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[DESCRIPTION]

[TITLE OF INVENTION]

WIRE BONDING APPARATUS, METHOD FOR MANUFACTURE OF SEMICONDUCTOR
DEVICE, AND SEMICONDUCTOR DEVICE

[Technical Field]

[0001]

The present specification discloses a wire bonding apparatus for connecting a first
bonding point and a second bonding point provided on a mounted body to each other with a wire,
a method for manufacture of a semiconductor device, and a semiconductor device.

[Background Art]
[0002]

In recent years, in accordance with increase in the level of functionality of portable
information terminals, digital AV instruments, IC cards, and the like, mounted semiconductor
chips have been required to be smaller and thinner and have a higher level of integration.
Particularly, in laminated memory devices or the like, memory capacities thereof are determined
depending on the number of chips which can be laminated. For this reason, it is important to
be able to laminate a larger number of semiconductor chips within a prescribed package height.
In order to satisfy such a demand, it is necessary to restrict the heights of wire loops formed
through wire bonding. Hence, in the related art, many low looping technologies for restricting
the loop height have been proposed.

[0003]

Here, a pressure bonded ball having a flat disk shape and a column part overlapping the
pressure bonded ball are present at one end of a wire connecting a first bonding point and a
second bonding point to each other. In many low looping technologies in the related art, since

looping is performed in a state in which a column part remains on a pressure bonded ball as it
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stands, it is difficult to sufficiently reduce the loop height.
[0004]

Here, Patent Literature 1 discloses a wire bonding method in which low looping can be
formed. Specifically, in Patent Literature 1, a first step in which a side surface of an upper part
(column part) of a pressure bonded ball is pressurized and a head top part of the pressure bonded
ball is formed by raising a capillary and then moving the capillary to a second bonding point side
after a pressure bonded ball having a desired pressure bonding thickness is formed by
pressure-bonding a free air ball at a tip of the capillary at a first bonding point, and a second step
in which a wire is pressurized from obliquely above by raising the capillary and causing it to
descend while moving the capillary to a second bonding point side after the first step are
executed. According to this technology of Patent Literature 1, since a portion of the upper part
(column part) of the pressure bonded ball is crushed using a capillary, the loop height can be
reduced to a certain extent.

[Citation List]
[Patent Literature]
[0005]

[Patent Literature 1]

Japanese Patent No. 4625858
[Summary of Invention]

[Technical Problem]
[0006]

However, in the technology of Patent Literature 1, since only a portion of a column part
can be crushed, it is difficult to sufficiently reduce the loop height. Hence, the present
specification discloses a wire bonding apparatus with which the loop height can be further

reduced, a method for manufacture of a semiconductor device, and a semiconductor device.
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[Solution to Problem]
[0007]

A wire bonding apparatus disclosed in the present specification is a wire bonding
apparatus for connecting a first bonding point and a second bonding point provided on a
mounted body to each other with a wire. The wire bonding apparatus includes a capillary
which holds the wire, a movement mechanism which moves the capillary with respect to the
mounted body, and a control unit which controls driving of the movement mechanism. The
control unit executes at least a first process in which a pressure bonded ball and a column part
positioned over the pressure bonded ball are formed at the first bonding point by causing the
capillary to descend to a prescribed pressure bonding height toward the first bonding point after
a free air ball is formed at a tip of the wire; a second process in which the column part is scraped
off using the capillary by horizontally moving the capillary at the pressure bonding height after
execution of the first process; and a third process in which the capillary is moved in a forward
direction that is a direction of approaching the second bonding point at a movement height
higher than the pressure bonding height, and a pressing operation of causing the capillary to
temporarily descend such that a wire portion overlapping the pressure bonded ball is pressed
down using the capillary is repeated at least once during movement after execution of the second
process.

[0008]

In the case of the constitution, the column part is scraped using the capillary, and the
wire portion overlapping the pressure bonded ball is pressed down using the capillary.
Therefore, the loop height can be further reduced.

[0009]
In this case, in the second process, the control unit may cause the capillary to

horizontally move in a reverse direction that is a direction of separating from the second bonding
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point.
[0010]

In addition, in the second process, the control unit may cause the capillary to
horizontally move by a distance which is at least a diameter of the column part or longer.
[0011]

According to the constitution, the column part can substantially certainly be scraped.
[0012]

In addition, in the third process, the control unit may cause the pressing operation to be
performed twice or more while a horizontal position of the capillary is changed such that the
wire portion overlapping the pressure bonded ball is thoroughly pressurized using the capillary.
[0013]

According to the constitution, not only the thickness of a first bonded part but also the
loop height can be further reduced.

[0014]

In addition, the control unit may generate a movement sequence of the capillary based
on shape information of the capillary, target shape information of the pressure bonded ball, and
information of the wire.

