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1 METHOD AND APPARATUS FOR SCLDER BALL PLACEMENT
Freld of the Invention 5 The invention relates to bal
grid arrays. In particular, the invention relates to
an apparatus and nethod of placing solder balls in
the ball grid arrays |ocated ypon a substrate prior
to the singul ation of the substrate Background of the

cH—ac S—er € des—1C fection to
|ntegrated circuits. Typlcally said solder balls are
pl aced whilst the integrated circuits are part of a

| arger substrates and, therefore, prior to singulation
Exﬁégﬁﬁﬁﬂgﬂﬂﬁmm units. 15 In placing the solder balls.
onto the substrates so as to align with each

i ndividual unit, the solder balls are typically

pl aced within the predeterm ned array arrangenent then

Thd i8&nten RelaRs Rb Wedlr %Ilfkf%ﬁa O 18VRhidMr, MAGRRERNIn MAtes to an
the substrate. One difficulty arises with the nature

%II K currs?&lnglggho? ﬁ{)e# élaf;igg%gde}(?%ll%rl @t e@é{“ tgﬁl (2igpys located upon a

di.anet er. and fore subject to electrostatlc
FHPSERE PHALO the S‘H%'rllgtl“ﬁﬂ of the S‘S?Sé?@nt adhesi on t hrough
surface tension. 2 As the placenent of the sol der
balls is a particularly precise procedure, any

Background of the Invention

Ball grid arrays are used to receive solder balls which act as electrodes for connection to
integrated circuits. Typically said solder balls are placed whilst the integrated circuits

are part of a larger substrates and, therefore, prior to singulation into individual units.

In placing the solder balls onto the substrates so as to align with each individual unit,
the solder balls are typically placed within the predetermined -array arrangement then

lifted using a picker head for eventual placement onto the substrate.

“One difficulty arises with the nature of the solder balls themselves. In many |

circumstances the solder balls are less than 0.5mm in diameter and, therefore, are (

subject to electrostatic forces and, if moisture is present, adhesion through surface

tension.
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m sal i gnment or "sticking" may lead to a m ssing
sol der ball or alternatively, a cluster of sol der
balls where only one is required. Accordingly, such
problens can lead to a high defect rate of the
integrated circuits. 5 Two systens of the prior art
include US6, 607, 118 and W2004/035253. I n both cases

e nt i hcl I 9,S alls.
%\I's] i ga%glﬁl tr(t)g nﬁ]l?e#ggézrl RBa 1E ar‘d C lar A aqremsef pr%:edure any
the te at e hy .sql der | cker ubsequent |y
ggfaljgpm nE%ﬂ crrqﬁtl g mag 9@3&9& @ﬁengéptﬁs Bﬁlim & traatavely, a cluster
substrate which then under goes further processing. 10
phsaldes tiills swhesa pelyrangds bgquued., gocrondimelyt sweh pophlems samiead to a
which are incorporated herein by reference, the
kigh algfecerate affthe regexteésigcudnsl der balls i s avoi ded
t hrough shaki ng of the picker and subsequently
renoval of the balls fromthe picker is also through
vi bration of the sol der baII'picker VWil st at a high
?ﬁfg%gﬁfr\é& RF ﬂ{ei }fﬂ'ﬂ)r%ﬂ%}&ﬁ 9 1]r§ aﬂ& W@Q&ﬁﬁéﬁs@‘ﬁ OfIn both cases

i's con olla € precise

0Si tionin ol der

f. th . | .
& imangrye slgatugeﬁes’%eag.Sﬁ%%hﬁ}%ééﬁ%@ﬁm it Bifhpoyat of the

of which are incorporated herein by reference there
@dfﬁcbaﬂa ERmchp tempplats byrsalde helhpiskentS @ﬁ‘%ﬂuémbeﬂ@aﬁg@ﬁemﬂ picker
of 20 the solder balls to the solder ball picker. It

-dddjvetstbe edlderchallato @kbjbstrate othi¢ththep updergoesifonlsartproesding.

i nprove quality control of the solder balls- during
t he placenent on a substrate as conpared to the prior
art. 3

'In the disclosure made by US6,607, 118 the contents of which are 1ncorporated herein

: by reference, the engagement of the excess solder balls is avoi'ded thiotxgh shaking of

the picker and subsequently removal of the balls from the pi_cker is also through .
vibration of the solder ball picker. Whilst at a high enOUgh vibration engagement and
disengagement of the solder bells is c_bntrollable, the precise positioning of the solder

balls is less certain.

Similarly as disclosed in WO2004/O3_5253, the contents of which are incorporated -

‘herein by reference, there is no such control on the engagement and disengagement of

the solder balls to the solder ball picker.

