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e use otb gélAsﬁackages as semiconductor integrated circuits is becoming
more popular and common. One method of manufacturing BGA packages is
to firmly attach solder balls to solder pads (or electrodes)_found on a BGA
substrate such that electrical conductivity is maintained between elecfrical
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
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
cohductivity.

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.

us patent'number 5,655,704 for a "Method and Appar'atus 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

MEnd 8k stRlyI6T sdlddr! bddlk aReTRNdubeEHR] skcRRB! ¥ bahyR@RIrAg" and 11
bg%éconcepts to locate and place the solder balls onto the

yestEate.exampl es fromthe prior art will illustrate the
sweepi ng. 30 US patent nunber 5,655,704 for a "Method and

Vount i ng Sol dering Balls onto El ectrodes of a Substrate or a
Hackaroynd and PrigpAlonent " describes a bal I -filling device using a

The ball-filling device includes a container which has
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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 packagé attachment sites in high
25 volume." In‘ this design, the placement device comprises a pre-formed.stencil
having a pattern of through holes corresponding o 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

O

balls are exposed to the atmosphere, they can be oxidized more easily. and
30 contamination may easily occur from the surroundings and/or the blade.
Furthermore, the soft solder balls may be damaged by the blade.

As another example, US patent number 5,918,792 describes an “Apparatus
and method for filling a ball grid array”. A ball-filling device comprises a solder

.
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container for receiving a piurality of solder balls and which is movable

between a ﬁrjét 'position remote from the poéitioning me_ans_-and a second:

l 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 subsfréte, comprising providing
25 positioning means for positioning the solder balls in positions corresponding to
.D the array of positions the solder balls are to take up on a substrate, providing
a container for receiving a blurality 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.
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Figure 1 illqefdbe gertsingh exanple of a ball-filling device of the prior art.
20 Figurgs 2a and 2b show a ball-filling device according to a preferred
enbodi ment of the invention. Figures 3a to 3d show the ball-filling and

bal | pi ck- upt vilebacpavenianytre Aeinaftep despaibe| the dnyentien in greptarsigtaibly | pi ck- up
and standby r@%?éﬁéé)fasthe 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

i
i
i
' ' " Figure 1 illustrates an example of a ball-filling device of the prior art.
20
l Figures 2a and 2b show a ball-filling device according to a preferred
embodiment of the invention.
l Figures 3a to 3d show the ball-filling and ball pick-up operation sequences,
3 i 25 namely the ball-filling, ball pick-up and standby positions.
i
Figure 4 is 2 magnified view of the area marked as "B" in Figure 3c illustrating
the way in'which an appropriate tilting angle assists a solder ball to separate
from other_solder balls that have been located in the apertures of the ball-
30 filling device.

Figures 5a to 5f show the application of the design to another preferred
embodiment of the invention wherein solder balls fall directly onto pads of a
BGA substrate by force of gravity.
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lFI ﬁre 4is a magnlfled view of the area marked as "B' in Fi gure 3c

The ball carrier container 102 includes a ball template104 compfislng a
number of apertures, each having a diameter slightly larger than the diameter
..of each solder’ ball 106, thus allowing solder balis 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 apeftures. The arrangement of apertures oh 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
D 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"
llustrated 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 meansis éWitched 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-filling device 10



lsubstrate 110. Once the apertures of the ball tenplate 104 are fi IIed by
solgder balls 106, a vacuum head 108 is placed in direction "5", 617 A%JZUOS
over the ball 25 tenplate 104 whi ch hasgsucti on nmeans to suck the sol dJ _
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encl osed so tﬁ'taﬂBﬁﬁw%'oawtwnatsonlraahberqdwpat ed fromdirect cont act 10
wi th the surroundi ng at nosphere so that the problem of oxidation of the

l | der balls 18 as well as contam nation may be reduced. The ball sweeper
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lexpl ai ned lt?LaP\tyerably included to assist in spreadlng the solder balls 18, as explalned

