
DESCRIPTION BONDING APPARATUS Technical Field  [0001] The present invention
relates to a structure of a bonding apparatus. Background Art [0002]
In semiconductor manufacturing processes, wire-bonding apparatuses are
often used for bonding of thin metallic wires to electrode pads on a
semiconductor chip and electrode leads on a lead frame for connection
therebetween. Many wire-bonding apparatuses include a bonding arm
configured to be rotated by a drive motor, an ultrasonic horn attached to
the bonding arm, a capillary attached at one end of the ultrasonic horn,
and an ultrasonic vibrator attached to the ultrasonic horn. In such
wire-bonding apparatuses, the bonding arm is driven and rotated to move the
capillary in a direction toward and away from a pad or lead and to bond an
initial ball formed at a tip end of the capillary or a wire to the pad or
lead, and then the ultrasonic horn is resonated with the ultrasonic
vibrator to provide ultrasonic vibration at the tip end of the capillary
for performing a bonding operation. [0003]        Such wire-bonding
apparatuses also include a control unit for controlling the application of
a current value to the drive motor and ultrasonic vibrator to provide a
predetermined bonding load and ultrasonic output during bonding. [0004]
For successful bonding with such a wire-bonding apparatus, it is necessary
to detect and feedback a bonding load, ultrasonic output, and the like
provided from the capillary to pads and leads during bonding. [0005] 



For this reason, Japanese Unexamined Patent Application Publication No.
10-256320 proposes attaching a strain gauge to an ultrasonic horn and,
using this strain gauge, detecting a bonding load and ultrasonic vibration
to control the application of a voltage to a drive motor and an ultrasonic
vibrator. [0006]        Japanese Patent No. 3530139 also proposes providing
a load detecting sensor and an ultrasonic vibration detecting sensor made
of piezoelectric material on the same plane between a capillary and an
ultrasonic vibrator, and detecting bonding load and ultrasonic vibration
outputs from the respective sensors. [0007]        In contrast, the state
of ultrasonic vibration at the tip end of the capillary varies at different
times from the start of bonding, during bonding of an initial ball, to the
end of the bonding of the initial ball, and the same applies to vibration
loads at the tip end of the capillary. In this respect, the related arts
described in Japanese Unexamined Patent Application Publication No.
10-256320 and  Japanese Patent No. 3530139 can detect the change in the
ultrasonic output of the ultrasonic horn itself, but not the change in the
vibration at the tip end of the capillary, which is much smaller than that
of the entire ultrasonic horn. [0008]         Also, in the related arts
described in both Japanese Unexamined Patent Application Publication No.
10-256320 and Japanese Patent No. 3530139, the load sensor is attached at a
site of the ultrasonic horn at which the amplitude of ultrasonic vibration
emerges, suffering from a problem in that the sensor attached to the
ultrasonic horn affects the ultrasonic vibration and thereby has some
impact on the bonding performance. Further, changing the ultrasonic horn as
appropriate also requires the sensor to be changed, suffering from a
problem of taking a long time for maintenance because it is necessary to
make an adjustment such as a calibration at every change of the ultrasonic
horn. Discloser of Invention  [0009]         It is hence an object of the
present invention to detect a vibration load at a tip end of a bonding tool
in a simply structured bonding apparatus. 



[0010]         The present invention is directed to a bonding apparatus
including: a base unit; an ultrasonic horn configured to vibrate
longitudinally in resonance with the vibration of an ultrasonic vibrator; a
bonding tool attached at an anti-node of the vibration of the ultrasonic
horn; a flange provided at a node of the vibration of the ultrasonic horn;
a bonding arm including a flange mounting surface at which the flange is
fixed to the ultrasonic horn and attached rotatably to the base unit in
such a manner as to move a tip end of the bonding tool in a direction
toward and away from a bonding target; a load sensor attached between the
center of rotation of the bonding arm and the flange mounting surface; and
a vibration load detection unit for extracting a signal obtained by causing
a signal that is detected with the load sensor to pass a signal within a
frequency range around the vibrational frequency of the ultrasonic vibrator
through a filter that is able to pass the signal within the frequency range
around the vibrational frequency of the ultrasonic vibrator and, based on
the extracted signal, thereby detecting a vibration load at the tip end of
the bonding tool in the longitudinal direction of the ultrasonic horn.
