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Specif ication

Title of the Invention:

Wire bonding method and apparatus

Detailed Description of the Invention:

[0001]
[Field of the invention]

The present invention relates to a wire boding method and
apparatus which gives a 1locad and ultrasonic wave vibration
between a wire and a connection pad and bonds the wire to the
connection pad, and more particularly to a wire boding method
and apparatus that is capable of managing an amount of
transformation of the wire so that stable boding strength can
be obtained.

[00062)
[Background art]
The wire boding method, for giving a load and ultrasonic wave

vibration between a wire and a connection pad and bonding the
wire to the connection pad, has widely been used in fabricating
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electronic components such as semiconductor chips.

[0003]

Figure 14 is a diagram showing the situation of a wire bonded
on a connection pad, Figure 14A showing the front view and
Figure 14B showing the top view.

In this wire bonding method, as shown in Figure 14, the wire 1
is placed on the connection pad 2, and a bonding wedge 3 is
brought into contact with this wire 1. Then, a load is exerted
downward by the bonding wedge 3, whereby the load is given
between the wire 1 and the connection pad 2. Next, the bonding
wedge 3 is given ultrasonic wave vibration in the direction of
arrow L shown in Figure 14A, whereby ultrasonic wave vibration
is given between the wire 1 and the connection pad 2.

[0004]

With the load and the ultrasonic wave vibration, the wire 1
(indicated by a broken line) is crashed downward and spreads on
both sides, and the contacting areas of the wire 1 and the
connection pad 2 are bonded with each other. The upper surface
la of the wire 1 is flattened and the width in the longitudinal
direction of the wire 1 becomes substantially constant. The
width nw of the wire 1 after transformation is called nugget
width.

{0005]

As the method of managing a load and ultrasonic wave vibration
which are given between the wire 1 and the connection pad 2,
there are two methods: a method of managing the time of giving
a load and ultrasonic wave vibration and a method of managing
the transformation amount of a wire which is crashed in the
direction of exerting a load. In general, even if the same
load and the same ultrasonic wave vibration are given, the
transformation amount of a wire will vary. For this reason,
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the method of managing the transformation amount of a wire is
able to transform a wire with a higher degree of accuracy. The
wire bonding method, which manages the transformation amount of
a wire, is disclosed, for example, in a microfilm for Japanese
Utility Model Application No. 56-22139 (Japanese Utility Model
Laid~Open No. 57-135736).

{06006]

Figure 15 is a side view of the wire and the connection pad of
Figure 14 taken in the direction of arrow AR shown in Figure 14.

In the wire bonding method which manages the transformation
amount of a wire, the movement quantity of the bonding wedge 3
is considered to be the transformation amount of the wire 1,
and the movement quantity of the bonding wedge 3 is measured.
Although the transformation amount of the wire 1 is ideal to
measure the entire transformation amount ¢, practically an
amount of transformation ) 1is measured. An amount of
transformation a indicates the quantity that the wire 1 is
slightly transformed by the load exerted via the bonding wedge
3 when the bonding wedge 3 moving downward is brought into
contact with the wire 1. This amount of transformation a is
outside the management of the transformation amount of a wire.

[00G7]

A conventional wire bonding apparatus uses, for example, the
dead load of a horn {not shown}), which supports the bonding
wedge 3, to exert the load to the wire 1. If the bonding wedge
3 is lowered and brought into contact with the wire 1, the wire
1 is transformed in a moment. For this reason, it is difficult
to set an amount of transformation to zero {initial wvalue) by
grasping the moment that the bonding wedge 3 is brought into
contact with the wire 1. For this reason, this apparatus sets
a time period enough for the bonding wedge 3 to abut and
transform the wire 1 from the time when the bonding wedge 3 is
lowered. At the time that the set time period has elapsed
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since the bonding wedge 3 was lowered, ultrasonic wave
vibration is applied, and at the same time, the transformation
amount of the wire is set to 0. In this way, the amount of
transformation b is measured.

[0008]
[Problems to be solved by the invention]

However, the conventional wire bonding method and apparatus,
which manage the transformation amount of a wire, has the
disadvantage that the entire transformation amount of the wire
1 will vary greatly, although the amount of transformation b is
accurately managed to exert the load and ultrasonic wave
vibration between the wire 1 and the connection pad 2.

[0009]

It is considered that the variation in the entire
transformation amount of the wire results from variations in
the positional accuracy of setting works (connection pads and
wires), the wire diameter, the thickness of the connection pad,
the speed (shock load) at which the bonding wedge 3 abuts, and
the like. However, after all, the wvariation in the
transformation amount of the wire is due to the amount of
transformation a, which is outside the management.

[0010]

When an amount of transformation al is small, as shown in
Figure 16A, the entire transformation amount cl of the wire 1
becomes ¢l = al + b. When an amount of transformation a2 is
large, as shown in Figure 16B, the entire transformation amount

c2 of the wire 1 becomes ¢2 = a2 + b. The difference Aa
between the quantities of transformation al and a2, as it is,

becomes the difference Ac Dbetween the quantities of
transformation cl and c2.



~a)

[0011]

The present invention has been made in order to solve the
aforementioned problems. Accordingly, the object of the
present invention is to provide a wire bonding method and a
wire bonding apparatus which reduces a variation in the entire
transformation amount of a wire to enhance the reliability of
the wire-bonding strength. .

