;] }e3ewn2wt (6T2KQ( - 1 APPARATUS AND METHOD OF PLACI NG SOLDER BALLS ONTO
A SUBSTRATE 5 Field of the invention The present inventi on n
zapparatus and nethod for automaticall y-1p-| acing an array of s H@M@@@E &EE
‘'onto a substrate) such as a ball-grid array (BGA) substrate.

and Prior Art The use of BGA packages as sem conduct or i nt egr at ed‘ﬂif‘»’fcwts
i s becomi ng nore popular and common. One nethod of manuf act

packages is 15 to firm XpBaR erhlseﬂhéqnembbsoﬁ Pm@dmer pads MI@WW’WGS)
found on a BGA substrat r|ca ivity |
bet ween el ectrical conncSOLBER BALLS &) ASUBS TGA subst r at toeere :
external devices with correspondl ng el ectronl C circuits. Such, a
manuf act uri hg process typically i nvol ves sol der bal | pl acenent 'and sol der
bal | ref BowFiglhef thelimmntiomvol ves 20 | ocating the positions of the sol der
pads and placing the solder balls onto these positions, and the latter is a
process in which solder batis nelt, wet and reflow onto the sol der pads of

]E he BG]Ads u bsbfhlz:fﬁre?ém ifveatidre rélb\les etb eamt appaaétus and unéthod gyr a&ﬁn@lcal@nlt | S ystens
or sol der p acerrent a an avity rolling"
concept s t o Pa5ing & A3y A 0 i&lﬁfm@)(‘wp"g%% %\éﬁgt% gﬁhtaﬁea ‘(959% Sever al
exanpl es fr opGANSubista®y, art wi II il lustrate the concept of sweepi ng 30 US
patent nunber 5,655,704 for a "Method and Apparatus for Munting Sol deri ng
Bali s olPo El ectrodes of a Substrate or a Conpar abl e El ectroni ¢ Conponent ™

descri bes apaakdmind bhdPridEXitce using a "sweeping” concept. The
ball -filling device CI'udés a contai ner which has a supply of sol der

balls, which fill up apertures of a ball-receiving el enent when the

cont ai ner i yhe use SONGA MALREgdSs 8irfof uctdinRBRIEAEFR 1T BebBnirg® St O 20°

of a | arge nunber of sol cont arner ican orces are
gener at ed dumore popHlar and ghl[n"mh t@ee plathasd ¢&mamﬁa@urnmﬂ%pad<agm sh are
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fromfal he.apertures. In
addition, t rsubetrats ssucmtgat electicah aondsietivityr lsbmlaln@mhhtbeamearpalemmhll y engaged
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devi ce i s desuesixedingnelecifopalxdtiicuits.i BuchOa rmaﬂmfact(lﬂm@zwddesﬁohyplaall'fl I 1ing
Device and Mt Rad Jofder B piacerhdit shd SolidiCoall 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



Apertures of a Ball-Receiving Elenent”. It conprises a housing including an
opening at a' |ower surface thereof and defining in part a chanber for
scont'ai ning a supply of balls. The housimg is novably di sposed over an array
of apertures, and distribution means di sposed within the housing
distributes 15 balls contained in the chanber so that |imnited nunber of
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contact pads of a BGA substrate. By brushing the solder balls or by the use
of a U-shaped bl ade, the balls are made to fall into the apertures. The

problemis tm&héﬂ a&zﬁng PﬁfaI ﬂSﬂ-fMﬁé'dév%elseﬂéélﬁmddtlﬁ POT plbRagsiere. they
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first aspect cmf\parbe to the pribpart} ther soft solﬂerobaltiechmstillahmdamhged fogrthe
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correspozali ngn the ddiderdalieihadtamweaudd damagdie sol der balls are to take up on
the substrate, a container for receiving a plurality of solder balls and

which is novable - between a first position renote fromthe positioning
rreiags aBdI Ia Aﬁ@tﬁtéﬂemlé bftheousrzegéfttheeetdmemeg usmcbnmaitmet szszefzaot Pﬁ
sol der balls jn,the cfion vV, ai ner . fromthe
PP ar tort howhien dRgcrhes s Tisits s od T AlincBing ang soldar B0 Aemiasseto. e
so Lder bal | sséldér sptherasctd tﬁemnﬁegré@awirdumpamga aiasirientsiRs o high t he
entlon there IS EUBVI ded a neth %Sltlonln solder balls in a