below.
i
20  Beneath the base 12, there Is a curved surface 26 that cooperates with a gear
' system 30 on abase 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
l . 16. The base 12 is pivotally connected to the base support at a pivot point 27.
D 25 The gear system 30 is driven by a theta-motor 32. The base support 28 rests
l 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



l20 Beneath the base 12, there is a curved surface 26 that cooperates with a
gea system 30 on a base support 28 to provide rotational notion of {t7hiaN 2005
base 12 relative to the base support 23-about an axis perpendicular to the
pl ane of the paper, and thus perpendicular to the y-directional notion 43
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towards the arra pert ures
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l the ball sweeper 16 continues to move in the y-direction. As a consequence,

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 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, Thereforé, this

. avolds the problem of the right-hand edges of the ball sweeper 16 cutting and

/) - 25 damaging the solder balls 18. As the solder balls tra\)el over the apertures 15,

'\ to a second position directly thereover, solder balis 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 ba.lli 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 edges of 'them
ball sweeper 16 may cut and danege the solder balls 18. Figure 3a aI SO
shows" a pick head 40 that is used with th| s enbodi nent to transfet 7s8N 8%

balls 18 from the ball tenplate 14 to a8BGA substrate. 50. 20 Figure Eﬁ
illustrates the ball tenplate 14 bei ng tilted counter-cl ockw se while

bal | sweeper Tifis ¢k Y, tion, - nsequence,
the solder balls 18 tgng‘gﬁen%\gllgg?}égn tnl;kg?reefﬂjt nglﬁ eeftféa'f’%éé f@'mgfbppng of
their wei ghtar'iaéfloétaPQ’éU"ﬁé“ﬁhe i ncl i ned surface of the ball tenplate 14.
Therefore, this avoids the problemof the right-hand edges of the ball
sweeper 16 cutti ngx?nd 25 damagi ng the solder balls 18. As the solder balls

travel over tHRUrap¥s tlusteales the bab swesperondl beivgi ey @BCF@% |lt¥ §tﬁr‘ﬁﬁ§0ver

lfSIO: ?le:\gbﬁgl ;p%glt'% i tﬁee?']t%rté)zttr%sgap h.'tbéag?&érlﬁtﬁémetsag%%r?e aue @eee not ed
t hat when t hdllggh] $'"§-Wéews viéh thizvreotion, e lwlrtampmie W%ﬁbtﬂt@@cloé@v;@ the

bal | tenpl at %ojtl‘}atr@s.\’th'aeoélloév@eggr ¢4 ?ﬁb% etrf%rdsﬁrrea{?t erté%églgg\r/mggl?q #lination

pre-determ ned nunber of

whil e the baW! €Rgépoliowshs drestion obinawey obtbe bambwedrrer 36l Weirtabifeil8 sl ide
or roll over hheeiykol thin the oundarl es of the
bal | svve og 'gml @arﬁ%ﬁig}o@% s%ﬁ%g%%f?q_ﬁégy%gsquﬁg c’i”r'F gheft-Bender ball s
18 nore flé B9 tRe kalswereper 16 isdhys dvoidedng t he array of apertures 15.

Figure 3c illustrates the ball sweeper 16 being noved back to its starting

S position t(? the right of the ball tenplate 14 after the apertures 15 have
' o &urthar teaﬁ%r@agamnﬁ areinst darnaged, during theffilling @pelAbe L4 i S

filled.
P Stnted ol ocbmaebaéomtaha{e  brdibieobal LoBREPSE 10 %{%aé’h'@%aﬂnge@p, bl of travel

direction, the sol %
Iof the bal | EYR&RE51518 %ﬂF hydlifactien @ndiopathen thevbaleswgleper DaB@Ret thet he sol der

bal I's 1819 r osparheeedgad Hat VbAoA 9BABRted on the solder balls 18 and ball
template 14. This assists the solder bails 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 185, to Separate from one another. Thus, the chance

' of damaging solder bails 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

l rotating speed and y-motion speed.
':) 25  Figure 3d illustrates the ball sweeper 16 having mc;ved back to its sfartung
position. At this time, the ball template 14 is rotated back to the honzontal

position. The pick head 40 is moved over the array of solder balls 18, and
suction means assomated 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.



