+ 1 METHOD AND APPARATUS FOR SOLDER BALL PLACEMENT Field of the Invention 5The
invention relates to ball grid arrays. In particular, the invention relates to an apparatus and method of
placing solder balls in the ball grid arrays located upon a substrate prior to the singulation of the
substrate. Background of the Invention 10 Ball grid arrays are used to receive solder balls which act as
electrodes for connection to integrated circuits. Typicatly said solder balls are placed whilst the
integrated circyits are part of a larger substrates and, therefore prlor to singulation into individual
units. 15In pladt DR E R o lHe LGt LI GNVERER individual unit, the
solder balls are typically placed within the predetermined array arrangement then lifted using a picker
head for eventual placement onto the substrate. One difficulty arises with the nature of the solder balls
themselves. In_many 20 circumstances the solder balls are less than 0.5mm in diameter and,
therefore, are gﬁ%@@é@@&%ﬁc forces and, if moisture is present, adhesion through surface
tension.

5  The invention relates to ball grid arrays. In particular, the invention relates to an
apparatus and method of placing solder balls in the ball grid arrays located upon a

substrate prior to the singulation of the substrate.

Background of the Invention

10
‘ Ball grid arrays are used to receive solder balls which act as electrodes for connection to

integrated circuits. Typically said solder balls are placed whilst the integrated circuits

are part of a larger substrates and, therefore, prior to singulation into individual units.

15  In placing the solder balls onto the substrates so as to align with each individual unit,
the solder balls are typically placed within the predetermined array arrangement then

lifted using a picker head for eventual placement onto the substrate.

One difficulty arises with the nature of the solder balls themselves. In many
20 circumstances the solder balls are less than 0.5mm in diameter and, therefore, are
subject to electrostatic forces and, if moisture is present, adhesion through surface

tension.




- 2 As the placement of the solder balls is a particularly precise procedure, any misalignment or
"sticking" may lead to a missing solder ball or alternatively, a cluster of solder balls where only one is
required. Accordingly, such problems can lead to a high defect rate of the integrated circuits. 5 Two
systems of the prior art include 1186,607,118 and W02004/035253. In both cases the arrangement
includes placing solder balls in a template and then refnoval of the solder balls from the template by
solder ball picker. Subsequently the solder ball picker delivers the solder balls to a substrate which
then undergoe&fuififeriiieBeding! 191 REEisbIures nfadBirYaE 607eE58, MREIHIENEMF which
are incorporated herein by reference, the engagement of the excess solder balls is avoided through
shaking of the PHCREPHRENS PRy AR af of he IR thBa QerisTarty tho g ¥iBration of
the solder ball picker. Whilst at a high enough vibration engagement and 15disengagement of the
solder balls is EbAHIFAORHEEre 8l pﬂs@iﬂaﬁﬁqglrﬁ%e‘\gam%r%éﬂs%gcﬂé@goééﬁaﬁfa@?ﬁﬂdﬁwas
disclosed in W02004/035253, the contents of which are incorporated herein by reference, there is no

such control of#edsisAGmYHDS AR CREERGSHEMENt of 20the solder balls to the solder ball picker. It

is, therefore, an object of the present invention to improve quality control of the solder balls during the
placemenlson a substrate as compared to the prior art.

Two systems of the prior art include US6,607,118 and W02004/035253. In both cases
the arrangement includes placing solder balls in a template and then removal of the
solder balls from the template by solder ball picker. Subsequently the solder ball picker
delivers the solder balls to a substrate which then undergoes further processing.
10

In the disclosure made by US6,607,118, the contents of which are incorporated herein
by reference, the engagement of the excess solder balls is avoided through shaking of
the picker and subsequently removal of the balls from the picker is also through
vibration of the solder ball picker. Whilst at a high enough vibration engagement and

15  disengagement of the solder balls is controllable, the precise positioning of the solder

balls is less certain.

Similarly as disclosed in W02004/035253, the contents of which are incorporated
herein by reference, there is no such control on the engagement and disengagement of

20 the solder balls to the solder ball picker.

It is, therefore, an object of the present invention to improve quality control of the

solder balls during the placement on a substrate as compared to the prior art.



