METHOD AND APPARATUS FOR PLACI NG CONDUCTI VE BALLS
BACKGROUND OF THE | NVENTION Field of the Invention:
This invention relates a placing method and a pl aci ng
apparatus for placing balls with conductivity that
are arranged in a predeternined pattern on a base unit
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technol ogy El ectronic parts |i ke sem conduct or

devi ces, substrates or packages thereof with protruded

connecti on bunpBABKGRABNIAOFAR PPENTOGYh as BGA ( Bal

Gid Array) type and FC (Flip-Chip) type, etc., can

be exanpl es of the base unit. On the base unit, balls
Field drihe@@ndsigt i vity (conductive balls, hereinafter) are

pl aced in a predeterm ned pattern. In recent years, as

t he portabl e machi nes and not ebook conputers progress

in the direction of %h speed, high performance,

Thgsy v Gitiog elates geilpcing pighgd ané ¥ Placiipga pparafysefor placing balls with

erformances of a | arge-di nension device and nultiple

Cﬂ*’g‘éﬁnﬁﬁ%%fér%ﬁr@anﬁ PPE@&etfﬂa}quWéﬁ% P ¢ basg upit el grfilgstronic parts

conmponent In responding to such requirenents, the
WWEF%E??gﬁﬁ%“@ﬁﬁﬁ@ﬁ@ﬁﬁ%”&ﬁéd&dopted with the above area

array type. Methods for using a conductive material,

such as a solder or copper, etc. to form connection
Badhpriapied tedh@blughe a pasting nmethod for printing paste

such as conductive material onto electrodes of the

el ectroni c conponents; conductive baII nmet hod for 1

| aci. bal | s - . and film.
By ?ﬂﬁs"lﬂﬁ?ﬁ%&%ﬁ%@ﬁ (Rt P A P eRG BTt pyEded

con{wclgl?ﬁa hlgﬁl}ﬂg o?laﬁ,g agug)ﬁg%)%) ﬁagf ansﬁ(g% l(l%ag]ag'gg %11%5' tty1|3£ ;lan% FC (Flip-Chip)

type, etc., can be examples of the base unit. On the base unit, balls with conductivity

{conductive balls, hereinafter) are placed in a predetermined pattern.

In recent years, as the portable machines and notebook computers progress in the direction of

. high speed, high performance, lightweight, smali-size and thin shape, the performances of a

large-dimension device and multiple terminals are required for the built-in electronic
components. In responding to such requirements, the electronic components are adopted with

the above area array type.

Methods for using a conductive material, such as a solder or copper, etc. to form connection
bumps include a pasting method for printing paste , such as conductive material onto electrodes

of the electronic components; conductive ball method for
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beconmes hi gh and the size of the connection bunps

becones correspondingly smaller. Wien formng

smal | -si ze connecti on bunps, the conductive bal

nmet hod i s adapted for nany cases 5 because the
~conductive ball nethod is advantageous in alignnment

.a roductivity f he. connecti on, bunps. ..
PR oA ST UE S ol Bl alhnE TR af P Redeposiing
.CO i on bu are. fornmed by, the follown

col i EARNERL T OB R L5 b BUEE Pl et et g eecrodes

process”

L - | der_.. t fl to.
L It e R ———

. .0 1 trod wh 0,.th hesi
forgﬁl;é fci'rlxagl;—]st;é% cotr}r?eﬁﬁc!megungpos fﬁé g;oncg.lr tgve;b urﬂfgh 5 er%ﬁé}? 3 pﬁpE)B]élg)é cases

has béeen prin

. begagge tﬁcg (faotnldlgcglg% E%g&&ﬁ%&rj & %%]\égtageg)gfls !nsalitcxr(])mcgn ééyu}agﬁ%n%?/dw%vity for

connecti o ptaci ng proc

mé&ﬂﬁgi&ﬂﬁm%gnductive balls onto the el ectrodes, for

exanpﬁe, I's disclosed in Japanese Laid Open
Publ i cati on 2001-223234 (Patent Docunent 1). As
described in the publication, the nethod i's based upon
Accerdins to theepiratipsireendadiive halt methed, 1% conswlicebunyslaksformed by
are held by a suction head using negative pressure and

thegfploving proprssas exlprimding nepcese lfgrqtringue edhegvemixpiagrsdh as solder paste
t hereon. However, the conductive balls m ght be

or et erteeptrgdes; 2 platihgproguefor placihg caduaive bills ostoahé devtrodes where
head. In addition, the conductive balls are held by

thetaBkesive awxildary hasthech provedt aral sshyetpi formihe pdeess tor hbming tHeeonductive

conductive balls are not separated fromthe suction
ballséatprvierronndadandivmphie suction force is rel eased.

Therefore, an inproper placenment of the conductive

balls 20 may occur. Furthernore, the conductive sol der

IRRItheS pADYE BebckR, bW o Bed IR SULdQD bglfsa&xtwfﬂllelt ﬁlgctrodes, for

carry electrostatic charges. The collection o

exa_ﬁgieggsrdi&%sb@ iPARPLRAAE £ g%g% %&@-cﬁ@@%&ﬁs& Pt F I Hent 1).

i S placed on the electr e renmaining

- As §9§c| il%d iR "i‘lllé b(iEa%URitF%ngthQ@%l b%sé?ir%p%étarsﬂct%n%chﬂsn{w that the

sti t he wor kpi ece rat her

be held onto e surface o

“soldP3and AR 1Rlesy Had8Hm HERl Sising negative pressure and are transported to the
_ electrodes to be placed thereon. However, the conductive balls might be deformed due to the
“suction force of the suction head. In addition, the conductive balls are held by the flux attached

' on the suction head, so that the conductive balls are not separated from the suction head even

though the suction force is released. Therefore, an improper placement of the conductive balls

-~ may occur. Furthermore, the conductive solder balls moving in the air by the suction head will

carry electrostatic charges. The collection of the solder balls aggregated by the electrostatic

charges is placed on the electrodes, while the remaining solder balls (remaining balls or extra
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problemw || be particularly obvious as the dianeter

of the conductive balls becones snmaller and smaller.

An alternative nethod for placing conductive balls is

the so-called transfer nmethod. In the 5 transfer

nmet hod, a pl ate- shaped rrask is used as an arrangement
baﬂ%r['pa S%%an? rﬁelci hrrltgl%%ee pa éﬂr’ nlt(heo (9’ Sulectel roec ttg%la nelé?rgz odes. This
R bs Tl ol R BBk PRt Srd PSR pf Soater
an Fm {% vvn as transfer) and are placed onto the

el'ectrodes through the positioning openings. One

exanple of the transfer nethod is disclosed in

Japanese Laid Open Publication No. 2002-171054 (patent

1o dfewatinerrpetixyd, foy plpamesmductive bdjsan thewsbicalted ttiapyferMogthod. In the

HO9- 162533 (patent docunment 3), Japanese Laid Open
tramyfigs|npegtedi coplatiishapa0ask 16 7E8 as a(nrﬁana@ﬁnedtcmmnwh@ thamughhole-like

Japanese Laid Qpen Publication No. H10-126046 (patent
podigeningeapenisds, coffesporplitedn theguermenithe 2ledisled s smed. SHiedbenductive

bal | placement device for placing solder balls on
balis| sypidigd ththe nasleara fyakiedeigtor the posgloninglopenmgsfithisopatiionis koown as

a wor kpi ece surface. The solder ball 15 placenent
tragpday), @@CF voMarddawty the plagdtodesathiouglt the gositbmirgvipsringsn @ng example of

restriction nmenber. The mask is used to cover the
the\iganidel metbodisdlisclveednindhpaness IeidOpemaPublivation NeaRO02RIG 85 hipatent

hol es at positions corresponding to the positions of
doqumesnipd)ufepaneseyLaid Op¢n Rubdicatigh @Yoe HOHE6253B dmtenbdddumentr3d, Japanese

capabl e of passing through these ball-hol ding holes .
Laigh@pen Peiblisgtiometha A0 m6733 lugeatenf alocunidnt i4hgnd hiepanese Laid Open

wor kpi ece and the mask. The restriction nenber is used
PubligatieadNa: Hi9-124046 retenindpcwperd).of the 20 plurality of

sol der balls that noves froman upside to a downside

on the surface of the mask in order for the sol der

"ﬁélﬂaf%mt chdlbds 2l cﬁgcfbséshaeso@ﬁ iohil BREAENCRER 'T%?Jlachlgéessgﬁder balls on

[ ng conduct1ve s are "restricte
fluxes that are applied to a plurahty of locations on a workpiece surface. The solder ball

placement device comprises a mask, a tilting mechanism and a restriction member. The mask is
used to cover the workpiece and the mask has a plurality of ball-holding holes at positions
corresponding to the positions of the plurality of fluxes, where the solder balls are capable of
passing through these ball-holding holes . The tilting mechanism is used for tilting the

workpiece and the mask. The restriction member is used to restrict the moving speed of the

- plurality of solder balls that moves from an upside to a downside on the surface of the mask in

order for the solder balls to fall into the positioning openings. The falling conductive balls are

restricted by the
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restriction nmenber, and can be | oaded into the
posi ti oni ng openi ngs by noving the conductive balls
at a proper speed. The patent docunent 3 discloses a
pl acenent device, in which the bottom of a sol der -
supplying head is in contact wth a sol der- supplied

resg\nétlo GIFV‘\IQ S{Ja%gltc%? Heg R}a%e?itrmtoihesposggxgﬁg &E&:@nﬁ%%%ﬂ%ﬂf fhg 8nduct1ve
pafefa b0 e q%té m of the sol der supplying head. A
p1 U BIPYYPST spherical sol ders previously supplied to
the solder- supplying head is advanced to the inner
surface of the bottom of the sol der-supplying head. In
Thyi patepd locumehty d Wighlotdser plesprot davecesml which sheplplttpinngf a solder -
hol es, the spherical solders are respectively supplied
suppdyingelpad ipih dohigctswitide solgaysipplioth sbjeft vitlere the solder is to be supplied
sol der-suppl i ed object. A discharging brush is used as
thegeon 0 4 seldefsepplriey uoie if slicoy tle wodrderfacugpthy bogpnu i the, solder-
and by sliding the erect front ends of the
supghlyenehizeadyi Agplixelits of spliveical opiders prevmuliplstpliad ® the solder- supplying
respectively supplied to each of the sol der positions
headfis advencso taldr imeppirfaedofohy ettom ofitle: solleesipplioguweht Indhis way,
di scl oses a pl acenent nethod. The placenent nethod
threughntird rewsctivn soldefsailying haléspihk ophrerica spldoe es gespentively supplied to
sel ectively form ng adhesive filns on the respective
cach Bf ¢heespldep dessticnm of theglollet-suppliied abpaep oAahischarging dirush is used as a
materi al arrangi ng and supplying process for arranging
tramgfed dovippiya..ng seldgrosupblyingt wnit),adndoby sliving €mperedti fumt ends of the
adhesive filnms forned in the adhesive filmform ng
disghatpiredsyshathel cenductive bxlisrrge wrmcEsty supplieded tdch gf thk eolileipositions
material supplied in the joint material arranging and
of theimbdey-supgliprabiress and then affixed to the el ectrodes.
A ball arranging mask, i.e., an arrangenent menber,
i s disposed on a wafer. The sol der balls are supplied

'1@1@ Qteth:loElﬂxge PRl cl@ge@ %g)gd g‘g?ﬂéhl()d TITﬁe Elgéegx%ﬁt Igahr%dsco%{p%ses an

transporte |spen . trans

adhgﬁﬁé ?iﬁ)l i@]?lgfl ?oogésa dse 1\%2@ f(ﬁ-lnﬁ%t E&QS% %Mncﬂletllgﬁaectwe

esi ve are or ned.
electrodes on an electronic component; a joint material arranging and supplying process for

arranging and supplying a joint material on the respective adhesive films formed in the adhesive
film forming process; and an affixing process for melting the joint material supplied in the joint
material arranging and supplying process and then affixed to the electrodes. A ball arranging
mask, i.e., an arrangement member, is disposed on a wafer. The solder balls are supplied onto
the ball arranging mask. The solder balls are transported by dispensing device (i.e., a transfer

device) and are placed on the electrodes on which the adhesive films are formed.
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The patent docunent 5 discloses a placenent device for
pl acing tiny solder balls on a pattern forned on a
substrate in a ball grid array device and a hol di ng
stage for holding the substrate. A mask having
gui di ng hol es corresponding to the pattern on the

%Heg}ia‘ttenﬁ ?ocumint SStJ; s((:zleorses a 8@% &e\B etfor u? tmy nsﬁgg Ot%ﬁa E)rtli] ggattem
fo %Q %}1 L trateA mbatbr%ﬂ ?grlé FAPR wo an%fa hg)?d’n%%sg Q%ldg'mtl nsgbstrate A

I Sp OSE over e~upp e surrace

magﬁ hi‘ﬁng%?diﬁ(jh‘ﬁ&OC%%ﬁwgﬁ]dl}l he HJ) E Eﬁ%ﬁn:olill; he Fu StﬁTT %(irﬁlé solsder balls is
o, S s OB A

h%nl k. t o?der balls are

ca&%le%? h(l.) %Btgﬁi)f I.%EVIIan I fd%f)%s%d over‘the ulpger sulifaoe ogt s

requi red por mask a

he Lran fer thod, sin .
-dtsggser‘ij Sh theaueppéaﬁrgmeaof tth foask. ngg OneE, thet solder balPs fall into the

onducti v re placed y grav ty,

h bl
Uuﬁg%%lafgggﬁ&% Ehethénelz nlta(l)l &novinﬁ dge)iltﬁe biage JPh solc&exhballs are

SO ion, due™

scr%pee?itug t)%: Eoll%ae at o%rh gtdg' b t%e and SIt tel rg nulroe Fe){}rltxg of tt‘he rPask are

'ection o gr éga ed Cont i's no
h Iectrodes even though the conductlve
ph%%ﬁ%ﬁﬁgggﬂ%%ggﬁed Since the portions other than the
el ectrodes are bl ocked by the mask, the remaining
balls will not be placed on the 15 undesired
Ipdhe ronisr njetad.evince Doceondurtivd ball apaplesd Hyagravit@pie s advantageous
Publ i cati on 2001-223234 [Patent Docunent 2] Japanese
that_gliedprojems Pedvited dn itensu2@@2meiad 540 bf Ralverht IDeddinentduglo the
Japanese Laid Open Publication He9-162533 [ Patent
resiDgtiemeithe die Jdlrapreition bpinthgOhe nolkatidn ofthé agpr@ied c@@7GBE balls
20 [ Patent Docunent 5] Japanese Laid Open Publication
is neppl@ed 26 O lecBodds weed Alyasigh theeomslugttterbolts ave cloinged n Sintstha pertions
required to have nore termnals and be smaller in
other than the electrodes are blocked by the mask, the remaining balls will not be placed on the

undesired portions.