It is, therefore, an object of the present invention to improve quality control of the

solder balls during the placement on a substrate as compared to the prior art.
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Sunmary of Invention In a first aspect the invention
provi des a sol der ball nounting nodule conprising a
sol der ball tenplate having an array of recesses, each
recess being in comunication 5 with a vacuum source,
and each arranged to receive g solder ball; wherein
each recess further includes an ejector pin for
CLd jecting the respective sol der bal

§S&S} ot ¥enedonn. In a second aspect the invention

provi des A nethod for applying a plurality of solder

10 balls to a substrate conprising the steps of.

lacing a plurality of solder balls in a tenplate o
E)aeifrrgt anpeetrthayingstipe qeewdes andlder palt mawgtisgingodidd demprising a
ball s using an ejector pin corresponding to each.
scddersm]] temphite haging ah cirag| daecdisds] sadhyretdse beingsinr @nemunication
It follows, therefore, that the use of ejector pins to

St @C¥dcUBhYsoBRE, SRNSCH JdRESA foeBY e a b61dEPbARWIRih ®ach recess
fromthe recesses of the tenplate ensures that sol der

RS ERAPCkn SRUBIpintol HRAVES JRERE SR eoldlib R4l 1o engaged
.ncrease the accuracy of placenent of the solder balls
gV“%Wasing the solder balls along a predeternined

path. This is. in contrast to nethods of the prior art
whereby the solder balls nerely fall fromthe

recesses and, therefore, lack certainty that the

bod denontd akpest v inver®dnf mbides Ahmettied iforeabpbying .a plnratineof solder
enbodi nent, the nodule further includes a retention

BalRetous sdbstate edaprisiag sheppelys off placihglar plaadlity ofitsoRRr balls in a
extreme end of the nodule. Thus the supply of sol der

%ﬁ{p!la?te havih$ 8n 4rra} SPRIcELsEs Akl RjMhglS5ld ‘é’bltrc]lgf Baltsngir%?do Pejector pin

evi ce for conveni ence and | ncreasi ng t he spee _
corresponding to each recess; receiving said solder balls by the substrate.

It follows, therefore, that the use of ej.ector pins to selectively and conclusively remove

solder ‘balls from the recesses of the templ'ate ensures that solder balls cannot stick

_with_in the recesses. Further the use of 'sele_ctively operable ejector pins can also

inc_re_:ase the accuracy of placement of the solder balls by biasing the solder balls along a

predetermined path. This is in contrast to methods of the prior art whereby the solder
balls merely fall from the recesses and, therefore, lack certainty that the solder balls will

follow the desired path.

In one embodiment, the module further includes a retention zone used to retain a supply

of solder balls at an extreme end of the module. Thus the supply of solder balls to the
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| oading the tenplate. In a further enbodi nent the
nodul e may be rotatable about a horizontal axis. By 5
provi ding a supply of solder balls to the nodul e and
then rotating the nodule, this may provide a flow of
sol der balls across the tenplagte and thus |oading or
seeding t he tenplate with solder balls. Such a

Lnuous jover t he

. - |
?ef"plﬁe ‘%%P%‘S‘F‘? ERRE KR AR o BB el bR e speed of

k I further enbodlnent t he conblnation of a
thégé}Eﬂ‘é le and a retention zone provides for an
automatic supply of solder balls to the tenplate.

Further if the nodule is rotatable in both directions
about the horizontal axis, the nodule may rotate _
Irbadistherdembodimbnt thiartloduld may bayofaeibid htbdute Bodizbatal axis. By
balls flow across the tenplate several tines. In this

?ﬂ&bﬁﬁ’ﬁ g2 Bpply BEsdli@Mafls tPthethdduldgheden rdtﬁﬁr%':ﬁe%cﬁdﬁ'lé“ this may
he tenplate 15 may be |ncreased and, therefore

4)_]%9 aﬁ %J;rgf gﬁﬁé H%Xl dso V{égn IERI: ah? Wﬁbﬁﬁoead}ng dmi seedlng the
%Efpm"‘é’%iﬁoﬁa% Aol gocg%sggcg S % éﬁn@iﬁo;f o541 ave

of solder balls across the tenplate under the action
off the selden balls Apeludiag the emplatgpurfacehe r ot at abl e nodul e
20 capable. of rotating backward and forward, the
nmodul e may be rotated fromthe first position to the.
second position and back to the first position. Thus,

Eh 86HlifuRhet erfifsdnBRt tHRIcBInMLTOSS a @btatablemoliiie and a retention
solder balls will flow across the tenplate. In a stil

Edi{etﬂ}g{}ldgmddnnﬁ%mgﬁ@ lﬁﬁJ ng%f s&1atd Bal¥ey thé Qé’fhﬂﬁlreoslsurther if the

the tenplate tw ce sufficient to ensur
fnlaﬁulﬁ 9§ gdtgtgblgfm t’08{ﬁp(!hiae_tcﬁonéabout the horizontal axis, the module may rotate

backward. and forwdrd and so may permit the solder balls ﬂew across the template

several times. In this embodiment, the chances of filling each recess within the template

may be increased and, therefore, m_ay increase the quality of “séedihg” of template.

Further, for an embodiment having a rotatable module, the module may be rotated from

a ﬁr.st:. posiﬁon to a second poeitien with such a rotation causing-thé flow of solder balls
acfess _the_ template. under the action of gravity. Further still, with th'e.rotatable module
capable of rotating backward and forward, the module may be rdtafed from the first
poéition_ to the second position and back to the first posit_ion.. Thu.s, selectively
detemining the number of times the solder balls will flow across the te.mpla'te. In a still
further embodiment the solder balls may flow across the template twice which may be

sufficient to ensure the seeding of template.
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In a further enbodi ment the nodule nay be rotatable to
a third position, said third position permtting a
substrate to be. brought proxinmate to the tenplate for
pl acing of the solder balls on the substrate. Such a
substrate nmay be prined with §lux for engaging the 5
solder balls. Still further, the third position may
invol ve the tenplate being directed downwards such
that a substrate brought proxinate to the tenplate is

ifted upwards. Thus ip the ejecting of sqlder balls . = |
Jl"r i f‘tv“@ff?g‘ffa‘ff&, tp‘ﬁ ﬁw{% TRy %%?@&ettﬂe@‘ g]‘ Psifgpn, said third
pins to, firstly, renove the solder balls fromthe
pastinqresmiiag a sehstaiglty be broughtprogimaie to the tefeplats£p1 placing of the
foll ow the predeterm ned path for accurate pl acenent

sodder bells otb gersabstratel (Suthuissubstide triag be Iprritrbdpagi flisofor engaging the
inverting the nodule, there may be a further advantage