desired 43 r ayel¥mes is; Jepign t’lﬁ)ﬂ'ﬁF?’ﬁP’r‘&Fng \RommAige® s pRriormed StenFilneans f or

posi tioning ﬁﬁ\ﬁn?‘é' Merh@f 'tﬁrohﬂhmb?ést b&l%’%p@ﬁﬂthg’%@%ﬁiaegpé@s bha. @Gﬁ\ay of
positions the solder balls are to take up on a substrate, providing a

cont ai ner , f ofubsiats. vﬁmgrtﬁhwsdhapplﬁyr ealls by dhe yea Pfsa Upﬁ“@?ﬂdblﬁgen@&ns to
move the conpaisse rRESREAI Tth i hodtibi.| Phe ﬁgHPé I HREYhEE 1RPSdid o N

means and a second position |rect y thereov provi ng means to bias
the sol der 3balisadresexposet e theratrhesphisre: dheyoearbe mxidizedmors easily. andnt ai ner

wher eby §RMage,th Rifalbn SRhY Sashi! dcdut Frohf IHE SLrBUndRYL Fndfr 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



4 According to a third aspect of the invention there is provided a
substrate on which a plurality of solder balls so arranged in a desired
.array according to an apparatus or a nejhod as hereinbefore defined. 5
Using the invention it is possible to provide an apparatus and nethod in
which a force) usually gravitational force, wll be provided which is

i ndependent Wi tidtds frisved demesihieeailoovenha stericl allobingl solder balls toefill s of the

contai ner during sajd novenent er eby bi as_t he sol.der lls . in the
oot on ofSReBUERaR hareel ngribareasetlied pRocarEEnaRtag oldRr sResy
her ei naf t er glgserbdify ¥iRed ibyvaiHesRB. | As @xphainet alvive| thedprobidmrigrnngt to the

acconpanyi ng drawi ngs which illustrate one enbodi nent of, the jnyention. The
part irrgul Zm ?%P'Qﬁf bﬁﬁg"ﬂyzﬂﬁi geddPyt %epg?%Péﬁe&é‘*&W?’Eﬁ tpf{)theisglci% N o be

under st ogfl agnSalRE byl ddgel BEtHAGASPAperured the broad identification 15 of
the invention as defined by the clains. Brief description of the draw ngs

Figure 1 illustrates an exanple of a ball-filling device of the prior art.
20 Figures (Zji! ﬁ Eﬁﬁ -ﬁl | -frlling device according to a preferred
enbodi ment ity tﬁ@m%ﬁt.' igures 3a to 3d show the ball-f1111ng and
bal | pick-up operation sequences) 25 nanely the ball-filling, ball pick-up
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the invention wherein'solder balls fall directly onto pads of a BGA
substrate by,for

e of gravity. Fj gures pa t.o 6d,show t he applj cation of
The.deai gn 1 AcSpraing Reya drdesbbc ot o bUETGR Rere B ESVGRIEAR RBRRRE ol 1 sol der
ball's fill tpesitmiig soider blis ibad |detiesdlantag omdh sibstralts] tomplisingoa der pads
of a BGA ubstrate br\ﬁ %Fﬁawtg. ‘5,Detha| I |ed gelssgrl Et,gon of the @J‘eferred
enbodi neht s BPsianing REER fopROFHiYRGthe spider alisip pLsitians.colraspanding 4o
bal | - il li ngthdearr#e ofl POsifisrzOr b NdIde? HAlls Qire 36 ttakdSupadre fHe BubdRIe 62 276, 598.

