-1- APPARATUS AND METHOD OF PLACI NG SOLDER BALLS ONTO A SUBSTRATE 5 Field
of the invention The present invention relates to an apparatus and net hod
for automatically placing an array of _galder 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 becomng nore
popul ar and common. One nethod of nmanufacturing BGA packages is 15 to
firmy attach sol der balls to solder or electrodes) found on a BGA
substrate such that el & FRLACINGed between el ectrica
connecti ons manuf act ur eq grnal devices with
correspondi ng el ectroni é ST i g process typically

i nvol ves sol der bal | placenent and solder baII reflom/ The former invol ves
20 locating the positions of the solder pads and placing the solder balls
ont o ﬁhe§%§@ﬂﬁﬂ%ﬂﬁﬁ§ﬂ%ﬂm the latter is a process in which solder balls
nmelt, wet and reflow onto the sol der pads of the BGA substrate to create
the electrical conductivity. 25 Current systens for solder ball placenent
usual | y apphey préyisf Rhvihtiornfelate@r tavan Yappatadtid Gindcarefsyd fort qutopeicaland pl ace
t he sol der baIIs onto the solder pads. Several exanples fromthe prior art
will illusplesing amarwynetpolder baéiae@ﬁpr@ substrafe, gchnas uhBingrid, %8y 704 f or
a " Met hod @ﬂg ﬁ%ﬁ%ﬁ%ﬁgs for Mounting Soldering Balls onto El ectrodes of a
Substrate %. bl e El ectronic Conponent” describes a ball-filling
devi ceqqusi ng a "sweepi ng" concept. The ball-filling device includes a

contai ner which has a supply of solder balls, which fill up apertures of a
bal | -recei&&@iﬂ@ﬂ&ﬂﬁﬂﬁ[&& he container is

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 placement 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



-2- noved over the area of the apertures. Due to the storage of a |l arge
nunber of solder balls in the container, significant forces are generated
due to the weight of the plurality of _solder balls which are exerted on one
another, and these forces act to restrain the solder balls fromfalling
freely under the 5 influence of gravity into the apertures. In addition,

there is anBigh ovbsthd Brda oftledgpeness Dldto Beesrade af bYarRjOAGRBer N enpty

apertures are sheared by the edges of the container as the container is
noved overoft $eldapbatisiiedhe Aootaiser, ssigmficantoforeeshare generatag da/iedhe s

et nod 1 or Vet P §ie3pl iy Bt scler BB HEY el ol ohhfiRerBitne "l
conprises peBOUBIdE BRE !t diedtraf th@RRIMEIbals drdreVianingufrease uhber eed and
defining in part a chanber for containing a supply of balls. The housing is

novabl o diispeence of gradty ate Aye aperiypes.t n esditiond taers is BUliDb Misketnad

di sposed w thin the ' distrihutes 15 balls i ' anber so
that 11 m ¢ ooy g 4 Jar 3 erieate i angF o PR 21 S Seefe BE 5 T Ur e

Al t hough téggetesfahkReftdlae sethl t@mhmee s boed RivebtRIasdmsaear i ng of sol der
balls during filling of the solder pads as conpared to the prior art, the

soft solder balls can still be damaged by the distribution nmeans, which in

itself, ha S r ces esi forc 20 0 S pal | s t hat
can cause SAAHEE MR ReBr & FHIRE defioa & ‘EorfBech, ECLRUIREEE 2 ent
nurberq 6, 228nBaP ooyEUgEN eRsar ifiRag DEREY i AR Méih@@tfbﬁd:ilﬁiﬁ% Ballsaghithg and

sol dering ﬁre-formed sol der spheres to the BGA integrated circuit package
at t achnent Apetwesiof anBail-Recapsngriementy’. t lhicomprisegra hoHsingl inelA®S: arlevi ce
conprises a pre-formed stencil having a pattern of through hol

correspond?‘?l a) %to tg%vyérpgagfag? eé%ﬁ aggbg?ﬁl?%.'nB aBtr ésﬁhﬂﬁ“bgﬁefogo! der
bal I's or byoritamirése s@bgﬂl & BARPeThE IRASIng! I8EmoRaIly YisHosetBsiRriah Ajby | nto
the apertures. The probl’'emis that since the solder 'balls are exposed to

t he at nospifeapgriuresy avdrdisteibotionimegnsrdisposad iwithinite 3musing distritutesn may

easi | y1E;OCCl%’eﬁllsfcgochrp'ﬂitrlcr:} i e SHQ%BQQEO ?P?é:lllf?rqitet r?ur%gndgf tayers 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 can still be damaged 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 btade.

