1 APPARATUS AND METHOD OF PLACI NG SOLDER BALLS ONTO A SUBSTRATE 5 Fi)zl M%OS
the invention The present invention refates to an apparatus and neth r
automatically placing an array of solder balls onto a substrate, such as a
ball-grid array (BGA) substrate. 10 Background and Prior Art The use of

BGA packages as sem conductor integrated circuits is becom ng m,mwmmﬁmMr
and comon. One net hod F9 q_ a ri Qgﬁﬁmi s 15 to h
sol der balls to sol der—péﬁ&w\ a BGA subst makesssuch
that electrical conductg@ibeR BADNRSTORTON sSEESswRATE! ectrical connections
manuf act ured on the BGA SubStrate and external devices with mmmm‘mmmm‘lmp
el ectronic circuits. Such. a manufacturing process typically

sol der cbald. Rl sol der ball reflow. The former invol ves b+

| ocat i rslg tﬂelﬂoﬁ“ R}Em"f]dhdf t he sol der pads and placing the solder balls
onto these positions, and the latter is a process in which solder balls
melt, wet and_ ref] ow onto the |.de 0 . O create
the el ect rintaPeSEBHIMYERYRN {eijgtegag@%bépﬁ)%g&&%r}oteﬁ%tl&%{o@éﬁ@@?h%& der ball
pl acenent Jﬂ@dlﬁé layy &y Yf 'solvee ballg 'ommc sdtptante,t suohoasd ianball-grid aeratys t o

| ocat e an | ace the solder balls onto the solder pads. Several exanples
fromthe dp ) SHPBURet | i1 lustrate the concept of sweeping. 30 US patent

nunberig5, 655, 704 for a "Method and Apparatus for Munting Soldering Balls
onto El ectrodes of a Substrate or a Conparable Electronic Conponent”

descri bes RIddYi ce using a "sweeping" concept. The
ball-filling device .includes a container which has a supply of sol der

bal I s, . oo .
3 The use of BGA packages as semiconductor integrated circuits is becoming

more popular and common. One method of manufacturing BGA packages is
15 to firmly attach solder balls to solder pads (or electrodes)_found on a BGA
substrate such that electrical conductivity is maintained between electrical
connections manufactured on the BGA substrate and external devices with
“corresponding electronic circuits. Such a manufacturing process typically
involves solder ball plécemént and solder ball reflow. The former involves
20 locating the .positions of the solder pads and placing the solder balls onto
these positions, and the latter is a process in which solder balls melt, wet and
reflow onto the solder pads of the BGA substrate to create the electrical

conductivity.

25 Current systems for solder ball placement usually apply “sweeping" and
“gravity rolling” concepts to locate and place the solder balls onto the solder
pads.. Several examples from the prior art will illustrate the concept of

sweeping.

30 US patent number 5,655,704 for a “Method and Apparatus for Mounting
Soldering Balls onto Electrodes of a Substrate or a Comparable Electronic
Component” describes a ball-filling device using a “sweeping” concept. The
ball-filling device includes a container which has a supply of solder balls,
which fill up apertures of a ball-receiving element when the container is



which fill up apertures of a ball-receiving el enent when the cont ai hérJAN00
17 JAN 2005 19~91~E9BIYIB |11 pM-fI R NI@N 17 JAN 2000 2 noved over the
area of the apertures. Due to the storage of a | arge nunber of sol der
balls in the container, significant forces are generated due to the weight

of the pl H%%btdoePiheSQHeG%fthaldp%n\offuscm@éeomeesrtbm@eoof Dheganotiber, and
these forces act to restrain the solder balls fromfallln&lég;rég%gé/ under the
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shear ed. t he cont al ner as e container is noved over the
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Filli nS 'I“?”F"ﬁ #H’éa\’d&y i%ﬂheesaB%&ge%allF gg&ﬂvﬁég’rleg? aaﬂﬁpl\{?g%ﬁ conprises a
housi ng i rggﬂd@dba[p,: fHat aeppaitiady @hgaged mvmp's/wp‘eatoeest arer shefarechdydeé i ning in
part a chanber for containin alls. The Iaou3| ng i s novably

di sposed &¢8¢s ghthgrqoAINgfasy rﬁ%‘?aé'gg '%Hl?vaeﬂ’?'%‘&ﬁp&ﬁ‘ Feans di sposed

wi thin the housing distributes 15 baI |'s contained in the chanber so that

limted nunber of |ayers of the balls are read, qve he tures
Al t hough tAnethrssexarpele ek @@”ﬂ"l"&vij%‘t“?s g r@%cw%'.@nég# 8%@&? 138 of sol der

bal | S4 uri I f 1 h Méﬂ%ﬂ)%,e{;l" BBes M itge art, the
soft. gol éﬁ}ﬂ\ e (%d/ﬁ'éggaér)]l gc%rl q‘:gllgﬁbgg)elQ@gsarﬁﬁ di st*rltr%ut I on_neans, whi ch

initself Apleats:r@dgfea B@rﬂd?gpavdm@ Itrt‘@mﬁ‘r@?%@showgnwcl%’@%ép der balls
that can %@Hﬁ% dggggg%énmﬁ %e 3%@:%8 %nef dbfiing!'SR Part theg@nitAcRpts is US

pat ent nu escribes a "Device and nethod for attaching
and sol dercontpining af suppiydof IsallsdeFhes powsingsistoYakly BEROse eYrlaAeamayr cui t

ggirigecg%ﬁ%gﬁﬁ% g: Be@st'ngugbrgpwe%%svo%d%d wilHih the RoG§sg Wstribdtgs Pl acement
15  balls contained in the chamber so that limited number of layers of the balls are
spread over the apertures. Although the described device alleviates the
problem of shearing of solder balls during filing of the solder pads as
compared' to the prior art, the soft solder balls ca'n'still be darhéged by the
distribution means, which in itself, has edges and produces undesired forces

20 on the solder balls that can cause damage.

