SOLDER BALL LOADI NG MECHANI SM FIELD OF THE INVENTION 5 101738
Thespresent invention relates generally to the field of sem conductor

packagi ng, and particularly to a solder ball |oadi ng nechani sm used during

a BGA packagi ng process. BACKGROUND OF THE | NVENTI ON 10

BGAs (Ball Gid Arrays) are relatively new sem conductor devices

where the contact points a er I ed | ay formation.
When creating a BGA devi ce%&ﬁéﬁgolﬁﬁ-bgﬁéﬂm}gt M%gy precisely on

the BGA substrate in an array formation. Currently, all of the balls for a
BGA 15 device are placed at one tinme using a suction pick & place device

whi ch picks up the balls in an array formation and pl aces them onto
t he BGA sﬁ@f‘gapg. ThiE IYENEIQNe suction device can pi ck up the
balls, the balls nust first be loaded onto a tenplate in an array
formation. This can be a relatively tinme-consum ng step during a BGA

packagi ng process as the
5 The present invention relates generally to the field of semiconductor

packaging, and particularly to a solder ball loading mechanism used during

a BGA packaging process.

BACKGROUND OF THE INVENTION
10

BGAs (Ball Grid Arrays) are relaiively new semiconductor devices
where the contact points are solder balls arranged in an array formation.
When creating a BGA device, the solder balls must be placed precisely on
the BGA substrate in an array formation. Currently, all of the balls for a BGA
- 156 device are placed at one time using a suction pick & place device which
picks up the balls in an array formation and places them onto the BGA
substrate. But before the suction device can pick up the balls, the balls must
first be loaded onto a template in an array formation. This can be a
relatively time-consuming step during a BGA packaging process as the
20 Dballs tend to be very small and there are relatively large number of balls per
array. Even a single missing ball will require a repeat of the loading
process. Clearly-, there is need for a mechanism for effectively and reliably
loading the solder balls into an array formation with the minimum number of

repeats.
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20 balls tend to be very snmall and there are relatively |arge nunber of

bal I's per array. Even a single mssing ball will require a repeat of
t he | oadi ng process. Clearly, there ié need for a nechanism for
effectively and reliably | oadi ng the Solder balls into an array
formati on with the m ni nrum nunber of repeatls. _25h f . o ect
2 OBJECT, t is therefore e objec
of the present P?\%%#OW?% (C)mvo%Nyo" mechani smfor efficiently

| oadi ng sol der balls onto a tenplate in an array S formation. _
SUMVARY COF THE | NVENTI ON The present ball | oadi ng mechani sm

I ncl udes a novabl e p € 0] est.i.ng O op of the plate is a ball
contai ner adapt ed fo%%o‘?'ﬁreffaﬁéﬁ%t?% ttO? é‘et E"T%em(‘{ﬁﬁﬁ'ﬁﬂ t e Preyide ot der
bal'l's. The Contr%'erc': énigr%e?or%%cier%i&eloaadﬁxog sgmer baeﬁs onto a template in an array

5 formation.
SUMMARY OF THE INVENTION

The present ball foading mechanism includes a movable plate.
10 Resting on top of the plate is a ball container adapted for holding relatively
large quantities of solder balls. The container does not have a bottom, that
is, the bottom of the container is essentially the plate itself. The container
should be lightly resting on the plate so that the plate can easily slide
underneath the container. To ensure that the container lightly rests on the
15  plate without any gaps, spring buffer may be provided between the
container and the plate. Pressurized air is provided from two sides of the
container via an air supply tube in an alternating fashion where only one of
the tubes is providing air at any given time such that the air pressure causes

the solder balls to move from side to side inside the container
20 The piate has at least one array template, and in this preferred
embodiment, six templates. The templates are situated on the plate such
that all six temp#étes can be positioned undemeath the container by sliding
the plate towards the container. The template basically comprises step
holes which are arranged in an array formation identical to that of the
25 pattern formed by the balls on the eventual BGA device. Each hole is only

big enough to hold a single solder ball. Each of the holes extends through
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six tenpl ates can be positioned underneath the container by sliding
the plate towar @kessantigliyevemuith thre planenei thed!aasi cal |y conprises step
hol es which are arranged in an array formation identical to that of the
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bi g enough to hold a single solder ball.
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below the templates, and the detector is attached to the side of the
container. The emitter shines a light through the templates so that any hole
which is not occupied by a solder ball will allow the light to be shined onto

the detector when the templates are positioned below the detector .
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective diagram of the present ball loading
mechanism shown in conjunction with solder ball suction pick & place

device.