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



Furthernore, the soft solder balls nmay be danaged by the bl ade. As anot her
exanpl e, US patent nunber 5,918,792 descri bes an "Apparatus and nethod for
filling a ball grid array". A ball-filligng device conprises a solder -3- bin
that is noved along side rails over a stencil allowng solder balls to fil
apertures in the stencil and thereby settling on correspondi ng sol der pads,

before beimg thaked mweald ARsigvside ASile x¥etianenzh aiwibhd soiderbba® tcsfit hat
sol der balls may be damaged by the edges of the side walls of the solder bin

5 and al soaRgfiurpe iBdhesstench gadnhejelipsettingeon corpsranding selderiRadsnti on 1t
I s an obj | r Ly entai.0 . Broyi i d; rat us
for 10 aﬁtﬁ%f%efg%fng gg%ﬁe‘ﬁf%gbeéigf\édek‘sbgﬁ(élgmgﬁt %bg{?eéﬁset atﬁgé,'{rﬁslg at damage
and/ or  oxsslaéi ballomayBeldamagedDyathe edgbscefdthessiconpaisasf the soluerminor art.
According to a first aspect of the invention there is provided an apparatus
for pdsitarmhplsg yolhgedaes 9f¢he ManyeRet\&@Sarray on a substrate, conprising
a 15 positioning neans for positioning the solder balls in positions
corresponding to the array of positions the solder balls are to take up on
the substr8u@maty ofeind imveatiohor receiving a plurality of solder balls and
which is novable between a first position renote fromthe positioni ng neans
and a second position directly thereover, and neans to bias the sol der
balls int LT Iy : - ¥ | £t to the
second posittt S oBRSHER e breRE TREhtgh 15 BARGE R Aol BbbalRnls fFy, | o
dur i ng1 (s uchutseetee placemediasfdiondertsalls awo ensutastizte! sothdtlvmmayeandon there
I's provided a nmethod for ositioning solder balls in a desired array on a
subst r at e, 0x8ati*n af $Rjder b3l &j@rﬁgreﬂy%‘g@ﬁtqomﬁaigd e s PFYR afbosi ti oni ng t he

sol der balls in positions corresponding to the array of positions the

sol der balls are to take up on a substrate, providing a container for

recei ving Acgdrdirey id ¥ fiedt sapedenf ted irvenfiow theterig previdedtan apyaratishior
cont ai ner between a first position rempte fromthe positioning nmeans and a
second posPe§HRNIAGr eRIEey haler Bowredeskpd FFawid &y SkoaHate CHNBESINGes 0l der

15 positioning means for positioning the solder balls in positions corresponding to

the array of positions the solder balls are to take up on the substrate, a
container for receiving a plurality of solder balls and which is movable
between a first position remote from the positioning means and a second
position directly thereover, and means to bias the solder balls in the 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.



30 balls to nove in the direction of novenent of the container whereby
damage to the solder balls is reduced or obviated. -4- According to a third
aspect of the invention there is providgd a substrate on which a plurality
of solder balls so arranged in a desired array according to an apparatus or
a nethod as hereinbefore defined. 5 Using the invention it is possible to
provi de ?medb?aihgtte% ey E_bBedof theAvERtion tH&tB a8 providall & sabstrateasd onal
force, will be provided which is 1 ndependent of the force generated on the
sol der balwhichy plhealiybf solder balls so@reanged id@rderiredsaray aooaing tovitrer eby to
bias the solder, balls in the direction qf.noyenment of the container. 10 It
w il be c&RP&E?%‘ﬁtOFtaomﬁ@?%‘fﬂ%ﬁ?&?‘ﬁﬁ%@!ﬁ ﬁﬁfén‘% e invention in greater detail
by reference to the acconpanying draw ngs which illustrate one enbodi nent
of the invention. The particularity of the draw ngs and the rel ated

descri 5t i ddsing thenvenbonét igmbssiie talpwyidaupre epparatys and ngethedan iwhictof t he
broad identificatio 15 of ..the inventiaon as_ defined the clains. Brief
descr i pt i oh 9eS, HeSahaarmaeteng.iogs Witk rafided Xife s yiderrsht o

bal I -filliwg fded genefatéddnPtHeOsoldet ball@ByRheunaRs of the GoAindovluing
ball-filling device according to a preferred enbodinent of the invention.

