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Specification

1. Title of the Invention:

Capillary tube of solder ball connection device and solder
ball connection device

2. Detailed Description of the Invention:
[Field of the inventiqn]

The present invention relates to a solder ball connection device
for connecting a bonding pad formed at a slider provided with a
head and a lead pad formed at the tip of a lead wire together,
more particularly to a configuration of a capillary tube employed
for the solder ball connection apparatus and used to position and
hold a solder ball in a solder reflowing process. The slider is a
part of a head gimbal assembly (hereafter, to be referred to as an
HG assembly), which is a component of a hard disk apparatus.-

[Background art]

Figure 8 -shows a perspective view of the HG assembly suitable for
electrical connection between a lead wire and a slider with use of
a solder ball connection method. Figure 9 is an expanded view of
the tip of the HG assembly. '

The external shape of the HG assembly 100 is decided by an
actuator arm 101 provided with an opening_102 and a load beam 104
extended in the longitudinal direction of the actuator arm 101
from an intermediate portion of its flat portion 103. The
actuator arm 101 and the load beam 104 are bonded together at a
portion where they are plaéed on top of each other.
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The opéning 102 is used so that the HG assembly 100 is held
rotationally by a holder of a magnetic_ disk apparatus (not
illustrated). The HG assembly 100, passing through the center of
the opening, is rotated in the directions A and B around a virtual
axis 150 substantially perpendicu;ar to the flat 103.

A mount plate 105 is bonded to the load beam 104 substantially in
the center portion so-as to be put thereon. And, a flexure 106 is
also dispoééd on the load beam 104 between the center and the tip
thereof. This flexure 106 is bonded to the load beam 104 by a
half located at the side of the mount plate 105. The other half
of the flexure 106 located at the side of the tip is not bonded to
the load beam 104.

As shown in Figure 9, at the tip of the flexure 106 is formed an

arch-shaped opening 107.and the slider 109 is bonded fixedly to.a = -~

flexure tang 106a (Figure 10) formed so as to be protruded to the
center of the arch-shaped opening 107 from a platform 108 formed
at the extréme.tip of. the flexure'106. This flexure tang 106a is
supported by a pivot 104a (shown with a broken line inIFigure 10)
protruded from the load beam 104 at one point corresponding to the
center of the slider 109. Consequently, the slider 109 can be -
inclined at -a predetermined angle (often referred to as a pitch, a
roll, or a yaw) in every direction with respect to the 'load beam
104.

Four leads 110 to 113 are wired partially to an extended portion
105a of the mount plate 105. They are fixed at the extended
portion 105a with an insulating sheet therebetween respectively so
as not to touch each ofher. At one ends, they compose a
multi-connector 114.

The four leads 110 to 113 are connected to the mount plate 105 and
the flexure 106 respectively as shown in Figure 8 and fixed so as
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not to touch each another with an insulating sheet therebetween
respectively. '~ The other ends of the leads are floated in the
arch-shaped opening 107 as shown in Figure 9 and they are paired,
crank-bent, and led to the platform 108.

The paired leads are bent substantially perpendicular to the.front
surface 109a of the slider 109 through two openings 114 and 115
formed between the platform 108 and the flexure tang 106a (Figure
10). In addition, the 1lead pads. 1l10a to 1ll3a are formed
corresponding to the connection surfaces of the four bonding pads
116 to 119 formed at this front surface 109a.

The four leads 110 to 113 are fixed to the platform 108 around
their tips with an insulating sheet 20 therebetween fespectively.

A part of the HG assembly, where the slider 109 does not ex1st, is
equlvalent to the slider holder. ' -

Next, a description will be made for a solder ball connection
method for connecting the four bonding pads 116 to 119 to the lead
pads 1l1l0a to 113a formed so as to be corresponded to those bonding
pads 116 to 119.

Figure 10 is a cross sectional view of the major portion of the HG
assembly from the direction C at a directing 1line 151. The
directing line 151 passes the center of the bonding pad 118 shown
in Figure 9. Figure 10 also shows a partial cross sectional view
of the solder ball connection device. The load beam 104 is not
illustrated here so as to simplify the description, but the
position of the pivot 104a formed at the load beam 104 is shown
with a broken line.

