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WIRE BONDING APPARATUS

BACKGROUND
Technical Field
[0001] The present invention relates to a structure of a wire bonding apparatus.
Related Art
[0002] A wire bonding apparatus in which an electrode of a semiconductor die and a
lead of a lead frame are connected by a wire is frequently used. After ultrasonically
vibrating a capillary in a state that the wire is pressed against the electrode by the capillary
and joining the wire and the electrode, the wire bonding apparatus sets up the wire to the
lead, ultrasonically vibrates the capillary in a state that the set-up wire is pressed against
the lead, and connects the wire with the lead (for example, see Patent literature 1).
[0003] In the wire bonding apparatus described in Patent literature 1, the direction of
the ultrasonic vibration of the capillary is an extending direction (Y-direction) of an
ultrasonic horn. Meanwhile, leads are radially disposed around the semiconductor die,
and thus an extending direction of the lead and the direction of the ultrasonic vibration of
the capillary do not match in some cases. In this case, there is a problem that the wire
which is set up between the electrode and the lead will resonate due to the ultrasonic
vibration when the wire is connected to the lead, and a junction portion between the
electrode of the semiconductor die and the wire will be peeled off. Therefore, in Patent
literature 1, a method is proposed in which a placement table of the semiconductor die is
rotated or one capillary is vibrated in an XY-direction by two ultrasonic horns, and

thereby the direction of the ultrasonic vibration is matched with an extending direction of
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the wire from the electrode toward the lead.
[0004] In addition, recently, a bonding apparatus is proposed which performs an XY
mixture excitation that ultrasonically vibrates the capillary not only in the Y -direction but
also in an X-direction perpendicular to the Y -direction at the same time (for example, see
Patent literatures 2 and 3).
[Literature of related art]
[Patent literature]
[0005] Patent literature 1. Japanese Patent Laid-open No. 2008-60210

Patent literature 2: International Application Publication No. 2017/094558
Pamphl et

Patent literature 3: Japanese Patent No. 6180736

SUMMARY

[Problems to be Solved)]

[0006] However, recently, because of requirement of miniaturization of IC, thewidth
of the lead tends to be narrow. With the lead having a narrow width, if the extending
direction of the lead and the direction of the ultrasonic vibration of the capillary are
different, the lead will be deformed because of aforce applied in awidth direction of the
lead by the ultrasonic vibration, and the quality of the joining between the wire and the
lead will degrade in some cases. In this case, with the method described in Patent
literature 1 in which the placement table of the semiconductor die is rotated or one
capillary is vibrated in the XY -direction by two ultrasonic horns, there is a problem that
the structure will be complicated and a tact time of bonding will be long. In addition,

with the bonding apparatus described in Patent literatures 2 and 3, although an XY
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mixture excitation is performed, arel ationship between the extending direction of thelead
and the direction of the ultrasonic vibration is not considered, and there is a problem that
the deformation of the lead caused by the ultrasonic excitation will be generated and the
quality of the joining will degrade.

[0007] Therefore, the present invention aims to suppress degradation in the quality of
the joining between wires and electrodes by a simple configuration.

[Means to Solve Problems]

[0008] A wire bonding apparatus of the present invention includes: an ultrasonic horn
to which two ultrasonic vibrations can beinput to excite abonding tool mounted to afront
end with different frequencies in a Y -direction and an X-direction perpendicular to the
Y-direction; and a control unit which adjusts the respective magnitude of the two
ultrasonicvibrations. The' -direction isadirection inwhich the ultrasonic horn extends,
and the control unit adjusts the respective magnitude of the two ultrasonic vibrations to
adjust aratio of amplitude of the bonding tool in the Y -direction and the X-direction.
[0009] Thus, by a ssimple configuration, vibration energy which is applied in awidth
direction of an electrode can be reduced, and degradation in the quality of the joining
between wires and el ectrodes can be suppressed.

[0010] In the wire bonding apparatus of the present invention, the bonding tool may
connect awire to a band-shaped electrode which is disposed inclined with respect to the
Y-direction. The wire bonding apparatus may include an imaging device which
captures an image of the electrode. The control unit may process the image of the
electrode captured by the imaging device, calculate an angle of an extending direction of
the electrode with respect to the Y -direction, and adjust the respective magnitude of the

two ultrasonic vibrations according to the calculated angle.  In addition, the control unit
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may adjust the magnitude of each vibration in a way that the larger the calculated angle,
the smaller the ratio of the amplitude of the bonding tool in the Y -direction with respect
to the amplitude of the bonding tool in the X-direction.

[0011] Thus, vibration energy in the Y -direction which is applied to the electrode by
afront end of the bonding tool can be reduced when the angle of the extending direction
of the electrode with respect to the Y -direction increased, and degradation in the quality
of the joining between wires and el ectrodes can be suppressed.

[0012] In the wire bonding apparatus of the present invention, the control unit may
adjust the magnitude of each vibration so that the ratio of the amplitude of the bonding
tool in the Y-direction and the X-direction becomes aratio of the extending direction of
the electrode in the Y -direction and the X-direction.

[0013] Thus, an extending direction of adiagonal line of avibration range of the front
end of the bonding tool is the extending direction of the electrode, a direction of energy
of the ultrasonic vibration which is input to the electrode can be taken as the extending
direction of the electrode, deformation of the electrode can be suppressed, and
degradation in the quality of the joining can be suppressed.

[0014] In the wire bonding apparatus of the present invention, the control unit may
process the image of the electrode captured by the imaging device to calculate awidth of
the electrode in a direction perpendicular to the extending direction of the electrode, and
adj usts the respective magnitude of the two ultrasonic vibrations so that the magnitude of
the bonding tool in the direction perpendicul ar to the extending direction of the electrode
does not exceed the calculated width of the electrode.