[Patent Document 1} Japanese Laid Open Publication 2001-223234
[Patent Document 2] Japanese Laid Open Publication 2002-171054
[Patent Document 3] Japanese Laid Open Publication He9-162533
[Patent Document 4] Japanese Laid Open Publication 2001-267731

-[Patent Document 5] Japanese Laid Open Publication Hel0-126046
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size. In this case, the nunber of the connection bunps
i ncreases trenendously, while the pitch becones
smal l er and the density becones higher. The di aneter
of the conductive ball has to be 5 reduced to 100m or
| ess. However, problens occur when the dianeter of the
conductive balls becones snmaller. Regarding the
transfer nmethod, if the diameter of the conductive
ball is small, the rate to fill the positioning
downadany ttkedectasie somkinente fre reguired dravé maredérntideés and be smaller in
el ectrodes is not placed with the conductive balls.
siZEh s thistdase, he agwbenf theabingctis: Yuops idsteyses @dueslduslyT lndiile the pitch
pl acement ratio is defined 10 with the follow ng
befanayginaller anththe density lsoadesdtighee Tiwldisnepdr at éhe carluctive ball has to be
predeterm ned positions / nunber of predeterm ned
reduosd tbil6fsn bolelre Hilwaee Cprolfpacodeciucatidnythe digmet@od Mglcenductive balls
when the base unit has a plurality of electrodes, the
begineeem@irk. ratio i s defined as follow the nunber of
conductive balls placed on the electrodes / the
nunber of the el ectrodes. Wen the di ameter and the

g%%?dn?%f tﬁg Frgns Ongr gt ,: %gl gllnleﬁe{ 8 rﬁiggt vetbh lls%gﬂgﬂ ut%t ira%ee to fill
f al th t
the V£ %ﬁh]ﬁ}gc? gpe%m d\é\%’ ase; S U]%le e oléee fre]llpﬁ 1011.19%@1&: C%sﬁt&ﬂfé? }s\}lg\/\%gcrefl gwth the
co%{ugttuﬁae%ﬁ e.q"hﬁ)sntlhﬁg) ac%l};ﬁe 3%8%18 gseéoggglg {%‘,"g‘?ﬁl 8 pYacemen?ra%o is defined
d t | ..
L
d.h th t .
) °rf§¥$d§2%%et%rp8%}€%“évgenplf“hg T —
has A4 ldraﬁ oq efe &eacglglreg I ra%lo ds (gﬂ%g%?s etllgl)ﬁ%% dh%’ﬁ‘gfg’%f ?fﬁ:gnductive
IIs t.hat i nto the positioning

| o
bal?s F?Tacgc? (t)n tYl? al‘e? ro\gmest/ﬁhesnrl%lmer ogr%e GZ%(/‘FT % inmpact with 6 the

flux. Further, the contact area with the flux also
becomes smal ler. As a result, the adhesive force
PBEhensbadininetercand daschisy ef thalcbstuating batieart lange, the cemtuktive balls that
Thus the conductive balls are
are loaded into the positioning openings fall with sufficient energy by their own weight to
impact with the flux. The conductive balls are placed on the electrodes and are firmly adhered
to the flux. The contact area between the large-diameter conductive ball and the flux is large.

Therefore, the conductive bails that are firmly adhered and held by the flux are seldom

separated from the electrodes even though they are being subjected to external forces.

However, if the conductive balls are small in diameter and mass, the conductive balls that

are loaded into the positioning openings fall with small energy to impact with
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easily separated fromthe el ectrodes even though they
are only subjected to a snall external 5 force. For
exanpl e, when a flexible dispenser is used as the
transfer device to transfer the conductive balls to
the positioning openings, the front end of the
di spenser is disposed inside a portion of the
positioni ng openi ngs, and the conductive balls are
scraped out by the front end to separate fromthe
el ectrodes. Therefore, the placenent ratio for the
theofhgtu crther, tiad taitacedige egth ths fluhelsdi @owb@rsniplieomds a result, the
smal l er, the conductive ball behaves |ike powders.
adhiehige Bf@rbetweeithe cdiucoribalistdand thedfux tisvenalln @hes the cdndnatiee balls are
(gravity) becones relatively small. For exanple, since
eas|i sepagdtesicliror thieceletmprs reve thoaghethem mafaalyt mbedted to anmall external
at nospheric environnment, a portion of the mask used
fores Férecxamplangheren flexignisiepense i usalr asythe tregsfar alsvia¢ kctransfer the
charges or adhered with noisture. Wen the conductive
coriglattive baliseto ltimrpyeitipminglopenmee theafioht pisef the dispenseeistdispbsed inside a
force (gravity) dom nates. Wen the conductive balls
portipeof thapesttoning dpdmyngs.lad ticspedwsiéve halleare sdrgpermsikbyche frive end to
conductive balls 15 are | oaded into the positioning
sepaprfianyds clediedeso Uihengforn tiapdacevant bxab ffe theaopadistifd badls exdoces.
inertial force (gravity). Therefore, as described
above, the adhesion of conductive balls to a portion

JQJ the Hﬁﬁlegpﬁéﬁoﬂysesxﬁaﬂele h‘%%ﬁ&l%&@et Baﬁ(})céﬁ%ﬁ% t %erefore the

dom occurs. I aneter an

dorﬁlﬁﬁgﬂcd;f' tHE 1&&431 Cﬁ? ﬁ@écl)lﬁés' reiah@elmglll t %16 eﬁﬁ'ntptleh Qince the

adhesi ve force atlc el ectricity or nois

ele&ﬁﬂlc%olé\g&gﬂﬁ a}%&%ﬁ\é@%{a ift QHB@;{&@ﬁ}% Elnnrggrﬁent %Opdbrpﬁ Jﬁtﬁe mask

force raV|ty ore e conductive

usefa tl?éjg}‘?d' %ﬂ]&%ﬁl}: In%/egﬁgrp?rfﬂst:%r%él%o&&?cn& y%)( a&lﬂ:? éis'Hﬁltl rrﬁ)msture

orce, not proper plraced on t

Wh%ll &1%‘%:5 Stﬁfe balss dfe 1 %g%&‘bﬁme E%d magagﬁﬂmﬁ‘tlaﬁ ﬁ)‘i’(’: ea@ (c‘lgr?unates.

In addition, 7 as the con uctlve ['s are a

Wht‘:llpﬁle %&Hdﬁ@tfv@ leFs ah n@ﬁgd !#gtﬁg dlggeﬂg:e? ge 1ihern‘?'atsf( S tﬂg anlaﬁctlve balls

conductive ball y a si I Spensi ng operation Is

are 1QWed M fre pgsclHt!mﬁng (ﬂ)ef?i!ngé’, d ﬁﬁfvn?é cdrlaARRE Bhils have sufficient inertial

force (gravity). Therefore, as described above, the adhesion of conductive balls to a portion of

the mask due to electrostatic charges or water seldom occurs.

-As the diameter and the mass of the conductive ball become smaller, the magnitude of the
adhesive force due to static electricity or moisture would become large when compared with the
inertia force (gravity). Therefore, as the conductive balls are adhered at the positioning
openings by the suction force, conductive balls are not properly placed on the electrodes. As a

result, the placement ratio reduces. In addition,
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operations has to be perforned. However, the plurality
of transfer operations will pronbte a phenonenon in
whi ch the conductive balls filled in the positioning
openi ngs are scraped out by 5 the front end of the

di spenser. Therefore, it is difficult to inprove the

as Q‘(ﬁfﬁgo%ggpltve b?]%s arg adEere g:ﬁ%h%?sréxrnacl;encl;}gtag gr?clg]a Q[El ][%ﬁegr%!ﬁ,{a%ge of the

co%{éﬂug{l %eolﬁag‘? a%in eaﬁiinem 1%%%[) élto{lhe F}ﬁze %‘TEE%%WC%O g‘%%@%n{t)f transfer
f

BB N3, Pl ey O s s

th I ts. h
phlhodip %“315@’% SRRl P SialAY {3 Re BRAGE R BerSoed out by
thet Frl l%k%‘lgs& th§ acftilsgzgserby erefoge fxtf %r 1cul} qg &%lgi%ﬁegﬁ?e {)]lgcement ratio.

t ween € electronic

Fuﬁhe%{rnre %Scoz&ucpve %H]? tdﬁ)erecrI ?o Eing nn?a'légt@rﬁlgp%tglﬁr e%:%'io ﬁle mask.

manu Ing con 1 ONS,
w%hrré}ﬂi%% t(rﬁtg ﬁna%lp ?rom t c elecg{] Im.% c%r%ng tg rhr:%acé)EdugE\gealgalls a&hereedn[o the

ma%lg 9/?1 g? ﬁegxy%gﬁ 01T th%argasi( S‘ﬁllnf?lF %etfw trehan tth S%{Jlt%] gﬂ‘gu ofJ tge conductor

conductrTve
Cnaﬁgltlonlng openi ngs 921 wi || escape through the gap
fail to be placed on the electrodes 71. As a

result, the placenent ratio reduces. In addition, the
escaped conductive balls becone redundant conductlve
AHuhown ircls 2i(e), the sleotranicparts bastunavoidahle defoonatisos, iswed as curve and
pattern. In addition, the escaped conductive balls nay

varggdipre plethe idnesh eayred bpthe diffesenod of thhrexpehs@mtrate Hetsrediiltha pldctronic
the plural of conductive balls may link to forma

partsr ] ahgethe dectiphesi/ It dratuemies the icsnduoter patiemedt theymbdigacturing conditions,
el ectroni ¢ conmponent, the flux being applied on the

ctee |As dha e 92 npgrraagéreons thmeledwenic mopponaat] 1. 8 gap bétiveen the electronic
positioni ng openi ngs. The 8 conductive balls | oaded

compenent t7sad gheghask GRiingeatese n'WVhepstha pep is dqpgantisa thycanbiectif¢ biadl, the
attached on the inner walls. As a result, the

condiciive hallstloaded inghe pebitveing obenimpd AR wdhescipeahrough thydh apommd dail to
case that the

be placed on the electrodes 71. As a result, the placement ratio reduces. In addition, the

escaped conductive balls become redundant conductive balls, causing a short circuit of the
conductive pattern. In addition, the escaped conductive balls may adhere onto the peripherals of

the electrodes 71and the plural of conductive balls may link to form a bridge.

When the mask is positioned on the electronic component, the flux being applied on the

+.electrodes may adhere on the inner walls of the positioning openings. The



flux is adhered on the mask and the nmask can not be
separated fromthe el ectroni c conponent. Regarding
wth the transfer nmethod, the conductive balls which
are nore than the nunber of the electrodes are
supplied to the upper surface of the mask to perform

. 1 f tion, . dth dundant duct i
D R BT T
. I | l.ed ci [

oo 5, 8 By TR BB U PR e o

r the transfer eratio the fl ux.m ght

Bl AP B il s R v e B et B ity poment.
ball's on which the flux is adhered can not be snoothly
| oaded into the positioning openings. As a result,
Rdgardinigaidrtbartransier mgthpd dicesduchegyballd midphwerrd more tignfthepumber of
issue, it can be solved by cleaning the mask and the

theebnqierdss argesuprietl 49 thiswpper iverfavanfi fhaobask itnperdos tthairdnkfer operation,
i ncrease. SUMVARY OF THE | NVENTI ON The ai m of the

andetiyp ordivedant epndrctivhballs thes enetnot Allesinnitinpdsitioniog ppairigsl ereapcycled.
i mproved placing nethod and pl aci ng apparatus for

In wpsi chaey thoredyaded eopdustive balls mreaused detshenent rebfgaiptretion. During
onto a base unit where the conductive balls are

- performansg ol the eensde reper@iia, dicrflusfmigltdeadixoe eretht somiactiviedalls. The

present invention is to provide a placing nethod and a
condiciict hyflsaqmpetiielt the Mo s aslberddicani noe b ahdahly leddedintd the positioning
capabl e of inproving the placenent ratio of the
- opepipatl uds iavesubathp plagemenh entib asdicesni Regardiygovitte the flumisfic, tihem be
enbodi ments of the present invention is to provide a
- solyed & cleepivgthe mdskaand the copdugtiverbglla pptahamasifachuningbest wilk iherease.
remaining balls are difficult to be adhered on the
base unit. 9 Disclosed is a placing nethod and a
pl aci ng appar at ugypt AkﬂkﬁhTﬁ%h§§EN@kﬁqconductivity
are placed in a predeternined pattern onto one
surface of a base unit. In addition, the disclosed
conductive balls may include using netal as the main
The aEm iog|t1,1e gphodiments g‘nt,he @(ﬁsenAﬁr}vep@qn Wto mqvi%a}n qup,roved placing
etc.. Moreover, the disclosure also includes
metpeshandcplpcirg apparatus for placing conductive balls in a predetermined pattern onto a

base unit where the conductive balls are arranged thereon. One aim of the embodiments of the
present invention is to provide a placing method and a placing apparatus for conductive balls,
which is capable of improving the placement ratio of the conductive balls on the base unit.
Another aim of the embodiments of the present invention is to provide a placing method and a

placing apparatus, in which the remaining balls are difficult to be adhered on the base unit.



ball's, in which resins such as pol ypropyl ene,

pol yvi nyl chl oride, polystyrene, polyam de,
acetyl cel l ul ose, polyester, etc., are used as the main
material with a conductive netal (such as solder)
coated on the surface of the ball. The discl osed base

ni,t i.ncl ud t i, ts.usi . .
T DR BBl S LM ROTRR 3D Dyihqguciviy e
hggnigo&%ggtordde icqﬁ %g%%&g%f sgbstr.tes and their

plagefdk & FEdeioriiyd PRI PSP PEioE 2 B5RBBient s ot her than

chi ps, substrates and their packages. In addition,
parts for form ng the connection bunps on the
laladditiorp the disclosad enmiut tive baldhmasingadd singtnetad ag themain material, such
conductive balls are arranged for placing the
as Boridudw ve, WalNisMonAk hac.elMatowenithe gisdésste asoeinehdes conductive
i ncluded as the disclosed base unit. In the present
balisnvre mthich nresinh euch aspeolydroftytese.s pelfand  abforidtepdimseengnipblyamide,
on which the conductive balls are placed is not
acepydgetlilossl polyapter,ietr. tasclused heths maapematerial vethsuedhdotivo metah@uch as
base unit can be planar, curve, concave or convex,
solder)coatedomihe sapecttthe talere i s provided a met hod for
pl aci ng balls having conductivity in a predeterm ned
pattern onto one surface of a base unit, wherein the
’Irﬁgtd'i‘sggsédnﬂajsé" Q{fﬁ% nﬁyfiﬁd'hﬁe etc&Bnic %&q@eﬁgﬁﬁﬂ céﬁcﬁ&ivellﬁlls as the
the first step, ah arrangenent nenber having one
cor O e AR gt RGP 1Sy R LI, SRERLE BRI, and
- 0 e ace
ot PSSRl SRINED P RBGENE Bnd ek Moo A 1F MR pans

: for ¢ Igﬁgg %E&tnnéﬁg;? %{lrrrl%sz r(_)f’? Qg(ﬁ gie%lﬁ%niép Qorhy fef fuch uarsf ;@a?t@ g\,gl{ere the

rangement me ositl onlt ng openi n

conaﬁc@ivegglgragee&rang&" foﬁﬁﬂ@pg h}{é%ﬁh&cﬂveot@atllg gt %esetﬂ&t}mgg ﬂ%nst, B& also

openi ngs are tnroug e one surface to t

inclﬂ&]%talgﬁ{edﬁglroge%%gse it he base unit for allow ng the
balls to inserted therein. In the second step, a

.In the present invention, the shape of the surface 6f the base unit on which the conductive
balls are placed is not particularly limited. The shape of the surface of the base unit can be
planar, curve, concave or convex, etc.