[0012]
{Summary of the invention]

In accordance with one aspect of the present invention, there
is provided a wire bonding method for bonding wires to
connection pads, comprising: a locading step for transforming
the wires by touching the wires to a bonding wedge to apply a
predetermined load between the wires and connection pads; a
time controlling step for providing a predetermined ultrasonic
wave vibration with the predetermined load for a predetermined
time through the bonding wedge after transforming the wires in
the loading step; and a transformation amount controlling step
for providing the predetermined ultrasonic wave vibration with
the predetermined load between the wires and connection pads,
while measuring an amount of wire transformation until the
amount of wire transformation reaches a predetermined set
value, the amount of wire transformation being set at an
initial value, the transformation being directed to the loading

after wearing the predetermined time in the time controlling
step.

{0013]

In accordance with another aspect of the present invention,
there is provided a wire bonding apparatus for bonding wires to
connection pads, comprising: load applying means for touching
the wires to a bonding wedge to apply a predetermined load
between the wires and connection pads; ultrasonic wave
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vibration providing means for providing a predetermined
ultrasonic wave vibration between the wires and connection pads
through the bonding wedge; transformation amount measuring

means for measuring an amount of wire transformation; and
control means for controlling operation of the lcad applying
means, the ultrasonic wave vibration providing means and the
transformation amount measuring means; wherein the control
means performs control so that: first, the load applying means
touches the wires to the bonding wedge, applies the
predetermined 1load between the wires and connection pads
through the bonding wedge, and transforms the wires; then, the
load applying means applies the predetermined load for a
predetermined time, and at the same time, the ultrasonic wave
vibration providing means provides the predetermined ultrasonic
wave vibration for the predetermined time; after the
predetermined time, the transformation amount measuring means
sets the amount of wire transformation at an initial wvalue, and
the ultrasonic wave vibration providing means provides the
predetermined ultrasonic wave vibration, while the
predetermined load is being applied by the load applying means,
until the amount of wire transformation measured by the

transformation amount measuring means reaches a predetermined
set value,

then, the load application means applies the predetermined load
for a predetermined time, and at the same time, the ultrasonic
wave vibration providing means applies the predetermined
ultrasonic wave vibration for the predetermined time;

after the predetermined time, the transformation amount
measuring means sets the transformation amount of the wire to
an initial value, and the ultrasonic wave vibration providing
means applies the predetermined wultrasonic wave wvibration
between the wire and the connection pad, while the
predetermined load is being applied by the load applying means,
until the transformation amount measured by the transformation
amount measuring means reaches a predetermined set value.
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[0014]
[Preferred embodiment]

Preferred embodiments of a wire bonding method and apparatus
according to the present invention will hereinafter be
described with reference to the drawings.

[0015]
First Embodiment

Figure 1 is a schematic diagram of an ultrasonic bonder
according to a first embodiment of this invention.

The directions in this ultrasonic bonder 100 will be expressed
by the direction of the bonder 100 viewed in the direction of
arrow A in Figure 1. For instance, the left side in Figure 1
is referred to as front side or this side, and the right side
is referred to rear side or depth side. In other figures,
these expressions will also be used.

[0016]

In Figure 1, control means 11 with the control circuit 200 (not
shown) of the ultrasonic bonder 100 is provided on the depth
side of a bed 10. BAn Y-table 15 movable in the right-and~left
direction is provided on this side of the bed 10, and an
X-table 16 movable in thes fore-and-aft direction is provided on
the Y-table 15. A work 17 is mounted on this X-table 16.

[0017]

Above the work 17 mounted on the X-table 16, there is provided
a horn 22 which has a bonding wedge 21 attached to its front
end portion. The horn 22 extends in the fore-and-aft
direction. The rear end of the horn 22 is connected to an
ultrasonic vibrator 23, which is in turn supported on a support
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nember 25. These constitute an ultrasonic-vibration drive
section 12. The ultrasonic-vibration drive section 12 is

provided on the central portion on the front side of the
control means 11.

[(0018]

Above this side of the ultrasonic bonder 100, a microscope 13
is supported by a support arm 14. The support arm 14 1is
mounted on the front portion of the upper surface lla of the
control means 11. The operation of bonding a wire to the work
17 is performed below the microscope 13.

{0019]

Figure 2 is a diagram showing the construction of the
ultrasonic-vibration drive section shown in Figure 1.

As described supra, the bonding wedge 21 is attached to the
front end portion of the horn 22. The rear end of the horn 22
is connected to the ultrasonic wvibrator 23, which is in turn
supported on one side of the L-shaped support member 25. On
the side surface of the other side of the I-shaped support
member 25, the side surface of one end of an L-shaped link
member 26 that extends downward is mounted. The support member
25 and the link member 26 are supported on a pivot shaft 24
fixed teo the main body of the ultrasonic bonder 100 and rotate
as one body on the pivot shaft 24. On the other end of the
L-shaped 1link member 26, there is provided a wheel 27 which
rotates along a cam 33. .

[0020]

The cam 33 1is supported on the driving shaft 32 of a cam
driving motor 31 mounted on the main body of the ultrasonic
bonder 100. The cam driving motor 31 rotates the cam 33 via
the driving shaft 32 in the directions of arrow C shown in
Figure 2. A shaft member 28 is provided on the other end of
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the support member 25. The shaft member 28 is provided with a
balancer 29 movable in the directions of arrow D shown in
Figure 2.

