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THE | NVENTI ON Field of the Invention

invention relates to a nmethod of transferring conductive S LX.”LO q%
work piece. 5 Background Art I n manufacturing of &n

el ectronic part with bunps such as a ¥1fp chip and a BGA (BMI|p§$d
Array), conductive balls such as solder balls are used. A suctiton
head has been used to transfer the conductive 10 balls onto a work piece
such as a chip and a substrate. The suction head is providﬁ?/
at a contact| METHOD' &FeTRANSFHRRING CONDUCEIVID B IS DNFOTWORKAPEECHY |

a vacuum source. The suction head vacuum sucks at the contact surface

the conductive balls in a container or 15 the |like and picks themup. The
suction head | s_npved to a gﬁiition above the work piece and lowered to
OBalt

mount the BAGREREYIDe BNEI@ 1 odes of the work pi ece. Si nce
a nunber of cond Ct;ﬁe ga£$s ian be. si nul t aneousl y nount ed onto the
wor k pi ece, an ogé? i 8 FicPERRYIPR 20 advant ageousl y excel |l ent.

e Buct o hase, FPhLFsERRRLCLIVER DB Secaarof™lg LfatRE oot v LT
or mounting egtghSferring’ EoRGLEPiPECHALEE onto a work piece.
5 Background Art
In manufacturing of an electronic part with
bumps such as a f£lip chip and a BGA (Ball Grid Array),
conductive balls such as solder balls are used. A
suction head has been used to transfer the conductive
10 balls onto a work piece such as a chip and a substrate.
The suction head is provided at a contact
surface thereof with a number of pores communicated with
a vacuum source. The suction head vacuum-sucks at the
contact surface the conductive balls in a container or
15 the like and picks them up. The suction head is moved to
a position above the work piece and lowered to mount the
conductive balls onto electrodes of the work piece.
Since a number of conductive balls can be simultaneously
mounted onto the work piece, an operation efficiency is
20 advantageously excellent.
However, in the mounting the conductive balls
onto the work piece with using the suction head, there is
a problem that the picking up errors or mounting errors
are often occurred.

25 In order to overcome such errors, counter



25 In order to overcone such errors, counter

- 2 - nmeasures have been proposed in, for exanple, JP-A-8- 12671.
In JP-A-8-12671, as shown in Figs. 2 - 4, the suction head is provided
with a vibration applicator. The suctjon head is vibrated by the

appl i cator when the 5 conductive balls are pi cked up by the suction head
and nmounted onto the el ectrodes of the work piece. According this,
redundant corfieRsures Ve keen fprereled ridnovier exanplsm tJR- s ace of t he

suction head. However, in the prior art described above, a
10 vi bration ¥#&fbencln TP tAB VA Bt i F P kP39S £ iXed. 4. theTherefore,
when the vibration is éﬁﬁ”'ed to the suction head, if the frequency of

the vibrati onrS¥ppteR &R 1s RERWGRRIER 1R &ibrakign FARRMSRYP O t he

15 mes of ¢ h%h%u%“l?éﬁhhorhié%’aeéf%%” Prtet & g anp Be il e i the
head |

sucti on hegd cafeldPLAL 811 LA GSIoRIP IS P ene olde 0Bl mddipr@d s no

resonance, a nor na Itude. In
such a case, Ihcgul?;?ed o?fiéféﬁ(?%% ed Ord 0 5‘% é}g‘e v%ﬂﬂé' c&on%df/ﬁ s
fully 20 fromthe surface o e suction I ckl ng-up errors
and the nnunttﬁﬂserféﬁén&éﬂ%“&oﬁ&hé%&ﬂ%f%éiﬁ% are *rdBAB} Gbmoved
SUMMARY OF THE | NVENTI ON An object of the invention is to
provide a from the surface of the suction head.
However, in the prior art described above, a
10 wvibration frequency of the vibration applicator is fixed.
Therefore, when the vibration is applied to the suction
head, if the frequency of the vibration applicator
coincides with a natural frequency of the suction head
which is determined by the structural properties and the
15 mass of the suction head, the resonance is occurred and
then the suction head can vibrate at a larger amplitude.
If not, there is no resonance, and then the suction head
vibrates at a normal amplitude. In such a case, it is
difficult to remove the redundant conductive balls fully
20 from the surface of the suction head. The picking-up
errors and the mounting errors cannot be completely

eliminated.

