1 APPARATUS AND METHOD OF PLACI NG SOLDER BALLS ONTO A SUBSTRATE 5 Field of
the invention The present invention rel gtes to an apparatus and net holl 71J8N 2005
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 nore popul ar
and common. One net hod of manufacturing BGA pacages Is 15 to firmy attach
sol der balls to sol der ] bEUS AND MEJHQD QF BULAGING BGA  substrate such
that electrical conducti $gppere BRRILE ONTEOA RRInSERATEECtri cal connecti ons
manuf actured on the BGA SubsStrate and externa evices with correspondi ng
el ectronic circuits. Such. a manufacturing process typically involves

sol der bal | F@I@Sptﬁgﬁﬁve%ﬂgﬂsol der ball reflow. The former involves 20

| ocating t he—posTt t he sol der pads and placing the solder balls onto
these positions, and the latter is a process in-which solder balls nelt,

wet and ref]ow onto.the.sol de ads of the BGA substrate to create the

el ecirical - TEOMRAT I EpIoSEElesBieh Soadvefe s MEFOA PriaultPmBbEilrent
usual | y apppkcihngvereprmag of ssttder” galigvority & elibstrage, Qﬂnﬁes)tasbélﬁﬁﬁ@@ﬁa@ and

pl ace the mcgﬁr alls onto the solder pads. Several exanples fromthe
prior art 1 $4B58ERt e the concept of sweeping. 30 US patent nunber
5,655, 74 for a "Method and Apparatus for Mounting Soldering Balls onto
El ectrodes of a Substrate or a Conparable Electronic Conponent”™ describes
a ball-fill ‘ "sweepi ng" concept. The ball-filling device
I ncl udes a container which has a supply of solder balls, which fill up

apertures of a ball-receiving el enent when the 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 elect.rical
connections manufactured on the BGA substrate and external devices with
_corresponding electronic circuits.  Such a manufacturing process typically
involves solder ball placemént 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-filing device includes a container which has a supply of solder balls,
which fill up apertures of a ball-receiving element when the container is
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the storage of a |arge nunber of solder balls in the container,

significant forces are generated due to2the wei ght of the plurality of

sol der balls which are exerted on one another, and these forces act to

restrain. {nfaah ok B 43T Gakhiag fduee\whge%sg#;?ﬁﬁa aflance of

gravity into the apertures. Ion, there skthat sol der
balls that afeclgar baéﬂ irytl*@nga'gteme'r nsignificant fprees @r@geaemt@chdaedd tbg t he

edges of th t ai,ne . e e

Aot her - exaSIt ST M By BFsFRE! Balir il SPELEEIREEh 8 BRI Foat i on
10 nunber OfHes49Micdsonctatd Fedtraimgh®eaaldse tzlid Mﬁhfadmbofreéiyldndmg thal s in
the Aperfures of a Pall-:Recei enen ri ses a hausin

ol gl - i@ ohgradt S0 GRSl adbab  RBR RS ARk Ppart a
chanber for soigenbatishthafa ﬁamaliwergjagbaluh emphy18péraiies age shedred &yl tie di Sposed
over an array of apertures, and distribution neans di sposed within the

housi ng di s??@%‘h‘?féﬁe £snginer @sdan CaMABET ISMMeYRs QUeANSRPIBIehat | i ni t ed
nunber of layers of the balls are spread over the apertures. Al though the

descri bed device alleviates the problemof shearing of solder balls during
filling of Anetheplexampbedy asbalbﬁiﬁﬁtﬁard@idlc@olstﬁ%SQﬁle@BrlnaP@T PHblicaibe sol der

bal |5 cf6 ShirnhePRoftHeBqeHly b -filifg Sl bRY MERoATEN Fil] iGlls it thesel T, has

edges and produces un eS|re orc on t e soI that '€an cause
damage. Anofiherturesah@ BalbReteiwingsdewent’ hé@@mmm bousing)Bichatimgnan nunber

6, 229, 210 desgr % f tachi ngl._sol deri ng
pre-forned %ﬁﬂ% &t éhféjpéz {i, atlgﬁ {h%%&q %l egrgﬁga P%I? @gglﬁoaege%éttachnent
sites in hi gdsntaﬁungoda lsupply of batidi Thedwusjng it nmvpbladamat,-d dewn are acappri ses a
pre-fornmed sfenci

cont act padg 8?3 r%&Aands g%%’f atgtr%%{}‘sgé'ﬁé e ;@%Q?ﬁ%ﬁﬁ%ké?ﬁﬁg@ﬁgyt '? he

use of #5 U- shlperhtdihad i, the ebamibal ks thait émitedi autnbef af thyératodtHehiealidpre t ur es.