[0021]

The front end portion of the horn 22 with the bonding wedge 21
attached thereto tries to rotate on the pivet shaft 24 in the
direction of arrow A in Figure 2 by the dead loads of the horn
22, the support member 25 and the like. During the stand-by
state of the ultrasonic bonder 100, the wheel 27 provided on
the other end of the link member 26 abuts the cam 33, whereby
the positions of the horn 22, the support member 25 and the
link member 26 are regulated.

[0022]

During the operation of the ultrasonic bonder 100, the cam 33
is driven by the cam driving motor 31, and the cam 33 rotates
in the direction in which the radius becomes small. As a
result, the link member 26 rotates in the direction of arrow B
shown in Figure 2, and the front end portion of the horn 22
rotates in the direction of arrow A. In this way, the bonding
wedge 21 1is lowered. If the cam 33 further rotates, the
bonding wedge 21 abuts the work 17 shown in Figure 1 and
therefore a load is exerted on the work 17 by the dead loads of
the horn 22, the support member 25 and the like. At this time,
the wheel 27 provided on the other end of the link member 26 is
positioned near the cam 33. The load to exerted on the work 17
is adjusted in advance by the balancer 29 movable in the
direction of arrow D with respect to the shaft member 28.

{0023}

In addition, during the operation of the ultrasonic bonder 100,
ultrasonic wave vibration is issued by the ultrasonic vibrator
23. This ultrasonic wave vibration is amplified by the horn 22
and transmitted to the front end portion of the horn 22. The
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front end portion of the horn 22 vibrates in the direction of
arrow L in Figure 2, whereby the bonding wedge 21 vibrates.

[0024]

A displacement sensor 34, mounted on the main body of the
ultrasonic bonder 100, is provided under the lower surface 25a
of the support member 25. The displacement sensor 34 is
constructed, for example, of an electrostatic capacity type of
non-contact displacement sensor and senses a gap length between
it and the lower surface 25a of the support member 25. The
displacement sensor 34 is used to measure the quantity of
movenent that the lower surface 25a of the support member 25
moves downward. The quantity of movement that the bonding
wedge 21 moves downward is calculated from the guantity of
movement measured by the displacement sensor 34.

[0025]

Figure 3 shows the schematic construction of the control
circuit of the ultrasonic bonder shown in Figure 1. The
control circuit 200, as shown in Figure 3, is equipped with
system control means 41, memory 42, an X-stage motor driver 43,
an Y-stage motor driver 44, a cam motor driver 45, an
ultrasonic oscillator 46, and a data converting section 47.
These are interconnected by a bus 48.

{002¢6]

The system control means 41 controls the entirety of the
ultrasonic bonder 100,' based on programs, data and the like
stored in the memory 42. The memory 42 is constructed of a
read-only memory {ROM}, a random access nmemory {RAM) and the
like. The X-stage motor driver 43 is a drive c¢ircuit that
drives an X-table driving motor 35 for moving the X-table 16.
The Y-stage motor driver 44 is a drive circuit that drives an
Y-table driving motor 36 for moving the Y-table 15. The cam
motor driver 45 is a drive circuit which drives a cam driving
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motor 31.

[0027}

The ultrasonic oscillator 46 is a drive circuit that applies
voltage to an ultrasonic vibrator 23 to vibrate the vibrator 23
at a predetermined oscillation frequency. Note that an
oscillation frequency is arbitrarily settable. The data
converting section 47 converts a detection signal (analog
signal} sensed by the displacement sensor 34 to digital data.

[(0028]

The memory 42 stores a transformation-amount arithmetic table
51. The transformation-amount arithmetic table 51 correlates
the movement quantity of the lower surface 25a of the support
member 25, sensed by the displacement sensor 34 and converted
to digital data by the data converting section 47, with the
movement quantity of the bonding wedge 21. The system control
means 41 calculates the movement quantity of the bonding wedge
21 that corresponds to the movement gquantity of the Ilower
surface 25a of the support member 25 output from the data
converting section 47, by making reference to the
transformation-amount arithmetic table 51. This movement

quantity of the bonding wedge 21 means the transformation
amount of a wire.

[0029]

The ultrasonic bonder 100 is used, for example, in assembling a
head suspension assembly (HSA} which is wused in a hard-disk
drive (HDD} unit.

[0030]

Figure 4 is a schematic diagram showing the construction of a
suspension arm, and Figure 5 is a diagram showing a wire
bonding method for a HSA.
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The HSA is provided with a head slider 80 (Figure 5), which has
magnetic read and write heads, at the point end portion of a
suspension arm 300. The HSA mounts wires 71 to 74, which
electrically connect these magnetic heads with a hard-disk
controller, on the suspension arm 300.

[0031]

The HSA is attached to the actuator of the HDD unit and rotates
on a plane parallel with the recording surface of the magnetic
disk. The rotation of the HSA causes the magnetic read and
write heads to move nearly in the vradial direction of the
magnetic disk, whereby data at any position on the recording
surface of the magnetic disk is accessed.

-[0032]

The suspension arm 300, as shown in Figure 4, is constructed by
integrally stacking a load beam 301, a base plate 302, and a
flexure 303. The suspension assembly 300 is approximately
symmetrically formed with respect to a center axis {(not shown) .