[0015]

According to the constitution, trouble of an operator can be reduced.
[0016]

A method for manufacture of a semiconductor device according to another aspect of the
present invention is a method for manufacture of a semiconductor device in which a
semiconductor device is manufactured by connecting a first bonding point and a second bonding
point to each other with a wire using a capillary. The method includes a first step in which a

pressure bonded ball and a column part positioned over the pressure bonded ball are formed at
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the first bonding point by causing the capillary to descend to a prescribed pressure bonding
height toward the first bonding point after a free air ball is formed at a tip of the wire inserted
through the capillary; a second step in which the column part is scraped off using the capillary
by horizontally moving the capillary at the pressure bonding height after execution of the first
step; and a third step in which the capillary is moved in a forward direction that is a direction of
approaching the second bonding point at a movement height higher than the pressure bonding
height, and a pressing operation for causing the capillary to ascend and descend such that a wire
portion overlapping the pressure bonded ball is pressed down using the capillary is repeated at
least once during movement after execution of the second step.

[0017]

In the case of the constitution, the column part is scraped using the capillary, and the
wire portion overlapping the pressure bonded ball is pressed down using the capillary.
Therefore, the loop height can be further reduced.

[0018]

A semiconductor device according to another aspect of the present invention is a
semiconductor device in which a first bonding point on a semiconductor chip and a second
bonding point on a lead frame having the semiconductor chip mounted thereon are connected to
each other with a wire loop. The wire loop has a first bonded part which is formed at the first
bonding point, and a second bonded part which is formed at the second bonding point and is
connected to the first bonded part via the wire. The first bonded part has a shape in which a
portion of the wire crushed toward a pressure bonded ball having a flat disk shape is placed at a
predetermined interval on the pressure bonded ball. The wire is substantially horizontally
drawn out from an end part of the first bonded part.

[0019]

A portion of the crushed wire is directly placed on the pressure bonded ball. Therefore,
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not only the thickness of the first bonded part but also the loop height can be reduced, and the
thickness of the semiconductor device can be further reduced.
[0020]

In this case, a loop height that is a distance from an upper surface of the semiconductor
chip to a highest point of the wire loop may be smaller than a total value of a thickness of the
pressure bonded ball and a diameter of the wire or may be the same as the total value.

[0021]

According to the constitution, not only the thickness of the first bonded part but also the
loop height can be reduced, and the thickness of the semiconductor device can be further
reduced.

[Advantageous Effects of Invention]
[0022]

According to the wire bonding apparatus, the method for manufacture of a
semiconductor device, and the semiconductor device disclosed in the present specification, the
column part is scraped using the capillary, and the wire portion overlapping the pressure bonded
ball is pressed down using the capillary. Therefore, the loop height can be further reduced.
[Brief Description of Drawings]

[0023]

Fig. 1 is a view illustrating a constitution of a wire bonding apparatus.

Fig. 2 is a view illustrating a shape of a tip of a capillary.

Fig. 3 is a view illustrating an example of a shape of a wire loop.

Fig. 4 is a view illustrating a movement trajectory of the capillary.

Fig. 5 is a view illustrating a situation at the time of forming a first bonded part.

Fig. 6 is a view illustrating another situation at the time of forming the first bonded part.

Fig. 7 is a table showing experimental results.
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Fig. 8 is a photograph showing an example of the first bonded part formed by the
technology disclosed in the present specification.

Fig. 9 is a view illustrating a situation in which a first bonded part in the related art is
formed.

Fig. 10 is a view illustrating another situation in which the first bonded part in the
related art is formed.

[Description of Embodiment]
[0024]

Hereinafter, a constitution of a wire bonding apparatus 10 will be described with
reference to the drawings. Fig. 1 is a view illustrating a constitution of the wire bonding
apparatus 10. This wire bonding apparatus 10 is a device connecting a first bonding point P1
and a second bonding point P2 to each other with a wire 50. Generally, the first bonding point
P1 is set on a pad 112 of a semiconductor chip 110, and the second bonding point P2 is set on a
lead 122 of a lead frame 120 having the semiconductor chip 110 mounted thereon.

[0025]

The wire bonding apparatus 10 includes a bonding head 16 and a stage 20 on which the
lead frame 120 having the semiconductor chip 110 mounted thereon (both will hereinafter be
collectively referred to as “a mounted body”) is placed. The bonding head 16 further includes a
bonding arm 14 which functions as an ultrasonic horn and a capillary 12 which is attached to a
tip of the said bonding arm 14. The bonding arm 14 is an arm protruding from the bonding
head 16 in a horizontal direction, and an ultrasonic vibrator is embedded thereinto. Ultrasonic
vibration can be applied to the capillary 12 positioned at the tip of the bonding arm 14 by
applying a voltage to this ultrasonic vibrator using an ultrasonic wave oscillator (not illustrated)
provided in the wire bonding apparatus 10.

[0026]
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The capillary 12 is attached to the tip of the bonding arm 14 such that it vertically faces
the stage 20. A penetration hole (which will hereinafter be referred to as “a hole 40” and is not
illustrated in Fig. 1) penetrating the capillary 12 in an axial direction is formed therein, and the
wire 50 such as a gold wire is inserted through this hole 40. The capillary 12 is suitably
replaced in accordance with the kind of the used wire 50, the shape of a required pressure
bonded ball 60, or the like.

[0027]

A discharge electrode 22 is disposed in the vicinity of the capillary 12. The discharge
electrode 22 is provided at a tip of the wire 50 to form a free air ball (which will hereinafter be
referred to as “a FAB 52”°) which is realized when the said wire 50 melts. When a high voltage
is applied between this discharge electrode 22 and the tip of the wire to generate a discharge, the
tip part of the wire 50 melts due to the discharge energy thereof. Further, the FAB 52 is formed
at the tip of the wire 50 due to this melting.