When carrying out a solder ball connection, the inclined HG
assembly 100 '(Figure 8) is held by a holder (not illustrated) so
that the pad connection surface 118a of the bonding pad 118 and
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the connection surface 112b of the lead pad 112a face each other
substantially perpendicular and each of those connection surfaces

118a and 112b is inclined substantially at 45° in the direction in
which its gravity works.

On the other hand, the capillary tube 121 composes a part of the
solder ball connection device (not illustrated). The capillary
tube 121 is disposed in the direction in which the center axis 152
of the cylindrical inner hollow portion 12la can use the gravity,
that is, at a position where the tip of the capillary tube 121
comes close to both of the bonding pad 118 and the lead pad 1ll2a

while being inclined at about 45° to the connection surface 112b
of the lead pad 1ll2a.

The solder ball connection device (not illustrated) stores many

“solder. balls 122 and sends one solder ball 122 to the tip of the

capillary tube 121 through its inner hollow portion 12la after the
capillary tube 121 is disposed at a predetermined position. At
- this +time, the apparatus supplies a nitrogen gas N; in the
direction of the arrow a so as to prompt the solder ball 122 to
move together with the action of the gravity. In addition, the
nitrogen gas N; also presses the solder ball 122 slightly that is
in contact with both connection surfaces 118a and 112b of the
bonding pad 118 and the lead pad 112a when the solder ball 122
exists at the tip of the capillary tube 121.

In this state, the solder ball connection device (not illustrated)
applies a laser beam (shown with a broken line LZ in Figure 10) to
the solder ball 122 through the inner hollow portion 12la of the
capillary tube 121 so as to make the solder ball reflow. The
solder ball 122 is then melted in this reflowing, getting both
connection surfaces 118a and 112b of the bonding pad 118 and the
lead pad 112a wet and connected together.

The nitrogen gas N, supplied at this time presses the melted
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solder against each connection surface and cover the solder so as
to be prevented from oxidation.

This completes the description of the solder ball .connection for
the bonding pad 118 of the slider 109 and the lead pad 112a of the
lead 112. The same procedure can also apply to the connections of
other three pads oniy_ by changing each position to which the
capillary tube 121 is provided. |

[Problems to be solved by the invention]

Figure 11 is a perspective view of the tip shape of the capillary
tube 121. The conic tip of the capillary tube is cut as shown in:
Figure 11 so that its cross section perpendicular to the center
axis 152 is formed like a ring. In this case, as shown in Figure
10, it is difficult to move the tip of the capillary tube 121 down
up to the regulation peoint Pl orthogonal to the center line 152
through the center of the solder ball 122, which is in contact
with both pads. This is because the tip of the capillary tube 121
comes in contact with any of the pads before reaching the
regulation point P1, thereby its up and down movement is disturbed
by the pad. ' ' |

If the tip of the capilléry tube 121 does not reach the regulation
point Pl as described above, the solder ball 122 can take an idle
width at which the solder ball 122 can move in the direction
parallel to both conneéction surfaces 118a and 112b of the bonding
pad 118 - and the lead pad 112, that is, in the direﬁtion passing
through the'paper with Figure 10. Consequently, the solder ball
122 comes to reflow the solder ball in an unstable state, thereby
the soldering position cannot be decided accurately or a
connection failure occurs due to uneven irradiation of the laser
beam on the solder ball.

Furthermore, as shown in Figure 10, the laser beam, which passes
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the inner hollow portion 12la of the capillary tube 121 so as to
reflow the solder ball, hits and reflects here and there on the
inner wall of the hollow portion 12la until it reaches the solder
ball.

The energy of the laser beam 'is thus attenuated due to such
reflections, thereby the irradiation efficiency of the laser beam
is lowered. To compensate such an attenuation, therefore, the
output of the laser beam has been increased as much.