The probl emsp';r%aahg\}ersthgcaepérpueress.mRlﬁ{ough the described device alleviates the
problem of shearing of solder balls during filling of the solder pads as
compared' to the prior art, the soft solder balls can still be daméged 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 soider balls may be damaged by the blade.

As another example, US patent number 5,218,792 describes an “Apparatus
and method for filling a ball grid array”. A ball-filiing device comprises a solder



balls are exposed to the atnosphere, they can be oxidized nore easily ahd JAMUUS
30 contami nation may easily occur fromthe surroundi ngs and/or the bl ade.
Furthernore, the soft solder balls nmay- Se damaged by t he bl ade. As anot her
exanpl e, US patent nunber 5, 918, 792 describes an "Apparatus and nethod for

fiIIingab Yai g | der 17 JAN
2005 5 bi - Eb € B0ER apad st S okt °5ERH SBIRAE oI RNl der
balls to fi Ialpertaneermuheastenrmltdtmﬂ ﬁteeelny ketlind drhevrbypetitg iso@iedpads,
correspondi sol der fore being fixe Si Vv As. expl ai ned
Sbove. "the BRIEE dinie PRediby SIRLE. ndel SrlRSEh bl e PIRP e RIS diBke of t he
side walls @Bldtehsaw@hﬂﬁrbetuamaé%datﬁsdthela@ebwftm@s.edwlsqif th8 & oldR bin
apertures. Summary of the inyention It is an objective of the present

i nvent i of té‘”ﬂr%‘-iﬂ Rethg Bdorp PHEIMAPHEAPSII®S f or 10 aut omat ed pl acement of
sol der balls onto a substrate, so that damage and/or oxidation of sol der
bal |l s are reduced as conpared to the prior art. According to a first aspect
of the i nveSuminanylesthe inyertioi ded an apparatus for positioning sol der
balls in a desired array on a substrate, conprising a 15 positioning neans
for positioning the solder balls in positions corresponding to the array
of positiondtisho obigctiee Obwtblpsesat‘eirtventifak@ prpvide at'tﬁmpmtt&;tapnatatua focont ai ner

for Tecsbvi A ALK Ll br SR RIS S UMLKY i IBYEBLCCan i voen 2

first posit roning anda i tion

di rectly thexidetien of soideristinard edoced as bemeatedtetb thaplisr am. the direction 20
of novenent of the container fromthe first to the second position whereby
to reduce or obviate damage to the solder balls during such novenent.

Accor di ng t @caorsigROtach ﬁepag;teanfoftrteemvwmtthere Elie6ddés aprappeigds Jomet hod
for positioni, ng sol. d bﬁﬁlﬁ 6%4 red arraﬂ)[/ g a substrate, conprising
provi di ng 2803Y 'Pgostﬂ‘i’ﬁj PoFEPEE Ef'aK [5e08lPige rCOTRTISING 17
posi ti ong cebglaéma@méﬁstf@r pdsitonffy 1Al seltjepeénstm%ﬁmbhecaﬂbgl;%ndwd s are to
take up on substrate, providing

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 poSiti_oning 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.




a container for receiving a plurality of solder balls, providing rre‘gzsj 9005
nove the container between a first p05|4t|on r enot e fromthe posi ti R‘B
nmeans and a second position directly thereover, and providing neans to
bias the solder 30 balls to move in the direction of novement of the

contai ner WeLBRln ﬁﬂaqmm fa@ é&%f%@éwenb@rh kiserkSs pealHER a Qubebdicabed. 1 7
JAN 2005 -4 According to a |rd aspect of the invention there is provided
a subst r at e Wtich Wlﬁittfﬂltﬁof)ﬁ‘ﬂlﬁaﬂ ballp sorarsanagein Fadgsired Areayrasegetng 1P an desi red
array accordj n%m dyas hereinbefore defined. 5