The prior art device 100 |pncl udes bal | rrier 10 caontainer 102 in which
a number of E‘Eﬂqﬂﬂ?" | feseing 2 Bluga &f)lsé’fdaefhléﬁ‘ﬁaﬁ‘[‘d which is movable

between a first position remote from the positioning means and a second
position directly thereover, and means to bias the sblder 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 salder balls during such movement,

According to a second aspect of the invantion there is provided a method for
( positioning solder balls in a desired array on a substrate, comprising providing
' 26  positioning means for positioning the solder balls in positions correspondlng 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.



carrier cont ai ner 102 is capable of swinging or rotational novenment in
dir-ection "1" along the long axis of the ball carrier container 102
[‘Ilustrated in Figure 1. This rotationed-nmovenent may be achieved by using
a, handl e 103 that is oper atively connected to the ball carrr er cont ai ner

102 in use. 15 The ball carrier contai ner 102 i,ncludes a b t enpl at e104
conpri si ng Aceonsingrtoos thideaspectaf thedayenianithgreds Aravidada s F'éﬁ?l‘iﬁ | ar ger

than the di w% fﬂral W%Ls ?ﬁg %tnta‘ﬂésléldl Qm%%cord%@ Qedq ball's 106

to fall Into pert ure rotati onal venment der balls
106 are spr epga@fusover methedasdwereinbefhee drfinedt enpl ate 104 so that they are
allowed to fall into the apertures) filling the apertures. The arrangenent

of apertures on the ball tenplate 104 correspond to the arrangenent of
sol der p&ds Ltstn@thB@Nes\tlbnttnsapmssmm [Dovide ahappacatus aed methadhio whith t enpl at e

airect on » & orce 3 BabFbrshgupBlL s i o3 ERTHT NG HiRRNOPETC o,

means to suctke fdree sgehdratedoah ltse $6Kdepbals by ¢he aalis ol tiea dorit@Ber dakng/acuum

head 108 is then noved to S e BGA substr te 110 carrjed on
2 BCA ol dersemoveTISRtARTBREE bigh M 015K a3 dn 12 WERKRAN oF GIMEMENT o0t ha

t he sol der Rihhescdfifingt e aligned with the positions of the sol der pads on

t he BGA substrate. Once aligned, the suction 30 neans is switched off and
the sol dé balls 106 are released onto the BGA substrate, which is then

processed. Hi Qi s céivenidtt &P hefiafiar aaédnbtelthénrﬁ\zenﬁewm:greh@eracrémr gyng to a
preferred enmbodi nent of the invention. Refer gure 2a, the

bal | -fillindefesencectothe accgmpanying draudngs waﬁell'nwtra%O%PWOﬁ@%mt ed a
pdsi Ui oni ng e &RENtH Cné paRichirly %ﬁﬁ@'d@éﬁn&é‘ aha\rhéleeraed%rg&a?tph igpertures

15 arranged 1 n the same ofder as attern

substrate 50¢debe understoesas wpersegtngeths)genvra@%ptemlhre%d ‘I‘S“ﬁfmodr aneters
whi ch arg sl gy Iny %}ﬂfn%‘srdéffﬁ@ﬂ bylﬁ’e giagheter 5 of the solder balls 18,
preferably about 18 I'ar ger ontainer, also referred to herein as' a
bal | sweeper 16) carries a supply of sol der ball s 18, The ball sweeper 16 is
preferably i L 0, hat the solder balls 18 rest directly
onto the bal dBscrdiitn 36t Pad E the top of the ball sweeper 16 is

pref erably encl osed so that the solder bells 18 are isolated fromdirect
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sweeper 206 i s supported and guided by a linear guide 20 nounted adj acent to

t he base 12 P o) e s.a (20N he. pa
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sweeper 16 tembodinentdfdhginveatidn.near gui de 20 relative to the apertures 15.
A vibrator 24 is preferably included to assist in spreading the sol der
balls 18, as explained below ' . ' 20 Beneath the base 12, there is a

cg(r ved surf adgur2é dshimt 3¢ shpwrthe dallfiling amdgiestl ptskmpempe’ﬁﬂhums Uenseés,support
to pr tatio f the 12 telatlvetot e base support
28 about and'?;t @ %%ﬂﬁ@%%’ﬁﬁﬂc dpqqﬁ’ﬁcg’ ydositions paper) and thus

per pendi cular to the y-directional notion of the ball sweeper 16. The base

12 is pivot .I cpnnect ed, f he base su p t at ivot pojnt 27. 25 The
gear system '3 4Ot§r"’1 Wéﬁ“'ﬁ?ga‘%%ftt ® fRpina @QHQEE“% Wustratiogr ests on

an x-table tthatwdyslngkhlétﬁgn%P"’bd“hfbemﬁ”?ghgg a%%rsté)é sGH\é?BE]No éébﬂlq notion of |