[0011]         The bonding apparatus according to the present invention can
preferably be arranged such that the vibration load detection unit includes
bonding state determination means for determining the state of bonding
between an initial ball formed at the tip end of the bonding tool and the
bonding target based on the change in the amplitude of the detected
vibration load at the tip end of the bonding tool in the longitudinal
direction of the ultrasonic horn and to thereby output a bonding state
signal. The bonding state determination means in the vibration load
detection unit can preferably be configured to determine, after the start
of bonding, that a period of amplitude increase during which the amplitude
of the vibration load at the tip end of the bonding tool in the
longitudinal direction of the ultrasonic horn increases and a period of
amplitude stability after the  period of amplitude increase during which
the amplitude is approximately constant are in a mid-bonding state in which
the initial ball formed at the tip end of the bonding tool is deformed and
bonded to the bonding target and to thereby output a mid-bonding state
signal, while to determine that the bonding is completed when a
predetermined period of time passes after the amplitude becomes larger than
the amplitude during the period of amplitude stability and to thereby
output a bonding completion signal. [0012]        The bonding apparatus
according to the present invention can preferably further include a control
unit connected with the vibration load detection unit to change the output
of the ultrasonic vibrator, in which the control unit includes ultrasonic
vibration stop means for stopping the output of the ultrasonic vibrator
when the bonding completion signal is input from the vibration load
detection unit. The control unit can preferably further include ultrasonic
vibration change means for making the output of the ultrasonic vibrator
greater than a preset output when the amplitude during the period of
amplitude stability detected by the vibration load detection unit is
smaller than a predetermined value, while making the output of the
ultrasonic vibrator smaller than the preset output when the amplitude
during the period of amplitude stability is larger than the predetermined
value. [0013]        The present invention offers the advantage of
detecting a vibration load at a tip end of a bonding tool in a simply
structured bonding apparatus. Brief Description of Drawings  



[0014]        FIG. 1 illustrates a wire-bonding apparatus according to an
embodiment of the present invention.        FIG. 2A is a top plan view of a
bonding arm in the wire-bonding apparatus according to an embodiment of the
present invention.        FIG. 2B is a bottom plan view of a bonding arm in
the wire-bonding apparatus according to an embodiment of the present
invention.        FIG. 3 is a schematic view illustrating ultrasonic
vibration in the wire-bonding apparatus according to an embodiment of the
present invention.        FIG. 4 illustrates signal processing at a
vibration load detection unit in the wire-bonding apparatus according to an
embodiment of the present invention.        FIG. 5A illustrates a change in
the state of an initial ball during bonding in the wire-bonding apparatus
according to an embodiment of the present invention.        FIG. 5B
illustrates a further change in the state of the initial ball during
bonding in the wire-bonding apparatus according to an embodiment of the
present invention.        FIG. 6 is a flow chart illustrating an output
adjustment for an ultrasonic vibrator in the wire-bonding apparatus
according to an embodiment of the  present invention. Best Mode for
Carrying Out the Invention  



[0015]        Preferred embodiments of the present invention will
hereinafter be described in detail with reference to the accompanying
drawings. As shown in FIG. 1, a wire-bonding apparatus 10 according to the
embodiment includes a bonding head 11 serving as a base unit, an ultrasonic