R0 side of the ball sweeper 16 is thus avoided..To further ensure thhhagAN 2005
A8l | s are not damaged during the filligng operation, it is preferable thai] -

the vibrator 24 is activated at the tinme of noving the ball sweeper 16 i )
each direction and/or when the ball sweeper 16 is over the 15 apertures 15
so that vi bigate 4fs 4 mageified atewdofdhe area rsarkge@sHBl InsFig@eged!iusieling t enpl at e

Boiiace of TnEREd RS EreSthde sl o6pGERE, 7 I0UBFRAN 910 0° i TRany

i n the apewseparete fidh) other selgar balis thatdwveheen tatdrein thehpariurehd5 ofiance of
damagi ng sgl der I Ls further,. C I ' pertures 15
oo o "%, T MBI deA R RE %d%{%&@ﬂ@d‘thfn‘%?”t@ﬁé@%’%m 3P EERE Can bo
further5filsblider bathians tahenzagle Bwee paerfacktoftion thall templatat femnlipblritnig oper ati on
wherein th operatjon can be further, aptinm zed sel ectin n_ appropriate
etur i ng. PTG TRoBRUEE 58 < PRl RO Bp MRS e EbayR i e £ ot oo ¢ e
bﬁ' I bsrfepebldf&@dﬂ&‘fijﬁ@ theeage ot dpertiniest 53t @ hblizuhtal ROSpbh@it.of Misthis ti me,
the ball tenplate i

t at ed k tq._th i | jtion. The pick
oo 0 1 SABbCH ety S FRR b dor ol RFRT L A O et
associ at ed diedtidntang dqveedontetis d@gensthsoiet A Baopéily.eThschveistdearifigl | s 18 to

t he pi he 40. . Advan equsl Itive ajr, pressure |s |1 ed 30 from
cavi ti 35 uﬁgg‘re IR gﬁ'?sdiﬁgﬁglﬂ? 58933&?@& é%asrivﬁaﬂ ?fntﬂﬁgﬁgrsf”ﬁﬁp?rh&?rg?% the pick
head 40. Tite ¢egek ohthachpéBuies then noved to a location of a BGA substrate 50
" and the solder balls 18 are rel eased over the correspondi ng sol der pads
of the BGA substrate. 1 1 7 JAN 2005 . 11f area marked as "B" in Figure 3c
I:;I ustrat i migurdshia tachf shawwimother prefenped epboditrent pbf therigveatigh ehassn st s a

| der ball_ 18 m.o r I t hat,_hay en | ocat ed
in the apeP?lé?regglfS?gﬁgﬁ {%ﬁ{g“%?i‘@fé% ?\fzgaée@%‘cgﬂf%%teéathe%(ﬁ%r g’it ion of the
cent er 16f granity.t Ys dtie eperation sbthdetesigal i largely sShasaae asnthhedesoribéd surface of

the ball ! GIRIAGR 1) figuPllsR e BliSdehRIEAS deBBnAMBEA el dReflvePOl Nt A

(being the point o Stween
they are unnecessarily repetitive.

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

l:) positions of the apertures 15 correspond to the positions of the solder pads on
the BGA substrate 50.