Usi ng the |%’§g Ion@r”? oéésH%ﬁeg{bteﬁor%@ﬁde an apparatus and nethod in
which a force, usually graV| tational force w Il be provided which is

cont ot nep P edareR R BRE AR, By MTed Bab it e e
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herei nafter describe the invention, i at de al reference to the
acconpanyi néhefj AGR Agaelated ANt PL&OE%EL@%B% ‘g'ﬁb f eo‘f'om?'ﬂsr EHU%% i on.

The parti culsald inpvérthehth@héteByitd 8fasang sbiver ban@tremectﬁ@@-mrpbf Aibvefenfot to be
understood as superseding the generality of the broad identification 15 of
the inventi @hthECAEAINBed by the clains. 20 Brief description of the

drawi ngggFigure 1 illustrates an exanple of a ball-filling device of the
prior art. Figures 2a and 2b show a ball-filling device accordi nrg to a
preferred emowtlibfepenveniantéo harinafies deseibp, thesindantion Baareatar detail by

Dat 1111 ner@ghdaabling lieKoipaRff akhARGS AN AGSate Zhe/SHBLAnIcHE o

ball-fillin 05|t|ons Figure 4 |sanagn|f|ed
vi ew of t hetlae wenmn(eaha@aﬁBularw Fi tj@rckawmgﬁlansﬂs&h%mla@ 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 angie 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.



the way in which an appropriate tilting angle assists a solder ball tp7 jaN 2005
separate from other solder balls that have been |ocated in the apertures

of the ball- 30 filling device. Figures™a to 5f show the application of

the design to another preferred enbodiment of the invention wherein sol der
balls fall directly onto pads of a BGA substrate by force of gravity. 1 7
JAI 2005 5 Figures 6a to 6d show the application of the design to a third
preferred Eigyees Manto 6F shaw ithe applietionhel thendseipade adhird prefarredhe
apertures o l; ; : RANS BGA
substrate b%n%@\%%r;}é@ﬂ%gﬁ%ﬁt@ﬁ%&i%@ﬁ%@#%nﬂgl%(ﬁllﬁ@leg% erreapfgn%aci)'di ment s
of the invetemplateRamuthenall bhtosoider padanf @ Baibebatfatabpgtdvithi | 1 i ng devi ce
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 of
sol der bal | peffiledatescrptivnadilive prEkerdinéinbodiarantesf thomtvaintien 102 i s capabl e
of swinging or rotational novenent in direction "1" along the |long axis of
the ball carrier container 102 illustrated in Figure 1. This rotational

novenent nMagigate dGIsGERE Ayextnhple ofa l&antqhhiag HRJicetinatacceratitflodgrior @ty
connected to the ball carrier container 102 in use.. 15 The ball carrier

cont ai ner 189 paepuBsber BT F.5P8mIingIREILH ANCEYSE KAigcliden amadl castier
aperturgs, eaaBidediopAnanlbRaBhGhbe! drdtider BAE 06 Aadtofdife dipaBiAr  of
each solder ball 106, thus allow ng solder balls 106 to fall into the
apertures. Cerigrteantaiaed 108t ist capaille nelv ewinging £61r@tatiopal movEOBMri@ spread
20 over the Ofy» I ; to fall
into the aS‘Zér‘?ﬁ’r” es1 , %ﬁg@%éo:ﬁfgﬂ g%té?%elurgéls?Q‘theél?t%@%gﬁgm&g%%@rt ures on
the ball tEigorate 04 retetiorss porwdntent ey ke aamigestbhy usingsohdedliepd@ds on a
E’SEA s Ofggft rﬁ\ta? islgr?éra%Qf cé%eéc%elrottHé B3 ggrrigpi?oﬂgilnlarﬁﬁfm M 104 are filled
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-filling device 10 according to a preferred
embodiment of the invention. Referring to figure 2a, the ball-filing device 10