Fi gures 3asald nieveshent wherdbyl to-lfias thengolded bebs In fhecdiregtiarpel movemestquences,
25 nanely %ﬂs bal | -filling, ball pick-up and standby positions. Figure 4 is
a magni fie B&W "¢ he area marked as "B" in Fi gure 3c illustrating the
way i moswhich an appropriate tilting angle assists a solder ball to separate
fromother solder balls that have been |ocated in the apertures of the ball-
30 fillingtaealibeecormegianddo ereinaier dasorihentheaisyyention i gredter ietaiely gn t o
anot her preferred

reference to the accompanying drawings which illustrate one embodiment of
the invention. The particularity of the drawings and the related description 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 an example of a ball-filling device of the prior art.

20
Figures 2a and 2b show a ball-filling 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-filling, 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 bali-
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.



enbodi nent of the invention wherein solder balls fall directly onto pads of
a BGA substrate by force of gravity. -5- Figures 6a to 6d show the
application of the design to a third preferred enbodinent of the invention
wherein solder balls fill the apertures of a ball tenplate and then fall
onto sol der pads of a BGA substrate by gravity. 5 Detail ed description of
the preferred enbodinents of the invention Figure 1 illustrates an exanple
of a ball-filling device 100 according to prior art US patent nunber

6, 276, 598. Fig‘MIBSpBaoho Gdt shiewithe applidatonudkethe: design dara itbird prefered ai ner
102 in which a,.nu fsol |l s 106, are st ble. The b I rier
cont ai ner eml%oq & 8 ’BYe'ihﬂrhg%ﬁ@e'Br 0?% ra??'%nﬁlf ?rr’]%\?@ fesi ﬁ adﬁ&Lct I on
"1" al ong tbhﬁ)iét@%dﬂhbﬁ 18l ohitesdl@br pady bf £ BGOBUBSARE bYOgrality ust rated in
Figure 1. This rotational novenment nay be achi eved by using a handle 103
that i operatively connected to the ball carrier container 102 in use. 15
The ball rrier contaiher 04 conprising a
nunber ofﬁ%@l@%ﬂ@@—éo , Fet e =P gty f&rget than the

di aneter of each sol der baII 106, thus al | ow ng sol der balls 106 to fall

into the apertures. Wth the said rotational novenent, solder balls 106 are
spread 20 EjgeweiH@sxxamaﬂiem@plmoﬁabaﬂ-ﬁlhageieyme 400 aRcerding:to pe ait | owed to

hper tur co U RandRembETe 2nb.d8 S phE BrpP BELAES: 100 TAUPRLATRINNTEE <o der
pads o a c%?amépbepnﬁt@méﬁ% nffseridfesida ballse$08fark hofdld. tTebalt e 104

are filled by solder balls 106, a vacuum head 108 is placed in direction
"5t "e", carienpentainer B2 IQSC&F@*D&P Hfe swpinghi @h retadiosak evemedtnd t o suck

th | d balls .106 t th h 108. Th d,108 th
moved o SRR nalbi, e Bfe B0l T B eamer s L AU ARyl cer
112, in thegdid ¢CLTHE rot%tlonal‘lmovéhie'ﬁﬁhﬁaa}%'a'cﬁle%gtlﬁsﬁuélngsé)hbhéffe i¢e sol der
ball's 106 are aligned with t

that is operatively connected to the ball carrier container 102 in use.

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 BGA
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”
illustrated 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 balls 106 are released onto the BGA
substrate, which is then processed.

Figures 2a and 2b show a ball-filing device 10 according to a preferred

embodiment of the invention. Referring to figure 2a, the ball-filling device 10



positions of the solder pads on the BGA substrate. Once aligned, the suction
30 neans is switched off and the solder balls 106 are rel eased onto the BGA

substrate, which is then processed. Figgres 2a and 2b show a ball-filling
device 10 according to a preferred enbodinment of the invention. Referring
to figure 2a, the ball-filling device 10 -6- includes a base 12, on which is

nount ed a ipEIGHés @@ TR ads whidit B @dubtdded IpositienPigaineahs, bash ag salprray of
apertures 15 arranged in the same order as _the pattern of solder pads on a

