APPARATUS AND METHOD FOR FILLING A BALL GRID ARRAY

FIELD OF INVENTION

[0001] The present invention generally relates to an apparatus and method for filling a
ball grid array template and to a method for transferring a plurality of balls.

BACKGROUND

[0002] A ball grid array (BGA) is a type of surface-mount packaging (a chip carrier)
used for integrated circuits. BGA packages are used to permanently mount devices
such as microprocessors. A BGA can provide more interconnection pins than can be
put on a dual in-line or flat package.

[0003] Typically, in filling a ball grid array template, solder balls are moved into cavities
of the template by tilting the template in one direction at a first instance and the
template is tilted in the opposite direction in the next instant. The solder balls are
moved into the cavities by the action of gravity from the inclination of the template. For
example, US Patent No. 6,390,351 describes a method whereby solder balls are
moved by the tilting of platform in a clockwise direction in one instance and then in the
reverse direction in the next instance. In the process, the solder balls are moved from
cavity to cavity by a blade in coordination with an inclination by a platform. Similarly, in
US Patent publication No. US20030127501 A1, solder balls within a bin are moved
over a hole array in coordination with the tilting of template. The mechanism is ‘rocked’
multiple times to enhanced the filling of solder ball into hole array.

[0004] In the above examples, solder balls are continually moved together across the
surface of the template in different directions. The rubbing between the solder balls and
across the template causes a build-up of static charges. The built-up static charges
may cause the solder balls to clump together and increase stiction to surfaces of
template and blade. Further, the build-up of static charges may cause frequent static
discharges through sparking. This increases the rate of oxidation of the solder balls,
resulting in poor solderability and electrical connectivity. Therefore, a lower production
yield may be possible during operation and also because of the increased risk of
damage to solder balls due to pushing ‘sticky’ balls over the template. Damaged solder
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balls can cause unequal solder joints which are normally not acceptable during
soldering of integrated circuits.

[0005] In another example, such as US Patent No. 8,387,236 B2, a spinning
mechanism is used to move solder balls over a template or stencil in various possible
paths. These solder balls are continuously being brushed, pushed and moved, causing
a lot of rubbing among the solder balls and with the spinning mechanisms and stencil.
Static charges will cause stiction of the solder balls to the brushes and stencil surface.
This may cause damage to the solder balls especially with smaller ball diameters. With
the spinning mechanism comprising multiple brushes, the solder balls are easily
trapped either physically or by stiction within this mechanism. This increases the risk of
mixing solder balls when it is necessary to change different types of solder balls
frequently as needed in semiconductor manufacturing. Mixed solder balls either in
diameter or in alloy is not allowed in semiconductor manufacturing as it is considered
yield loss. Poor filing of the array of holes in the template may lead to low
manufacturing productivity as higher operator intervention is required to rectify

malfunctions in the manufacturing process.

[0006] Accordingly, a need exists to provide an apparatus that seeks to address some
of the above problems.

SUMMARY

[0007] According to a first aspect of the present invention, there is provided an
apparatus for filling a ball grid array template, the apparatus comprising a flat base; a
plate mounted on the base and configured to be rotatable about a first axis
perpendicular to the base, an upper surface of the plate comprising a plurality of holes
forming the ball grid array template; and a stationary ball supply bin mounted to the
base, wherein the base is configured to be inclined at an angle relative to a horizontal
plane; and wherein the ball supply bin is configured in use to dispense a plurality of
balls onto the corresponding plurality of holes forming the ball grid array template as
the plate is rotated about the first axis.

[0008] The plate may comprise a first plate member mounted on the base and a
second plate member coupled to the first plate member such that the first plate
member rotationally drives the second plate member.



[0009] The plurality of holes may be disposed on an upper surface of the second plate

member.

[0010] The angle relative to the horizontal plane may be adjustable based on a size of
the balls and a speed of rotation of the plate.