balls 106, a vacuum head 108 is placed in direction "5", "6", "2" over the
ball 25 tenplate 104 which has suction geans to suck the sol der bal | § 7L 2005
onto the vacuum head 108. The vacuum head 108 is then noved to a position
above the BGA substrate 110 carried on a BGA holder 112, in the direction
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the patterntohesoh dera paniswespsr B RaFidasd sapsly 2P sorer balPrsexaabs, Figure
5). The apertures 15 have dianeters which are slig htlg%el arger than the
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of solder balls . e ball ~ sweeper S é open at its bottom
p

so that the pé@iﬁ@@#y mlq)ss?dl@ ﬁhééthe seideé@allsw%melsp}aéed) m dieagprantacti 4.
However 4ot hg;ithQRe Sfirrbi; ggc{ Hm Rso thilt {h% rBbEfA fa@lé’atlﬁﬂgh‘ﬂ%egola& that the

solder balls 18 are | |rect cont act e surroundi ng
at nospher e bells haaswed @wﬂmaﬁommw@aredumﬁfd.the solder balls 18 as well
as contam nation may be reduced. The ball sweeper 16 is supported and

gui ded by a l|inear guide 20 nounted adjacent to the base 12. A y-notor 22
exerts a hoifhedrdiadwdaper € 6oia supponed andguidedaby ahseebagdude\IHBpmmfbﬁ | i nked

to the line | a t he we to sl longthe
| i near qui dgdjfggrr‘te ﬁfe)\llsggega %Jg\&é?’tﬁ%’?“% ﬁ&%?nﬁaﬁ?%? 09 el 8 Rnef erably
i ncl udedi5t o chwi tsll s;wee;mrdadinhqd td”ruhesloéaiegwbalzb&to hﬁablaahebalf sweeper bel ow.
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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 2 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



system 30 on a base support 28 to provide rotational notion of the baiq J]A?HU(B
relative to the base support 28 about ap axis perpendicular to the pl

the paper, and thus perpendicular to the y-directional notion of the ball
sweeper 16. The base 12 is pivotally connected to the base support at a

pi vot poi nt s@face?6 &R tigaafors el I848e3(R. | Bhalbaly eRedpera otibelsa-tiietiat ad2. The
base support 28 rests . on an x-table that is ed by a |linear guide 38
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conpared to figure S 1S cause verrent r system
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also tilted a or ce IR epe £%0f the force
generated on the solder baIIs 18 by the sides or end malls of the bal

sweeper 16 en ig t'dgnhi S hc&eﬁ@d SQ th t tpe sol d

accunul at e 698 é PV dhe, RAY-TING &pd Pal Aig PBV%EG%'qnhﬁeclVeﬁF?%ctlon
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sweeper 16 APoMf ORd PEePef clhisaeved PetiGckdirgFlIRLH I Ht@dﬂ"sitl%ﬁ'ft@é‘ 3a to 3d

show t he baltdwafraé |thé1§rr§9%f%bhu@sc‘k5 UPuERE iR tiaNthestitsIaRds 181QopRAME! Y the
ball-fillin bal | pi ck-up and standby positions. Referring to figure 3a,

the ball s afsumylart%aétm it sideyaf dhe ball pwrersrci®. andigre pusiad ini on
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would tend to accunul at t he I’I(;{ sweeper 16, and are
e

pushed M8 bhreaysedefribetsafinesnof theys ﬂ@bﬁ”@hﬁ Hhﬁ@oﬁpmeeftﬁestﬁethbdﬁa" sweeper

16. Thus,  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 balis 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.