BGA subst rtaf@lse 4 bayvingein @kr@mfeapmtgasé%ﬁrranm iy e s@mss onderiasy e
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bal | sweepgte éﬁeﬂ@@sﬂ&?ﬁa&e%@rﬂb&r@Mﬁ@h@@é stightlys lakger Tem trad Hianssteeper 16
S preferablt%/ open at its bottomso that the solder balls 18 rest d| rectly
e

onto tRe BYIthe selder Heds 18, prefaeakly abpuk!@%datgert Mk coatainaiwalsgdefersed s
pr ef er abl yoq{ét(f%?lsifl aalt E@Egb%@é%&?@ ba%inﬁpl}ﬁi}’ﬁoﬁ%}ré@%%éﬁ? b " ect

cont act 1 e surroun at m)sp ere so em of ~oxi dati on

of the solgiesepepald & pfefambiebbensatdtnbettomado tratnthe sederedatseds rése bal |
sweeper 16 is supported and guided by a linear guide 20 nounted  adjacent to
the base mrecty@pni@ths balit%aaelatt% 14. Hdeyvewe e fQPr ekthenbalhawpepen 481S 15 of

the bal | G%S?q‘?g&éjeﬁw'id e | r%tttr}?eggblgg?%pg%%‘?e@ol% d%P&h'cﬁheﬁcggo%h Sneeper

16 to sli i'near atrve to eaer

vi brat1gr Z4ith tre wrﬁcﬁmﬁrﬁ@ntmas;bhede@otthaaswmbblemspbg@dnagotfltm soldder balls
18, as explained below 20 Beneath the base 12, there is a curved surface

26 that cdwderisaswallas eondeminatiopdranbededvced base support 28 to provi de
rotational notion of the base 12 relative to the base support 28 about an
axi s perpendicular to the plane of the paper, and thus perpendicular to the

y-directi onad baptshweepet 1the sigddordeameiguided by kelimeareguideiZ0 piowwted |y
connected to the base suppart at a pivot point 27. 25 The gear system 30 is

driven by adjasratio the 8a5@,22 The-pates Z@L@fﬁfﬁa pgrizentakforce on the portion
15 of the ball sweeper 16 linked to the linear guide 20 to enable the ball sweeper

16 to slide along the linear guide 20 relative to the apertures 15. A vibrator 24
is preferably included to assist in spreading the solder balls 18, as explained
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



on an x-table that is guided by a |inear guide 38 for novenent in the x-
direction, that is, perpendicular to the plane of the paper. The notion of
the x- table 34 is driven by an x-nmotor 736. Wth the above arrangenent, it
woul d be appreciated that the ball sweeper 16 is novable in the x-, y- and
rotational 30 directions. Figure 2b shows the base 12 being displaced at an

angl e w t hsurepeXd ah@ thdreforbale basp . t T8 bak seeeper ¢ i¢ aldd titedeat2an This is
caused by the novenent = of the gear system 30, which causes

count er - claAiev de IrCERAtcpal torce depgndent ofthe fprcegenerated.on theepefgf e t he

?gfgellzndgpendenk)yw@{%g&éﬁ‘ orc%ﬁ%gdr@reac%fethé%%nméésbﬁrderwb P%?gb%?/é][ggm

si des or efrdatwal dosthat tiensoldel bakiewee pecuhGlatben one sideiafithe balltsweeped so that
the sol der balls 18 accunul ate on one si de of the %all svveeper 5 16 towards

the y- & r el& iouyaras the y-directina metiqn fibehall sweepss 18- rasaIrgsulldamage t o
sol der - ba'ibSold GRS Budbd B2 festl &tfgﬁer% il PovEYERPat 1Rl rgigd gt si de

of the ball sweeper 16 al ong € ba uced or obvi at ed.

Fi gur es 3aoftthe Bdll shewpehdskadhg the lbalhtgermldtebafl Fechicekl-armbyistedt i on sequences,
10 nanely the ball-filling, ball pick-up and standby positions. Referring to
figure 3a, the ball sweeper 16 is noved in the y-direction froma first

position d 1 | der
Pai s 18 vioGle $add 35 ShN M BRERHS Fho' Ben, BRod BRI T sl SR E00, 16
and ar@ pusdradlyitne Balefilingli baicpicksupoahy standblyepdsngjms hRefbrandedo digurdie bal |
sweeper 16, Thus, 15 because_of the softness of the solder balls 18, the

bot t om edg B bab %‘Pqﬁpersﬂ\@e@emoﬁdn@yt%ﬂ GiFrrtiganfigm ehlrgoPeifichal | s 18.
Fqure S alapcharedy Alalk il 40 KRl SRt ug oo Lo

transfer sol der ba to a substrate 50.