[0011] The ball supply bin may comprise an open bottom, and the ball supply bin may
be mounted to the base such that the balls in the ball supply bin are in contact with the

upper surface of the plate.

[0012] The ball supply bin may further comprise a ball gate side wall having a lower
end and an upper end, and the ball gate side wall may be pivotable about a second
axis adjacent the upper end, the second axis being substantially parallel to the plate.

[0013] The ball gate side wall may be configured in use to detect an irregularity during
dispensing of the plurality of balls onto the corresponding plurality of holes as the plate
is rotated about the first axis.

[0014] According to a second aspect of the present invention, there is provided a
method for filling a ball grid array template, the method comprising mounting a
plate to a flat base inclined at an angle relative to a horizontal plane, wherein an
upper surface of the plate comprises a plurality of holes forming the ball grid array
template; mounting a stationary ball supply bin to the base such that the ball supply
bin is adjacent the upper surface of the plate; and dispensing a plurality of balls
from the ball supply bin onto the corresponding plurality of holes forming the ball grid
array template while rotating the plate about a first axis perpendicular to the base.

[0015] Mounting the plate to the flat base may comprise mounting a first plate
member on the base and coupling a second plate member to the first plate member
such that the first plate member rotationally drives the second plate member.

[0016] The method according to the second aspect may further comprise adjusting
the angle relative to the horizontal plane based on a size of the balls and a speed of
rotation of the plate.

[0017] The method according to the second aspect may further comprise detecting,
by the ball gate side wall, an irregularity during dispensing of the plurality of balls onto
the corresponding plurality of holes as the plate is rotated about the first axis.
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[0018] The method according to the second aspect may further comprise providing
a vacuum to the plurality of holes for drawing and securing the plurality of balls.

[0019] According to a third aspect of the present invention, there is provided a
method for transferring a plurality of balls, the method comprising filing a ball grid
array template with a plurality of balls using the method as disclosed in the second
aspect when the ball grid array template is at a first position; rotating a plate to
move the ball grid array template from the first position to a second position; and
picking the plurality of balls from the ball grid array template with the ball grid array
template being stationary at the second position.

[0020] The method according to the third aspect may further comprise tilting the
base such that the base is parallel to the horizontal plane at the second position.

[0021] The method according to the third aspect may further comprise removing
impurities from the plurality of holes of the ball grid array template when the ball
grid array template is at a third position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by

way of example only, and in conjunction with the drawings, in which:

[0023] Fig. 1A shows a perspective view of the apparatus for filling a ball grid array
template according to an example embodiment.

[0024] Fig. 1B shows a close-up view of a plurality of holes of the apparatus of Fig. 1A.

[0025] Fig. 1C shows an enlarged cross-sectional view of the apparatus for filling the
ball grid array template of Fig. 1A during normal operation according to an example

embodiment.

[0026] Fig. 1D shows an enlarged cross-sectional view of the apparatus for filling the
ball grid array template of Fig. 1A during an irregularity according to an example

embodiment.
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[0027] Fig. 1E shows a perspective view of the apparatus for filling a ball grid array
template of Fig. 1A with a cleaning tool during the transfer of a plurality of balls

according to an example embodiment.

[0028] Fig. 1F shows a perspective view of the apparatus for filling a ball grid array
template of Fig. 1A with a cleaning tool during the removal of impurities according to

an example embodiment.

[0029] Fig. 2 shows a flowchart illustrating a method for filing a ball grid array
template according to an example embodiment.

[0030] Fig. 3 shows a flowchart illustrating a method for transferring a plurality of balls
according to an example embodiment.

DETAILED DESCRIPTION

[0031] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the
preceding background of the invention or the following detailed description. Herein,
an apparatus for filing a ball grid array template, method of manufacturing and
operating the same are presented in accordance with present embodiments having
the advantages of high manufacturing productivity and higher production yield.

