26 OCT 2005 | APPARATUS AND METHOD FOR BALL RELEASE FI ELD OF THE | NVENTI ON
This invention relates to an apparatus and nethod for enhancing the rel ease
of conductive balls, eg solder balls, froma ball pick head in a bal
transfer and placenent apparatus. More generally the invention could al so
be applied to the release of any form of small object fron1a j P @ﬁ or
the |like. BACKGROUND OF THE INVENTION It is conventional to trans d

pl ace on a ball grid array (BGA) substrate a plurality of sol der baIIs
“sinmultaneously. This is done using a ball pick head which may conprise an
array of openings matgppRatig ARSI Ved A FeRNBAL SOt idesspal I's to be placed
on correspondi ng solder pads of the BGA substrate. The openings are
connected to a source of suction to hold the solder balls in place in the
openi ngs during the transfer y then be released in a
desired pattern on sol der padEﬁgﬁggﬁgr%%gﬁvgﬁhHQBQﬁple of such a

conventi onal technlque IS descrlbed in the Assig S CO-p q

appl i cati on 09/3%23ERIoNAEIaleRoRNE APREFEGYS andarfﬁm?ﬂaﬁ%r Fyha&rcmgot BeflersIafs 1 are
supplied to a ball tenplate 4 in which they are arranged in a desired
pattern bepedustiyebals, egfspldgr palifmirorhea balk mpikaiead 4n jgyball traisier gné Rlagement3 and
noved along path A to a BGA substrate 7 where they are to be rel eased.

Duri ng t hepparetusaMdre gamstlerths invgatsyn ¢dudd slod Herppladd te the miashef ahyt ormt he

pi ck head by suction, when the balls are to be rel eased onto the substrate
7, this sfielhbalbjest fref@EEk head @k teikehe balls 1 to be rel eased fromthe
pi ck head. More generally, Fig.2 illustrates two problens with conventi onal
techniques. The left side of Fig.2 illustrates the problem of excess balls
adherlng to the pick head when a 26 OCT 2005

BACKGROUND OF THE INVENTION

It is conventional to transfer and place on a ball grid array (BGA) substrate a
plurality of solder balls simultaneously. This is done using a ball pick head which may
comprise an array of openings matching the desired pattern of solder balls to be placed on
corresponding solder pads of the BGA substrate. The openings are connected to a source
of suction to hold the solder balls in place in the openings during the transfer process.
The balls may then be released in a desired pattern on solder pads on the BGA. An
example of such a conventional technique is described in the Assignee’s co-pending
application 09/352,368. As shown in Fig.1, a plurality of solder balls 1 are supplied to a
ball template 4 in which they are arranged in a desired pattern before being lifted from
the template 4 by a ball pick head 3 and moved along path A to a BGA substrate 7 where
they are to be released. During the pick and transfer stages, the solder balls 1 are held to
the pick head by suction, when the balls are to be released onto the substrate 7, this
suction is removed to allow the balls 1 to be released from the pick head.

More generally, Fig.2 illustrates two problems with conventional techniques. The

left side of Fig.2 illustrates the problem of excess balls adhering to the pick head when a



2 pick head is lowered into a supply of solder balls that have not been
pre-arranged in a desired pattern in the manner of Fig.l. The second
problemis illustrated in the right of Fig.2. Wen the balls arggi be

rel eased, they may not always be conpletely released as w il be g¥af%%d
in the follow ng. Conventional techniques encounter difficulties with very
smal | BGA packages such as chip scal e/;size packages (CSP) which are

~ becom ng increasingly popular with their use in small handhel d el ectronic
devi ces such as handhel d conputers, PDAs and nobile tel ephones. A CSP is a
form of B@ikwebd ialosuhstiant & abjpyy péskidedallonimtfhact aot baendre-svaided 8 ze of
the solder balls is correspondingly reduced. Sol der balls of a dianeter of

around 0. Zesire-pafithnah ShLAAMLRTITANN . THe §3Bnd ?m!r@h 9N usttOrt ufaaea@h yfthe
size of such very snmall solder balls starts to introduce difficulties into

the Succeﬁfgf.i!'wﬁél @x%%%ll?gxettg%ezgll_egs%% B be IR NE vRa Rl headahor @
easons. e: (1) it