SUMMARY OF THE INVENTION
An object of the invention is to provide a
25 method of transferring the conductive balls by which they
can be securely mounted onto electrodes of a work piece

without picking up errors and mounting errors.



25 method of transferring the conductive balls by which they can be

securely nounted onto el ectrodes of a work piece w t hout picking up
errors and nmounting errors. - 3-
To this end, the present invention provides a met hod of transferring
conductive balls conprising the steps’ of : noving an suction head with
pores towards the conductive balls in a case and applying vacuum
pressure 5 to the porecBo Bhikierd andheiRKeIRP UPIRRD R REPWAAeR(Q s

by means of the pores; noving the suction head away from .  the case
during such SAeERe®eO ETIRFEMRERT CAndnGhtee halls cAmRelSRY Hh]uenci es

Co a posi i ontaBRiBbye BOVERR 3 Ree TR 1AL HELGH STRAE MHPTINAR he
k pi ; Ki h e | cat Lt h h
mount | ng.he CORIRETTVR BaFTe DR CHe ik “PELYTEE SFaShum mifiilese
ti head . i . F THE
DRaw NGs 0 €0 the " BE 3iking ol Hforing b AREGAIRGLTE fatts
transfer devige ACEREMLPILAO SOrEEPAULYER Ole (difction AEWEBWAP £rom

Figs. 2 - 4 are views showm ng the suction head 20 and a ball case shown in

Fig 1, FespeﬁhéVééyé &ﬂﬂing such step thél fsct Hih b Bi Sei pir£ted sdew ng
t he suction head shown In Fig. 1.
different frequencies changed within a predetermined

frequency range; moving the suction head to a position
10 above a work piece; moving the suction head towards the
work piece; making the pores communicate with atmosphere
and then mounting the conductive balls onto the work
piece; and moving the suction head away from the work

piece.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a front view_of a conductive ball
transfer device according to an embodiment of the
invention;
Figs. 2 - 4 are views showing the suction head
20 and a ball case shown in Fig. 1, respectively:; and
Figs. 5A and 5B are views showing the suction

head shown in Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A ball transfer device according to one
25 embodiment of the present invention is described

hereinafter with reference to the accompanying drawings.



"DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A bal
transfer device according to one 25 enbodinent of the present invention is

descri bed hereinafter with reference to the acconpanyi ng draw ngs.

-4- In Fig. 1, a positioning table Ais nounted on a base
11. The positioning table A includes a“Y-table 12 driven by a Y-axis
notor 13 and an X-table 14 driven by an X-axis notor 15, which is
mounted on the Y-tabl e 2 Fics A hél dositdoning habd@ én ishaoxuntgid €ni4 for
hol di ng. a work piece 17. Therefore, by operating the X-axis_ and Y-

axi s notors 15 Rafe 18- t fhevRasifiiand ngy tabls &cé‘d“’ﬂr\’dés a Ystébdeerddi ned

osi tion. . the base 11, a conductive _bal.l unpl 10
Doetion's | s WATRRAY oSt Foves 0% i A g-rakie 14 F3%eh 1)

ection B inc bal | 1 n n ter case r,roundi ng t he
;al I | case 38.4‘#%—8%%51 G}J(':Oatsogla%%' %’hailcg‘ gsc lrjlqtuglltr%éir %a\a/}'?lﬁg%g%%%&gnq{}d:o, gv\,hi ch

cont ai ns thergifh1qer 4 d A HAAN 'oh Ynd WIUEHY S PP phrdihlear | Y

shown 15 1n Fig. case 18 is prov at a bofttom t her eof

with vent holve&r:é-l%fa@@&mﬁf Wb % 2 i WPditing tHBIR Gixildhamd Rat of

the conductive ba 1. The vent hol es’ 18a are communicated with a space
S defined betyepd motord el s aafi 1B Anthd Mol ifleded e A phgesh 20 is 20

nounted on a base 23 in which a gas supply neans E is di sposed. The gas
suppl y nmeans preédeterietned Qositici.
On the base 11, a conductive ball supply