20 Figure t3hditb |al¢8t1!m|1la€te dth@e bight sidergfltaé eau%mpag 16|, lahechrewshed m:l ockw se
while the ball sweeper 16 continues to nove i di rection.

n
consequencle y-cifectien @aly ) the 1ighthard mie qfﬁh@hléalg,sme,eegf i6h JJBJSt o the
shifting ofINRkrof the softness of the solder 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 ball 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 ball 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.



wei ght relative to the inclined surface of the ball tenplate 14. Therefore,
this avoids the problemof the right-hand edges of the ball sweeper 16
cutting and 25 damagi ng the sol der ballg_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 enpty, thereby filling up all the

apertures fifis WebiitsSH @88 sbRldrspdl: 18 tmetobtididttlynai® éffebabelpiRing fiee bal |

sweeper 16 covers the array of apertures 30 15, the ball tenplate 14 may be
rotated clasEwlsaperhiegddnt er-cl ockwi se a pre-determ ned nunber 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 apert urgukb 3vi iflidtrateSethoball aweepepfi6t baingahlovedepaek tdbts strtindi s
results in the solder balls 18 nore efficiently and effectively filling the

gr r Ey &  amsitiqiy iesthesrighi efuthe il tampiater &ﬂ@ftem;be [aRertusese d pdravecberi ng ][mved
t it tad.L] it ' 4 t
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tenpl ate lgb thatraRt deelSalr baekpes e6 teveld it ths-yt Oigedtidr, theveeidar Hdist t@avel s in
the -y direction, the solder balls 18 wll tend to follow the direction of

travel of wiHdenhta follpuetberdirestipy of tiavakofghe thiedisweepmn 1RdnyrrtuedidRRE to t he

To is thusdo St g AfgR RehecRubipEon e A and ebieforting BRE  ho"Che'

filling opga@br e ball swéepd 8 Rrthbbavblield. t he vibrator 24 is activated at
the time of noving the ball sweeper 16 in each direction and/ or when the

ball sweeper 16 is over the 15 apertures 15 so that vibration is generated

T8 whi ch_are i mshe iR plls e’ GuhEard qulRbRnETRIELPpb BRI IE 1 ane
the sol derprepdrhBlel thaththehviarstor 24 Raaxtivatet @t Bieetilng @F rhdvingotheepan ate from
one anot her. Thus, the chance of danmaging solder balls 18 is further

reduced. |§weenarel G eschedisg@ionuaed/onsviEm i ball|sweepdrt 16 dolover thaal | s 18
at thig timk, [he APELUHLEVibERtG™Ts Jenbitbd%n tHd s&fier batls 18 and ball
template 14. This assists the solder balls 18 which are in contact with the
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 solder balls 18 is further reduced. If there are some apertures 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 horizontal
position. The pick head 40 is moved over the array of solder balls 18, and
suction means associated 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 solider 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.



when the ball sweeper 16 conducts another filling operation wherein the
operation can be further optim zed by selecting an appropriate returning
rotating speed and y-notion speed. 25 Figgure 3d illustrates the ball sweeper
16 having noved back to its starting position. At this tinme, the bal
tenplate 14 is rotated back to the horizontal position. The pick head 40 is

noved overrighe 4id 8nddnifiéd ¢Rfw BRtHeSarkd makéd 8" iaFigaRNSc ﬂ!@@ﬁéﬂir@%ed with
the pick head 40 adhere the patterned solder balls 18 to the Flck ead 40.

Advant agediiel yay ppswhiahe agi apprapsiate diling apple eégssts fa seldeivball 8 thder the

hoad 40 | SeREReRBTE’ soiRef bR 28 nelE BeRR 100Re Bl e gBRRUT 198 Py
ball's 18 ane p#l-Raeg ey 10he Agoineedpoctibnmer i dentdragh gedvityt bfee&Eh
substrate. -9- Fi gure 4 is a ma(t;nlfled view of the area marked as "B" in

Fi gur e 53¢ $alderskalal B igat anangs to theidacesl tsphalbiararlate 4+ ang Painds e

ocat ed | nOMRLISE Yoy BRakEsigh SHEhEA GERbthY Ho R Eotad Bt itnai et on
of the cerdderdbalp]&uht theledgadt the apbdeare P5Y, b HidtizontzAcopparieat ef tis t he
surface of the ball tenplate 14, and points towards the downward si de of

poi nt A (beEngr eheraydy mauses dossalser hallgeldnta il tovsirde they appromiadédy t he edge

causes t hetshigaatbupPerehie 8% S RRRAEA oy TR PG SEhRi: Y on ana
over come tdf theadiferaializo] by Ahs Eeigedfthe Tehs wal @if dhe Daf afwarpel 0 60and he
sol der balls 18 by the edge of the rear wall of the ball sweeper 16 and the