- 3 Summary of Invention In a first aspect the invention provides a solder ball mounting module
comprising a solder ball template having an array of recesses, each recess being in communication 5
with a vacuum source, and each arranged to receive a solder ball; wherein each recess further
includes an ejector pin for selectively ejecting the respective solder ball engaged therein. In a second
aspect the invention provides A method for applying a3plurality of solder 10 balls to a substrate
comprising the steps of: placing a plurality of solder balls in a template having an array of recesses
and: ejecting éﬂ&l&@@éﬁ%&mﬁ% an ejector pin corresponding to each recess; receiving said solder
balls by the substrate. It follows, therefore, that the use of ejector pins to selectively and conclusively
remove 15 solder balls from the recesses of the template ensures that solder balls cannot stick within
the recesses. Further the use qof selectively operable ejector pins can also increase the accuracy of
placement of th SATERrBANE B b S e BT 531 {oi 4 SPEUEENATRL AR PIRISIEIA contrast
to methods of the prior art whereby the solder balls merely fall from the recesses and, therefore, lack
certainty that I G Eam iR ST Ee A GRS HERURGR trher

includes a_retention zone used to retain a suppl i i
5 w1t8 a vacuum source, and each glprgnged to receive a solder ball; wherein each recess

further includes an ejector pin for selectively ejecting the respective solder ball engaged

therein.

In a second aspect the invention provides A method for applying a plurality of solder
- 10 balls to a substrate comprising the steps of: placing a plurality of solder balls in a
template having an array of recesses and; ejecting said solder balls using an ejector pin

corresponding to each recess; receiving said solder balls by the substrate.

It follows, therefore, that the use of ejector pins to selectively and conclusively remove
15  solder balls from the recesses of the template ensures that solder balls cannot stick
within the recesses. Further the use of selectively operable ejector pins can also
increase the accuracy of placement of the solder balls by biasing the solder balls along a
predetermined path. This is in contrast to methods of the prior art whereby the solder
balls merely fall from the recesses and, therefore, lack certainty that the solder balls will

20 follow the desired path.

In one embodiment, the module further includes a retention zone used to retain a supply

of solder balls at an extreme end of the module. Thus the supply of solder balls to the



- 4 template is provided within the same device for convenience and increasing the speed of loading the
template. In a further embodiment the module may be rotatable about a horizontal axis. By 5 providing
a supply of solder balls to the module and then rotating the module, this may provide a flow of solder
balls across the template and thus loading or seeding the template with solder halls. Such a surface
may be continuous over the length of travel of the solder balls, including the template surface. 10In a
still further embodiment, the combination of a rotatable module and a retention zone_provides for an

automatic supRPBIRESIISF BafsdS NSRS SRS FftoR SRBRVHYERE 28T dRstsmidmiBo iRtettions

about the horizontal axis, the module may otate backward and forward and so may permit the solder
balls flow acrogéaﬂﬁ‘%gtg}ﬁbqg’t@%téveral times. In this embodiment, the chances of filling each recess
within the template 15may be increased and, therefore, may increase the quality of "seeding" of
template. Further, for an embodiment having a rotatable module, the module may be rotated from a
first position to a second position with such a rotation c&gsrg[%gga flow of solder balls across the

template undeftk SRR S P WAt fe AhsHbLiR howiEapabRSY rdtting
backward and forward, the module may be rotated from the first position to the second position and
back to th? firRBY s PHRRLY s ﬂ?&%ﬁ&r@t&ﬁ'ﬁm@ HIE ADFRER oF i Heresile BB flow
across the template, In a_still further embodiment the solder balls ma; Jéoyg across the template twice

which may be Riftfiderit doshabredder seallfiryite thpdgaiplate and t ading or seeding the

template with solder balls. Such a surface may be continuous over the length of travel

of the solder balls, including the template surface.

YA 10 In a still further embodiment, the combination of a rotatable module and a retention
zone provides for an automatic supply of solder balls to the template. Further if the
module is rotatable in both directions about the horizontal axis, the module may rotate
backward and forward and so may permit the solder balls flow across the template
several times. In this embodiment, the chances of filling each recess within the template

15  may be increased and, therefore, may increase the quality of “seeding” of template.

Further, for an embodiment having a rotatable module, the module may be rotated from
a first position to a second position with such a rotation causing the flow of solder balls
across the template under the action of gravity. Further still, with the rotatable module
20 capable of rotating backward and forward, the module may be rotated from the first
position to the second position and back to the first position. Thus, selectively
determining the number of times the solder balls will flow across the template. In a still
further embodiment the solder balls may flow across the template twice which may be

sufficient to ensure the seeding of template.