10 section B is disposed beside the positioning table A.
The supply section B includes a ball case 18 and an outer
case 20 surrounding the ball case 18. The ball case 18
is a container having an open top, which contains therein
a large quantity of conductive balls 1. As clearly shown

15 in Fig. 2, the ball case 18 is provided at a bottom
thereof with vent holes 18a each of which has a diameter
smaller than that of the conductive ball 1. The vent
holes 18a are communicated with a space S defined between
the case 18 and the outer case 20. The case 20 is

20 mounted on a base 23 in which a gas supply means E is
disposed. The gas supply means E includes a blower 22
which can supply inert gas or dry air into the space S
through a passage in which a valve 21 is provided for
opening/closing such passage.

25 When the blower 22 is operated and the valve 21
is opened, the inert gas is discharged upward through the
conductive balls 1 via the space S and the vent holes

18a. According this, the conductive balls 1 move around



whi ch can supply inert gas or dry air into the space S t hrough a

passage in which a valve 21 is provided for openi ng/ cl osi ng such
passage. 25 When the blower 22 is operated and the valve 21

i s opened, the inert gas is discharged upgard t hrough t he conductive
balls 1 via the space S and the vent holes ~ 18a. According this, the
conductive balls 1 nove around - 5-

in the ball ciBethe balpreasat18hbe prgﬁebéu h@e@oﬁm@dbemgt%?e@ﬁ@@
Specifically, the conductive balls_1 can |nd|V|duaIIY Rarated from
one anot her aﬁagﬁﬁgﬁrreaﬁPP?iflcaééﬁghFhﬁyc?H@uﬁB%%g badler Lt R_shetion

tool 26 (d t b Al t || 18
o 20hokeriofsahatdy HhoBaEua £, A BREHERK abCe AR rSSEELRP.
i ndi vi dual I'y

conducti ve g gPFs%¥ the| BaEes2ff f?lngﬁ %8%9539 k ogrggtfg%%gfyg?&he
5o futached | Ratle)PbAEKpEToHLE aAiHPPﬁEtgﬁh' £He28a 1 TMEgee 18 Uikl0Po 00!

26 1s genera angul a parall eplpe i cat ed

Wi th a suctioBhdR¥hCBY?4 shak¥ka48 Ebphﬁgt85se£HratéOﬂﬁécéoﬂ@hbtﬂﬂethe t ool
26 forned are a nunber of pores 26a in a nmatrix form The

arrangenment ohbatihe BROLA8i¢EAuandyt ppigumber of the pores 26a correspond
to the arrangenent of the el ectrodes and t he nunber of the el ectrodes

of the work piece 17 toabguctiohr RakddCc fesppitkymrgyup Thhegbohlacoiweer of
pores of the real suction tool (or of electrodes of the real work

balls 1 includes a lifting block 27 and a suction tool 26

10 attached to the block 27 via a rubber cushion 28. The
suction tool 26 is generally of a hollow rectangular
parallelepiped and communicated with a suction device 24
‘via a piping 25. On a contact wall of the tool 26 formed
are a number of pores 26a in a matrix form. The

15 arrangement of the pores 26a and the number of the pores
26a correspond to the arrangement of the electrodes and
the nﬁmber of the electrodes of the work piece 17 to be
treated, respectively. Though the number of pores of the
real suction tool (or of electrodes of the real work

20 piece) is extremely large, for example, about 1500 pores
being arranged in 30 (3 x 10) groups, each including
pores of 7 lines and 7 columns (7 x 7 x 3 x 10 = 1470),
the number of pores 26a are substantially reduced in the
drawings so as to make the explanation simple.