vibrator 13, an ultrasonic horn 12, a capillary 17 serving as a bonding
tool, a flange 14 provided on the ultrasonic horn 12, a bonding arm 21, a
load sensor 31, a drive motor 45, a vibration load detection unit 50, a
control unit 60, and a bonding stage 33 on which a semiconductor chip 34 or
a substrate 35 is absorbed and fixed as a bonding target. [0016]        The
drive motor 45 for rotating the bonding arm 21 is provided on the bonding
head 11. The ultrasonic vibrator 13 is formed by overlaying multiple
piezoelectric elements and attached at the rear end of the ultrasonic horn
12. The capillary 17 is attached at one end of the ultrasonic horn 12. The
flange 14 is provided at a node of the vibration of the ultrasonic horn 12
to be described hereinafter and fixed using a bolt 16 to a flange mounting
surface 22 at one end of the bonding arm 21. [0017]        The bonding arm
21 is attached rotatably about a rotation axis 30 provided on the bonding
head 11. The center of rotation 43 of the bonding arm 21 is coplanar with
the surface of the substrate 35 absorbed on the bonding stage 33 or the
surface of the semiconductor chip 34 mounted on the substrate 35. [0018]
The bonding arm 21 has an approximately rectangular parallelepiped shape
extending in a direction along the central axis 15 of the ultrasonic horn
12, and has a front end portion 21a including the flange mounting surface
22 and a rear end portion 21b including the center of rotation 43. The
front and rear end portions 21a and 21b are connected via a thin plate-like
connection 24 provided at a height position (in the Z direction) including
the central axis 15 of the ultrasonic horn 12. Between the front and rear
end portions 21a and 21b of the bonding arm 21, narrow slits 23 and 25 are
formed, respectively, on the side of the bonding surface 41 and its
opposite side with respect to the connection 24. In a Z-directional upper
part of the bonding arm 21 on the opposite side of the bonding surface 41,
there is provided a groove 26 for fitting the load sensor 31 therein. The
groove 26 is provided in an opposed manner between the front and rear end
portions 21a and 21b of the bonding arm 21. The load sensor 31 fitted in
the groove 26 is configured to sandwich between the front and rear end
portions 21a and 21b of the bonding arm 21, so that the load sensor is
pressurized with screws 27 inserted through the front end portion 21a into
the rear end portion 21b. The central axis 28 of the load sensor 31 is
offset from the central axis 15 of the ultrasonic horn 12 by a distance of
L in the Z direction, a direction in which the tip end 17a of the capillary
17 moves toward and away  from the bonding surface 41. [0019]        As
shown in FIG. 2A, the load sensor 31 is mounted at the center in the width
direction of the bonding arm 21, and the screws 27 are provided on either
side of the load sensor 31. As shown in FIG. 2B, a recess 29 for housing
the ultrasonic horn 12 and ultrasonic vibrator 13 therein is provided on
the side of the bonding surface 41 in the bonding arm 21. 



[0020]        As shown in FIG. 3, the ultrasonic horn 12 is configured to
vibrate in a longitudinal direction along the central axis 15 in resonance
with the ultrasonic vibrator 13. Longitudinal vibration here means that the
direction of propagation of the vibration and the direction of its
amplitude are identical. As schematically shown in FIG. 3, the vibration of
the ultrasonic vibrator 13 that is attached to the rear end of the
ultrasonic horn 12 causes the ultrasonic horn 12 to vibrate between the
rear end at which the ultrasonic vibrator 13 is attached and the front end
at which the capillary 17 is attached in a resonant mode in which
anti-nodes of the vibration are formed at the rear and front ends. The
flange 14 is then provided at a node of the vibration between the rear and
front ends, that is, a site that does not vibrate even in a resonant state
to fix the ultrasonic horn 12 to the bonding arm 21. The flange 14 is fixed
using the bolt 16 to the flange mounting surface 22 on the bonding arm 21.