[0032] Fig. 1A shows a perspective view of the apparatus 100 for filling a ball grid
array template according to an example embodiment. The apparatus 100 comprises
a flat base 102, a plate 106 and a stationary ball supply bin 108. The plate 106 is
mounted on the base 102 and configured to be rotatable about a first axis 122
perpendicular to the base 102. The base 102 may be inclined at an angle 124
relative to a horizontal plane by rotating about axis 126. An upper surface of the
plate 102 may include a plurality of holes 120 forming the ball grid array template.
The ball supply bin 108 is mounted to the base 102 and is configured in use to
dispense a plurality of balls 110 onto the corresponding plurality of holes 120
forming the ball grid array template as the plate 106 is rotated about the first axis
122.

[0033] The plate 106 further includes a first plate member 138 mounted on the
base 102 and a second plate member 104 coupled to the first plate member 138
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such that the first plate member 138 rotationally drives the second plate member
104. The plurality of holes 120 are disposed on an upper surface of the second
plate member 104. The plate 106 may be rotated about the first axis 122 using a
first motor 128 with a gear drive 130. A second motor 116 rotates the base 102
about the axis 126 such that the base 102 is inclined at angle 124 relative to the
horizontal plane. In this case, the predetermined angle 124 is approximately 30
degrees. However, it will be appreciated that the angle 124 may be adjusted
between 0 and 90 degrees in alternate embodiments. The angle 124 relative to the
horizontal plane may be adjustable based on for example, a size of the balls 110 and
a speed of rotation of the plate 106.

[0034] The ball supply bin 108 may include an open bottom and may be mounted to
the base 102 such that the balls 110 in the ball supply bin 108 are in contact with the
upper surface of the plate 106. The ball supply bin 108 may further include a ball gate
side wall 114 having a lower end and an upper end. The ball gate side wall 114 may be
pivotable about a second axis adjacent the upper end, with the second axis being
substantially parallel to the plate 106. The sides of the ball supply bin 108 may be
circumferentially enclosed such that there are three rigid sides 112 and the fourth
side comprises the ball gate side wall 114.

[0035] The ball gate side wall 114 is configured to detect an abnormal situation (e.g.
ball protruding out of the hole during the ball filling process). For example, the ball gate
side wall 114 may be coupled with a sensor to detect its displacement. Figs. 1C and 1D
show enlarged cross-sectional views of the apparatus 100 for filling the ball grid array
template of Fig. 1A during normal operation and during an irregularity, respectively,
according to an example embodiment. As shown in Fig. 1C, during normal operation of
the apparatus 100, the ball gate side wall 114 is substantially parallel to the rigid side
112 of the ball supply bin 108. Each of the plurality of holes 120 is filled with one ball
from the ball supply bin 108. During an abnormal situation as shown in Fig. 1D, the ball
110 protrudes from the hole 120 due to the presence of dirt or impurity 142 in the hole
120. The ball gate side wall 114 contacts the protruding ball 110 and is angularly
displaced from its normal position. The sensor can detect the displacement and
generate an error signal or alarm causing the operation to be paused for rectification.
Advantageously, this may ensure that each hole 120 is accurately filled with a ball.

[0036] Before operation, the first plate member 138 of the plate 106 is mounted to
the base 102. The base 102 may be attached to a rotary machine. The rotary
machine may have a motor 116 to rotate the base 102 about the axis 126 such that
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the base 102 is inclined at angle 124 relative to the horizontal plane. The second
plate member 104 may be coupled to the first plate member 138 such that the first
plate member 138 rotationally drives the second plate member 104. The upper
surface of the second plate member 104 may be coated with anti-friction or anti-
static coatings which provide wear and static protection of the balls 110 during
operation of the apparatus 100. The ball supply bin 108 containing the plurality of
balls 110 is mounted to the base 102 such that the ball supply bin 108 is adjacent
the upper surface of the plate 106. The ball supply bin 108 is mounted to the base
102 such that the ball gate side wall 114 pivots about the second axis being
parallel to the plate 106.

