
EnglishtranslationoftheInternationalApplicationasfiled DESCRIPTION 5 TITLE
OF THE INVENTION: METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE, AND BONDING
APPARATUS TECHNICAL FIELD [0001] 10The present invention relates to a
method for manufacturing a semiconductor device including bonding onto a
bonding target, and to bonding apparatuses. BACKGROUND ART 15[0002]
Wire-bonding generally includes a first bonding step in which an initial
ball is formed at a tip end of a bonding wire to be fed out of a capillary
and is applied by ultrasonic vibration while in pressure contact with a pad
surface of a 20 semiconductor device to bond the initial ball to the pad
surface. In a second bonding step thereafter, the bonding wire is fed out
of the capillary to form a wire loop, and the bonding wire and the
capillary are brought into pressure contact with a lead surface of a
substrate to bond the bonding wire to the lead 25 surface and then cut the
bonding wire. [0003]       However, the substrate may be in an unstable
state such as wobbling on a bonding stage, suffering from a problem in that
the initial ball may not be bonded reliably to the pad  surface in the
first bonding step and/or the bonding wire may not be cut in the second
bonding step. 



[0004] Hence, in the related art described in Patent literature 5 1, an XY
table with a capillary mounted thereon undergoes a scrubbing motion to be
moved in the XY direction during bonding, so that an initial ball is rubbed
on and bonded reliably to a pad surface. PRIOR ART DOCUMENTS PATENT
DOCUMENTS [0005] Patent literature 1:Japanese Patent No. 2530224 SUMMARY OF
THE INVENTION PROBLEM TO BE SPLVED BY THE INVENTION [0006]        However,
in the related art described in Patent literature 1, the initial ball may
be deformed and expanded 20 during the scrubbing motion, while bonded to
the pad surface in the first bonding step, to have an enlarged deformation
area . For this reason, the related art described in Patent literature 1
suffers from a problem in that accurate bonding onto a small pad surface is
difficult and the pad pitch serving as the 25 distance between adjacent pad
surfaces, cannot be reduced. [0007]        It is noted that the capability
of cutting the bonding wire in the second bonding step is still left
unsolved even with the related art described in Patent literature 1.
[0008] 



It is hence an object of the present invention to provide a method for
manufacturing a semiconductor device and a bonding apparatus with which an
initial ball, when bonded to a pad 5 surface of the semiconductor device,
can have a small deformation area for improvement in the accuracy of
bonding. It is another object of the present invention to provide a method
for manufacturing a semiconductor device and a bonding apparatus with which
a bonding wire, when bonded to a lead 10 surface of a substrate, can be cut
reliably. MEANS FOR SOLVING THE PROBLEMS [0009] The present invention is
directed to a method of 15 manufacturing a semiconductor device including:
a step of preparing a bonding apparatus including: a bonding stage for
placing a bonding target that is provided with a pad surface; a capillary
for inserting a bonding wire therethrough, the bonding wire having an
initial ball formed at the tip end 20 thereof; and a control unit having
pressure contact means for bringing the initial ball into pressure contact
with the pad surface of the bonding target placed on the bonding stage and
scrubbing means for spirally rotating the capillary in a direction
perpendicular to the direction of pressure on the 



25 initial ball when the initial ball is in pressure contact with the pad
surface; a pressure contact step of controlling the pressure contact means
for bringing the initial ball formed at the tip end of the bonding wire
that is inserted through the capillary into pressure contact with the pad
surface of  the bonding target placed on the bonding stage based on a
command from the control unit in the bonding apparatus; and a scrubbing
step of controlling the scrubbing means for spirally rotating the capillary
in a direction perpendicular 5 to the direction of pressure on the initial
ball when the initial ball is in pressure contact with the pad surface
based on a command from the control unit in the bonding apparatus. [0010]
In accordance with the method of manufacturing a 10 semiconductor device
according to the present invention, when the initial ball is in pressure
contact with the pad surface of the bonding target, rotating the capillary
causes the pad surface and the initial ball to be rubbed together while in
pressure contact with each other and thereby the initial ball 15 to be
bonded to the pad surface. In this case, spirally rotating the capillary
allows the force applied to the initial ball to be converged toward the
center of rotation and thereby the time and distance where the pad surface
and the initial ball are rubbed together at the maximum diameter to be
reduced 20 while being secured sufficiently. This allows the deformation
area of the initial ball to be reduced, whereby the accuracy of bonding can
be improved and the pad pitch serving as the distance between pad surfaces,
can be reduced. [0011] 25In the arrangement above, the scrubbing step
preferably includes specifying the position where the initial ball comes
into contact with the pad surface as a reference position, spirally
rotating the capillary from the reference position while increasing the
diameter of the spiral, and thereafter  



spirally rotating the capillary while reducing the diameter of the spiral
to recover the reference position. In accordance with the method for
manufacturing a semiconductor device, specifying the position where the
initial ball comes into 5 contact with the pad surface as a reference
position, spirally rotating the capillary while increasing the diameter of
the spiral, and thereafter spirally rotating the capillary while reducing
the diameter of the spiral to recover the reference position allows the gap
between the position where the initial 10 ball is brought into pressure
contact with the pad surface and the position where the initial ball is
bonded to the pad surface to be reduced. This allows the accuracy of
bonding to be further improved and the pad pitch serving as the distance
between pad surfaces, to be further reduced. 15[0012]        The scrubbing
step preferably includes, when the pad surface has an extended shape,
spirally rotating the capillary in a flattened manner along the direction
of extension of the pad surface. In accordance with the method for
manufacturing 20 a semiconductor device, spirally rotating the capillary in
a flattened manner along the direction of extension of the pad surface
allows the shape of the initial ball to be bonded to the pad surface to be
accommodated to the shape of the pad surface. This allows the accuracy of
bonding to be improved 25 even for a pad surface extending in any
direction. [0013]        The present invention is also directed to a
bonding apparatus including: a bonding stage for placing a bonding target
that is provided with a pad surface; a capillary for  inserting a bonding
wire therethrough, the bonding wire having an initial ball formed at the
tip end thereof; and a control unit having pressure contact means for
bringing the initial ball into pressure contact with the pad surface of the
bonding 5 target placed on the bonding stage and scrubbing means for
spirally rotating the capillary in a direction perpendicular to the
direction of pressure on the initial ball when the initial ball is in
pressure contact with the pad surface. [0014] 10In accordance with the
bonding apparatus according to the present invention, when the initial ball
is in pressure contact with the pad surface of the bonding target, rotating
the capillary causes the pad surface and the initial ball to be rubbed
together while in pressure contact with each other 15 and thereby the
initial ball to be bonded to the pad surface. In this case, spirally
rotating the capillary allows the force applied to the initial ball to be
converged toward the center of rotation and thereby the time and distance
where the pad surface and the initial ball are rubbed together at the
maximum 20 diameter to be reduced while being secured sufficiently. This
allows the deformation area of the initial ball formed due to the movement
of the capillary to be reduced, whereby the accuracy of bonding can be
improved and the pad pitch serving as the distance between pad surfaces,
can be reduced. 