- S Ina further embodiment the module may be rotatable to a third position, said third position permitting
a substrate to be brought proximate to the template for placing of the solder balls on the substrate
Such a substrate may be primed with flux for engaging the 5 solder balls. Still further, the third
position may involve the template being directed downwards such that a substrate brought proximate
to the template is lifted upwards. Thus in the ejecting of solder balls from the template, gravity may
assist the ejecting pins to, firstly, remove the solder balls from the recesses and, secondly, to ensure
the solder balls follow the predetermined path for accurate placement on the substrate, 10 Thus with

the third position inyerting the module, there be a further advantage in the process whereby the
Substrate s muly HHUE HFERE) GSMaIHS FAHBISER AP ERECILE R RS S R i Wospend
the substrate downwards. . . Alternatively the third position may haye the template directed upwards
where a 15paRRH GRESTEHR) THARELEIEAREATRLEL REQHTELc DB SSRRAI ORLER ke, the

colder bal SuchIGE DAUREbHE B0t SO MAGHIE BFRUe: B00UE R L K R S e
projecion.of e soder hall (12 20 be 5519 et e HeBIn of R SSRRoRE I Mhecte
downwards such that a substrate brought proximate to the template is lifted upwards.
Thus in the ejecting of solder balls from the template, gravity may assist the ejecting
pins to, firstly, remove the solder balls from the recesses and, secondly, to ensure the
solder balls follow the predetermined path for accurate placement on the substrate.
10 Thus with the third position inverting the module, there may be a further advantage in

the process whereby the substrate is merely lifted directly upwards rather than at an

inconvenient angle or having to suspend the substrate downwards.

Alternatively the third position may have the template directed upwards where a

15  particular design may make advantageous use of such a position.

In one embodiment, the recesses in the template may be such that on receiving the
solder balls, a very small portion of the solder ball, such as of the order of 50 to 100
microns project above the face of the template. The projection of the solder balls may
20 be used to measure the depth of the recesses in the manufacturing of the template. In a
further embodiment, the module may further include a wiper such that solder balls may
be wiped across the template through the action of a wiper travelling across the template
with a wiping blade about 0.1mm above the face of the template to prevent damaging

the solder balls in the recesses. This may further provide quality control in addition to



. further embodiment, the module may further include a wiper such that solder balls may be wiped
across the template through the action of a wiper travelling across the template with a wiping blade
about 0.1mm above the face of the template to prevent damaging the solder balls in the recesses. This
may further provide quality control in addition to 6 the flow of the solder balls across the template by
forcing solder balls into any vacant recesses. In a furt@er embodiment, the module may further include
a second retention zone at an 5 opposed end to the first retention zone. In this case, a backward and

forward rotatio®fies Afdheecklssielnharrosnihe dxmaniats iviorring sdleradiabaliate apa1EgeRbm one

retention zone to the next retention zone. Still further. a second retention zone may provide a
convenient addfi6#&Fsupply of solder balls such that as each substrate receives solder balls, only one
side of the module being the first or the second retention 10zone need to be supplied with additional
solder balls. This may further assist in the speed of the process by ensuring the module is fully utilised.

In an embodiment whereby a substrate is brought proximate to the template and so the
In a further embodiment, the module may further include a second retention zone at an

5 opposed end to the first retention zone. In this case, a backward and forward rotation of
the module about a horizontal axis may involve the solder balls travelling from one
retention zone to the next retention zone. Still further, a second retention zone may
provide a convenient additional supply of solder balls such that as each substrate
receives solder balls, only one side of the module being the first or the second retention

10 zone need to be supplied with additional solder balls. This may further assist in the

speed of the process by ensuring the module is fully utilised.

In an embodiment whereby a substrate is brought proximate to the template and so the
solder balls are applied directly to the substrate, this has distinctive advantage over the
15 prior art by eliminating the solder picker. As noted in both US6,607,118 and
W02004/035253, the solder balls are applied to the substrate from the template by first
engaging a solder ball picker which transfers the solder balls to the substrate. By
eliminating this intermediate step, firstly any mishandling of the solder balls by the
picker is eliminated. Further the machinery required to manufacture and implement

20 such a picker may be reduced and so reducing the cost of the overall device.

Further still, by using the ejector pins, this may reduce the chances of contamination of
the flux onto the template as the solder balls may spin flux onto the template if air

purging or vibration is used.