nunber of hese inclu inevitable contam nation by very snal
foreign qbjects on(}hq surface of the balls or the |ower surface of the
LBY SRR R

pi ck head ™ ?gﬁﬂ (%@ﬁ%%$ve force such as surface tension between the

balls and the |ower surface.of the ick.ghe d; and %2 el static charges
bot ween ¢ he bal PL S dryEises ECHE TSI he T ok FAk DO Teekisen
phenonena may al so be present in |arger size balls and BGAs, they present
nore seri SifS Hrapp seale/sine capkages/ ) Hoch3se Pewwa g jtasERt RePWa V8hi s nuch
smal ler and thus the gravitational force acting to release the balls from
t he pi ck theadusesn sowilrlesgheidiarstrpnisndevices sudhnag hinstheldgeameputers, WP As ad
appreciated that the weight of a ball decreases proportionately faster than
t he di anmetmmbileteldphendsaAlGSP Becfausef 8IGA wabe subsaem]ly redicedfidra feetbeasé of t he
solder balls fromthe pick head in the case of a very small BGA such as a
CSP i s di§d teWite s0thagbideyBalls2ie @olr2edndingly reduced. Solder balls of a diameter of

around 0.2 — 0.3mm are conventional in CSP technology.

Unfortunately the size of such very small solder balls starts to introduce

difficulties into the successful release of the solder balls from the ball pick head for a

number of reasons. These include: (1) inevitable contamination by very small foreign

objects on the surface of the balls or the lower surface of the pick head introducing an

adhesive force such as surface tension between the balls and the lower surface of the pick

head; and (2) electrostatic charges between the balls and between the balls and the pick

head. While such phenomena may also be present in larger size balls and BGAs, they

present more serious problems in CSP devices because the weight of the balls is much

smaller and thus the gravitational force acting to release the balls from the pick head is

correspondingly smaller. In this regard it will be appreciated that the weight of a ball

decreases proportionately faster than the diameter of the balls. Because of these issues,

reliable release of the solder balls from the pick head in the case of a very small BGA

such as a CSP is difficult to achieve.



3 PRIOR ART A nunber of attenpts have been nade in the prior art to overcone
this problem and to enhance the rel ease of very snmall solder balls froma
bal | pick head. A nunber of exanples of such prior art and the approaches

t hat have been taken will now be described. One approach is descrlbed in US
5467913 and is to apply a positive air/gas pressure to the i nsi dé 0df! T 200%e
bal |l pick head such as to help push or "Blow' the balls away fromthe pick
_head on rel ease. However, in practice only a snmall nunber of balls wll
stick to the head and the remainder will be released normally. This means
that when the positive air pressure is applied it is wasted by being

di scharged through the openings fromwhich the majority of the balls have
al ready been released and it will havRIORtARE or no effect on the snal
nunber of balls that are still adhered to the pick head. Another approach is

to move the picky %%ewownéms hald &eﬁ%ﬁ%hﬁ‘i’héﬁnérhﬁi 1ol BRrlAld Bis GOpkACt the

sol der pads before they are rel eased. Exanples of this concept can be seen

be aé’ﬁeifiﬁ”f%r%’eg66%‘??%@%6@?%‘%%“&?%’ OB R AR A P it |1

reater than an forces tending t the b t he ead, .and
St Phat s MaeBlesy bt PrT cBoeg (he SREPETs Thtohavkobeads R larse B om

the pick head. However, in many cases it is difficult, if not inpossible, to
arrange fordasgébeslol der ball's on the pick head to be exactly co-planar and so
when the pick head is noved to bring the balls into contact with the sol der
pads, sone bal | sOn lapproedt actescribed padsS P67t 3and il to mplx @spasitive pe/gas
concentrated through these balls with | arge stresses 26 OCT 2M 4 bei ng
exerted on prhsare tbhhe ihak dfhie eflif gckt hedd supic e ashalgptsheordthesi tha bells 4vese
balls to the

from the pick head on release. However, in practice only a small number of balls will

stick to the head and the remainder will be released normally. This means that when the

positive air pressure is applied it is wasted by being discharged through the openings

from which the majority of the balls have already been released and it will have little or

no effect on the small number of balls that are still adhered to the pick head.