15 because of the softness of the solder balls 18, the bottom edge‘sygmqmg
ball sweeper 16 may cut and danage thessol der balls 18. Figure 3a a

shows a pick head 40 that is used with“this enbodi nent to transfer soI der
balls 18 from the ball tenplate 14.to a BGA substrate. 50. 20 Figure 3b
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avoi ded. To furthe ensur e_t.hat, bal t damaged dur filling
operat i on, fe[m[? Ii4 is assists the sold%r ﬁs qg Wh|8h are in con acgwnﬁethe

upper surface of the ball template 14 and the solder balls 18 which are
already in the ap.c-_.rtUres 15, to separate from one another. Thus, the chance
‘of damaging solder balls 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 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 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.



preferable that the vibrator 24 is activated at the time of noving th???ﬁ'?%S
sweeper 16 in each direction and/or wheg the ball sweeper 16 is over the H
apertures 15 so that vibration is generated on the solder balls 18 and bal
tenplate 14. This assists the solder balls 18 which are in contact with the

upper surf agigurd 4 i riaghlfiet ang af theldteanshrkd® as 0BURY Figatd ¢ diGstitingh are

already in the apertures 15, to separate fromone another. Thus, the chance
of damagi ngth§oWaerinp&NiFR arg apgraniiaten dhingcNR. B SSits thépklearkalks dietoaper t ur es

15 20 not fééda?é#e‘%&nhgﬁ%‘rgg{dfpﬁbhssthéghé‘&e Bé\ér?lotcb@1inttH@a?Qfﬁﬁrte@..r‘l%SoflS can be

further filled when ) sweeper 16 conducts anothelr filling operation
wher ei n t hetheopal-dinodeves 19e AgrihRedirestion mf2bd eppterepbptavity ddreamppr opri at e
returni ' J i | ' ates the
bl | Swetpef M Y SR IRl aBE the 521 G, 74 AT T o
the bal |l t etoplaadsethg4iomgiwand aidedofpaak A (beirethlegradintoftaintag betweemtheThe pi ck

head 40 is e ver_ t array.af sol der |1s 18 nd suctjon, neans
hsoci at ed THH HalSanathe &dgehs e et 187 st Yompatent Snke 18 ¢
the pick hegghtdiOof grdvipntngesust woldepsalls 18 tardll pwesesitee hpprapRhiceg 30 from
cavities under the aolder bal |.s ﬁB%%@ aﬁfist I n gghiﬁjng themto the pick
head 40. ThE'GsIER ANERYEIRPMS thif EAIS 8ANE & 3MPEbht i dRISFvoidsgrieasingst rat e 50
and t heigol gfethe Baldes bafs 28 @ytRk @56 &f ek RRAIICSIRE BRNRURBF 96 Gpy pads of
the BGA substrate. 1 7 JAN 2005 9 Figure 4 is a magnified view of the area

mar ked as "1B€ §dgeErhiecaPsEture 1Rt rating the way in which an appropriate
tilting angle assists a solder ball 18 to separate from other solder balls
that have been |located in the apertures 15 of the ball-filling device 10.
As the dir elighigs S tor{shewanathesiprefesed eynhsidiregahofdhg dnvemtiopayherais i s at an

angle to th@ol&é’rrlf)éﬁée1@ffaAﬁ ?ﬁ‘re_ 'onEoeBEbéto‘f’ é‘be@%%@ﬁé%g %’Y}?Eg%ft he

! \ 50
downwar d side of point ol nt of contact twe sol der

bei t he
bal | 18%andgramsy. eﬂgéhezwperlaéowgmmé%sig{sja laggahp thez samalasctbapdesmibedf thi s
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 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 5¢, 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
tilted 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



center of gravity causes the solder balls 18 to roll towards the 17JAN2005
appropriate -y direction and overcone 1thi s edge at point A snpbothly. This
avoi ds shearing 10 of the solder balls P by the edge of the rear wall of
the ball sweeper 16 and the edges of the apertures 15. Figures 5a to 5f

show anot heg,tRilehé ger STBRMNEN RE cleRwisB yaLt w%ft%}ﬁbll%@géregﬁtga”g 18

fall directly onto pads a BGA substrate 50 by force

t he oper at i Unisohoverkindieei -y rdiestiomiqgallop thrges@innmsoldenbaletita mede i n
relation t ' : i Ixg il I, be aom t.ted