xdi rection, jt i S dicular to | ane of paper

the xtable ﬂ°"|‘s°"ﬂﬁ“% "b‘?fa"&rﬁhﬁt haveobeels 'OWQ%'QH@ é%ﬂ@e%tpfﬂlﬁgbﬂibnt it
woul d be;(appmm(‘g@é@égthat the ball sweeper 16 is novable in the x-, y- and
rot ati onal Irections. Figure 2b shows the base 12 being displ aced at an
angle with respect to the base support 28 as corrpared to figure 2a. This is
caused by t e f

counter - cl O(r:]?vmmség ??;?gt??&ﬁogftﬁ%pgmhﬁ%f%e H@l@l? ace é prﬁpqe"telqeref ore

t he base 12.embediment otihedpuentive wherainssolder hatlg fall diractyngrite pass of a

gravitation ] ept._of. the force generated on the solder balls
18 by the S;”%gé%@ﬁ?%tg%&g&{&g og]grac{{trg. bal | sweeper 16 when in notion is
created so that the solder balls 18 accunul ate on one side of the ball
sweeper 5 16 towards the y-direction notion of the ball sweeper 16. As a

result, damage to solder balls 18 caused as a result of the sliding
novenent of the right side



of the Bali sweeper 16 along the ball tenplate 14 reduced or obvi ated.
Figures 3a to 3d show the ball-filling and ball pick-up operation
sequences, 10 namely the ball-filling,-$all pick-up and standby positions.
Referring to figure 3a, the ball sweeper 16 is noved in the y-direction
froma, first position towards the array of apertures 15. Due to inertia,
the solder balls 18 would tend to accunul ate at the right side of the bal

of the bal | FiepeR. BB s SRUIANGR o AR BSoK, ) o Biarerdithed T ! O

balls 18, t Ieentiwtrhem efctpy @ Invemtibh avhizaein ssideepahs filb theagpertiresofl adasilage t he
| d bal | Fi I d with thi
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substrat g. 50 20 Figure 3b illustrates the ball tenplate 14 being tilted
count er-cl ockwi se whi | e,the baII sweee d16 con |nuesto nove in the
y-di r ect i on.2eiailed desseplionnfdae = ' Bove in the

y-direction due to the shlftlng of the|r wei ght relatlve to the inclined
surface of the ball tenplate 14. Therefore, this avoids the problemof the

ri ght - hand é‘?ﬂ;}d’g 1df'“&“f$éeso%ﬂ exasoRle 962 bat-filing deviee &%39‘5"@&%&%&5 arhe sol der
bal I's 18. [;sﬁte%?h%bepalzbé sbbavm'e t???b%rt%@icéﬁ@b%&l@&esl@baﬁ Barflesecond

position directly thereover into apertures 15
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balls 18 nore efficiently and effectively filling the array of apertures
15. Figure 3c illustrates the ball sweeper 16 being noved back to its

starting 51grh;a tUaﬂncérﬁer]E bﬁtéig@hgw ;rtchﬂebad Iba_tletgptpﬁd_tmw c&fﬂpﬂﬁln% haab .
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travel of the L rtue ot _thelr o we mage to the

sol der bal | s? W?%mWﬁ'gﬁ@dﬁgg %H\{'Pﬂ% maysm .naol%fv\gqlﬁe*%]aten%prsg I

3weeper tzhxﬁ } @ﬁr he aﬁéaotbfd?d baT@anlatehm smm:t msyhalaé a{ltﬂtb?di ttd;fam iﬁtgtthflafmgid_
urlng e | | eratli on, |1 'S , rerera EVI rat or 'S

acti vat ed ataﬂer\'@-"'g? n@'"@f thenaperrese 1&'&9 FP%@@&E\? 0?@95 uEescen dhe dalli on

and/ or when fehfpidtal 4|0t$%ﬁ§§éon7d6td &h@\éﬁfa Fbmeﬁﬁ oﬁrseldew@édslénsa) BAR!