- ddMderttafls. ProRtiefstheh) She Mird P&dithdDRtak ahfoll S tHEleRIpYaté ibfeffn? Hirected
e

directly upwards rather than at an inconvenient ang

AR i R B el o BB A O ORE AR i it ypands
S Pl oh e HEL R o P ot oY g the ccctng

enbodi pment, the recesses jn _the tenplate may be such

PiRg o, dHsthe cemeys Hhet sodder dally EonpHie| rgcesges\andy segpadly, to ensure the
portion of the solder ball, such as of the order of 50

soddet (exlls oo wrthe prejetarmimidopash tfoe afawate gfladehent on the substrate.
tenpl ate. The projection of the solder balls my 20 be

Tiasdwitlo theehid ipasitios itkepliny Bk hbdulé, ab&e 966/ baa filither advantage in
manuf acturing of the tenplate. In a further :

BERGIE Whereh) ARG RYmEL IREY dirBGl B dYi-RREr ‘than at an

such that solder b s may bé w ped across

BRI Ao SR i Bl BRI 0P

above the face of the tenplate to prevent damagi ng
the solder balls in the recesses. This may further

Krovidejquality control in addition to . o
lternatively the third position may have the template directed upwards where a

particular design may-make advantageous use of such a position.

In 6_ne. embodiment, the recesses in-the terﬁplate may be such thgt.on receiving the
solder balls, a very small portion of the Solde'r.ball, such as of the Qrdér of 50 to 100
microns pfoject above the face of fhe"teinplate._ The projection of the solder ballé may
be used to measure the depth of the rééess_es in the manufacturing of lthe template. I.n a
further embodiment, the module may further iﬁclude a wiper such that solder balls may
be wibed across the template through the action of a wiper travelling acfo_sé. the template
with a wiping blade about 0.1mm above the face of the template to prevent damaging

the solder balls in the recesses. This may further provide quality control in addition to
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6 the flow of the solder balls across the tenpl ate. by
forcing solder balls into any vacant recesses. In a
further enbodi ment, the nodule may further include a
second retention zone at an 5 opposed end to the
first retention zone. In thisgcase, a backward and
forward rotation of the nodule about a horizontal

Xis may..invol v he solder balls travell] LpmM one
B Bl Bhipe e ol FradRuff torlatseob R B b0 bR ThE iy vacant
further, a second retention zone may provide a
E6F¥ehi ent additional supply of solder balls such that
as each substrate receives solder balls, only one
side of the nodule being the first or the second
retention 10 zone need to be supplied with additiona
Bod flethebambsdimEht, shemypdiile midyefurthesinslude a sebund efeadon adne at an
the process by ensuring the nodule is fully utilised.

bppRed &PRAhEIRRE ritifiofI¥nd RUBRIASE, @ HabkWirdWeforward rotation of
proximate to the tenplate and. so.the solder balls '

- 8Spodl bt QihBS%HtM s &Q?ﬂ@é&%‘ﬁgeﬁ I?o(;criérglﬁlsggﬁelling from one

i ve advantage over _
elimnating the sol der.picker. _ ofed in both . -
feslgh 7ona i Mrcnaig soiemiBateses SEUEhTapeil Sregfign zone may
applied to the substrate fromthe tenplate by first .
BiRyHlgi dgonenignt asditioapl synpdy of spldes rbné;dplﬁ avsh éﬁ@ aheach substrate
sol der balls to the substrate. By elimnating this :
rentizenwddeatbells tomfy, orfe sidd dfythemoduestreamgithie fgstafr thdrgecond retention
solder balls by the picker is elinnated. Further the
Faehidaarty beesuppli@iwith ddaitichalcdoldee talle. ITHX 8148 furthetOassist in-the
such a picker may be reduced and so reducing the cost -
Heed BEHR PSR bP&Msufify tHethIdME! is Fhilly Leiliddd. USi ng the
ej ector pins, this may reduce the ‘chances of

contami nation of the flux onto the tenplate as the
sol der-balls may spin flux onto the tenplate if air

In an embodiment whereby a éubs_trate is brought proximate to the template and so the

 solder balls are applied directly to the substrate, this has distinctive advantage oiler the

prior art. b).' .'elim'inating the solder pickcr. " As noted in both .US6,607,1'18 and
W02004/03 5.253, the solder balls ére' 'épplied to the .substrate from the template by first
engag.ing .a.solde.r ..ball picker wh.ic_h transfers ihe éolder balls to thé s;bStrate. By
eliminating this intermediate steﬁ, ﬁrstly. any fniéhandling of the solder bails by the
picker is eliminated. Further the machinery required to manufacture and implement

such a picker may be reduced and so reducing the cost of the overall device.