wher ever ?{ H@?gﬁ ﬁ%uﬁﬁe%%gf;?%} ivﬂ'ﬁ&?é’teztblgﬁ isvweé.%pgfagr eHa tggsstr?oa% Sgargé%
substrat e Sgbsiteinng pl aced onto a substrate holder 52, 20 which is |ocated
underneath a ball tenplate 14 with an array of apertures 15 as previously
descri b&d. However, the apertures 15 conprise through-holes such that a

sol der bal linlfigure! e, kel bali gecbbr a6gb ianthapaatting epddtidratdier tHhag) be hel d
wthinit. In figure S5b, after t tt)strate 50 is placed onto the

he BGA
substrate HEMPAE 34, BRAsubayals 50 anfsrbirate bolder 52 peehomanatals Mthe he BGA 25

substrate Shdrfirdd)15/H2%8 BePXfil@dt with SolbBendR! 18 t apRl Rittrdfe hdddugRl |y, the
positions of the apertures 15 correspond to the positions of the sol der

pads on t Heapdper psstowsred z0d the BGgupebsiiate SRewithlthe ssolkdgsehalls618 s noved
in they-di ' | : atéetlﬂ‘g | | BGA
substrgtbe d?%lddﬁgltg stdrpg?rse'ﬂﬁ%ﬁ%élrhogg& re bi ter gﬁw%gggn%g@_%%%k%d@re Sol der

bal I s 18 f dhithémproceheingperlner excld 3nayf thdre bpatdpeateshpiitht andtlem8GAey spread
over the a%%?%ts%i%s 15. Since the apertures 15 allow the solder balls 18 to
] X

fall right rough, the solder balls 18 will rest on the BGA substrate 50.
In figure 5d, the ball tenplate 14, BGA substrate 50 and A 7 i AN 2005 -10

substrate ' - h I 1 se.di.rection.while the ball
sweeper 1 é@’%%ob%gtaaé{oﬁslﬁ#étaﬁ&r%{b{éefgﬁ?%ﬁ%%lémgﬁ ?névc\}ftﬂhee}!'lrvgﬂ%qrmvhare%l der
bal I s 18 t solderdalls d8dilldse apertuiesdif acelitemplaité 14 tantihserbdll orsoveeider 16
returns to J.t3 8f 3" BN 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 aperturés 15. A separator

20 such as a sliding plate 54 with a similariy-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
6b 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 siiding plate 54. At this point, the solder pads



position. 5 In figure 5e, the ball sweeper 16 is in the starting posithﬁn 2005
and the ball tenplate 14, BGA substrate 50 and substrate hol der 52 ar IAN
horizontal. All the apertures 15 have een filled with sol der balls 18.

The substrate holder 52 may then be | owered and the BGA substrate 50 with

th | d | 1 t I ti th b
e S0 B8 BRSSP b £ e D
repeat ed W tempiatet fiesut BGAO! sligasiendivth thd gherese§a6tod tiidsiiaybiatd & r d

preferred enbodi nent of the invention wherein 15 solder balls 18 fill the
apertures of a ball tenplate 14 and then fall onto sol der pads of a BGA

substrate 5@ Byuer ey, the. slhd"in? mlaeemﬂ@sdisﬁmb A pRétbslor 8l thQ 1S not
rotated together wiith the b enpl ate 14. ure 6a shows a ball tenplate

14 with n aP§iHeHA SHidhe G?Ueéefﬂ@atem%@@sﬁa&e@ﬁ obthe aidingsplatesF4 andg pl at e
54 with a sighibasdas-oH thaEsA sabétite 90 a?aosnfg{dérde%qéérésmp e éﬁi@ the bal |

tenpl ate 14. However, the apertures 1 re placed

at a hal f- p&%l'rpmecﬂp%ﬂur@eﬁpfﬁmbﬁﬂetem@i@ dedsll §Bough thﬁesilcbmg diaty 54l at e 54
Bl IPLS Tt 38R B HLA RbsTAIe ot h ralol f @Yl 2h ded Be Mdila@ 3" 1 €% ¢

by the sliding I's case, sweeper din 25
the y-di recﬂﬂﬂ&aamaedlm@@t lbcah‘ssmtemjhlatowenamoartd aﬂlbi:vdhagsopjeatttmuwl Satbefatli | t ed