vibration is genera he sol |ate 14. This

assi sts the SHhisffate {)139 I@n&%thﬁtﬁﬂﬁﬁuéﬁsé’f t’t‘f" E@Jh‘ﬁﬁtﬂatﬁﬂ Pﬂ af%@'e&myép'dﬁjr face of
the ball tenpipt fosl4 mduh%a'ipi@h?fs ﬁ?@éddsnja?remrf?m"afee '@t boétthe g he

apertures. 15, to separate fromone' another. Thus, the chance of danaging
sol der tAH | stemplate o4 winigh hag syetion meang Ffb?‘é‘kathé sglsier balire106 pats the 20 not

filled with Gopp h@é’d k@8, 1$hét,a&tturﬁ hbhcﬁr%s tmeamieure% ao‘%.m%%% further

filled when the ball sweeper 16 conducts another fil eadqw@ﬂeratlon wher ei n
r

the ' operat ﬁhGrB@Arﬁl-lbétW@r’t‘lWe@arﬂpﬁ oRiaBEADYolder Wy imth on 5Py 144t e
returning  juystrated 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-filing device 10



rotat.ing speed and y-notion speed. 25 Figure 3d illustrates the ball
sweeper 16 having noved back to its starting position. At this time, the
.ball tenplate 14 is rotated back to the&horizontal position. The pick head
40 is noved over the array of solder balls 18, and suction neans associ ated
with the pick head 40 adhere the patterned sol der balls 18 to the pick head
40. Advant aifebdela bases1a iopavhich isgrewded @ Rositiapipinaeanso seeoas adallt i es under

the sol der hahbisielfh hvi Shidmdy braffiRRlII1S BRGNS IMReRiafife BRRA 40, The

pi ck head 4 hen nov t1on strate 50 and the
sol der bal | #\ell&ttmaeofsﬂlwsmsmaBGAQUbdra’teé'?Qdmﬁ iRy exampda, Figitie Shf the BGA
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Figure 3c |I I'ng angle .
assists & sof ﬂwsdﬁﬁrlbal@wppremmiwaboﬁtn@% largssr Ascindainet)alsogefanmd have been
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causes the %?éfd@bsm{dnéea&ottﬁatrtﬁé bomgmnmmaté}e.mwmhﬁwectxonta& rection
and overcone this edge at point A snmoothly, This avaids shearing 10 of the

sol der AAI svxtbshwu&rwd@wﬁtn@ﬁphﬁe spdbat tmprobéﬁmpﬁexl%nqn of feeprifleris and t he
edges of theaPes YRl atonfaniihaiohGhayBe F&iugbd show anot her 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

deston i | apge) 1§W@esp§avfe 8SubidHedlERebiBEH by h ﬁr?éa'f‘fg'u% 5® nfdutEs 3a to

details of t he de wher ever t are unnecessarily
repetitive. adjaganttoshe §H§ﬁ\éZaABGm0§RE B2texgrte adwrmntabfomeam*ethaecnmpm

substrayg h%lfﬂ?erbaﬁ?swge%g\“"ib‘ﬁnkénsto tﬂEﬂﬁé‘éj edéﬁéurée%d‘%aérﬁom@@ﬂallts}%@hgf;e 14 with

an array of apertures revi ousl er pertures 15
conprise t hﬂ@dgmlmabsg#m:lmaanaulda wcﬂel@hva tsethe apertutes| 15t A vibratgt24 t hr ough

an aperture ] r t he BGA
substrate 5651?'.&%?1@&8&{}@%&0 &%t(&bé\@r}eg{i@g L'Iaeéégﬂétﬁsé su%@ﬁ%l'g{de hol der _
52 is rai sedbetmrch that the BGA 25 substrate 50 is in close proximty to t he

ball tenplate 14. Naturally, the positions of the apertures 15 correspond

to the positions of the sol der pads on the BGA substrate 50. In figure 5c,
t he bal R0swdgneathitbeibasedetheranistahmiryedi$urfacei26rthalidoperabes Wwith h gaér t enpl at e
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bal | sweeperonlﬁn nelablenthat Os igufiedt By i MfeaP Qlidd 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 movabls 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