[0037] The second plate member 104 and the first plate member 138 may be
secured together by one or more fasteners. Alternatively, one or more pins may be
used to position the first plate member 138 to the base 102 such that they are
tightly secured during operation of the apparatus 100. Further, such pins can also
be configured such that can be easily secured by the fasteners. Similarly, one or
more fasteners can be used to position the ball supply bin 112 such that it is tightly
secured to the base 102.

[0038] During operation, the base 102 is rotated by the motor 116 about the axis
126 to the predetermined angle 124 to the horizontal plane. The predetermined
angle 124 may be calculated based on the size of each of the plurality of balls 110.
The predetermined angle 124 is smaller for a larger diameter of each ball and
larger for a smaller diameter of each ball. It can be appreciated by the person
skilled in the art that the predetermined angle 124 can be up to 90 degrees to
facilitate deposition of the balls 110 into the holes 120 of the plate 106. The
predetermined angle 124 may also be calculated based on the speed of rotation of
the plate 106. The predetermined angle 124 is smaller for a higher speed of
rotation and larger for a lower speed of rotation of the plate 106. Advantageously,
the rotation of the rotary machine to this position is carried out once in the entire
cycle to reduce the amount of agitation to the balls 110. At this position, the
plurality of balls 110 are fully resting on a rigid side wall 112 of the ball supply bin
108.

[0039] Thereafter, the first plate member 104, together with the second plate
member 138, are rotated by the first motor 128 and the gear drive 130 about the
first axis 122 that is perpendicular to the base 102. The second plate member 138
may include a gear drive to rotate together with the first plate member 104. In other
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embodiments, a belt drive, a pulley drive or a direct drive can be used in place of
the gear drive 130 or the gear drive of the second plate member 138. As shown in
Fig. 1A, the plate 106 rotates in the counter clockwise direction 136. The ball
supply bin 108, attached to the base 102, remains stationary as the plate 106
rotates. At the first rotational position of the plate 106, the plurality of holes 120 are
positioned below the ball supply bin 108. The plurality of balls 110 from the ball
supply bin 108 are dispensed onto the corresponding plurality of holes 120 forming
the ball grid array template while the plate 106 is rotated about the first axis 122
perpendicular to the base 102. In an embodiment, vacuum 140 (as shown in Fig.
1C) can be provided to the plurality of holes 120 for drawing and securing the
plurality of balls 110 to ensure that the balls 110 are completely dispensed into the
holes 120. Fig. 1B shows a close-up view of each of the balls 134 that are deposited
into the plurality of holes 120 of the apparatus 100.

[0040] In some instances, as the plate 106 rotates about the first axis 122, the
lower end of the ball gate side wall 114 may contact any protruding balls that are not
filled inside the plurality of holes 120. The ball gate side wall 114 is pivoted into a
displaced position to detect an irregularity in the dispensing of the plurality of balls
110 onto the corresponding plurality of holes 120. This may ensure that each of the
plurality of holes 120 are filled with one ball as the plate 106 rotates and the holes
120 move away from the ball supply bin 108.

[0041] Subsequently, the plate 106 is rotated about the first axis 122 until the filled
template is in a pick-up position where the filled balls are picked up by a ball
suction tool 118 configured to move in a direction perpendicular to the upper
surface of the plate 106. Typically, the ball suction tool 118 is lowered onto the
filled ball grid array template and balls 110 can be removed by vacuum or other
suction means as understood by a person skilled in the art. The ball suction tool
118 then moves away from the plate 106 and the whole operation is repeated while
the base 102 is maintained at the same angle of inclination.