In one aspect, there is provided a method for placing balls having conductivity in a
-predetermined pattern onto one surface of a base unit, wherein the method includes a first step
and a second step. In the first step, an arrangement member having one surface, another

surface and positioning openings is
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transfer device is noved horizontally with respect to

the one surface of the arrangenent nenber and the

balls are placed on the one surface of the base unit

t hrough the positioning openings, wherein the

transfer device has two or nore |ine nenbers of mhich

t.he core axes sta ially aligned, and the |line
ST R gm@ttﬁ%ﬁffa&??%w Frit Gpposic to the

capabl e, of. being.in ¢ with the b

ong EJ‘B%'F‘? e BROTREL Bhgvia e e it B st oneier S opposic

o R * S B T et mefbisinaid B oS Fryihe BHGFHEAre amanged
f nb
coRtiRoRi Ben bifert iR G IR0 o oes i RY BREY P @8&%‘5&“) the

one surf

<RGBS L o s AIoB O e ??Sl%%&(ﬁ R Sy e sep.

oA PR BB R SRR OB "R GNUF e momber
oo BB v s &Aﬁl‘ﬁ’tag?e raBgGpf iﬂeP%fE.u%Eer b B o gpenings.
il BeChraf o R 2 PARDRe enbeitoet PR abbice anes e
suiea b GRS i B B PER SR G et byl Sl B
e o SRR ar kA s i o o ot i saemen

nﬁ n a substantlally hori zontal manner with respect to
“bal | s supplied to the one surface of the
arr tal nove

nber . the h t
tr aﬁgﬁg‘%‘?ﬁ% loupEB iR T apat ERRPTPLRr RIS Buretungy it the
the | d ded into th
"y %ﬁuﬁ'f%?&@??#@g%?”ﬂﬁlé?{eﬁ%ﬁfgg PRI 15 e aepaass Tope DG it

fer devj intain ner t hat
Wi Pt Pl el OhEPR Rl BraoLt PRk bl ‘?‘ﬁ g sufsce
_ ? t.hus are noved q?rlzont .
iR Shonir %nﬁ " Ppgrg PR AE T e g §  pattem
ﬁ intao the ﬁlonln eni ngs. H l1s, which
in \gﬂlg he openings are ug from on ace to the ‘another s ace of the arrangement

member for allowing the balls to insert therein. The transfer device moves horizontally with
respect to the one surface of the arrangement member, wherein with respect to the arrangement
member positioned in the above manner, the transfer device has two or more line members of
which the core axes are substantially aligned. The line members are arranged in a substantially
horizontal manner with respect to the balls supplied to the one surface of the arrangement
member. By the horizontal movement of the transfer device, the balls are captured and moved

by the line members and are loaded into the positioning openings. On the other hand, the
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| oaded into the positioning openings and placed on the
base unit, are seldom being scraped out 5 by the line
menbers. In the above invention, the placing nethod
preferably conprises a step for drawi ng the
arrangenment nmenber to the one surface side of the base

inf st o SRR el BT POEET o d SR Aiparalll
he anot rface of the, arr enment
ity R S o PG ey riercel AR SRy RS i Thretore, i

i de, of. t he base

10 f
is GG 5%%@%? TG A lfoaﬁlgmngﬂsmféf IHE biflse VR are

ioagg(ggfoﬁéee 10%11{?1% Hg%gngg E{% ?1%%& %g flf érlﬁtggrl r;gldglg %emg gcréped out
ar.res ding to a pattern in which the openings are
bygﬁéﬂgag?ga?he one and the another surfaces of the

BT GPRE R L B p RS i FFFBAO et oo i drving e

. t f f th .
i R e R T

AR ﬁ%%%§@6@8515$ﬂ%t?%5$ e Pt B A e of e

o BRERFUAEAS R 56 0 A b A oL AT o v
e L
oA SRTEbTRERY e 5 BEE T B R o s
cop R RIS %’F‘l\/‘f‘el’i“ SR S hinadS g AL st Seces
o PO St e 4 B R
of bR e iR S Tnbe BT ot Pop AT Lo, Wi i
cREARERE TR BT o i B PR 06

e bal | s. are ced is 1o
are place(? on the one surface of rBe %ase unit througyl the posmonlng openings. Since the

-arrangement member and the base unit are closely attached, the balls are kept at the disposed

- positions and can not be escaped from the arrangement member.

In the invention, the placing method preferably comprises a third step, wherein a low-
adhesive temporal fixing film is formed on the one surface of the base unit, and an adhesive
strength of the temporal fixing film is increased after the second step. According to the
invention, the balls are placed via the temporal fixing film onto the one surface of the base unit

on which the low-adhesive temporal fixing film is formed.

12



chances that the tenporal fixing filmis adhered to
the arrangenent nmenber or the ball thenselves are
low. The balls are tenporally secured on the base unit
by the tenporal fixing filmin which the adhesive
strength 'S increased Therefore, it is infrequent

e. ba

h
Smce ﬁleI af/l essgﬁg’rres § ﬁr oM pﬁm E%Ps{l%tfgrhll eref"vtllé?\; b%ﬁ%{]h Eﬁéﬁ/low the
cha%ge% t%gt {lllg teSUb ef: )%1ed fII 9 an%ﬁere gg %‘?aéé%?egk) lnifmber or the ball
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ST B Dt o T e
o SRR 5L RO ngeL MG VERLLOn LhE

dsive 'S or
n}ﬁt?e base unit. The balls are placed via

subfeﬁ{ed A5 exth arce,

nporal 1 Xi ng frlmonto t he one surface of the

?r?%e%got 1r(1)vren¥m 1, %\h acmtg et%—og re%eraﬁf)? CC‘):II?I 28y a{snep fl]pr% A gmg a low-

mis orne eslive eng

adh%ﬁx@t%gtﬁoral tlhxm rkgmfc%n tﬁn onte %CF eF thQ gas ?ﬂe ?]Ig tl}e&&%s ey and a third

ora I XI

h h Kk
stepggc!g t h%%as?ngaatrjt) aswears e F‘E IB%(P% xgritg ?ﬁré %g%atﬁe s:gcronc"f1 step.
es._ar.e ML d| tion

I
AccortF ngt?) the tnveqtlptgi t ca:l\f)?\g RIVE ﬁ%n%’éﬁ éix g f?m BP Rrs (%nat#}%gx} ﬁurface
t
of the éas ll"H]erhﬂIs &S opclacea Vi 4 fis EG§P1§Fﬁ§ : g[]ng f){;]]tg t% S $ne swif?]cg of the

bas%ruglt to%”@&%ﬁ'ﬂ'tey lotvl Xd%d vaer ’%m?gréi gX%%efﬁrglr %t n%egt e 'n%eoﬁte adhesive

uni't even houg

stren% f Qﬁe te f orr)r%Fﬁxm lm W tepeg %SHeCt :1' ‘83’() oyl d%g I11hat the

et

ara acCl ng
temgoraf f: G r?.%ﬁle 13 agl:%‘eﬁegdo cgr}ptétg r? 2 nogmeo nﬁ%f:’nl =3 e(gucg gsa g}asl%‘?{gae%tmn head)

nmher e.surface
all

h
for trlg? actnﬁeth%r%l\{sur Sc& a amseg"c?%.a{t t er Sg%h&hg@g é-ebﬁlis are
temgo 91 a{) )%eldt | qg%ga%e ut%?gy H’lg %en?pro?al %rx{n% r}gt%qn (\:wv h%%ep aodlljreswe%trength is

increased. Therefore, it is seldom that the balls that are temporally fixed are easily separated
from the base unit even though they are being subjected to external forces.

In another aspect there is provided an apparatus for placing balls having conductivity in a
predetermined pattern on one surface of a base unit. The placing apparatus comprises an
arrangement member, having one surface, another surface opposite to the one surface and

positioning openings, wherein the positioning openings are arranged corresponding to a pattern
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such that the openings are through fromthe one

surface to the another surface of the arrangenent

menber allowing the balls to insert therein. The

pl aci ng apparatus al so conprises a transfer device,

having two or nore |ine nmenbers of which the core axes
l.aci ng.the

bst ant i II | | d. . Wi
sofl ol RS R B i SRS SO0 oGP 1O (PR S of the
arsrbg%alsr""r%%abs?%f@%ﬁ°§qrr‘3rw§% ér%%%sgfém%"?apara{ afo comprises
fer device a

2 taarlrf‘arn% 8 %a;gﬂgsfrrssor il Erﬁ S?e‘H%‘?’? Q%WEJ:F ?‘hencaﬁenaér: fig stbstantially
sigitd 3 tegvrr%%rréﬁ[} FlRtE SR Be L ABR IRV adrad that e

spect .to the one.sur

anrg a sgrr algcg r?& gﬁgﬁrﬁngeﬁig%%?nbe%t? oﬁg?lét? &8 5 ope srtrﬁlcée off tﬁe Ease unit.
adc!hp ?ﬁj 15 P%e' BIS%IE TS 81;13% tpﬁ%ﬁ}e'é\g%%g%rg aptﬁ%:?:dﬁ]éasnﬂsg%ﬁglﬁy horizontal
megita ST Soa e ST SUBREL AU T Skt Ert%EFrE%'g‘a%ni fnnd e

Lone rface anot her ace
tra?sﬁer (?eéqrc]:ee 1 szlzogé %I%DVB% SWI Fﬁeﬁt tso B’rgncfnﬁ gs %t[ ?hﬁ arrangement
nm%%SItlonlng openi ngs are arranged correspond|ng to a

Ftern such that the openlngs are through fromthe

t t h f th -
bl bk M onling PR a? %Taelggreﬂ@arrlber s positioned
ar .
in 4 e El‘\?h‘ﬁr AT A aﬁ%t?ﬁ?%rgﬁt&r? SFaofetc pguapgsurceot

th f th \
i B er a0l b 307 ned o e it o o
f .whi. bst ant i |y
r“rr'fté“ne i S et %bdﬁtr%r?ﬁlsow%%ﬁpgﬁ%%&%r”aﬁaﬁgf-‘fiwaffssrrgndmg
e, hori

to SRS oo s AR B 6P A o gt g rgtieP ke o the
d h ]

afffé%&%% %rhrrﬁs %&”‘Eﬁ%‘? ?&rl%fﬁ? %ﬁee%hsr%? g el_ata?a%rﬂanged ina

Subst%f'ﬁ&“rr&wﬁaor'ta? R . st o, e Baily ngBE% r'onwsrf?rw of the

he one S ﬁ(tt‘.le of .t he . ar enent ne

arr%g%calt H‘Jg g rfivfer \&; Frzgll thor morerrl%e rriem%ers 0&‘ WHJCh the core

axes are substantially aligned, is moved horizontally with respect to the one surface of the
arrangement member. By the horizontal movement of the transfer device, the balls are captured

and moved by the line members, and are loaded into the positioning openings. On the other

~hand, the line member of the transfer device is kept in a manner that their core axes are parallel

with the one surface of the arrangement member, and thus is moved horizontally. Therefore, it

is difficult for the line members
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is difficult for the line nmenbers 14 to enter into the
posi ti oni ng openi ngs. The balls, which are | oaded into
the positioning openings and are placed on the base
unit, are seldom being scraped out by the |ine
menbers. In the above invention, when the another

surfac the arrange osi tioned
to %?ié‘&?glgpf’%“%% BHE é &ﬁ%\&%ﬁg‘f T%’rf’é lséé miffhe P"%{“‘i’“é’%% Qenings
a, di st et fromthe one surface o base
an fﬁFPiaﬁsi @ C‘BFFe““é‘u?IFé nb‘reniaféfaa?dr%b%%ﬁﬁw ‘HE‘H‘B"éSr to a
dla % d of .the_ ball tisfi Pe condi tion g 0. 8 ed
"‘%oﬂ gve VRO LS B er Sy % ¢ MERBEELPERPH 4 m&%me
romthe one surf

hole gettin d
onfight b e~ hedee g g rifo A S o & G L e HAce of the

surfac S|de t first ta hoI i s hi

bas it S B0 Bt BT b OO i CBTECLUPT B BAIbgeasties tre
the base unit. Acc to the invention, when t

congifionipd -85, F'e ac]e4 o?re?eﬁaglya d’r‘i’@‘@?ﬂﬁ?ﬁ ORFRIDE dips fl {irst taper ho?e getting

ositioned 10 opposite to the one surface of the base
Wlff?ﬁ from th epeauriace 41 the apthes serfese.4é a ciestrling 3 thp engyeface side of the
surface of . the base unit to the one surface of the ,

ﬁr% FaPsiiplanie hicharethitiethe centy ofitherkell @facerl of theipae prgfape of the base unit.
satisfies the condition of 0.8 < t/d <_ 1.4, a

Aceqrdipg o thy ingentigny when g anofhet supfacel of Rercrangrfisnt wmember is positioned
posi ti oni ng openln% In addition, each positioning

PRSP A I SurfAce PF B Dasg Y SHISP & rajierof ¢ HitaRplelFom i ene ﬁ@face of
one surface to_the another surface, and a crest |ine

thebpseynit ¢ His oap prfeeolshejamaeemes MEMpo £ SiEtete g|0§ thedalf satisfies
hi gher than the center of the ball placed on the one

thesagpditienaofof.8 tshéd sak® aipliaralityTofdralls ol noteheelpadadhisiggthe apsitioning
external force acts upon the balls that are | oaded

openingd Inhddipers eachpsitiepingrpahingkasadigst tapkoledagetingtitiéer diom the one
surface of the base unit, the balls are restricted by

surfahestosthel enedlicr surfiee, tahe a foreststine at theeme hwrfass sidn df theffirit daplet hole is
to be detached fromthe base unit. In the above

higher\teantthoeenter lo€ the|ball @lmeed oraihp anaswiBcpeicthe badsupit. Therefore, even
conprises a pulling unit for 20 drawi ng the

thowghy anegeammah forerearitreupon Whecladls that hre lgnded intgythe ositigréng openings and
arranged in a way that the base

placed on the one surface of the base unit, the balls are restricted by the sidewalls of the first

taper holes and difficult to be detached from the base unit.
In the above invention, the placement apparatus preferably comprises a pulling unit for
drawing the arrangement member, wherein the pulling unit is arranged in a way that the base

unit is in between the pulling unit and the arrangement member wherein the
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unit is in between the pulling unit and the
arrangenent nenber wherein the 15 anot her surface of
the arrangenent menber is positioned facing the one
surface of the base unit. According to the invention,
the another surface of the arrangenment nenber is
siti.oned.facin the one surface of the base unit, )
onfi e e A et D BT MG eEHte T gpy Sioc o i base unt
surface,o e one surfac

h i d .. )
AGHIBT e Ry eR s R SR e et i e R, B Ra ytiongddfacing

5 ding t it h, that t
o pB RS o O BRESR b B B R S el e iy, anothe
Su%n%%heg.gyn ace of . the arnﬁn enent.neanﬁ-alLom@n thq}

A 1ORPHC (O 18 e TRaAPA PoTiHoT Pepiags: anq e PRyjiquingppoaiigs are

eriffbl) op R R P 2R S R S o o R R Gufece and
theaar}l%%%rhs%r c%lcﬁf igpegﬂﬂ?ﬂggie%{fiﬂt?%%bgf' %[?S@gt:tgeB trtange nt, In thi
L~ S Ch]él ?I'GIH n this way,
Hﬁit,ralq [ 2To el attached.to. t he gfse E?f.llg_
the e, 11 Tor, g e atrapemPl TbY i affonesd S Vs P g goveen
f th . d th || I d
o SRR TET by TERRE i SIS B baci PR 8un o
it i i . i th 1. d
PR R PRSP 095 s D50l oA L BREER R TRt
f th t 119) k
o HEARF L e BB PR 2 ol 5 Bgfon oo

| ac t ref er abl conprlseﬁﬁthe base uni.t

t
sunfucE f 1€ Dase Tl Hyepeh thE aekioniig eleriie Singt Hg PRTSHRER, Hgper and
. th f : t. | fixi fil
o} i FREORDY R, BF o b BTRE frdemet i B capiginent member and
t t h. of he.t I fixi fil A di t
ars b PR BB PHE Bl 15 fr s placed on §he one surt ace
base unit ,vi the t al fi

h . i fil . )
0y 1 S e e Pt SPPAERA Bttt O ooty i upi Beving
t I fixi fil i i d by.th | )
a 1oF RV oot tpieoin ool o B e optincst and £ o figing film
re t |1 y . 20 | h b i ti .. the
e Gl IRE "o ke oS iee BF apythen AR P PRI, faetording o

thefilln)f(elng&, the balls are placed on the one surface of the base unit via the temporal fixing

film by using the placement unit. The adhesive strength of the temporal fixing film is increased

by the temporal fixing film deteriorating unit. Therefore, the balls are temporally secured.