Another example of the use of these concepts is US patent number 6,229,210
which describes a “Device and method for attaching and soldering pre-formed
solder spheres to the BGA integrated circuit package attachment sites in high

25 volume.” In‘ this design, the placement device comprises a pre-formed'stencil
having a pattern of through holes corresponding to contact pads of a BGA
substrate. By brushing the solder balls or by the use _of a U-shaped blade, the
balls are made to fall into the apertures. The problem is that since the solder
balls are exposed to the atmosphere, they can be oxidized more easily and

30 contamination may easily occur from the surroundings and/or the blade.
Furthermore, the soft solder balls may be damaged by the blade.

As another example, US patent number 5,918,792 describes an “Apparatus
and method for filling a ball grid array”. A ball-filling device comprises a solder
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having a pattern of through hol es corresponding to contact pads of a BMJ
substrate. By brushing the solder ballg or by the use of a U shaped bl ade,
the balls are nade to fall into the agértures. The problemis that since
the solder balls are exposed to the atnosphere, they can be oxidi zed nore

easily and_30 t am patj i : i r dj and/ or
The. bl ade. DNATFE eTRPd it SR BRE lh S  ¥F e bl ade.
As anot her amarturps dn théS spertcit rendntinebery Setding, arp 2oresparidieg salder Axstsr at us  and

met hod for filling a.ba rid array”. A AN ' o] ises a
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al | owi ng sgd|d&r bdlal rhay be damdgedapetheuwsdges iof tidsidstveaiisi df thadoldee iy

settli % on correspondi n%?r s&l der pads,. before being fixed by adhesive. As
expl ai nied anbaeC byrie sAget aMNEdNaMLEPebeer bal I's may be dammged by the

. edges of the side walls of the solder bin 5 and also by the edges of the
many apertures. Summary of the invention It is an objective of the present
i nventi on Samaaiy iofihedAventionoved apparatus for 10 automated pl acement of
sol der balls onto a substrate, so that damage and/or oxidation of sol der
balls are reduced as conpared to the prior art. According to a first aspect
of the i nviig annbjehtiveeoi the preadnt nyeatioraigpripdida anfigproyrssappayatusgos ol der

balls jn a . r S | L1 onlng nmeans
For polft; BRI Eheckar Oy Sftl Tt o SOBRRAE, B9 1M karRasy MO L9 T ey
of positi oogidation sfododber bals bee mEdeced as akmparedtoe thaerisubgtrate, a cont ai ner
for receiving a plurality of solder balls and which is novable between a
first position renote fromthe positioning neans and a second position

directly thetsamgrto safidt Bspats of thevinasntidnetherd Beprobidkt sani appdratusi foect i on 20
Co ' educePeniog ARIARGe 1 & CREVELIUEY BAI7 SUBSTRR CURR Hbbehen .
Accor di®g pésiforsifg AlednaIgresdsitivhirgteeisoldenbakmintpusitdns opeeponiditg 0 met hod
For the array of posiﬁons the solder balls are to take up on the substrate, a
container for receiving a plurality of solder balis and which‘ is movable
between a ﬂr.s't'position refhote from the poéftioning means-and a second-
position directly thereover, and means to bias the sblder balls in thé direction
20 of movement of the container from the first to the second position whereby to

reduce or obviate damage to the solder balls during such movement.

According to a second aspect of the invention there is provided a method for
positioning solder balls in a desired array on a substrate, comprising providing
25 positioning means for positioning the solder balls in positions corresponding to
the array of positions the solder balls are to take up on a substrate, providing
a container for receiving a plurality of solder balls, providing means to move
the container between a first position remote from the positioning means and
a second position directly thereover, and providing means to bias the solder
30 balls to move in the direction of movement of the container whereby damage

to the solder balls is reduced or obviated.



positioning solder balls in a desired array on a substrate, conpr i s ngn 2005
providing 25 positioning means for posytioning the solder balls in

positions corresponding to the array of positions the solder balls are to
take up on a substrate, providing a container for receiving a plurality of

sol der ba'Aéoorcmhgté e mgd MERPRSt bptwéovseemtdmetrewtsapmddmea webstratef on st
position renote means a second position directly
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t her eover ,whighl ag it i olfeaalis é°l§’|"ei’§9?q’1én § e&E?d:?ffa%zi‘lcF NS 4% in the
di rection whedeby damage to the solder balls
IS reduceaﬁ%)r rméw a? %&588?%;!%9 1'53)%4dAccor ding to a third aspect of the
invention there is prOV|ded a substrate on which a plurality of sol der
balls so arr.anged. d ire a met hod
e hor of oLy op &l PR T B REHDE [FErPEahBrerafuarha AR WA 2 T o
appar at us a@fsrcapusigallyi gravitdtiohal ﬁ:réeqr\mé bwswazideﬁ whiohi is dndependendioée, wil l

be prOV|de e dent t | der

bal I's by t va%ﬂel %e'tﬁ'ateﬁ g’lg’h‘? QP'HSF ba[‘ﬁ ﬁxé% g'gall &e{hg &q}tgmﬂ} stﬁl&t o bias

t he sol dersfidindverent Whetert bias tied soldeebali in thé dmeetlam)nt mionement 0 't will
be convenient to hereinafter describe the invention in greater detail by
ref erence @fgh ?ﬁ@“t&!ﬂ%ﬁpanyl ng draw ngs which illustrate one enbodi nent of
the inyention. The particularity of the draw ngs and the rel ated

description is not to be understood as superseding the gene of the
broad i dent Wili batdopMenignt tor henginafta| gresie e 'aé?ntwgumbqre?t?é d[??%d hi

Bri ef descfe‘f&%h{?@td’thé@ Mﬁggsdl%v@h{_?:sewﬂncw livatdtatons @nbexmEnt of of a

bal I -filli evi ce of rior art ures 2a and 2b show a ball-filling

devi ce accﬂireth@ttOO arhys M@ﬁ\d@dty @rﬁﬁ@dif%tﬁ‘ﬂscﬁ”dtq'?é TelalRhRRiption is

not to be understood as superseding the generality of the broad identification

15 of the invention as defined by the claims.