25 A pair of oscillators 29 as a vibration
applicator are provided at opposite sides of the suction

tool 26. When the oscillators 29 are operated, the

redundant conductive balls adhered onto portions of the



20 piece) is extrenely large, for exanple, about 1500 pores bei ng

arranged in 30 (3 x 10) groups, each including pores of 7 lines and 7
colums (7 x 7 x 3 x 10 = 1470), t he nunber of pores 26a are
substantially reduced in the drawi ngs_so as to make the expl anation
simple. 25 A pair of oscillatofs ™29 as a vibration

applicator are provided at opposite sides of the suction tool 26. Wen
t he oscil | at oeenkactrwabpephit thie swetion teeluGapthednthanthke ROres
adhered onto portions of the - 6-

contact wal | éfashwhightbahlsodred@epignatedabytacreberance nuymerahhlah
balls are dengnated by a reference nuneral |la can be shaken

in FLg. 2
down or droppe8 Bi8: %heC?BbBErShakeEugﬂVBnoESGEPEH%at%kghe The Z8PReT £ r om
t 1 tti f 5 il]at 29 t h i fti bl 27 h b
bt oventi ng Lt CPRBIPRazE) PREVERHS EhS Tiarerionotton Fanypbicily 495"
dri ver 41 gt giifgLeni LEgauensi £5: dbeyyerafii ¥R0cAL 4 EROERY! ed by a
g.1,7d trans

controll er™42. erring tevice

reci procates sSHCELO e e tHon and the
wor k pi ece 17P}$ﬁ%9§ﬁ§§;%ﬁ ﬁggﬁageggfﬁ%¥§ B§ﬁ§ %$§£E1%53f§ i%fa§%¢ devi ce
D. The bl ock 3Bekrat¥@rbyCal byipR¥akl eat diﬁf&f&ngufﬁé%ﬁéﬁé§e§5 wiheh are
provi ded on one side of a bracket 34. The block 30 is integrally

provided w thagivé® #lhr gadceptibdNedBpyhacBortgauesrwath a vertical feed
screw 36 attached to an output shaft of a Z-axis notor 37. Therefore,

when the notor 37 is driimeRi§orpardl yransferring device D reciprocates

10 the suction head C between the supply section B and the
work piece 17. The suction head C is held by a block 30
of the device D. The block 30 is vertically movable
along guide rails 35 which are provided on one side of a
bracket 34. The block 30 is integrally provided with a

15 thread portion 38 which engages with a vertical feed
screw 36 attached to an output shaft of a Z-axis motor
37. Therefore, when the motor 37 is dri&en forwardly or
reversely to rotate the feed screw 36 forwardly or
reversely, the suction head C is moved wvertically along

20 the guide rails 35.

The bracket 34 is integrally provided at a rear
side thereof with a thread portion (not shown) which
engages with a feed screw 32 attached to an output shaft
of an X-axis motor 33. A table 31 holds the feed screw

25 32 horizontally. Therefore, when the motor 33 is driven
forwardly or reversely to rotate the feed screw 32
forwardly or'reversely, the suction head C is

horizontally moved.



reversely to rotate the feed screw 36 forwardly or reversely, the
suction head Cis noved vertically along 20 the guide rails 35.

The bracket 34 is integrally provided at a rear side thereof with a
t hread portion (not shown) which engaqps with a feed screw 32 attached
to an out put shaft of an X-axis notdr ‘33. A table 31 holds the feed

screw 25 32 horizontally. Therefore, when the notor 33 is driven
forwardly or reversely tQpremstdion tdfe theedaddr dwadsfer deyimer dor d¢he

reversely, the suction head Cis hori zontal ly noved.
-7- condtqte%ﬁ i1t k He wascribad heredagften gl tine
conductive balls I s descri bed hereinafter with reference to Fig. 1.

At first, ther)@%ﬁﬁesm’rﬁ)tf(ﬂ Fig.d. Atyfixst Fhtodeaiis aed%r3hdSd C to a
position abovgq]1;12reFrbl kg 5‘];9[) I4yt sect i c%:[lﬁ)él ?eﬁraegﬁ_ﬁ{ i on tQ(%Sw%G a'b‘Z‘a %va:ﬁmuat ed
by the su e i
th t th

ORI AT g A

til th t t I t th
conduct ive s {ERGLA defiqehetin %2‘%?25*&%%"@%*7%*%5. 's” e
nmotor 37 is dra¥afed M meRe e %&ﬂd}ﬁlﬁé&‘d iOHdAdito the!/mandlaaselhen,

t he conductive balls 1 are vacuum sucked and picked up by the pores 26a
of the suctiomgo0olagGhowtb by a chain ASirfdaWD Riy.Fig. the Hivtaonlwddd/ e

balls la may
C is moved into the case 18 until the contact wall of the

10 suction tool 26 is slightly sunk into the conductive
balls 1 in the ball case 18. Subsequently, the Z-axis
motor 37 is driven reversely to move the suction head C
upwardly. Then, the conductive balls 1 are vacuum sucked
and picked up by the pores 26a of the suction tool 26.