counter.‘;0 clﬁfwhf@%%ggﬁ%pal s 18 are spread and fall into the apertures

15 of the ba The ball tenmplate 14 and sliding plate 54 wll
then be tilted in the clockvmse 30 direction as the ball sweeper 16 is

noved back ts st rt| Fi 6b sho the bhall tenplate 14
and slidi nd&?)ﬁh?%” BYHEE goﬁte g‘ﬁ @ 1Gan %ﬁ%é}wefe Pvay{aMat its
starting posetsiiging pletBGA sntbglerBGA saBstrate HoawRM tHNsddestIR T8 pRCEY! der 52,
and the subsfrate hol der 52 is raised so that the BGA substrate 50 is just

bel ow t he sTIUPIRIR G@NLaIEMawedifp; Wrthe) RiPcessiNg. sol der pads 1 7 JAN 2005
15

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 surrounding atmosphere, the problems of solder bali oxidation and -
contamination can be avoided. The ball filling dperation is also moré 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.



-11 on the BGA substrate 50 are aligned with the apertures 15 on tHe jRabigs

tenpl ate 14 but out of alignment with the apertures 56 of the sliding plate
'54. In figure 6¢, the sliding plate 54, s 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,

the solder balls 18 in the aperturesalfasof the ball tenplate 14 fall

through the sliding plate 54 onto the BGA substrate 50. A vibrator (not
shown) can al so be activated in this enbodinment to assist in this
operation to allow the solder balls 18 to fall 10 through nore

efficiently, As shown in figure 6d, .the bstrate ho) der ;52 can now be
Coner ed a1 ol SRR T PoR SN G oI KB (B deRSeR (T4 B0 % t h t he
sol der balls 18 placed into position can be renoved for further

processi ng. Substratece@MPEsNg: it shoul d be appreciated that the invention
hel ps to avoid the problemof ball damage during ball filling. By

i sol atirgg the bahl pegstiepmg iembeomwHitte is ucoratndiew adespfigeed the

probl ens of sol der ball oxidation and contani nation can be avoi ded. The

bal | filli ngiregethatidder BalRy {%Qre'&iﬁfrédrpﬂéitﬁiﬂs%&fés@%ﬁdﬁd@ﬁtcﬁﬂ@éﬁaffofm ssi ng
sol der balls 18 occurring during the placenent onto a BGA substrate 50 is

r educed. ThFﬁaﬂ“?ﬂg% %@dgps?ﬂg)gtééﬁ/takg u(boc}rll mezgudﬁéipatgal | filling operation

by controll e nunber of ro ng cycles and magnitude of rotation

when the bal | 16 t he. f t 15 A furth
oppor tuni ty of f Al PRSI ng BUTALY of Spider BAl5: e Saiaingr $Rg et ur

notion of 25 the ball sweeper 16 to its original position by optimzing
return rot atPRligwpdeand apgralieuton maveely anfitst glirestieafrompe ifirste®Rd on
described herein is susceptible to variations, nodifications and/or

addi ti otls opbsition remata dsemsgiepdsiticiihg rdemoer hed aacond end pasiben
understood that 30 the invention includes all such variations,

nodi fi cat i oaFeathdirPEoapatinicaisn WithClhe péditionihg mhémble t6 provideanidescope of

t he above descri ption.

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 balls 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



17 JAN 2445 -12 CLAIMS: 1. An apparatus for positioning solder balls iﬂn“ﬂ 2005
desired array on a substrate, conprising 5 a positioning nenber V\/ni(l 1S
. constructed and configured to direct H_]e sol der balls to required