[0042] In an alternative embodiment, the base 102 may be tilted such that the
base 102 is parallel to the horizontal plane, i.e. the angle 124 of Fig. 1Ais at 0
degrees prior to the balls being picked up. Such a situation arises when the
apparatus may be integrated into existing machines or the ball suction tool 118 can
only move in a vertical direction to pick up the solder balls 134 from the ball grid
array template. In such an embodiment, the plurality of balls 110 are directly below
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a ball suction tool 118 at the pick up position. The ball suction tool 118 is lowered
to the plate 106 so that the ball suction tool 118 and balls 110 that are dispensed in
the holes 120 are then picked up by the ball suction tool 118.

[0043] After the balls 110 are picked up, the holes 120 may be cleaned to remove
dirt or impurities in an alternate embodiment. This may prevent the abnormal
situation as shown in Fig. 1D and may allow the apparatus 100 to be continuously
in operation. Figs. 1E and 1F show perspective views of the apparatus 100 for filling
the ball grid array template of Fig. 1A during the transfer of balls and during the
removal of impurities, respectively, according to an example embodiment. As shown in
the Figs. 1E and 1F, the apparatus 100 may further include a cleaning tool 144 for
removing impurities from the holes 120 after the balls 110 are picked up by the ball
suction tool 118.

[0044] For example, at the position shown in Fig. 1E, the balls 110 are picked up
by the ball suction tool 118 after the plurality of holes 120 are filled with balls 110
by the ball supply bin 108. Thereafter, in Fig. 1F, the plate 106 is rotated until the
empty template is in a position where the cleaning tool 144 removes impurities
from the empty holes 120. The plate 106 is further rotated to the position for
dispensing of the balls 110 into the cleaned holes 120 and the whole operation is
repeated.

[0045] Fig. 2 shows a flowchart 200 illustrating a method for filling a ball grid array
template according to an example embodiment. The method comprises, at step 202,
mounting a plate to a flat base inclined at an angle relative to a horizontal plane,
wherein an upper surface of the plate comprises a plurality of holes forming the ball
grid array template. At step 204, the method includes mounting a stationary ball
supply bin to the base such that the ball supply bin is adjacent the upper surface of
the plate. At step 206, the method includes dispensing a plurality of balls from the
ball supply bin onto the corresponding plurality of holes forming the ball grid array
template while rotating the plate about a first axis perpendicular to the base.

[0046] Fig. 3 shows a flowchart 300 illustrating a method for transferring a plurality of
balls according to an example embodiment. The method comprises, at step 302, filing
a ball grid array template with a plurality of balls when the ball grid array template
is at a first position. At step 304, the method includes rotating a plate to move the ball
grid array template from the first position to a second position. At step 306, the method
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includes picking the plurality of balls from the ball grid array template with the ball
grid array template being stationary at the second position.

[0047] As described, the example embodiments use a stationary ball supply bin and a
ball grid array template moving along an inclined plane to fill the ball grid array template
with solder balls. The solder balls as described in the present embodiments do not
continually move across the surface of the plate in different directions. Therefore,
rubbing between each of the solder balls and across the plate may be minimized and
may not cause build-up of static charges. Thus it can be seen that the apparatus in
accordance with the present embodiments have the advantages of high
manufacturing productivity, high production yield, better solderability and electrical
interconnectivity and lower yield loss. While exemplary embodiments have been
presented in the foregoing detailed description of the invention, it should be
appreciated that a vast number of variations exist.

[0048] It should further be appreciated that the exemplary embodiments are only
examples, and are not intended to limit the scope, applicability, operation, or
configuration of the invention in any way. Rather, the foregoing detailed description
will provide those skilled in the art with a convenient road map for implementing an
exemplary embodiment of the invention, it being understood that various changes
may be made in the function and arrangement of elements and method of
operation described in an exemplary embodiment without departing from the scope
of the invention as set forth in the appended claims.