15 As shown in Fig. 2, the conductive balls la may
be excessively attracted to the contact wall of the
suction tool 26. In such a case, as shown in Fig. 3, the
oscillators 29 are operated to vibrate the suction tool
26. The oscillator 29 is, for example, a piezoelectric

20 element which stretches and contracts in an axial
direction thereof (or vertically in this case) on receipt
of any signals. Therefore, due to the complicated
configuration of the suction tool 26, it wvibrates in
various directions. As a result, the conductive balls 1

25 strongly sucked directly by the pores 26a remain in the
contact wall, but the redundant balls la drop back into
the supply section B due to a weak suction or adhering

force.



be excessively attracted to the contact wall of the suction tool 26. In
such a case, as shown in Fig. 3, the oscillators 29 are operated to

vi brate the suction tool 26. The oscillator 29 is, for exanple, a

pi ezoel ectric 20 el enment which stretches_and contracts in an axial
direction thereof (or vertically in this §a§e) on receipt of any
signals. Therefore, due to the conplicated configuration of the suction
tool 26, it vibrates inAlso jarFdgs &irduripgsthassyctaen| toodlhd6écdAducti ve
balls 1 25 strongly sucked directly by the pores 26a remain_in the

contact wal |, Moyed fewnwarAdintohihesPPgigiep Bhewn| R¥othe chapp 3&4pELy
section B due to a weak suction or adher.i

f )
- 8- when Ahe,valve ¢1 is gpepgg EgeiQGEppgh%?GBP g@sj into theyeq
d di iti h by th hai n.l i pe, n ot I 21
e T N, 8388 SH1oBhEs Bl S13ug) kB, pats" 1ot Uhe 08
around the balles 11y Lhe E336ra8eh0ebiound" 8n8eRALAYRd fiLom,gRe, gnot her
1&. heref ore, P& 5AAUC Bal

in the case€ I'Ve S 17 Can be easily sucked
by the porgs jndipyid : he X axi 3nl,S
driven to nove tIég%rb'sgéfi%%hﬁégglgepPg }ﬁg1u8a§h§e08%§%§?r§gekgﬁl2&1 to
the 10 posititpR eee bia waaivigeadiy! (Fig. 4). Further the Z-axis

nmotor 37 is driven to nove the suction head C downwards so as to place
the conductive balls 1 emeox-axi@l aoitoedss i arivea ‘wor hokectael7,

respectively.

suction head C picking up the conductive balls 1 to the

10 position above the work piece 17 (Fig. 4). Further the
Z-axis motor 37 is driven to move the suction head C
downwards so as to place the conductive balls 1 onto
electrodes 17 of the work piece 17, respectively.
Subsequently, the suction tool 26 is changed to be

15 communicated with an atmosphere and then moved upwards by
the Z-axis motor 37. As a result, the conductive balls 1
are mounted on the corresponding electrodes 17a.
However, in some case, as shown by a broken line in Fig.
4, the mounting errors may occur. Specifically, the

20 conductive ball 1b may remain on the contact wall of the
suction tool 26 without being mounted onto the electrode
17a. Therefore, in this embodiment, when the suction
head € is moved upwards by the Z-axis motor 37, the
oscillators 29 are operated again to vibrate the suction