In figure 5c¢, the ball sweeper 16 is moved in the y-direction while the ball
30 template'14, along with the BGA substrate 50 and substrate holder 52, are
tited counter-clockwise. Solder balls 18 fall into the apertures 15 of the ball
template 14 as they spread over the apertures 15. Since the apertures 15
allow the solder balls 18 to fall right through, the solder balls 18 will rest on the
BGA substrate 50. In figure 5d, the ball template 14, BGA substrate 50 and
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g@sol der ball 18 and the edge of the aperture 15), a horizontal conponent of
©this ' center of gravity causes the.splder balls 18 to roll towards the
appropriate -y direction and overcone this edge at point A snoothly. Thits
'av0| ds shearing 10 of the solder balls 18 ﬂ%g (?f the rear wall of
the ball gywapes hdJGeraBtZlarettﬂEdddgl&d@fﬁkVt‘Wed'Eﬁﬁé? 5% pall SWeePEL ;res 5a to
5f show angt her preferred d BlsMeetoahove sol der ball's
18 fall di 5&:9\"9’8 pé(ﬁjé gﬁ)o% O%ﬁ\k (i getnﬁm;wgg\égﬂé;gforce of . 15 gravity.
As the Opﬁfv@értj@rth@fytdhecdmwgmst thel aalgé‘tv%ttﬂtie‘%é‘?ﬁé"éstoc hasStdEr i bed in
relation to Figures 3a to 3d, details of the design will be omtted
wher ever PQS'E'%y are unnecessarily repetltlve Fi gure 5a shows a BGA
substrgte 50 being placed onto a substrate holder 52, 1 20 which is
| ocat ed underneath a b II r f Ees 15 as
Iprew ous| ¥ deyE PBedN® hg ‘%pe%%?t %pBéWoRI %’Z@ﬁﬁ gugh hol es
such that ;gnsatdles B@Abuﬂs‘-’era\té 5b af\dtbbbstnaghmo!detrr&&gh l’@ﬁz@l'ﬁélr Altee 15 rat her

t han be h d wthin It, gur.e t 50 1s placed
'Onto Uhe Soeputsstiha bran &'%d 5@8%“ ?agr”éﬁéa hﬁiﬁ%erﬁ% ttlf)galpgf 24 such t hat

the BGA 25, SURSHT 84 GodeliSard tied @SA putmstrate 60 with thiee splden balsnpbat e 14,

Nat 1y, th t f ot t t
of 1 haOs IRRSEIRNES aRPIOPAEPRST R ST B 6. TRUT] aare et PSR Sueeper

16 is novegtid {»t&eeseﬁb r emid @pclahmage tmdrrebbanelpeaTEGB‘Gltft @ﬁsm&t@% along with
t he BGA substrate 50 and substrate holder 52, are tilted
count er - c|S9BRFR€e. Sol der balls 18 fall into the apertures 15 of the ball
l nplate 14 as they spread over the apertures 15. Since the apertures 15
| ow the sol der. halls 18 A i RvBRloASinerah| S 18 wil |
rest on tt{:égureéﬁagﬁﬁgtﬁhgt've da‘}'Jefe{'Jegwmgo bal Iat| 14, BGA
subst ri@ e ofiermaiis 08 fEtltBapatLeeShGﬂ ajball tswpbat%%ar‘ﬁ'éfbeﬂ ﬁ' t°ﬁ kwi se
di rection whj | e th vityS TOMURIE éfbédifent tﬁler@m\l on to all ow
t he renui rﬁ'ar‘? ghe ggﬁbg{,?ﬁ&?g@f b%&r lyt owards the y direction whilst the
.ball sweepa:bs&ﬁterﬁﬂlamerot@te@tl@Qeé*teciW‘t'tf‘r‘i@e bajbiempradn 14

Figure 6a shows a ball template 14 with an array of apettures 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.

i
i
i
i
l 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 blate 54 horizontal when the ball
sweeper 16 is back at its starting position. A BGA substrate 50 is placedon 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
i
i
i
i




ll .figure 5e, the ball sweeper 16 is in the starting position, and the ball
enpl ate 14, BGA substrate 50 and substrate hol der 52 are horizont al7. |05

the apertures 15 have been filled witt) solder balls 18. The substrate s
hol der 52 may then be |owered and the BGA substrate 50 with the sol der 17

balls 18 10 Iacw he appropriate positions may then be renoved as In
tﬁﬁ’bﬁtr?}?og‘%