[0028]

A clamper 21 is arranged above the capillary 12. The clamper 21 has a pair of grip
members arranged on both sides of the wire 50 and sandwiches or releases the wire 50 by
causing these grip members to become closer to or separate from each other.

[0029]

The bonding arm 14 is attached to the bonding head 16 via an ascending/descending
mechanism (not illustrated). In addition, the bonding head 16 is installed in an XY table 18 and
can move in the horizontal direction. Further, the capillary 12 can relatively move in the
horizontal direction and a vertical direction with respect to a mounted body in accordance with
horizontal movement of the bonding head 16 and vertical movement of the bonding arm 14.
Namely, the ascending/descending mechanism and the XY table 18 function as a movement

mechanism for relatively moving the capillary 12 with respect to the mounted body. In the
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present example, the capillary 12 is moved, but a constitution in which the stage 20 is moved
instead of the capillary 12 may be adopted.
[0030]

A mounted body that is the lead frame 120 having the semiconductor chip 110 mounted
thereon is placed on the stage 20. A heater (not illustrated) for heating the lead frame 120 is
built into this stage 20. When wire bonding is executed, the lead frame 120 is heated by this
heater.

[0031]

A control unit 24 controls driving of each part of the wire bonding apparatus 10. For
example, the control unit 24 includes a memory which stores various kinds of data and a CPU
which performs various kinds of computation. Data stored in the memory of the control unit 24
includes a control program for executing a bonding process and data and the like necessary to
generate a movement sequence of the capillary 12, which will be described below.

[0032]

Specifically, the control unit 24 controls the position of the capillary 12 with respect to
the mounted body by controlling driving of the XY table 18 and the ascending/descending
mechanism. In addition, the control unit 24 also performs opening/closing control of the
clamper 21, applying control of a discharge voltage, and driving control of the heater of the stage
20 in accordance with the state of progress of the bonding process. In addition, the control unit
24 also functions as a generation part which generates a movement sequence of the capillary 12
(a driving sequence of the XY table 18 and the ascending/descending mechanism). In order to
generate a movement sequence, information related to the shape of the capillary 12, target shape
information related to the pressure bonded ball 60 (which will be described below), and the like
are stored in the memory of the control unit 24, and this will be described below.

[0033]
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Fig. 2 is a view illustrating an example of the tip part of the capillary 12. The hole 40
that is a penetration hole penetrating the capillary 12 in its axial direction is formed therein.

The wire 50 is inserted through the inside of the hole 40. Therefore, a diameter of the hole 40
(hole diameter H) is larger than the diameter of the wire 50 (wire diameter ¢) (H>p). A lower
end of the hole 40 expands in a conical shape. A tapered surface expanding in this conical
shape will be referred to as a chamfered surface 42. In addition, the largest diameter (that is,
the diameter at the lowermost end) in a space of this conical shape will be referred to as a
chamfer diameter CD.

[0034]

A lower end surface of the capillary 12 becomes a facing surface 44 which pressurizes
the FAB 52. This facing surface 44 may be a flat horizontal surface or may be an inclined
surface advancing upward going closer to the outward side. The width of the facing surface 44,
that is, a distance from an inner circumferential edge at the lower end of the hole 40 to an outer
circumferential edge at the lower end of the capillary 12 will hereinafter be referred to as “a
facing width W”.  When the outer diameter of the capillary 12 is T, the facing width W is
expressed by W=(T-CD)/2.

[0035]

Fig. 3 is an image view of a wire loop formed by the wire bonding apparatus 10. A
plurality of pads 112 is arranged in the semiconductor chip 110, and a plurality of leads 122 is
arranged in the lead frame 120. The wire bonding apparatus 10 connects the first bonding point
P1 positioned over this pad 112 and the second bonding point P2 positioned over the lead 122 to
each other with the wire 50.

[0036]
A first bonded part 54 which is formed by pressing one end of the wire 50 to the pad

112 is formed at the first bonding point P1, and the wire 50 drawn out from this first bonded part

10



10

15

20

25

54 extends to the second bonding point P2. A second bonded part 58 which is formed by
pressing the other end of the wire 50 to the lead 122 is formed at the second bonding point P2.
Here, normally, the second bonded part 58 is a stitch bond realized by pressing and crushing the
wire 50 against the lead 122.

[0037]

In order to reduce the thickness of a semiconductor device, there is a need to reduce the
height of this wire loop, particularly a distance from an upper surface of the pad 112 to the
uppermost point of the wire loop in the vertical direction, that is, a loop height HL. In the
present specification, in order to reduce this loop height HL, the first bonded part 54 is formed
through a special step. This will be described in comparison with a technology in the related
art. In the following description, when viewed from the first bonding point P1, a direction of
approaching the second bonding point P2 will be referred to as “a forward direction”, and a
direction of separating from the second bonding point P2 will be referred to as “a reverse
direction”.