25 tool 26. Then, the conductive ball 1b is removed from
the contact wall of the suction tool 26 and mounted
securely onto the electrode 17a. Incidentally, when the

oscillators 29 are operated, the suction tool 26 is



Subsequently, the suction tool 26 is changed to be 15 comrunicated with an

at nosphere and then noved upwards by the Z-axis notor 37. As a result,
the conductive balls 1 are nmounted on the correspondi ng el ectrodes 17a.
However, in sone case, as shown by a broken line in Fig. 4, the
nmounting errors may occur. Specifically,” the 20 conductive ball Ib may
remain on the contact wall of the suction tool 26 w thout being nounted
onto the el ectvidurated. 1 Howelest.efsdnge ithe mMubberbedishdon 28hd$ t he suction
head C is noved upwards by the Z-axis notor 37, the oscillators 29 are
oper at ed agai iR%SERAFeE datween dheodiBEnodlomk 2hand tthe ERshion ve
ball Ib is renmoved from the contact wall of_ the suction tool 26 and

nount ed ek A48 dhe Hikraliiqn dgyPrerentetifrom A94I when t he
oscillators 29 are op e th suct| tool 26 is

o Ol br et Fram dDe PGl Eh e she 21£ting,blased
between the. i bIo 27 an the suct | vibration is
prevent ed 1?? n%-{)el néxere st etcér(?q‘sreomoétjﬁeosolstcli rﬁ)r% efg%t S0 hgftl ifting

bllock =5 27. ansefezarﬂfgﬁrcfaﬁeceobq Q&F'édoq{}iélg ﬂ?cr&ﬁil% %gé Wor  the
transferring deV|ce or anotther troubrte is occu :

Operations and,dhg-FEdj tori ous advant ages of the OSC|IIators 29
attached to the suction tool 26 are 10 described hereinafter. By operating
the oscillators 29, dprat U 1018 Ithd misiidditshd Qdwatiydd ©F t ool

26.

the oscillators 29 attached to the suction tool 26 are

10 described hereinafter. By operating the oscillators 29,
the vibration is transmitted to the suction tool 26.
When the suction tool 26 is considered as a vibration
system, the oscillators 29 serve as means for generating
a vibratory force for vibrating the suction tool 26

15 forcedly. This vibration system has a natural frequency
which is determined by the structural characteristics and
the loading conditions. The structural characteristics
are determined by the configuration, the dimension, the
material and.the like of the suction tool 26 and the

20 loading conditions are determined by the pressure applied
to the suction tool 26 due to the atmospheric pressure
during the vacﬁum suction. When the natural frequency is
coincident with the frequency of the vibratory force,
resonance occurs in which an amplitude of the suction

25 tool 26 becomes large.

In order to drop the conductive balls la and 1lb

from the suction tool 26 by vibrating it, it is

preferable to use this resonance phenomenon. However, it



‘When the suction tool 26 is considered as a vibration system the
oscillators 29 serve as neans for generating a vibratory force for
vibrating the suction tool 26 15 forcedly. This vibration system has a
natural frequency which is determ ned by the structural characteristics
and the | oadi ng conditions. The strudfural characteristics are
determ ned by the configuration, the dinension, the mat eri al and the

| i ke of the sistgenetadly?26iffictbhe t&Ochbaullate camda¢qwrst arma et m ned
by the pressure applied to the suction tool 26 due to the atnospheric
pressure fgeqguency hef vikegusustiton oooheh thweough wwalctlagiemagnd s
coincident with the frequency of the vibratory force, resonance occurs
in which an aBﬁP@FEEEmeetﬁ%esﬁé$?%®n0950@%@4 Don aRiRE ke, th

In order to drog t he conductlve balls |a and fromthe suction tool
26 by vibratiﬁ@ ppance pf the suctiamahpely %GUQ%PtW?s°?%%Eﬁ%%ce phenonmenon.

However , enerally

difficult % ESFEHFEtewgﬁnaE%ﬁrﬁygtﬁ%?uF%?l 26 Y%%ﬁ%%%%y %&lt$ﬁﬁkﬁﬁﬂfon
tool 26 thro“g? £RLCULALLAP 999} ?ﬁePé &SE égg 2658 2&8@-&9@9&Eé0”3

under which resonance o |on can occurred 5

Further, whengthg sygt a@aliegaeg%uff%aisﬁt %ldi?@%ttﬁé'sred n@int he contact

wal | of the suction to 0 not vibrate e anp | t udes
sufficient tocdh@lcthfer BeuNdaNt Thef8PEHE! i WReRALhE dscTNaLHPE €20 When

