intermediate part 54 in the X direction (that is, in the direction orthogonal
to both the axial direction of the ultrasonic horn 50 and the axia direction of the capillary 18) so
as to pass through both side surfaces of the intermediate part 54 in the base end side end portion
thereof. The penetrating direction of the spiral hole 68 changes so as to approach the Z
direction as it advances toward the tip end side in the axia direction. Then, the spira hole 68
penetrates the intermediate part 54 in the Z direction so as to pass through the upper surface and
the bottom surface of the intermediate part 54 in the tip end side end portion thereof. In other
words, the penetrating direction of the spiral hole 68 is rotated by 1/4 in the circumferential
direction in the process of advancing from the base end side end portion to the tip end side end
portion. From another point of view, the spiral hole 68 is shaped like a flat plate twisted 90
degrees.

[0024] Such aspira hole 68 can be formed by, for example, wire electric discharge machining.
FIG. 5 is a schematic view showing the states of forming and machining the spiral hole 68. In
FIG. 5, the ultrasonic horn 50 is shown as a cylinder for the sake of simplicity. When forming
the spiral hole 68, a discharge wire 70 is disposed through in the radial direction as shown in
FIG. 5A. Inthat state, the ultrasonic horn 50 is relatively moved in the axial direction A and
the circumferential direction W with respect to a discharge wire 70 while eectric discharge
machining is performed. Thus, a spiral through hole is formed in the ultrasonic horn 50. Asa
matter of course, the spiral hole 68 is not necessarily formed by wire electric discharge
machining, and may be formed by other machining techniques such as laser machining.

[0025] Here, as is clear from the above description, the spiral hole 68 is a single hole and
penetrates the intermediate part 54 in the radial direction. With such a configuration,
longitudinal vibration can be efficiently converted into torsional vibration, and a variation in
vibration characteristics for each individua can be suppressed. This will be described in
comparison with a comparative example.

[0026] FIG. 7 isaschematic view of an ultrasonic horn 50* of a comparative example. Inthe
-7-
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ultrasonic horn 50* of the comparative example, a plurality of inclined grooves 80 are formed
instead of the spiral hole 68 in the intermediate part 54. The inclined groove 80 is a groove that
advances in the circumferential direction as it advances in the axia direction, and converts
longitudinal vibration into torsional vibration. However, unlike the spiral hole 68, the inclined
groove 80 exists only on the surface layer of the periphera surface of the intermediate part 54
and does not penetrate the intermediate part 54 in the radia direction. Therefore, the inclined
groove 80 has a lower efficiency of conversion from longitudinal vibration into torsional
vibration than the spiral hole 68. Therefore, in the comparative example, the efficiency of
conversion into torsional vibration is enhanced by forming a plurality of inclined grooves 80.
However, when a plurality of inclined grooves 80 are provided, an error in the mutual positions
of the plurality of inclined grooves 80 and a variation in the shape occur, and the vibration
characteristics are changed. As a result, in the configuration of the comparative example,
individual differences in the vibration characteristics of the ultrasonic horn 50* are likely to
occur.

[0027] Further, when the ultrasonic horn 50* of the comparative example is used, the first
drive signal and the second drive signal are applied in paralel. When the vibration generated
by the first drive signal is referred to as “first vibration” and the vibration generated by the
second drive signal is referred to as “second vibration”, in the comparative example, the inclined
grooves 80 are formed at positions to be a node of the first vibration and an antinode of the
second vibration. With such a configuration, the first vibration is propagated to the tip end part
56 as longitudinal vibration, and the second vibration is converted into torsional vibration by the
inclined grooves 80 and propagated to the tip end part 56. In other words, in the case of the
configuration of the comparative example, it is necessary to set the positions of the inclined

grooves 80 in consideration of the antinode position and the node position of two vibrations
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having different frequencies, and the design tends to be complicated.

[0028] On the other hand, the ultrasonic horn 50 disclosed in the present specification has only
one spiral hole 68 formed as described above. Since the spiral hole 68 penetrates the
intermediate part 54 in the radia direction, the longitudinal vibration propagated from the
vibration source part 53 can be efficiently converted into torsional vibration. In other words,
according to the ultrasonic horn 50 of this example, longitudinal vibration can be reliably
converted into torsional vibration without considering the antinode position and the node
position of the first and second vibrations. As a result, the design of the position of the spiral
hole 68 can be smplified. Furthermore, only one spiral hole 68 is formed in the ultrasonic horn
50. Therefore, an error in the mutual positions and a variation in the shape do not occur, and
individual differences in vibration characteristics for each ultrasonic horn 50 can be reduced.
[0029] Next, the vibration obtained by the ultrasonic horn 50 of this example will be
described. When executing ultrasonic processing, the controller 32 applies the first drive signal
of the first frequency and the second drive signa of the second frequency to the ultrasonic
vibrator 58 in parallel. In response to this, the vibration source part 53 generates longitudinal
vibration of the first frequency, that is, first vibration, and longitudina vibration of the second
frequency, that is, second vibration. Both of the two types of longitudina vibrations are
partially converted into torsional vibrations as they pass through the spiral hole 68. The first
vibration after conversion and the second vibration after conversion are vibrations in directions
substantially orthogonal to each other. The first vibration after conversion and the second
vibration after conversion are propagated to the tip end part 56 in parallel, so that the tip end part
56 vibrates in a substantially planar manner. As a result, the ultrasonic processing can be
performed more efficiently.