edges of tthe efgestaiibe apsrturgsgif.es 5a to 5f show another preferred
enbodi ment of the invention wherein solder balls 18 fall directly onto pads
of a BGA substrate 50 by force of 15 gravity. As the operation of the

desi gn is figuesl 5a t8f SROR @thérasrefapsd bRvddirierntdftheqfvéstion @Heesn 3a to
3d, details of the design will be omtted wherever they are unnecessarily
repetitivesolder balls 18 fail directly onto pads of a BGA substrate 50 by force of
15 gravity. As the operation of the design is largely the same 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 substrate 50 being placed onto a substrate holder 52,

20 which is located underneath a ball template 14 with an array of apertures 15
as previously described. Howaever, 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 holder 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 5¢c, the bhall 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
tilted counter-clockwise. Solder balts 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



Fi gure 5a shows a BGA substrate 50 being placed onto a substrate hol der 52,
20 which is | ocated underneath a ball tenplate 14 with an array of apertures
15 as previously described. However, t{g.apertures 15 conprise

t hrough- hol es 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

substr at e &pstratePholger 5erdre thtee inIHE TNdckivesdgirdetiorb@hilé liige bubsieaper hol der
52 is raised such that the BGA 25 substrate 50 is in close proximty to the

bal | tenpl it is maveddn thety diregtian toaliaw thsmeensainingselgef Palled 81g reeYe espond

to the posit] h e t b e 1 gure 5c,
t he bal IO 3@8@? t@% _&s&rﬁ%@@& Mrtm?ﬁzhé)rb&"r g@?% \?\,ﬁi Fééﬂ?#et%g‘l’sl g&ﬁ%fgrrpl ate
14, al ong pudittort. he BGA substrate 50 and substrate hol der 52, are tilted

counter-clockw se. Solder balls 18 fall into the apertures 15 of the ball
tenpl ate 14 as they spread over the apertures 15. Since the apertures 15

all ow the so} I t Light . t - th e S w | |
rest on th@ h@gg ggbit?? ifé(!:l gwggb%r f1|bg r i gﬁlé) L%q%%mga ?Qﬁéﬁp%gegﬁhhb&@@\
substrat e tpfhprited +4l BGA ghpbiratecsthahdeubbza®r foliet §2dré hotibental. oAk the e
direction while the ball sweeper 16 is noved in the -y direction to allow

t he remai rapRituEes dér hag beendilied with soldesallgs! @ hd heysihstede ingidatn®d st t he

Creeper 5By e e Bl Hh, T ERASuuBfald St RSl Bafg 14 s P
subst ri@t e Sifc@dth S abprdreidiepdertiond raae thet beoehidvedrhs in IFeguraBfrforr es 15

have been filled with solder balls 18. The substrate holder 52 may then be
| over ed arfdrthee mopessingt r ahe SYrled MAYtthensbe depegiad witts anothara in the
appropri atet%ﬁ%itions may then be renoved as in Figure 5f for further
pr ocessi ngs?u eCycl e may then be repeated with another BGA substrate.
Figures 6a to 6d show a third preferred enbodi nent of the invention wherein

Figures 6a to 6d show a third preferred embodiment of the invention wherein

15  solder balls 18 fill the apertures of a ball template 14 and then fall onto solder
pads of a BGA substrate 50 by gravity. 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 counter-
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
Bb shows the ball template 14 and sliding plate 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



15 solder balls 18 fill the apertures of a ball tenplate 14 and then fal
onto solder pads of a BGA substrate 50 by gravity. In this enbodi nent, the
BGA substrate 50 is not rotated togethgf_with the ball tenplate 14. Figure
6a shows a ball tenplate 14 with an array of apertures 15. A separator 20
such as a sliding plate 54 with a simlarly-arranged array of apertures 56
is placegngerBEhe shpstratteBD! ice alignedioviBy ahe apert@Rer 197@% the BAI t he ball
tenplate 14 are placed at a half-pad pitch offset fromthe apertures 56 of
the sliditagp@tatlé B aut of pligneawith she Bperutes: feof tael sliging platesdfder bal | s
18 will be arrested by the sliding plate 54. In this case, the ball sweeper
16 is noved in 25 the y-direction as the ball tenplate 14 and sliding plate
54 are tillheflgWreust the &igpigvbite Spligashifeed Ity haIfqrl prtieash angt trd | into
the apertures 15 of the ball tenplate 14. The ball tenplate 14 and sliding
pl at e $4 \apartwesA Sy the halldtemplateel4 aparivres S630f erdigindplate Shndal |