[0038]

First, formation of the first bonded part 54 in the related art will be simply described.
Fig. 9 is an image view illustrating a flow of formation of the first bonded part 54 in the related
art. When the first bonded part 54 is formed, first, the pressure bonded ball 60 is formed at the
first bonding point P1 positioned over the pad 112 of the semiconductor chip 110. Specifically,
first, as illustrated in Fig. 9(a), the FAB 52 is formed at the tip of the wire 50. Subsequently, as
illustrated in Fig. 9(b), the capillary 12 is caused to descend toward the first bonding point P1,
and the FAB 52 is pressurized to the first bonding point P1 by the facing surface 44 of the
capillary 12. At the time of this pressurization, vibration may be applied to the capillary 12 via
the bonding arm 14. In accordance with this pressurization, the FAB 52 is deformed flat, and

the pressure bonded ball 60 having a flat disk shape is formed on the pad 112. In addition, a
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portion of a material constituting the FAB 52 fills the inside of the hole 40 of the capillary 12.
The material filling the inside of this hole 40 constitutes a column part 62 having a smaller
diameter than the pressure bonded ball 60 and a larger diameter than the wire 50. Further, due
to this pressurization, the first bonded part 54 in which the column part 62 is placed on the
pressure bonded ball 60 having a flat disk shape is formed at the first bonding point P1.

[0039]

If the first bonded part 54 is formed, the control unit 24 causes the capillary 12 to move
such that the wire 50 loops toward the second bonding point P2.  Specifically, as indicated by
the arrows in Fig. 9(b), the control unit 24 causes the capillary 12 to move in the upward
direction, the reverse direction, and the upward direction, imparts a bending habit to the wire 50,
and then causes the capillary 12 to move to the second bonding point P2.  Further, at the second
bonding point P2, the second bonded part 58 (stitch bond) of the crushed wire 50 is formed by
pressing the capillary 12 to the lead 122. If the second bonded part 58 is formed, the control
unit 24 causes the capillary 12 to move upward, and then causes the capillary 12 to further move
in the upward direction in a state in which the clamper 21 is closed such that the wire 50 is torn
off.

[0040]

As in Fig. 9(c), around the first bonded part 54 formed by the foregoing procedure, the
wire 50 has a shape extending upward from an upper end of the first bonded part 54, and then
extending in an obliquely downward direction while forming a gentle arc. In this case, the loop
height HL is the total of the thickness of the pressure bonded ball 60, the thickness of the column
part 62, and the height of the wire 50 drawn out substantially in a U-shape from the column part
62. This loop height HL has been comparatively high, which is twice to four times the wire
diameter . Such a large loop height HL has hindered not only thickness reduction of

semiconductor devices but also size reduction, thickness reduction, and high integration of
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semiconductor devices.
[0041]

Hence, in the related art, a low looping technology in which the loop height HL can be
further reduced has been examined. For example, as illustrated in Fig. 10, a technology in
which the pressure bonded ball 60 is formed at the first bonding point P1, the wire 50 is
thereafter folded back on the said pressure bonded ball 60, and then this folded back wire is
pressurized using the capillary 12 has been proposed in the related art.  Specifically, if the
pressure bonded ball 60 and the column part 62 are formed, as indicated by the arrows in Fig.
10(a), the control unit 24 causes the capillary 12 to move in the upward direction, the reverse
direction, the downward direction, and the upward direction. Thereafter, the capillary 12 is
moved in the forward direction again. At that spot, once again it is moved in the downward
direction. Accordingly, the wire 50 is folded back on the pressure bonded ball 60. Further,
thereafter, similar to a normal looping operation, the capillary 12 is moved in the upward
direction, the reverse direction, and the upward direction.  After a bending habit is imparted
thereto, the capillary 12 is moved to the second bonding point P2.

[0042]

According to the technology, the wire 50 extends substantially in a horizontal direction
without vertically rising from the first bonded part 54. Therefore, compared to the technology
illustrated in Fig. 9, the loop height HL can be reduced. However, in this technology, the
column part 62 lies on its side, and the wire 50 is placed on this lying column part 62.
Although this column part 62 and the wire 50 are pressurized by the capillary 12, it is difficult to
sufficiently reduce the height thereof by simply pressurizing these. Particularly, the column
part 62 is harder than other portions due to work hardening caused when the pressure bonded
ball 60 is formed. It is difficult to sufficiently reduce the thickness of the column part 62 by

simply pressurizing it using the capillary 12.  As a result, the loop height HL according to the
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technology in Fig. 10 is often approximately the total of a thickness Bt of the pressure bonded
ball 60 and the wire diameter . For example, when the wire diameter is 18 pm and the
thickness Bt of the pressure bonded ball 60 is 7 um, the loop height HL. according to the
technology in Fig. 10 is approximately 25 um.
[0043]

In the wire bonding apparatus 10 disclosed in the present specification, the loop height
HL is further reduced. Specifically, in this device, after the pressure bonded ball 60 and the
column part 62 are formed, the column part 62 is scraped using the capillary 12 by horizontally
moving the capillary 12 as it stands without moving it upward. Accordingly, low looping is
achieved. This will be described with reference to Figs. 4to 6. Fig. 4 is a view illustrating a
movement trajectory of the capillary 12 at the time of forming the first bonded part 54. In
addition, Figs. 5 and 6 are views illustrating movement of the capillary 12 and the wire 50 when
the first bonded part 54 is formed. The alphabets a to | applied in each diagram of Figs. 5 and 6
correspond to trajectories a to m indicated in Fig. 4.
[0044]

When the first bonded part 54 is formed, the control unit 24 first releases the clamper 21.