Another approach is to move the pick head with the balls attached so that the balls

contact the solder pads before they are released. Examples of this concept can be seen in

US 5768775, US 6099681 and US 6158649. The 1dea is that there will then be adhesive

forces between the solder pads and the balls that will be greater than any forces tending to

hold the balls to the pick head, and thus that these adhesive forces will assist in release of

the balls from the pick head. However, in many cases it is difficult, if not impossible, to

arrange for the solder balls on the pick head to be exactly co-planar and so when the pick

head is moved to bring the balls into contact with the solder pads, some balls will contact

the pads first and all forces will be concentrated through these balls with large stresses



pi ck bead making it even harder to release them US 6170737 describes an
apparatus in which an array of pins is added within the pick head that act
to push through the openings to release the solder balls fron1th§ qhﬁkﬂ,
head. This method works well for normally sized BGA designs, but 6 2005
small-scale CSP devices it inplies very difficult manufacturing processes
and high cost. Finally, further approaches to the probleminclude providing
mechani cal vibration either to the whole pick head or to the suction plate.
US 5657528 is an exanple of the latter. The suction tenplate (in which is
provi ded t hengustitaiomopemi hlys baslhdiehiget dfengodsdey the bahdsen dfshesetbalihedhe o t he
remai nder of the pick head through vibration isolating nenbers and a

vi brating prrROREd hskipgovévdedader tohelesdieahdron tenpl ate to provi de vibrations
while the balls are being released. The drawback with this, however, is

that the vibratiigns pavteascrivéd dn HpRAAE iPWVHOEaPA LS MiRS isSidatd ARniohes

which will vary between different sem conductor devices. This results in
di fferent yjbnati j Lf ent [ [ -
i1 oront Pkie M B8 GALER aibieh G opEHERL ol Pees 182 RS nAM ik

rel ease of . the-balls fromthe pick head..Ther il.1 al so inevitabl g nodal
poi nt s whePe tReredhed R sr SarY s d B Mmoo S Ul el Pa 3fa T
any of these points exist a%_ or neéé an opening wth a solder ball, there
may be i nsOFYIFES BFPIE NERt P diutt srasuiegEnE REPCersET ark B OoSthe bal|. A rel at ed
approach is to apply a vibration to the entire pick bead and not.Lust to
t he suction tenpinails, fuHbokcapproachdsite thearjoblemgngludeprayiding pe¢haniyel \ipisiiar i on
anplitude to be applied to the pick head which not only requires |arge
vi brati on alherab oheswhulte prely heddsar t&6hdOSIctiR0@hats damages2A8hie api exkmipkead. the
Furthernore the vibration needs to be applied for a significant duration (a
f ew secondgtemwitehuoidcesmphits (inahivhds pedvidedrtite afctivg iopadings holding the solder

balls) is attached to the remainder of the pick head through vibration isolating members

and a vibrating member is provided on the suction template to provide vibrations while

the balls are being released. The drawback with this, however, is that the vibration pattern

will depend on the pattern of suction holes which will vary between different

semiconductor devices. This results in different vibration patterns with different BGA

designs, and which different patierns may have quite different efficiencies at assisting

release of the balls from the pick head. There will also inevitably be nodal points where

there is minimum or even zero amplitude of vibration, and if any of these points exist at

or near an opening with a solder ball, there may be insufficient vibration to secure the

release of the ball.

A related approach is to apply a vibration to the entire pick head and not just to

the suction template. However, this requires a relatively large vibration amplitude to be

applied to the pick head which not only requires large vibration actuators but may also



SUMMARY COF THE | NVENTI ON According to the present invention there is
provided a nethod for ensuring release of objects froma pick head in a
transfer and pl acenment apparatus, conprising causing said pICk‘ﬂ§B§1 @P

vi brate by applying a vibration signal to said pick head over a Tange
frequencies. Preferably the vibration is applied by generating a random
signal over said range of frequencies to a vibration neans secured to said
pi ck head, and the range of frequencies may be chosen to bound the
principal resonant frequencies of said pick head. 1In this enbodi nent the
resonant f rdaquegnchepiokeleabel atireeadye thmowmatior nely tbebecgiptiad dbed signyficeonput er
simul ati on. Frequenci es above and bel ow sai d range may be excluded by neans
of I ow and dirghrmpagsw kédohed)svhidceakdithy nahanad hery dificast. aspect of the
present invention there is provided a nethod for ensuring rel ease of sol der
balls froma ball pick head in a ball transfer and placenent apparatus,
conprising causing said pick head to vibrate by applying a vibration signal
to said pick head over a rangﬁﬂﬁﬂ%§§§ fﬁkqﬁvgﬁ%ﬁg§hng to a still further
broad aspect of the present nven |on here 1s provided a nethod for
ensuring release of . i.ck head in r and