5 In figure 5e, the ball sweeper 16 is in the starting position, and the
bal)l ‘tenpl ate 14, BGA substrate 50 and substrate hol der 52 are horizontal.
Al -the apertures 15 have been filled wyth solder balls 18. The substrate
hol def 52 may then be | owered and the BGA substrate 50 with the sol der
balls 18 10 placed in the appropriate positions may then be renoved as in
Fi gure 5f f aurfacs 26@nd tinerefose theghaseHi. chhel hallrweepaeif isalsalitedtat@nwi t h
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pad pitch of e bAIl SWadga? 18RMSHgURE Dab Entfilate el rebiicidng dbvated. 54 at thi's
stage', such that the fall of the solder balls 18 will be arrested by the

slldlng plate 54. In this case) the ball sweeper 1fi |Is noved in 25 the

y-direction g urteb%abfﬂ 84 fsgap'tﬁé %gﬂ«ﬁmﬁa%naluag k. ab %FSra‘ﬁén %%aﬂéﬁde‘sed
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the sliding plate 54 onto the BGA substrate 50. A'vibrator (not shown) can
al so be activated in this enbodinent to assist in this operation to allow

the sol iz0 bRiglre 318 iluetratel|thd Dall hemplgfe mbangftutaa|cemtbtstcloe|am§é1wmeI n figure
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filling operatlon by control f% he nunb rotating
nmagni t ude of $813éﬁrQ)ﬂmRHeﬁ'\Qfﬁb¥ tng uz%@peapemgraﬁolﬁemﬁw aqi@erabauayaof

apertures 15. A further opportunity of filling mssing balls is also
provi ded durlng the return nmotion of 25 the ball sweeper 16 to its original
position by Bp pwaeng:tecttlxatwhaoﬂabaibsveqeoem&neveratheraﬂaymfmertnm. on

speed. T i i i.On
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modi T cati ong, A0 Qledidl 16! 14ati¥ha& S0 that the solder balls 18 slide or roll over

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



fall within the spirit and scope of the above description. 12 CLAI M 1.
An .apparatus for positioning solder balls in a desired array on a 5
.substrate, conprising a positioning negns for positioning the sol der baIIs
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

sol der ball S‘hismésuﬂa' inhthiessoiderairlle 18emaes affisiently sindpeffsctively filiegtthe from t he
posi tioni ng neang a ﬁgcond position directly thereover, and nmeans to

bi as the soPHaY©° '$H'X0 the direction of novenent of the container from
the first to the second positi on whereby to reduce or obviate danage to the
sol der bail s, during such npve

t. b2, par ording.to clalrn
"1, wher ei nFigyee @ica'ﬂ'ﬁtﬁ‘@esrrﬂ'@nge | 5’“@%‘?}%&1@59' W‘PY?FS%ﬁEa]érC‘% "éo%tg'ftéﬂ to rotate
the contgi nssssa&%mmg@vsbﬂr@wp@ éméqn afteatﬁétap@hure@twmv@fbeaatlon of
t he contai ner an ere ratus according ~to claim?2)

wher ei n t hefl 'Mﬁt%ﬂtﬂtﬁﬂewlﬁbg‘ﬁmemm&‘%ﬁg‘%&%e Abinfolded cockwiseal i ty of

times when GhangOR %r}f‘eﬂl dv%ép@r%@tmélhtm%?ﬂlﬁé“&lbu MENoldei Bal@SiL | ONi ng
means, SO that the sold bil'ls are repeate spread over the positioning

means, 4. Amlbtppart@tqugwéla%énr@ntﬁg of gaval af thezba"\m,%ﬁa@rnﬁbwtftueﬁéthesrnm es of
the contai nggyn E\D&fgﬁf E)Et‘ﬁggpt’? ﬂﬁ]sﬂf?@@r%aﬂg 18/ font BRY aagg% ofttife fefiHdng! | abl e to

25 optimze the e ficren e apparatus. 5. An ar at us accordl ng to
cl ai m 310wheidsiaf thrbaleswaeper dGiisibus avoldethd not or whereby the notion of the
container is guided and driven. 30 s. An apparatus according to claima1,

whi ch includes a vibrafiongenerating device to facilitate the separ at I on of
sol der balld crfudhelsens‘usmtmt bhabs arer motidamaged alwinwthétﬁﬁngibperaﬁomm Bne

apot her. t he
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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 étarﬁng
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,