In this state, driving control of the XY table 18 and the ascending/descending mechanism is
performed, and the capillary 12 is moved to a place immediately above the first bonding point
P1. Subsequently, the control unit 24 causes a high voltage to be applied between the discharge
electrode 22 and the tip of the wire 50 to generate a discharge, and the FAB 52 is formed at the
tip of the wire 50.
[0045]

If the FAB 52 is formed, the control unit 24 causes the capillary 12 to descend toward
the first bonding point P1. At this time, a distance from the upper surface of the pad 112 to the

lower end of the capillary 12 (which will hereinafter be referred to as “a pressure bonding height
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H1”) is determined based on a target value of the thickness Bt of the pressure bonded ball 60.
[0046]

The trajectory a in Fig. 4 indicates a trajectory when this capillary 12 is caused to
descend to the pressure bonding height H1. In addition, the diagram at the left end in the upper
stage in Fig. 5 illustrates a situation of the capillary 12 and the wire 50 in this trajectory a. In
addition, at the time of this descending, ultrasonic vibration may be applied to the capillary 12
via the bonding arm 14.

[0047]

In accordance with descending of the capillary 12, the FAB 52 is pressurized and
becomes flat by the facing surface 44 of the capillary 12. In addition, a portion of a material
constituting the FAB 52 fills the inside of the hole 40 of the capillary 12. As a result, as
illustrated at the left end in the upper stage in Fig. 5, the pressure bonded ball 60 having a flat
disk shape and the column part 62 placed on the said pressure bonded ball 60 are formed at the
first bonding point P1. The step and the process of forming this pressure bonded ball 60 and
the column part 62 are a first step and a first process.

[0048]

If the pressure bonded ball 60 is formed, subsequently, the control unit 24 causes the
capillary 12 to horizontally move at the pressure bonding height H1 such that the column part 62
is scraped off using the capillary 12.  Specifically, as indicated by the trajectory b in Fig. 4, the
control unit 24 causes the capillary 12 to horizontally move in the reverse direction without
raising the capillary 12, in other words, while maintaining a state in which the column part 62 is
present inside the hole 40 of the capillary 12. The diagram at the center in the upper stage in
Fig. 5 is a view illustrating a situation at this time. In this case, naturally, an inner
circumferential surface of the hole 40 and the column part 62 interfere with each other. When

the capillary 12 horizontally moves while interfering with the column part 62, the column part
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62 is scraped by the capillary 12. As indicated by darker hatching at the center in the upper
stage in Fig. 5, a portion of the material of the scraped column part 62 escapes in a lateral
direction, and other portions escape into the hole 40. In any case, when the capillary 12
horizontally moves without rising after the pressure bonded ball 60 is formed, the column part
62 is scraped off. The step and the process of scraping off this column part 62 correspond to a
second step and a second process.

[0049]

Here, a distance of horizontal movement of this capillary 12 (movement distance of the
trajectory b) is not particularly limited. However, an objective of this second step (trajectory b)
is to scrape the column part 62. Therefore, in the said second step, it is desirable that the
capillary 12 be horizontally moved by a distance which is the diameter of the column part 62 or
longer. In addition, the direction of horizontal movement of the capillary 12 may be the reverse
direction or may be the forward direction as long as the column part 62 can be scraped off. In
addition, the capillary 12 may move forward and rearward at least once in the reverse direction
and the forward direction as long as the column part 62 can be scraped off. In addition, in
order to smoothly perform this scraping-off operation, ultrasonic vibration may be applied to the
capillary 12 during movement in the trajectory b.

[0050]

If the second step ends, the control unit 24 subsequently executes a third step (third
process) in which the capillary 12 is moved in the forward direction at a movement height H2
higher than the pressure bonding height H1 and a pressing operation of causing the capillary 12
to ascend and descend during the movement is repeated at least once. The trajectory c to the
trajectory k indicate movement trajectories of the capillary 12 in this third step. In addition, the
diagrams from the right end in the upper stage in Fig. 5 to the center in the lower stage in Fig. 6

indicate situations of this third step.
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[0051]

Specifically, if the column part 62 is scraped off, the control unit 24 causes the capillary
12 to move upward (trajectory ¢) and then to move to the forward side by a predetermined
distance (trajectory d). Accordingly, as illustrated at the right end in the upper stage and the
left end in the lower stage in Fig. 5, the wire 50 is folded back to the forward side and is placed
on the pressure bonded ball 60. In this state, the control unit 24 causes the capillary 12 to move
downward (trajectory e), and as illustrated at the center in the lower stage in Fig. 5, causes the
wire 50 on the pressure bonded ball 60 to be pressed down by the facing surface 44 of the
capillary 12.  Accordingly, a portion of the material of the trampled wire 50 escapes to the
outward side of the capillary 12, and other portions escape into the hole 40 of the capillary 12.
On the other hand, the thickness of the first bonded part 54 immediately below the facing surface
44 is drastically reduced.
[0052]

Here, this folded back wire portion includes the material constituting the column part 62
(darker hatching spot). As described above, the column part 62 is harder than those at other
spots.  For this reason, the original column part 62 is not easily deformed and the thickness
thereof is also not easily reduced by simply pressing down the column part 62 using the capillary
12. However, at this time, the column part 62 has been scraped and destroyed by the capillary
12.  For this reason, it is easily deformed and the thickness thereof is also reduced by pressing
down the column part 62 using the capillary 12.
[0053]

When the wire 50 is pressed down by the facing surface 44, ultrasonic vibration may be
applied to the capillary 12. In any case, an operation of causing the capillary 12 to temporarily
descend (an operation in the trajectory e, h, or k) in this manner will hereinafter be referred to as

“a pressing operation”.