[0015] Thus, the force which is applied in the width direction of the electrode can be

further reduced to suppress the deformation of the electrode, and degradation in the
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quality of the joining between wires and electrodes can be suppressed by a simple
configuration.

[0016] In the wire bonding apparatus of the present invention, the ultrasonic horn
may have a vibration amplification unit and a vibration conversion unit. The vibration
amplification unit is connected to an ultrasonic vibrator capable of vibrating at two
different frequenciesin the Y-direction. The vibration amplification unit amplifies the
ultrasonic vibration in the Y -direction input from the ultrasonic vibrator and transmitsthe
amplified ultrasonic vibration to the front end. The vibration conversion unit converts
the ultrasonic vibration in the Y-direction to torsiona vibration of the ultrasonic horn.
The control unit may adjust the magnitude of each vibration of the ultrasonic vibrator.
In addition, the vibration amplification unit may have a polygonal shape in a plan view,
and the vibration conversion unit may be a dlit which is disposed obliquely with respect
totheY-direction. Furthermore, inthe wire bonding apparatus of the present invention,
a first ultrasonic vibrator which vibrates the ultrasonic horn in the Y-direction and a
second ultrasonic vibrator which torsionally vibrates the ultrasonic horn may be
connected to the ultrasonic horn, and the control unit may adjust magnitude of the
vibration of the first ultrasonic vibrator and magnitude of the vibration of the second
ultrasonic vibrator.

[0017] The front end of the bonding tool can be vibrated in the XY -direction by a
simple configuration.

[Effect]

[0018] The present invention can suppress degradation in the quality of the joining

between wires and el ectrodes by a simple configuration.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a system diagram showing a configuration of a wire bonding
apparatus of an embodiment.

FIG. 2 is aplan view showing a positiona relationship among an ultrasonic
horn of the wire bonding apparatus shown in FIG. 1, a lead frame to which a
semiconductor die is mounted, and a wire which connects an electrode of the
semiconductor die with alead of the lead frame.

FIG. 3A is an explanatory diagram showing a bonding operation performed
by the wire bonding apparatus shown in FIG. 1.

FIG. 3B is an explanatory diagram showing a bonding operation performed
by the wire bonding apparatus shown in FIG. 1.

FIG. 3C is an explanatory diagram showing a bonding operation performed
by the wire bonding apparatus shown in FIG. 1.

FIG. 3D is an explanatory diagram showing a bonding operation performed
by the wire bonding apparatus shown in FIG. 1.

FIG. 4 is a graph showing frequencies of vibrations and amplitudes of
vibrations of an ultrasonic vibrator.

FIG. 5A isadiagram showing avibration trace of afront end of acapillary.

FIG. 5B isadiagram showing avibration range of the front end of the capillary.

FIG. 6 is adiagram showing changes of the vibration trace and the vibration
range of the front end of the capillary when the amplitudes of the ultrasonic vibrator in
an X-direction and a Y -direction are changed.

FIG. 7 is a functional block diagram of a control unit of the wire bonding

apparatus shown in FIG. 1.
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FIG. 8 isaflow chart showing operations of the wire bonding apparatus of the
embodiment.

FIG. 9 is a diagram showing an image of the lead which is captured by an
imaging device.

FIG. 10 isagraph showing arelationship among an extending direction of the
lead, an amplitude AX of the front end of the capillary in the X-direction, and an amplitude
AY of the front end of the capillary in the Y-direction.

FIG. 11 is a plan view showing a vibration range of the front end of the
capillary when thewireisjoined to the lead by the bonding apparatus of the embodiment.

FIG. 12 is a perspective view showing a configuration of an ultrasonic horn
of abonding apparatus of another embodiment.

FIG. 13 isaplan view of an ultrasonic horn of a bonding apparatus of another
embodiment.

FIG. 14 is a diagram showing a configuration and a driving system of an

ultrasonic vibrator of the bonding apparatus shown in FIG. 13.

DESCRIPTION OF THE EMBODIMENTS
[0020] <Configuration of wire bonding apparatus>
Hereinafter, awire bonding apparatus 100 of an embodiment is described with reference
tothedrawings. AsshowninFIG. 1, thewire bonding apparatus 100 of the embodiment
includes: aframe 10, an XY table 11 which is mounted on the frame 10, a bonding head
12 which is mounted on the XY table 11, a bonding arm 13 which is mounted to the
bonding head 12, an ultrasonic horn 14 which is mounted to a front end of the bonding

arm 13, an ultrasonic vibrator 16 which ultrasonically vibrates the ultrasonic horn 14, a
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capillary 15 which is a bonding tool mounted to a front end of the ultrasonic horn 14, a
heat block 17 which heats and adsorbs a lead frame 20 to which a semiconductor die 19
is mounted, and a control unit 50. Besides, in FIG. 1, an XY-direction indicates a
horizontal direction, and a Z-direction indicates an up-down direction.

[0021] The bonding head 12 moves in the XY -direction by the XY table 11. A Z-
direction motor 30 which drives the bonding arm 13 in the up-down direction (the Z-
direction) isarranged inside the bonding head 12.  In addition, in an upper portion of the
bonding head 12, a camera 37 which is an imaging device which captures an image of the
lead frame 20 and a spool 39 which supplies awire 38 are mounted.

[0022] The Z-direction motor 30 is configured by a fixed element 31 which is fixed
to the bonding head 12 and a movable element 32 which rotates around a rotation shaft
33. Themovable element 32 isintegral with aback portion of the bonding arm 13, and
when the movable element 32 rotates and moves, the front end of the bonding arm 13
moves in the up-down direction. When the movable element 32 rotates and moves, a
front end of the capillary 15 moves up and down in adirection substantially perpendicular
to an upper surface of an electrode 19a (shown in FIG. 2) which isafirst electrode of the
semiconductor die 19. A flange 14a of the ultrasonic horn 14 isfixed to the front end of
the bonding arm 13 by abolt. In addition, on a surface on alower side of the front end
part of the bonding arm 13, a recessed portion 13a which accommodates the ultrasonic
vibrator 16 is arranged.