Further still, by using the ejector pins, this may reduce the chances of contamination of
the flux onto the template as the solder balls.may spin flux onto the template if air

purging or vibration is used.
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purging or vibration is used. 7 1In a further

enbodi nent, this system may be able to handl e nore

sol der balls such as in excess of 40,000 as it may
have a | ess demand on the vacuum source by elim nating
the picker. 5 1In a third aspect the invention

provi des a sol der ball nounting nodule conprising a
sol der ball tenplate having an array of recesses, each
recess being in communication wth a vacuum source,

nd _each arranged to receive a solder ball and; first .
ﬁmﬁg@sbﬁaﬁocﬂmgeafe thig gysterp gtaasrheia@k tegﬁaglemaﬁre seldgs ballsguch as in
a supply of solder balls said retention zones 10
exsest &l 09 0mspomen heyede ssodemaniddon heayhetumn squrceby eliminating the
aspect the invention provides a nethod for filling an
pickeay of recesses in a tenplate with solder balls
conprising the steps of. providing a supply of sol der
balts in each of two retention zones; rotating said
nodul e so as to nove said solder balls from 15 one

) B Sl R Aol BYL AR a8 cbphgne
saia-ﬁglder alls.in recesses of the. tenplate as a .
3 sQder babktemplate haxingamATTRY OLFRCERSES. (5aFh ECes Rsing i fommunication

tenpl ate. I n one enbodi nent the nodul e may prepare the

- with @evacwam | seurge candogasy arrenghidstp apesive a solderdballaan; first and second

pattern and to place the prepared solder balls onto .
sdider fmtlkztpation lzonesafos .ret@iméng s chpply diadolder alls baid retention zones
attached to area-array package substrates via sol der

- Ioditkd ph apgiRed bidesBChIdRMpRRE.Or 10 a refl ow oven where

they formthe final interconnection to the _ '

In a fourth aspect the invention provides a method for filling an array of recesses in a

template with solder balls comprising the steps of: providing a supply of solder balls in

~ each of two retention zones; rotating said module so as to move said solder balls from

one retention zone to the second retention zone, 50 -that said solder balls move across a
template; depositing said solder balls in recesses of ‘the tém’plate as a result of the

movement of solder balls across the template.

In one embodiment the module may prepare the solder balls according to different
package pattern and to place the prepared solder balls onto the package substrate. The
solder balls may be. attached to area-array package substrates via sold_er ball placement
machines prior to a reflow oven where they form the final iﬁterconhection to the

substrate.
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substrate. 8 Brief Description of Drawings It will be
convenient to further describe the present .invention
with respect to the acconpanying draw ngs that
illustrate possible arrangenents of the invention.

QG her 5 arrangenents of the gnvention are possible
and consequently the particularity of the acconpanyi ng

ﬂﬁe 'Q s &g n ggnbe under st ood as superseding the
generégrPyJ%?féﬁ%F—%ﬁeceding description of the

invention. Figures 1 to 6 are elevation views of a

sol der ball nounting nodul e according to one 10 _
enbodi ment of the present invention showi ng sequentia

Bt wilk bg reonkenigntaioefsther describol e rprbsent snveRtigmrvaitly réspect to the
an el evation cross sectional view the ejector. pins
acompanyigg deaveingdl tHabh dtustreebmdsiblnirraigeinbets @f abe iivention.  Other
invention. 15 Figure 8 is an isonetric view of an

. i AEbAen®i JF tAk QfYen@eh UrélipBssible MAdf WntdREn bAMaBHlarity of the

of the present invention. Description of Preferred

. U _ . i . |
FEDRBLTIRE ol BOAF, ) SPIBLLOR L Ealer Aol ey of e
sol der ball nountjing nodule 5 is in a first position
P@S‘Sﬁ@"& eSFW‘II’tFOI’r‘gIéE%EQEm%"i naball grid array .= .-
tenplate 22. In this first position, solder balls 15
are |located within a storage ar ea,

Figures 1 to 6 are elevation views of a solder ball mounting module according to one
embodiment of the present invention showing sequential steps in the placement of

solder balls.

Figure 7 is an elevation cross sectional view the ejector pins according to a further

embodiment of the present invention.

Figure 8 is an isometric view of an ejector pin block according to a further embodiment

of the present invention.

De’scripti_on of Preferred Embodiment

Figure 1 shows the first stage in the method according to the present invention. Here a
solder ball mounting module 5 is in a first position ready to fill recesses 20 in a ball grid
array template 22. In this first position, solder balls 15 are located within a storage area,

in this case, a solder ball retention zone 10. The retention zone 10 is arranged such that
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in this case, a solder ball retention zone 10. The
retention zone 10 is arranged such that 9 sol der
balls 15 are kept within the zone at varyi ng angl es of
the nodule 5 through a partially enclosing surface
13. The nodule 5 includes a cgntinuous surface 50 upon
whi ch the solder balls 15 can flow 5 so as to pass

over .t he .t.enplate opposed en he )

Q8 SollS 15E B wincbe 2fe 4P UREE B b Ing ¢ 3 rouen
receive the solder balls as they flow pass the
P*’é’?iﬂll)a?r@i%?g W33 -be collected. Wthin the range of
rotation. of the nodule 5, the respective retention

zones 10, 45 can therefore keep the solder balls

retained without themflowing out fromthe nodule 5 -

The metlulel5 irEludéscd coniguaus supfate 80 upagehithtths solds Halls 15 can flow
provi de access 10 for a substrate 95 to be brought