17



10

15

20

25

[0054]

The control unit 24 repeats this pressing operation a plurality of times while a
horizontal position is changed until the wire 50 arrives at a forward side end part of the pressure
bonded ball 60. In the present example, the control unit 24 performs the pressing operation
three times. The trajectory e in Fig. 4 and the diagram at the center in the lower stage in Fig. 5
illustrate a first pressing operation. In addition, the trajectory h in Fig. 4 and the diagram at the
center in the upper stage in Fig. 6 illustrate a second pressing operation, and the trajectory k in
Fig. 4 and the diagram at the center in the lower stage in Fig. 6 illustrate a third pressing
operation. As is obvious in Figs. 5 and 6, the wire 50 can be drawn out from the forward side
end part of the pressure bonded ball 60 while the thickness of the first bonded part 54 is
maintained thin by repeating the pressing operation until the wire 50 arrives at the forward side
end part of the pressure bonded ball 60.

[0055]

Here, it is desirable that the number of times of performing this pressing operation and
horizontal intervals (distances of the trajectories d, g, and j) be set such that the entire wire 50
placed on the pressure bonded ball 60 is thoroughly pressed down by the facing surface 44 on
the reverse side of the hole 40.

[0056]

In addition, the movement height H2 is set within a range in which the wire 50 can be
folded back. That is, if the movement height H2 is excessively smaller than the wire diameter
o, the wire 50 is unlikely to lie, and thus the wire 50 cannot be folded back. On the other hand,
if the movement height H2 is larger than necessary, it takes extra time for the increased portion.
Hence, it is desirable that an appropriate value for the movement height H2 corresponding to the
diameter or the material of the used wire 50 be obtained in advance through an experiment or the

like and be stored in the control unit 24.
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[0057]

It is desirable that the height of the capillary 12 at the time of pressing down, that is, a
pressing height H3 be substantially the same as the pressure bonding height H1. However,
actually, it is difficult to realize H3=H]1 due to a resistance or the like from the wire 50 pressed
down by the capillary 12. Actually, H3<HI1 is realized. A difference AH between the pressing
height H3 and the pressure bonding height H1 significantly affects the thickness of the first
bonded part 54. For this reason, it is desirable that an appropriate value for the difference AH
be obtained in advance through an experiment or the like and be stored in the control unit 24 for
each of the diameter or the material of the used wire 50.

[0058]

If the third step is completed, the control unit 24 executes a looping operation in which
the wire 50 is drawn out to the second bonding point P2.  Specifically, if the last pressing
operation is completed, the control unit 24 causes the capillary 12 to move in the forward
direction at the pressing height H3 (trajectory 1 in Fig. 4) and then to move upward (trajectory m
in Fig. 4), and a bending habit is imparted to the wire 50. Thereafter, the control unit 24 causes
the capillary 12 to move in an obliquely downward direction toward the second bonding point
P2.

[0059]

If the capillary 12 arrives at the second bonding point P2, the control unit 24 causes the
capillary 12 to descend toward the second bonding point P2 and causes the wire 50 to be pressed
to the lead 122. At this time, as necessary, ultrasonic vibration is applied to the capillary 12.
Due to this pressing, a stitch bond which becomes the second bonded part 58 is formed at the
second bonding point P2 (lead 122). In this state, the control unit 24 causes the capillary 12 to
slightly rise and then causes the clamper 21 to be closed. Further, the capillary 12 is laterally

moved in a state in which the clamper 21 is closed such that the wire 50 is torn off.
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[0060]

As is obvious in the foregoing description, in the wire bonding apparatus 10 disclosed
in the present specification, after the pressure bonded ball 60 and the column part 62 is formed,
the column part 62 positioned over the pressure bonded ball 60 is scraped off by causing the
capillary 12 to horizontally move at the pressure bonding height H1. Moreover, after the
column part 62 is scraped off, the wire 50 folded over the pressure bonded ball 60 is pressed
down using the capillary 12.  Accordingly, not only the thickness of the first bonded part 54 can
be drastically reduced, but also the loop height HL of the wire loop can be drastically reduced.
[0061]

Fig. 7 is a table showing experimental results of wire bonding performed by the wire
bonding apparatus 10 disclosed in the present specification. In the experiment, 30 wire loops
were formed using a gold wire (=18 pm), and the thickness Bt, the loop height HL, and the pull
strength of the pressure bonded ball 60 were measured for each wire loop.