25[0015]        The present invention is further directed to a method of
manufacturing a semiconductor device including: a step of preparing a
bonding apparatus including: a bonding stage for placing a bonding target
that is provided with a lead surface;  a capillary for inserting a bonding
wire therethrough; and a control unit having pressure contact means for
bringing the capillary and the bonding wire inserted through the capillary
into pressure contact with the lead surface of the bonding 5 target placed
on the bonding stage and scrubbing means for spirally rotating the
capillary in a direction perpendicular to the direction of pressure on the
capillary when the capillary is in pressure contact with the lead surface;
a pressure contact step of controlling the pressure contact means for
bringing 10 the capillary with the bonding wire inserted therethrough and
the bonding wire inserted through the capillary into pressure contact with
the lead surface of the bonding target placed on the bonding stage based on
a command from the control unit in the bonding apparatus; and a scrubbing
step of controlling the 15 scrubbing means for spirally rotating the
capillary in a direction perpendicular to the direction of pressure on the
capillary when the capillary is in pressure contact with the lead surface
based on a command from the control unit in the bonding apparatus. 20[0016]
In accordance with the method of manufacturing a semiconductor device
according to the present invention, when the capillary and the bonding wire
inserted through the capillary are in pressure contact with the lead
surface of the 25 bonding target, the bonding wire is bonded to the lead
surface and placed between the capillary and the lead surface to be cut.
Then spirally rotating the capillary causes the capillary to be rubbed
spirally on the lead surface while in pressure contact with each other,
whereby the bonding wire can  be cut reliably with a reduced possibility of
cutting error. [0017]        In the arrangement above, the scrubbing step
preferably includes specifying the position where the capillary comes 5
into contact with the lead surface as a reference position, spirally
rotating the capillary from the reference position while increasing the
diameter of the spiral, and thereafter spirally rotating the capillary
while reducing the diameter of the spiral to recover the reference
position. In accordance 10 with the method for manufacturing a
semiconductor device, specifying the position where the capillary and the
bonding wire come into contact with the lead surface as a reference
position, spirally rotating the capillary while increasing the diameter of
the spiral, and thereafter spirally rotating the 15 capillary while
reducing the diameter of the spiral to recover the reference position
allows the gap between the position where the capillary is brought into
pressure contact with the lead surface and the position of an impression
produced on the lead surface when the capillary is brought into pressure 



20 contact therewith to be reduced. This allows the accuracy of bonding to
be further improved and the lead pitch, the distance between lead surfaces,
to be further reduced. [0018] The scrubbing step preferably includes, when
the lead 25 surface has an extended shape, spirally rotating the capillary
in a flattened manner along the direction of extension of the lead surface.
In accordance with the method for manufacturing a semiconductor device,
spirally rotating the capillary in a flattened manner along the direction
of extension of the lead  surface allows the shape of an impression of the
capillary produced on the lead surface to be accommodated to the shape of
the lead surface. This allows the accuracy of bonding to be improved even
for a lead surface extending in any direction. [0019]        The present
invention is also directed to a bonding apparatus including: a bonding
stage for placing a bonding target that is provided with a lead surface; a
capillary for inserting a bonding wire therethrough; and a control unit 10
having pressure contact means for bringing the capillary and the bonding
wire inserted through the capillary into pressure contact with the lead
surface of the bonding target placed on the bonding stage and scrubbing
means for spirally rotating the capillary in a direction perpendicular to
the direction 15 of pressure on the capillary when the capillary is in
pressure contact with the lead surface. [0020]        In accordance with
the bonding apparatus according to the present invention, when the
capillary and the bonding wire 20 inserted through the capillary are in
pressure contact with the lead surface of the bonding target, the bonding
wire is bonded to the lead surface and placed between the capillary and the
lead surface to be cut. Then spirally rotating the capillary causes the
capillary to be rubbed spirally on the 



25 lead surface while in pressure contact with each other, whereby the
bonding wire can be cut reliably with a reduced possibility of cutting
error.  ADVANTAGES OF THE INVENTION [0021]        The present invention
offers the advantage that an initial ball, when bonded to a pad surface of
the semiconductor 5 device, can have a small deformation area for
improvement in the accuracy of bonding. The present invention also offers
the advantage that a bonding wire, when bonded to a lead surface of a
substrate, can be cut reliably. 10BRIEF DESCRIPTION OF THE DRAWINGS [0022]
FIG. 1 illustrates an example of a wire-bonding apparatus according to a
first embodiment.               FIG. 2 is a flow chart illustrating a
bonding method using 15 the wire-bonding apparatus.         FIG. 3 is a
flow chart illustrating the first bonding step in FIG. 2.         FIG. 4 is
a flow chart illustrating the second bonding step in FIG. 2. 20FIG. 5(a)
illustrates a movement trajectory of a capillary in a scrubbing motion and
FIG. 5(b) illustrates a command position fordrivinganX-axis linear motor
and a Y-axis linear motor. FIG. 6 illustrates an X-axis provisional command
25 position and a Y-axis provisional command position. 



FIG. 7 illustrates the motional ratio between the X-axis provisional
command position and the Y-axis provisional command position. FIG. 8
illustrates a deformation area of an initial ball.         FIG. 9
illustrates an example of a bump-bonding apparatus according to a second
embodiment.         FIG. 10 is a flow chart illustrating a bonding method
using the bump-bonding apparatus. 5FIG. 11 is a flow chart illustrating the
bonding step in FIG. 10.         FIG. 12(a) is a close-up photo of a
semiconductor device and pad surfaces thereon in a comparative example and
FIG. 12(b) is a close-up photo of a semiconductor device and pad surfaces
10 thereon in a practical example.         FIG. 13 is a table showing the
diameters of initial balls bonded to pad surfaces.            FIG. 14(a) is
a close-up photo of lead surfaces in the comparative example and FIG. 14(b)
is a close-up photo of lead 15 surfaces in the practical example.
FIG. 15 is a table showing the tensile strength of bonding wires bonded to
lead surfaces.         FIG. 16(a) illustrates a movement trajectory of the
capillary when rotated spirally in an obliquely flattened 20 manner and
FIG. 16(b) illustrates a command position for driving the X-axis linear
motor and the Y-axis linear motor in the case of FIG. 16(a).         FIG.
17(a) illustrates a movement trajectory of the capillary when rotated
spirally in a laterally flattened 25 manner and FIG. 17(b) illustrates a
command position for driving the X-axis linear motor and the Y-axis linear
motor in the case of FIG. 17(a). 