& %{d@és‘é‘ over RMBhnplate 22. Afut WOSa"%’]Of &e@uﬂ'ﬂé@S@ id 8 second -
a w per 40 which is novable linearly across the

sc‘olfﬁcf % it rétgn Yeg(} 40?1% 4%(% Eetc 14|¥re] Itﬁeqso?dengflggsctﬁgy ﬂg\% 6)%35 Hb E)emplate 22

erm n ace

B AR, st B, B e BB SR i

noves contH%uously across the tenplate surface t hat' _
fetention geeest 19, 2 camtherdforekeemithie soldsr bajkn rgtaineg; without them ﬂowmg

‘tenplate surface. Further shown in Figure 1 is a

vadrommtheenodud¢ 6 babstilhinaintginioy ian @peraavagpemeniSOASTE pt‘(D/lde access
each of the recesses 20 within the tenplate 22 so that

fRlad@bstingd 95t TbrddglRpRNtifRttottemplafe2). EE@ERe ShdWyindEigure 1 is
engaged by the recesses and held Iin place by the

%%EH%WEPP ShbIN EndaRlly ! QWsE theivk fac O SV WARSCh ARG ipi
od accor%ﬂﬁg to o%e gﬁbqé?n@ht 8? t%% l-ll-ga‘wPH%
blade 42 at a predetermined gap with the surface. .Such a gap may be in the range 50 to
250 microns,__ar'id more specifically about 100 microns. Accordingly, the wiping blade

42 moves contiguously across the template surface, that is, close to but not in actual

contact with, the template surface.

Further shown in Figure 1 is-a vacuum manifold 35 which provides a vacuum _sourcé to
each of the recesses 20 within the template 22 sb that solder balls coming proximate to

the recesses may be engaged by the recesses and held in place by the vacuum source.

The following will now describe the method according to one embodiment of the

present invention with sequential steps described in Figures 1 to 6.
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present invention with sequential steps described in
Figures 1 to 6. 10 As nentioned previously, Figure 1
shows the nodule 5 in a first position ready for
application of the solder balls 15 to the tenplate 22.
‘Fromthe first position the nRﬂuIe 5 rotates at 30 in
a cl ockwi se direction about a horizontal axis Figure

shows the nodul N ate
BaTerRed Bre PRt didd T uER B nghut & Pt T8 Easiioguready for
5 zone 10 is now hi gher han the second retention, zone
ﬂ@i’z&ﬁt&%%fr@% gl Wlsﬂﬁéo 5 §epling, 24| Sroms Uheaiyat pasigghe module
al ong the continuous surface 50 to collect at the
dpplatescht Sfdin a Nowkwiss ingttyoroibaib [adlearidoatal exB55 Figurs 2 shows the
coll ected at the w per 40. The supply of solder balls

bibduled lesay rotdiel @xcesond position. Halths setohd Positive, thefirst retention

been engaged by the recesses. As the solder balls

heneerd [sogel h@h@lnfha}l e cQBLA 'i‘é{@ﬁ{?onsi’(frfea@earﬁpcoﬂs&ﬁlently the solder -

recesses 20 have 10 now engaged sol der ball
PSR RO AT o D S g .
Neu(F Bisihal S miereousriedudhe vips Yo sipph of soder

Fromthis second position shown in Figure 2, the
halls ] Serepresgnt thanexgesscroldes balls which hewe netchees|cosaaridy the recesses.
direction wuntil it returns to the first position as

Ak thensdlderFiatjs heve flowbd alpnglthé yomtimasuy sisfats SOntHearesstes0 have
i ncl ude a second flow of solder balls across the -

- h@eh@iged 36KdeSBal R0 thEbuh thee XS StidH ofSPVAQUmD A1 thissBage; whilst

now retained in the first retention zone 10. Any

. fh@qgéﬁﬁ(%cf BPEII thtkcBQEs hEFSber R i oHE: Wi s§ldgéaHllshi§\r1'§gh, this

a second opportun ty to recel ve-a sol der 3
S 5555 000y 0 0 5 e s

n
clfov?no{ndlglgureai ltlsle d%pe gllv%lltnethlro%etltg ultn a g(t)unter clockwise d1rect10n

- until it returns to the first position as shown in Figure 3. The quality measures

' implemented include a second flow of solder balls across the template and so having an
excess of solder balls 73 now retained in the first retention zone 10. Any recesses that . -
had not received solder balls will have had a second Opportuhity to receive a solder ball

and so increase the likelihood that all recesses are now engaged.

A further problem involves the retention of solder balls 75 on the template but.not.
engaged by a recess 20. To remove these excess solder balls 75, the wiper 40 now
moves from a position adjacent to the second retention zone across the template 22 in a
direction 70 towards the first retention zone 10. In so doing the wiper blade 42 Will

engage any solder balls that have “stuck” to the template but not engaged by a recess.
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engaged by a recess 20. To renove these excess sol der

balls 75, the w per 40 now noves froma position

adj acent to the second retention zone across the

tenplate 22 in a direction 70 towards the first

retention zone 10. In so doi the w per blade 42 w |
engage any sol der balls that have "stuck" to the

Of mRr Bt figh s M SIRERRG By B MBESRL Wit ey pcigpe to the fis
finish adjacent to t first retention zone 10

KSHORAR Zhn f%a% shown iz dul Tregnedile fn AgPoReES fionihe first
the first position in a counter clockw se direction

pasitian inta ceund¢reddockwibg dideqsion untibrt sehehes oythitdeposioauwkereby the
is nowinverted and the tenplate is directed

. chodmeas nisy ifvertBkamlihe térhglateds dinddi@hdavanesds 0, 45

include a partially enclosed space 105, the sol der
balls 90 which have collected in the first retention

'zone 10 are prevented fromfalling fromthe nodule 5

e, S 3o 55008 HRRAEL GBI 3RS, e

t t | I | f. I d bal | .
bl SOCVERR Teb oo BR e i ot Soth 1A Evesfed from falling

several substrates 95 wi thout having to be recharged.