appar at us, conpri %‘i%‘ﬁ éﬁo (g tpéeﬁgrwd?ve?‘gfn i V?r%vdgesdta? H’e%\ glgorheé‘ ri%)re e&%e‘nt ify
t he resonant_ frequenci es of sai.d pick heag 26 OF 2005 6 (b) selecting first
and second $ryERhEPRS? QisK; maﬂgné ‘F%ﬁ&é aBf PIACERGRINRPEE Y SPPTIHER GRS Hai d
resonant frequencie and | ying vibrations to said pick head over

sai d range $fd P‘Fé(ﬁ@i‘h‘@l ‘éérate\)lwe%é’%”flg By P tasie erckiived oHgentanshohl so

provi des apparatus for ensuring
frequencies.

Preferably the vibration is applied by generating a random signal over said range
of frequencies to a vibration means secured to said pick head, and the range of
frequencies may be chosen to bound the principal resonant frequencies of said pick head.
In this embodiment the resonant frequencies may be already known, or may be calculated
by computer simulation. Frequencies above and below said range may be excluded by
means of low and high pass filters.

According to another broad aspect of the present invention there is provided a
method for ensuring release of solder balls from a ball pick head in a ball transfer and
placement apparatus, comprising causing said pick head to vibrate by applying a
vibration signal to said pick head over a range of frequencies.

According to a still further broad aspect of the present invention there is provided
a method for ensuring release of objects from a pick head in a transfer and placement
apparatus, comprising the steps of:

(a) analysing said pick head to identify the resonant frequencies of said pick head,



rel ease of objects froma pick head in a transfer and pl acenent appar at us,
conprising: signal generating neans for generating a random si gnal between
first and second frequencies, vibration generating neans for caggéﬂgyfg

vi bration of said pick head, said vibration generating nmeans reck fn&‘@aid
random signal as an input signal. BRI EF DESCRI PTI ON OF THE DRAW NGS An

enbodi nent of the invention will now be glescri bed by way of exanple and

.with reference to the acconpanying drawi ngs, in which: Fig.l is a view
illustrating a known ball transfer method and apparatus, Fig.2 illustrates a
known bal | pick (angtlecehgdvet seljsmnoe fwiqténciascdaipingt e rbage of frejeases thitg. 3 is
a block diagramillustrating the nethod of the present invention, Fig.4

shows a vibration geldatad rdsonariSRqidnciebengr esent invention, Fig.5
illustrates a typical vibration nnae, Fig.6 illustrates a ball pick and

rel ease sequencgy azp?ﬁ{gpggfﬁﬁ)ﬁs ¥ &by @i@k hEJARRA} @@Pangé o?ﬂg?&hgé@_r‘t I nvention,

Fig.7 illustrates ypr frequency spectrumof the appfied vibrations,

and Fig.8 is a npdal , anal ysi s of the.freguenc pect. applied to the bal
bl ck haad. 26 Ot SubESDP DRFke] i EEders T R CR TR EErReD bR
Referring firstl¥;ﬁp fi . 6 the%g]i$.shomnﬁ%he ?ah}etgansfgr sequence
accor di ng 0% ¢ Ut HEBA RSP T ATRMTRARY BHCCTACH| ARPATRIYSy CHPPL Ger
balls 1 are.sugplied_to a ball supply nmeans 2 in which the balls | are

| ocat ed i n SiEPak<EPrEiNRaimesPh fah@eeoritisgdr BPAYA. Sienali Retvasp BEstagrd s¢ewd f or

exanpl e, by the method described in 09/352,368, which is incorporated
herein by rfeslieensigse vibration generating means for causing vibration of said pick head, said

vibration generating means receiving said random signal as an input signal.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be described by way of example and
with reference to the accompanying drawings, in which:-

Fig.1 is a view illustrating a known ball transfer method and apparatus,

Fig.2 illustrates a known ball pick and release sequence with incomplete ball

release,

Fig.3 is a block diagram illustrating the method of the present invention,

Fig.4 shows a vibration actuator for use in the present invention,

Fig.5 illustrates a typical vibration mode,

Fig.6 illustrates a ball pick and release sequence in accordance with an

embodiment of the present invention,

Fig.7 illustrates a typical frequency spectrum of the applied vibrations, and

Fig.8 is a modal analysis of the frequency spectrum applied to the ball pick head.