'FI gure 5f f S8 Ryonerh@itbyBecapaatyrahdd be thepesdt ed with
anot her BGAempiis t14 alLcoutff gl rﬁ«‘ﬁe enbodi ment
of the i nven;ﬁipon wher e?% so rggl#thg%e??%égugg%%%hbﬁg@égﬁﬁé §g of a ball

tenplate 14 and then fall onto sol der pads of a BGA substrate 50 by

ity. Innt gD L
.graVI y. | nntfiyuse esehakl r@ﬁdﬁh?apilﬁelﬁlﬁﬁﬁﬁsﬂ\ﬁr%gb%}aﬁgﬁ aé%ufeﬁ %ott?ro %a?e 14 with

toget her. with the

an array of@P 558%%?@8 'pg ba t%ﬁaiea‘t‘brapem@@ 5§Lnfhh%1§llcangs blatk B¢ apbiat e 54 with
| ar | the ball

a sim | ar| yokler pagesh & BEALLAPAE bUaASaiRfiehs Ashl 2 t”ﬁ{'rg@é?f P52

tenplate 1 ver, the apertures 1 are pl aced

at a hal f - pe?ngh% eRees df of thenballtemalsde ﬂﬁrfe;ethmgbfthe sding lpladé 89 pl ate 54
'at this stage tHRUBBAtBLrAReS aA'wtf?étoF ﬂ'?ot%ﬂb\gﬁ)r %ﬁglggg%%%\d\x)@{?ﬂéf‘ 1I6 s

arrested béhthe sl ldl g pl ate 54. case

moved in 287F RERPIDEE 1P BssistHs tt"ﬁépﬁéﬁflpntt@ﬁﬂm\&ﬁ@ soldemohlis| fadionfali pl at e 54
are til10ed tieough Aiore éﬂf;@iékw se. Solder balls 18 are spread and fall into the
apertures 15 of the ball ‘tenplate 14. The ball tenplate 14 and sliding
plate 54 will then be tilted in the clockwise ' 30 direction as the ball

sweeper 16 Asshowmdnl figare ledt teidud shows the
l Gar e sﬁétéhbld@gsf’%hhb\f?%e Ig\k(gt’éhea\n@gt}[ swoeper 16

t enpl S hor 1 zont
back at %;I glﬂdﬁ}gaﬂﬂer%f ?ﬂﬁ!ﬁ‘@% subsitale S mdthriae golder ballspl@ipladedn a
substrate detbdesutndr?carahswlremﬂeﬁlﬂ@%m@ér?x&@cgﬁg 52 is raised so that the B&GA
lsubstr?ge 50 is just below the sliding plate™54. At this point, the sol der
pads 7 JAN 2005 -11- 17 on the BGA substrate 50 are ali gned with the

apertures AScadinglyeitbstlould be appreciated that the invention helps to avoid the
problem of ball damage during ball filing. By ssola’nng the ball sweeper 16
from the surroundlng atmosphere the problems of solder ball oxudatlon and
contamination can be avoided. The ball fi filling operatlon is also more rehable |

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 td optimize the ball
filing operation by controlling the number of rotating cycles and magnitude of
rotation when the ball sweeper 16 covers the array of apertures 15. A further
opportunity of filling missing balls is also provided durlng the return mot:on of

25  the ball sweeper 16 to its original position by optimizing return rotating speed
and return linear motion speed.