Under such a circumsténdes, it 4is an object of the present
invéention to provide a method for positioning a solder ball to
reflow accurately and stabilize the soldering point so as to make
the connection perfect, thereby preventing connection failures.
It is another object of the present invention to provide'a method
for making solderxr ball'qonnection more efficient by reducing the
" energy loss caused by vreflections of the laser beam, theréby
-reducing'zthe energy loss of the laser bedm when in solder
reflowiﬁg.

[Summary of the invention]

The capillary tube of the present invention is employed for a
solder ball connection device for cénnecting a first connection
surface of a pad to a second connection surface of a pad with use
of a solder ball. The pad having the first connection surface is
formed at a slider held by a slider holder in a disk unit and the
pad having the second connection surface is formed at an end of a
lead wired to the slider holder. The capillary tube has a ball
regulator provided with a sﬁbstantially conic and hollow portion
inside. The solder ball regulator has an opening at its topﬁ The
opening opens to the tip of the hollow portion. The center axis
' of the hollow portion is common to the center axis of the opening.
The solder ball regulator also has a pair of projections protruded
along the center axis at a position around the opening, where
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those projections face each ‘other with the center axis.
therebetween. '

These projections regulate the movement of the solder ball.

The tip portion is tapered when viéwing it from the direction of a
line connecting the pair of projections and the extreme tips of
the tapered tip portions to each ‘other may be used as the
projections.

The tip portion may also be formed by a pair of f£flat surfaces
inclined to a datum level including a line connecting the center
axis- and the pair of progectlons to each other.

The pair of flat surfaces may have the same .angle respectively to
the datum level and the palr ‘'of projections may be symmetrlcal to
the datum level '

In another configuration, the capillary tube is connected to the
other side end of. the tip portion of the solder ball regulator and
formed on the same axis as that of the solder ball regulator. The
capillary tube has a cylindrical portion provided with a hollow
portion continued to the hollow portion of the solder ball
regulator from the viewpoint of -space.

" Furthermore, the inside surfaces of the pair of projections may be

a part of a cylindrical surface formed on the same axis as that of
the hollow portion respectively.

In still another configuration, the inside surface of the solder
ball regulator is polished like a mirror.

In still another configuration, the solder ball regulator and the
cylindrical portion, or at least the solder ball regulator, are
composed of a first tube-like body and at least a part of the
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cylindrical tube is composed of a second tube-like body. And, the
capillary tube is further provided with a connector for connecting
the first and second tube-like bodies to each other.

In still another configuration, the tip portion of the capillary
tube is formed with a pair of first flat portions and a pair of
‘second flat surfaces. The pair of the first flat surfaces are
inclined by a first angle to the datum level including a line
connecting the center axis and the pair of prbjections and the
pair of the second flat surfaces are continued to the pair of the
first flat surfaces and inclined by a second angle to the datum
level.

The solder ball connection device, which is another invention, is
provided with a capillary tube described in Claim 1; a solder ball
reservoir for supplying a solder ball into the capillary tube, the
diameter of the solder ball being smaller than the inside diameter
,of the opening; and a laser output device for.applying a focused
laser beam to the opening of the capillary tﬁbe through the hollow
portion. The datum leﬁel including a line connecting the center
axis, as well as the first and second projections of the capillafy
tube is set so as to be inclined to the first and second
connection surfaces, thereby the solder ball is reflowed.

In another configuration, the solder ball connection device is
provided with a capillary tube described in Claim 4; a solder ball
reservoir for supplying a solder ball into the capillary tube, the
diameter of the solder ball being smaller than the inside diameter
of the opening; and a laser output device for applying a focused
I'aser beam to the opening of the capillary tube through the hollow
portion. The datum level including a line connecting the center
axis, as well as the first and second projections of the capillary

tube is set so as to be inclined by 45° to the first and second
connection surfaces, thereby the solder ball is reflowed.
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Furthermore, the solder ball éonnection device is further provided
with a nitrogen gas supplier for supplying a nitrogen gas into the
capillary tube. _ ' '

[Preferred embodiment]

Figure 1 is a schematic view of a capillary tube and a solder ball
connection device in which the capillary' tube is installed,
according to the embodiment of the present invention. An optical
system 2 provided in the solder ball connection device 1 receives
a laser light oscillated by a laser generator (not illustrated)
through optical fiber 3 and obtains a- laser beam through an
optical system for focusing the laser light. The optical system 2
then outputs the laser beam into the hollow portion of the
capillary tube 4 through a laser beam path 7a of a solder ball
reservoir 7.