In the above invention, the placement apparatus preferably comprises a temporal fixing
film forming unit for forming a low-adhesive temporal fixing film on the one surface of the base

unit; and a temporal fixing film detericrating unit for increasing the
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filmformng unit for formng a | ow adhesive tenpora
fixing filmon the one surface of the base wunit; and

a tenmporal fixing filmdeteriorating unit for

i ncreasing the 16 adhesive strength of the tenpora

fixing filn1 According to the invention, the

m#adhe g, filmis forne by, t he .
s S b PR 58 g fh%f’&dmgﬁo dheohioT b [fiaduosive
l.aced on t

R T P A e S
ba%eiy%néulfs EH%B%JP %rep I%I%Fcﬁ&n ; IO%] F‘tgfaf ftg%grg;gﬁlle)xy ¢ rtglggorfg f(g(mg film

AT 0 B B

e L oD e S e B DR o B G el BT

enbodi nents. FIG 2 is a S|de V|emed di agram of a
pl acenent unit according to the first enbodi nent. 10
FIG 3 shows S8RICIDBESCGRIPTIIN Ot THIEDRAINGSonduct i ve
balls are placed in the placenent apparatus of the
first enbodinment. FIG 4 shows an arrangenent nenber
th F :
G o DA RBlerl pleferEapnannd W 0UE e o e six
is a partially enlarged cross- sectlonal di agr am
ené%é%ﬁﬁ§ arrangement nmenbers in FIG. 4 15 and 5. FIG
7 shows anot her variation exanple of the arrangenent
menber in FIG 4 17 FIG 8 shows a variation exanple
HE. 1 ha sifervinigd giememmé aipccmant migecgding facthe firsi egnhgdiment.
perspective view of the transfer device and the
arrange nenber of the placenent

FIG. 3 shows a substrate structure where conductive balls are placed in the placement

- apparatus of the first embodiment.

FIG. 4 shows an arrangement member of the placement unit in FIG. 2.

FIG. 5 shows a variation example of the arrangement member in FIG. 4.

FIG. 6 is a partially enlarged cross-sectional diagram of the arrangement members in FIGs. 4

and 5.

FIG. 7 shows another variation example of the arrangement member in FIG. 4
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unit in FIG 2. FIG 10 is a variation exanple of the
transfer device in FIG 9. 5 FIG 11 is a
cross-sectional view along the cutting line a-a in
FIG 9, and is a partially enlarged cross-sectional
di agram of the transfer device. FIG 12 is a plane

j how ng .t he transfer device an angenent
MR BN Blton SrameB o afifgeniet et BB &85 e
di agram for describing the operation of the placenent
apparatus of the first 10 enbodinment. FIG 14 is a
HiCa § nampdrepectibe st dfi thgtranafer dpieand dr aohndeheenibeasistheplacement
device in FIG 9. FIG 15 is a side view of the
unpirddden®nt unit of the placenent apparatus of the
second enbodinent in FIG 1. FIG 16 is a perspective
vi ew showi ng the transfer device and the arrangenent
H@“p@fs aQJfanattllaﬁex ;!n?)letd' faﬁgfig{%chﬁlfga é: IG 15 and a
nmagneti sm generato I'agram showi ng a
var| ation exanpl e of the magneti sm generator in FIG
FIG 18 is a side view of the placenent unit of
Elﬁre Lpline ersiroectipshvierualonst the iretting ling exgingifodi midhis. a partially
FIG 19 is a cross-sectional view of the holder in
enlpmeer] cre:seqtiprzl dipgramcof g tensfandgeige.si de vi ew of the
hol der, the substrate and the mask in FIG 18. FIG 21
is a partially enlarged cross-sectional view of the

MR K2 it Replame Rade Ho®irle thfsfor el BERRA e abiddeRGntl tbd®er of the
according to the fourth enbodinent. FIG 22 is diagram

platddent\@®Gh Fid.ng the operation of the placenent
apparatus of the fourth

FIG. 13 is a diagram for describing the operation of the placement apparatus of the first

_embodiment.

FIG. 14 is a diagram for describing the operation of the transfer device in FIG. 9.

FIG. 15 is a side view of the placement unit of the placement apparatus of the second

embodiment in FIG. 1.

FIG. 16 is a perspective view showing the transfer device and the arrangement member of the

transfer device in FIG. 15 and a magnetism generator.

FIG. 17 is a diagram showing a variation example of the magnetism generator in FIG. 15.

FIG. 18 is a side view of the placement unit of the placement apparatus of the third
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enbodi nent of FIG 1. FIG 23 is a diagram show ng a
vari ation exanple of the tenporal fixing film
deteriorating unit in FIG 22. 10 FIG 24 shows a
pl acenent unit of the placenent apparatus according to
the fifth enbodinent of FIG 1. FIG 25 is a diagram
em%o&ﬁpﬁscribing the operation of the placenent
aBpa?atus according to the fifth enbodi ment of FIG
1. FIG 26 is a conceptual diagram of a placenent
apparatus according to the sixth enbodi nent 15 of the
PiGe $®13ta crasv-eaetiomhview bGhe Raldérsn BIGHil&gr am showi ng a
tenporal fixing filmformng unit of the placenent
apparatus in FIG 26. FIG 28 is a diagramfor

W) . | t nl.ac raRuUs i n
R0 1 P OB AR P B e B BRI RRBNT R,
The present invention is described as follows. 1.
FI RST EMBCDI MENT One exanpl e of the present invention
Bk ot dis rigparbalyhenlargadserosripdignsteview jof thie sesk, Bhel swhistrdte and the
reference to FIGs. | to 14. As shown in FIG 1, the
tenioppt Exipg filrg esppidingteythe fourthemppdiwentenbodi ment conpri ses
a placement wunit 2 for arranging and pl aci ng sol der
balls onto a substrate, i.e., a base unit. As shown in

FGG22 3s deganest UQRHRHIRR opeRiib &) the GAREREH @lpdrRu B the fourth

external device such as a
embodiment of FIG, 1.

FIG. 23 is a diagram showing a variation example of the temporal fixing film deteriorating

unit in FIG. 22.

FIG. 24 shows a placement unit of the placement apparatus according to the fifth embodiment

of FIG. 1.

FIG. 25 is a diagram for describing the operation of the placement apparatus according to the

fifth embodiment of FIG. 1.

FIG. 26 is a conceptual diagram of a placement apparatus according to the sixth embodiment

of the present invention.

FIG. 27 is a diagram showing a temporal fixing film forming unit of the placement apparatus

in FIG. 26.

FIG. 28 is a diagram for describing the operation of the placement apparatus in FIG.
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not her board, are protruded from one surface (I ower

surface) of the substrate 7 in an area array pattern

and connection bunps 72a (72), connected to a

sem conductor el enent c, are protruded from another

surface (upper surface) of the substrate 7 in an area

array pattern. The sem conductor elenent c¢ is bonded

to the upper surface of the substrate 7 by a flip-chip

bondi ng nethod, and a package is thus forned. The

substrate 7 has a thin-plate base substance 73,

pot - shaped dPERSIRIBUENN G AHE PREFRRBED ENMIBODIMENT

af orenenti oned connecti on bunps 72a are protruded form

t he upper surface of the base substance 73, and

ARl A0ARRA R SCIEaRET o llogsl 1) wher e the

af or enenti oned connection bunps 72b are protruded

formthe | ower surface. A conductive pattern for

rewiring is formed on the surface and the inside of

L. KIReT RN nce 73. According to the requirement, a
wel | - known resin-based or ceram c-based base
substance, or its 20 | am nated base substance, etc.
O AR pREf ek fischOinS&Hii¥E a@SrdilliolAS Brsh LRBSANGR is’descrfded with
shown in FIG 2, the placenent unit 2 conprises a mask

refaénceifFigstrangfer device 27. The mask 22 is an
arrangenent nenber for arranging solder balls B on the
el ectrodes 71 of the substrate 7. The transfer device

7 nmoves_hori zont al | n the er surface of the mask
é?*heWﬁ &Fﬁ &fﬁ?ﬂﬂaﬁm}eﬁ c¥igHdt Pﬁ'ﬁg 359 eIRdHPENE, SHfERF SR Placement
devi ce (not own transfer the solder balls B. In

u »ﬁﬁorﬁﬁf?lggtngéﬂ@g‘a%%wﬁé%r padls on @ SHRSITMS S B RASe Uk
pl acement unit 2 conprises a holder 21, a holder
raising unit 29, a mask horizontal noving unit 23, a
Aadhbows W BIGY i3nepnietdtion BémpsTbd 7Datdnnedi@n®d \ah Rgtethdl devid® such as a
The hol der 21 arranges the el ectrodes 71 to face

mothpibvedrd Sarapatrided dsont i sugads Slotvat @irfécd) of e sibs8fe 3 &tlan area array
hori zontal ly. The hol der raising unit 29 is used to

patfefre &hdycobdcten Wimpt 024 (MR kornB@ed 0l ademicddducan elefnént ¢, are protruded
position the substrate 7 at a predeterm ned hei ght.

fromhhahotfRS urface (upper surface) of the substrate 7 in an area array pattern. The

26

semiconductor element ¢ is bonded to the upper surface of the substrate 7 by a flip-chip bonding

method, and a package is thus formed.

The substrate 7 has a thin-plate base substance 73, pot-shaped electrodes 71a (71) where the
aforementioned commection bumps 72a are protruded form the upper surface of the base
substance 73, and pot-shaped electrodes 71b (71) where the aforementioned connection bumps
72b are protruded form the lower surface. A conductive pattern for rewiring is formed on the
surface and the inside of the base substance 73. According to the requirement, a well-known

resin-based or ceramic-based base substance, or its

20
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hori zontal noving unit 23 is used to support the mask
22 in the horizontal direction, nove the mask 22
hori zontal ly, and then position the mask 22 on the
substrate 7 that is situated at the predeterm ned
hei ght. The ball supplying unit 24 is used to supply

the solder balls B to the upper surface, of t mask
g Sed s Shp e sl e Stfe DR Ee Bk SOREIEVE | he
redundant solder 15 balls B fromthe upper surface of
the mask 22. The hol der 21, the holder raising unit
29shotwingn FMs R, the placenehainitrfosoimpgsas AinbasR 32 artdrearanslet device 27. The
supplying unit 24 and the ball renoving unit 26 can be
magki 22 abhny arsamendne chemberaliod amgnging seldeqballs dremthecdectrods 7drof the
quality, etc. For exanple, the substrate 7 can be
sulsirap|7y ThHesposfeddesite 27 niaved BoriZBasily bo iengpérhserfsachf tthamesk 22
7 or the mask 22 can al so be nmanual . Supplying or
posigsmed bmthe s@Birdthey widgdanotied desicB(roashoahsto thesfovtirusalder Balls B.
Next, the structures of the holder 21, the hol der
raising unit 29, the mask horizontal noving unit 23,

R Gk T M T
ol B 32 SO PG L5105, R, A S5 o
e P A A BGB8O8 %h svs
BRI B SS Ayl E B SHE9D 904 OAR0 e

e upper s sur

firace™2 | .

oo S ol P 8 "R B B P b e o

horfié&ﬁ{al Jﬂé‘ﬁn@nﬁ{ 4 543430 s b R sk 22 39 the%ﬁriio%%'i di-Qfon, move the
ower surtace 2 Is n In contact wt the substrate

ol S SRR it BAE VS4B Ul 9252 sy
prehéeﬁ&eﬁ%&ﬂgt THY falt sﬁlpﬁyiﬁg Q&4 H#tEused to supply the solder balls B to the

upper surface of the mask 22. The ball removing unit 26 is used to remove the redundant solder

balls B from the upper surface of the mask 22.