Since the flange 14 does not vibrate with the resonance of the ultrasonic
horn 12, ultrasonic vibration due to the resonance of the ultrasonic horn
12 does not propagate to the flange mounting surface 22 on the bonding arm
21. Therefore, the ultrasonic vibration due to the resonance of the
ultrasonic horn 12 does not also propagate to the load sensor 31 provided
on the bonding arm 21. It is noted that FIG. 3 is a schematic view
illustrating the relationship among the bonding arm 21, ultrasonic horn 12,
flange 14, and bolt 16, where the flange 14, which extends horizontally in
the XY direction from the ultrasonic horn 12, is drawn vertically. Also,
FIG. 3 (b) schematically illustrates the amplitude of the ultrasonic horn
12, where the amplitude in the direction along the central axis 15 is drawn
as orthogonal to the central axis 15. [0021]        As shown in FIG. 1, the
vibration load detection unit 50 is configured to contain a band-pass
filter through which a signal within a frequency range around the
vibrational frequency of the ultrasonic vibrator passes, and is connected
with the load sensor 31, so that the vibration load at the tip end 17a of
the capillary 17 in the direction along the central axis 15 of the
ultrasonic horn 12 can be detected based on a signal detected with the load
sensor 31. In addition, the ultrasonic vibrator 13, drive motor 45, and
vibration load detection unit 50 are configured to connect to the control
unit 60, so that the control unit 60 can control the output of the
ultrasonic vibrator 13 and the direction of rotation as well as output of
the drive motor 45. The control unit 60 also receive the vibration load
detected by operating the vibration load detection unit 50. [0022]
The vibration load detection unit 50 and the control unit 60 are configured
to contain a computer having a CPU, memory, etc. Alternatively,  the
detection and control systems are configured to include an electric
circuit. [0023]        Next will be described the operation of detecting a
vibration load at the tip end 17a of the capillary 17 in the direction
along the central axis 15 of the ultrasonic horn 12 during bonding using
the thus configured wire-bonding apparatus 10. [0024]        The control
unit 60 shown in FIG. 1 forms a tip end of a wire extending out of the tip
end 17a of the capillary 17 into a spherical initial ball 18 using, for
example, a discharge torch (not shown). The control unit 60 then issues a
command to drive the drive motor 45. Receiving this command, the drive
motor 45 starts to rotate and lower the capillary 17 onto the semiconductor
chip 34. The control unit 60 also issues a command to start the vibration
of the ultrasonic vibrator 13. Receiving this command, the ultrasonic
vibrator 13 is applied with a voltage for a vibration output preset
correspondingly to bonding conditions. [0025] 



Before the initial ball 18 formed at the tip end of the capillary 17 comes
into contact with the surface of the semiconductor chip 34, the ultrasonic
horn 12 is in resonance with the vibration of the ultrasonic vibrator 13
and vibrates longitudinally with anti-nodes of the vibration being formed
at the front end where the capillary 17 is attached and the rear end where
the ultrasonic vibrator 13 is attached, as shown in FIG. 3. The flange 14,
which is arranged at a node of the vibration, does not vibrate with the
resonance of the ultrasonic horn 12 and thus the load sensor 31 detects no
load. [0026]        When the bonding arm 21 is lowered and the initial ball
18 comes into contact with a pad on the semiconductor chip 34, the
capillary 17 starts to press the initial ball 18 against the pad. Then, the
Z-directional pressing force on the capillary 17 applies a bending moment
to the ultrasonic horn 12. This bending moment transfers from the flange 14
to the front end portion 21a of the bonding arm 21. The front end portion
21a of the bonding arm 21 then starts to rotate clockwise about the thin
plate-like connection 24 serving as a rotation hinge. This rotational
moment compresses the load sensor 31, and the load sensor 31 starts to
detect the vertical load of the capillary 17. [0027]        As shown in
FIG. 5A, since the capillary 17 vibrates in the direction along the central
axis 15 of the ultrasonic horn 12 with the vibration of the ultrasonic horn
12, when the initial ball 18 is in contact with the pad on the
semiconductor chip 34, there occurs a frictional force between the pad and
the initial ball 18. This frictional force causes a vibration load to be
applied at the tip end 17a of the capillary 17. The vibration load
transfers through the capillary 17 to cause the entire ultrasonic horn 12
to vibrate in the direction along the central axis 15, and thus also cause
the flange 14, to which vibration due to the resonance of the ultrasonic
horn 12 cannot propagate, to vibrate likewise in the direction along the