[0033]

The load beam 301 is formed from stainless steel with a
thickness of about 0.05 mm. The rear end portion of the load
beam 301 is formed into approximately a rectangle, while the
point end portion is formed such that the width becomes smaller
as it goes toward the point end.

{0034]

On the upper surface of the rear end portion of the load beam
301, the base plate 302 of nearly the same configuration as
this rear end portion is stacked. The base plate 302 is
constructed from stainless steel about 0.02 mm in thickness
(excluding a boss 311a). The load beam 301 and the base plate
302 are integrally formed at a plurality of points by spot
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welding.
[{0035]

The load beam 301 and the base plate 302 are provided with an
attaching hole 311 which is attached to the actuator. A
reinforcing boss 31la is provided around the attaching hole
3i1. The load beam 301 is provided with an opening 312 for
giving elasticity to the load beam 301. The load beam 301 is
also provided with holes 313, 314, 315, 316, and 317 in order
to reduce the weight of the load beam 301. These holes are
used in assembling the HSA.

{0036]

The hole 317 is provided for bonding the wires 71 to 74 to the
bonding pads 81 to 84 (Figure 5) of the head slider 80. A
gimbal pivot 318 which projects downward is provided behind the
hole 317.

[0037]

The load beam 301 is provided at both side portions with ribs
321 and 322 for ensuring the rigidity of the load beam 301.

Caulking portions 323 and 324 are provided on one side of the
rear end portion of the load beam 301.

[0038]

The flexure 303 is provided on the lower surface of the point
end portion of the load beam 301. The flexure 303 is
constructed of stainless steel with a thickness of about 0.02
mm. The rear end of the flexure 303 is formed integrally with
the load beam 200 by adhesion or spot welding. The point end
of the flexure 303 abuts the gimbal pivot 318 of the load beam
301 and is supported at one point by the gimbal pivot 318. As
described infra, the head slider 80 is glued to the lower
surface of the point end portion of the flexure 303. With this
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arrangement, the head slider 80 is supported at one point on
the gimbal pivot 317 through the flexure 303 and becomes
slightly tiltable in any direction.

[0039]

A tub frame 304 is provided on the point end side of the load
beanm 301 and constructed of an A-side frame 331, a B-side frame
332, and a C-side frame 333 disposed to enclose the
circumference of. the load beam 301. The tub frame 304 is
formed integrally with the flexure 303. The A-side frame 331
is connected at two points with the flexure 303 and is also
connected at two points with the C-side frame 333. The B-side
frame 332 is connected at two points with the flexure 303 and
is also connected at two points with the C-side frame 333. The
reason why fhey are thus connected at points is for
facilitating disconnecting them from one another.

[G040]

The C-side frame 333 is equipped with a first plane portion
333a to which the A-side frame 331 and the B-side frame 332 are
connected, a stepped portion 333b bent at substantially a right
angle to the first plane portion 333a to form a stepped
portion, and a second plane portion 333c (Figure 5) bent at
substantially a right angle to the stepped portion 333b. The
first plane portion 333a is provided on nearly the same plane
as the flexure 303. on the other hand, the second plane
portion 333c is provided on nearly the same plane as the merge
lip 319 of the load beam 301.

[0041]

The wires 71 to 74 are bundled by tube 70 and caulked by the
caulking portions 323 and 324 of the load beam 301. The wires
71 to 74 are led from the rear end of the load beam 301 to the
point end, while they are being fixed at predetermined
positions on the load beam 301 by an adhesive agent. The wires
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71 to 74 are divided at the opening 312 into wires 71, 72 and
wires 73, 74 and are led from the rear end of the suspension
arm 300 to the point end approximately symmetrically with
réépect to the center axis of the suspension arm 300. The
wires 71 and 72 are separately divided at the hole 313, while
the wires 73 and 74 are separately divided at the hole 314.
The wires 71 to 74 pass over the hole 317 of the load beam 301;
cross one another at the merge lip 319; and are led to the
second plane portion 333c of the C-side frame 333. The wires
71 to 74 are mounted on the second plane portion 333¢ by means
of an adhesive agent.

[0042]

The suspension arm 300 with the wires 71 to 74 mounted thereon
are inserted in a jig (not shown) along with the head slider
80. This jig not shown is mounted on the X-table 16 of the
ultrasonic bonder 100 shown in Figure 1. This jig is mounted
on the X-table 16 at a position where the detachment becomes
easy. Thereafter, the Y-table 15 and the X-table 16 move so
that the hole 317 of the load beam 301 is positioned under the
bonding wedge 21.

[0043]

The suspension arm 300, as shown in Figure 5, is horizontally
supported on the jig (not shown). The head slider 80, on the
other hand, is wvertically stecod and is supported such that a
porticon thereof penetrates the hole 317 of the suspension arm
300 (load beam 301). Bonding pads 81 to 84 are disposed on the
upper surface of the head slider 80 at regular intervals. The
wires 71 to 74 are disposed in contact with or in close
proximity to the bonding pads 8l to 84 to be bonded. Any of
the wires 71 to 74 1is positioned under the bonding wedge 21,
and the corresponding pad on the head slider 80 is positioned
under the wire.
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[0044]

In bonding a wire, the bonding wedge 21 moves downward and
abuts, for example, the wire 71. The wire 71 is pushed against
the bonding pad 81. 1In this way, a predetermined load is given
between the wire 71 and the bonding- - pad 81, Then, the
ultrasonic wvibrator 23 shown in Figure 2 produces ultrasonic
wave vibration, based on a drive signal from the ultrasonic
oscillator 46 shown in Figure 3. The bonding wedge 21 vibrates
in a direction (fore-and-aft direction ¢of the ultrasonic bonder
100) parallel with the center axis of the suspension arm 300.