the oscillators 29 vibrate the suction tool 26 at a fixed frequency,
sone vibrate the suction tool 26 at a fixed frequency, some
10 portions of the contact wall of the suction tool 26
vibrate with sufficient amplitudes, but other ones do
with insufficient amplitudes.
Then, according to the present invention, in
order to overcome the above-mentioned problems, the
15 frequency at which the oscillators 29 vibrate the suction
tool 26 is changed within a predetermined range. Such
frequency is referred hereinafter as “exciting
frequency”. When the suction tool 26 is vibrated at a
one frequency, as shown in Fig. 5A, edge portions 26e of
20 the suction tool 26 are largely vibrated. When the
suction tool 26 is vibrated at another frequency, as
shown in Fig. 5B, a central portion 26c¢ of the suction
tool 26 is largely vibrated. In other words, the
portions of the suction tool 26 which vibrate with larger
25 amplitudes are moved around throughout the suction tool
26 by changing the exciting frequency.
According to this embodiment, during the

suction tool 26 is moved upwards from the ball case 18



10 portions of the contact wall of the suction tool 26 vibrate with
sufficient anplitudes, but other ones do with insufficient anplitudes.
Then, according to the present invention, in order to overcone the
above-nenti oned problens, the 15 frequency at which the oscillators 29

vi brate the suction tool 26 is chaﬁgé& Wi thin a predeterm ned range.
Such frequency is referred hereinafter as "exciting frequency".
When the suct (Bagt 03) @Bdfer vibris adowed adownwands f tewpeds ytheisweriown in
Fig. 5A, edge portions 26e of 20 the suction tool 26 are |largely vibrated.

Wien the pieeei bh.t the oxciting hFEeQueReY ah9t ephanged (e yl0 JKhz
shown in Fig. 5B, a centralﬁgortion_ZGc of the suctiaon, tool 26 is
| argel y vi br at®d40| KHat BEr SKide qeithiR 0.5 secpRidns This REQCREF okSt ool 26

which vibrate with _|grger 25 anplifudes are noved around throughout the
Shction ool robeasedl Bt oforAfRe LIRS, N Ml Y aied @ "the LRt fling

pocor N0 L0 ERSHERRICH ey SHELSL0s 2o RCLAS"CItEhs 0r! T

d ds t ' .17, ey [ h d
donmer oz, L OVRRAOGLIGRIORS For yBLERELIS, chOCORIELIAROL 8 gEY | chanae
repeated two gpntB6e e&'ﬂ??thghéogéfoléi ipe ﬁ%ﬁ%&tﬂ&teg%frfﬂéﬁé&d &f the

oscillators 29 and the timing of driving t river for vibrating
the oscill atopsg28cpete fre§@Bh&P! tREANGY HEScEOPEAOLbSEVe 42thél ternately,

I nst ead of
frequency of the oscillator 29 may be changed
10 continuously changed from 10KHz to 40KHz.

Accordingly, each portion of the contact wall
of the suction tool 26 can be vibrated at a large
amplitude during the process of changing the exciting
freguency. As a result, the redundant conductive balls

15 1la and/or the remaining conductive balls 1lb are removed
from the contact wall of the suction tool 26 by means of
the resonance phenomenon.

Incidentally, if the oscillators 29 are
operated to vibrate the suction head C when it is moved

20 into the case 18 for picking up the conductive balls 1,
they further move around in the ball base, thereby
picking up them more readily.

According to the present invention, the
resonance is infallibly occurred in any portion of the

25 suction tool 26 during the process of changing the
exciting frequency of the oscillator 29. Therefore the
redundant conductive balls la and/or the remaining

conductive balls 1lb are removed from the contact wall of



a discrete frequency change descri bed above, the frequency of the
oscillator 29 may be changed 10 continuously changed from 10KHz to 40KHz.
Accordi ngly, each portion of the contact wall of the suction tool 26
can be vibrated at a | arge anpl i tude during the process of changing
the exciting frequency. As a result, %%e redundant conductive balls

15 la and/or the renaining conductive baIIs | b are renoved fromthe
contact wall of h§u§5&9P0ﬁ0960PGZBYbyeﬁBangfothe resbhanc€SpRén6@enon ,
phenonenon. thereb entally, if the oscillators 29 are

operated to vibrate ?hgrgvﬁPFbﬂghEBﬁ BLGkéng i epi ernovedan@Othatmotieiggse
18 for pickingg Eﬁ {he conductive balls 1, they further nove around in
t he ball base, er eby pi cking up themnore readily.