U

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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: late 14 but out of alignnent with the apertures 56 of the sligingyninate
2549 ' In figure 6¢, the sliding plate 54 is shifted by half-pad pitch so
{hat the 5 apertures 15 of the ball teoplate 14, apertures 56 of the 18
Jsliding plate 54 and ' sol der pads on the BGA substrate 50 are aligned. As
P aresult, the solder balls 18 in the apertures 15 of the ball tenplate 14
fall through the sliding plate 54 ClLamg:the BGA substrate 50. A vibrator
(not shown) can also 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 substrate holder 52 can now be
| onered away,fro t |, di . ; O.with the
lsoI der ball 31'18 p%%c%ﬁa%‘ﬁgég'g%gé'@’ﬁﬂéégﬁﬁge&mg&'E\%‘éé#%:"t ?ﬁ%ﬁ@ra

processing. 15 Accordingly. it should be appreciated that the invention

hel ps to avo Lg’sttrﬁge' cﬁfrﬁfgf 'of ball damage during ball filling. By

isolating the ball sweeper 16 fromthe surrounding atnosphere, the

probl ens %f sol de? AANONRG dAemBAr Avftich i granshHetedi 8Rdc wered dPded. The

ball filling operation is also nore reliable 20 and the chance of m ssing
sol der bal | sditeas the solder hglisito resyiredositions menmespanding 40 B agayfrate 50 is
reduced. This is due to the ability to optimze the ball filling operation

by control | i pgsitidres therdodderdfalls atarta tage upodretheaautbstratgni t ude of ' rotation
when the ball sweeper 16 covers the array of apertures 15. A further
opportunity of fihldorgainessomg plardldy icf sdider paliyi hed cdntainey bdiagr et urn
notion of 25 the ball sweeper 16 to its original position by optim zing
: l@turn r ot at ¢difighipgc indadglerablel ) mdvee Ry anfixst direstigedrom, difiesi aM@nt i on

‘deéscribed herein is susceptible to variations, nodifications and/or

addi ti onp ot pesitidh aEmblE FBnS BRCpiGaihy ndrnbéd ked surdntterdd pbsitiBR
'undgr;tooq that ' 30 the invention includes all such variations,

modi fi cati ongiraitg)/ iR cRFuhicalsn \WithCihe Zﬁ@éiﬁomgzméﬂnsé}etosaaomde @8Mescope of
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t he above description. 1

' 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 mavement of the container_
'O 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 ball; comprises a tilting mechanism adapted
to rotate the container about an axis perpendicular to the diréction of
motion of the container and thereby tilt it.
25



AlMS: ' 1. An apparatus for positioning solder balls in a desired array
a substrate, conprising: 1 5 a positioning nenber which is con$tfr it2609
gand configured to direct the solder balls to required positions .
corresponding to the array of ' posilddi ons the solder balls are to takeltﬁ)
on the substrate; a container for a plurality of solder balls, the

lcont ai ner heing, ID congiﬁqured and op?rabl e to nove in a first direction

from a fiPst efd SRRAIBHE EPEN ISR Clamody whergigsthe spntainereamdr to a

second end position directly in conmunication with the positioning nenber
to provi deP88itigaing rpambsr ag refatabis atplansiitygontimes whemtiheteontainer i n a second
direction opposite to the first direction fromthe second end position to
the first énth popiisntdiectly covervibet pesittorlintemérabes swthatntheesnijeed positions
away fromthe 15 positioning nenber; and a nmechani sm constructed and

lconfiguredbatbs agplepeatddly sprelall dvae the psstidifiig Rlnhiser N the container in the
direction of novenent of the container as t%e cont ai ner nobves between the

first ppwsition and the second position. ' 20 ' 2. An apparatus according
to claim1, wherein the nmechanismto apply a force to the solder balls

axi'8 por pedi cul hrerrareine dRE ARG Syim 2'of e S R AL “ana

axi s perpendicular to the direct on b and

t hereby ti It 1 W 13- 19 ' 3. . Apn_apparatus according to
'cl aim g V\hg?'lglg nOftZtﬁg %%nﬁ?%lweﬂga?‘%gﬁdth%o@?% ﬁ”gn?‘??geqrgﬂﬁ% %QF‘ Yt akabl e ag

luralit ' en. t.he container ' is in position directly over the
Bosi ti on%lng&r]rt%ﬂ%gf% t\Ms]%qu'é? theg griiciNGY of the %‘??@R&r e repeatedly gpr ead over
Itjle posi tioni ng menber. _

~—

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

positioning rail and motor whereby the container is positioned alnd 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.