[0023] The capillary 15 is mounted to the front end of the ultrasonic horn 14. The
capillary 15 has a cylindrical shape in which a hole for alowing the wire 38 to pass
through is arranged in the center, and an outer diameter becomes smaller toward the front

end of the capillary 15. The heat block 17 is mounted on the frame 10. A heater 18
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which heats the heat block 17 is mounted to the heat block 17, and the lead frame 20 is
adsorbed and fixed to an upper surface of the heat block 17.

[0024] Driving electric power is supplied from a power supply 35 to the fixed element
31 of the Z-direction motor 30 viaamotor driver 34. In addition, driving electric power
is supplied from apower supply 41 to the ultrasonic vibrator 16 viaan ultrasonic vibrator
driver 42.

[0025] The control unit 50 is a computer including therein a CPU 52 which performs
acomputation processing, amemory 53 which stores control programs, data and the like,
and an apparatus interface 51 which performs input/output with an apparatus. The CPU
52, the memory 53, and the apparatus interface 51 are connected by a data bus 54.

[0026] The ultrasonic vibrator 16 and the Z-direction motor 30 are connected to the
control unit 50 respectively viathe ultrasonic vibrator driver 42 and the motor driver 34,
and the ultrasonic vibrator 16 and the Z-direction motor 30 operate according to
instructions of the control unit 50. In addition, the camera 37 is also connected to the
control unit 50, and an image captured by the camera 37 isinput to the control unit 50.
[0027] Asshownin FIG. 2, the lead frame 20 is configured by an island 21 which is
disposed in the center and to which the semiconductor die 19 is mounted, and leads 22
which are band-shaped second electrodes radially disposed around theisland 21. When
the semiconductor die 19 is mounted on the island 21, the leads 22 come into a state of
being radially disposed around the semiconductor die 19.

[0028] In FIG. 2, the Y-direction indicates an extending direction of the ultrasonic
horn 14, and the X-direction indicates a direction perpendicular to the Y-direction. In
addition, a dot-and-dash line indicates an extending direction 25 of the lead 22. As

shown in FIG. 2, the extending direction of the lead 22 isinclined with respect to the Y -



10

15

20

direction. In addition, the ultrasonic vibrator 16 isincorporated into the ultrasonic horn
14 asshown in FIG. 2.

[0029] <Basic wire bonding operation>

Hereinafter, with reference to FIG. 3A to FIG. 3D, wire bonding processes are briefly
described in which the electrode 19a of the semiconductor die 19 and a second bonding
point 24 of the lead 22 of the lead frame 20 is connected using the wire 38 by the wire
bonding apparatus 100 shown in FIG. 1.

[0030] As shown in FIG. 3A, a front end of the wire 38 penetrating through the
capillary 15 is formed into a spherical free air ball 38a. Formation of the free air ball
38ais performed by the heat which is obtained in away that a spark is generated between
atorch electrode 40 and the front end of the wire 38 extended from the front end of the
capillary 15. In addition, the lead frame 20 to which the semiconductor die 19 is
mounted is adsorbed and fixed to the heat block 17 and is heated to a predetermined
temperature by the heater 18.

[0031] Next, as shown in FIG. 3B, the Z-direction motor 30 is driven to rotate the
bonding arm 13, and the front end of the capillary 15 islowered toward the electrode 19a
of the semiconductor die 19. Then, the free air ball 38ais pressed on the electrode 19a
of the semiconductor die 19, and at the same time, electric power in alternating directions
Is supplied to the ultrasonic vibrator 16, the ultrasonic horn 14 generates resonance, and
the capillary 15 mounted to the front end of the ultrasonic horn 14 is ultrasonically
vibrated. The free air ball 38a and the electrode 19a of the semiconductor die 19 are
joined by the pressing of the free air ball 38ato the electrode 19a by the capillary 15 and
the ultrasonic vibration.

[0032] As shown in FIG. 3C, after the free air ball 38aisjoined to the electrode 19a

-10-
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of the semiconductor die 19, the wire 38 is looped while being fed out, and the capillary
15 is moved to the above of the lead 22 of the lead frame 20. Then, as shown in FIG.
3D, the capillary 15 is lowered, and the wire 38 is pressed against the second bonding
point 24 of the lead 22. In addition, at the same time, electric power in aternating
directions is supplied to the ultrasonic vibrator 16, and the capillary 15 is ultrasonically
vibrated. In this way, the wire 38 is joined to the second bonding point 24 of the lead
22 by a press load and the ultrasonic vibration.

[0033] After joining to the second bonding point 24 is finished, the wire 38 is cut on
an upper surface of the second bonding point 24. The wire 38, which connects the
electrode 19a of the semiconductor die 19 with the second bonding point 24 of the lead
22, becomes a connection wire 23 shown in FIG. 2. When all the electrodes 19a of the
semiconductor die 19 and the second bonding points 24 of all the leads 22 are connected
by the connection wires 23, a bonding operation performed to the semiconductor die 19
is finished.

[0034] <Ultrasonic vibrations of ultrasonic vibrator and ultrasonic horn>

Next, ultrasonic vibrations of the ultrasonic vibrator 16 and the ultrasonic horn 14 are
described in detail with referenceto FIG. 2 and FIG. 4.