Brief description of the drawings

Figure 1 illustrates ah example of a ball-filling device of the prior art.

20
Figures 2a and 2b show a ball-filing device according to a preferred

embodiment of the invention.

Figures 3a to 3d show the ball-filling and ball pick-up operation sequences,

25 namely the ball-filing, ball pick-up and standby positions.

Figure 4 is a magnified view of the area marked as “B” in Figure 3c illustrating
the way in which an appropriate tilting angle assists a solder ball to separate
from other solder balls that have been located in the apertures of the ball-

30 filling device.

Figures 5a to 5f show the application of the design to another preferred
embodiment of the invention wherein solder balls fall directly onto pads of a

BGA substrate by force of gravity.



Figures 3a to 3d show the ball-filling and ball pick-up operation 17 JAN2006
sequences, 25 nanely the ball-fillingg_ball pick-up and standby positions.
Figure 4 is a magnified view of the area marked as "B" in Figure 3c
illustrating the way in which an appropriate tilting angle assists a

sol der ball to separate fromother solder balls that have been | ocated in

t he apertures of the 11- 3 |IIln devi to 5 h th
appl i Eat i drigefest Az teeg‘ggﬁl?ot”o%fnapﬂl EaURP eqfe'%leeﬁes' %53‘?‘ o OFHFFetr?S? :Nnveﬁt i on

wher ei n Soérﬁ%dlhﬁeln't of ftﬁé EnvdhiSS WherdntRIdeadsaliefillahe BEArRIeS b atisalby force
of gravity. 1 7 JA S5 Figures 6a to 6d show the application of the
desi gn to tamrate@nprtbe@faﬂe@to saietipagmel BG meulshiaiamby 8iéMiter ei n sol der
balls fill the apertures of a ball tenplate and then fall onto sol der pads
of a BéA substrate by gravity. 5 Detailed description of the preferred
enmbodi ment Betafled Hesdriptientof the Frietriresl dmbodimentsaofdbe dnvepkianpl e of a

ball -filling device 100 according to prior art US patent nunber 6,276, 598.
.The prior art device 100 includes a ball carrier 10 container 102 in which
a nunber ofiged ﬁﬁmsb@ﬂeb%n]@@m@osabamﬁlhag dEliee HADIaccomiing &r priwrarhi ner 102
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rot at iq@nal cgMeREERD2 NRYWWHX aGtlinedes bflyoldesi bays alOdame@! stofdble. tThat bals
operatively connected to the ball carrier contai n?aé'@l E in use., 15 The ball

carrier cofrEeh&entanzer A8 uigesarabi of sWingING: @10R1AORAY iMRPYRINEN Kurber of
apertures, 4 Fegcﬁpph'qwér&a hé“l@rﬁ?éﬂé oF'tHeQB&II YarrigF a@ﬁtamnotzhmsdﬂa@é@trer of

each sol der 106 oW ng der balls 106 to fall into the

apert ur es. Figitent ¢ Heiss eatationsd éﬂqVGﬁE?Int ﬁ’iﬂ)’e‘hﬁeﬁ?h'e‘é‘%ﬂ Beuskh 2 bands H: spread

izgt gv'ﬂ]et h§ 2 fls &b ePhtivellfediftlektddtBREb &Il dakfieP CorithiRkr 1 62 @é€ al | owed to fall
15

The ball carrier container 102 includes a ball template104 comprising a

number of apertures, each having a diameter slightly larger than the diameter
- .of each solder ball 106, thus allowing solder balls 106 to fall into the .
apertures. With the said rotational movement, solder balls 106 are spread
20 over the area of the ball template 104 so that they are allowed to fall into the
apertures, filling the apertures. The arrangement of apertures on the ball
template 104 correspond to the arrangement of solder'pads on a B8GA
substrate 110. Once the apertures of the ball template 104 are filled by solder
balls 106, a vacuum head 108 is placed in direction “5", “6", *2" over the ball
25 template 104 which has suction means to suck the solder balls 106 onto the
vacuum head 108. The vacuum head 108 is then moved to a position above
the BGA substrate 110 carried on a BGA holder 112, in the direction “3", “4"
ilustrated in "Figure 1, so that the solder balls 106 are aligned with the
positions of the solder pads on the BGA substrate. Once aligned, the suction
30 means is switched off and the solder bails 106 are released onto the BGA

substrate, which is then processed.

Figures 2a and 2b show a ball-filling device 10 according to a preferred
embodiment of the invention. Referring to figure 2a, the bali-filling device 10



apertures, filling the apertures. The arrangenent of apertures on ttre’ .Plﬁd 005
tenpl ate 104 correspond to the arrangegent of sol der pads on a BGA
substrate 110. Once the apertures of the ball tenplate 104 are filled by
sol der balls 106, a vacuum head 108 is placed in direction "5", "6", "2"

over the balidesd atsysal &t enl@Whicid MouRest $vetitionn st eucuak at thal sol der
balls 106 onto the vacuum head 108. The vacuum head 108 i s then noved to a

posi tion dBBWREatet HehBdag AMhaTInPbanatires o ¥EENgedaNE0 REIIEFIS B8 i n t he
directi Oneﬂaé \Bl'attﬁfh of s ddibistsiddatdith BBA Eurg%ﬁe é@ (s, FJP%txaHﬁPe Wersybal I's 106

are align positions of the sol lpas on the BGA substrate.
Once al i gnBg aphréureactﬁ bave3diamsigrs Whick e éh@‘dydalfgeartmart He diemgder bal |s 106