FIG. 2 is a cross-sectional view of the hole in the array template with a

solder ball resting inside the hole.
DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates the preferred embodiment of the present invention.
For illustration purposes, the ball loading mechanism 1, the present
invention, is here shown in conjunction with a ball suction pick & place

device 2. The ball suction pick & place device 2 works in conjunction with

enbodi nment ,
& solsles ball sheuld be just helewy) |
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smal l er than the dianmeter of the ball so that the solder ball does not fal
through the hole. In the resting position, the solder ball should be just

bel ow or essentially even with the pl gne of the plate. 5 A
pair of sensor devices , a detector and an emtter, is provided for
detecting a mssing ball in the tenplates. The emtter is |ocated
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large quantities of solder balls 20. The container 15 does not have a bottom,
that is, the bottom of the container is essentiaily the plate 5 itself. The
container 15 should be lightly resting on the plate so that the plate 5 can
10  easily slide undemeath the container 15. To ensure that the container 15
lightly rests on the plate 5 without any gaps, spring buffer may be provided
between the container 15 and the plate 5.
Pressurized air is provided from two sides of the container 15 via air
supply tube 25 (only one shown) in an alternating fashion where only one of
15 the tubes is providing air at any given time such that the air pressure causes
the solder balls to move from side to side inside the container (hence the
container preferably shoufd have a cover though it is not shown here in the
figure). It should be understood by those skilled in the art that while the air
supply helps in the fill-in process and is highly desirable, it is possible that
20 the ball loading mechanism may operate without such air supply, or in the
altemative, with other means for perturbing the balls inside the container.
The plate-5 has at least one array template 10, and in this preferred
embodiment, six templates. The templates 10 are situated on the plate 5
such that all six templates 10 can be positioned undemeath the container 5
25 by sliding the plate 5 towards the container 15. The template 10 basically

comprises step holes which are arranged in an array formation identical to



For illustration purposes, the ball |oading mechanism1, the present 25
I nvention, is here shown in conjunction with a ball suction pick & place

device 2. The ball suction pick & place devgce 2 works in conjunction with

4 . the ball |oading nechanism 1 durind a BGA packagi ng process, but
It is not part of the ball |oading nechanism 1. It should be
appreci ated by h ' i t Rstfegﬁ Da g
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A pair of sensor devices, a detector 30 and an emitter 35, is provided
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for detecting a missing ball in the templates 10. The emitter 35 (shown in

10 phantom lines) is located immediately below the templates 10, and the
detector 30 is attached to the side of the container 15. The emitter 35 shines
a light through the templates 10 so that any hole which is not occupied by a
solder ball will allow the light to be shined onto the detector 30 when the
templates 10 are positioned below the detector 30.

15 The solder ball loading process begins by filling the container 15 with
sufficient amount of solder balls. To optimize the process, it is preferred that
the container only be partially filled or there will not be sufficient room for the
solder balls to move about inside the container. Sufficient movement is
desirable as it helps to move the solder balls into place. On the other hand,

20 having too few solder balls is also not desirable because a sufficient
number of balls are needed to optimize the random fill-in process.

Once the container is filled with the solder balls 20, the air supply is

activated so that the solder balls move from side to side inside the container

5. The plate 5 then slides towards the container 15 to place the templates 10

25 undemneath the container 15. Once undemeath the container 15, the plate 5

remains in position for a short duration to allow the balls 20 to fill the holes



15 the tubes is providing air at any given tinme such that the air pressure

causes the solder balls to nove fromside to side inside the
cont ai ner (hence the cont ai ner preferably shoul d have a cover though
it is not shown here in the flgure) It should be understood by
those skilled in the art that while the air supply helps in the
fill-in process dIS hl i rable, it 0ssj bl e he bal |
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in this preferred six tenplates. The tenplates 10 are
situated on thdOR@e @Qprneath thes‘i%lﬁa'f‘ﬁ'éﬂ5all?*3 Eh%(temmeﬁt@ mayechglowe the

posi ti oned underneath the contai ner y sliding the plate 5 towards
the container Mpperisensenpdal & deteﬂamegawhpther any ot Hip hplessare; BYSSRG &
which are arranged in an array formation identical to

5 that soldareballat f @ny missingasalger hall tialdetedied, the platenbuslidesdpack

devi ce. As can be seen in FIG 2, each hole 39 is on bi g enough to
hol d a singl e dowdrds the contaiberl 15 85d tPEaﬁHrimprQOGGsHslrepe&iede\b{mmﬁ phthmigh
the entire thickness of the plate 5 but the dianeter of the hole 37

at the bottom imlesial thertetmiplates @ are Sllediwdthesotderdsalishaolight shimestthrougie
sol der ball does not fall through the hole. In
the template holes and the solder ball loading process is deemed to be
completed.