central axis 15. This also causes the flange mounting surface 22 on the
bonding arm 21 to vibrate likewise in the direction along the central axis
15 of the ultrasonic horn 12, and the vibration load is detected with the
load sensor 31.  In this case, the frequency of the resonance in the
direction along the central axis 15 of the ultrasonic horn 12 is
approximately the same as that of the vibration at the tip end 17a of the
capillary 17 in the direction along the central axis 15 of the ultrasonic
horn 12. [0028]        Since the vibration load at the tip end 17a of the
capillary 17 in the direction along the central axis 15 of the ultrasonic
horn 12 is much smaller than the vertical load at the tip end of the
capillary 17 in the Z direction orthogonal to the central axis 15 of the
ultrasonic horn 12, the load detected with the load sensor 31 is almost a
vertical load signal, as shown in FIG. 4 (a). In contrast, the frequency of
the vibration load at the tip end 17a of the capillary 17 in the direction
along the central axis 15 of the ultrasonic horn 12 is approximately the
same as that of the vibration of the ultrasonic horn 12. Therefore, by
extracting a signal only within a frequency range around the vibrational
frequency fo of the ultrasonic horn 12 through a narrowband filter 51 with
a central frequency at the vibrational frequency of the ultrasonic horn 12,
the narrowband filter 51, which is included in the vibration load detection
unit 50 as shown in FIG. 4 (b), a signal representing the vibration load at
the tip end 17a of the capillary 17 in the direction along the central axis
15 of the ultrasonic horn 12 can be extracted from the output of the load
sensor 31 as shown in FIG. 4 (c). The magnitude of the vibration load can
then be detected based on the amplitude of the extracted signal. [0029]
Next will be described ultrasonic vibration stop means and ultrasonic
vibration change means for detecting the change in the bonding state
between the initial ball 18 and the pad on the semiconductor chip 34 and
for adjusting the output of the ultrasonic vibrator 13 during bonding based
on the thus detected vibration load. [0030] 



Upon the start of a bonding operation, the vibration load detection unit 50
acquires a signal from the load sensor 31 as shown in Step S101 of FIG. 6.
The detected signal is then applied through the narrowband filter 51 to
extract a signal only within a frequency range around the vibrational
frequency of the ultrasonic horn 12 as shown in Step S102 of FIG. 6, and
thus detect the vibration load as shown in Step S103 of FIG. 6. [0031]
When the initial ball 18 at the tip end 17a of the capillary 17 comes into
contact with the pad on the semiconductor chip 34 as shown in FIG. 5A, the
vibration load in the direction along the central axis 15 of the ultrasonic
horn 12 starts to be applied between the initial ball 18 and the pad. As
indicated by the time period A in FIG. 4 (c), the amplitude of the
vibration load extracted through the narrowband filter 51, which is zero
before the contact of the initial ball 18, increases as the initial ball 18
is pressed against the pad with the tip end 17a of the capillary 17,
because the vertical load of the capillary 17 increases. As indicated by
the time period B in FIG. 4 (c), when the initial ball 18 is deformed in
accordance with the shape of the tip end 17a of the capillary 17, the
amplitude of the vibration load stops increasing to remain unchanged for a
while. When the  initial ball 18 is then bonded to the pad on the
semiconductor chip 34 to be a bonded ball 19 as shown in FIG. 5B, the tip
end 17a of the capillary 17 is limited to move in the direction along the
central axis 15 of the ultrasonic horn 12, so that the vibration load
increases again. The time period A in FIG. 4 (c) is a period of amplitude
increase and the time period B in FIG. 4 (c) is a period of amplitude
stability. [0032]        The vibration load detection unit 50 determines if
the detected vibration load is in the period of amplitude increase during
which the amplitude thereof increases from zero or in the period of
amplitude stability. As for the period of amplitude increase, the
determination can be made by calculating the rate of increase in the
amplitude to time and confirming that the rate of increase is greater than
a threshold value. As for the period of amplitude stability, the
determination can be made by confirming that the rate of change in the
amplitude to time is greater than a threshold value and the amplitude lies
between upper and lower threshold values. [0033]        The vibration load
detection unit 50, if determines as shown in Step 8104 of FIG. 6 that the
change in the amplitude of the vibration load at the capillary 17 in the
direction along the central axis 15 of the ultrasonic horn 12 during