According to the present invention, the resonance is infallibly
occurred in any portion of the 25 suction tool 26 during the process of
changi ng t he exciting frequency of the oscillator 29. Therefore the
redundant conductive balls |a and/or the remaining conductive balls Ib
are renoved fromthe contact wall of - 12
- the suction tool 26 by neans of the resonance phenonmenon, thereby
preventing the picking-up errors and the nounting errors.



- 13- WAT IS CLCAIMED IS: 1. A nethod of transferring conductive
balls conprising the steps of: nmovi ng an suction head with
pores towards the conductive balls in a case and applyi ng vacuum pressure
to said pores; sucki ng and plcklng up the conductive balls by
means of said pores; nmovi ng-s&i3d “sucti on head away from said
case during such step said suction head is vibrated at different
frequenci es cHHAGedSWLAIMER p$edeterm ned frequency range;

novi ng said suction head to a position above a work piece;

nmovi ng sai d slieti on heall meWhedsofattamdfarrmeceonductive balhgki ng said
pores comruni cate with atnosphere and then nounting said conductive balls
onto said morﬁomEFéééngaFBe StePS of: npving said suction head away from

said work piece. met hod accordin ﬁ+to Claim], mhereln during
the step for nDV|ng salﬂ°¥ﬁﬁglﬁﬂ ﬁ%%Hl%ﬂa§e§@o E%Jﬂoﬁﬁﬁkt°Yﬁ€Q% %J
suction head is atedba; different fre uenc es_chan egd with
predeterninedc?P ﬁ¥9 Phhgetn & case an Ve ?@f%ﬁ?%?ﬁfe

conducti ve batgssaggntfggng t he steps of:

sucking and picking up the conductive balls by
means of said pores;

moving said suction head away from said case
during such step said suction head is vibrated at
different frequencies changed within a predetermined
frequency range;

moving said suction head to a position above a
work piece;

moving said suction head towards said work
piece;

making said pores communicate with atmosphere
and then mounting said conductive balls onto said work
piece; and

moving said suction head away from said work
piece.
2. A method according to Claim 1, wherein during
the step for moving said suction head away from said work
piece, said suction head is vibrated at different
frequencies changed within a predetermined frequency
range.
3. A method of transferring conductive balls

comprising the steps of:

Ly



- 14 - novi ng an suction head with pores towards the conductive
balls in a case and applyi ng vacuum pressure to said pores;

sucki ng and picking up the conductive balls by nmeans of said pores;
novi ng sai d suction head away from said case; novi ng said
suction head to a position above a morklﬁiébe; novi ng said
suction head towards said work piece; maki ng sai d pores
communi cate wi th at nosphevéngaand shehiopuheadgwibihdpeoesutevaeddatie ont o
said work piece; and novi ng sai d suction head away from said
work piece dgphfdyctivn badpssiandasgese onnAecdBPl¥ing byaswdm gpregsurer ent
frequenci es changed within a predeterm ned frequency range. 4. A
net hod accor dfRgSeddaR9T8he of Clains 1 - 3, wherein the frequency of the

vi bration of said suction _head is changed contjnuously or discretely. 5.
A net hod according to aﬁVCEﬁﬂgo?néiHF%Egﬁg-u%,thﬁh%?%?%cFﬁ%efp%ﬁﬁ%nB§ of

the vibration_of said suction__head is changed between 10 KHz and 40 KHz.
mean§ of Said pores;

moving said suction head away from said case;

moving said suction head to a position above a
work piece;

moving said suction head towards said work
piece;

making said pores communicate with atmosphere
and then mounting said conductive balls onto said work
piece; and

moving said suction head away from said work
piece during such step said suction head is vibrated at
different frequencies changed within a predetermined
frequency range.
4. A method according to any one of Claims 1 - 3,
wherein the frequency of the vibration of said suction
head is changed continuously or discretely.
5. A method according to any one of Claims 1 - 3,
wherein the frequency of the vibration of said suction

head is changed between 10 KHz and 40 KHz.

L