- solder balls are applied directly to the substrate, this has distinctive advantage over the 15 prior art by
eliminating the solder picker. As noted in both US6,607,118 and W02004/035253, the solder balls are
applied to the substrate from the template by first engaging a solder ball picker which transfers the
solder balls to the substrate. By eliminating this intermediate step, firstly any mishandling of the solder
balls by the picker is eliminated. Further the machiner} required to manufacture and implement 20such
a picker may be reduced and so reducing the cost of the overall device, Further still, by using the
ejector pins, this may reduce the chances of contamination of the flux onto the template as the solder
balls may spin flux onto the template if air purging or vibration is used. 7 In a further embodiment, this
system may b&abfd 8% st sty SIS Ba¥haahle 3 038d6rerp Rl 4 Rats RS Biess
demand on the vacuurrééource by elimjnating, the picker, 5 In a third aspect the inyention provides a

solder ball mofiiYy LB MERGA SAIlfFEP BB PIReRASHY TP RIS DEFEERELEE Bsch
recess being in.communication with a vacuum source, and each arranged to receive a solder ball and;
first and secorﬂicﬁfder ball retention zones for retaining a supply of solder balls said retention zones
10located on opposed sides of said template. In a fourth aspect the invention provides a method for
filling an a5r1ay of recesses in a

In a third aspect the invention provides a solder ball mounting module comprising

a solder ball template having an array of recesses, each recess being in communication
with a vacuum source, and each arranged to receive a solder ball and; first and second
solder ball retention zones for retaining a supply of solder balls said retention zones

10 located on opposed sides of said template.

In a fourth aspect the invention provides a method for filling an array of recesses in a
template with solder balls comprising the steps of: providing a supply of solder balls in
each of two retention zones; rotating said module so as to move said solder balls from
15  one retention zone to the second retention zone, so that said solder balls move across a
template; depositing said solder balls in recesses of the template as a result of the

movement of solder balls across the template.

In one embodiment the module may prepare the solder balls according to different
20 package pattern and to place the prepared solder balls onto the package substrate. The
solder balls may be attached to area-array package substrates via solder ball placement
machines prior to a reflow oven where they form the final interconnection to the

substrate.



- template with solder balls comprising the steps or: providing a supply of solder balls in each of two
retention zones; rotating said module so as to move said solder balls from 15 one retention zone to the
second retention zone, so that said solder balls move across a template; depositing said solder balls in
recesses of the template as a result of the movement of solder balls across the template. In one
embodiment the module may prepare the solder ballsgo\ccording to different 20 package pattern and to
place the prepared solder halls gnto the package substrate, The solder balls may be attached to
area-array patﬁ%étl@;m%mm” placement machines prior to a reflow oven where they
form the final interconnection to the substrate. 8 Brief Description of Drawings It will be convenient to
further describe the present invention with respect to the accompanying drawings that illustrate
possible arrangements of the invention, Other 5 arrangements of the invention are possible and
consequently %e ir&?@u%’r‘?ﬁﬁﬁ’feﬁ{etﬁc@ﬁm%ﬁﬁﬁ‘f& a‘%ﬁw&%ﬁfoﬂ?ﬂ%@%&@ﬂ%t@&?% dBpfseding
the generality of the preceding description of the invention. Figures 1 to 6 are elevation views of a
solder ball mofffifgPATS e Soebr NG b %ﬁfétffé%ﬁﬁf&éﬂﬁ@ﬁ&aasﬁ%%ﬁsegéﬁ%wmmﬂ%h&m

sequential steps in the placement of
a g grrangeme%ts 0 t?xe invention are possible and consequently the particularity of the

accompanying drawings is not to be understood as superseding the generality of the

preceding description of the invention.

Figures 1 to 6 are elevation views of a solder ball mounting module according to one
10 embodiment of the present'invention showing sequential steps in the placement of

solder balls.

Figure 7 is an elevation cross sectional view the ejector pins according to a further

embodiment of the present invention.