10 Once the loading process has been completed, the ball suction pick
& place device 2 picks up the solder balls from the templates maintaining
the array formation, and places the solder balls onto BGA substrates.
Further processing is required to permanently attach the solder balls onto
the substrates.

15 The present invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the

20 meaning and range of equivalency of the claims are, therefore, to be

embraced therein.



the resting position, the solder ball 35 should be just bel ow or
essentially even with the top plane of the plate 5. A
pair of sensor devices, a detector 30 and an emtter 35, is provided

for detecting a nissing ball in the tenplatés 10. The emtter 35 (shown in
10 phantomlines) is |located i medi ately below the tenplates 10, and the

detector 30 is zat m d to the side of the container H‘ | MHUWS
shi nes a lrg hrough the tenplates 10 so t hat!=HF i S

not occupi ed by a sol der ball will allowthe Iiéht to be shinéd onto
t he detector 30 when the tenpl ates 10 are positioned bel ow t he
detector 30. 15 . The solder ball |oading process begins by filling
the container 1%V Glaim: sufficient amount of solder balls. To optim ze
the process, it is preferred that the container only be partially
filled or there will not be sufficient roomfor the solder balls to
nove about inside the container. Sufficient novenent is desirabl e as

it hel ps to hovd.t he Asioltler hadllloadingmoeghanism comprisingot her hand, 20
having too few solder balls is also not desirable because a sufficient
nunber of ba2ls are agdatel to optimze the randomfill-in process.

Once the container is filled with the solder balls 20, the air supply is

activated so3that thet bzistione laniaytemplate fdisposed da said plate; | nsi de the
cont ai ner 5. The plate 5 then slides towards the container 15 to

place the teqpl ates 4Gontdiner fontholdieg idoidercbaliendigposad 3% saldphatelndldotteni h
the container 15, the plate 5
5 of said container being a top surface of said plate;
6 a mechanism for detecting whether said array template is completely
7 filled with solder balls;
8 whereby said plate slides towards said container to place the
g9 template underneath the container to filt the array template with said solder
10 balls.

1 2 The solder balt loading mechanism as recited in claim 1 further

2 comprising an air supply for moving said solder balls inside said container. -

1 3 The solder ball loading mechanism as recited in claim 1 wherein said
2 array template comprises an array of step holes, each of said holes being
3 large enough to accommodate a single solder ball, said hole having a
4 bottom hole which has a diameter smafler than said solder ball.

1 4, The solder ball loading mechanism as recited in claim 2 wherein said
2 array template c.omprises an array of step holes, each of said holes being
3 large enough to accommodate a single solder ball, said hole having a
4 bottom hole which has a diameter smaller than said solder ball.

1 & The solder ball loading mechanism as recited in claim 1 wherein said

2 detecting mechanism comprises a detector and an emitter.



remains in position for a short duration to allow the balls 20 to fiTT the

[]glnglsat es 10. After such a predeterm ned pgé)i od has elmummmlﬂmmnﬂm

plate 5 slides away fromthe container 15 that the tenpl ates' 18 are no

| onger underneath the container 15. As the tenplates 10 nove bel ow t he
upper sensor, 30, it s d Lhed et n I 1 SSi a
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balls, no light_shings through . _the tenpl ate holes and the sal der, ball
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array formation, and places the solder balls onto BGA substrates,
Further processioggiads beloy said templateras@if detestaralacated aaveesaish platesnt o
t he substrates. 15 . The present jnvention may be enbodied in other
speci fic fordns wherein gaighamittae shinasng lighdnthroughs said holgs, sald light being
characteristics thereof. The

5 detected by said detector, whereby a detection of said light is indicative of a

6 missing solder ball.
1 8. The solder ball loading mechanism as recited in claim 2 wherein said
air supply is located on two sides of said container to supply air to said

container in an alternating fashion to move said solder balls from side to

HWw N

side.
1 9 The solder ball loading mechanism as recited in claim 4 wherein said
air supply is located on two sides of said container to supply air to said

container in an alternating fashion to move said solder balls from side to

A WON

side.
1 10. The solder ball loading mechanism as recited in claim 1 further

2 comprising a spring buffer between said container and said plate.



presently disclosed enbodi nents are, therefore, to be considered in all

respects as illustrative and not restrictive, the scope of the invention
bei ng i ndi cated by the appended clains and all changes which cone
within the 20 meani ng and range okmh\l\e&fncy of the clains are,

t herefore, to be enbraced therein.