EMBODIMENTS FOR CARRYING OUT THE INVENTION [0023]        A method for
manufacturing a semiconductor device and a bonding apparatus according to
preferred embodiments of the 5 present invention will hereinafter be
described in detail with reference to the accompanying drawings. The first
embodiment is an application of the present invention to a wire-bonding
apparatus, while the second embodiment is an application of the present
invention to a bump-bonding apparatus. It is noted 10 that identical or
equivalent components in the drawings are designated by the same reference
numerals. [0024] [First Embodiment]        FIG. 1 illustrates an example of
a wire-bonding apparatus according to a first embodiment. As shown in FIG.
1, the 15 wire-bonding apparatus 10 according to the first embodiment is
configured to electrically connect a pad surface 2 provided on a
semiconductor device 1 and a lead surface 4 provided on a substrate 3 on
which the semiconductor device 1 is bonded, through wire bonding using a
bonding wire 11 inserted through 20 a capillary 12. The wire-bonding
apparatus 10 thus includes the capillary 12 through which the bonding wire
11 is inserted, a bonding head 15 for holding the capillary 12, an arm
drive motor 16 for rotating (swinging) the bonding head 15, a bonding stage
17 on which the substrate 3 is placed as a bonding target, 25 an XY
movement mechanism 18 for moving the bonding head 15 horizontally in X- and
Y-axis directions, and a control unit 20 for integrally controlling the
wire-bonding apparatus 10. [0025] The bonding head 15 is composed of an
ultrasonic horn  13 extending from the bonding head 15 toward the bonding
stage 17 and having the capillary 12 on one end while a vibrator 13a for
providing ultrasonic vibration on the other end, and a bonding arm 14 for
holding the ultrasonic horn 13. With this 5 configuration, rotatably
driving the arm drive motor 16 causes the ultrasonic horn 13 and therefore
the capillary 12 to move vertically in the Z-axis direction, which allows
the bonding wire 11 to be bonded to the substrate 3 and the semiconductor
device 1 placed on the bonding stage 17. Then providing 10 ultrasonic
vibration from the vibrator 13a of the ultrasonic horn 13 allows the
capillary 12 held by the bonding arm 14 to be vibrated. 



[0026] The arm drive motor 16 is configured to be rotatably 15 (swingably)
driven to move the capillary 12 vertically in the Z-axis direction. The arm
drive motor 16 can then adjust the load on the capillary 12 by adjusting
the output torque of the rotary drive. [0027] 20The XY movement mechanism
18 is configured to move the bonding head 15 in the X- and Y-axis
directions. The XY movement mechanism 18 is therefore provided with an
X-axis linear motor 18a for moving the bonding head 15 in the X-axis
direction and a Y-axis linear motor 18b for moving the bonding 25 head 15
in the Y-axis direction. It is noted that the XY movement mechanism 18 is
composed of, for example, a linear motor mechanism, in which the rotation
of the X-axis linear motor 18a and the Y-axis linear motor 18b allows for
the movement of the bonding head 15 in the respective X- and Y-axis
directions. Then rotating the X-axis linear motor 18a and the Y-axis linear
motor 18b causes the bonding head 15 to move in the respective X- and
Y-axis directions, whereby the capillary 12 can be moved in the X- and
Y-axis directions. 



5[0028]        The control unit 20 is electrically connected to the
ultrasonic horn 13 (vibrator 13a), arm drive motor 16, X-axis linear motor
18a, and Y-axis linear motor 18b to control the ultrasonic horn 13, arm
drive motor 16, X-axis linear motor 10 18a, and Y-axis linear motor 18b for
wire bonding. [0029] That is, the control unit 20 has a pressure contact
feature (means) for bringing an initial ball lla of the bonding wire 11
into pressure contact with the pad surface 2 of the 15 semiconductor device
1 bonded to the substrate 3 that is placed on the bonding stage 17 and a
scrubbing feature (means) for spirally rotating the capillary 12 in a
direction perpendicular to the direction of pressure on the initial ball ha
when the initial ball ha is in pressure contact with the 20 pad surface 2,
in a first bonding step of bonding the bonding wire 11 inserted through the
capillary 12 to the pad surface 2 provided on the semiconductor device 1.
The control unit 20 also has a pressure contact feature (means) for
bringing the capillary 12 and an initial ball lla of the bonding wire 



25 11 inserted through the capillary 12 into pressure contact with the lead
surface 4 of the substrate 3 that is placed on the bonding stage 17 and a
scrubbing feature (means) for spirally rotating the capillary 12 in a
direction perpendicular to the direction of pressure on the capillary 12
when the capillary  12 is in pressure contact with the lead surface 4, in a
second bonding step of bonding the bonding wire 11 bonded to the pad
surface 2 to the lead surface 4 provided on the substrate 3. It is noted
that these pressure contact and scrubbing features 5 are implemented,
respectively, by a pressure contact program and a scrubbing program stored
in a storage device or the like. [0030]        The control unit 20 is
therefore provided with an arm drive motor I/F 21 for transmitting and
receiving a signal 10 to/from the arm drive motor 16, an ultrasonic horn
I/F 22 for transmitting and receiving a signal to/from the ultrasonic horn
13, an X-axis linear motor I/F 23 for transmitting and receiving a signal
to/from the X-axis linear motor 18a, a Y-axis linear motor I/F 24 for
transmitting and receiving a signal 15 to/from the Y-axis linear motor 18b,
an input unit 25 serving as an input device such as a keyboard to receive
an input of various types of control information from an operator, an
output unit 26 serving as a display device such as a monitor to display
various types of control information for the control 20 unit 20, a memory
27 for storing various types of programs, and a CPU 28 for bonding control.
[0031] Next will be described a processing operation of the wire-bonding
apparatus 10 with reference to FIGs. 2 to 4. FIG. 25 2 is a flow chart
illustrating a bonding method using the 