15
Figure 8 is an isometric view of an ejector pin block according to a further embodiment
of the present invention.
Description of Preferred Embodiment

20

Figure 1 shows the first stage in the method according to the present invention. Here a
solder ball mounting module 5 is in a first position ready to fill recesses 20 in a ball grid
array template 22. In this first position, solder balls 15 are located within a storage area,

in this case, a solder ball retention zone 10. The retention zone 10 is arranged such that



. solder balls. Figure 7 is an elevation cross sectional view the ejector pins according to a further
embodiment of the present invention. Figure 8 is an isometric view of an ejector pin block according to
a further embodiment of the present invention. Description of Preferred Embodiment Figure 1 shows
the first stage in the method according to the present invention. Here a solder ball mounting module 5
is in a first position ready to fill recesses 20 in a ball gﬁd array template 22. In this first position, solder
balls 15 are located within a storage area, in this case, a solder ball retention zone 10. The retention

zone 10 is arraRitsd 5akh tRatro kpbsrtbamdheszans 16 prnithh and Fonk the vasing aniresst the

module 5 through a partially enclosing surface 13. The module 5 includes a continuous surface 50
upon which th®¥GRIer Blesieg sHH3RN 35 so as to pass over the template 22. At an opposed end of
the surface 50 is a second solder ball retention zone 45 to receive the solder balls as they flow pass
the template 22 and so be collected. Within the range of rotation of the module 5, the respective
retention zones 10, 45 can therefore keegg:l?e solder balls retained without them flowing out from the

module 5 but st gABIHGARIEH A A AHGEHTRREESS 2L WP ik doeaalder bals Ascasstiare o5 to

be brought proximate to template 22. Further shown in Figure 1 is a wiper 40 which is movable linearly
across the’ surfacs50 Rts? YRaiMa kB! aviging 1128 rpOsEh Pré aétdiiniHERc atP itth fe6sidrface.
Such a gap may be in the range 50 to 250 microns, and more specifically about 100 microns.

Accordingly, thOMFB R BRIERIED FRBYES Lo sifssoals ae hpYato wintst hafempiaase to but

not in actual 15contact with, the template surface. ) ]
and so be collected. ithin the range of rotation of the module 5, the respective

retention zones 10, 45 can therefore keep the solder balls retained without them flowing

~ out from the module 5 but still maintaining an open arrangement so as to provide access

10 for a substrate 95 to be brought proximate to template 22. Further shown in Figure 1 is
a wiper 40 which is movable linearly across the surface 50 whilst maintaining a wiping
blade 42 at a predetermined gap with the surface. Such a gap may be in the range 50 to

250 microns, and more specifically about 100 microns. Accordingly, the wiping blade

42 moves contiguously across the template surface, that is, close to but not in actual

15  contact with, the template surface.

Further shown in Figure 1 is a vacuum manifold 35 which provides a vacuum source to
each of the recesses 20 within the template 22 so that solder balls coming proximate to
the recesses may be engaged by the recesses and held in place by the vacuum source.

20
The following will now describe the method according to one embodiment of the

present invention with sequential steps described in Figures 1 to 6.



. Further shown in Figure 1 is a vacuum manifold 35 which provides a vacuum source to each of the
recesses 20 within the template 22 so that solder balls coming proximate to the recesses may be
engaged by the recesses and held in place by the vacuum source. 20 The following will now describe
the method according to one embodiment of the present invention with sequential steps described in
Figures 1 to 6. 10 As mentioned previously, Figure 11$hows the module 5 in a first position ready for
application of the solder balls 15 to the template 22. From the first position the module 5 rotates at 30
in a clockwise O €BABHCABG IR SVEBIRONTAEESES. Bhgre DerBoiine ifbdules Ravitiryretaded®s a
second position. In the second position, the first retention 5 zone 10 is now higher than the second
retention zoneWIW%HgmﬂVﬁél%é@é? Bsemplate & fidived sy theosBiphisuesdWace 50 to
collect at the opposed end. Now a supply of solder balls 55 have collected at the wiper 40. The supply
of solder balls 35Y@fie8brftf BT Rt AdiireR b aiEn JHgRES by e disses. As
the solder balls have flowed along the continuous surface 50, the recesses 20 have 10 now engaged
solder balls 607RFNGA HEIABERENEHIGT seoeRdBRTItONNIE ShagecondiBPiié mkélh b6Y Etentitie
recesses now being in contact with solder balls is high, this cannot be assured and so further quality
checks aré recﬁﬂ?égl.%ﬁpﬂﬁiélgb%ﬂarp&%%ﬁ?%wm@?gm%éh@ﬁqsﬂaﬂ%qs%ﬂmﬁ/%fg% 65in a
counter clockwise direction until it returns to the first position as shown in Figure 3. The qugg%l