onto a substrate placed belowit. 11. ~ ~An apparatus according to claim?7,
wheréin there is a separator 20 capable of separating the ball tenplate
fromthe substrate in use, and the sepa-ator is novable froma first
position where passage of solder balls fromthe bell tenplate onto the
substrate is prevented and a second position where passage of the solder
bal | s from Figuradis a magpifiad vievhobthe ez mpaedase®’ 4 pigpra 3¢ destraling12.  aAn

appar at us aggcor.di |.a] r gk CARli e Nl amiBarC t the top
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entry of theeferhlesranoothee spidsr ballsrthathavedeen I3tatadin the rapetiordsfidrof

posi tioning,so balls in.a desire - [ r o) I Si ng
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corr gs posdi eeldépbairgﬁ ’Bratan aﬁgle_ptlﬁmb}surfacé bfet_he_cﬁatletemlplwté S?mmd pn?intsalkg up on
a substrate, providi a container faor, recejving. a ral,i of ,sol der
ball's, pr ovt%Yarﬁgs mﬁ@vw"ﬂe\ﬁg QQW@"E&]@SV‘H%E B@E\R@éﬁmﬁaai bre&@e?;bgyet i on
renote fromseldedaif {BamtPihiclddgRidithe Bdtturéns), a Horeemd] esmpdrienbotthfsect I'y

t hereover, and providing nmeans to bias the solder balls to nove in the

I
direction ofeRiglehamvitheayses the soldenbrlls iR el lawadsthe ApprePriatthdy i cal
obj ects is aﬁeaﬁ%darﬂr%\]géb%fc}]rﬁé ?ﬁlf 32%;&%; Peinmté?ﬁ@btﬁrgponﬂé BUoil® shéaring 13,

wherein the biassing e SO | s caused by the tilting of the

cont ai ndP t ehthedsoldeidalls A8y tha esige b thawesr wall of te balhsweerar 1Bansuch t hat

t he wei ght bd st ipdifirésS16r eates a biasing force in the said
di rection. 0e 15, sA rreté]%éé according to claim 14, wherein the angle of

tilling the container and the speed of displacenent of the container are
cgntrol | abl e | 14 f b i f kb i N e sol der
a1 5. 16, hGiBep5a® st hagPhidthérrbifvenoiddiie: ¢ np RhtGbAgel’C
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16, which i irralatien totfdguree@adb 3t detailstdfithedesigmmvdll heomitted whetevert i on over

of ol der oaeeB R RBY Bhettlect  oning means. - 18 A method
according.to claim14, . which Includes rotating the container a 25 plurality
the sol der G318 BARLORR aPEambinip a0 pebsch ot o B skl " 15” A
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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. Naturaliy. the
positions of the apertures 15 correspond to the positions of the solder pads on
the BGA substrate 50.

In figure 5S¢, 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 apértures 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



20. A nethbd according to claim 13, wherein the positioning neans includes
a bal'l tenplate with a plurality of apertures each slightly larger than the
.sirze of a solder ball, which plurality46f- apertures capture solder balls

W t hin "' -15 the baII terrpl ate, and wherein the plurality of apertures

are arranged in an order sim/lar to the arréi])&/r of positions, conprising .
sol der pads sgbstrate heldes 62 are tited In the glockwige sreetion whyle the ball sweerer wherein

sol der Dal ' %698 RidVed n ik 1y WircetiBh W aldvl K\e%n'f’ai?ﬁ{gtwl&‘e? 5HIS 1B3IRA Py a

pi ck- and- pl ace devi ce retaining eir respective positions, and
pl aced ont o tewandesthenyi dlgeqﬂoelwhlbhéhQ)fbaﬁcﬁV@@PepaGsfe&mﬂ% He isuslartingt e, 22. A
nmet hod accorglsllﬂg to claim 20, wherein the container, ball tenplate 10 and
substrate af Pated si mul t aneousl y. 23. A nethod accor di ng to claim 20,

. Wher ei n5t he apert ures conprise thr ough hol es which allow solder balls to

fall t hr oug ate dlre . opt 0 bstrate pla ed eIOW|t
16 24. An aE ]géfﬁgeaéé%:gd?‘il"nﬂv epte51 % séﬂﬁaeﬁ'%nﬁﬁ?' L?E’g %ar at or
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arr anged Ui n Phacedsin the appropyiate  pesiiansgmay oMedsasyinclogerer”] 0o claim 1,
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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 tiltad 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 sliding plate 54. At this point, the sclder pads
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....... this embodiment to assist in this operation to allow the solder balls 18 to fall
10 through more efficiently.