- frpgthemeduls dandicas thergfare bs used emaibsequent presesseson wit h

a substrate 95 being directed 15 upwards 100 towards

the tenplate 22. In this case, the substrate 95 has

al ready received- flux upon which the solder balls

Thus thb ectadtioneiies 00| 48nnag bejsied isoas té actohtitodat® € volume of
22. Figure 5 shows the substrate 95 in a position

- Q@¢ bRt SutfiCich® hEMMIRL Bl1RE redifetehRor sé@rQIeJubQ?ﬁtéss?S without

115 have been ejected fromthe recesses by 1 ndividua

ﬁziv?r?é fo rQ&Iﬁ?geQi;L 0,

Figure 4 shows the module 5 in the third position with a substrate 95 being directed
upwards 100 towards the terhplate 22. In this case, the substrate 95 has already received |

 flux upon which the solder balls will be affixed following ejection from the template 22.

Figure 5 shows the substrate 95 in a position proximate to the template 22. Here the

solder balls 115 have been ejected from the recesses by individual ejection pins 110,

séid ejector pins shown in more detail in Figure 7. Thus in a dual action of releasing the
vacuum and pushing the solder balls out of the recesses by the individual ejection pins
110, the certainty of ensuring that each of the solder balls are applied to the substrate 95

is extremely high.
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20 said ejector pins shown in nore detail in Figure 7.
Thus in a dual action of releasing the vacuum and
pushi ng the solder balls out of the recesses by the

i ndi vi dual ejection pins 110, the certainty of
ensuring that each of the solger balls are applied to
the substrate 95 is extrenely high. 12 The operation

th al forns. For .
P bR AL B P e B e
Bis T rp el QTSRS e 8 GRPT B AUORACAS operated by contol
operated, i.e. project forward to eject the solder

Bysteng Aultem@ti@esls ¢haofjecthepinamayrhe dperatdd, $.ecprofect fonward to eject the

~ejector pins may be withdrawn 5 through activation of

sdiéer\tatls bmreleskeqst theveamen. Ofn thiecage,ahielBjeber pirs ey by withdrawn
an inline spring forcing themforward. Thus in this

SRR JBB04LINSE &k S8t Rim Bhd9n rl@%asléeofstHPJvE&liJm l)@ biased by an inline
automatic control. The precise position of

t rel % '
ll% fpﬁﬁ%)%%mr %’lﬂ@nélljdaﬁléhég 1l1 hl%s %r%%?lh er%%: ﬁlr%rs %clﬁ%r eanJ Itnﬁlé be subject
flux on.the substrate 95 nust be kept clear of the
foeutragtic qoptr 8rse contami nate the tenplate and,

therefore, require cleaning. Accordingly a snmall-

separation of the substrate having the flux applied

fromthe recesses nay be required in many

The prenist posiéien of TheTsubstiata 96 rebtive td theapataen2hiwill tdepend on ‘the
bal I s may be dropped froma small, predeterm ned

siedugistant e Mntrhiest ERGEBGARces,Ahd BED ah théaupstidde9 Piust bERept clear of
pr oj ect suff|C|entIy fromthe recesses to. press the

2! fetedsB Oort rél%ef EéRtarfifhafts th d hé t@ﬁp%ée?raglg ttl#@‘é{ogeggﬁeglﬁ{rgg?leaning.

certainty on pl acenent t her

l\gceordﬁlkﬂfeﬁ sl?r?elll %ep’l{rdtl gl Ithe saltkltrreltet llgwﬁgc RE le applied from the

recesses may be required in many circumstances.

To ensure correct replacement, the balls may be dropped from a small, predetermined

‘height from the recesses. Altematlvely the pins may pI‘Q]CCt sufﬁcrently from the

-recesses to press the balls into the flux so as to have a further degree of certamty on

placement. Either method of placement of the solder balls will fall within the scope of

the present invention and these two alternatives are mere embodiments having relative

advantages over each other.