The capillary tube 4 is composed of a hollow cylindrical tube 5
attaéhed to the solder ball reservoir 7; an_action tube 6 provided
.continuously to the tip of the hollow cylindrical tube'having'a
tapered conic portion 6a; and a connection tube 12 for connecting
the cylindrical tube 5 to the action tube 6. The capillary tube 4
also has a_dylindrical portion 4a having an inside diameter a and
a conic portion 4b 'inside. The conic poftion 4b is formed in the
action tube 6 so as to be continued to the cylindriéal portion 4a.
At the tip of the action tube 6 is formed an opening 6b for
holding a solder ball. The ball holding opening 6b has an inside
diameter b ((b) shown in Figure 3) and it is communicated with the
inner conic portion 4b. ' '

A part of the capillary tube 4, where the cylindrical portion 4a
having an inside diameter a exists, is formed cylindrically and
another part inside the capillary tube 4, where the cornic portion
4b exists, is equivalent to the solder ball regulator described
above. And, the action tube 6 is equivalent to the first tube
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body provided with a éolder ball regulator and the cylindrical
tube 5 is equivalent to the second tube body provided with a
cylindrical portion.' Furthermore, the connection tube 12 is
equivalent to the connector for connecting those portions each
other as described.abovet |

In the solder ball reservoir'7 are formed a laser beam path 7a
connecting the optical system 2 to the hollow portion inside the
capillary tube 4; a solder ball storage 7b for storing a plurality
of solder balls 122; .a solder ball singulation disk 7c¢ held
rotationally by itself in the solder ball reservoir 7 by driving
means (not illustrated); an intake pipe 7d for taking in nitrogen
gas N, from a nitrogen gas bomb (not illustrated) through a tube
9; and a gas path 7e for feeding the taken-in nitrogen.gas N; into
the laser beam path 7a. | : '

The solder ball singulation disk 7c has a plurality of solder ball
storing halls 7f formed by a pmedetérmined number, disposed at
equal pitches on the - outer periphery of a predetermined radius
from the center of the rotation. A solder ball 122 is fallen and
stored in the solder ball storage 7b when one of the ball storing
halls 7f is aligned to a hole (not 1illustrated) formed at the
bottom of the solder ball storage 7b. And, when the solder ball
singulation disk 7c is rotated and a solder ball storing hall 7f
having a solder ball:insidé is moved into the gas path 7e, the
solder ball 122 falls naturally and it is prompted to be fed into
the capillary- tube 4 by the nitrogen gas N, flowing in the
direction of the arrow in the'gas path 7e.

At this time, another solder ball storing hole 7f formed in the
ball transfer tray 7c is. configured so as to move to a position of
being brought into line with the hole (not illustrated) formed at
the bottom of the solder ball storage 7b. Each time the solder
ball singulation disk 7c is rotated by a predetermined angle at a
timing to be described later, the above described ball transfer

- 10 -~
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operation is repeated, thereby oné solder ball 122 is fed into the
capillary tube 4.

Inside the capiilary tube 4 is formed a path used both for falling
the solder ball 122 and for passing the focused laser beam 10.
Consequently, the inside diameter a of the cylindrical portion 4a
provided in the capillary tube 4 is set larger than the beam
diameter of the focused laser beam 10, thereby preventing the
focuséd. laser beam from ‘the energy loss to be caused by
reflections, etc. On the other hand, becauée the foéused laser
beam hits and reflects on the conic portion 4b inside the
capillarxry tube 4, the. inner wall 6j at that portion is polished
like a mirror.. '

Hard metal or  zirconia excellent in heat resistance will be
suitable especially as the material of the action tube 6 formed at
the tip of the capillary tube 4. 'The mirroxr finishing process for
the hard metal is done by a machine "and the -zirconia whose
reflectivity is low is improved for the reflectivity through
sputtéring with use of such a metal with a high reflectivity as
.aluminum, gold, silver, or the like.