7 W daim 1 1. A sol der ball 1 oadi ng nechani sm

conpri si ng: 2 a plate; at | east one array tenpl ate
di sposed on said plate; r g solder balls
di sposed on said pl ate, §%TR§EmBAI5E E@Wﬁﬁ ME?[%RQHM:el ng a top
surface of said plate; a nechani sm for detecting whether said

array tenplate is corrpletely 7 filled with solder balls; 8
wher eby sai d pl at@ srebeRchdICalRMY Maékhrish iRdladds é‘?ndi}aM&pFa'F& Resting on

top of the plate is a ball container adapted for holding relatively large quantities of
solder balls. Pressurized air is provided from two sides of the container via an air
supply tube in an alternating fashion where only one of the tubes is providing air at
any given time such that the air pressure causes the solder balls to move from side
to side inside the container. The plate has at least one array. The template
basically comprises step holes which are arranged in an array formation identical
to that of the pattern formed by the balls on the eventual BGA device. A pair of
sensor devices , a detector and an emitter, is provided for detecting a missing bali
in the templates. The emitter shines a light through the templates so that any hole
which is not occupied by a solder ball will allow the light to be shined onto the

detector when the templates are positioned below the detector.

FIG. 1



9 tenplate underneath the container to fill the array tenplate wth said

solder 1 0 balls. 1 2. The sol der ball |oading nmechanismas recited
inclaiml further 2 conprising an air supply for noving said sol der
balls inside said container. 1 3. The sol der ball 1 oadi ng nechani sm as
recited in claim1 wherein said 2 array tenplate conprises an array of
step holes, each of said holes being 3 | ar ge enough to accommobdate a
single solder ball, said hole having a 4 bottom hol e which has a

di aneter smaller than said solder ball. 1 4. The sol der ball 1 oading
mechanismas recited in claim2 wherein said 2 array tenplate conprises an
array of step holes, each of said holes being 3 - large enough to

accomodate a single solder ball, said hIZEHhaving a 4 bott om hol e whi ch
has a dianeter smaller than said sol der IT. 1 5. The sol der bal

| oadi ng mechanismas recited in claim1l wherein said 2 det ecti ng
mechani sm conpri ses a detector and an emtter

8 1 6. The sol der ball | oading mechanismas recited in claim2 wherein
said 2 detecting nmechanismconprises a detector and an emtter 1 7. The
sol der ball | oading mechamsmas recited in dUki m 3 wherein said
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2 det ecting nechani smconprises a detector and an emtter,
| ocat ed bel ow sai'd tenplate, said detector |ocated above

CHag-
said em tdzzr gg £
said plate, 4

wherein said emtter shines a light througH said holes, said |ight being 5

detected by said detector, whereby a detection of said Ii

ght is indicative

of a 6 mssing sol der ball. 1 8 The sol der ball | oadi ng nechani sm as
recited in claim2 wherei SOLDER 2BALL dPADINGs MECHANISM t wo si des of

said container to supply air to said 3 container in an alternating fashion

to nove said solder balls fromside to 4 side. 1 9.

The sol der ball

| oadi ng mechanismas recited in claim4 wherein said 2 air supply is
| ocated on two FIELDs OF THEJINVENTION to supply air to said 3 container

in an alternating fashion to nove said solder balls from

side to 4 side.

1 10. The solder ball |oading mechanism as recited in claim 1 further

2 conprising a spring buffer between said container and said plate.
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The present invention relates generally to the field of semiconductor
packaging, and particularly to a solder ball loading mechanism used during

a BGA packaging process.
BACKGROUND OF THE INVENTION

BGAs (Ball Grid Arrays) are relatively new semiconductor devices
where the contact points are solder balls arranged in an array formation.
When creating a BGA device, the solder balls must be placed precisely on
the BGA substrate in an érray formation. Currently, all of the balls for a BGA
device are placed at one time using a suction pick & place device which
picks up the balls in an array formation and places them onto the BGA
substrate. But before the suction device can pick up the balls, the balls must
first be loaded onto a template in an array formation. This can be a
refatively time-consuming step during a BGA packaging process as the
balls tend to be very small and there are relatively large number of balls per
array. Even a single missing ball will require a repeat of the loading
process. Clearly, there is need for a mechanism for effectively and reliably
loading the solder balls into an array formation with the minimum number of

repeats.