The holder 21, the holder raising unit 29, the mask horizontal moving unit 23, the ball
supplying unit 24 and the ball removing unit 26 can be suitably selected according to
requirement of cost or quality, etc. For example, the substrate 7 can be simply disposed on a
table. Positioning the substrate 7 or the mask 22 can also be manual. Supplying or removing

the solder balls B can also be manual.
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7. For any one of the above structure, when
positioning the | ower surface 223 of the mask 22 to
the electrodes 71, the distance t fromthe upper
surface of the electrode 71 to the upper surface 222
of the mask 22 with respect to the dianeter of the

b 1 B SEr bel?  lS E0T8 ovi
un@% B ()fﬁlcf' Plyeeaat E‘EW th?h%ﬁrﬁﬁg‘t’%% 5%56 isgq‘fgtrzaﬂe{%escnbed

ahe mask 22; therefore, the filled solder ball B can

%m%a5|ly detached fromthe positioning opening 221.
When t/d is larger than 1.4, a plurality of sol der
balls Bis easily filled into the posi tioni ng opening

1-2AASKThe positioning opening 221 has a first taper
hol e 2211 wherein the opening 20 22 gradually becones
wi der fromthe upper surface to the | ower surface. The

f]lﬁle:é%sk r’)g tggr?é% Anhlgfﬁgr s%% (Hrpe%%r zéc%ggﬁbﬁ ?owﬁer gﬁfagg%&?tﬁer%rface)

22% ﬁ@%‘?ﬁ& fo t?h%s h{}% esllérga%g,f’lilﬁ Bgsflttl(%lgeh%eq% ?gr%rzapa@ﬁ l%ﬁgml%ﬁg Solhes 221
cor\{'\gggnd t(p %f%a}lgte e n %' 1"? Elg (s gmg g Stiutou qlntth ]'i)pci:r surface 222

nrng ppr hes ne s

- and‘@& houf st 16 9% Eﬂa%égcgde% Bﬁﬂ'ﬂ‘&{lﬁé i'rpeﬁe\é Mpling the

posi tioni'ng openi rst aper hol e

2211, the upper hen1sphere of the solder ball Bis in
contact W th the upper edge portion 221la of the
As showntimBr. 4o the 2R3K1222090] b ¢ siplcpk thdt ey atpeirueidy gortion 224 so
portion 221l a. Therefore, even though being subjected

that the dowes suréacn 323 B owtio, contad witishe/substeatd Bror cat leg 3 stiuptujesthat does
difficult for the solder ball Bto slip fromthe

notdws¢ thi prolrmgorapeitmdy4 20 that tha leagd surfach?23vihimreohtiattvwithighe swbstrate
mask 22 in an upward direction, the wall of the mask

7. Por anpvesofdhanbgvestaicirec whanpoaitiening the nweh surfot 2A3rof el thasB22 to
even though the solder ball Bis in contact with the

thezglagiredee it.itondisianea ft fromTheuppeasuciess ¢flbg eledmode Blotodhke urtpat furface

B is dragged and renoved fromthe el ectrode 71 becone
22% pfathe erask 22 with respect to the diameter of the solder ball B preferably satisfies the

condition of 0.8 < t/d < 1.4, Namely, when the thickness of the mask t/d is less than 0.8, the top

- of the solder ball B protrude excessively from the upper surface 222 of the mask 22; therefore,

the filled solder ball B can be easily detached from the positioning opening 221. When t/d is

larger than 1.4, a plurality of solder balls B is easily filled into the positioning opening 221.

The positioning opening 221 has a first taper hole 2211 wherein the opening

22



The shape of the first taper hole 2211 can be
substantially frustumshape. If the first taper hole
2211 is formed in frustum shape, no part of the
sidewal | of the first taper hole 2211 has angl es.
Therefore, the solder ball B can be snDotth | oaded

grad ‘il? Pécg)fqeg d&&b I&Hﬁtgwéjgrg{]ugq%ntei}} LPYV"'grt ho aﬁ‘% crest line 2211b of
o P Bhanl g OF o er g 2 Zﬁ)feefep %Bﬁ'él?g%’éftﬁ“ﬁ rsspw o the
cerb S 2% E50mars At ﬁe&géﬁ%ﬁv%bﬂf%“«zegi PBAHE Thy prigvhen
ool i R R %)osﬁlﬁﬁl‘égéa&@% Pl tns SS@‘F?@&‘e aoachls one sid
v S BEER Eupl BOEALnSpubs fe B  co
i 21 LR sfﬁl%é‘be'fg%fztg%%ﬂ@m %%1 ﬁq??nvwﬁﬁﬁt it B B S porion
zzlguggty Sl 1, A BB . o

ore t h

thonlﬁgglrh 1n|gaB jecte t&j:lp eitelzla][e%rcE g aﬁewgrggceﬂ $ F il 15 fiﬁécult for the solder
belily qu?z*‘i%n S IBOSI@P@?? r@%ﬂnﬁ%rﬁ&ig|1§?é%ﬁ°%“#%$ fining 55 awa%p%f in an
L m%%’eﬂ“e G R %g cﬁ&e@w Sk BTy b B
ovlp Bl ofler b ' @S%gfﬂalp%%&ﬂ or g ehgonaa ST o sl pat the
solfy payIF iRt B ooy B8 ot Yo el tepprneitelen ¢y o®

tol erance range of the variation of the pl acenment
position for the solder ball Bis b, equal to or |ess
Tk almpé of-the firg tgpeehde 221, cas detshistantidlly fehuleshabpal Ifshdfirst taper
will not be detached fromthe el ectrodes 71 when the

holen@dik i@ Rringd meimpwad shaipd) eopas lof AR sidewalbtof ierfirstaadeahdly 2211 has
limted to the above description. For exanple, as

angiehoWherefore, the Goldah(tm)l,B tdmchetsppethlysloaded dato 2RAsitmying epening 221
formed slightly tilted to the | ower surface 223.

without any obstruction due to the presence of angles.

Furthermore, as shown in FIG. 6(a), the diameter D1 of the upper opening of the first taper
hole 2211 is preferred to be larger for allowing the solder ball B to pass therethrough easily.
However, if the diameter D1 is too large, not only the position variation of the solder balls B
placed on the electrodes 71 becomes large, the redundant solder balls B will also be easily
stagnated at the upper part of the positioning opening 221. Wh_en removing the mask 22, the

stagnated solder balls B will fall onto the

23



Furthernore, as the mask 22b shown in FIG 7(b), the
posi ti oni ng opening 221b can be in coaxial wth a
cylindrical hole 2212 forned at the upper part of the
first taper hole 2211. In addition, as the mask 22c
shown in FIG 7(c) the positioning opening 221c can

st afiEe s bR ﬁav‘gfi.%?&’?e Sisisife b Y ST, gl hering the
Pla?eﬁne'éf o5 Moy Tefosthe &%%Bl?.?g E?Cbsly oS ¢ e g penig: te
dlaﬁlssf 4 Pl rahiB 2R B e £ Bt tizﬁﬂéﬁ”ﬁ?%{fo *Fiﬁt’ e g ithin
iy %113%1 PSS F%n%g%* 2318 R By g Foecuine
large? dhe Ji%%{ﬁf%é‘ﬂ%k'% f""‘g ‘et gﬁafzgf IHecoms %rﬁgr? Ij%rﬁzr{al i, the solder
bat} R ¥ hor? M S EER B8 noitE p3tB RS e ?&?ﬁtbfgf p e o s
out} aciientagé dh%} Ei{‘tﬁ% ycﬁg%e:r%ﬁgéjr%g%gﬁx %%%aéf%fgfgm pg%amfrﬁ é)osf‘on for the
solde? a 25 will ot be
e b argg
%56%? %%Te %@%@ d?”%ﬁ% P88 ine 281 Ib at the

upper edge portion 281 la of the first taper hole
2811 (in this exanple, the crest line 281 la and the
Ter essk P2 pero Bdtidubarkyrimnitet éo S@rabyvel descripoomelbrieramaple, as shown in
bevel i ng shape or an R shape, it is effective for the
FIGs Xalethe bmbérssuBa¢en2d3e mayr e fsmed shdhyly gilied ed theTheres hafiee 223.
of the first and the second taper holes 2811, 2812 can
Furthernguidy o dimt inadkl 32bashbwuist il Bhpple: pdsftioning dpenisg 220bdean be in
‘ the second taper holes 2811, 2812 are forned in
coafiplusitumcglialpes] holer?@1D &urtned af the hppes patewhihke fiodt tdpaehdle 2211. In
and the second taper holes 2811, 2812 has angl es.
addifioer &f ibe eask BZ slwohdeFlGalc), Bhd positoniag spootd P31 cl @adedormed
into the positioning opening 281 without any
coaphléyt witlcd ¢ydindrical hole 2213 at the lower part of the first taper hole 2211.

Other example for the mask will be described below.

As shown in FIG. 5, the mask 28 comprises a positioning opening 281 having a drum shape.
The positioning opening 281 has a ﬁrs_t taper hole 2811 that is basically the same as the
aforementioned first taper hole 2211, and has a second taper hole 2812. The second taper hole

2812 is formed coaxially with the first taper hole 2811, and is getting
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due to the presence the angle parts. As shown in FIG
6(b), the dianeter D of the upper opening 2812c of
the second taper hole 2812 can be set to be 1.2 to
1.4d with respect to the dianeter of the sol der bal
B. The dianeter of the | ower opening 2811d of the
first

widg 15 g Sy Trver olesp AR e Rges Gres p- By itk the
p%@%%‘ﬁggg%ﬁ%ﬁé et i & Stablled e i e pa ot g b8 can
be %1“%3’ se%ggn Fr&w?ef%ﬁ‘i é%af)@grba 1?%1'@9egsgf?fc>glgﬁoaded into the
posiEaRE SpeinE BTy B Bpahihgreoa e 28 et frdShe ek 509@%@@123 of

281 is fo

the JRpfd Gndihof? 25885 B 03%;5@?%' BIRIE Gpisee Bt Egﬁa of e firs
tapeﬁglgafe%%bﬁ PR wpwgt%%'%ﬁ 220G aagﬁwif%ﬁ? 145 B b e i

r.siqde. Theref the positio
tor o as@'e Bl o) Gl Rfpss 4 D G d, P e s Fhig b more
[y oue upper opening 2811c. As a result, the
S gF aII Bwll be placed on the el ectrode 71 with
the variation corresponding to 5 the size DI of upper
opening 2811 c. On the other hand, as shown in FIG
Th¢ kape ofithe [fiest @ad the abeond eapamisiies2811,t4882 cqper subpamialiyga frustum
2812c of the second taper hole 2812 of the positioning
shagp dfitha dirs? 8dd ths sdeotidmeper\kbleh 28 15281@ afsl fornggpa flugurh Rkeape, t no part
sol der ball B to be | oaded snoothly; however, the
- of theadevehlit dpley kel tB8 iR ondtaperiinles 281 haB1 Niadsrangles. Therefore, the
downwar ds. For the positioning opening 281, the size
solde2baiif B ishsort awathlg patedigtolfe @Z8ilidaing spuiing2S 1 thidhow peobstruction
openi ng 2812c of the first taper hole 2811 in the
ducexthaplessnee e tubipde panar r owest . The position of the sol der
ball Bis thus restricted to nove in the
pl anar-direction by the |ower opening 2812d. For

A?é%ﬂprl ﬁ’FIﬁrﬁ?l))f A %ia%te?bltol?%el u%%’eerropgrgl?grﬁsq 9c gfs tgig gecbf?d taper hole
made sli ght

2812 can be set to be 1.2 to 1.4d with respect to the diameter of the solder ball B. The diameter
of the lower opening 2811d of the first taper hole 2811 is preferably set to be equal to or less
than (b+d) if a tolerance range of the placement position variation for the solder ball B is set to

b, The reason is the same for the mask 22 above.

By using the mask 28, the variation of the placement pbsition for the solder ball B can be
reduced. As shown in FIG. 6(a), in the case of the mask 22, the upper opening 2811c¢ of the first

taper hole 2811 of the positioning opening 281 is formed with a size
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| arger than the dianmeter of the solder ball B, so that
the solder ball B can pass therethrough. In this way,
the variation of the placenent position of the sol der
ball Bis extrenmely reduced 15 trenendously. The
shape of the positioning openi ng 281 is not

1part | Cg tég lﬁgrsltmills t% etlé)zﬁlts%m?q?gléleéhe 1rgt{ t;e} er ho[l: 281? of the
Oig’riﬂiii'f?li‘%n? 2 Bhg e %%vié%w%%ﬁ@e fwnfggld%n & h@réa%miwon of
2811, 2812
thd SRE bl e Pl ey &re%hﬁé%éﬁéa%%ii%it@gb% oG Te. As
2 ji .
a it EkE a8 Wil e PR op T Aol vl B virfn bardppRting to

at e, plate, a lamnated article, or a
thefﬁlieﬁilf(gﬂlﬂ%e& O%ernfriggi%f,qc' etc, can 26 be used. Since the
positioni ng openings 221, 281 has to be fornmed with a
correct shape and size, the positioning openings 221,
28 1hd ¢hgyrhefid raalBhywf or ed 6(by, iprhcess oh tetrhek 2 ptht apEe opening
by a |aser process or an etching process. In
28 ptdif ttheosecondttages hale 2B 12adil the pdsitioninh @perisk 2 122 forR8d avitd a size DI
manuf actured using nickel, etc. as a material by an
camblecha older bailt B anbeloaizé smbsihlyshaweeert the secong@pértholer¥8m)is a hole
openi ngs 221, 281 are simultaneously forned.
thaFpartdwardveneards.t Forsthel sditicmbigenpeidiag 28 I ehenmakD2 8f ths ésved opening
| am nated plate having an etching barrier |ayer as a
28 pasearsaumsthe npiger opegiay 2810g of the firsmapeatheld 28l Airethe @Rample) is the
internedi ate | ayer is the base substance, i.e., the
nargdvodst. (e pasitidnarf theayleler, bal s tHue rds@idict &b Mdvaih alfegpldnar-direction by
| am nated by three layers that use different
thedtwedrapdning A8h2dMtioe bxanipe:, thekiat DR ayhe ldveer apaningk@12dds made, slightly

the second layer, i.e., the 10 internmediate |layer is a
largeir than tial diznyeter afi thetsbldertbiall Bl sd dytethe iobdet ball B asepsasthdatirough. In
first layer, i.e., a nickel alloy. According to the

thid say,nhd eatiqoba o ther gadeskentf pdsitien Wi the ddet el B B apabhdy eéduced

form ng the positioning opening are formed on the
trethendstslyand the third |ayer, and then an etching process

'S

The shape of the positioning opening 281 is not particularly restricted to the above
description. For example, as the mask 28° shown in FIG. 8, the positioning opening 281° can be

formed with a cylindrical hole 2813 between the first and the second taper holes 2811, 2812,

and the cylindrical hole 2813 is coaxial with the first and the second taper holes 2811, 2812,

The masks 22, 28 is a kind of a jig for repeated usage, wherein a plate substance, such as a

metal plate, a resin plate, a laminated article, or a film-formed article, etc, can
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performed. Since the internmediate layer is an etching
barrier layer, the internediate |layer will not be
renmoved by the etching process. Next, an etching
process is perfornmed. At this time, the 15 first and
the third | ayers are not renoved. According to the

| ate,.a drum i ke the

be blg‘%] t %%?th‘g PoSgionng Hpenings %2?%§ kl}ag rg)ogfg %glg!gﬁwlglé p )?orrect shape and
7t \JbF BIRBIE PPRES AR o B ETs GRGBLEY MO TG e Y o

cores of the.|line nmenbers are substantially align
eGP Eeshetr h e TS Tell SHBo e enple s i g crs 28 are
di sposed, . t he transfer devi, 27 is set in a manner .
R s UK h o 22 PHEE DY@ o T TOmYHEY RREFARE yince the
hor i.zont al ifion to.contact. wth the sol der 27
PO BoSHB Tt 8 PHUSGEPaY Sl ace of the mask 22,
and noves horizontally with respect to the upper
surface of the mask 22. A pair of hol di ng nmenbers
Furthematre dt ibdesirelfle thentbhe maskdsarse2y Rirkreed pladieavingne etching barrier
menbers 271 in a shape having a curved abdonen
layehey & bedeveabstancd h & cgdodiogrgre Inmineted plate, an parinediatedbydr hethe base
line 5 nmenbers 271 that is not held by the hol ding
sutvemEei.s, th&Spreland barddr layer, aigl thébwinaleg pldneis Samileadd Hy thmae layers that
FIG 10(a), the abdonen is a portion, which is
uses dilffstean tticlantsy if ehick dheafirs lagtr &i ghickdli dlley, the seccoodigyet, i.c., the
with the solder balls B. The shape of the |ine nenbers
int@midiste l@echaditdn gloy,|apd dettineklaydrhiethh edmk asgharBzbleyes, iz 2 nickel
can be suitably adjusted by adjusting the interval of
alldtyhe Ahgirdinggo trentbaingte? pRatq reksidl i filme twithnpattetns .capabl of forming the
Nanely, as shown in FIGs. 10(a), (b), the abdonen can
podiiongnghoptaing bl fbiyned ron altecfirsisdnd ke third layer, asdeiee an etchingJprocess is
shape since the Iength of the abdonen can be short
penfidrand. t Bimcqiha dresrmadiate daygeisah ctching bewiedyerpt iserBediste layer will
smal . Since a | ong abdonen is required when the
nofffeaerved by therghing prostssleNext, an etching process is performed. At this time, the

first and the third layers are not removed. According to the laminated plate, a drum-shape

throughhole like the positioning hole 28 of the mask 28 is precisely formed.
1-2 Transfer Device