In the above described embodiment, the'capillary tube is composed
so that the cylindrical tube 5 and the action tube 6 are united.
Consequently, it is possible to shorten the distance between the
inner wall 6j of the conic'portion'to be mirror-finished and the
opening of the connection portion 6n in the action tube 6, thereby
the mirror.finishing process can be carried out smoothly.

Figure 2 is a perspective -view of the tip shape of the conic
pqrtioh 6a of the action tube 6, which is a component of the
capillary tube 4 of the embodiment according to the present
invention. Figure 3(a) is a cross sectional view of a portion
from the direction of the arrow D. the portion including the
center line 50 of the action tube 6 shown in Figure 2 and a datum

- 11 -
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line 51 orthogonal to this center line 50 and passing the tip
-ridge lines 6c and 6d formed in a process to be described later.
Figure 3(b) is a cross sectional view of a portion from the
direction of the arrow E, the portion including the datum line 52
orthogonal to both of the center line 50 and the datum line 51, as
well as the center line 50. |

. As shown in Figure 3(b), at this tip are formed first tapered
- surfaces 6e and 6f at an angle of a and second tapered surfaces 6g

and 6h at an angle of B (B>a) so as to be continued to. the first
tapered surfaces. The first tapered surfaces 6e and 6f, as well

" as the second tapered surfaces 6g and 6h are formed symmetrically
with respect .to the datum level including the center line 50 and
the datum line 51 extending in an up-and-down direction on the
paper with Figure 3(b). In addition, the extreme tip ridge line
on the datum 11ne 51 crossed by the tapered surfaces 6e and 6f
becomes the tip rldge lines 6c and 6d. '

The inside diameter b ((b) in Figure 3) of a ball ejection hall 6b
is decided to a size in which the solder ball 122 (Figure 4) can
play freely. The depth h from the ridge lines 6c and 6d is

decided . necessarily by the thickness d, the taper angles o, B,
etc. of the action tube 6. '

The solder ball connection device 1 composed as described above is
held by a transfer devicde (not illustrated) slidably in- the
directions F and G (Figure 1) in which the gravity can be used.
On the .other hand, the HG assembly 100 (Figure 8) is held by a
holder (not illustrated) so as to be inclined at substantially 45°
in the direction F and G in which the gravity can be used
respectively so that the connection surfaces 118a and 112b of the
bonding pad 118 and the lead pad 1l12a face each other
"substantially perpendicularly as shown in Figure 4.

The HG assembly 100 (Figure 8) and the solder ball connection
device 1 held respectively as ‘described above, when the solder

- 12 -
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ball connection device 1 moves by a predetermined distance in the
direction G, are positioned relatively so that the tip of the
conic portion 6a of the action tube 6 makes an approach to both of
the bonding pad 118 and the lead pad 112a equally.

Furthermore, the action tube 6 is attached so that the datum line
51 (Figure 2) becomes in parallel to the connection surfaces 1ll8a
and 112b of. the bonding pad 118 and the lead pad 1ll2a.

To carry out a solder ball connection processing in the
configuration as described above, the tip of the conic portion 6a
of the action tube 6 is moved to a position shown in Figure 4
first. At this time, the.second tapered surfaces 6g and 6h of the
conic portion 6a approach the bonding pad 118 and the - lead pad
112a almost coming in contact with them, but they are in a
position where they do rnot come into contact with each other.

After that, the solder ball singulation disk 7c. (Figure 1) is _
rotated by a pfedetermined angle, thereby feeding one solder ball
122 into the capillary tube 4 through the nitrogen gaé path 7e.
The solder ball 122 then falls into the capillary tube 4 and’
guided into the ball ejection hole 6b. It then stops at a
position where the ball 'comes in contact with the connection
surfaces 118a and 112b of the bonding'pad 118 and the lead pad
112a shown in Figure 4. During this time, the nitrogen gas N; is
injected into the capillary tube 4 from the intake pipe 7d at a
predetermined rate so as to prompt the solder béll to fall in the
capillary tube 4, as well as presses the solder ball 122 against
the connection surfaces 118a and 112b with its wind pressure.