A ball pick head 3 conprises a pick head tenplate 8 having a plurality of
openings 5 for receiving balls | fromthe ball supply neans 2. A vacuum
chanber 6 is fornmed behind the tenplate 8 so that the openings 5 may be
connected to vacuumin order to enable the ball pick head 3 to &ICK balls |
fromthe tenplate. Attached to the ball pick head 3 is a vibZatldnliffeans 9
for causing the pick head 3 to vibrate i-n a manner that wll be described
in nore detail below. In use the ball pick head 3 is | owered over the bal
supply means 2 in order to collect balls 1, and is then raised away fromthe

bal | supply neanspRTHAOIES USETRIETIONGINBREFERREDUEMBEID MBRESSi Ng st eps.
Wiile the pick head 3 is being raised, vibrations my be applied to the

bal | pick head Id
pal | P1 K nead, Retdhid, TRADSE 1 i RSROA DAL NG Qo ERsEXRRSE 0! O

areother s e the utlont ae8b theap

Suctfon. gﬁogml%& Oﬁ‘%‘@%lfsvem%h U TR 87 e U BB T8R! above
a BGA substra 7. The pi.ck head located above the s bstrate such
that the it YHlfé’PS%d’PdV Cho‘é‘Flbé“S rae | %& dB adfesied PR G0e copdgration.
correspondi ng sol der ﬁg\?‘e@ At this stage the suction holdi ng6t he balls | to

t he tenpl af BISgmp)g be @ docprampde, Whbepasthed desgribed e 0885ed 68 which tihe
tenplate by gravity onto the sol der pads. As di scussed above, however,

especi al | yinfcorpopBedhdzein b30efsreBcuery smal |l sol der balls used in CSP
technology, it is possible that not all the solder balls may be rel eased
properly. It sheubsll hecknae®d 3t dwdprists jaugick ehead Nephplaso B digdvialal plufalinobf

rel eased onto the corresponding solder pad it may result in an inproperly

formed el eﬁﬁéﬂliégil 5 frQBaRGhE BRIIAN oA RN Rp ey 2bey {adhhy cianthepBYs have
to be discard To ensure conplete and rel | abl e rel ease of the solder balls

L2 e SR A R Lo 005 PRS0 Lo .
order to enable the ball pick head 3 to pick balls 1 from the template. Attached to the ball
pick head 3 is a vibration means 9 for causing the pick head 3 to vibrate in a manner that
will be described in more detail below. In use the ball pick head 3 is lowered over the ball
supply means 2 in order to collect balls 1, and is then raised away from the ball supply
means 2 for subsequent transfer to further processing steps. While the pick head 3 is
being raised, vibrations may be applied to the ball pick head 3 in a manner to be
described below to cause excess solder balls 1 to fall away from the ball pick head 3. At
this stage the balls 1 are otherwise held in place on the suction template 8 by the applied
suction.

The ball pick head 3 then transfers the balls 1 to a position above a BGA substrate
7. The ball pick head 3 is located above the substrate such that the individual solder balls
are located directly above their corresponding solder pads. At this stage the suction

holding the balls 1 to the template § is removed such that the balls may be released from

the template by gravity onto the solder pads. As discussed above, however, especially for



by the vibration nmeans in the manner to be described below Fig.3 is a block
di agram showi ng how the vibration is applied to the ball pick head in this
enbodi ment of the invention. A signal generator is used to generate a random
signal (for exanple either a Pseudo Random Binary Signal (PRBS) @ M Tsyept
sine signal) of a controlled range between | ower and upper frequencies CQJ
and (1)2 which are then anplified by arg anplifier and used to drive the
vibration neans to create a mechanical vibration of the pick head. An

i nportant aspect of the present invention is that instead of driving the

vi brati on atrysnsillnglder baléqueed oy CStPhrechniolmgat it gnpassibdr ineemotaliehe solderdnge of
frequencies, and that furthernore the | ower and upper limts of the
frequency nfa@ngeecldiRdphgsan. Behdildbe hbrey tHo Mkt hhehdesafantilfiy esueBgees o),
of the pick head. This concept is illustrated in particular with reference