wire-bonding apparatus, FIG. 3 is a flow chart illustrating the first
bonding step in FIG. 2, and FIG. 4 is a flow chart illustrating the second
bonding step in FIG. 2. It is noted that the processing operation of the
wire-bonding apparatus  10 to be described hereinafter is implemented by
the pressure contact feature as a pressure contact program and the
scrubbing feature as a scrubbing program based on a command from the
control unit 20. 5[0032]        First of all, the wire-bonding apparatus 10
runs a first bonding step (Step Si), as shown in FIG. 2. [0033] In the
first bonding step (Step 51), a pressure contact 10 step is first performed
(Step S11), as shown in FIG. 3. In the pressure contact step, the arm drive
motor 16 is rotatably driven and the capillary 12 is lowered. In this case,
since a spherical initial ball ha is formed at the tail of the bonding wire
11 inserted through the capillary 12, lowering the 15 capillary 12 causes
the initial ball ha to come into contact with the pad surface 2. After the
initial ball ha comes into contact with the pad surface 2, the output
torque of the arm drive motor 16 is adjusted to apply a predetermined load
to the initial ball ha via the capillary 12 and to bring the 20 initial
ball ha into pressure contact with the pad surface 2. [0034] A scrubbing
step is next performed (Step S12). In the scrubbing step, when the initial
ball ha is brought into 



25 pressure contact with the pad surface 2, the bonding head 15 is moved
and the capillary 12 undergoes a scrubbing motion to be rotated spirally.
It is noted that the scrubbing motion can occur at any timing regardless of
the period of ultrasonic vibration in an ultrasonic vibration applying step
to be  described hereinafter as long as while the initial ball lla is in
pressure contact with the pad surface 2. [0035] Here will be described the
scrubbing motion in Step 512 5 with reference to FIG. 5. FIG. 5(a)
illustrates a movement trajectory of the capillary in a scrubbing motion
and FIG. 5(b) illustrates a command position for driving the X-axis linear
motor and the Y-axis linear motor. [0036] 10As shown in FIG. 5(a), the
scrubbing motion drives the X-axis linear motor and the Y-axis linear motor
to spirally rotate the capillary 12 held by the bonding head 15 and
therefore the initial ball lla with respect to the pad surface 2. 15[0037]
Specifically, the scrubbing motion specifies the position where the initial
ball lla comes into contact with the pad surface 2 as a reference position
(0, 0), spirally rotates the capillary 12 from the reference position while
20 increasing the radius of rotation and, when the radius of rotation
reaches its maximum value, spirally rotates the capillary 12 while reducing
the radius of rotation to recover the reference position. It is noted that
if the pad surface 2 is a 35-pm square and the initial ball lla is a 20-pm
diameter 



25 sphere, the maximum diameter of the spiral rotation is about 20 pm.
[0038]        The scrubbing motion occurs when the control unit 20 controls
the driving of the X-axis linear motor 18a and the  Y-axis linear motor 18b
based on an X-axis command position "x" and a Y-axis command position "y"
shown in FIG. 5 (b) . [0039] Here will be described a method for
calculating the 5 X-axis command position "x" and the Y-axis command
position "y" shown in FIG. 5(b) with reference to FIGs. 6 and 7. FIG. 6
illustrates an X-axis provisional command position and a Y-axis provisional
command position, and FIG. 7 illustrates the motional ratio between the
X-axis provisional command 10 position and the Y-axis provisional command
position. [0040]        First of all, a sinusoidal wave serving as a basis
of a circular motion is used to prepare an X-axis provisional command
position xl to be an X-axis command position and a 15 Y-axis provisional
command position yl to be a Y-axis command position, as shown in FIG. 6.
The X-axis provisional command position xl is represented by a 3-cycle sine
curve, and the Y-axis provisional command position yl is represented by a
3-cycle cosine curve with the phase shifted 90 degrees from 20 the X-axis
provisional command position xl. [0041] Next, the motional ratio between
the X-axis provisional command position xl and the Y-axis provisional
command position yl is prepared as shown in FIG. 7. That is, the 25
motional ratio shown in FIG. 7 indicates the speed ratio at 



which the capillary 12 moves. The motional ratio rises linearly from 0 to 1
during the first cycle, remains 1 during the next cycle, and falls linearly
from 1 to 0 during the last cycle. This means that the capillary 12 is
accelerated  linearly from the speed ratio of 0 to 1 during the first
cycle, travels at a constant speed with the speed ratio of 1 during the
second cycle, and is decelerated linearly from the speed ratio of 1 to 0 to
be stopped during the third cycle. 5[0042]        Then the X-axis
provisional command position xl and the Y-axis provisional command position
yl shown in FIG. 6 are combined with the motional ratio shown in FIG. 7 to
calculate the X-axis command position "x" and the Y-axis command position
10 "y" shown in FIG. 5(b). [0043]        Thus moving the capillary 12 for
scrubbing motion causes the initial ball ha and the pad surface 2 to be
rubbed together and thereby the oxide film (not shown) forming a
superficial 15 layer of the pad surface 2 to be broken, so that the initial
ball lla is bonded to the pad surface 2. In this case, the initial ball lla
is rubbed_ on the pad surface 2 and deformed to possibly have a deformation
area lib expanded outward in the radial direction of the scrubbing motion,
as shown in FIG. 20 8. However, since the capillary 12 undergoes the
scrubbing motion to be rotated spirally, the time and distance where the
initial ball ha and the pad surface 2 are rubbed together when the
capillary 12 is rotated at the maximum diameter can be reduced and the
force applied to the initial ball ha can be 25 converged toward the center
of rotation. This allows the deformation area llb not to be expanded but to
be reduced. [0044]       An ultrasonic vibration applying step is next
performed (Step S13). In the ultrasonic vibration applying step, when  



the initial ball lla is brought into pressure contact with the pad surface
2, ultrasonic vibration is provided from the vibrator 13a of the ultrasonic
horn 13. The ultrasonic vibration from the vibrator 13a is then transferred
to the 5 initial ball lla through the ultrasonic horn 13 and the capillary
12. This causes the initial ball lla to undergo ultrasonic vibration and
thereby the initial ball ha and the pad surface 2 to be rubbed finely
together, so that the initial ball ha is bonded firmly to the pad surface
2. 10[0045]        After the first bonding step, a wire loop forming step
is performed (Step S2), as shown in FIG. 2. In the wire loop forming step,
the bonding wire 11, theinitialballHaofwhich is bonded to the pad surface
2, is fed out of the capillary 15 12 to form a wire loop and is brought
into contact with the lead surface 4. [0046] A second bonding step is next
performed (Step S3). [0047] 20In the second bonding step (Step 53), a
pressure contact step is first performed (Step S31), as shown in FIG. 4. In
the pressure contact step, the arm drive motor 16 is rotatably driven and
the capillary 12 is lowered to bring the bonding wire 11 and the capillary
12 into contact with the lead surface 25 4. That is, the output torque of
the arm drive motor 16 is adjusted to apply a predetermined load to the
capillary 12 and to bring the capillary 12 into pressure contact with the
lead 