[0062]

As illustrated in Fig. 7, according to the technology disclosed in the present
specification, the thickness Bt of the pressure bonded ball 60 is within a range of 6.6 um to 7.2
um (average thickness of 6.9 um), and the loop height HL is within a range of 19.8 um to 21.5
um (average thickness of 20.5 pm). On the other hand, as described above, the loop height HL
in the technology in the related art illustrated in Fig. 10 approximately corresponds to the total
value of the thickness of the pressure bonded ball 60 and the wire diameter. In the case of
¢=18 pm, it is approximately 25 um. Namely, according to the technology disclosed in the
present specification, compared to the technology in the related art illustrated in Fig. 10, the loop
height HL can be reduced approximately 20%. In addition, as illustrated in Fig. 7, it can be
ascertained that the pull strengths of the wire loops are within a range of 2.0 gf to 2.4 gf and the

wire loops are low loops and have sufficient strengths.
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[0063]

Fig. 8 is an image showing an example of the first bonded part 54 formed by the
technology disclosed in the present specification. As illustrated in Fig. 8, in the first bonded
part 54 of the present example, a portion of the wire 50 crushed toward the pressure bonded ball
60 at a predetermined interval is placed on the pressure bonded ball 60 having a flat disk shape.
In addition, it can be ascertained that the wire 50 is substantially horizontally drawn out from the
forward side end part of the pressure bonded ball 60 and the loop height HL is restricted to
approximately 1.1 to 1.2 times the wire diameter ¢.

[0064]

Next, a flow in which a movement sequence of the capillary 12 is automatically
generated by the control unit 24 will be described. As described above, the control unit 24
automatically generates a movement sequence of the capillary 12. In order to automatically
generate this movement sequence, an operator inputs at least size information of the capillary 12,
wire information, and size information of the pressure bonded ball 60 in advance. Here, the
size information of the capillary 12 includes dimension values of respective parts at the tip part
of the capillary 12, that is, the hole diameter H, the chamfer diameter CD, an outer diameter T,
the facing width W, and the like. In addition, in place of such dimension values of respective
parts, an operator may input only identification information (for example, a model number) of
the capillary 12. In this case, the control unit 24 stores a plurality of kinds of dimension values
of the capillary 12 in association with the identification information in advance and identifies the
dimension values of the actually using capillary 12 based on the identification information input
from an operator.

[0065]
The wire information includes the diameter, the material, and the like of a used wire.

In addition, the size information of the pressure bonded ball 60 includes target values for a
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diameter D and the thickness Bt of the pressure bonded ball 60 to be formed. The control unit
24 may automatically calculate the target values for the diameter D and the thickness Bt of the
pressure bonded ball 60 based on other information. For example, the control unit 24 may
store the diameter D and the thickness Bt of the pressure bonded ball 60, which can be formed,
for each of the shape of the using capillary 12 and the diameter of the wire, and the control unit
24 may automatically identify the diameter D and the thickness Bt of the pressure bonded ball
60 from the size information of the capillary 12 and the wire information input from an operator.
[0066]

In addition, before a sequence is generated, the control unit 24 also acquires positional
information of the first bonding point P1 and the second bonding point P2, that is, positional
information of the pad 112 of the semiconductor chip 110 and the lead of the lead frame 120.
Such positional information may be input by an operator or may be automatically acquired by
the control unit 24. That is, for example, a camera moving together with the said bonding arm
14 may be provided in the vicinity of the bonding arm 14, and the control unit 24 may calculate
the positions the first bonding point P1 and the second bonding point P2 based on an image
captured by the said camera.

[0067]

If these pieces of information can be acquired, the control unit 24 calculates a
movement position of the capillary 12 for each movement trajectory. Here, particularly,
calculation of the movement positions in the trajectories b to k for forming the first bonded part
54 will be described. The control unit 24 calculates the heights H1 to H3, horizontal movement
amount Lb and L1 to L3, and the like for calculating the movement positions of the capillary 12.
[0068]

Specifically, the control unit 24 calculates the pressure bonding height H1 that is a

distance from the upper surface of the pad 112 to the lower end of the capillary 12 in the first
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step (at the time of forming the pressure bonded ball 60 and the column part 62) from the
thickness Bt of the pressure bonded ball 60. In addition, in the third step, the control unit 24
determines the movement height H2 that is a height when the capillary 12 is horizontally moved
based on the kind (the diameter, the material, or the like) of the wire 50. Moreover, in the third
step, the control unit 24 determines the pressing height H3 that is a height when the wire 50 is
pressed down using the capillary 12 based on the kinds (the diameters or the materials) of the
pressure bonding height H1 and the wire 50. That is, the pressing height H3 has a value
obtained by adding the margin AH determined based on the kind of the wire 50 to the pressure
bonding height H1.

[0069]

Moreover, the control unit 24 determines the horizontal movement distance Lb in the
second step based on the largest diameter (that is, the chamfer diameter CD) of the column part
62. In addition, the control unit 24 calculates the number N of times of a pressing operation in
the third step and the horizontal intervals L1 to LN of a pressing operation based on the shape of
the capillary 12 and the shape of the pressure bonded ball 60. These values N and L1 to LN are
set such that the wire 50 placed on the pressure bonded ball 60 can be thoroughly pressed down
by the facing surface 44 of the capillary 12.