~ On placement of the solder balls 115 on the substrate 95, the substrate can then be.

removed 120 as shown in Figure 6 whereby the module 5 is now in a position to rotate

back to the first position and the substrate 95 having solder balls 115 attached thereto
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the present invention and these two alternatives are
mere enbodi nents having relative 20 advantages over
each other. On placenent of the solder balls 115 on
the substrate 95, the substrate can then be. renoved
120 as shown in Figure 6 whergby the nodule 5 is now
in a position to rotate back to the first position

and.the sub 95 hav sqgl der balls 5_at
B P tEmBUE e FuinerraRERuBe i Fip (el mipddiBedhHg i ation into
as. a_final inspection and singulation into individua
1Wﬁ%§&@éﬁ§%¥@F¢éﬁwﬂtWHﬁts Figure 7 shows the

i ndi vidual ejector pins 110 and the tenplate 22. The

pins are spring 5 loaded so that the pins will not be
damaged if cone into contact with foreign particles

Bigdrea] siovisothp gt eidtaltefet@qigier 100ald the terdptate?2. Thepins are spring

| oaded pins. Figure 8 shows an alternative arrangenent

Rhddd & Bhee PinPPndtIR da“‘b%‘é@ acdrié 1r{t5'%ont§m% ﬂﬁ@l"gn partlcles

of Figure 7, 'the pins are individually placed and

&m]go 1900%9@9 tle L18er thfls PR Ugﬂag(;%% fhgure 8, the

roma si 135, and thus
are placed and controlled as a unitary nmenber. In this
case, the pins are formed fromthe block 135 using an
ED process to etch the material fromthe bl ock to.form -
Figarepf showTlansaltemayive arangement of| the ejegtarviinsd3@ oYbareas for the
to the fabricating individual pins. Mre |abour hours
erabodimentegfiiHigutet @ thespins drheindividualipt platdie and spatrdiladk in the
pi ns housings. This pin block 15, 135 can be arranged
&fibddimientOsTERi e 8¢ eheQfind 0 &‘ékfﬁltrﬁéﬂ RoB QY JiLHPBRRE 189, &Hd&hus | are
pin block and this pin block may al so be spring

f)l%’&ile&hd ddhtrolled as a unitary member. In this case, the pins are formed from the
block 135 using an ED process to etch the material from the block to form the pins. This
may be cheaper alternative as compare to the fabricating individual pins. More labour

hours may be required to insert the pins into the respective pins housings. This pin block

- 135 can be arranged so that one device of the substrate corresponds to one pin block and

this pin block may also be spring loaded.
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Clainms 1. A solder ball nounting nodule conprising a
sol der ball tenplate having an array of recesses, each
recess being in 5 comunication with a vacuum source,
and each arranged to receive a solder ball; wherein
each recess further includes gn ejector pin for
sel ectively ejecting the respective sol der bal
engaged therein. 10 2. The nodul e according to claiml
further including a solder ball retention zone for
é?taining a supply of solder balls at an extrene end
PlB%He said nodule. 3. The nodul e according to claim1
or 2, wherein each ejector pin is an individual
nmenbeAsoldgebalhgourtng moduly compmnsingie ot her ej ect or
pins. 15 4. The nodul e according to clains 1 or 2

- furt hersoldee | badli egnslaxe ehddivg@ranpamayplofCrecessesphedch maesd being in -

ejector pins are integrally connected to said ejector

pi N béRfkunieatiohRitAIRAVAGUAL S, Nad L QcR AYralBRl & rdefife a solder
precedi ng cl ains, wherein said nodule 20 includes a
contipypus surface permtting the novenent of solder

ball s, Said nodul e rotatable about a horizontal axis

froma, first positign.to.a.second. position ere ..
the sAPEreIoFaghiTEIFs; g1 %ﬁl‘geéranb%l? T py ’??Wgé%fb"rﬁgége“mg the

‘the nodule over the tenplate so as to permit

engagefrastivosolderdwll gagagsdithergin. t he respective recess.
15

2. The module according to claim 1 further including a solder ball retention zone

for retaining a supply of solder balls at an extreme end of the said module.

3. The module according to claim 1 or 2, wherein each ejector pin is an individual

members, acting separately from the other ejector pins. -

4. The module according to claims 1 or 2 further including an ejector pin block, .

where said ejector pins are integrally connected to said ejector pin block.

5. The module according to any one of the preceding claims, wherein said moduile

includes a continuous surface permitting the movement of solder balls, said
module rotatable about a horizontal axis from a first position to a second
position whereby the said rotation biases solder balls to move across the module _
over the template so as to permit engagement of a solder ball in the respective

Irecess.
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6. The nodul e according to claim5 wherein said nodul e
is further rotatable to a third position. 5 7. The
nodul e according to claim6 wherein said recesses
eject the balls to be received by a substrate. at the
third position. 8. The nodul e saccording to claim5 or
6 wherein in said third position, said table is
inverted such that the direction of ejection of said
sol der balls by said ejector 10 pins is vertically

own ds. 9. The podul e according to any one_of the
& ec\gﬁ}lg%@(’@}ﬂ&i A5EORTIE 1 Gl S THSERIR saidrmpdiess Miber iatable to a

- a second solder ball retention zone |ocated at an

opposardegesition. 1.5 the first retention zone such that
on rotating fromthe first to the second position,
said solder balls are biased to roll fromthe first
retention zone to the second retention zone, via the

1. enpl ah& mokille dRBrdiRE W @laithCO MileRin d aRYestfieeieét thBalls to be
preceding clains wherein in the first 20 position

sai d 1a0LEs boa RLAGH dinBa YGLkbES! axis with the

_ on zone |ocated below the second
retention zone and in the second position, the first
retention zone is | ocated above the second retention

. zone. 16 11. The nodul e according to ané one of .t he

$r ecelihhmpodylgiapeording tpelaim §ar §dvigein insqi@ thirdhRasitipna said table is

‘Wi ping blade for selectively nmoving the wi ping bl ade
~cont | guets] suchchatsthe tdmectsenr bhgjectadn ohsaid soldembalssoy aad ejector

to remove any solder balls projecting therefrom
pins is vertically downwards.