At this time, because the tip ridge lines 6c and 6d of the action
tube 6 are positioned so as to be advanced more in the direction G
than the regulation point Pl passing the center of the solder ball
122, the movement of the solder ball 122 towards the datum line 51
((a) in Figure 3) is regulated by inner walls of the ridge lines
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6c and 6d of the conic portion 6a at the regulation point P1.

On the other hand, the movement of the solder ball 122 towards the
datum line 52 ((b) in Figure 3) is regulated by'the connection
surfaces 118a and 112a of the bonding pad 118 and the lead pad
- 112a.  Consequently, the solder ball 122 is positioned at a
predetermined position, aithough it ‘'can move to the right/left
slightly according to the difference between the its diameter c
and the inside diameter b of the ball holding opening 6b (Figure
6) .

The laser light is emitted in this state. At this time,. the
focused laser beam 10 (Figure . l) passes through the hollow
" cylindrical portion 4a of the capillary tube 4 and reaches the
‘ball holding opening 6b while a part of the focused laser beam 10
is kept reflected on thezlnirrorefinished inner wall 63 of the
conic portion 4b as shown in Figure 5. The focused laser beam 10
then is irradiated on the. solder ball 122 (Figure 4) positioned
there.

The solder ball 122 is melted by the irradiation of this laser
beam, thereby making the connection surfaces 118a and 112a of the
bonding pad 118 and the lead pad 1l2a wet and connected properly.

The nitrogen gas N, supplied at this time presses the melted
solder against each connection surface and cover the solder so as
to be protected from oxidation. -

Figure 6 shows a positional relationship among the solder 11
liquefied in reflowing and the tip ridge lines 6c and 6d of the
capillary tube 4. As shown in Figure 6, if the tip ridge lines 6c
and 6d are positioned so as to be advanced excessively in the
direction G, they. come in contact with the solder when in
reflowing, thereby narrowing the gap through which the nitrogen
gas N; is fed from the ball holding opening. Consequently, the
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gap is deviated, thereby the liquid solder is deformed.

These factors will then distort the shape of soldered portions and
often cause contact failures.

This is why the tapered angles o and B shown in Figure 3 (b) .are
“set so that the capillary tube 4 is positioned so as to be
advanced slightly in the direction G from the regulated point Pl
where the tip ridge lines 6c and 6d pass the center of the solder
ball 122 if the second tapered surfaces 6g and 6h of the action
tube 6 are moved to a predetermined position closest to the
bonding pad 118 and the lead pad ll2a respectively.

According to the capillary tube in the above described embodiment,
therefore, it is pessible to prevent the extreme tip of the
capillary from touching liquid solder, as well as to enable.the
- nitrogen gas N, to flow out in every direction, thereby soldering
the object surfaces togethei free of distortion in shape. '

In the embodiment described with reference to Figure 3(b), the .

first tapered surfaces 6e and 6f are formed at an angle of o and
the second tapered 'surfaces 6g and 6h continued to the first

tapered surfaces are formed -at an .angle of B respectively.
However, the tip ridge lines 6c¢ and 6d may also be formed with
tapered surfaces formed only at one tapered angle.

Furthermore, as shown in Figure 7 for another embodiment of the
present ihvention, it may also be possible to form a pair of
tapered portions 6m and 61 just like in the above described
‘embodiment, as well as an extreme tip surface 6k perpendicular to
the center line 50 so that the tip surface 6k is positioned so as
to be slightly-advanced in the direction G from the regulation
point Pl passing the center of the solder ball_122L It is no need
to form any ridge line at the extreme.tip of the conic portion 6a
at this time. '

_15_
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In the above described embodiment, a pair of projections of the.
tip of the solder ball regulator are formed at a portion where the
first and second tapered surfaces are formed so that the tip ridge
lines 6c and 6d are assumed as the tips of those first and second
tapered surfaces. However, the pair of the projections are not
limited only to those; they may be formed in various shapes such
as bar-like projections.