[0035] The ultrasonic vibrator 16 shown in FIG. 2 can vibrate with two different
frequencies F1 and F2 asshown in FIG. 4.  If the ultrasonic vibrator 16 vibrates with the
frequency F1, the ultrasonic horn 14 will resonate in away of expanding and contracting
in the Y-direction which is an axial direction of the ultrasonic horn 14 shown in FIG. 2,
and the front end of the capillary 15 at the front end of the ultrasonic horn 14 will vibrate
inthe Y-direction. Inaddition, if the ultrasonic vibrator 16 vibrates with the frequency

F2, the ultrasonic horn 14 will torsionally resonate around the Y axis. Thus, the front
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end of the capillary 15 vibrates in the X-direction. In this way, with regard to the
ultrasonic horn 14, two ultrasonic vibrations with the frequencies F1 and F2 are input
from the ultrasonic vibrator 16, and the front end of the capillary 15 can be excited in the
XY -direction.

[0036] When the frequencies F1 and F2 are set to, for example, frequencies which
are close, such as 150 kHz and 180 kHz, a vibration trace 61 of the front end of the
capillary 15 is a Lissajous waveform as shown by solid linesin FIG. 5A and FIG. 6. In
addition, when an amplitude AX1 in the X-direction and an amplitude AY1 in the Y-
direction are the same, as shown by solid linesin FIG. 5B and FIG. 6, a vibration range
62 of the front end is substantially a square. In this case, an angle 61 formed by a
diagonal line of the vibration range 62 and the Y -direction is 45 degrees.

[0037] On the ultrasonic vibrator driver 42 shown in FIG. 1, a first phase
synchronization circuit (hereinafter referred to as PLL1) and a second phase
synchronization circuit (hereinafter referred to as PLL2) are arranged, wherein the first
phase synchronization circuit locks the vibration frequency of the ultrasonic vibrator 16
to the frequency F1, and the second phase synchronization circuit locks the vibration
frequency of the ultrasonic vibrator 16 to the frequency F2. The magnitude of the
vibration at the frequency F1 (vibration in the Y-direction) shown in FIG. 4 and the
magnitude of the vibration at the frequency F2 (vibration in the X-direction) can be
adjusted by changing each gain of the PLL1 and the PLL2.

[0038] For example, when the gain of the PLL 1 isincreased and the gain of the PLL2
Is reduced, as shown by solid lines in FIG. 4, the magnitude of the vibration at the
frequency Flincreases, and the magnitude of the vibration a of the frequency F2

decreases. In this case, as shown by dashed lines in FIG. 6, an amplitude AY?2 of the
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front end of the capillary 15 in the Y-direction increases, an amplitude AX2 in the X-
direction decreases, and a vibration trace 63 and a vibration range 64 of the front end
become a rectangle elongated in the Y-direction. In this case, an angle 62 formed by a
diagonal line of the vibration range 64 and the Y -direction is smaller than 45 degrees.
[0039] On the contrary, when the gain of the PLL1 is reduced and the gain of the
PLL2 is increased, as shown by dot-and-dash lines in FIG. 4, the magnitude of the
vibration at the frequency F1 decreases, and the magnitude of the vibration at the
frequency F2 increases. In this case, as shown by dot-and-dash lines in FIG. 6, an
amplitude AY3 of the front end of the capillary 15 in the Y-direction decreases, an
amplitude AX3 in the X-direction increases, and a vibration trace 65 and a vibration range
66 of the front end become a rectangle elongated in the X-direction. In this case, an
angle 03 formed by a diagonal line of the vibration range 66 and the Y-direction is larger
than 45 degrees.

[0040] Therefore, by adjusting the gains of the PLL1 and the PLL2 of the ultrasonic
vibrator driver 42, a ratio of the amplitude AY in the Y-direction and the amplitude AX
in the X-direction of the front end of the capillary 15 (ratio of the amplitude AY with
respect to the amplitude AX = AY/AX) can be adjusted.

[0041] <Function block of control unit>

As shown in FIG. 7, the control unit 50 includes three function blocks. an image
acquisition unit 55, an image processing unit 56 which processes an image acquired by
theimage acquisition unit 55 and cal cul ates the extending direction 25 of the lead 22, and
an amplitude adjustment unit 57 which adjusts the magnitude of the vibration of the
ultrasonic vibrator 16 to adjust the ratio AY/AX of the amplitude AY in the Y-direction

and the amplitude AX in the X-direction of the front end of the capillary 15. Each of
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these function blocks is achieved by executing the programs stored in the memory 53.
[0042] <Operation of wire bonding apparatus>

Next, operations of the wire bonding apparatus 100 of the embodiment is described with
referenceto FIG. 8 to FIG. 11.

[0043] <Calculation of extending direction and width of |ead>

Asshown in step S101 in FIG. 8, the image acquisition unit 55 acquires the image of the
lead frame 20 shown in FIG. 2 by the camera 37 shown in FIG. 1. FIG. 9isadiagram
showing an image of the lead 22 in aviewing field 37a of the camera37. Besides, if the
image of the lead frame 20 is captured by the camera 37, images of aplurality of the leads
22 will beincluded in the viewing field 37a, but in FIG. 9, only an image of one lead 22
is extracted and described, and illustrations of the images of other leads 22 are omitted.
Theimage acquisition unit 55 outputs the captured image to the image processing unit 56.
[0044] Asshown in step S102 in FIG. 8, the image processing unit 56 processes the
image input from the image acquisition unit 55, and cal cul ates the extending direction 25
of the lead 22 as described below.

[0045] Asshownin FIG. 9, theimage processing unit 56 set two detection ranges 26a
and 26b which straddle thelead 22. As shown in FIG. 9, the two detection ranges 26a
and 26b are set in a way of being positioned apart from each other in a longitudinal
direction of the lead 22.