9. | The module according to any one of the preceding clairﬂs wherein the module
further includes a second solder ball retention zone loc'ate.d. at an opposed end to
the first retention zone such that on rotating from the first fo the second position,

- said_.sol_der balls are biased to. roll.'from the first r.éte'ntion. zohe to the second

retention zone, via the template.

. A
10. The module according to any one of the preceding claims wherein in the first
position said table is inclined to a vertical axis with the first retention zone
located below the second retention zone and in the second position, the first

retention zone is located above the second retention zone.

1
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5 12. The nodul e according to any one of the preceding
clains further including a rotation nechani sm
arranged to rotate the nodule fromthe first position
to the second position in a clockw se rotation and
arranged to rotate fromthe fidSt position to the
third position in a counter clockw se position 10

for ing a pluralit ol d

15 D BoaRie A hrBRP LY he pfe B Shpisteive sffaf fiyu? indluding a

lurality of solder balls in a teppl.ate haV|n
gr r aywa%e‘\{ havdag et wiping ladectfp gse@srl‘éelg om@mgbahlq gwiping blade
using an ejector pin corresponding to each recess; 15

r ecei vantigueuslylagrossabe stddesoflshe templatalss s & wmoké, an¥iselder balls
met hod according to claim13 wherein the placing step
conprpw@gtihfchesdfims. O . providing a supply of sol der

balls in a retention zone; 20 rotating said nodules so

as to nove said solder balls fromthe retention zone

across the tenplate and depositing said solder bal | s

ii] t h"?h({ ﬁl%?ﬁgeﬁz?cg&fduiéﬁ S.r%;rghea b tl?eh%r%{:g r‘rpq ]{alms | eeié'ncludiﬁg a

novenen acr 0Ss
The nethod ac rd|n Ia|n113 or 14 furt
i ncl utReRES angeq 16 r%ﬁetth%mﬁéalmfm 6heaﬁfsh ppgjtion to the

posi tion and brlng the substrate proxinmate to the
t enpl ﬁp@ncb,pp@pon in a clockw1se rotation and arranged to rotate from the first

position to the third posmon in a counter clockwise position.

13 A method for applying a plurality of solder balls to a substrate comprising the

. steps of:
- placing a plurality of solder balls in a template having an atray of recesses and;
' ej.e_cting_said solder balls using an ejector pin corrésponding to each recéss;

réceiving said s'older.balls by the substrate.-

14. - The method according to claim 13 wherein the plaéing step éombrises the steps
of: |
- providing a supply of solder balls in a retention zone,
rofating said modules so as to move said solder balls from. the retention zone
across the templafe and
depositing said solder balls in the recesses of the template as a result of the

movement of solder balls across the template.
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to the ejecting step. 5 16. The nethod according to
any one of clains 13 to 15 whereby the placing step
further includes rotating the nodule froma first
position to a second position so as to cause the
sol der balls to nove across t tenplate. 17. The
nmet hod according to claim 16 tfurther including the

11, P R B o O R TR M ot ot

sol der balls back across the tenplate. 18. The nethod

accor BAgetd aéhl&f Restigongpnd bring the sbstrats Proxmaty te fas template prior
step of noving a w ping blade contiguously across a

sur f atsethegjesangistemnpl ate, and so wi ping the 15 sol der .
balls across the tenplate so as to bias the sol der

balls into the respective ' recesses. 19. A sol der bal
nounting. nodul e conprising a solder ball tenplate

h&Vi NGh@hetddeatcididLOeRSohe FAARNICLERS1 PRIBIbY Tthe glgcmg step
communi cati on wth a vacuum source, and each arranged

tor eﬁﬁ%l\éf n%lud? qa?t[ #@e knodﬁ dfrorBI ol it ?dlﬂlO%%S%nS%flond o;%osmon S0

sol de ones &tarn

sol der balls regentlon zones | oca ed on opposed

of desabP caedhe é grhels toymovercrosk thefamplteor filfing

an array of recesses in a tenplate with solder balls
conprising the steps of. providing a supply of solder

balls in each of two retention zones;

17.  The method according to claim 16 further mcludmg the step of rotatmg the

module from the second position to the first position so as to move the solder

balls back across the template.

18.  The method according to claim 16 or 17 further including,the'-step of moving a
wiping blade contiguously across a surface of said template and S0 wiping the
solder balls across the template so as to bias the solder balls into the respectxve :

récesscs.

.19. A 'solder ball mounting module comprising
a soide'r ball template Having an array of recesses, each recess being in
communication with a vac.uum source, and each arranged to receive a solder ball
and;
first and second solder ball retention zones for retaining a supply of solder balls

said retention zones located on opposed sides of said template.
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rotating said nodule so as to nove said solder balls
fromone retention zone to 5 the second retention
zone, so that said solder balls nove across a

tenpl ate; depositing said solder balls in recesses of
the tenplate as a result of t novenment of sol der
bal | s across the tenplate. 10 15

20. A method for filling an array of recesses in a template with solder balls
comprising the steps of:
providing a. supply of solder balls ih each of two retention zones;
rotating said module 50 as to move said éolder balls from one retention zone to
the second retention zohe, so that said solder bélls move across a template;
depositing said solder- balls in recesses of the template as a result of the

movement of solder balls across the template.