bonding is in the period of amplitude increase or in the period of
amplitude stability, outputs a mid-bonding state signal that indicates the
bonding is in a mid-state, as shown in Step S105 of FIG. 6. In contrast,
the vibration load detection unit 50, if determines that the change in the
amplitude of the vibration load at the capillary 17 in the direction along
the central axis 15 of the ultrasonic horn 12 is neither in the period of
amplitude increase nor in the period of amplitude stability, further
determines if a predetermined period of time has passed as shown in Step
S109 of FIG. 6. Before the predetermined period of time passes, the
vibration load detection unit 50 outputs a mid-bonding state signal as
shown in Step S105 of FIG. 6. The vibration load detection unit 50, if
determines that the change in the amplitude of the vibration load at the
capillary 17 in the direction along the central axis 15 of the ultrasonic
horn 12 is neither in the period of amplitude increase nor in the period of
amplitude stability and that the predetermined period of time has passed,
outputs a bonding completion signal as shown in Step S110 of FIG. 6. [0034]
The control unit 60 connected with the vibration load detection unit 50,
when receives the mid-bonding state signal from the vibration load
detection unit 50, makes a comparison between the amplitude of the detected
vibration load and a preset vibration load amplitude corresponding to the
output of the ultrasonic vibrator 13 as shown in Step S106 of FIG. 6. If
the amplitude of the detected vibration load is smaller than the preset
vibration load amplitude corresponding to the output of the ultrasonic
vibrator 13, the control unit 60 determines that the output of the
ultrasonic vibrator 13 runs short during bonding and, as shown in Step S107
of FIG. 6, increases the output of the ultrasonic vibrator 13. In contrast,
if the amplitude of the detected vibration load is larger than the preset
vibration load amplitude corresponding to the output of the  



ultrasonic vibrator 13, the control unit 60 determines that the output of
the ultrasonic vibrator 13 is excessive during bonding and, as shown in
Step S108 of FIG. 6, reduces the output of the ultrasonic vibrator 13
(ultrasonic vibration change means). [0035]        The control unit 60,
when receives the bonding completion signal from the vibration load
detection unit 50, determines that the bonding of the initial ball 18 is
completed and there is no need for ultrasonic vibration with the ultrasonic
vibrator 13 and, as shown in Step S111 of FIG. 6, disconnects the voltage
supply to the ultrasonic vibrator 13 to stop the ultrasonic vibrator 13
(ultrasonic vibration stop means). [0036]        As described above, the
wire-bonding apparatus 10 according to the embodiment can detect a
vibration load at the tip end 17a of the capillary 17 during bonding with a
simple structure, offering the advantage that the behavior of the capillary
17 can be confirmed continuously during the bonding. In this embodiment, it
is also possible to determine the state of bonding between the initial ball
18 and the bonding target during bonding, offering the advantage that the
bonding quality can be improved by increasing or reducing the output of the
ultrasonic vibrator 13 depending on the state of bonding to adequately
control the bonding conditions. It is further possible to determine the
completion of the bonding based on the change in the vibration load at the
tip end 17a of the capillary 17 and, immediately after the completion of
the bonding, to stop the output of the ultrasonic vibrator 13 to move on to
the next step, offering the advantage that the bonding can be performed
more accurately and the bonding time can be shortened. [0037]        In
addition, it is also possible to immediately recognize the occurrence of
abnormal vibration by continuously comparing the change in the detected
vibration load at the tip end 17a of the capillary 17 with the change in
the vibration load in a normal state, offering the advantage that bonding
abnormalities can be detected. [0038]        Although a narrowband
band-pass filter with a central frequency at the frequency of ultrasonic
vibration is employed as a filter for extracting a signal only within a
frequency range around the vibrational frequency of the ultrasonic horn 12
from the signal of the load sensor 31 in the description of this
embodiment, low-pass and high-pass filters with a cut-off frequency around
the frequency of ultrasonic vibration can be combined to extract a signal
only within a frequency range around the vibrational frequency of the
ultrasonic horn 12. [0039]        The present invention is not limited to
the embodiments, but encompasses all changes and modifications which do not
depart from the technical scope or essence of the present invention as
defined by the following claims.  