to Figs.7 3pd Be Atr3pWhd BolibOpsi i2nka! lesiBi &K aRemch-BBfI P &Rl $12&HcA O

identify its resonant” vibration nodes w.. This anal'ysis ‘may be perforned by

any Conventcj)%@!ei?rg%é{}% Sm%eogGAe%g}éngigdsgyg?%bngpﬁhyesjosoe%ucgﬂ&gut er sinulation

using a fini of twar e SyS). "simulation will

show the vibration nodes as. shown.i.n Fig.8 and thi an be used tqg i.dentify
The I over " and- upgereTs Eamane 40 Toyete s Sot st Bhonal AR s 1996 p s if Gom
signal is then generated over this rgnge, wi.t h frequenci es b%l cfw,cg(ol and
above C02 SEUERT QI VPHSF AGPREPRI AeeBY™a BaHER (ra@®led (¢ B D2l pick hephi cal
exampl e, this frequency range may be of the order of a few hundred Hz to a
few kHz, t hodehvibratigh prjeagfeinfheleennesdelbe fescribdbelaet ual range will depend on
t he design of an individual ball pick head. The vibration neans itself nmay
conprise a m ni &g} es peddrkndiegramagitovant® howGhasitgitomnisi appked) tel theThadl pakt uat or
10 may be a piezoelectric actuator that is brought into close contact with
the upper head ihasie eafbotiigenbal the phvekitibie adsiPyal @edstoeisaxed tegknomtd Henaahuat or

t hrough a )

signal (for example either a Pseudo Random Binary Signal (PRBS) or a swept sine
signal) of a controlled range between lower and upper frequencies ®; and w; which are
then amplified by an amplifier and used to drive the vibration means to create a
mechanical vibration of the pick head. An important aspect of the present invention is
that instead of driving the vibration at a single frequency, the vibration is driven over a
range of frequencies, and that furthermore the lower and upper limits of the frequency
range are chosen so that they bound the resonant frequencies ®, of the pick head. This
concept is illustrated in particular with reference to Figs.7 and 8.

As shown in Fig.8, a ball pick head may be analyzed to identify its resonant
vibration modes ®,. This analysis may be performed by any conventional method, for
example modal analysis by computer simulation using a finite element software package
(eg Ansys). Such a simulation will show the vibration modes as shown in Fig.8 and this

can be used to identify the lower and upper frequencies ®; and ®;. As shown in Fig.7, a

random signal is then generated over this range, with frequencies below w; and above w,



countermass 11 and a spring 12. The anplified randomsignal is applied as an
input voltage to the piezoelectric actuator, and this in turn wll generate
vi bration nodes of the ball pick head as shown in Fig.5. The c%p@t Iﬁ?)&,, of
actuator, mass and spring nmaximses the vibration energy in co odl0i t h
an actuator alone, and this may be nore effective in ternms of size and
cost. The anplifier may be used to adjust the signal |evel anplitude until
it is sufficiently high to create vibrations of sufficient anplitude to
ensure release of all the balls. The vibration nmeans may be |ocated within a
housi ng 13eipgdchtided byiabraatiipass filitrt h a typangexaiiplérgueapess, rangd ey behan a
single frequency as known in the prior art, allows a greater tolerance in

vari ati onsofohe bher Grar @6t Riddsdd A8 10fa feliexHy i st Rrviysd efberstdt@l te g t he
signal generator, anplifier, vibration neans, as well as the ball pick head

itself. Thi§.ea évﬁlbﬂéaek@%n% Aesfﬁlo?glﬁglrdii\ﬁdlﬁmgapﬁgg HeR Vi phat Lﬁ%ﬁ%galt |he