are relge asefqag %éﬁe???ll%?ﬁgp%w%lg%%gut Y6 rge? %\%’ﬂta‘?ﬁé}CSE%ergfer}:ér%ur.es 2a

and 2b “sho evic accor r ef odi nent
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The apertures 15 have ch are, s er than the
d| amet er ﬁrsfer@Wé egglage SSaﬁ‘?%t §§° dﬁfgh@sr 1B pe 58%‘%&9&64'%88?”“ f
cont aifer , wid f#f erﬁicL%rdFr?ggatrﬁd%ph&re@oﬁhaﬁthé ghablemsyrasdtiition &f thagsiies a supply
of solder balls 18 he sweeper 16 is preferably open at its bottom

so that theallsdi&rs welhpssonanigation fﬂ?Y@étfP‘}“Qﬁﬁ’to the ball tenplate 14.
However, the top of the ball sweeper 16 is preferably enclosed so that the
solder balls 18 are isolated fromdirect contact 10 with the surrounding

at nospher eThs balhsweenper A6 ddisepp@tedoand grided by atineasavider20 puntedis as wel |

as_contam gl Lof 1IBYe PSsd ;guggﬂmow?ezzb%! 'rts%"ﬁ&%'hta]r%rbé oattae%fr% and

gui ded by a“lrnear guide acent to the base . not or 22
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to the i n dalq ggtﬁeol r%%?ﬁb@etﬁ@ei'em% téw é@‘lﬁoASvllbr%?oraizP”g the
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is preferably included to assist in spreading the solder balls 18, as explalned

below. |

20 Beneath the base 12, there is a curved surface 26 that cooperates with a gear
system 30 on a base support 28 to provide rotational motion of the base 12
relative to the base support 28 about an axis perpendicular to the plane of the
paper, and thus perpendicular to the y-directional motion of the ball sweeper
16. The base 12 is pivotally connected to the base support at a pivot point 27.

25 The gear system 30 is driven by a theta-motor 32. The base support 28 rests
on an x-table that is guided by a linear guide 38 for movement in the x-
direction, that is, perpendicular to the plane of the paper. The motion of the x-
table 34 is driven by an x-motor 36. With the above arrangement, it would be
appreciated that the ball sweeper 16 is movable in the x-, y- and rotational

30 directions.

Figure 2b shows the base 12 being displaced at an angle with respect to the
base support 28 as compared to figure 2a. This is caused by the movement

of the gear system 30, which causes counter-clockwise rotation of the curved
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expl ai ned below. 20 Beneath the base.}2, there is a curved surface 26 that
cooperates with a gear system 30 on a base support 28 to provide

rotational notion of the base 12 relative to the base support 28 about an
axi s per pesiHazel 28 aridtHehefors thecbask t2heThgbglesweapsat s sigpetiieeatiarul ar to

the y-directional notion of the pall .s er. 16. The,base 12 | ivotally
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driven by gqaished gy iR Qlde32or ERE WS &fIH@ BN lsweBpEe$6 hePninafiotiod &Pl e t hat

s guided by a.linear guide 38 for novenent in the x- direction, that is,

per pendi cutrgptedsa that iesnidasballn d8 @gpenulatgan ppeisiste ofithe Rall sweepsl e 34 i s
driven by - 3 Qi : I t Ag gt I
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26 and theprefore,the _hase 12. Th I per ' 011 at an
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sol der10 baharsel@nhballifiingi del pivk-upnandwalahdbpbositiendaRefavieg pefighite when in
nmotion is _created so that the solder. balls 18 accumnul at n one side of
the bal | sWeef& ball SyvaepRa 18 1S MPVES d'Pr@‘& V?ﬁ#}feﬁﬁ?q grr?"?)fa ?’FFS RRFHO S weeper

16. As. a fHEddd thedamragef abertsRisdry. Daklts iAdtiaatieesbider vailsersiwWourf the

sliding novenent of the I‘I‘%ht side @ e ball sweeper 16 al oné;f_the bal |
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and standby positions. Referring to figure 3a, the ball sweeper 16 is noved
in thel§y- dg(g%{spmf the seftaess phthepsaldern Balls 18, the bottom edges of the ball

sweeper'16'may cut and damage the solder balls 18. Figure 3a also shows a

pick head 40 that is used with this embodiment to transfer solder balls 18 from
the ball template 14 to a BGA substrate. 50.

20 Figure 3b illustrates the ball template 14 being tilted counter-clockwise while
the ball sweeper 16 continues to move in the y-direction. As a consequence,
the solder balls 18 also move in the y-direction due to the shifting of their
weight relative to the inclined surface of the ball template 14. Therefore, this
avoids the problem of the right-hand edges of the bal_! sweeper 16 cutting and

25 damaging the solder balls 18. As the solder balls travel over the apertures 15,
to a second position directly thereover, solder balls 18 will fall into apertures
15 that are empty, thereby filling up all the apertures 15 with solder balls 18.

It should be noted that when the ball sweeper 16 covers the array of apertures
30 15, the balll template 14 may be rotated clockwise and counter-clockwise a
pre-determined number of times up to the illustrated angles of inclination while
the ball sweeper 16 is stationary so that the solder balls 18 slide or roll over

the whole array of apertures 15 within the boundaries of the ball sweeper 16.



towards the array of apertures 15. Due to inertia, the solder balf% jAB2005
would tend to accunul ate at the right,side of the ball sweeper 16, and are
pushed in the y-direction only by the right-hand side of the ball sweeper
16. Thus, 15 because of the softness of the solder balls 18, the bottom

edges of i Peggullts i WRE RGfdek BhdIBY1 & Ford i eHtRYEnd lReremlelietiling!the 18.