[0046] Next, the image processing unit 56 detects brightness change points in the
detection ranges 26aand 26b which are set.  Generally, brightness of the part of the lead
22 is high because the surface of the lead 22 is a plane and light is reflected. The part
between the leads 22 is a space, and thus light entering this part is reflected by a surface

which is positioned below the lead 22, for example, the surface of the heat block 17 or

-14-



10

15

20

the like, resulting in low brightness in this part. Therefore, in an edge part of the lead
22, brightness changes between a state in which brightness is low and a state in which
brightness is high. Therefore, the image processing unit 56 extracts four points as
brightness change points, that is, two edges 27a and 28a in a width direction of the lead
22 in the detection range 26a shown in FIG. 9, and two edges 27b and 28b in the width
direction of the lead 22 in the detection range 26b.

[0047] Then, the image processing unit 56 calculates an angle 0 between the
extending direction 25 of the lead 22 and the Y-direction using the edge 27a in the
detection range 26a and the edge 27b in the detection range 26b which is separated from
the detection range 26a. Similarly, the image processing unit 56 calculates an angle 0
between the extending direction 25 of the lead 22 and the Y -direction using the edge 28a
and the edge 28b. Then, the image processing unit 56 outputs, to the amplitude
adjustment unit 57, an average value of the two calculated angles 0 as the angle 0 between
the extending direction 25 of the lead 22 and the Y-direction. Here, the angle 0 is an
angle of the extending direction 25 of the lead 22 with respect to the Y -direction in FIG.
9 and is in a range of 0° ~ £ 90°.

[0048] In addition, the image processing unit 56 respectively cal culates widths of the
lead 22 in a direction perpendicular to the extending direction of the lead 22 from the
edges 27a and 28a in the detection range 26a and the edges 27b and 28b in the detection
range 26b, and outputs, to the amplitude adjustment unit 57, an average value of the
calculated widths of the lead 22 as awidth W of the lead 22 in the vicinity of the second
bonding point 24 of the lead 22.

[0049] <Setting of gainsof PLL1 and PLL2>

In step S103 in FIG. 8, as shown in FIG. 10, the amplitude adjustment unit 57 calculates

-15-
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a ratio of the gains of the PLL1 and the PLL2 of the ultrasonic vibrator driver 42 when
the ratio AY/AX of the amplitude AY of the vibration in the Y-direction and the amplitude
AX in the X-direction of the front end of the capillary 15 becomes tangent of the absolute
value of the angle 0, that is, tan(|0]), wherein the angle 0 between the extending direction
25 of the lead 22 and the Y-direction is input from the image processing unit 56. At this
time, a map which specifies a relationship between the amplitude AY and the PLL1 and
a relationship between the amplitude AX and the PLL2 or the like is stored in the memory
53, and the ratio of the PLL1 and the PLL2 may be calculated with reference to this map.
[0050] If the ratio of the gains of the PLL1 and the PLL2 is set in this way, as shown
in FIG. 10, the ratio (AY/AX) of the amplitude AY in the Y-direction and the amplitude
AX in the X-direction of the front end of the capillary 15 will be a ratio of the extending
direction 25 of the lead 22 in the Y-direction and the X-direction. Then, a vibration
range 60 of the front end of the capillary 15 becomes a rectangle, and an extending
direction of a diagonal line of the vibration range 60 becomes the extending direction of
the lead 22. In addition, the larger the angle 6 between the extending direction 25 of the
lead 22 and the Y-direction, the smaller the amplitude AY in the Y-direction, and the
larger the amplitude AX in the X-direction. That is, the larger the angle 0, the smaller
the ratio of the amplitude AY with respect to the amplitude AX = AY/AX.

[0051] In addition, based on the detected width W of the lead 22 and the angle 6
between the extending direction 25 of the lead 22 and the Y-direction, the amplitude
adjustment unit 57 calculates the amplitude AX or AY at which the vibration range 60
shown in FIG. 10 does not exceed the width W of the lead 22, calculates the gains of the
PLL1 and the PLL2 from the calculated amplitude AX or AY and the ratio of the gains of

the PLL1 and the PLL2 which has been calculated before, and stores the calculated gains



10

15

20

of the PLL1 and the PLL2 in the memory 53.

[0052] When a plurality of the leads 22 are included in the image acquired by the
image acquisition unit 55, theimage processing unit 56 and the amplitude adjustment unit
57 calculate the gains of the PLL 1 and the PLL 2 for each lead 22, and store the calcul ated
gains of the PLL1 and the PLL2 in the memory 53. Then, after the gains of the PLL1
and the PLL 2 are stored in the memory 53 for all theleads 22 in theimage, the next image
captured by the image acquisition unit 55 is similarly processed, and the gains of the
PLL1 and the PLL2 are stored in the memory 53 for all the leads 22 of the lead frame 20
shown in FIG. 2. Inthisway, the image acquisition unit 55, the image processing unit
56, and the amplitude adjustment unit 57 repeatedly perform step S101 to step S104
shown in FIG. 8 until the gains of the PLL1 and the PLL2 are stored in the memory 53
for al the leads 22. Then, after the gains of the PLL1 and the PLL2 are stored in the
memory 53 for all the leads 22, it is determined to be YES in step S104, the operation
moves on to step S105 in FIG. 8, and abonding operation for the lead frame 20 is started.
[0053] <Bonding operation>

The bonding operation is an operation similar to the wire bonding operation described
beforewith referenceto FIG. 3A to FIG. 3D, but when bonding is performed to the second
bonding point 24 of the lead 22 shown in FIG. 3C, the control unit 50 reads the gains of
the PLL1 and the PLL2 for each lead 22 stored in the memory 53 and operates the
ultrasonic vibrator 16.

[0054] As described before, the gains of the PLL1 and the PLL2 for each lead 22
stored in the memory 53 are set so that the ratio (AY/AX) of the amplitude AY in the Y-
direction and the amplitude AX in the X-direction of the front end of the capillary 15

becomes the ratio of the extending direction 25 of the lead 22 in the Y -direction and the
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X-direction. Therefore, when the ultrasonic vibrator 16 is operated using the gains of
the PLL1 and the PLL2 read from the memory 53, as shown in FIG. 11, the extending
direction of the diagonal line of the vibration range 60 of the front end of the capillary 15
becomes the extending direction 25 of the lead 22.