[0045]

The bonding pads 81 to 84 on the head slider 80 are each
constructed by coating the surface of copper with gold, and
each bonding surface is formed into a 0.1 to 0.2 mm square.
The wires 71 to 74 have a three-layer construction, in which a
copper wire is coated with gold and then the coating of gold is

covered with an insulator. 1In the bonding portion of each of
the wires 71 to 74, the insulating film of the outmost layer is
removed so that the gold layer is exposed. The wire diameter

of this bonding portion is 30 to 50 um.

[0C46]

If the wire bonding operation for the wires 71 to 74 ends, the
point portions of the wires 71 to 74 beyond the bonding pads 81
to 84 are cut off. The tub frame 304 is cut off from the
flexure 303, because the tub frame 304 has ended the role of
positioning the wires 71 to 74. The head slider 80 is rotated
in the direction of arrow A shown in Figure 5 and glued to the
lower surface of the flexure 303. The wires 71 to 74 bonded to
the bonding pads 81 to 84 are bent downward by the rotation of
the head slider 80. '
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[6047]

Now, a description will be given of the wire bonding method in
the first embodiment.

Trial-and-error testing has been made in order to reduce a
variation in the transformation amount of the wire and it has
been confirmed that the speed of transforming wire
(transformation amount/unit time) becomes lower with the lapse
of time. If ultrasonic wave vibration is given between the
wire and the bonding pad, the wire will rapidly be crashed and
then the amount of the crash will gradually be reduced.

[0048]

Furthermore, trial-and-error testing has been made and it has
been confirmed that, depending on a difference in the wire
transformation amount A when the bonding wedge 21 is caused to
move downward and abut the wire, the wire transforming speed,
which is obtained when ultrasonic wave vibration is given after
the wire transformation amount A, varies. If the bonding wedge
21 is caused to move downward and abut the wire, the wire 1is
slightly transformed by the load exerted via the bonding wedge
21. This transformation amount A varies greatly and is
considered to be due to major causes such as positional
accuracy for setting works (connection pads and wires), the
speed at which the bonding wedge abuts the wire ({shock load)
and the like.

[0049]

In the case where the transformation amount A of the wire is
small, if ultrasonic wave vibration is given, the wire will
start transforming rapidly. On the other hand, in the case
where the transformation amount A of the wire is large, if
ultrasonic wave vibration is given, the wire will start
transforming slowly. From this fact it is considered that, at
the time a certain time period (sufficiently shorter than
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bonding time)} has elapsed since ultrasonic wave vibration was
given, a wvariation of the wire transformation amount A is
absorbed and the entire transformation amount of the wire
becomes constant. Hence, the wire bonding method in the first
embodiment manages a time period, during which a load and
ultrasonic wave vibration are given between the wire and the
connection pad, until a certain time period has elapsed since
the ultrasonic wave vibration was given. After the certain
time period has elapsed, the wire bonding method manages the
transformation amount of the wire that is crashed in the
direction in which the load is exerted.

[0050]

Figure 6 is a diagram showing the wire bonding method of the
first embodiment.

For instance, assume that the wire 71 is pushed against the
bonding pad 81 by the bonding wedge 21 so that a predetermined
load and a predetermined ultrasonic wave vibration are given
between the wire 71 and the bonding pad 81, as shown in Figure
6. In this wire bonding method, the entire transformation
amount D of the wire 71 1is divided into transformation
quantities A, B, and C.

[0051]

The transformation amount A indicates the guantity that the
wire 71 transforms slightly by the load exerted via the bonding
wedge 21 when the bonding wedge 21 abuts the wire 71. As
described supra, this transformation amount A varies greatly.
This transformation amount A is not measured. For this reason,
time T1 enough for the bonding wedge 21 to abut and transform
the wire 71 from the start of the downward movement of the
bonding wedge 21 is set in advance. If this set time T1
elapses from the start of the downward movement of the bonding

wedge 21, ultrasonic wave vibration is given via the bonding
wedge 21.
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f0052}

The transformation amount B indicates the quantity that the
wire 71 transforms until time T2 elapses from the time when
ultrasonic wave wvibration is given through the bonding wedge

21. The time T2 is previously set, since a variation in the
aforementioned transformation amount A 1is absorbed during the
time T2. When the transformation amount A 1s small, the
transformation amount B beconmes large, and when the

transformation amount A is large, the transformation amount B
becomes small. The transformation amount A + B, therefore, is
kept substantially constant.

[0053}

The transformation amount C is managed by the ultrasonic bonder
100. If time T2 elapses, the transformation amount of the wire
71 is set to 0 and the measurement of the transformation amount
of the wire 71 is started. And until a transformation amount
to be measured reaches the preset transformation amount C, a
predetermined load and ultrasonic wave vibration are given via
the bonding wedge 21.