_ Furthermore, in the above described émbodiment, the center axis of
the capillary tube is set so that its tip comes close to each flat
surface while the center axis is inclined by substantially 45° to
the connection surfaces 118a and 112b of the bonding pad 118 and
the lead pad 1ll1l2a respeétively and the tapered surfaces at the tip
of the capillary tube are formed symmetrically with respect to the
surface including the center axis. However, the present invention
is not limited to this, -and the relationship between those items
may be varied'according to various required conditions.. -

Although the external shape of the. solder ball regulator is formed
conic in the above described embodiment, the shape may be varied
freely unless it touches the slider and the leads during a work..

According to the capillary tube and the solder ball connection
device of  the present invention, a solder ball to reflow cén be
held stably, thereby solder connections can be made at
predetermined points and it is possible to prevent connection
failures to be caused by positionai deviation of the connection.

Furthermore, because the surface on which the laser beam reflects
is mirror-finished, it is possible to reduce the energy loss of
the laser beam to be caused by such a reflection, as well as
reduce fhe_ energy loss of the laser beam to occur when in
reflowing, thereby making solder ball connections  more
efficiently.

- 16 -
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3. Brief Description of the Drawings:

Figure 1 is a schematic view of a solder ball connection device in
which a capillary tube is installed in an embodiment of the
present invention;

'Figure 2 is a perspective view of a shape of a conic portion 6a of
an action tube 6, which is a component of the capillary tube 4 in
the embodiment of the present invention;

Figure 3 is a cross sectional view of the conic portion 6a of the
action tube 6;

Figure 4 shows a positional relationship among the conic portion.
Ga,Ja bonding pad 118, and a lead pad 112a for a solder ball
connection with use of the caplllary tube 4 of the present
invention;

Figure 5 shows a route of a focused laser beam to a ball holding
opening 6b, the focused laser beam advanc1ng while reflecting on
'the inner wall 6j of the conic portion;

Figure 6 shows a positional relatlonshlp among llquefled solder
11, and tip rldge lines 6c and 6d

Figure 7 is a cross sectional view of the capillary tube in
another embodiment of the present invention;

Figure 8 i1s a perspective view of an HG assembly;

Figure 9 is a partially expanded view of the tip of the HG
assembly; ' '

Figure 10 shows a cross sectional view of the major portion
passing a directing line 151 passing the center of the bonding pad
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118 shown in Figure 9, the major porﬁion being viewed from the
direction C. Figure 10 also shows a partial cross sectional view
of the solder ball connection device; and

Figure 11 is a perspective view of a tip shape of a conventional

capillary tube.
[Description of symbols]

1 ... Solder Ball Connection Device
2 ... Optical System '

3 ... Optical Fiber

4 ... Capillary Tube

4a ... Cylindrical Portion

4b ... Conic Portion

5 ... Cyiindrical Tube

6 ... Action Tube

6a ... Conic Portion

6b ... Ball Holding Opening
6c ... Tip Ridge Line

6d ... Tip Ridge Line

6e ... First Tapered Surface
6f ... First Tapered Surface
6g ... Second Tapered Surface
6h ... Second Tapered Surface
63 ... Inner Wall of Conic ‘Portion
6k ... Tip Surface

61 ... Tapered Portion

ém ... Tapered Portion

6n ... Connection Portion

7 ... Solder Ball Reservoir .
7a ... Laser Beam Path

7b ... Ball Storage

7c¢ ... Ball Transfer Tray

7d ... Intake Pipe
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7f

9 ...

10
11 .
12 .
100
101
102
103
104
105
106
107
108
109
110

110a ...