surface 4 to a degree where the bonding wire 11 is squashed with the
capillary 12. This causes the bonding wire 11 to be  bonded to the lead
surface 4. [0048]       A scrubbing step is next performed (Step S32). In
the scrubbing step, the capillary 12 undergoes a scrubbing motion 5 to be
rotated spirally, as is the case with the scrubbing step (Step S12) in the
first bonding step (Step S1). The scrubbing motion then leads to the
bonding wire 11 being squashed between the capillary 12 and the lead
surface 4. [0049] 10An ultrasonic vibration applying step is next performed
(Step S33).In the ultrasonic vibration applying step, ultrasonic vibration
is provided from the vibrator 13a of the ultrasonic horn 13 and applied to
the initial ball Ha, as is the case with the ultrasonic vibration applying
step (Step S13) 15 in the first bonding step (Step S1). This causes the
initial ball ha to be bonded to the lead surface 4. [0050]        After the
second bonding step, a wire cutting step is performed (Step S4), as shown
in FIG. 2. In the wire cutting 20 step, the arm drive motor 16 is first
rotatably driven to raise the capillary 12 so that the bonding wire 11 is
fed out of the capillary 12 by a predetermined length. Then the capillary
12 is raised again with the bonding wire 11 being clamped (not shown) to
cut the tail of the bonding wire 11. This causes 25 the pad surface 2 and
the lead surface 4 to be connected electrically through the looped bonding
wire 11. 



[0051]       An initial ball forming step is lastly performed (Step S5). In
the initial ball forming step, the tail (tip end) of  the bonding wire 11
cut in the wire cutting step (Step S4) undergoes discharging with an
electric flame-off, for example, to be formed with a spherical initial ball
lla. [0052] [Second Embodiment] 5FIG. 9 illustrates an example of a
bump-bonding apparatus according to a second embodiment. As shown in FIG.
9, the bump-bonding apparatus 30 according to the second embodiment is
configured to form a bump on a pad surface 8 formed on each of one or more
semiconductor devices 7 that are bonded to a 10 substrate 6, through
bonding of a bonding wire 11 inserted through a capillary 12. The
bump-bonding apparatus 30 basically has the same configuration as the
wire-bonding apparatus 10 according to the first embodiment, though
different in the bonding target and bonding method. Like the 15
wire-bonding apparatus 10, the bump-bonding apparatus 30 thus includes the
capillary 12 through which the bonding wire 11 is inserted, a bonding head
15 for holding the capillary 12, an arm drive motor 16 for rotating
(swinging) the bonding head 15, a bonding stage 17 on which the substrate 6
is placed as 20 a bonding target, an XY movement mechanism 18 for moving
the bonding head 15 horizontally in X- and Y-axis directions, and a control
unit 40 for integrally controlling the bump-bonding apparatus 30. The
bonding head 15 is composed of an ultrasonic horn 13 having the capillary
12 on one end while a vibrator 25 13a for providing ultrasonic vibration on
the other end, and a bonding arm 14 for holding the ultrasonic horn 13.
[0053]        The control unit 40 is electrically connected to the
ultrasonic horn 13 (vibrator 13a), arm drive motor 16, X-axis  linear motor
18a, and Y-axis linear motor 18b to control the ultrasonic horn 13, arm
drive motor 16, X-axis linear motor 18a, and Y-axis linear motor 18b for
formation of a bump on the pad surface 8 of the semiconductor device 7.
5[0054] 



That is, the control unit 40 has a pressure contact feature (means) for
bringing an initial ball 11a of the bonding wire 11 into pressure contact
with the pad surface 8 of the semiconductor device 7 bonded to the
substrate 6 that is placed 10 on the bonding stage 17 and a scrubbing
feature (means) for spirally rotating the capillary 12 in a direction
perpendicular to the direction of pressure on the initial ball lla when the
initial ball lla is in pressure contact with the pad surface 8, in a
bonding step of bonding the bonding wire 15 11 inserted through the
capillary 12 to the pad surface 8 provided on the semiconductor device 7.
[0055] The control unit 40 is therefore provided with an arm drive motor
I/F 21 for transmitting and receiving a signal 20 to/from the arm drive
motor 16, an ultrasonic horn I/F 22 for transmitting and receiving a signal
to/from the ultrasonic horn 13, an X-axis linear motor I/F 23 for
transmitting and receiving a signal to/from the X-axis linear motor 18a, a
Y-axis linear motor I/F 24 for transmitting and receiving a signal 25
to/from the Y-axis linear motor 18b, an input unit 25 serving as an input
device such as a keyboard to receive an input of various types of control
information from an operator, an output unit 26 serving as a display device
such as a monitor to display various types of control information for the
control 



unit 40, a memory 27 for storing various types of programs, and a CPU 28
for bonding control. It is noted that the above-described pressure contact
and scrubbing features are implemented, respectively, by a pressure contact
program and 5 a scrubbing program stored in a storage device or the like.
[0056]        Next will be described a processing operation of the
bump-bonding apparatus 30 with reference to FIGs. 10 and 11. FIG. 10 is a
flow chart illustrating a bonding method using 10 the bump-bonding
apparatus, and FIG. 11 is a flow chart illustrating the bonding step in
FIG. 10. It is noted that the processing operation of the bump-bonding
apparatus 30 to be described hereinafter is implemented by the pressure
contact feature as a pressure contact program and the scrubbing 15 feature
as a scrubbing program based on a command from the control unit 40. [0057]
First of all, the bump-bonding apparatus 30 runs a bonding step (Step S6),
as shown in FIG. 10. 20[0058]        In the bonding step (Step S6), a
pressure contact step is first performed (Step 561), as shown in FIG. 11.
In the pressure contact step, the capillary 12 is lowered and a
predetermined load is applied to the initial ball ha to bring 25 the
initial ball ha into pressure contact with the pad surface 8, as is the
case with the pressure contact step (Step Sll) in the first embodiment.
[0059] A scrubbing step is next performed (Step S62). In the  scrubbing
step, when the initial ball ha is brought into pressure contact with the
pad surface 8, the bonding head 15 is moved and the capillary 12 undergoes
a scrubbing motion to be rotated spirally, as is the case with the
scrubbing step 5 (Step S12) in the first embodiment. The scrubbing motion
causes the initial ball lla and the pad surface 8 to be rubbed together and
thereby the oxide film (not shown) forming a superficial layer of the pad
surface 8 to be broken, so that the initial ball ha is bonded to the pad
surface 8. In this 