[0049] It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.
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CLAIMS
1. An apparatus for filling a ball grid array template, the apparatus comprising:
a flat base;

a plate mounted on the base and configured to be rotatable about a first axis
perpendicular to the base, an upper surface of the plate comprising a plurality of holes
forming the ball grid array template; and

a stationary ball supply bin mounted to the base,

wherein the base is configured to be inclined at an angle relative to a horizontal
plane; and

wherein the ball supply bin is configured in use to dispense a plurality of balls
onto the corresponding plurality of holes forming the ball grid array template as the
plate is rotated about the first axis.

2. The apparatus as claimed in claim 1, wherein the plate comprises a first plate
member mounted on the base and a second plate member coupled to the first plate
member such that the first plate member rotationally drives the second plate member.

3. The apparatus as claimed in claim 2, wherein the plurality of holes are

disposed on an upper surface of the second plate member.

4, The apparatus as claimed in any of the preceding claims, wherein the angle
relative to the horizontal plane is adjustable based on a size of the balls and a speed of

rotation of the plate.

5. The apparatus as claimed in any of the preceding claims, wherein the ball
supply bin comprises an open bottom, and wherein the ball supply bin is mounted to
the base such that the balls in the ball supply bin are in contact with the upper surface
of the plate.

6. The apparatus as claimed in any of the preceding claims, wherein the ball
supply bin further comprises a ball gate side wall having a lower end and an upper end,
wherein the ball gate side wall is pivotable about a second axis adjacent the upper end,
the second axis being substantially parallel to the plate.
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7. The apparatus as claimed in claim 6, wherein the ball gate side wall is
configured in use to detect an irregularity during dispensing of the plurality of balls onto
the corresponding plurality of holes as the plate is rotated about the first axis.

8. A method for filling a ball grid array template, the method comprising:

mounting a plate to a flat base inclined at an angle relative to a horizontal
plane, wherein an upper surface of the plate comprises a plurality of holes forming
the ball grid array template;

mounting a stationary ball supply bin to the base such that the ball supply
bin is adjacent the upper surface of the plate; and

dispensing a plurality of balls from the ball supply bin onto the corresponding
plurality of holes forming the ball grid array template while rotating the plate about a
first axis perpendicular to the base.

9. The method as claimed in claim 8, wherein mounting the plate to the flat
base comprises mounting a first plate member on the base and coupling a second
plate member to the first plate member such that the first plate member rotationally
drives the second plate member.

10.  The method as claimed in claims 8 or 9, further comprising adjusting the
angle relative to the horizontal plane based on a size of the balls and a speed of
rotation of the plate.

11.  The method as claimed in claims 8 to 10, wherein the ball supply bin
comprises an open bottom such that the balls in the ball supply bin are in contact with
the upper surface of the plate.

12. The method as claimed in claims 8 to 11, wherein the ball supply bin further
comprises a ball gate side wall having a lower end and an upper end, and wherein
mounting the ball supply bin to the base comprises:

pivoting the ball gate side wall about a second axis adjacent the upper end, the
second axis being parallel to the plate.
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13. The method as claimed in claim 12, the method further comprising the step of
detecting, by the ball gate side wall, an irregularity during dispensing of the plurality of
balls onto the corresponding plurality of holes as the plate is rotated about the first axis.

14. The method as claimed in claims 8 to 13, further comprising the step of
providing a vacuum to the plurality of holes for drawing and securing the plurality of
balls.

15. A method for transferring a plurality of balls, the method comprising:

filing a ball grid array template with a plurality of balls using the method as
claimed in any one of claims 8 to 14 when the ball grid array template is at a first
position;

rotating a plate to move the ball grid array template from the first position to
a second position; and

picking the plurality of balls from the ball grid array template with the ball
grid array template being stationary at the second position.

16. The method as claimed in claim 15, further comprising, before the step of
picking the plurality of balls, the step of tilting the base such that the base is
parallel to the horizontal plane at the second position.

17. The method as claimed in claim 15, further comprising, after the step of
picking the plurality of balls, the step of removing impurities from the plurality of
holes of the ball grid array template when the ball grid array template is at a third
position.