[0030] This will be described with reference to FIG. 6. FIG. 6A to FIG. 6C are diagrams
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showing the movement of vibration of the tip end part 56. More specificaly, FIG. 6A shows
the movement locus of the tip end part 56 when only the first drive signal is applied. Similarly,
FIG. 6B shows the movement locus of the tip end part 56 when only the second drive signal is
applied, and FIG. 6C shows the movement locus of the tip end part 56 when the first drive signal
and the second drive signal are applied in paralel. In FIG. 6A to FIG. 6C, the portion that
appears to be painted black is a portion where a large number of lines indicating the movement
locus of the tip end part 56 overlap. As shown in FIG. 6A, when only the first drive signal is
applied, the movement of the tip end part 56 is a movement in which longitudinal vibration and
torsional vibration are mixed as a whole, although the longitudinal vibration component is large.
As a result, the tip end part 56 vibrates to move between the second quadrant and the fourth
quadrant.

[0031] On the other hand, when only the second drive signal is applied, as shown in FIG. 6B,
the movement of the tip end part 56 is a movement in which longitudinal vibration and torsional
vibration are mixed, and the tip end part 56 vibrates to move between the first quadrant and the
third quadrant. When the first drive signal and the second drive signal are applied in paralléel,
the movement of thetip end part 56 is a movement asif the movement shown in FIG. 6A and the
movement shown in FIG. 6B are combined. As a result, the tip end part 56 vibrates in a
substantially planar manner, as shown in FIG. 6C. Then, the tip end part 56 and, by extension,
the capillary 18 vibrate in a planar manner, so that the ultrasonic processing can be performed
more efficiently.

[0032] As is clear from the above description, according to the ultrasonic horn 50 of this
example, longitudina vibration can be efficiently converted into torsiona vibration while
individual differences in vibration characteristics are suppressed to alow level. Nevertheless,

the configuration described so far is an example, and other configurations may be modified as
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appropriate provided that a single spiral hole 68 that penetrates in the radia direction and
advances in the axia direction as it advances in the circumferential direction is formed in the
intermediate part 54 of the ultrasonic horn 50. For example, in the above description, the spiral
hole 68 has a shape that advances by 1/4 turn in the circumferential direction from the base end
side end portion to the tip end side end portion. However, the circumferential range of the
spiral hole 68 may be smaller than 1/4 turn or larger than 1/4 turn as long as sufficient strength
and vibration characteristics can be obtained. For example, the spiral hole 68 may have a shape
that advances by 1/2 turn in the circumferential direction from the base end side end portion to
the tip end side end portion.

[0033] Further, in the above description, the spiral hole 68 penetrates in the tip end side end
portion in the X direction, that is, in the direction orthogonal to both the axial direction of the
capillary 18 and the axial direction of the ultrasonic horn 50. With such a configuration, the
penetrating direction of the tip end side end portion of the spiral hole 68 and the penetrating
direction of the mounting hole 64 of the capillary 18 are substantially parallel. With such a
configuration, torsional vibration is more likely to be propagated to the tip end part 56 as
compared with a case where the holes 68 and 64 are non-parallel. However, such a penetrating
direction may be changed as appropriate. Therefore, for example, the spiral hole 68 may be
arranged such that the tip end side end portion thereof penetrates in the Z direction and the base
end side end portion thereof penetratesin the X direction.

[0034] Further, in the description so far, the intermediate part 54 of the ultrasonic horn 50 has
a tapered shape with a cross-sectional area decreasing from the base end side toward the tip end
side. With such a configuration, the vibration is amplified as it approaches the tip end side.
However, depending on the characteristics required for the ultrasonic horn 50, the intermediate

part 54 may have other shapes such as around bar having a constant diameter.

-11-



10

[0035] Furthermore, in the description so far, the semiconductor device manufacturing
apparatus 10 equipped with the ultrasonic horn 50 has been described as an example, but the
ultrasonic horn 50 disclosed in the present specification may be incorporated into other types of
ultrasonic processing apparatuses such as an ultrasonic welding apparatus.

Reference Signs List

[0036] 10 Manufacturing apparatus, 12 Bonding head, 14 Horn holder, 18 Capillary, 19
Clamper, 20 XY stage, 22 Camera, 24 Spool, 26 Wire, 30 Object, 32 Controller, 50 Ultrasonic
horn, 50* Ultrasonic horn of comparative example, 52 Base end part, 53 Vibration source part,
54 Intermediate part, 56 Tip end part, 58 Ultrasonic vibrator, 64 Mounting hole, 66 Adjusting

hole, 68 Spiral hole, 70 Discharge wire, 80 Inclined groove.
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WHAT ISCLAIMED IS:

1. An ultrasonic horn, comprising:

avibration source part to which an ultrasonic vibrator is mounted;

atip end part to which amachining tool is mounted; and

an intermediate part which is interposed between the tip end part and the vibration source
part and propagates vibration generated by the ultrasonic vibrator to the tip end part,

wherein the intermediate part has a single spiral hole which is a hole penetrating in a radial
direction of the ultrasonic horn and advancesin an axial direction as the spiral hole advancesin a
circumferential direction.

2. The ultrasonic horn according to claim 1, wherein the tip end part has a mounting hole
which penetrates in afirst direction orthogonal to the axia direction and to which the machining
tool is mounted, and

atip end side end portion of the spiral hole penetrates in a direction substantially parallel to
the first direction.

3. The ultrasonic horn according to claim 1 or 2, wherein the spiral hole has a shape that
advances by 1/4 turn in the circumferential direction between a base end side end portion and the
tip end side end portion.

4. The ultrasonic horn according to any one of claims 1 to 3, wherein the intermediate part
has a tapered shape with a cross-sectional area that decreases from a base end side toward a tip
end side.

5. A manufacturing apparatus of a semiconductor device, comprising:

the ultrasonic horn according to any one of claims 1 to 4; and

a cylindrical capillary which is mounted to the tip end part of the ultrasonic horn and

through which awireisinserted.