Comp at e SPGsIRdS o EBER Mg S0 A, ABRRH. A% a el he SRoRhBAR !
back at it pf thel dperuresifts enthe/bBRNMPIARL 14l fPolgh e eRdngplgte Saibstrate
hol der 52, and the substrate holder 52 is raised so that the BGA substrate

50 is justordeltbavBGA sbistiaky) 5P af evilyatorainot shewpoican, alspdesattvatepiits - 11-

Complat ottt oBabTert g iskih AR ool 17 2MBG bE' Slodrodh i gl g it

54. Mo fitarsRyHosord BEicintigi ng plate 54 is shifted by half-pad pitch so that
the 5 apertures 15 of the ball tenplate 14, apertures 56 of the sliding

pl ate 54 and sol der pads on the BGA substrate 50 are aligned. As a result,

L ongh ¢ e non 45 Tghth 69 SHE ThbltaRndReRo A Rl be GBI Fupl oM (ot
shown) canpalssgi latd 54 aireidtheB GANE o sE® ORI thed saigiet Bhlls ﬁ8t{?l.9§ed3per ation

to allow the solder balls 18 to fall 10 through nore efficiently. As shown
in figure B Pesitorsoar bedemavedder fusthes Rrogesainge | ower ed away from
15

Accordingly, it should be appreciated that the invention helps to avoid the
problem of ball damage during ball filling. By isolatihg the ball sweeper 16
from the surrounding atmosphere, the problems of solder ball oxidation and
contamination can be avoided. The ball filling operation is also more reliable
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 to optimize the ball
filling 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.



the sliding plate 54 and the BGA substrate 50 with the solder balls 18

pl aced into position can be renoved for further processing. 15 Accordingly,
it should be appreciated that the invgf%_i on helps to avoid the problem of
bal | danmage during ball filling. By isolating the ball sweeper 16 fromthe
surroundi ng at nosphere, the problens of solder ball oxidation and

contam nati on can be avoided. The bgalffd:! i ng operation is also nore
reliable 20 and the chance of m ssing solfder balls 18 occurring during the
pl acenent onto a BGA substrate 50 is reduced. This is due to the ability to
optimze the ball filling operation by controlling the nunber of rotating

cycles and magnitude of rotatiopn when the hal] sweeper (16 covers the array
of Saper tufles TAN ADParAtHE! o cppSeRAR: OBRT Aralk; My 4 QESRY A5 O al o0

provided during the return notion of 25 the ball sweeper 16 to its original
posi ti on bybsipatentompgsingt urn rotating speed and return |inear notion
speed. The invention described herein is susceptible to variations,

nodi figati ons ansgsitioninglthémbes whidiels tdrastruchats and pnfiursl to didestcthebed and
it is to be understood that 30 the invention includes all such variations,

modi 1 cat sgfagr 45 Ao %‘a@ﬁlrgﬂo@)&m&%rréiﬁéndm%% rlhéf?rra:'ypig’fi josftiofsSthere of

t he above description. n apparatus fo ositioning sol der
balls in a _desired ar on a ubstrate, conprising: 5 a positioning nenber
which is & ﬁ'&fba@? ate fgzna%kg&m)rbﬁ}eeauq%rag?,r ect the solder balls to required
positions corresponding to the array of positions the solder balls are to
take up on t heaspdaingt for a phyatityiafesoldeyrballspthe spntajnestbeing genfigeeds, tne
cont ai ner being configured and operable to nove in a first direction from
a first eaddppErablertorreoes én farfinst dir@ctibrefrpos iat firshiend puoesitiver rémote fsemond end
position directly in communication with the positioning member to provide
sol def g baljiespéAtibhiRg PRSMbEPTY B%eBBA®@Nd pYiftion 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 balls not in required
positions away from the positioning member; and
15 a tilting 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 in the first
direction and the second direction respectively;
wherein the tilting mechanism to apply a force to the solder balls is

20 adapted to rotate the container about an axis perpendicular to the direction of

motion of the container and thereby tilt it.