"correct" frequency is‘less critical t hernore because t he whol e

pick head is__¢ ed to vibrate, .and not ner.el he tenpl ate, any ange in
e T Fr i ™ G AUk PObeBRR Py BRI B 28 n:

the pattern o a
frequenci es_ of ;@e ba ck hea vent, even . f the

L1 pi d as a whole. In any e :
resonant fFBGHEAY BaY §5 THARYRLTS ALY thtahissbrpggffte‘égo grg Padfcl petaiise  of
the fact that a range of frequencies is applied. Mreqver, the problem of
comon noddPChHSWHIcE o thenball gnghl deed b¥ aveicsieaerted wctheopgertanp thepughve 1. A
met hod for ensuring rel ease of objects froma pick head in a transfer and
pl acement c@ppigrmasas,] avhprspshad2cdbsianglifad dansiook sigeaddistapplitbeate hyut
generating a random signal over a range of frequencies and applying said
random si grudtkgt © the pichodtdtonacre@ns ané diumedmt willsgindrapd eibrdtieacdnod2s ofthaet hod
as claimed in claim1l wherein said range of frequencies is

ball pick head as shown in Fig.5. The combination of actuator, mass and spring
maximises the vibration energy in comparison with an actuator alone, and this may be
more effective in terms of size and cost. The amplifier may be used to adjust the signal
level amplitude until it is sufficiently high to create vibrations of sufficient amplitude to
ensure release of all the balls. The vibration means may be located within a housing 13.
Applying vibrations with a range of frequencies, rather than a single frequency as
known in the prior a1t, allows a greater tolerance in variations of the characteristics of the
vibration system, including the signal generator, amplifier, vibration means, as well as the
ball pick head itself. This means that the ball release is enhanced and vibrating at the
“correct” frequency is less critical. Furthermore because the whole ball pick head is
caused to vibrate, and not merely the template, any change in the pattern of suction holes
will not significantly change the resonant frequencies of the ball pick head as a whole. In
any event, even if the resonant frequencies do change slightly, this is less critical because

of the fact that a range of frequencies is applied. Moreover, the problem of common

nodal points on the template is avoided.



chosen to bound the principal resonant frequencies of said pick head. 3. A
nmethod as clainmed in claim2 wherein said resonant frequencies are

cal cul ated by conputer sinulation. 4. A nmethod as clained in clain12 wherein
frequenci es above and bel ow said range are excluded by neans of ?

hi gh pass filters. 5. A nethod for ensuring rel ease of sol der baI s “from a
ball pick head in a ball transfer and pllacenent apparatus, conprising
causing said pick head to vibrate by applying a randomvibration signal to
said pick head over a range of frequencies. 6. A nmethod for ensuring rel ease
of objectscf ppisa pick head in a transfer and placenent appar atus,
conprising the steps of: (d) analysing said pick head to identify the
resonant frequencies of said pick head (e) selecting first and second

Frequenci ok, and (1) agpPyiRg TPaRBHTErDrat PEAgcets HEm sk SR elP606F ay o
range of fFIQEHARINE iafSaratlis, &?xﬁﬁfsﬁ{gJ&ufs ?sﬁﬂﬁfiﬁk Mhgad €& OR%Ae Oy RBEAGHS afl BN
pi ck head in a transfer pl acenment’ apparatus, conprising: signal

gener at i ngs1g®éros/elf errageenef atcwencies raand dapplyisg gmdlramm/@maf ite ot vibratios geeans|
frequen0|es r at. enerating neans for causing vibration of said pick
head, said C\Wrﬁ 1t PBHP ﬁ‘f?'f‘(iti ng neans receiving said random signal as an

i nput signal.

2. A method as claimed in claim 1 wherein said range of frequencies is

chosen to bound the principal resonant frequencies of said pick head.

3. A method as claimed in claim 2 wherein said resonant frequencies are

calculated by computer simulation.

4. A method as claimed in claim 2 wherein frequencies above and below said

range are excluded by means of low and high pass filters.

5. A method for ensuring release of solder balls from a ball pick head in a
ball transfer and placement apparatus, comprising causing said pick head to vibrate by

applying a random vibration signal to said pick head over a range of frequencies.

6. A method for ensuring release of objects from a pick head in a transfer and
placement apparatus, comprising the steps of:
(d) analysing said pick head to identify the resonant frequencies of said pick head,
(e) selecting first and second frequencies defining a range of frequencies that include
said resonant frequencies, and

(f) applying random vibrations to said pick head over said range of frequencies.

7. Apparatus for ensuring release of objects from a pick head in a transfer
and placement apparatus, comprising: signal generating means for generating a random
signal between first and second frequencies, vibration generating means for causing vibration

of said pick head, said vibration generating means receiving said random signal as an input

signal.