Figure 3a also shows a pick head 40 that is used wwth this enbodinent to
transfer solagef abaftires1®.from the ball tenplate 14.to a BGA substrate. 50.
20 Figure 3b illustrates the ball tenplate 14 being tilted

counter-cl ockwi se while the ball sweeper 16 continues to nove in the
y-directi G?'guréxsacanmenamumcmn swheparol 8 deingnavedsbadksto itevataitingt he

y-direction due to the fting of eir r t i nclined
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balls 18. As the solder balls travel aover the. a ert second
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angl es of 1nclination wh the ball sweeper 16 is stationary so that the
sol der balls 18 slide or roll over the whole array of apertures 15 within
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sol der ball s nore efficl ent ctl ve array of
apertures ptéferiblguhat ge ivibratet rQét issactivetedaht ’thﬂ/vélm@epf TeoMirg lge radlled back to

Us starting g nasition LoeAns A0 Ak thE Al yddP! 4 & dbrdfber the

apertures taneous W th thi's notion, e ball
t enpl ase Jaﬁbermrers)uatseﬂthalt oikadigeis genarbted ars th@eou@rlbaﬂ%@pend elitravel s in

E nge?/ g} rtglﬁ’tg\ag% 1 %g%gs?sf%l?@é sgldé?baw. Lg vﬂﬂ@l‘}i at@ il Lbhdet WA lkr ection of

ue of 't
upper surface of the ball template 14 and the solder balls 18 which are

already in the apertures 15, to separate from one ‘another. Thus, the ‘chance
"of damaging soldér bails 18 is further reduced. If there are some apertufes 15
20 not filled with solder balls 18 at this time, the apertures 15 can be further filled
when the ball sweeper 16 conducts another filling operation wherein the
operation can be further optimized by selecting an appropriate returning

rotating speed and y-motion speed.

25 Figure 3d illustrates the ball sweeper 16 having moved back to its Starting
position. At this time, the ball template 14 is rotated back to the horizpntal
position. The pick head 40 is moved over the array of solder balls 18, and
suction means assdciated with the pick head 40 adhere the patterned solder
balls 18 to the pick head 40. Advantageously, positive air pressure is applied

30 from cavities under the solder balls 18 to assist in adhering them to the pick
head 40. The pick head 40 is then moved to a location of a BGA substrate 50

and the solder balls 18 are released over the corresponding solder pads of
the BGA substrate.



own wei ght. Damage to the solder balls 18 fromthe edges on the | eft{Hagh 2005
10 side of the ball sweeper 16 is thusgavoided. To further ensure that

ball s are not danaged during the filling operation, it is preferable that
the vibrator 24 is activated at the tine of noving the ball sweeper 16 in
each diredligwa 4aind/ megmifiet vteheobﬁillelareavetamleed aS"B"sindﬁgluretMillaﬁrab@rt ures 15

so that vipration is.generated an, t sod balls 18 dball, tenplate

14. This a{ggivgqys M H@“@bla&'e?p%ﬂpf'@ta gﬁ raessﬁs c%r?f)g@"{ t?/aq]t ﬂst upper

surface ofsepbat®dfrom étﬁ@ph@ujer Bdiisatnglt mdm Bédrdleﬁ:amlthhéapmm@h wef al ready
nce

I n the apert s 15, separate from gne ot her. Th

damagi ng stﬁ?g’é‘ fﬂ;@g|gev1 ?5 g‘?ttﬁ‘éré)rregg gqhgfceﬂt@rrg arraé“tlé&@%?g“ertures 15
20 not gf i léofdérwanhsss)bdsa aka@léﬁn th8 s@frfat:@wtﬁé BBl tdrhSlaPf4, tdHESoidRR can be
further filled when sweeper 16 conducts another filling operation

wherein t H@Wﬂréiﬁéh%tﬁp\'yﬁwé%sﬁé quotﬂ’ﬁé’r (hepia thieeaintsf costast beweemtheppr opri at e
[)et urning o &gEL% anBaARd eﬂgg % é?ﬂuréﬁgf(lr hérizontd] %b p%ﬂeh gﬂﬁ{sr ates the
al | sweeper avi ng bac

nmove TS starting pos his tine,
t he ball taenmraif@ra\mylcsauses dhedolackalind rhcercbibtqumds e appmlptlatm-y The pi ck

head 40 is,nmved _over the array of al | 8..and uct i on neans
associ at eod"\ﬁCE"H‘ 2 oﬁFré:I?"}?e éﬂg%aﬁﬁ 'é‘?f“h%’“BSﬁérE’e"é asV(S’I' §heaHg\| ls 18 to

t he piiok hefdice 46idebaiant Bog dhs ledge pd the reae wailirofithe mllrsevelepeapplanegd 30 from
cavities %iﬁder thef gol der baI{ 18 to assist in adhering themto the pick
head 40. THeSPPEXOHBEFPEEUTES 1hen noved to a location of a BGA substrate 50
and the solder balls 18 are rel eased over the correspondi ng sol der pads of

t he BGA sybstra 7. JAN 2005 9 Figyre 4 J.s a ni.fied view of the area
T kog as MgweS 5o by fndb Bndiiar ave e s madi el ST ok VBB o pr | 2 o
tilting anglderasfssis 4l ankew obd) pbad$ df maews&afer gmw heiceserd der bal |I's
t hat have been |located in.the_ a ertures 15 ?y the ball-filling device 10.

As t hdodi raRYiVor\othe: PRETREQR of thsr dgRigR 1% prasty éigpame as that described

in relation to Figures 3a to 3d, details of the design will be omitted wherever
they are unnecessarily repetitive.

Figure 5a shows a BGA sub'strate 50 being placéd onto a substrate holder 52,

20 which is located underneath a ball template 14 with an array of apertures 15
as previously described. However, the apertures 15 comprise through-holes
such that a solder ball 18 will fall right through an aperture 15 rather than be
held within it. In figure 5b, after the BGA substrate 50 is placed onto the
substrate hblder 52, the substrate holder 52 is raised such that the BGA

25 substrate 50 is in close proximity to the ball template 14. Naturally, the
positions of the apertures 15 correspond to the positions of the solder pads on
the BGA substrate 50.