10 case, since the capillary 12 undergoes the scrubbing motion to be
rotated spirally, the time and distance where the initial ball ha and the
pad surface 8 are rubbed together when the capillary 12 is rotated at the
maximum diameter can be reduced and the force applied to the initial ball
ha can be converged 15 toward the center of rotation. This allows the
deformation area lib not to be expanded but to be reduced. [0060]       An
ultrasonic vibration applying step is next performed (Step S63). In the
ultrasonic vibration applying step, 20 ultrasonic vibration is provided
from the vibrator 13a of the ultrasonic horn 13 and applied to the initial
ball ha, as is the case with the ultrasonic vibration applying step (Step
S13) in the first embodiment. [0061] 25After the bonding step, a bump
forming step is performed (Step S7), as shown in FIG. 10. In the bump
forming step, the arm drive motor 16 is first rotatably driven to raise the
capillary 12 so that the bonding wire 11 is fed out of the capillary 12 by
a predetermined length. Then the capillary  12 is raised again with the
bonding wire 11 being clamped (not shown) to cut the tail of the bonding
wire 11. This causes the initial ball11a bonded to the pad surface 8 to be
formed into a bump on the pad surface 8. 5[0062]        An initial ball
forming step is lastly performed (Step S8). In the initial ball forming
step, the tail (tip end) of the bonding wire 11 cut in the wire cutting
step (Step S4) undergoes discharging with an electric flame-off, for
example, 10 to be formed with a spherical initial ball 11a, as is the case
with the initial ball forming step (Step S5) in the first embodiment.
PRACTICAL EXAMPLE 15[0063]        Next will be described a practical
example of the present invention. 



[0064]          In the practical example of the present invention, a 20
wire-bonding apparatus 10 according to the first embodiment was used for
wire bonding. [0065]        In a comparative example to the practical
example, a wire-bonding apparatus configured to perform first and second 25
bonding steps including no scrubbing step was used for wire bonding. [0066]
A pad surface 2 of a semiconductor device 1 on which an initial ball ha was
bonded in the first bonding step was  observed to evaluate the size of the
initial ball lla bonded to the pad surface 2 (evaluation of the first
bonding step). A lead surface 4 of a substrate 3 on which a bonding wire 11
was bonded in the second bonding step was observed to evaluate 5 the
tensile strength of the bonding wire 11 bonded to the lead surface 4
(evaluation of the second bonding step). [Evaluation of the First Bonding
Step] [0067]             The size of the initial ball 11a bonded to the pad
surface 10 2 in the first bonding step was first evaluated. [0068]
The first bonding step was performed under the following experimental
conditions: (For the practical example) 15 - Duration of ultrasonic
vibration: 10ms, 



Load on the capillary: 130gf,  Duration of loading: 13ms,  Scrubbing
motion: spiral with a maximum diameter of lOpm and a frequency of 250Hz by
3 revolutions, and 20 (For the comparative example)  Duration of ultrasonic
vibration: 10ms,  Load on the capillary: 170gf,  Duration of loading: 13ms,
Scrubbing motion: none. 25[0069]        FIG. 12(a) is a close-up photo of a
semiconductor device and pad surfaces thereon in the comparative example
and FIG. 12(b) is a close-up photo of a semiconductor device and pad
surfaces thereon in the practical example. In FIGs. 12(a) and  12(b), a
close-up photo of the entire semiconductor device 1 is centered and, around
the photo, close-up photos of twelve pad surfaces 2 provided on the
semiconductor device 1 are arranged. In the close-up photo of each pad
surface 2, the 5 square within the frame corresponds to the pad surface 2,
the center circle within the pad surface 2 corresponds to an initial ball
11a, and the ring outside the initial ball lla corresponds to a deformation
area 11b. As is clear from the comparison between FIGs. 12(a) and 12(b),
the deformation area llb is large 10 and the initial ball lla expands out
of the pad surface 2 in the comparative example, while the deformation area
llb is reduced and the initial ball 11a falls within the pad surface 2 in
the practical example. [0070] 15For evaluation of the size of the initial
ball lla, the 



diameters (in the X- and Y-axis directions perpendicular to each other) of
the initial balls 11a bonded to the respective twelve pad surfaces 2 that
were provided on the semiconductor device 1 were measured. It is noted that
the number of 20 measurements was twelve, corresponding to the number of
pad surfaces 2 provided on the semiconductor device 1. [0071] FIG. 13 shows
the diameters of the initial balls lla as a result of evaluation of the
practical and comparative 25 examples under the foregoing conditions. It is
noted that in FIG. 13, "X" represents the diameter of each initial ball lla
in the X-axis direction, and "Y" represents the diameter of each initial
ball lla in the Y-axis direction perpendicular to the X-axis direction.
"Max" represents the maximum value  among the measured diameters, "Min"
represents the minimum value among the measured diameters, "Ave" represents
the average value of the measured diameters, and "o" represents the
standard deviation (variation). 5[0072]        Referring to FIG. 13, it is
found that the diameter of the initial ball lla bonded to each pad surface
2 is smaller in the practical example than in the comparative example. That
is, the deformation area lib of each initial ball lla due to 10 bonding is
smaller in the practical example than in the comparative example. As a
result, it can be concluded that in the practical example, spirally
rotating the capillary 12 for scrubbing motion allows the deformation area
lib of each initial ball lla to be reduced when the initial ball 11a is 15
bonded to each pad surface 2. 



[Evaluation of the Second Bonding Step] [0073]          The tensile
strength of the bonding wire 11 bonded to the lead surface 4 in the second
bonding step was next 20 evaluated. [0074]        The second bonding step
was performed under the following experimental conditions: (For the
practical example) 25 - Duration of ultrasonic vibration: 4ms,  Load on the
capillary: 50gf,  Duration of loading: 7ms,  Scrubbing motion: spiral with
a maximum diameter of 5pm and a frequency of 350Hz by 3 revolutions, and
(For the comparative example)  Duration of ultrasonic vibration: 4ms,  Load
on the capillary: 50gf,  Duration of loading: 7ms, 5 - Scrubbing motion:
linear with a maximum length of 6pm by 3 strokes. 