Industrial Applicability [0040]         Although a wire-bonding apparatus
is exemplified in the description of the embodiments, the present invention
can be applied not only to wire-bonding apparatuses but also to other kinds
of bonding apparatuses such as bump-bonding apparatuses.  CLAIMS 1. A
bonding apparatus comprising: a base unit;         an ultrasonic horn
configured to vibrate longitudinally in resonance with the vibration of an
ultrasonic vibrator; a bonding tool attached at an anti-node of the
vibration of the ultrasonic horn; a flange provided at a node of the
vibration of the ultrasonic horn;        a bonding arm comprising a flange
mounting surface at which the flange is fixed to the ultrasonic horn and
attached rotatably to the base unit in such a manner as to move a tip end
of the bonding tool in a direction toward and away from a bonding target; 



a load sensor attached between the center of rotation of the bonding arm
and the flange mounting surface; and        a vibration load detection unit
for extracting a signal obtained by causing a signal that is detected with
the load sensor to pass a signal within a frequency range around the
vibrational frequency of the ultrasonic vibrator through a filter that is
able to pass the signal within the frequency range around the vibrational
frequency of the ultrasonic vibrator and, based on the extracted signal,
thereby detecting a vibration load at the tip end of the bonding tool in
the longitudinal direction of the ultrasonic horn. 2. The bonding apparatus
according to claim 1, wherein        the vibration load detection unit
comprises bonding state determination means for determining the state of
bonding between an initial ball formed at the tip end of the bonding tool
and the bonding target based on the change in the amplitude of the detected
vibration load at the tip end of the bonding tool in the longitudinal
direction of the ultrasonic horn, thereby outputting a bonding state
signal. 3. The bonding apparatus according to claim 2, wherein        the
bonding state determination means in the vibration load detection unit is
configured to determine, after the start of bonding, that a period of
amplitude increase during, which the amplitude of the vibration load at the
tip end of the bonding tool in the longitudinal direction of the ultrasonic
horn increases, and a period of amplitude stability after the period of
amplitude increase during, which the amplitude is approximately constant,
are in a mid-bonding state in which the initial ball formed at the tip end
of the bonding tool is deformed and bonded to the bonding target, thereby
outputting a mid-bonding state signal, while to determine that the bonding
is completed when a predetermined period of time passes after the amplitude
becomes larger than the amplitude during the period of amplitude stability,
thereby outputting a bonding completion signal.   4. The bonding apparatus
according to claim 3, further comprising a control unit connected with the
vibration load detection unit to change the output of the ultrasonic
vibrator, wherein         the control unit comprises ultrasonic vibration
stop means for stopping the output of the ultrasonic vibrator when the
bonding completion signal is input from the vibration load detection unit.
5. The bonding apparatus according to claim 3, wherein         the control
unit further comprises ultrasonic vibration change means for making the
output of the ultrasonic vibrator greater than a preset output when the
amplitude during the period of amplitude stability detected by the
vibration load detection unit is smaller than a predetermined value, while
making the output of the ultrasonic vibrator smaller than the preset output
when the amplitude during the period of amplitude stability is larger than
the predetermined value.  6. The bonding apparatus according to claim 4,
wherein 



the control unit further comprises ultrasonic vibration change means for
making the output of the ultrasonic vibrator greater than a preset output
when the amplitude during the period of amplitude stability detected by the
vibration load detection unit is smaller than a predetermined value, while
making the output of the ultrasonic vibrator smaller than the preset output
when the amplitude during the period of amplitude stability is larger than
the predetermined value. 