In figure 5c, the ball sweeper 16 is moved in the y-direction while the ball
30 template'14, along with the BGA substrate 50 and substrate holder 52, are
tited counter-clockwise. Solder balls 18 fall into the apertures 15 of the ball
template 14 as they spread over the apertures 15. Since the apertures 15
allow the solder balls 18 to fall right through, the solder balls 18 will rest on the
BGA substrate 50. In figure 5d, the ball template 14, BGA substrate 50 and



5 solder ball 18 is at an angle to the surface of the ball tenpl at MN and
points towards the downward side of _Q@i_nt A (being the point of contact
between the solder ball 18 and the edge of the aperture 15), a horizontal
conponent of this <center of gravity causes the solder balls 18 to roll

towar ds t BEHLaPREGRIdEER aik tiid IAGhé BRCcRNIge AiretiamPhiiditte Balogvadpepoi Nt A -
snoothly. This avoids shearing 10 of the solder balls 18 15glithe edge of the

rear wal | 1§frsmweparnrthewéép@@thrst%@w fbﬁée@@w 8¢ldenBallsp qrrneyels _
Fi gures 5??vra?rfgf ﬁeeﬁ&fwge&eb ger C"‘[E”Fetgrfnstfberté g% jon wherein

sol der |rec y onto pa s of strate force of
15 gravi t positisnt he operatron of the design is largely the sane as t hat
descriped in relation to Figures 3a to 3d, details of the design will be
omtted wherever they are unnecessarily repetitive. Figure 5a shows a BGA
substr at e |50ighes e, ghactedl ewtepér selistinahe #tahrdgrpﬁs?tlon 2ndmMthecballs | ocat ed

underneath a t ate th,an arra ert res reviously
descri bed! em%%&/éf' g&%é%@?f%%é”‘iﬁ”%% %ngef “ié ?@'Jﬁﬁ that a
sol der babherkfradi 14 hhab Ibe@hthedt\brrpy@lbeasarepwt%e é@s‘tr@t&hﬁéldéhgﬁ be held
withinit. In figure 5b, after the BGA substrate 50 is placed onto the

subst r at e M@y ghan e lowseed @pst thet @G%P@F&tra@ ﬁoswrtﬁrtﬁéds@%h a8t he BGA 25
substggte g%ehsrn'tﬂe P??@pr@t@ lodltibis iyt hen el knﬁ&)@ﬁ'é’& B Rdurd\Biforal Iy, the

positions the apertures 15 correspond to the posrtrons of the sol der
pads on fyrtheB@arosapsingat 4hgocydley mayythen be, ransatashwithsapether BBAi s noved
in they g%gﬁ on while the ball 30 tenplate 14, along with the BGA
substrate "substrate holder 52, are tilted counter-clockw se. Sol der
balls 18 fall into the apertures 15 of the ball tenplate 14 as they spread

over the alls 18 to

fall right régﬁﬁﬁoﬁﬁr}%@%ggg %a%?ﬁéq%h\%%ldﬁﬁrrggf t@%"rrﬁ%ﬂtré@&&@ eu"ltgst rate 50.

In fidgbresbider bbhs balfill tmceapératlrees]a(a m&emlﬁe ﬂétaerdabearﬁ@ll onta sglEr 2005 - 10
pads of a BGA substrate 50 by gravrty In this embodiment, the BGA

substrate 50 is not rotated together with the ball template 14.

Figure 6a shows a ball template 14 with an array of apertures 15. A separator

20 such as a sliding plate 54 with a similarly-arranged array of apertures 56 is
placed under the ball template 14. However, the apertures 15 of the ball
template 14 are placed at a half-pad pitch offset from the apertures 56 of the
sliding plate 54 at this stage, such that the fall of the solder balls 18 will be
arrested by the sliding plate 54. In this case, the ball sweeper 16 is moved in

25 the y-direction as the ball template 14 and sliding plate 54 are tilted cpunter-
clockwise. Solder balls 18 are spread and fall into the apertures 15 of the ball
template 14.

The ball template 14 and sliding plate 54 will then be tilted in the clockwise
30 direction as the ball sweeper 16 is moved back to its starting position. Figure
6b shows the ball template 14 and sliding p|ate 54 horizontal when the ball
sweeper 16 is back at its starting position. A BGA substrate 50 is placed on a
substrate holder 52, and the substrate holder 52 is raised so that the BGA
substrate 50 is just below the sliding plate 54. At this point, the solder pads



substrate holder 52 are tilted In the clockw se direction while the ball 1oy 2005
sweeper 16 is noved in the -y directi on to all ow the remaini ng sol der

balls 18 to nove towards the -y dlreétlon whi |l st the ball sweeper 16

returns to its starting position. 5 1n figure 5e, the ball sweeper 16 is

in the stay }rgegrgégg'stubgﬂ te286 ér’éeaﬁbﬂe‘d wFfﬁ”EHEaéﬁ‘eﬂtﬂes B3\ spukbsd e S0 and

substrate ho are or| zont al apertures 15 have been filled
with sol déemplatd 4 bat oatref ajgbentwidh Hitslamftuses otraf/thersdidingeplhtened.ed and t he
BGA substrate 50 with the solder balls 18 10 placed in the appropriate
positions may then be renoved as in Figure 5f for further processing. The
cycl e may It eyurdoecy epeaethdmgwptalne d4otsheniftBGdy dabigtadapitch Bogtivaésthéa t o 6d

show a_t hird pref t of the i nventj.on erein sql der balls
T80T ' 1 meeafisdl f BEMePR BRI R phEtre] Bt PR N0l 822881 Gor pade
of a BGA sutmewaaeoﬁ%émm&rmbdtmte wateha@neaba!@lamm fhieesoifehk baglgbst rat e 50
is not rotated together with the bal f%l gure 6a shows a ball

tenpl ate 14 iRithe, apertyres gy @ffthaﬁgﬂtt@.me?tqé %ﬁ%&fw@rshdﬂw Bigth54s a

sliding p'oﬁ&tl’@‘lBWAtéh&tr%'téerarA )Om@étbﬁ(rgﬁ%m%%aﬁfalﬁp%ta‘é‘h@éteﬁﬁn' s placed
under the ball tenplate 14. However, the apertures 15 he ball tenplate