The transfer device 27 has two or more line members 271 arranged in a manner that cores of
the line members are substantially aligned, as shown in FIG. 9. When the solder balls B are
disposed, the transfer device 27 is set in a manner that the line members 271 can be in a

substantially horizontal position to contact with the solder
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t he abdonen can be substantially a shape of straight
line. As shown in FIG 10(d), a plural groups of line
menbers 271 can set for increasing the rigidity of the
l'ine nmenbers 271. In 15 addition, as shown in FIG
10(e), the line nenbers 271 can be held at one end by

g SIS PRTSg 5 o 12 LB A MHRGY A FeSpect ot

“Pg%g%ﬁ%%P§£é%%%%5? (such as a one-axis table or a

"> In addition, if the transfer device
27 can be positioned to be able to nove vertically
with respect to the upper surface of the nmask 22, the
AQaic aSiwldiamenbres dicdet bybafdacBumber 2 2amepolid lad neynbers 271 in
reci procating action is particularly suitable for
a shapedreing e rurvEdh ebdomam gfeerbetelesti. CEhe2ibdomerf meferhiera portion of the line
described in detail. 28 As shown in FIG 11, ‘
membga2dl thgt i net tetdadnysheholdiey inembers.t Spapifigalhl, ad shoen b Heaymbol F
271 are closely arranged along the noving direction
in Fithed Ofwyr the ebdoaien di n gottioonwhich I substpeatly fomedes drsamigitglne, in
and the up-and-down direction, so that the plura
coftichwithgwbelde balkIBare in a state of close contact.
Specifically, as shown in the drawi ng, many |ine
menbers 271 are united together and closely 5 fixed on

. Tl{é%hgbgloffl .hg %n‘g@%g?é‘;’rs 1‘?7@ V%vfre%l{i};[% t{g%lt%i l?eit&réén Ql(e htOPiﬁﬁg rgénlgn%gs?r’% Qan be

I ne ne r e entitre
S iSSP RS b PO,

NGO 3087k - 0 B ] Moo B B SRR «
Pk SRR LR 1 05RO e o

are I CuU

B L B L

the%g}iéaize}n%aq %%isﬂ&tah{iﬁf}saoﬁ{aﬁgg% %lg%{] ﬁneo rgy %ﬁg\l}nnl% ﬁI&?lO(d), a plural
groups of line members 271 can set for increasing the rigidity of the line members 271. In
addition, as shown in FIG. 10(e), the line members 271 can be held at one end by the holding

members 272.

The transfer device 27 is moved horizontally by human hands or a mechanical moving
structure (such as a one-axis table or a cylinder, etc.). In addition, if the transfer device 27 can
be positioned to be able to move vertically with respect to the upper surface of the mask 22, the
case that the solder balls B are transported by reciprocating action is particularly suitable for

automation.

The transfer device 27 is further described in detail.
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o il

balls B from adhering to the substrate 7 and the |ine
menbers 271, the line nenbers 271 are preferably

equi pped with sone conductive materials, such as netal
or carbon, etc. In addition, for preventing the

sol der balls B fromadhering to the surface of the

271 15. t he.adh
f’%g'é W mf‘f’ ﬁ&r e %Eé%eewﬁetg d%ecsf & @ma@%ﬂw b 27 ehe, glosely
271 t
oS T B S fe%ttoy 'F TR ekl B OV%Q @) and

| d f
it SReota Solel AT, iRy SHEBE T4 Bedrpaact
ndust oAl l]:lg rcg%%l%{g Isrgag]a'gg g}r%:m‘i:)grls il &tielj.lg.ﬁe?det?)éefﬂher anc{ closely

s P B b gL %?H}ed‘%%w i rgﬁpe%thvgﬁlnf g s fow, b

it t ) line. menpers 271

o3l B fs&%%g@ bt T e i G B g o e
g %%ﬁéfm p If T et s 2! 5 B %'éfwi%ﬁefy mangcd
st 8l MBI Fa 3 i il ; ' i e
R, Bt S ey A UG eg P iy b e
caIiQ?ngngﬁ §|271 the solder balls B could have

%%%aﬁ § 17O t he abdonmen end while the Iine nenbers

271 nove al ong the abdonen side. Therefore, an

i ntersection angle 0 between the noving direction of

Koh @ischangngréhetvbargedibldeabelis B hlerigoiranspotiatomnfnd prreenting the solder

menbers 271 is preferably set at a range between 45
balidi) fremsadhaying 3& thedalgptrete sy, andrthd Bmcatnbighers 2, ihetliame s@otbesr271 are

angle 0 is set at about 90 degrees, so that |ine
prefepsbiyeequippFd withsnescosdiasivambteddls, puchl as mgptad odiéarlemt etanIn addition,

per pendi cular to the core axis. In addition, it is
for preye@ing el soldeaballs i frbmmdhanppieths s@fde af ehehine neobem| 27y due to

noved while being in contact with the upper surface

theaflhdsioe ofrwstier, 20leass @ fluozitle prioeess Blpdderatidn kdrdedBowioh Ithersotface of the
escape fromthe gap between the |ine nmenbers

line members 271 to provide water repeliency.

A variety of cross-sections can be selected for the line members 271, but in view of easy
acquisition, a substantially circular shape is desired for industrial production. When the cross-
section of the line members 271 is substantially circular in shape, it is preferred that the
diameter of the circular shape is set to be smaller than the solder ball B since it is difficult for

the line members 271 to attach onto the solder balls B after
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271 and the mask 22 to remain on the mask 22. It is
preferred that the |line nenbers 271 are forned by
flexible materials using soft resin and rubber,
paper, or netal, etc. as the main substance since the
sol der balls B can be transported w thout

def ormat.ion., Fu er.mr as sho in FIG 14, .in the

ool o Bitae Pl BB e RSy ho R e yepesGogTiciof e maEe2.
escaped solder balls B will be captured by other |ine
menbers 271 next to the deforned nenbers' backside
‘Eheetapvizoad) iposiameod thadinerewbbes 227 Muange thadfoozontd ranemeiidas not
sol der balls B escape fromthe gap fornmed by the

rartieflotymedri¢ted doveavire psshg ¥ in FlGe d &fvdee thetlhve membami2dl ag tilted to
solder balls B that are not inserted into the

mopo with irgpéahép the emivigsliR@ionviflthe lirgt masteap2y], the sblder balls B could
backsi de, and noves to a prescribed position of the

havygresdap@ionf g abdcareplerd whitdkbe lise mentterral 71 omve hlahg the@bdomen side.
sol der balls 30 B are captured by the |Iine nenbers

Th@@bre, b intdnecticanmiglel higeteahn disr mbeihg Sirdtied ef the tiye ineshbdry 271 and
proper rmethods, the opportunity that the solder balls

theRooreeamd of e tlemberR IR 22 prefefabbesdt atluaate Hetiveenddi depets to 135
the |ine nenbers 271 can be maintained in a soft

degg@f dPrefeiblyD @ik iR Bectibreana ! 0dk K at ANBHEHYE dSerdck2so that line members 271
Furthernore, if the line nmenbers 271 are forned by

mo V@ tsBbstatiflyUSdn3G diRSHdADerpehRBdr tOthe ¥Be@kis A% addfi®nMispreferred
substance with a predeterm ned wai st strength, i.e.,

that¥hé BnSh@ftdr 271 Yare R odAE hé Ve whilBBRES $ cddthet il the upper surface
arranged to press on the upper surface of the mask 22,

of thOmadtd! doQhat R sbId€r balf BWWill Yot efcaf@ib@edah 0616 EenGBY B:RAnembers
by the reaction force of the elastically defornmed |Iine

271N BR Sask 27 b 8h SR oRBeSnaaIN24.he sol der balls B that are
bei ng transported to the tops of the positioning 10

openings 221. In addition to gravity, the solder balls

TN T A O N
rublg) r,epaipgrg gr I%gt:ili-[, efc. as the main substance since the solder balls B can be transported
without deformation. Furthermore, as shown in FIG. 14, in the case that the line members 271
have flexibility, the escaped solder balls B will be captured by other line members 271 next to
the deformed members® backside even though some line members 271 are deformed and the
solder balls B escape from the gap formed by the deformed line members 271. Therefore, the
remaining solder balls B that are not inserted into the positioning openings 221 will not escape

to the backside, and moves to a prescribed position of the mask 22, for example, under a

situation that the solder balls
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1-3 HOLDER As shown in FIG 2, the holder 21 conprises
a wall portion 213 standing at the left side of the
hol der 21, an insertion recess 212 for freely | oading
the substrate 7, an opening 211 a opened to 15 the
bottom of the insertion recess 212, an opening 212b

T L e e

mdAS SHE e%g,aﬂﬁryaﬁlame Whirdr bfaf?sr B EORASG O Galin® éaln"ﬂedre%uced. In

passage 211 and generating a negative pressure in
ad@iﬁ@rﬂ'tﬂglﬁﬂﬂe&be@fﬂ?? can b8 Sna R iRt esez-‘t &&dltﬁﬁ‘%@ﬁve@;{‘ﬁfé holding
he bottom of the insertion recess 212, the negative
nm%m@g@qge is generated by the negative pressure
generating unit, so that the substrate 7 is tightly
fit to the 20 bottom of the insertion recess 212.
Therefore t he substrate 7 is always kept in a
SheRoRt Al the linsamembses 273 are formegiby nganpéApenmSlmr@bw metal as
initial position of the holder 21 before the substrate
th Wmﬁe JuBsienss With 8 gredeisrmingdowpisy grength. e rvet\rreﬁflasgrltre awl {tlpp line
spect to the drawing as shown in FIG 2(b).
mepbgS b e HE@Ee {0 Adhe BFPeT EHECR of dhsr sk 224 Headdmon to the
hol der 21 i s raised by the holder raising unit 29 from
S SORMVETHE [5eRTARIcERY the repctio lore obtharhEsalhedfirmed Hpranembers
supstrate 7 IS 05|t|oned to.a Placenent position as
275 Rlsgudcts qn @Oidez(osljs dhat gregsinggiranseoried | to dhe t9py pisthp positioning
After the solder balls B are placed onto the substrate
opepingg g21. I3 gddiden tp grayity, ghespider bals B heredhs reectinn fuesyacs thereyn are
its initial positiaon, and then the mask 22 is renoved
mofs gpebheAnd pesisplqeded intp thy popiSRnipgeReROET AL MOVI NG UNI T
The initial position of the mask 22 is set to a
position at right side with respect to the drawing as
1-39hovpER N FIG 2(b). After the substrate 7 is
positioned at the placenent position, the nmask

As shown in FIG. 2, the holder 21 comprises a wall portion 213 standing at the left side of the
holder 21, an insertion recess 212 for freely loading the substrate 7, an opening 211a opened to
the bottom of the insertion recess 212, an opening 212b opened to the external, a fluid passage
211 for connecting the openings 211a, 211b, and a negative pressure generating unit for
connecting the fluid passage 211 and generating a negative pressure in the opening 211b. After
the substrate 7 is loaded onto the bottom of the insertion recess 212, the negative pressure is
generated by the negative pressure generating unit, so that the substrate 7 is tightly fit to the

bottom of the insertion recess 212. Therefore, the substrate 7 is always kept in a horizontal

position.
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hori zontal noving unit 23 noves the mask 22 fromthe
initial position to the left side. As shown in FIG
2(a), the left end surface of the mask 22 is in
contact with the right surface of the wall portion
213, and then the mask is stopped noving. Then, as
} ' éﬂﬁ@, the mask 22 is positioned over
1f@§ﬂ§8%§¥§§§ﬁ3 I'n a manner that the positioning
openi ngs 221 correspond to the electrodes 71. After
t he solder balls B are placed onto the substrate 7 and
Theeniial rpsition of the holderdr kedore theesubsirste hisddadehisabt tre\piosition at a
unit 23 returns to its initial position. 1-6 BALL
- lowsysige withisspadt p thiendsawsiag ps Sapp iy Fliey 2(mi Afierghe subsiratesihig éaded on
above the right end of the mask 22, and has a
thedhglsist 3/4. ey holder 3t isfreipeddiype Raldey raisies wol 2efrorh giclisitial Poeition to a
bal | supplying unit 24 weights a 32 fixed amount of
Pfe%?lﬂ?é?edd’&lgii% %}e Whitrets 7 is ppatiqyed tq hakcankvat pesitive s efowmhia FIG.
el ectrodes 71, and then supplies the solder balls B
2apfre placing theegldentplls B. Afgathe spEmbING aunplaced loatolihd Jubstrate 7, the
removing unit 26 is arranged at the left end of the
holdgigrisipg ung ¥ Iewersdhe helderBi tegits Bitjahpetitiong and gien the mask 22 is
absorbing the solder balls B. The balls remaining on
remofied f5gq8 fheppbsigpte 7absor bed and renpved. 1-8 OPERATI ON
OF DI SPLACEMENT DEVI CE The operation of the
di spl acenent device la including the displacenent unit
1-531ASK deraroRedr. MA@Vt elrf or posi tioning the mask (the
first step) 10 As shown in FIG 13(a), the mask 22 is
positioned with respect to the substrate 7. At this
[ mask 22 js positioned in a manner that in

i me, the. >0 a manne :
’{l’ﬁé‘“‘bﬂf AT st A2 1SSRdC BBRTHINGHFigY sistsarihgppect tothe gpwing
he % correspond to the electrodes 71 of the
as shpwR i1} ,). éﬁtar thp sybstzate 4 ,is pesijoned at the placement position, the mask
horizontal moving unit 23 moves the mask 22 from the initial position to the left side. As
shown in FIG. 2(a), the left end surface of the mask 22 is in contact with the right surface of the
wall portion 213, and then the mask is stopped moving. Then, as shown in FIG. 4(a), the mask
22 is positioned over the substrate 7 in a manner that the positioning openings 221 correspond
to the electrodes 71. After the solder balls B are placed onto the substrate 7 and the holder 21 is

lowered, the mask horizontal moving unit 23 returns to its initial position.
1-6 BALL SUPPLYING UNIT