ving an

measures 15 iR rheAE iHeNed &t SR BIoss qurreas Adroseltre! @nthiareratads

excess of solder balls 73 now retained in the first retention zone 10. Any recesses that had not
received soldeNBHIIg THRRANAVE PRI BalkoAd Bbb%FﬂFﬁ@%%@&ix)@‘ﬁ%%ﬁer%ﬂs&ﬁﬁl&&fﬁ&ﬂés‘se the

likelihood that all recesses are now engaged. 20A further problem involves the retention of solder balls
75 on the tem 3138 DRt TRIEEHE Rfetr65a 1Mdes S35 whirh MireteRerR igagshieB AR5 Sthe wiper
40 now moves from a position adjacent to the second retention zone across the template 22 in a

direction 70 tofvard€ Rldpr RS HIsR Alpna s qomitREs iRt e frncassdeaNs solder

balls that have "stuck" to the template but not engaged recess.
10 now engage so}ger %eﬁ}s 60 through %egappﬁc):/agon of a vacuum. At this stage, whilst

the likelihood of all the recesses now being in contact with solder balls is high, this
cannot be assured and so further quality checks are required. From this second position
shown in Figure 2, the module 5 will now rotate 65 in a counter clockwise direction
until it returns to the first position as shown in Figure 3. The quality measures
15  implemented include a second flow of solder balls across the template and so having an
excess of solder balls 73 now retained in the first retention zone 10. Any recesses that
had not received solder balls will have had a second opportunity to receive a solder ball

and so increase the likelihood that all recesses are now engaged.

20 A further problem involves the retention of solder balls 75 on the template but not
engaged by a recess 20. To remove these excess solder balls 75, the wiper 40 now
moves from a position adjacent to the second retention zone across the template 22 in a
direction 70 towards the first retention zone 10. In so doing the wiper blade 42 will

engage any solder balls that have “stuck” to the template but not engaged by a recess.



. 11 On completion of the wiping process, the wiper 40 will finish adjacent to the first retention zone 10
as shown in Figure 4. The module 5 can now rotate 85 from the first position in a counter clockwise
direction until it reaches a third position whereby the module is now inverted and the template is
directed downwards. 5 Because the retention zones 10, 45 include a partially enclosed space 105, the
solder balls 90 which have collected in the first retentidn zone 10 are prevented from falling from the
module 5 and can, therefore, be used on subsequent processes. 10 Thus the retention zones 10, 45
may be sized $YaROMBPAIMPhHSE PIAfgR 0BT &S sdaerBandIb iR mdasatissy the filthg
requirements of several substrates 95 without having to be recharged. Figure 4 shows the module 5
in the third poSRIEAARFAS Bt aiz08s %Mﬂﬁe%te%ﬁw&rés%mmara@ thelfERIRRESY. In this
case, the substrate 95 has already received flux upon which the solder balls will be affixed following

ejection from tARSTBMPIAR QTG A WS A HEELIE B89Rea ARt RO omEtEIsPhdtemplate

22. Here the solder balls 115 have been ejected from the recesses by individual ejection pins 110, 20
said ejector pifLSREARIAIBYE Gt andHE Gemw Atern dir f s ARV ARSI of releasing the vacuum and

pushing the solder balls out of the recesses by the individual ejection pins 110, the certainty of
ensuring that each of the solder balls are applied to the substrate 95 is extremely high. 12

Because the retention zones 10, 45 include a partially enclosed space 105, the solder
balls 90 which have collected in the first retention zone 10 are prevented from falling

from the module 5 and can, therefore, be used on subsequent processes.

10 Thus the retention zones 10, 45 may be sized so as to accommodate a large volume of
solder balls sufficient to satisfy the filling requirements of several substrates 95 without

having to be recharged.

Figure 4 shows the module 5 in the third position with a substrate 95 being directed
15 upwards 100 towards the template 22. In this case, the substrate 95 has already received

flux upon which the solder balls will be affixed following ejection from the template 22.

Figure 5 shows the substrate 95 in a position proximate to the template 22. Here the
solder balls 115 have been ejected from the recesses by individual ejection pins 110,
20  said ejector pins shown in more detail in Figure 7. Thus in a dual action of releasing the
vacuum and pushing the solder balls out of the recesses by the individual ejection pins
110, the certainty of ensuring that each of the solder balls are applied to the substrate 95

is extremely high.