2. An apparatus according to claim 1, wherein the container and

positioning member are rotatable a plurality of times when the container is in



to nmove in a second direction opposite to the first direction fromthe
second end position to the first end position to nove the solder balls not
in required positions away fromthe ppgitioning nenber; and 15 a tilting
mechani sm constructed and configured to apply a force to the solder balls
in the container in the direction of novenent of the container as the

cont ai ner pGBiYieA @i@émgeavéhtthéi;i@timﬁrsg't; tmembaRdsd Npas apensblBesivali§naren t he
first direction and the second direction respectively; wherein the tilting

mechani s : |s is 20 adapted to rotate the
cont ai neﬁ%@eoﬁg&g#p%édgbggﬁ%grﬁd‘#?b@éjﬁ%t er' direction of notion of the

container and thereby tilt it. 2. An apparatus according to claim1, wherein
the container and positioning nmenber are rotatable a plurality of timnes
when the container is in -13- position directly over the positioning nenber,
so that tRe soAdeappaiplus ageordingpieatiaion y @pelaind 2o whereinerotatinnal @angles nenber .
3. An apparatus according to claiml1l or claim2, wherein rotational angles

5 of the obtheicoataimerdand/ot ke Tooving speeddofothet tuntainet aire esontriofialslentor ol | abl e
to optimze the efficiency of the apparatus. 4. An apparatus according to

claim 2 oppGhddihd effkiBHEY Bf {H@é@ﬂ@t@_ positioning rail and notor whereby
the container is positioned and driven. 10 5. An apparatus according to any

one of the preceding clains, which includes a vibration-generating device
to facilitate the separation of solder balls fromsurfaces they are in
contact with and/or fromone another. 15 6. An apparatus according to any
one of thé prel¥dPRGAEAHS naccaifiBdett dMm 28k elathi dg Wheredr theiel Bdds a bal |
tenplate with a plurality of apertures each slightly larger than the size
of a sol deosiiahingi nail@andemotas vhegreby ¢hes odrtainandd pssitionéd andtdnvebal | t enpl at e,
and wherein the plurality of apertures are arranged in an order simlar to
the anpay of positions conprising solder pads on the substrate.

5. An apparatus according to any one of the preceding claims, which
includes a vibration-generating device to facilitate the separation of solder balls

from surfaces they are in contact with and/or from one another.

15 6. An apparatus according to any one of the preceding claims, wherein the
positioning member includes a ball template with a plurality 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.

20
7. An apparatus according to claim 6, wherein solder balls captured in the
plurality of apertures are removable by a pick-and-place device while retaining
their respective positions, and placed onto corresponding positions of solder
pads on the substrate.

25



20 7. An apparatus according to claim®6, wherein solder balls captured in
the plurality of apertures are renovable by a pick-and-place device while
retaining their respective positionsq4§nd pl aced onto correspondi ng
positions of solder pads on the substrate. 25 -14- 8. An apparatus
according to any one of clainms 6 or 7, which includes mneans to rotate the

contai nerg bal ppt 5%@;@8 aBLordi Etcgaérfy ShaLWft AARUY Yr - whithaRBRIGBLUS

according to any one of clalns 8, wherein the 5 apertures conprise

t hr ough- hg| es i C | ow sQl der | | ' [ h_th Il tenplate
directly g}ﬁ%gsﬁgﬁ%ﬁk% 80@35‘8&"99@98\?6"%@g’%%”%@%%ﬁ?%ﬁ}e‘g@ ording to any
one of clains 6 to 9, wherein there is a separator capable of separating
the ball tenplate fromthe substrate in use, and 10 the separator is
novable froma first position where passage of solder balls fromthe ball

tenpl ate &nto Aheappbrtustacdosdipg eive @ngdonadofackdment fsod, t wbareimitbee
passage of the solder balls fromthe ball tenplate onto the substrate is

perm t4 edapdfurkl. chfipASS ARIUGH-IRIEOWHIEHY Allewasvidenband té ITail pheegHi the cl ai s,
wherein the container is closed at the top to reduce oxidation of the

sol der ba f i entry of the balls to the
posi tioni héﬁﬁ%ﬂg@?&gﬁ%@ya%étpgq ?@éfﬁ%g@éﬁg&&%éﬁbot tomof the container. 20
12. An apparatus according to any one of clains 6 to 11, wherein the
plurality of apertures are |ocated substantially toward one end of the
posi ti oni ng menber whereby the container is in communication with the
aperturesi1Bn t Ad aprartusoaceagdimgnioeanyoang ofitslaimst §éo Sonrharaisr these imat he
vicinity of the second end position.

separator capable of separating the ball template from the substrate in use, and

10 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.

15 11.  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.

20 12.  An apparatus according to any one of claims 6 to 11, wherein the
plurality of apertures are located substantially toward one end of the positioning
member whereby the container is in communication with the apertures on the
positioning member only while the container is in the vicinity of the second end

position.