4. An apparatus according to claim2 or claim3, wherein rot4t]i Hals
3l es of the container and/or the noving speed of the container are

‘g¢Controllable to optim ze the efficien‘%y of the apparatus. 10 5. An % :
iMappar atus according to claim3 or clai'm4, wherein there is a positioni g’ '
rail and notor whereby the container is positioned and driven. | 6. An
appar at us agcor dA\R&charatly aRB6rd aith 7€ AMeRsin GoRfefBalidvi jyncl udes a
'vi brati on- ggneraét\i né)rpge&;/%Pce to ﬁ{gcflorﬁt ate'the separati g%%?ﬁfh{gﬂsol der
balls from fa h ' | . ng_....another. iD
7. An appar@tu{?g @@@%%&@@%5@@&@@%@*bgf %%Q{'?\é&'@?ﬁé"% ng?wcﬁherei n the

posi tioning nber. includes a hall t |ate with a pluralit J 20 of

lapertures e Eefei?ﬁ‘llﬂq bwararﬁgg?a{Vﬁaqpﬁ%sspgg Piced gﬁ?&@F"eﬁ%&l’d'Pﬂ order to
" capture solder balls within the ball tenplate, and wherein the plurality

lof aper t ur Besitions efrsaldrrpdsPrenecubgiral®i nlar to the array of positions
conprising sol der pads on the substrate. 1 7JINN1L -14- 20 8. An apparatus
accordirig to claim?7, wherein solder balls captured in the plurality of
apertures are renovabl e by a pick-and-place device ' while retaining their

.r espective $osi tAonapparatlisphacadingnt® aoyr naspofndlairgs 7 o8| twisiols of sol der
pads on the substrate. 5 9. An apparatus according to any one of clains 7
or 8, whi chinciudebusheanse@nsothte tied aiodtditer, amiit &dmgiate babl sdisstritat e and
substrate sinultaneously. 10 10. An apparatus according to any one of
claims 7 tosjthultahedgslp. the apertures conprise through-hol es which allow
sol der balls to fail through

b

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
'D 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 botiom for direct entry of the balls to the
positioning member substantially throughout the bottom of the container.
25



ball tenplate directly onto a substrate placed below it. 11. A7 jay2005
corgypar at us according to any one of clainms 7 to 10, wherein 15 there Is a
imsepar at or capabl e of separating the ball tenplate fromthe substrate |,gfj_
E use, and the separator is novable frowa first positi on where passage O
solder balls fromthe ball tenplate onto the substrate is prevented and a

Rorr o he St v A spEatse Astding Briebghr QRIS b, R LoD o)

onto the substrate I|I's permtteaq. aratus according to any

Ceduce o AP of 4pRt O prm OEIP SdABriRl, a0Se ohe tERl e aivect

entry of the balls to the ' positjoning, nenber substantially throughout the
lbottom of tRRSIQERG Magber ‘Q%gr thﬁ/l@@ nerig in_commanicaiiprawibthe us
._according to any one of clainms 7 to 12, wherein the plurality of apertures
'are | ocat ecRRATREEH AN el BoitiRRing reerabeh anlyf white: they sontainatiindn teerber wher eby
the container is in communication wwth the ' apertures on the positioning
menmber &nl wiginity ef theeecond @ndegosition.n the 5 vicinity of the second end
lposition. | 1D 11 1 1 .

|
b