As shown in figure 6d, the substrate holder 52 can now be lowered away from
( the sliding plate 54 and the BGA substrate 50 with the solder balls 18 placed
into position can be removed for further processing.
15 | B
Accord'ingly, it should be appreciated that the invention helps to avoid the
problem of ball damage during ball filing. By lsolating the ball sweeper 16
from the surroundmg atmosphere the problems of solder ball omdahon and -
contamination can be avoided. The ball filling operatuon 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
filing operation by controlling the number of rotating cycles and magnituds of
rotation when the ball sweeper 16 covers the array of apertures 15. A further
opportunity of filling missing balls is also provided durmg the return motlon of
25 the ball sweeper 16 to its original position by optlmlzmg 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.
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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
10 the direction of movement of the container from the first to the second pasition
whereby to reduce or obviate damage to the solder balls during such

movement.

2. An apparatus according to claim 1, wherein the biassing means
156 comprises tilting means adapted to rotate the container about an axis
perpendicular to the direction of motion of the container and thereby tilt it.

3 An apparatus according to claim 2, wherein the containéf and
‘positioning means are rotatable a plurality of imes when the container is in
20 position directly over the positioning means, so that the solder bdlls are

repeatedly spread over the positioning means. ;

4. An apparatus according to claim 2, wherein rotational angles of the
container and/or the moving speed of the container are controllable to
25 optimize the efficiency of the apparatus.

5. An apparatus according to claim 3, wherein there is a guide rail and
motor whereby the motion of the container is guided and driven.

30 6. An apparatus according to claim 1, 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.
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8. An apparatus according to claim 7, 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
10  pads on the substrate. '

9. An apparatus according to claim 7, which includes means to rotate the
\ container, ball template and substrate simultaneously,

16 10. An apparatus according to claim 7, wherein the apertures comprise
through-holes which allow solder balls to fall through the ball template directly
onto a substrate placed below it.

11. An 'apparatus according to claim 7, wherein there is a separator
20 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.
25
12.  An apparatus according to claim 1, 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 means.

30 13. A method for positioning solder balls in a desired array on a substrate,
comprising providing 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
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20. A methdbd according to claim 13, wherein the positioning means
includes a ball template with a plurality of apertures each slightly larger than
the size of a solder ball, which plurality of apertures capture solder balls within
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of the container is such that the weight of the solder balls creates a biasing
force in the said direction.
10 15. A method according to claim 14, wherein the angle of tilting the
container and the speed of displacement of the container are controlable in
order to optimize the efficiency of positioning the solder balls.
( .
16. A method according to claim 13, which includes the step of moving the
16 container from the second position to the first posmon while at the same time
prowdmg means to bias the solder balls to move in the dlrectxon of movement
of the container.
17. A method accofding to claim 16, which includes the'step of moving the
20 container to the location over the positioning means a plurality of times in
order to increase the number of solder balls captured by the positioning
means.
( 18. A method according to claim 14, which includes rotating the container a
‘ 25 plurality of times whilst the container is located over the positioning means 80
that the solder balls are repeatedly spread aver the positioning means.
19. A method according to claim 13, which includes the step of vibrating
the container during movement of the container and/or while the container is
30 located over the positioning means.
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5 plurality of apertures are removed by a pick-and-place device while retaining
their respective positions, and placed onto corresponding positions of solder
pads on the substrate.

22. A method according to claim 20, wherein the container, ball template
10  and substrate are rotated simultaneously.

23. A method according to claim 20, wherein the apertures comprise
( through-holes which allow solder balls to fall through the ball template directly
onto a substrate placed below it.
15 _
) 24, An apﬁaratué accordi-ng | to claim 20, wherein in use a separator
separates the ball template from the substrate, and the separétor is movable
from 4 first posmon where passage of soider balls from the ball template onto .
the substrate is prevented and a second position where passage of the solder
20  balls from the ball template onto the substrate is permitted.

25. . A substrate on which a plurality of solder balls is arranged in a desired
array according to an apparatus according to claim 1, or a method according
to claim 13,

25