[0070]

If the heights H1 to H3 of the respective trajectories and the horizontal movement
amounts Lb and L1 to LN can be calculated, the control unit 24 combines these values,
positional information of the first bonding point P1 and the second bonding point P2, and the
like, and generates a movement sequence of the capillary 12.

[0071]
As is obvious in the foregoing description, according to the wire bonding apparatus 10

disclosed in the present specification, wire loops in which the loop height HL is reduced can be
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formed. In addition, according to the wire bonding apparatus 10 disclosed in the present
specification, a movement sequence of the capillary 12 capable of realizing such low loops can
be automatically generated based on the shape information of the capillary 12, the wire
information, and the shape information of the pressure bonded ball 60. Accordingly, trouble of
an operator can be reduced.

[0072]

The constitutions which have been described up to now are examples. As long as the
control unit 24 executing at least the first process (first step) in which the pressure bonded ball
60 and the column part 62 are formed, the second process (second step) in which the capillary 12
is horizontally moved to scrape the column part 62, and the third process (third step) in which a
pressing operation is performed at least once during movement of the capillary 12 in the forward
direction is provided, other constitutions may be suitably changed.

[Reference Signs List]
[0073]

10 Wire bonding apparatus

12 Capillary

14 Bonding arm

16 Bonding head

18 XY table

20 Stage

21 Clamper

22 Discharge electrode

24 Control unit

40 Hole

42 Chamfered surface
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44 Facing surface

50 Wire

54 First bonded part

58 Second bonded part
60 Pressure bonded ball
62 Column part

110 Semiconductor chip
112 Pad

120 Lead frame

122 Lead
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[CLAIMS]

1. A wire bonding apparatus for connecting a first bonding point and a second bonding
point provided on a mounted body to each other with a wire, the wire bonding apparatus
comprising:

a capillary which holds the wire;

a movement mechanism which moves the capillary with respect to the mounted body;
and

a control unit which controls driving of the movement mechanism,

wherein the control unit executes at least

a first process in which a pressure bonded ball and a column part positioned
over the pressure bonded ball are formed at the first bonding point by causing the capillary to
descend to a prescribed pressure bonding height toward the first bonding point after a free air
ball is formed at a tip of the wire,

a second process in which the column part is scraped off using the capillary by
horizontally moving the capillary at the pressure bonding height after execution of the first
process, and

a third process in which the capillary is moved in a forward direction that is a
direction of approaching the second bonding point at a movement height higher than the pressure
bonding height, and a pressing operation of causing the capillary to temporarily descend such
that a wire portion overlapping the pressure bonded ball is pressed down using the capillary is
repeated at least once during movement after execution of the second process.

2. The wire bonding apparatus according to claim 1,

wherein in the second process, the control unit causes the capillary to horizontally move
in a reverse direction that is a direction of separating from the second bonding point.

3. The wire bonding apparatus according to claim 1 or 2,
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wherein in the second process, the control unit causes the capillary to horizontally move
by a distance which is at least a diameter of the column part or longer.

4. The wire bonding apparatus according to any one of claims 1 to 3,

wherein in the third process, the control unit causes the pressing operation to be
performed twice or more while a horizontal position of the capillary is changed such that the
wire portion overlapping the pressure bonded ball is thoroughly pressurized using the capillary.

5. The wire bonding apparatus according to any one of claims 1 to 4,

wherein the control unit generates a movement sequence of the capillary based on shape
information of the capillary, target shape information of the pressure bonded ball, and
information of the wire.

6. A method for manufacture of a semiconductor device in which a semiconductor
device is manufactured by connecting a first bonding point and a second bonding point to each
other with a wire using a capillary, the method comprising:

a first step in which a pressure bonded ball and a column part positioned over the
pressure bonded ball are formed at the first bonding point by causing the capillary to descend to
a prescribed pressure bonding height toward the first bonding point after a free air ball is formed
at a tip of the wire inserted through the capillary;

a second step in which the column part is scraped off using the capillary by horizontally
moving the capillary at the pressure bonding height after execution of the first step; and

a third step in which the capillary is moved in a forward direction that is a direction of
approaching the second bonding point at a movement height higher than the pressure bonding
height, and a pressing operation for causing the capillary to ascend and descend such that a wire
portion overlapping the pressure bonded ball is pressed down using the capillary is repeated at
least once during movement after execution of the second step.

7. A semiconductor device in which a first bonding point on a semiconductor chip and a
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second bonding point on a lead frame having the semiconductor chip mounted thereon are
connected to each other with a wire loop,
wherein the wire loop has
a first bonded part which is formed at the first bonding point, and
a second bonded part which is formed at the second bonding point and is
connected to the first bonded part via the wire,
wherein the first bonded part has a shape in which a portion of the wire crushed toward
a pressure bonded ball having a flat disk shape is placed at a predetermined interval on the
pressure bonded ball, and
wherein the wire is substantially horizontally drawn out from an end part of the first
bonded part.
8. The semiconductor device according to claim 7,
wherein a loop height that is a distance from an upper surface of the semiconductor chip
to a highest point of the wire loop is smaller than a total value of a thickness of the pressure

bonded ball and a diameter of the wire or is the same as the total value.
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