[0055] The control unit 50 keeps performing the bonding operation until the bonding
to al the leads 22 is finished in step S106 in FIG. 8, and execution of the program is
finished when the bonding to all the leads 22 is finished.

[0056] Thewire bonding apparatus 100 of the embodiment setsthe gains of the PLL1
and the PLL2 for each lead 22 so that the ratio (AY/AX) of the amplitude AY in the Y-
direction and the amplitude AX in the X-direction of the front end of the capillary 15
becomes the ratio of the extending direction 25 of the lead 22 in the Y -direction and the
X-direction. Thus, the extending direction of the diagonal line of the vibration range 60
of the front end of the capillary 15 becomes the extending direction 25 of the lead 22.
Therefore, the direction of energy of the ultrasonic vibration which isinput to the lead 22
can be taken as the extending direction of the lead 22, deformation of the lead 22 caused
by the ultrasonic vibration can be suppressed, and degradation in the quality of thejoining
can be suppressed.

[0057] In addition, with regard to the wire bonding apparatus 100 of the embodiment,
the larger the angle 0 between the extending direction 25 of the lead 22 and the Y-
direction, the smaller the amplitude AY in the Y-direction, and the larger the amplitude
AX in the X-direction. Therefore, the larger the angle 0, the smaller the vibration energy
in the Y-direction which is applied by the front end of the capillary 15 to the lead 22.
Then, when the angle 8 becomes 90°, the amplitude AY in the Y-direction becomes zero,

and the vibration energy which is applied in the width direction of thelead 22 can be zero.
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Thus, energy which is applied in the width direction of the lead 22 when the wire 38 is
joined to the lead 22 can be reduced, the deformation of the lead 22 can be suppressed,
and degradation in the quality of the joining between of the wire 38 and the lead 22 can
be further suppressed.

[0058] In addition, the wire bonding apparatus 100 of the embodiment sets the gains
of the PLL1 and the PLL 2 for each lead 22 so that the amplitude in the width direction of
the lead 22 does not exceed the width of thelead 22.  Thus, the front end of the capillary
15 can be suppressed from deviating from the lead 22 and deforming the lead 22 during
thebonding. Thus, degradation in the quality of the joining between of the wire 38 and
the lead 22 can be further suppressed.

[0059] In the embodiment described above, it is described that the electrode 19a of
the semiconductor die 19 and the lead 22 of the lead frame 20 are connected by the wire
38, but the present invention is not limited to this, and can be applied to a case in which
the electrode 19a of the semiconductor die 19 and band-shaped electrodes 19a radialy
disposed on a substrate around the semiconductor die 19 are connected. Furthermore,
instead of the case of a substrate, the present invention can also be applied when
connecting an electrode of each layer and an electrode of another layer of a laminated
semiconductor in which the semiconductor dies 19 are laminated. In addition, as the
bonding tool, the capillary 15 is described as an example, but the bonding tool is not
limited to the capillary 15 and the present invention can aso be applied to wire bonding
which uses, for example, awedge tool or the like.

[0060] In addition, in the embodiment described above, it is described that the gains
of the PLL1 and the PLL2 for each lead 22 are set so that the ratio (AY/AX) of the

amplitude AY in the Y-direction and the amplitude AX in the X-direction of the front end
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of the capillary 15 becomes the ratio of the extending direction 25 of the lead 22 in the
Y -direction and the X-direction, but the present invention is not limited to this, and the
ratio AY/AX of the amplitude AY with respect to the amplitude AX may decrease when
the angle 0 between the extending direction 25 of the lead 22 and the Y-direction increases.
In this case, the map which specifies the AY/AX with respect to the angle 6 may be stored
in the memory 53, and the gains of the PLL1 and the PLL2 for each lead 22 may be set
with reference to this map.

[0061] In addition, in the embodiment, it is described that the gains of the PLL1 and
the PLL2 are calculated based on the detected width W of the lead 22 and the angle 6
between the extending direction 25 of the lead 22 and the Y -direction so that the vibration
range 60 does not exceed the width W of the lead 22, but the present invention is not
limited tothis. For example, when the width W of the lead 22 is previoudy known, the
PLLI1 and the PLL2 may be calculated by the angle 0 using the width W which is known,
or the maximum value of the PLL1 and the PLL2 may be set according to the width W,
and the PLL1 and the PLL2 may be set so as not to exceed the maximum value.

[0062] Next, awire bonding apparatus 200 of another embodiment is described with
referenceto FIG. 12. With regard to the wire bonding apparatus 200, only the structure
of an ultrasonic horn 71 is different from the ultrasonic horn 14 of the wire bonding
apparatus 100 described before, the other parts are the same as the wire bonding apparatus
100, and thus illustrations and descriptions of the other parts are omitted.

[0063] As shown in FIG. 12, the ultrasonic vibrator 16 which can vibrate with two
different frequencies F1 and F2 in the Y -direction is connected to the ultrasonic horn 71
of the wire bonding apparatus 200 of the embodiment, and the ultrasonic horn 71 has a

vibration amplification unit 74 and a vibration conversion unit 75, wherein the vibration
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amplification unit 74 amplifies the ultrasonic vibration in the Y-direction input from the
ultrasonic vibrator 16 and transmits the amplified ultrasonic vibration to the front end,
and the vibration conversion unit 75 converts the ultrasonic vibration in the Y-direction
to torsional vibration of the ultrasonic horn 71.  The vibration amplification unit 74 has
a quadrangular shape in a plan view, and the vibration conversion unit 75 is configured
by upper-side slits 75a and lower-side slits 75b which are disposed obliquely with respect
to the Y-direction. Besides, as long as the vibration amplification unit 74 has a
polygonal shape in a plan view, the vibration amplification unit 74 is not limited to the
guadrangular shape and may be hexagonal or octagonal.