{0054}

This transformation amount is measured by the displacement
sensor 34 shown in Figure 2. The movement quantity of the
lower surface 25a of the support member 25 sensed by the
displacement sensor 34 is converted to digital data by the data
converting section 47. And the system control means 41 obtains
the movement quantity of the bonding wedge 21 (i.e., the
transformation amount of the wire) corresponding to the
movement quantity of the lower surface 25a of the support
member 25, by making reference to the transformation-amount
arithmetic table 51 stored in the memory 42.
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[0055]

Figure 7 is a timing diagram showing the wire bonding method of
the first embodiment.

Figure 7 schematically shows the relation between the
transformation amount of the wire and the bonding tine. This
bonding method includes a loading step, a time managing step,
and a transformation-amount managing step. The loading step
corresponds to transformation amount A (variable) and time T1
(fixed). The time managing step corresponds to transformation
amount B {variable} and time T2 (fixed) . The
transformation-amount managing step corresponds to
transformation amount C {(fixed) and time T3 {(variable}.

[0056]

At point Pl, the bonding wedge 21 abuts the wire 71, whereby a

load is exerted on the wire 71. With this load, the wire 71
transforms by the transformation amount A, and the
transformation stops at point P2. The transformation amount A
varies greatly. At point P3 that the time T1 elapses,

ultrasonic wave vibration is - then exerted and the
transformation of the wire 71 is restarted. At this stage, a
variation in the transformation amount A is absorbed by the
transformation amount B and therefore a variation in the

transformation amount A + B become small. At point P4 that
time T1 + T2 elapses, the transformation amount A + B is
maintained substantially constant. At this point P4, the

transformation amount of the wire 71 is set to 0 and the
measurement of the transformation amount of the wire 71 is
started. BAnd until the transformation amount of the wire 71 to
be measured reaches the transformation amount C {point P53}, a
predetermined lcad and a predetermined ultrasonic wave

vibration are given. In this way, the transformation amount A
+ B is kept substantially constant at point P4, so that the
entire transformation amount D (= A + B + C) is also kept

substantially constant.
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[0057]

It is preferable that time T2 be in the order of tens of msec.
If time T2 is shorter than this, a wvariation in the
transformation amount A can not be sufficiently absorbed. If
time T2 is longer than tens of msec, a variation in the
transformation amount A 1is absorbed, and furthermore, a

variation occurs in the transformation amount B. For this
reason, a variation in the transformation amount A + B will
become great again. Note that time T3 corresponding to the

transformation amount C is in the order of 100 to 300 msec and
a great variation is recognized.

{0058]

Figure 8 is a diagram showing an example of the cdmparison of a
variation in the nugget width of the wire between a
conventional wire bonding method and the wire bonding method of
the present invention.

The transformation amount D of the wire, nugget width NW, and
wire-bonding strength are in a close relationship. If the
transformation amount D of the wire is too small, the nugget
width NW will become small and therefore the bonding area with
the bonding pad will become small. For this reason, the
wire-bonding strength is reduced. On the other hand, if the
transformation amount D of the wire is too large, the nugget
width NW will become large and therefore the bonding area with
the bonding pad will become large. For this reason, a crack
will occur in the boundary portion {heel portion) between a
transformed portion and an untransformed portion or in a £flat
bonding surface, and consequently, the wire-bonding strength
will be reduced.

[0058]

The wire bonding method of the present invention and a
conventional wire bonding method are compared from the relation
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between a transformation amount and a nugget width. It is
assumed that:

Wire diameter: 36 um

Time T2 in the present invention: 20 msec

Transformation amount C in the present invention: 9 um
Conventional transformation amount b: 8, 10, 12, 14, 16 um

(Transformation amount b: refer to Figure 15) A wvariation in
the nugget width NW is checked by varying the loading condition
for abutting the bonding wedge 21 with the wire 71. Note that
in the ultrasonic bonder 100, the transformation amount B is
also measurable. In Figure 8, therefore, the transformation
amount B + C is used.

{00601

As will be seen from Figure 8, in the conventional wire bonding
method, the nugget width nw will vary greatly if the loading
condition is wvaried. On the other hand, in the wire bonding
method according to the present invention, the transformation
amount B + C includes the transformation amount B and therefore
spreads in the lateral direction. From this fact it follows
that the transformation amount B wvaries greatly. However, the
nugget width NW is very stable because it is within a range of
50 to 60 um.

[0061]
Second Embodiment

Figure 9 is a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount B,

The bonding wedge 21 of the ultrasonic bonder 100 is an
expendable supply and is worn away according to the number of
times of the use of the bonding wedge 21. For this reason, the
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bonding wedge 21 will be exchanged if the number of times of
the use of the wedge 21 reaches a certain fixed number of
times.

[0062]

A variation in the nugget width has been investigated over the
service life of the bonding wedge 21, and it has been found
that the nugget width is maintained uniform at each occasion,
however, the nugget width becomes smaller, as the number of
times of the use of the bonding wedge 21 is increased.
Furthermore, a wvariation in the transformation amount B has
been investigated over the service life of the bonding wedge
21, and it has been found that the transformation amount B also
becomes smaller, as the number of times of the use of the
bonding wedge 21 is increased. As shown in Figure 9, the
transformation amount B is reduced approximately proportionally
with the number of times of the use of the bonding wedge Z1.

[0063]

Figure 10 is a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount of the wire.