[0075]        FIG. 14(a) is a close-up photo of lead surfaces in the
comparative example and FIG. 14(b) is a close-up photo of lead 10 surfaces
in the practical example. In FIGs. 14(a) and 14(b), lead surfaces 4 are
arranged around a semiconductor device 1. In each close-up photo, wide
strips extending vertically, horizontally, and obliquely correspond to the
respective lead surfaces 4, the center circle on each lead surface 4
corresponds 15 to impressions of the capillary 12, and the line extending
from the impression along each lead surface 4 corresponds to the bonding
wire 11. As is clear from the comparison between FIGs. 14(a) and 14(b),
bringing the capillary 12 into pressure contact with each lead surface 4
causes only a less-visible 20 impression in the comparative example, while
a clearly visible impression in the practical example, that is, the bonding
wire 11 can be cut more reliably. [0076] For evaluation of the tensile
strength of the bonding 25 wire 11, the tensile strength of the bonding
wires 11 bonded to the respective twelve lead surfaces 4 that were provided
on the semiconductor device 1 were measured. It is noted that the number of
measurements was twelve, corresponding to the number of lead surfaces 4
provided on the semiconductor device  1. [0077]        FIG. 15 shows the
tensile strength of the bonding wires 11 as a result of evaluation of the
practical and comparative 



5 examples under the foregoing conditions. It is noted that in FIG. 15,
"Bonding width" represents the width of each bonding wire 11 bonded to each
lead surface 4, and "Tensile strength" represents the tensile strength of
each bonding wire 11 bonded to each lead surface 4. "Max" represents the
maximum value 10 among the measured parameters, "Min" represents the
minimum value among the measured parameters, "Ave" represents the average
value of the measured parameters, and "a" represents the standard deviation
(variation). [0078] 15Referring to FIG. 15, it is found that the tensile
strength in the practical example is approximately the same as that in the
comparative example. As a result, it can be concluded that in the practical
example, spirally rotating the capillary 12 for scrubbing motion allows the
bonding wire 11 20 bonded to each lead surface 4 to be cut reliably with
less reduction in the tensile strength of the bonding wire 11. [0079] Thus,
in accordance with the wire-bonding apparatus 10 and the bump-bonding
apparatus 30 according to the 25 above-described embodiments, when the
initial ball lla is in pressure contact with the pad surface 2, 8 of the
semiconductor device 1, 7, rotating the capillary 12 causes the pad surface
2, 8 and the initial ball Ha to be rubbed together while in pressure
contact with each other and thereby the initial ball  11a to be bonded to
the pad surface 2, 8. In this case, spirally rotating the capillary 12
allows the force applied to the initial ball 11a to be converged toward the
center of rotation and thereby the time and distance where the pad surface
2, 8 5 and the initial ball lla are rubbed together at the maximum diameter
to be reduced while being secured sufficiently. This allows the deformation
area 11b of the initial ball 11a formed due to the movement of the
capillary 12 to be reduced, whereby the accuracy of bonding can be improved
and the pad pitch 



10 serving as the distance between the pad surfaces 2, 8, can be reduced.
[0080]        Specifying the position where the initial ball 11a comes into
contact with the pad surface 2, 8 as a reference position, 15 spirally
rotating the capillary 12 while increasing the diameter of the spiral, and
thereafter spirally rotating the capillary 12 while reducing the diameter
of the spiral to recover the reference position allows the gap between the
position where the initial ball 11a is brought into pressure 20 contact
with the pad surface 2, 8 and the position where the initial ball 11a is
bonded to the pad surface 2, 8 to be reduced. This allows the accuracy of
bonding to be further improved and the pad pitch serving as the distance
between the pad surfaces 2, 8, to be further reduced. 25[0081]        In
accordance with the wire-bonding apparatus 10 according to the first
embodiment, when the capillary 12 and the bonding wire 11 inserted through
the capillary 12 are in pressure contact with the lead surface 4 of the
substrate 3,  the bonding wire 11 is bonded to the lead surface 4 and
placed between the capillary 12 and the lead surface 4 to be cut. Then
spirally rotating the capillary 12 causes the capillary 12 to be rubbed
spirally on the lead surface 4 while in pressure 5 contact with each other,
whereby the bonding wire 11 can be cut reliably with a reduced possibility
of cutting error. [0082]        Specifying the position where the capillary
12 and the bonding wire 11 come into contact with the lead surface 4 as 10
a reference position, spirally rotating the capillary 12 while increasing
the diameter of the spiral, and thereafter spirally rotating the capillary
12 while reducing the diameter of the spiral to recover the reference
position allows the gap between the position where the capillary 12 is
brought into pressure 15 contact with the lead surface 4 and the position
of an impression produced on the lead surface 4 when the capillary 12 is
brought into pressure contact therewith to be reduced. This allows the
accuracy of bonding to be further improved and the lead pitch, the distance
between the lead surfaces 4, to 20 be further reduced. [0083] The present
invention is not restricted to the preferred 



embodiments described heretofore. Although the scrubbing motion is a simple
spiral rotation of the capillary 12 in the 25 above description of the
embodiments, if the pad surface 2, 8 or the lead surface 4 is formed
(linearly) in a strip having a predetermined width to extend in a
predetermined direction, the capillary 12 can be rotated spirally in a
flattened manner along the direction of extension of the pad surface 2, 8
or  the lead surface 4 as shown in FIGs. 16 and 17, for example. That is,
the capillary 12 can be rotated spirally along an ellipse having a long
axis in the direction of extension of the pad surface 2, 8 or the lead
surface 4 and a short axis 5 in the direction perpendicular to the
direction of extension. FIG. 16(a) illustrates a movement trajectory of the
capillary when rotated spirally in an obliquely flattened manner and FIG.
16(b) illustrates a command position for driving the X-axis linear motor
and the Y-axis linear motor in the case of FIG. 10 16(a). FIG. 17(a)
illustrates a movement trajectory of the capillary when rotated spirally in
a laterally flattened manner and FIG. 17(b) illustrates a command position
for driving the X-axis linear motor and the Y-axis linear motor in the case
of FIG. 17(a). 15[0084] In the case of bonding the initial ball 11a to the
pad surface 2, 8, the capillary 12 is rotated spirally in a flattened
manner along the direction of extension of the pad surface 2, 8, which
allows the shape of the initial ball lla 