. The operation of the ejector pins 110 may be in several forms. For instance the ejector pins may be
selectively operable by an operator or automatically operated by control system. Alternatively the
ejector pins may be operated, i.e. project forward to eject the solder balls on release of the vacuum. In
this case, the ejector pins may be withdrawn 5 through activation of the vacuum and on release of the
vacuum be biased by an inline spring forcing them forldard. Thus in this embodiment the ejector pins
may be subject to automatic control. The precise position of the substrate 95 relative to the template
22 will depend’dis rerEOredithstaisstes. Rinfbkt BrrsUPsSapREsakifermx Srnrssusethacioseiust be
kept clear of the recesses or else contaminate the template and, therefore, require cleaning.
Accordingly a 8iRallssphbeatrderbyehe erasablgtBihaniageason ok apisnasfirdhy erereed aesentgle
required in many circumstances. 15 To ensure correct replacement, the balls may be dropped from a
small, predetef¥itsay Hltsreatbiel YHEG S1esseBInA Rt hp ey Biedoirs ATAIEHfHevesdifcissiy®om the
recesses to press the balls into the flux so as to have a further degree of certainty on placement.
Either method ¥¢stabeHer stlasecsolidbe maraumil fAIthiRsRsen s oprdosiming prasbatinlsitnn and
these two alternatives are mere embodiments having relative 20advantages over each other. On
placement of tHEQhecHxsidom of dhetvacsyps gadecoselptse b dhateeamenbinesd hpwad Nl as
shown in Figure 6 whereby the module 5 is now in a position to rotate back to the first position and the

substrate 95 h&Rilg soneeerham forvandcHdwtriardis embadkiment herficeiarait W hsrsRissing such

as a final inspection and singulation into individual integrated circuit units.
to automatic control.

The precise position of the substrate 95 relative to the template 22 will depend on the
10 circumstances. In most circumstances, the flux on the substrate 95 must be kept clear of
the recesses or else contaminate the template and, therefore, require cleaning.
Accordingly a small separation of the substrate having the flux applied from the

recesses may be required in many circumstances.

15  To ensure correct replacement, the balls may be dropped from a small, predetermined
height from the recesses. Alternatively the pins may project sufficiently from the
recesses to press the balls into the flux so as to have a further degree of certainty on
placement. Either method of placement of the solder balls will fall within the scope of
the present invention and these two alternatives are mere embodiments having relative

20  advantages over each other.

On placement of the solder balls 115 on the substrate 95, the substrate can then be
removed 120 as shown in Figure 6 whereby the module 5 is now in a position to rotate

back to the first position and the substrate 95 having solder balls 115 attached thereto



. Figure 7 shows the individual ejector pins 110 and the template 22. The pins are spring 5loaded so
that the pins will not be damaged if come into contact with foreign particles and also to protect the
solder balls from the over loaded pins. Figure 8 shows an alternative arrangement of the ejector pins
130. Whereas for the embodiment of Figure 7, the pins arc individually placed and controlled, in the

10 embodiment of Figure 8, the pins 130 are formed fi8m a single block 135, and thus are placed and
controlled as a unitary member. In this case, the pins are formed from the block 135 using an ED
process to etchiiieinassrriadotor tHEthr R eseRsiRS theehins aThngininpesdiensagd etz ptianatas
compare to the fapricating individual pins. More labour hours may be required to insert the pins into
the respective ﬁﬁé’ﬁ&%ﬁﬂ@gﬁftﬁﬁ]scﬂﬁﬂﬁl%ﬁsﬁl% can be arranged so that one device of the substrate
corresponds to one pin block and this pin block may also be spring loaded. MC SLIP 14 Claims

Figure 7 shows the individual ejector pins 110 and the template 22. The pins are spring
5 loaded so that the pins will not be damaged if come into contact with foreign particles

and also to protect the solder balls from the over loaded pins.

Figure 8 shows an alternative arrangement of the ejector pins 130. Whereas for the
embodiment of Figure 7, the pins are individually placed and controlled, in the
10 embodiment of Figure 8, the pins 130 are formed from a single block 135, and thus are
placed and controlled as a unitary member. In this case, the pins are formed from the
block 135 using an ED process to etch the material from the block to form the pins. This
may be cheaper alternative as compare to the fabricating individual pins. More labour
hours may be required to insert the pins into the respective pins housings. This pin block
15 135 can be arranged so that one device of the substrate corresponds to one pin block and

this pin block may also be spring loaded.