As shown in Figure 10A, when the frequency use of the bonding
wedge 21 is low, proper transformation amount Bl corresponding
to the transformation amount A is obtained. Thereafter, the
wire 71 transforms by the transformation amount C and therefore
the entire transformation amcunt D1 of the wire 71 becomes:

Dl =A+ Bl +C

{0064]

On the other hand, as shown in Figure 10B, if the number of
times of the use of the bonding wedge 21 becomes high,
transformation amount B2 smaller than the transformation amount
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Bl 1is obtained. Therefore, if it is assumed that the

transformation amount A is the same, the entire transformation
amount D2 of the wire 71 becomes:

D2 =A + B2 +C

From this fact it follows that the difference AB between the
transformation amount Bl and the transformation amount B2 has a

great influence on the difference AD between the transformation
amount D1 and the transformation amount D2.

[0065]

Hence, the wire bonding method and apparatus of the second
embodiment compensates for a reduction in the transformation
amount B by the transformation amount C. Therefore, even in
the case where the bonding wedge is worn away and reduced in

ability, the transformation amount of the wire will properly be
obtained.

[0066]

Figure 11 is a schematic diagram showing the construction of
the control circuit of an ultrasonic bonder according to a
second embodiment of this invention. The ultrasonic bonder in
the second embodiment is the same as the first embodiment,
except that a transformation-amount setting table 52 is
provided in the memory 42. '

[0067]

Figure 12 1is a diagram showing the transformation~amount
setting table shown in Figure 11.

As shown in Figure 12, this transformation-amount setting table
52 correlates the number of times of the use of the bonding
wedge 21 with the transformation amount C. For example, in the
transformation-amount setting table 52, an amount of
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transformation €' is set such that it increments by 0.2 um,
each time the bonding wedge: 21 is used 2500 times. The

transformation amount C' indicates a difference with respect to
a reference amount of transformation COC.

[0068]

Returning to Figure 11, the memory 42 further stores the
reference transformation amount C0 and the number of times of
the use of the bonding wedge 21. The system control means 41
calculates the transformation amount C by adding the
transformation amount C' corresponding to the number of times
of the wuse of the bonding wedge 21 to the reference
transformation amount Co, making reference to the
transformation—-amount arithmetic table 51.

[0069]

Figure 13 is a diagram showing the wire bonding method of the
second embodiment.

When the number of times of the use of the bonding wedge 21 is
low, a proper transformation amount Bl corresponding to the
transformation amount A is obtained as shown in Figure 13A.
Thereafter, the wire 71 transforms by the transformation amount
Ccl, and consequently, the entire transformation amount D1 of
the wire 71 becomes:

Dl = A + Bl + C
[0070]

On the other hand, if the number of times of the use of the
bonding wedge 21 becomes high, a transformation amount B2
smaller than the transformation amount Bl is obtained as shown
in Figure 13B. For this reason, the transformation amount C2

in which a reduction AB in the transformation, amount B2 with
respect to this transformation amount Bl is added to the



26

transformation amount Cl is used. For this reason, when the
transformation amount A is assumed to be the same, the entire
transformation amount D2 of the wire 71 becomes:

it

D2 A + B2 + C2

= A + (Bl -AB) + (Cl + AB)
= A + Bl + Cl
= D1

Thus, even when the number of times of the use of the bonding
wedge 21 increases, nearly the same transformation amount of
the wire is obtained.

[0071]

In the conventional wire bonding method and apparatus, the
service life of the bonding wedge 21 is in the order of 20,000
times by reason that if the number of times of the use of the
bonding wedge 21 increases, an unnecessary portion of the wire
after bonding is difficult to cut. On the other hand, in the
wire bonding method and apparatus of the second embodiment, the
service life of the bonding wedge 21 has been improved to
40,000 times, because the second embodiment suitably
compensates for the transformation amount C in accordance with
the number of times of the use of the bonding wedge 21 and
obtains the transformation amount D which is approximately
constant. In this way, the second embodiment is able to reduce
the cost for bonding a wire.

[0072]
[Advantages of the invention]

Bccording to the wire bonding method and apparatus of this
invention, the bonding wedge first abuts the wire, whereby a
predetermined load is given between the wire and the connection
pad. This load causes the wire to transform. The
transformation amount of the wire varies greatly. Next,
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through this bonding wedge, the predetermined load and a
predetermined ultrasonic wave vibration are given between the
wire and the connection pad for a predetermined time, whereby

the wire is further transformed. In this way, a variation in
the transformation amount of the wire is absorbed and becomes
small. And the transformation amount of the wire to be

measured is set to an initial wvalue. Until the transformation
amount of the wire reaches a predetermined set wvalue, the
predetermined load and the predetermined ultrasonic wave
vibration are given between the wire and the connection pad,
while the transformation amount of the wire is being measured..

[0073}

Therefore, a variation in the transformation amount of the wire
can be reduced before the measurement of the transformation
amount of the wire is started. If the transformation amount of
the wire thereafter is managed, the entire transformation
amount of the wire can be reduced. Therefore, the reliability
of the wire-bonding strength can be enhanced.