The ball supplying unit 24 is arranged above the right end of the mask 22, and has a

supplying outlet for supplying the solder balls. The ball supplying unit 24 weights a
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direction, the |Iower surface of the mask 22 forns a
predeterm ned relationship with respect to the upper
surface of the substrate 7. In the case shown in FIG
13(a), the nmask 22 is positioned 15 so that the | ower
surface of the mask 22 is in contact with the upper

fix8d! hhaER oPfoldeh Ba1RIFE GHEAAE Pargel than BW nunRE8F thd8lediloes 71, and then
etc. is coated on the el ectrodes 71, the mask 22 can

sutBicP@S ki@ AL H dhtéihe FREIY that the |ower surface of
the mask 22 and the substrate 7 are separated by a
predeterm ned gap, so that the flux is not adhered to
Step for placing solder balls (the
lséég%ﬂgigyééym$ﬁgﬁiolder balls B with a nunber |arger
than the el ectrodes 71 are supplied to the upper
surface of the mask 22 by using the ball supplying

Tirei Ball Z4moviteudiv 205 faatngdé ui the 167 eridSof alid’ MMYEXd, hifll had an absorbing
manner that the line nenbers 271 are in a

inlat @5 tambdogingthdranider ballsd. Tho Shlls reaihifg bE theMaglOPd @€ hbsorbed and

wWth the solder balls B supplied to the upper surface
rengfved.ne mask 22. Then, the transfer device 27 is

hori zontally noved with respect to the upper surface

of the mask 22. Then, as shown in FIG 14, the sol der

IHS%éﬁAﬁgst ?W@%bﬁg#ﬁ ne members 271 that nove

ina su rizont direction with respect

to the upper surface of the mask 22, noved to the

tops of the positioning openings 221 | oaded into
Beoperptémi of theslrphcmepst &ice 1amdlutling thepilsataednenomtltﬂ is Hescribed.
el ectrodes 71 as shown in FIG 13(b). Since the line
menbers 271 nove horizontally in a manner that the

1) SRARFBSitRH L el 2Rk ¢ tuemrsg%than the positioning

openi ngs 221 is parall th the upper surface of
the mask 22, the line nenbers 271 will not enter the

4) |t|on| enings 221 due to the restriction of

oHBd} ﬂ Hﬁwg tBpEATkysis Positionp ayilhfrespect to He sybstrdisr7. At this
. balls B that have been inserted into the positioning
tlmﬁﬁlé‘mﬂw&& sppsigipredding gawner hatia thegrlangedirestian, the gositioning openings

eparated fromthe electrodes 71. In addition, the
2213 themask 2 corrpsponchipbe clentresios A o5 dke substte g, and in the vertical

direction, the lower surface of the mask 22 forms a predetermined relationship with respect to
the upper surface of the substrate 7. In the case shown in FIG. 13(a), the mask 22 is positioned |
so that the lower surface of the mask 22 is in contact with the upper surface of the electrodes 71.
But, when the flux, etc. is coated on the electrodes 71, the mask 22 can be positioned in a
manner that the lower surface of the mask 22 and the substrate 7 are separated by a

predetermined gap, so that the flux is not adhered to the mask 22.
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openi ng 221 that has the first taper hole 2211 with an
edge crest line 221 | b be higher to the wupper side of
the center of the ball B, and the novenent of the

sol der ball B along the sidewall of the first taper
hol e 2211 is restricted. Therefore, even the line

2 B R S BRG] "o cToni ng-opent ngs.

221 are sel dom be eaS|Iy scraped out and separat ed
fromthe el ectrodes 71. 34 The remai ning solder balls
Thegpldempnlled woh rhramtbal largee hevithgyelentiotles2?8 dy stpdied to the upper
transfer device 27, and then renoved by the bal
surfaemefthaTaaski A2 by peng the balhromplying usit 23. T treesfiadetiboligh aranged in
somre |ine nmenbers 271 are deforned and the sol der
a mgper shapthedima prentbeis 27§ agssinfagivhstantipy hdrizontalgfositioe tb bd mesontact
nmenbers 271, the escaped solder balls B are captured
withihe gplderrballs Reuprbiadter the paver Birfiescef thombscks i Tden, the transfer device
Therefore, the remmining solder balls B, not | oaded
27 s Rerizoptaby peeddpiithrespget tfof%é Apmegsirelof thei thiskRdt  escape t o
t he backside, and nove to the ball renoving unit 26 to
be ~captured by the line nenbers 271. 3) Step for

ThEATRY idGn iEIGTRE knd HRIF Bl B%k@c%gﬁ@eh %yéﬁ 120 SRl 2ﬂ ﬁ%at move

13(c) the holder raising unit 29 is lowered and t

in al¥BEanialy BoribGRIP ¥R tior With FRRRcE tti%heﬁiﬁﬁéisﬁﬁ&c% o?the hﬁsﬁ ﬁ ?rloved to

manner, 'if the substrate where the sol der

the ﬁ)ﬁ:)@ optlhélﬁ(?sﬂlohﬁlg roﬁéﬂn%‘é@gl 1ERBN RS Iﬁo@ﬁomgﬁg‘ %Zzﬁf @nd then placed

formed as shown in FIG 13(d).

ontdMBElbMablT7 IThenses flelge 'i@(gﬂ | RO thOfind AEmESA rH:nive horlzontally

invention is described with reference to Fl Gs

in alManhdér th@AdAL Sﬁd@fﬂ@ﬁ Ll}fﬁmbrﬁlytl%%eldﬁﬁi"{h@ %mh&ﬁ’%ﬁ&iehﬂ&sﬂiﬁ is 1;parallel

substantially the sane as the placenent

w1tﬁ hl% Jp &ShurSRRdhdBALK 8 @nd ﬁﬁ@hl@lqbé% bhy 'Wlﬂﬁ nStd¥er the positioning |

s, and their structure and detai |l
opemngs 221 due to the restriction of the positioning openings 221. Therefore, the solder balls

B that have been inserted into the positioning openings 221 are seldom to be scraped out and
separated from the electrodes 71. In addition, the solder ball B is loaded into the positioning
opening 221 that has the first taper hole 2211 with an edge crest line 2211b be higher to the
upper side of the center of the ball B, and the movement of the solder ball B along the sidewall
of the first taper hole 2211 is restricted. Therefore, even the line members 271 enter the
positioning openings 221, the solder balls B loaded into the positioning openings 221 are

seldom be easily scraped out and separated from the electrodes 71.
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operations are omtted (follow ng descriptions for

ot her enbodi nents are the sane). As shown in FIG 1

t he placenent device Ib of the second enbodi nent
conprises a placenent unit 3 for arrangi ng and

pl aci ng the solder balls onto the substrate, i.e., the

'?-IQ: é&allﬁ %olﬁaj Halls ﬁ‘saresﬁgwa tb ﬂle"ga@rergﬁcinrhgtm ’ﬁil QEMSfer tdewce

uni t the second enbodi nent an e placenent uni

27 Zangfthénr}%n&eﬁ %Y t}?e'@d‘ﬂq'brﬁgﬂﬂ 8{1{5‘26?3 agd GRlvhYn FItE 19808, tl'éoggh some

structure. The pl acenent Sni't 3 conprises a mask
1iné ridn®BRf 21 e \ieofnal and ﬁ’lehsgldgle 5&11%1]3 e@calﬂg gy g{qﬁs' Q)\TFQI by the

unit 29, a mask horizontal noving 5 unit 23,

det%Hﬁ’éal 1 AR BEL b7 heARpad Rfdet bzﬂﬁ @a‘f& E@t c%l@er IJQﬁembers 271
mask 22 is an arrangenent menb arr nglng

ne>§od) CiﬁEks}?l@l |'ﬁ161%f(98ttﬁe 'i'é?ﬁauﬁﬁ ¢l qﬁﬁs gl ﬁ@tf iohd¥8 1alfdblﬁ$ ;i)Qstﬂ.‘?omng

he transfer devi ce I'S nove orl zont

opén!i}%s vppekil el ERgs Bftnd Hzﬁ:kﬂ@eg Kod 20RO thk RAE ‘i’e:ﬂ(ﬂ/dghﬁnt 26 to be

substrate 7 by a noving uni't (not shown), so as

capuk 8/ B¢ liddBerfRlde balls B. In order to suitable for
autormti on, the holder 31 keeps the position of the

substrate 7 horizontally to make the 10 el ectrodes 71
to face upwards. The holder raising unit 29 is used
3) Yt fof Fanovipe theinaask fomthe Yieng  t he hol der 31, so as

to position the substrate 7 at the predetermn ned
hei ght. The mask horizontal noving unit 23 supports

ANghotvaSK FIth sy nhé@hdifer H¥BME Gnit DS isB&kred dnddhe Mghsk DB is removed
hori zontal direction, and then positions the mask 22

fro@nhd daBstigtelystrate 7 that is positioned at the
predeterm ned height. The ball supplying unit 24 is
used for supplying the solder balls B onto 15 the mask

T BT b P e s e ﬁ'wéﬁ?%ﬁfff?@gff b 5531%ctlon
3
R AL o NGVA# i 446bS. bet ween that and the

2. THE SECOND EMBODIMENT

The second embodiment of the present invention is described with reference to FIGs. 15 to
17. Additionally, in the drawings, constituents substantially the same as the placement device
1a of the first embodiment are labeled with the same symbols, and their structure and detail

operations are omitted (following descriptions for other embodiments are the same).

As shown in FIG. 1, the placement device 1b of the second embodiment comprises a

. placement unit 3 for arranging and placing the solder balls onto the substrate, i.e., the
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pl acement 2 of the first enbodi ment are the
af orenenti oned transfer device 27' and a nagnetism
generator 314. The transfer device 27" has |ine
menbers 271" nmade of soft 20 nmagnetic materials, such
as magnetic stainless steel, etc. The magneti sm
bagemgrator 314 is assenbled into the holder 31. The
magneti sm generator 314 is described in details as
follows. In addition, although the nagnetism
geqprator 314 s assenbled into 36 the holder 31 to be
Yrhowg i BC- doctBrelpgeaint wite afdyatond singetiesy ppt ths plecamgt unit
(% d|V|d all sed, or assenbled into other parts
lrPto‘?"“hlo %’é #ﬁ@ag%%ts?lﬁ? grupture; Th plaggepiaypit 3 comprises a

S T T sl st v

net . arranged nar nmanner_ W th respect to
um?ﬁg Rif) sppRiyRe ynit %‘ﬂ@% (EBRHREI F6o nkhe mask %.ese'e)n aaaangemem

etjsmgenerator 314 with respect to
mﬁsﬂ]@a Sngig hecsopies bals B Bngribe Fifﬁa)dtzsf i %f th %la%faéﬂn Hhsdransfer
(for nple, the positiyve
de‘g thd?P"ei? ﬁ Zagihe |ﬂ%erﬂp§%ﬁ§é'ff%€’8% thes*fak %%Wsw@n%@rqné%%astraw
in cIQse contact with the supstrate 7, or
7 by g U (9T showay st b pster thecaldpeiye B IPcPf‘ieFiéO suitable for
substrate that the generated magnetic force can
s A el kg fheceom e AR ST rhavRRgoR swke te
tor, 314 arranged in the above manner will draw
ele%ﬁ) ﬁnf@ act"ré’ﬂ%‘fl% ’é‘ﬁ 14Sb THRer e 28ys p95e fcgjefw@wéflaag or lowering
netic force, ch the |ine nenbers nov
theﬁ%ﬁ%ﬁnff‘aﬁﬂt? P%*Hmiﬂﬁl%f Hpiate 7@%@@86@@9@&%&% kThza_ﬂask horizontal
A netlsn1gener?Fors 314a, 314b shown in FIGs. 17( %
mO(“B? WY ) BPRRSe elaasgshorlﬁféﬁ%g HoVess e esket2aione then orizontal
or.der to i mpl enent _t he netic generator where t
dirgetig etds ey drehgnsothe lg?tsﬁa og 1they hpiatea 7 phelr sl PQS?J‘OB?CI at the
ga netl ar eas 2@@ t he adj acent nagnetlc areas are
pre ellgpt e Fl@ﬁ{yiwng@ﬂth %sgd qrﬁgpnlr}ﬁ@g]@ﬁsglﬁﬁr balls B onto

ators ?14a 314p have a plurality of permanent
%@Slﬁ& The ball removing unit 26 1s used for removing the remaining solder balls B from

the upper surface of the mask 22.

For the placement unit 3 of the second embodiment, the differences between that and the
placement 2 of the first embodiment are the aforementioned transfer device 27° and a
magnetism generator 314. The transfer device 27’ has line members 271° made of soft
magnetic materials, such as magnetic stainless steel, etc. The magnetism generator 314 is
assembled into the holder 31. The magnetism generator 314 is described in details as follows.