20 to be bonded to the pad surface 2, 8 to be accommodated to the shape of
the pad surface. This allows the accuracy of bonding to be improved even
for the pad surface 2, 8 extending in any direction. In contrast, in the
case of bonding the bonding wire 11 to the lead surface 4, the capillary 12
is rotated 25 spirally in a flattened manner along the direction of
extension of the lead surface 4, which allows the shape of an impression of
the capillary 12 produced on the lead surface 4 to be accommodated to the
shape of the lead surface 4. This also allows the accuracy of bonding to be
improved even for the lead  surface 4 extending in any direction. [0085]
Although the capillary 12 is rotated spirally three revolutions as a
scrubbing motion in the above description of 5 the embodiments, any number
of revolutions can be adopted and there is no particular limitation on the
number of revolutions for the rotation with diameter increase, at the
maximum diameter, and with diameter reduction. However, the revolution at
the maximum diameter is preferably only one to 10 prevent the deformation
area 11b of the initial ball lla from expanding. 



[0086]          The present invention is applicable to bonding apparatuses
that perform bonding onto a bonding target such 15 as a semiconductor
device. [0087]        It should be appreciated that the present invention
is not limited to the embodiments described above, and other modifications
can be made to the apparatus and the method 20 described above without
departing from the scope of the invention as defined by the appended
claims. REFERENCE NUMERALS [0088] 25 1Semiconductor device 2Pad surface
3Substrate 4Lead surface 6Substrate  7Semiconductor device 8Pad surface
10Wire-bonding apparatus 



11Bonding wire 5 11a Initial ball llb Deformation area 12Capillary
13Ultrasonic horn 14Bonding arm 10 15Bonding head 16Arm drive motor
17Bonding stage 18Movement mechanism 18a X-axis linear motor 15 18b Y-axis
linear motor 20Control unit 21Arm drive motor I/F 22Ultrasonic horn I/F
23X-axis linear motor I/F 



20 24Y-axis linear motor I/F 25Input unit 26Output unit 27Memory 28CPU 25
30Bump-bonding apparatus 40Control unit 0Reference position  CLAIMS 1.A
method of manufacturing a semiconductor device comprising: 5a step of
preparing a bonding apparatus comprising:               a bonding stage for
placing a bonding target that is provided with a pad surface;
a capillary for inserting a bonding wire therethrough, the bonding wire
having an initial ball formed 10 at the tip end thereof; and
a control unit having pressure contact means for bringing the initial ball
into pressure contact with the pad surface of the bonding target placed on
the bonding stage and scrubbing means for spirally rotating the capillary
in a 



15 direction perpendicular to the direction of pressure on the initial ball
when the initial ball is in pressure contact with the pad surface;        a
pressure contact step of controlling the pressure contact means for
bringing the initial ball formed at the tip 20 end of the bonding wire that
is inserted through the capillary into pressure contact with the pad
surface of the bonding target placed on the bonding stage based on a
command from the control unit in the bonding apparatus; and a scrubbing
step of controlling the scrubbing means for 25 spirally rotating the
capillary in a direction perpendicular to the direction of pressure on the
initial ball when the initial ball is in pressure contact with the pad
surface based on a command from the control unit in the bonding apparatus.
2.The method of manufacturing a semiconductor device according to claim 1,
wherein the scrubbing step comprises specifying the position where the
initial ball comes into contact with the pad surface as a reference
position, spirally 5 rotating the capillary from the reference position
while increasing the diameter of the spiral, and thereafter spirally
rotating the capillary while reducing the diameter of the spiral to recover
the reference position. 10 3.The method of manufacturing a semiconductor
device according to claim 1, wherein the scrubbing step comprises, when the
pad surface has an extended shape, spirally rotating the capillary in a
flattened manner along the direction of extension of the pad surface. 



15 4.A bonding apparatus comprising:        a bonding stage for placing a
bonding target that is provided with a pad surface;          a capillary
for inserting a bonding wire therethrough, 20 the bonding wire having an
initial ball formed at the tip end thereof; and        a control unit
having pressure contact means for bringing the initial ball into pressure
contact with the pad surface of the bonding target placed on the bonding
stage and scrubbing 25 means for spirally rotating the capillary in a
direction perpendicular to the direction of pressure on the initial ball
when the initial ball is in pressure contact with the pad surface.   5. A
method for manufacturing a semiconductor device comprising: a step of
preparing a bonding apparatus comprising:                  a bonding stage
for placing a bonding target that 5 is provided with a lead surface;
a capillary for inserting a bonding wire therethrough; and               a
control unit having pressure contact means for bringing the capillary and
the bonding wire inserted through 10 the capillary into pressure contact
with the lead surface of the bonding target placed on the bonding stage and
scrubbing means for spirally rotating the capillary in a direction
perpendicular to the direction of pressure on the capillary when the
capillary is in pressure contact with the lead surface; 15 a pressure
contact step of controlling the pressure contact means for bringing the
capillary with the bonding wire inserted therethrough and the bonding wire
inserted through the capillary into pressure contact with the lead surface
of the bonding target placed on the bonding stage based on a 20 command
from the control unit in the bonding apparatus; and        a scrubbing step
of controlling the scrubbing means for spirally rotating the capillary in a
direction perpendicular to the direction of pressure on the capillary when
the capillary is in pressure contact with the lead surface based on a
command 



25 from the control unit in the bonding apparatus.  6. The method of
manufacturing a semiconductor device according to claim 5, wherein the
scrubbing step comprises specifyingthepositionwherethecapillarycomes into
contact  with the lead surface as a reference position, spirally rotating
the capillary from the reference position while increasing the diameter of
the spiral, and thereafter spirally rotating the capillary while reducing
the diameter of the 5 spiral to recover the reference position.  7. The
method of manufacturing a semiconductor device according to claim 5,
wherein the scrubbing step comprises, when the lead surface has an extended
shape, spirally rotating 10 the capillary in a flattened manner along the
direction of extension of the lead surface.  8. A bonding apparatus
comprising:            a bonding stage for placing a bonding target that is
15 provided with a lead surface; a capillary for inserting a bonding wire
therethrough; and       a control unit having pressure contact means for
bringing the capillary and the bonding wire inserted through the 20
capillary into pressure contact with the lead surface of the bonding target
placed on the bonding stage and scrubbing means for spirally rotating the
capillary in a direction perpendicular to the direction of pressure on the
capillary when the capillary is in pressure contact with the lead surface.
25 