14 are pl dds@rahodiment to-assist o thim cperatien te edawithe s&&erth;ﬂl&sj 85® il t he

slidi pl tage, such that the fall of the solder balls 18
wil | Qg é@%g cfﬁ%e?f%e% I|di ng plate 54. In this case, the ball sweeper

16 is aned in 25 the y-direction as the ball tenplate 14 and sliding plate
the aper t (raoil fiElie 6o Afif UupSraty ok 9 Tan bl 808 Eh 3 11 i ng
pl ate 54 e slldlm@plalbsesaianldetdeiBGAlsebsiraielaﬁhvslm thﬁOsmlderehaliso‘lB placete bal |
Fheehe! b BoARUT Lah RS e e/ ARRg Lo gure €0 shove the bal
back a6 its starting position. A BGA substrate 50 is placed on a
Accordingly, it should be appreciated that the invention helps to avoid the
problem of ball damage during ball filling. By isolating the ball sweeper 16
from the surroundlng atmosphere the problems of solder ball oxrdatlon and
contamination can be av0|ded The ball filling operatlon is also more rellable |
20  and the chance of missing solder balls 18 occurring during the placement onto
a BGA substrate 50 is reduced. This is due to the ability te optimize the ball
filing operation by controlling the number of rotating cycles and magnitude of
rotation when the ball sweeper 16 covers the array of apertures 15. A further
opportunity of filling missing balls is also provided during the return motion of
25 the ball sweeper 16 to its original position by optimizing return rotating'speed
and return linear motion speed.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
30 the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



substrate hol der 52, and the substrate holder 52 is raised so thaﬂ7tHgy@%A
substrate 50 is just below the sliding plate 54. At this point, the sol der
pads 1 7 JAN 2005 -11 on the BGA subst?-ate 50 are aligned with the
apertures 15 on the ball tenplate 14 but out of alignnent with the
apertures 56 of the sliding plate 54. In figure 6¢c, the sliding plate 54 is
shifted by half-pad pitch so that ﬁ%éﬂﬂﬁiapertures 15 of the ball tenplate
14, apertures 56 of the sliding plate 54 and sol der pads on the BGA
substrate 50 are aligned. As a result, the solder balls 18 in the
apertures 15 of the ball tenplate 14 fall through the sliding plate 54

onto the BEA S“R?\t 53b&rads foﬁ [th]'gl i@ﬁiﬂg dd@dr SRRV acdssiRisarreg @il vated in

this enbodiment to assist i I's opération to allow the solder balls 18 to
fall 10 thro more efficiently. As shown in figure 6d, the substrate

hol der 52 S4PS BRTPEREed away from the sliding plate 54 and the BGA
substrate 50 with the solder balls 18 p| aced iqt ositiqn can be renoved
for furkher pro8e®9Blignings MRBBLHIWRYEY, ISi Pogﬂﬂiﬂ%‘?b&ip‘fﬂrﬁ@iu&?‘éd@ hat the
invention helps to avoid the problemof ball damage during ball filling.
By i sol ati digetththebsdltes ekt retfiredr positions sotrespondling tathe apryref t he -
probl ens of solder ball oxidation and contam nation can be avoi ded. The

bal | filli Pgsi@igﬁéfﬁﬁé%ldeﬁ" balls @renes Eakeelip ahltiee 20bstratet he chance of ni ssing
sol der balls 18 occurring during the placenment onto a BGA substrate 50 is

reduced. This ig dyfediQed RS QPBM@M#& @de'e'i’“' EfIst Bebabhtairfdr! bemg operation

by controlling the nunber of tatihg cycles and magnitude of rotation

when the ball.. 16 t - ’ 5

oppor  uni 1 JOBISHERT Ay REBKR, AP TA Y Y BREHA oha st ML
notion of 25 the ball sweeper 16 ,E_o lts ori igal posi tidon é% ogti m zi ng
r et ur n1Q ot REFHIgNsIRERRte HAM g@t BPFHUPRIRGMCRITE OR 3 PEEENY1HE iPRFET on

descri bed herein is susceptible to variations, nodifications an%or
directly in communication with the positioning member to provide solder

balls to the positioning member, and to move in a second direction
opposite to the first direction from the second end position to the first end
position to move the solder bails not in required positions away from the
15  positioning member; and
a mechanism constructed and configured to apply a force to the
solder balls in the container in the direction of movement of the container.
as the container moves between the first position and the second
position.
20
2. An apparatus according to claim 1, wherein the mechanism to
apply a force to the solder bal!; comprises a tilting mechanism adapted
to rotate the container about an axis perpendicular to the direction of

motion of the container and thereby tilt it.