[0064] As shown in FIG. 12, the vibration amplification unit 74 has a quadratic prism-
like shape which has an upper surface 74a and a bottom surface 74b with an isosceles
trapezoidal shape in a top view and in which the cross section is solid. On the upper
surface 74a and the bottom surface 74b, two upper-side slits 75a and two lower-side slits
75b which constitute the vibration conversion unit 75 are formed. In addition, the
vibration amplification unit 74 has side surfaces 74c and 74d, a back end surface 74e, and
a front end surface 74f, all of which are surfaces with no vibration conversion unit 75
formed thereon. The ultrasonic vibrator 16 is mounted to the back end surface 74e.
The vibration amplification unit 74 has a tapered shape which is tapered toward the front
end surface 74f along the Y-direction, and is configured to amplify the amplitude in the
Y-direction transmitted from the ultrasonic vibrator 16.

[0065] The upper-side slits 75a and the lower-side slits 75b are arranged at positions
which are nodes of the vibration in the Y-direction of the vibration amplification unit 74.
Each of the slits 75a and 75b has the same depth and width and does not penetrate the

vibration amplification unit 74, and the largest depth of each of the slits 75a and 75b is
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smaller than 1/2 of a thickness of the vibration amplification unit 4 in the up-down
direction.

[0066] If ultrasonic vibrations with the two frequencies F1 and F2 are input to the
ultrasonic horn 71 from the ultrasonic vibrator 16, the vibration in the Y-direction will be
amplified in the vibration amplification unit 74.  Then, if the vibration in the Y-direction
passes through the vibration conversion unit 75, a part of the vibration in the Y-direction
will be converted to a torsional vibration around an axis in the Y-direction.

[0067] Here, by the structure of the vibration conversion unit 75, a percentage to
convert the vibration in the Y-direction with one of the frequencies F1 and F2 to the
torsional vibration can be adjusted. For example, when a percentage to convert the
vibration in the Y-direction with the frequency F2 to the torsional vibration is increased,
and a percentage to convert the vibration in the Y-direction with the frequency F1 to the
torsional vibration is reduced, similar to the embodiment described before, the gain of the
PLL1 and the gain of the PLL2 can be adjusted to thereby adjust the ratio AY/AX of the
amplitude AY in the Y-direction and the amplitude AX in the X-direction of the front end
of the capillary 15.

[0068] Therefore, similar to the wire bonding apparatus 100 described before, the
wire bonding apparatus 200 of the embodiment sets the gains of the PLL1 and the PLL2
for each lead 22 so that the ratio (AY/AX) of the amplitude AY in the Y-direction and the
amplitude AX in the X-direction of the front end of the capillary 15 becomes the ratio of
the extending direction 25 of the lead 22 in the Y-direction and the X-direction, and
thereby the extending direction of the diagonal line of the vibration range 60 of the front
end of the capillary 15 can be taken as the extending direction 25 of the lead 22. In

addition, when the angle 6 between the extending direction 25 of the lead 22 and the Y-
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direction increases, the amplitude AY in the Y-direction can be reduced, and the
amplitude AX in the X-direction can be increased. Thus, the deformation of the lead 22
caused by the ultrasonic vibration can be suppressed, and degradation in the quality of
the joining can be suppressed.

[0069] Next, a wire bonding apparatus 300 of another embodiment is described with
reference to FIGS. 13 and 14. With regard to the wire bonding apparatus 300 of the
embodiment, the ultrasonic vibrator 16 of the wire bonding apparatus 100 described
before is changed to an ultrasonic vibrator 86 configured by ultrasonic vibration units 86a
and 86b respectively vibrating at the frequencies F1 and F2 which are different, and an
ultrasonic vibrator driver 89 is configured to respectively supply driving electric power
to each of the ultrasonic vibration units 86a and 86b. The rest parts are similar to the
wire bonding apparatus 100 described before.

[0070] As shown in FIG. 13, the ultrasonic vibrator 86 is configured by two ultrasonic
vibrations units 86a and 86b on the left and right. As shown in FIG. 14, the ultrasonic
vibrator 86 is configured by laminating a plurality of piezoelectric elements 81 in which
left portions and right portions are insulated from each other because of a groove 82
arranged on the surface. One side and the other side of the groove 82 respectively
constitute the ultrasonic vibration units 86a and 86b.  Electric power with the frequency
F1 is supplied to the ultrasonic vibration unit 86a from the ultrasonic vibrator driver 89,
and electric power with the frequency F2 is supplied to the ultrasonic vibration unit 86b.
[0071] Similar to the wire bonding apparatus 100 described before, if the ultrasonic
vibration unit 86a vibrates at the frequency F1, the ultrasonic horn 14 will resonate in a
way of expanding and contracting in the Y-direction, and the front end of the capillary 15

at the front end of the ultrasonic horn 14 will vibrate in the Y-direction; and if the
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ultrasonic vibration unit 86b vibrates at the frequency F2, the ultrasonic horn 14 will

torsionally resonate around the Y axis, and the front end of the capillary 15 will vibrate
in the X-direction. Therefore, the ultrasonic vibration unit 86a constitutes the first
ultrasonic vibrator, and the ultrasonic vibration unit 86b constitutes the second ultrasonic
vibrator.

[0072] Because the ultrasonic vibrator 86 is configured in this way, the ratio AY/AX
of the amplitude AY in the Y-direction and the amplitude AX in the X-direction of the
front end of the capillary 15 can be adjusted by adjusting the amount of the el ectric power
with the frequency F1 output to the ultrasonic vibration unit 86a from the ultrasonic
vibrator driver 89 and the amount of the electric power with the frequency F2 output to
the ultrasonic vibration unit 86b.