111
llla
112
ll2a
113
113a
114
115
116
117
118
119
120
121
121a
+ 122

... Gas Path

.. Solder Ball Storing Hole
Tube

... Focused lLaser Beam

.. Solder

.. Connection Tube
HG Assembly
Actuator Arm
Opening

.. Flat Surface

... Load Beam

... Mount Plate

... Flexure

... Arch-shaped Opening

... Platform

... Slider
... Lead Wire
Lead Pad
.. Lead Wire
.. Lead Pad
... Lead Wire
... Lead Pad
... Lead Wire
Lead Pad
... Opening
Opening'
. Bonaing Pad
Bonding Pad
... Bonding Pad
... Bonding Pad
... Insulating Sheet
... Capillary Tube
Hollow Portion
Solder Ball
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(1)

(2)

(3)

"Claims:
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B

| ' (M m

A capillary tube employed for a solder ball connection
device used to .connect a first connection surface of a pad
formed at .a slider held by a slider holder in a disk
apparatus and a second connection surface of a pad formed at
an end of a lead wired to said slider holder and disposed
substantially perpendicular to and close to a flat portion
includihg_said first connection surface together with use of
a solder ball,

comprising a solder ball regulator having a substantially
conic and hollow portion inside;

wherein said solder ball regulator has,

an opening communicating with the top of said hollow portion
in a tip portion, a center axis- of said opening being common
to a center axis of said hollow portion, and '

a pair of projections protruded along said center axis” at a
position around said opehing,_where.said projections face
each other with said center axis therebetween; and

.said projection regulates movement of said solder ball.

The capillary tube according to Claim 1, wherein:

said tip portion is tapered when viewing it from a line
connecting a pair of said projections to each other; and

the extreme tip of said tapered tip portion forms said”
projections.

The capillary tube according to Claim 2, wherein said tip
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(8)
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portion is formed with a pair of flat portions inclined to a
datum plane including a line connecting said-center axis and
a pair of said projections to each other.

The capillary tube according to Claim 3, wherein:

a pair of said flat portions are inclined at an equal angle

. respectively to said datum plane; and

a pair of said projections are disposed symmetrically with
respect to said datum plane.

The capillary tube according to any of Claims 1 Lo 4,
further comprising a cylindrical portion connected to the
other side end of said tip portioh of said solder ball
regulator, formed on the same axis as that of said solder
ball regulator, and providedlwith a hollow portion spatially
continued to said hollow portion of said solder ball
regulator. '

The capillary tube according to any of Claims 1 to 4,
wherein inside surfaces of a pair of said projections
compose a part of a cylindrical surface formed on the same
axis as that of said hollow portion.

The capillary tube according to any of Claims 1 to 4,
wherein the inner wall of said solder ball regulator is
mirror-finished.

The capillary tube according to any of Claims 1 to 4,
wherein said solder ball regulator and said cylindrical
portion, ‘or at least said solder ball regulator, are
composed of a first tube-like body;

at least a part of said cylindrical portion is composed of a
second tube-like body; and
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said"capillary tube further comprises a connector for
connecting said first and second tube-like bodies to each
other. '

The capillary tube according to Claim 2,

wherein said tip portion is formed with a pair of first flat
surfaces inclined by a first angle to a datum surface
including a line connecting said center axis and a pair of
said projections and a pair of second flat surfaces
continued to a pair of said first flat surfaces and ihclined
by a second angle to said datum surface.

A solder ball cbnnection apparafus, comprising:
a capillary tube aécording to-Claim 1;

a solder ball reservoir for suppiying a solder ball in said
capillary tube, said supplier having a diameter smaller than
the. inside diameter of an opening of said capillary tube;
and

a ‘laser output device for applying. a focused laser beam to
said opening of said capillary tube through said hollow
portion;

wherein said datum surface including:a line connecting said
center axis of said capillary tube and said first and second
projections to each other is inclined -to said first and
second connection surfaces, thereby reflowing said solder
ball.- '

(11) A solder ball connection apparatus,,éomprising:

a capillary tube according to Claim 4;
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a solder ball reservoir for Supplying a solder ball in said
capillary tube, said supplier having a diameter smaller than
the inside diameter of said opening of said capillary tube;
and '

a laser output device for applying a focused laser beém to
said opening of said caplllary tube through said hollow
portlon,

" wherein said datum surface 1nclud1ng a line connecting said
- center axis of sa1d capillary tubq and said first and second

- projections to eaph other is inclined by 45° to said first
~and second connection surfaces, thereby :reflowing said

solder ball.

The solder ball connhection device according to Claim 10 or

11, further comprising -a nitrogen gas supplier for supplylng-

a nitrogen gas into said capillary tube.
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