25



addi ti ons other than those specifically described and it is to be {7 .AN2005
understood that 30 the invention includes all such variations,
nodi fi cations and/or additions whichqsfall within the spirit and scope of

t he above description. 1 ? ~il~ia ?00~ -12 CLAIMS: 1. An apparatus for
positioning solder balls in a desired array on a substrate, conprising: 5
a positioning mey Eamw%é@r@m@sw widied 2andhereihf itber ashtainer dameict t he

sol der balls to reg ired positions corresponding to the array of positions

the solder balls are t ake ; ' [ i a
pl urali typ8§%98|r@emeﬁé%rs%t %oggtgg% tghﬁg?}l@é%gﬁ%&\ﬁp ?gtr}bgddbg‘g%lﬁ%;er able to
nove in a first direction from, a fi

rst end 1 osi t].0 romdie
positioniﬁg"héﬁﬁéK”thQC@éébﬁﬂtBﬁdp%%ﬁ?Wﬂgdnﬁn? t 15§ hﬁﬂéggggéﬁggtion with
t he positioning nenber to provide solder balls to the positioning nmenber,
and to novalls ararapeatadlydipreadioyer thyppesitioainggneAsri rst direction fromthe
second end position to the first end position to nove the solder bails not
inregired positions away fromthe 15 positioning nmenber; and a nmechani sm
constructed and configured to apply a force to the solder balls in the

container 4 n the, %%)P%Féth@rhd&rd‘fﬁgetﬁeélhin@fz bhelaiens aivhereinastatienatont ai ner
noves between the rst position and the second position. 20 2. An

appar atus accor di to i i : ; t force to
Fhe sol doAnGiy o dBpraraliel 1oyt §iF rioing, EReanor ¥R onuiel kg | 1

cont ai ner about an axi s_nF,er pendeigcul ar tfo t he di r{acti on of notion of the
cont ai ner c@RdollARledByORY izeithe efficiency of the apparatus.

10 5. An apparatus according to claim 3 or claim 4, wherein there is a

positioning rail and motor whereby the container is positioned and driven.

6. An apparatus according to any one of the preceding claims, which
includes a vibration-generating device to facilitate the separation of
15 solder balls from surfaces they are in contact with and/or from one

another.

7. An apparatus according to any one of the preceding claims,
wherein the positioning member includes a ball template with a plurality
20  of apertures each slightly larger than the size of a solder ball in order to
capture solder balls within the ball template, and wherein the plurality of
apertures are arranged in an order similar to the array of positions

comprising solder pads on the substrate.




. . . : 17 JANTU0S
1 7 JAN 2005 -13 3. An apparatus according to claim2, wherein the
contai ner and positioning nenber are rotatable a plurality of tinmes when
the container is in position directhy. over the positioning nmenber, so that
the solder balls are repeatedly spread over the positioning nenber. 5 4.
An apparatus according to claim2 or claim3, wherein rotational angles of
the contaigier alappatdtas mrcording e ethiof 71 whetsntsaldasrbalisecapturad ol | abl e to
optim ze the efficiency of the apparatus. 10 5. An apparatus according to

cl ai m 3 orin ghai Mufality Ve HeuUrBE Rl fenfovabis iy 8Nbiok-ahdiplaés dewder wher eby
the container i's positioned and driven. 6. An apparatus according to any

one of the ecedi n | & 08, i .nclu i i Q= i ng device
to facilit '@ 'Eeg mggpﬁ}e?t '{%ﬁ%@"ﬁg ogltt)'pﬁlg‘r g@%lprasc\éfoféﬁbs@¥ agegdﬁ%y are in
contact with_and/or from one not her,. 7. An apparatus according to any one
of the pr&esiions & salder padshen 8¢ SERY3Esi ti oni ng nenber includes a bal |
tenplate with a plurality 20 of apertures each slightly |arger than the
size o6 a solder ball in order to capture solder balls within the ball
tenpl ate, and wherein the plurality of apertures are arranged in an order
simlar tathe &nrayparaturnsidcoadinag wompyi shagot aales Fads &nwhieh substrate.
17 JINN Mb -14 8. An apparatus according to claim?7, wherein solder balls

capt ur ed ih?luHB§ Rledna! td Yofdte PR CRRINET Bdllet@mplite My asubstiatand- pl ace
device while retaining their respective positions, and placed onto

correspondsiirr}%“aRgghglypns of solder pads on the substrate. 5

10 10. An apparatus according to any one of claims 7 to 9, wherein the
apertures comprise through-holes which allow solder balls to fail through

the ball template directly onto a substrate placed below it.

11.  An apparatus according to any one of claims 7 to 10, wherein
15  there is a separator capable of separating the ball template from the
substrate in use, and the separator is movable from a first position where
passage of solder balls from the ball template onto the substrate is
prevented and a second position where passage of the solder balls from
the ball template onto the substrate is permitted.
20
12.  An apparatus according to any one of the preceding claims,
wherein the container is closed at the top to reduce oxidation of the
solder balls and open at the bottom for direct entry of the balls to the

positioning member substantially throughout the bottom of the container.

25



9. An apparatus according to any one of clains 7 or 8, which incILZIG:‘é\E’\1 5
neans to rotate the container, ball tenplate and substrate simultaneously.
10 10. An apparatus according to any4gne of claims 7 to 9, wherein the
apertures conprise through-holes which allow solder balls to fail through
the ball tenplate directly onto a substrate placed belowit. 11. An

appar at us 1accorj Apph@tasucedring telaalymerof cdalis 7vioet 2iwherstn theere is a
separator capable of separating the ball tenplate fromthe substrate in

use. 219 FGaPERR HpBrhss B RS Sbadiay (BASHd I ote herer thassage o

sol der bal l'ate onto the substrate is prevented and a

second positjon where passage of .the spol.der. balls . { tenpl ate
onto the Wﬁgﬂnﬂ%m%“B%W Hﬁ%%f%w thﬁ)C?Q{.}a"ﬁ{ '3d§aﬁoﬁﬁgjﬂ?@é@p§?ﬂﬁ3%% any one
of the preceding clainms, wherein the container js cl?s,ed at .the top to
reduce oxiaperiuses oh theepositipaing mameernaalyowBie dhe qantaipet Sin e direct
entry of the balls to the positioning nenber substantially throughout the
bot t ons of vidisitye oftr@ sesond2&nd positibn2005 - 15 13. An apparatus according to
any one of clainms 7 to 12, wherein the plurality of apertures are |ocated
substantially toward one end of the positioning nmenber whereby the
container is in comrunication with the apertures on the positioning nmenber
only while the container is inthe 5 vicinity of the second end position.