{0074]

In addition, according to the wire bonding method and apparatus
of this invention, a set value for the transformation amount of
the wire is increased according to the number of times of the
use of the bonding wedge. For this reason, an amount of
transformation, for absorbing a wvariation in the transformation
amount of the wire caused when the bonding wedge is Dbrought
into contact with the wire, can be compensated by the set value
for the transformation amount of the wire, and consequently, a
constant transformation amount of the wire is obtainable over
the service life of the bonding wedge 21. As a result, the
reliability of the wire-bonding strength <can be further
enhanced.
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Brief Description of the Drawings:

Figure 1 is a schematic diagram showing the construction of an
ultrasonic bonder according to a first embodiment of this
invention;

Figure 2 is a diagram showing the construction of the
ultrasonic-vibration drive section shown in Figure 1;

Figure 3 is a schematic diagram showing the construction of the
control circuit of the ultrasonic bonder shown in Figure 1;

Figure 4 is a schematic diagram showing the construction of a
suspension arm;

Figure 5 is a diagram showing a wire bonding method for a HSA;

Figure 6 is a diagram showing the wire bonding method of the
first embodiment:

Figure 7 is a timing diagram showing the wire bonding method of
the first embodiment;

Figure 8 is a diagram showing an example of the comparison of a
variation in the nugget width of the wire between a
conventional wire bonding method and the wire bonding method of
the present invention;

Figure 9 is a diagram showing the transformation amount B which
varies according to the number of times of the use of the
bonding wedge;

Figure 10 is a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount of the wire;

Figure 11 is a schematic diagram showing the construction of
the control circuit of an ultrasonic bonder according to a
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second embodiment of this invention;

Figure 12 is a diagram showing the transformation-amount
setting table shown in Figure 11;

Figure 13 is a diagram showing the wire bonding method of the
second embodiment;

Figure 14 is a diagram showing the situation of wire bonded on
a connection pad, Figure 14A showing the front view and Figure

14B showing the top view;

Figure 15 is a side view of the wire and the connection pad
shown in Figure 14; and

Figure 16 is a diagram showing the relationship between
quantities of transformation a and ¢.

[Deécription of symbols]

10 ... Bed

11 ... Control means

12 ... Ultrasonic-vibration driving section
13 ... Microscope

14 ... Support arm

15 ... Y-table

16 ... X-table

17 ... Work

21 ... Bonding wedge

22 ... Horn

23 ... Ultrasonic vibrator
24 ... Pivot shaft

25 ... Support member

26 ... Link member

27 ... Wheel

28 ... Shaft member

29 ... Balancer

32 ... Shaft
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33 ... Cam

34 ... Distance sensor

35 ... X-table driving motor

36 ... Y-table driving motor

41 ... System control means

42 ... Memory

43 ... X-stage motor driver

44 Y-stage motor driver

45 ... Cam motor driver

46 ... Ultrasonic oscillator

47 ... Data converting section

48 ... Bus

51 . Transformation-amount arithmetic table
51 ... Transformation-amount setting table
70 ... Tube

71, 72, 13, 74 ... Wire

80 ... Head slider

81, 82, 83, 84 ... Bonding pad

100 ... Ultrasonic bonder (wire bonding apparatus)
200 ... Control circuit

300 ... Suspension arm
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Claims:

{l) A wire bonding method for bonding wires to connection
pads, comprising:

a loading step for transforming said wires by touching
said wires to a bonding wedge to apply a predetermined
load between said wires and connection pads;

a time controlling step for providing a predetermined
ultrasonic wave vibration with said predetermined load for
a predetermined time through said bonding wedge after
transforming said wires in said loading step; and

a transformation amount controlling step for providing
said predetermined ultrasonic wave wvibration with said
predetermined load between said wires and connection pads,
while measuring an amount of wire transformation until
said amount of wire transformation reaches a predetermined
set value, said amount of wire transformation being set at
an initial wvalue, said transformation being directed to
said loading after wearing said predetermined time in said
time controlling step.

{2} The wire bonding method according to Claim 1, wherein said
set wvalue for said amount of wire transformation in said
transformation amount controlling step increases according

to the number of times of the use of said bonding wedge.

(3) A wire bonding apparatus for bonding wires to connection

—
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pads, conmprising:

a load applicator for touching said wires to a bonding
wedge to apply a predetermined load between said wires and
connection pads; '

an ultrasonic wave vibration provider for providing a
predetermined ultrasonic wave vibration between said wires
and connection pads through said bonding wedge;

a transformation amount measuring apparatus for measuring
an amount of wire transformation; and

a controller for controlling operation of said load
applicator, said ultrasonic wave vibration provider and
said transformation amount measuring apparatus;

wherein said controller performs control so that:

first, said load applicator touches said wires to said
bonding wedge, applies said predetermined Jload between
said wires and connection pads through said bonding wedge,
and transforms said wires:;

then, said load applicator applies said predetermined load
for a predetermined time, and at the same time, said
ultrasonic wave vibration provider provides said
predetermined ultrasonic wave vibration for said
predetermined time;

after said predetermined time, said transformation amount
measuring apparatus sets said amount of wire
transformation at an initial wvalue, and said ultrasonic
wave vibration ©provider provides said predetermined
ultrasonic wave vibration, while said predetermined load
is being applied by said load applicator, until said
amount of wire transformation measured by said
transformation amount measuring apparatus <reaches a
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predetermined set value.

The wire bonding apparatus according to Claim 3, wherein

said controller has a table storage unit which stores a
table correlating the number of times of the use of said
bonding wedge with a set value for said amount of wire
transformation and also has a counter which counts the
number of times of the use of said bonding wedge; and

said controller reads out said set value, which
corresponds to said amount of wire transformation
corresponding to said number of times of the use counted
by said counter, from said table storage unit and also
sets a set value for said amount of wire transformation.

LR