1.A solder ball mounting module comprising  a solder ball template having an array of' recesses,
each recess being in communication with a vacuum source, and each arranged to receivgéﬁ §g$ﬁr
5ball; a first solder ball retention zone for retaining a supply of' solder balls at an extreme *the
said module; and wherein each recess further includes an ejector pin for selectively ejecting the
respective solder ball engaged therein. 10 The module'dccording to claim 1, wherein each ejector pin
is an individual ers, acting separately from the other ejector pins. 3. The module according to
claims 1 further ing an ejector pin block, where 15said ejector pins are integrally connected to

said ejector pin bjock. 4. le according, to any one. of the preceding claims, wherein said
module includesb!ai con%n%%ﬁ%%%%%u%%?ﬁﬁ%@éﬁ 80n}4118{/181ﬁ11%nt of solder balls, said module rotatable

about a horizontal axis, froy a. firsyPesition. to a second 20 position whereby the said rotation biases
solder balls to move acro%%athe B%ﬁéd%gfg@\%gr tﬁ%v%%%fét%“éao ad'to ep?g?rsneﬁ’eg%cahgé?ﬁg?ﬁ SFL&oter ball

in the respective recesgymmunication with a vacuum source, and each arranged to receive a solder
5 ball;
a first solder ball retention zone for retaining a supply of solder balls at an
extreme end of the said module; and
wherein each recess further includes an ejector pin for selectively ejecting the
respective solder ball engaged therein.
10
2. The module according to claim 1, wherein each ejector pin is an individual

members, acting separately from the other ejector pins.

3. The module according to claims 1 further including an ejector pin block, where

15 said ejector pins are integrally connected to said ejector pin block.

4. The module according to any one of the preceding claims, wherein said module
includes a continuous surface permitting the movement of solder balls, said
module rotatable about a horizontal axis from a first position to a second

20 position whereby the said rotation biases solder balls to move across the module
over the template so as to permit engagement of a solder ball in the respective

Irecess.



5. The module according to claim 4 wherein said module is further rotatable to a third position. 6. The
module according to claim 5 wherein said recesses eject the balls to be 5Sreceived by a smggte%at
the third position. 7. The module according to claim 5 or 6 wherein in said third position, is
inverted such that the direction of ejection of said soldgr balls by said ejector pins is vertically
downwards. 10 8. The module according to any one of the preceding claims wherein the module
further includes.a second solder ball retention zone lpcated.at an, opposed. end to the first retention
zone such that (5;‘1 rot;‘i}ﬁ% 1#8%1#5[ 3%%158%&8 %Z,@élgnlgﬁaggli?ﬂgn%gi 83}&%6%5‘}@ Feyieials {8 foll from
the first retention zonelﬁ?r&h%ssi%%%nd 15retention zone, via the template. 9. The module according to
any one of the preceding cRaims Wherein in the first

6. The module according to claim 5 wherein said recesses eject the balls to be
5 received by a substrate at the third position.
7. The module according to claim 5 or 6 wherein in said third position, said table is

inverted such that the direction of ejection of said solder balls by said ejector
pins is vertically downwards.
10
8. The module according to any one of the preceding claims wherein the module
further includes a second solder ball retention zone located at an opposed end to
the first retention zone such that on rotating from the first to the second position,
said solder balls are biased to roll from the first retention zone to the second

15 retention zone, via the template.

9. The module according to any one of the preceding claims wherein in the first
position said table is inclined to a vertical axis with the first retention zone
located below the second retention zone and in the second position, the first

20 retention zone is located above the second retention zone.

10.  The module according to any one of the preceding claims further including a

wiper having a wiping blade for selectively moving the wiping blade




position said table is inclined to a vertical axis with the first retention zone located below the second
retention zone and in the second position, the first 20retention zone is located above the@(ﬁgg%%
retention zone. 10. The module according to any one of the preceding claims further incl A'wiper
having a wiping blade for selectively moving the Wipin? lade MCSI.L.P 16 contiguously across the
surface of the template so as to remove any solder balls projecting therefrom. .The module according

o any one of the preceing SiAMS (yaS) ndding,2 feotatan mechanism aranged o ot e

module from the first position to the second position ina clockwiser tate from
the first position to th%mjégt&%séﬂgﬂ%fi{&% counter clockwise position.

11, The module according to any one of the preceding claims further including a
5 rotation mechanism arranged to rotate the module from the first position to the
second position in a clockwise rotation and arranged to rotate from the first

position to the third position in a counter clockwise position.