0

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

contai ner bging AGOGLSAE 8 ARETBOLEI 0 MRKEA thel Lbiaiflhr ghG! on from

a first end " 10 position renpote m die positioning ne to a Second end
position direct.ly. in co nicatjon with the pasitionin nber, to provide
W der bal | BSSHONRG BESTRAT e ngiaraRBer PIARYEE imes Wik PEceRma T cot | on
opposite to the first direction fromthe second end position to the first
end posititsnin goaitive directyopwrr theipositiosing meraber, real thatsthe saldesway from
the 15 positioning nmenber; and a nechani sm constructed and configured to
apply a forballd ard tepeateadideprdsd deer thetgositomingmeenbém t he direction of
novenent of the container as the container noves between the first

positiom and the second position. 20 2. An apparatus according to claim1,
wherein the mechanismto apply a force to the solder balls conprises a

tilting mechan! SRHagaRheHs hec Al fb LREnco Al 3aweﬁ‘nr§?%ﬂ@haéreby tilt

per pendi cul ar to rectron o not1 on e cohtal ner

20 LT AANEOSP i Lol ARBA YmBIRG Sk L R Unethiee N e

controllable to optimize the 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.



positioning nmenber are rotatable a plurality of tinmes when the cont ai'héhtNm\r’
Is'in position directly over the positioning nenber, so that the sol der

.balls are repeatedly spread over the positioning nmenber. 5 4. An appar at us
according to claim2 or claim3, wher &l% rotational angl es of the
cont ai ner and/or the noving speed of the container are controllable to

optim ze thg effisGi 1 ding to

claim3 or ?[ ai mAji, gﬁﬁ%’ra @%Sng‘?ﬁ%’?m&%g‘asﬁ'?‘( %ﬁ?ﬁgségnggﬂ%%ﬁm&V\her eby
the container s positioped and driven. 6., An apparatus, accordi ng to any

- one of the H}&%(ﬂrfw&'" IQF@E?ﬁHﬁSCﬁ"e reaevaRls by @ B@f@%pﬁ'&ﬁe @YIERg device

to facilitate the separation of 15 solder balls fromsurfaces they are in

cont act wi t whilgdetainingdhetsfespegiverrasitions, andaylaeedivotp eecesppndingo any one

of the preceding clainms, wherein the positioning nenber includes a ball

t enpl at e wi pbsitiopt wf 3bldey pads ah thpesubstrate.each slightly l[arger than the

size of a solder ball in order to capture solder balls within the ball

tenpl ateg and wherein the plurality of apertures are arranged in an order
simlar to the array of positions conprising solder pads on the substrate.

1 7 J k 2005 -14 ,8. r C | L5 rgin der balls
captured i ﬁ t heA?ﬂ ﬁ@??@ggog&gg?@u%gé@gé)%%e%\a/&z;%s J‘ﬁ’i §1 cwﬁ'ghd pl ace
device while retaining their respectiye posjtjaqns, and placed onto

corr espondi HE'U‘%%W‘? 9 r‘%%tpdafe r%’d'éa‘B r'tli’u%ll 39@5@@% @'l.?d SSUPS appar at us
according to an¥ one of claims 7 or 8, which includes nmeans to rotate the
cont ai ner, Bunvltanagyshte and substrate sinultaneously.

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



10 10. An apparatus according to any one of clains 7 to 9, wherein fl HeJAN 2005
apertures conprise through-holes which allow solder balls to fail through

. the ball tenplate directly onto a subg{éaie pl aced belowit. 11. An
apparatus according to any one of clains 7 to 10, wherein 15 there is a
separator capable of separating the ball tenplate fromthe substrate in
use, and theasepaiahobarafudBYERHMd (PP ohE STicidiRS 1 kO 2WikfeinRRESage of

sol der balls fromthe ball tenplate onto the substrate 1s prevented and a

second posi tj Qn; f sQl l s.f l.Lenpl at e
ont o the. sublfRLY oS! SrBARRA B lobBo S exintil, SO Tns MDY the2ny one
of the preceding cl ai ns, mhereind¥he container is closed at the top to
reduce oxi dRPFHRNEG MRADEIVRRIEDYANECOANGHéh MeomANIcAtiasWtBtha r ect
entry of the balls to the positioning nmenber substantially throughout the
bottom of t Apedyrasabhdhe pPasitigniog. Me onlyp widle the eqgrfainer us imdber di ng to
any one of clains 7 to 12, wherein the plurality of apertures are |ocated
subst antg al vicifigvefritHe aeeond &naf pddition.posi ti oni ng nenber whereby the
container is in comunication with the apertures on the positioning nenber
only while the container is inthe 5 vicinity of the second end position.