[0073] The wire bonding apparatus 300 of the embodiment has functions and effects
similar to the wire bonding apparatus 100 described before.  Besides, in the embodiment,
it is described that the ultrasonic vibrator 86 is configured by laminating a plurality of

piezoelectric elements 81 in which the left portions and the right portions are insulated
from each other because of the groove 82 arranged on the surface, but the present
inventionisnot limitedtothis.  Two separate piezoel ectric elements may be laminated,

and the ultrasonic vibrator 86 may be configured by afirst ultrasonic vibrator and a second
ultrasonic vibrator which are independent.

[0074] Asdescribed above, each of the wire bonding apparatus 100, 200, and 300 can
suppress degradation in the quality of the joining between the wire 38 and the electrode
by asimple configuration.

[Reference Signs List]

[0075] 10 frame
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11

12

13
13a
14
1l4a
15

16, 86
17

18

19
19a
20

21

22

23

24

25
263, 26b
27a, 283, 27b, 28b
30

31

32

33

table

bonding head
bonding arm
recessed portion
ultrasonic horn
flange

capillary
ultrasonic vibrator
heat block

heater
semiconductor die
electrode

lead frame

island

lead

connection wire

bonding point

extending direction of lead 22 (dot-and-dash line)

detection range
edge

Z-direction motor
fixed element
movable element

rotation shaft
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34

35

37
37a
38
38a
39

40

41

42, 89
50

51

52

53

o4

55

56

S/

60, 62, 64
61, 63, 65
71

74
T4a

74b

motor driver

power supply

camera

viewing field

wire

free air ball

spool

torch electrode

power supply

ultrasonic vibrator driver
control unit

apparatus interface

CPU

memory

data bus

Image acquisition unit
Image processing unit
amplitude adjustment unit
vibration range
vibration trace

ultrasonic horn

vibration amplification unit

upper surface

bottom surface
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74c

T4e

74f

75

75a

81

82

86a, 86b

100, 200, 300

side surface

back end surface

front end surface
vibration conversion unit
upper-side dlit

piezoel ectric element
groove

ultrasonic vibration unit

wire bonding apparatus
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WHAT IS CLAIMED |IS:

1. A wire bonding apparatus, comprising:

an ultrasonic vibrator capable of vibrating at two different frequencies ina Y-
direction;

an ultrasonic horn which resonates in the Y-direction by using ultrasonic
vibration at a first frequency input by the ultrasonic vibrator and torsionally resonates
around Y axis by using ultrasonic vibration at a second frequency, that is different from
the first frequency, input by the ultrasonic vibrator to excite a bonding tool mounted to a
front end with different frequencies in the Y-direction and an X-direction perpendicular
to the Y-direction;

a driver, which comprises a first circuit supplying power of the first frequency
to the ultrasonic vibrator and s second circuit supplying power of the second frequency
to the ultrasonic vibrator;

a control unit which is connected to the driver and adjusts a respective
magnitude of the two ultrasonic vibrations; and

an imaging device which captures an image of the electrode, wherein

the Y-direction is a direction in which the ultrasonic horn extends, and

the control unit processes the image of the electrode captured by the imaging
device, calculates an angle of an extending direction of the electrode with respect to the
Y-direction, and

the control unit adjusts respective output of the first circuit and the second
circuit according to the calculated angle to make an extending direction of a diagonal line
of a vibration range of the bonding tool to be the extending direction of the electrode.

2. The wire bonding apparatus according to claim 1, wherein
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the bonding tool connects a wire to a band-shaped electrode which is disposed
inclined with respect to the Y-direction.

3. The wire bonding apparatus according to claim 2, wherein

the control unit reduces the output of the first circuit in a way that the larger
the calculated angle, the smaller the ratio of the amplitude of the bonding tool in the Y-
direction with respect to the amplitude of the bonding tool in the X-direction.

4. The wire bonding apparatus according to claim 2, wherein

the control unit adjusts a ratio of the respective output of the first circuit and
the second circuit so that the ratio of the amplitude of the bonding tool in the Y-direction
and the X-direction becomes a ratio of the extending direction of the electrode in the Y-
direction and the X-direction.

5. The wire bonding apparatus according to claim 3, wherein

the control unit processes the image of the electrode captured by the imaging
device to calculate a width of the electrode in a direction perpendicular to the extending
direction of the electrode, and

adjusts the respective output of the first circuit and the second circuit so that
the amplitude of the bonding tool in the direction perpendicular to the extending direction
of the electrode does not exceed the calculated width of the electrode.

6. The wire bonding apparatus according to claim 4, wherein

the control unit processes the image of the electrode captured by the imaging
device to calculate a width of the electrode in a direction perpendicular to the extending
direction of the electrode, and

adjusts the respective output of the first circuit and the second circuit so that

the amplitude of the bonding tool in the direction perpendicular to the extending direction
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of the electrode does not exceed the calculated width of the electrode.

7. The wire bonding apparatus according to any one of claims 1, 4, 5 and 6,
wherein the ultrasonic horn comprises:

a vibration amplification unit, which amplifies the ultrasonic vibration in the
Y-direction input from the ultrasonic vibrator and transmits the amplified ultrasonic
vibration to the front end, and

a vibration conversion unit, which converts the ultrasonic vibration in the Y-
direction to torsional vibration of the ultrasonic horn.

8. The wire bonding apparatus according to claim 7, wherein

the vibration amplification unit has a polygonal shape in a plan view, and the
vibration conversion unit is a slit which is disposed obliquely with respect to the Y-
direction.

9. The wire bonding apparatus according to any one of claims 1, 4, 5 and 6,
wherein

the first frequency and the second frequency are close to each other.