In addition, although the magnetism generator 314 is assembled into

36



81, 82 with a substantially cubic shape, rectangul ar
solid shape, or circular plate shape. The mnagnetism
generators 314a, 314b are arranged in a substantially
pl ate shape, so that the adjacent pernmanent magnets
81, 82 have different polarities. According to the

the %ﬂﬂ-? ? | %T}xg ] %roglﬁoma%%“’ at’h:a %gge{nﬁztn hgg;ncgqgr ? le4 NG igl?r}%dually

orce l'rnes creat er hanent “mag
rs 271' are
use§ ]Ur a?s%%n#)l%d 11’1?&1&[1&'38% use:c?3 ﬁ?)r oa(%n%\}%w ub r%bv\z r side. Wen
applylng such nagnetlsn1generators 314a, 314b, as
shown in the drawings, the line nenbers 271" are
2-10MMAGNEABIMN GENERAJER i n a manner that the core axes of
the line nmenbers 271" are substantially parallel wth
the row direction of the polarities of the permanent

T‘TB%@E&S&%@@&&@F 3 18GH Qﬁc@érrﬂﬁ HE, 6hg a@ﬁﬁs@aﬁgﬁfﬁ%ﬂe-gfapémmanem

I'i ne nenber s the Iine menbers
f izl ¥ Ql'ﬁart Iﬁﬁmbﬁp@ﬁ{ re%l%rc{ fCfe Albsk e 7”%5 uffer! sﬁlrfé?:e (one
nanner substantlally par al | or perpendicular to

surfiBY Rehk Gna el gbhdBRSr 14 %@ﬂh%& BY (PR arR¥fer BOGeROF m%ﬂétlzed t0
magnets 8 . Therefore, Fhe deformation of th

a pﬂe&éﬂ&nﬁ%ﬁ?@l@%foggﬂamp%aiﬁ% BEkiR% (N?ﬁolgje 1S hddtictli b ﬁfa@ﬁ%@m Qfnerator

magnetic force [ine created by the nmagnetTsm

3 1493?&5‘ 8L AAE& B LRe co%ga%ltlpﬁg s@ﬁtrﬁy PR %é:?ﬁedanaﬁgeﬁ%ﬁﬁeat sutdBle gap
generator 314c shown in (c) can be selected as

withh hﬁp&%ﬂﬁ& ksbtratd S @LAHO %Cﬂﬁl’dae(pfhgﬁl&lé Rrde B ﬁﬂi%&li & %n the line

~magnetic generator wheré the nagnetlsn1generator 31

meliBtSs 271P] gth@hbdnkiQf géﬁ@ﬂ[b@%ﬁ@m%%@cﬁmqwagot]@mﬁ’iqeﬁ%ﬁp&raw the line
magnetic areas are arranged by ‘different polarities

meAbis SACRHOWRONAL b 1R 3g%§erbt§d abARE Ekcd, n %&hqgé Hﬁ@meﬁlﬁ&s 271°

magneti c generator ~conprises a plurality of

moRGRBARAMy H@&n@f)&s&éac%meﬁmwt antial square-pillar
shape, and the "sidewalls are closely arranged to form
a substantial plate shape, so that the adjacent

ermanent magnets 83 have different polarities.
agnetism generators 314a, 314b shown in FIGs. 17(a), (b) can be selected as the magnetism

generator. In order to implement the magnetic generator where the magnetism generators 314a,
314b have a plurality of magnetic areas and the adjacent magnetic areas are arranged by
different polarities, the magnetism generators 314a, 314b have a plurality of permanent magnets
81, 82 with a substantially cubic shape, rectangular solid shape, or circular plate shape. The
magnetism generators 314a, 314b are arranged in a substantially plate shape, so that the adjacent
permanent magnets 81, 82 have different polarities. According to the magnetism generators
314a, 314b, the gap between the magnetic force lines created by the permanent magnet 81, 82 is

short, and

37



In conparison with the aforenenti oned nmagneti sm
generators 314a, 314b, the magneti sm generator 31l4c
has follow ng i nprovenent. Nanely, as the description
for the magnetism generator 314a shown in FIG 17(a),
a boundary is present between magnetic areas al ong two
' ' I Qi s.811, 812..For exanple,
et G AT R e R R P o o0 e T P
menbers 271', magnetic force lines are generated to
intersect the line nenbers 271" at the boundary 811
Wheratnpbiingsfuehh megetisr genesgters 3042, 314 ab shwevnnie ivedrewi2gy 'the line
When the horizontally noving |ine nmenbers 271" cross
megbesp 27 are nyefgrablaeyragpd in ¢ henter that e ndre ascs 27 the lge enembers 2717
pul l ed towards the pernmanent nagnets 81, 82 next to
arctslestanbiallycharalielgnith thagow direatigh pf the pelatifigser! thermsonane@ magnets 81,
are deforned as indicated by the synbol d in the
82.dAaedriigs fo the aapgemeahalethe ling medmbetsi 38’, temiier medbars 23K enove
defornmed, the solder balls B escape fromthe
horirantalbgn i the uppirt Jusfaes ahdhet hesks 82 dera irahihes sBbstentiakio pateiel or
smoot hly | oaded into the positioning openings at the
perpraglisplamto; e meeratic dprse ligps erprtedolshench od i, pemanshiomagriets 81, 82.
FIG 17(c), the magnetism generator 314c has the
Thesefprisdthe ylelogratiop ff yheglingrieralees 2115 ents¢doby ths demdly claff@ehcbypf the
the synmbol 832 in the drawing. Therefore, if the |Iine
maghstiplorcs ling qreated by the magngtisn genestnonhi 4.3 1 sanlbampprgssed. he
magnetic force lines created at the boundary 832 are
parallel with the core axes of the |line nenbers 271",
ANdaghttidn Beerdid 8148 &hbwn Wh tHGE B9 RS LERERGES 22 Tk mggnetism

Magneti sm generators 314e, 314f can be also selecte

asiol "B SFRGNG LhIethGie R AR ' N
B e, At R e %ét%ggﬁg?tfgﬁﬂggE}Hgﬁlg!@tgggﬁ%lg}%gmr 3lde

has tahQuRBE e eticBEHICIA t§e’5adj§:@nthﬁ§( 06 LR %@'Iﬁaﬁﬁgh %?: t%:iﬁferent

are arranged along one direction to formthe magne
poldii8@ and 64 hlgN&ict fed N SO0 19l thd rﬂa?neﬂgtgenerator 314
necessary to prepare a | ohg permanent nagnet 83
comprises a plurality of permanent magnets 84 with a substantial square-pillar shape, and the

sidewalls are closely arranged to form a substantial plate shape, so that the adjacent permanent

magnets 83 have different polarities.

In comparison with the aforementioned magnetism generators 314a, 314b, the magnetism
generator 314¢ has following improvement. Namely, as the description for the magnetism
generator 314a shown in FIG. 17(a), a boundary is present between magnetic arcas along two

directions indicated by symbols 811, 812. For example, as
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as shown in the magneti sm generator 314c; and thus the
magneti sm generators 314e, 314f can be nmade at a | ow
cost. A magneti sm generator 314d as shown in FIG

17(d) can be also selected as the magneti sm

generator. In the magneti sm generator 314d,

t to 39 f et J .
shogkneﬁl [h%_?%g\pﬁg,g\ﬁrgé} %ﬁ%g?%e&te 1fhe 3te 196:5'5"}217{]6 m@%ge%fél tlgigre lines are

eas. e can be freely tonfro

gex%?a‘féﬁrtg lnﬁg'aetcplihg lig%{n&ﬁﬁérs 2?1”99@1% Pﬁ%@%%ﬁé%}graﬁeq Sith theacioaer axes of

ectromagne erefore, I'Sm gener
3 i1y 0 ' I t4-0n ven
B R A R R G R R
bollRARE £ ' n LRE 8 y
TR R P AR 5ol 8oL NEg AR, Blaldlty. 02 0
theq)%ﬁrﬁfa 119732 rquR,l HE ﬁllldé xiié{m efrs i)ﬁt ?I%l?igf&}m gl?cficsate%rb the symbol
el'ectromagnets 1's’ used to form the nagnetic areag,
d R ife dialBEN U A rflheh A5 B BRSHIRANS ”%%ef%gﬁé& [ht%lslo{d " balls B
of ‘magnetic areas cdn Dbe al'so used. According to e
cscl AR ATRE etflgion el 1 b8 RROH S PR Sl onded oot
netic.fqQrce generated by the
pmﬁ%%ﬁ%??§ﬁ¥g¥ﬂhg§ﬁgﬁg?%%#%Tﬁg'and t he abdonen of the
line menbers 271" are pressed onto the upper surface
of the mask 22. The |ine nmenbers 271' are thus
(rothe 26ar kandyasriboverd ingGe | 7(E) theanpguetisgy generpioopldc Iighthe boundary
l'ine menbers 271' capture the solder balls B, and then
832mnlealprg ensaliceijpnad indinated by iths symbeigd32dp dhwi dugysin®, Thgrefore, if the
. downwardly pressing force caused by the magnetic force
ling rgerphers 3¢ yp arrtnged agdiowein thodavisg, thé magretit foree lmentreated at the
271'. Therefore, the pressing force is acting on the
bougdiry 832 a5 perpllplswith the eketames ofghelline iembess 2718, andoot! iotyintersect
_inserted into the positioning openings 221.
witiRthg dingimemkerp?7lf.ne st atus of the upper surface of the
mask 22, such as the roughness, the pressing force of
the line nenbers 271' caused by the nmagnetic force is

NtRbsEPRSERRs 35&3?5@&%@ be a8 selected as the magnetism generator. The

magnetism generators 314e, 314f. Regarding the magnetism generator 314c, the permanent
magnets 85, 86 having the same polarity are arranged along one direction to form the magnetic
area. According to this configuration, it is not necessary to prepare a long permanent magnet 83
.as shown in the magnetism generator 314¢; and thus the magnetism generators 314e, 314f can

be made at a low cost.

A magnetism generator 314d as shown in FIG. 17(d) can be also selected as the magnetism

generator. In the magnetism generator 314d, electromagnets 84 are used to
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20

line menbers 271 are sel dom entangl ed al ong the novi ng

direction, and an occurrence of a recoil reaction can

be reduced. Thus, the solder balls B are stable and

| oaded into the 20 positioning openings 221. 40 2-3

DESCRI PTI ONS FOR EXAMPLES OF FI RST AND SECOND
fomgala Sread) T lefc Fordd S&' ﬁje%fy %ﬂir&l d%c@cﬁ(ﬁng to a current

pl aced onto five subStrates u5|ng t acenen

am@@ﬁ{'aﬁ}?wﬁ t@tlﬁfeletctt?ﬁnef 5% %4 | gﬁ@rrggll ?‘i'néi%%%g{él @Eﬁérétﬁr"!l@@ can casily

conditions. The mas

colr b GHINE $ri R &UMond BRen ToRkh a'% hlzr%‘tlf £ QF@tPfcﬁan@é{feche ﬂ'r%zrgg'nbers

p05|t|on|ng openi ngs 221 W area of 25mD. Each
27 p@?&&h <894 @%Mh@%ﬁtﬁe Ser GIE %tarnﬁ% shdsu@d 7t he
substrate 7, and the dianeter of e positioning
opening 22 is 90m The |line nenber 271" of the
transfer device 17 has a substantially circular
koythsaboxsdaseriptons: @ Rluglitycnf areaent SRS clogiiemagnelb oo form
portion to cover the range of the positioning openings
theypagneticrens iyt g arethgd of dipiding one gRERet el PlFaligolapagnetigaregs can
di aneter of 80m One by one, 12000 solder balls B are
be g9 ¥s¢éred to the upper surface of the mask 22.
SANDARON ( Tr ademar k, made by Asahi Kasei Corporation)
Is used as the line nenbers 271. The above conditions
AdcBrdaasSioaBd pMcentehCusfenchdingt he abddk Inidhaig &ioP 8l the line
exanpl e 1 and the conpari son exanple. 2) MPLE 2 The
mefBbrd €71 batel fullBd AofnPhrds 8¢ 88 utghetR UdSde" @h88ted bYSthe Gnagnetism
the placenent device |b of the second enbodinent. In

gerRehehr Bl HRnd fiR2bddn@nBRGREhE heibak DY £ 9 HtB&I ontd the up eSM,&ace of
430 is used as the line nmenbers 271. 3) COVPARI

the @B E The line members 271° are thus horizontally moved under the above situation.

The line members 271 capture the solder balls B, and then move to the top of the positioning
openings B. A downwardly pressing force caused by the magnetic force is acting on the
abdomen portion of the line members 271°. Therefore, the pressing force is acting on the solder
balls B, and the solder balls are smoothly inserted into the positioning openings 221.
Regardless of the status of the upper surface of the mask 22, such as the roughness, the pressing

force of the line members 271° caused by the magnetic force is kept constant. Therefore, the

- line members 271 are seldom entangled along the moving direction, and an occurrence of a

recoil reaction can be reduced. Thus, the solder balls B are stable and loaded into the

positioning openings 221.
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41 A transfer device having sharp-and-brush shape |ine
nmenbers is assenbled into the placenent device |a of
the first enbodiment. The |ine nmenbers are arranged to
be perpendicular to the upper surface of the mask 11,
and the line nmenbers are horizontally noved in a

23%%?% Igcg‘gbgm place ﬁl??e so CbﬂDﬁ@%‘?ﬁMﬁwrghe

non-filling rate and the remaining rate for the sol der
balls B in exanples 1, 2 and conparison exanple are
1) EXAMBEE(ln Table 1. The remaining ratio is defined as
(nunbers of solder balls B remaining on the mask 22)
/ the nunber of solder balls that have been delivered

THR sbia& ball®B Kie plak8d ddb e dubbtedissi dslng@ﬂ: B12kinent 'IENBd TH d¥She first
ratio Exanple 1 0.173% 0% Exanple 2 0.094% 0%

embRIREH LSRPoIewRE 0RdZionye exanple 3. THI RD EMBODI MENT
The third enbodinment of the present invention is

described with reference to FIG 1 and FIGs. 18-20.

15 As shown in FIG the placenent device |c has a
Preeeskends maderot 3UP 6?0 Hith @#Pﬂ@e%mé SQyayc Tirgmask 7 issfgprprgito have
balls onto the substrate 7, i.e., the base unit. As

10280 awpitipmng-pegningg 221 rvéthpﬁnamreﬁreﬁ 25mmt Edchofpening cotrespdnds to an
enbodi nent and t he

electrode 71 on the substrate 7, and the diameter of the positioning opening 22 is 90um. The

line member 271° of the transfer device 17 has a substantially circular cross-section with a

diameter of 75um, and a abdomen portion to cover the range of the positioning openings 221,

The solder ball B is mostly made of Sn and has a diameter of 80um. One by one, 12000 solder

balls B are delivered to the upper surface of the mask 22. SANDARON (Trademark, made by

Asahi Kasei Corporation) is nsed as the line members 271. The above conditions are basically

the same for the following described example 1 and the comparison example.
2) EXAMPLE 2

The solder balls B are placed onto 5 substrates 7 using the placement device 1b of the second
embodiment. In addition, ferrite magnetic stainless steel, i.e.; SUS 430 is used as the line

members 271,

3) COMPARISON EXAMPLE
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42 placenent 2 of the first enbodi nent are basically
the sane structure. The placenent unit 4 conprises a
mask 22', a transfer device 27, a holder 41, a hol der
raising unit 29, a mask horizontal noving unit 23, a
bal | supplying unit 24 and a ball renoving unit 26.
h 2 1ol r.ral r h g
Erg BB gty dpte PP BREN SRl P Slonbil F (M Mo e
rat.e. 4 t . iC N .S '
PEBIEL @bt fin oy FBOTPERAARE P Ane fnclmdhine 3R Blrfcd go be
A i it .
P e Rl P B AP B ing B D BB z0h B oved
in & WaRYR tHaPheir %ﬁh‘ﬁ) B&Higr%r &h éﬁﬁt@& i{hr}ﬁ ngﬁﬁ 3 ansot]:) HE@ the solder
substrate 7 orlzontaf?y {0 hmake the el ecirodes 71 to
bafid$€ upwards. The holder raising unit 29 is used for
freely raising or |owering the holder 41, so as to
position the substrate 7 at the predeterm ned hei ght.
The mask horizontal noving unit 23 supports the mask
P nqafilline Ften pady the repaining paie fars the splderabally P ity gxamples 1, 2 and
horj zontal direction, and then positions the mask 22
corgparispieexaypls gredisted m Taplg 1. ’gheprg@gipjng Fadlg igdefinpdas (numbers of solder
redet erm ned height. The ball supplying unit 24 is
balﬁ'»sfé FUREngsnIpe PRk 1 Eredymierof @alrlf:rsbaés Bt ipve bera detieked to the
22'. The ball renoving unit 26 is used for renoving
magige remai ni ng solder balls B from the upper surface
of the mask 22'. For the placenent unit 4 of the third
enbodi nent, the difference between that fromthe
TaREacenent unit 2 of the first enbodi nent are descri bed
as follows. The mask 22' has a soft nagnetic part
made of magnetic stainless steel, etc., and a draw ng

unipg—s—assenbled to-th holder—41—in which the
drd illigeptio 5 iping gt

w-ng—uRi-t—dr
maadetRRledgr colt o nal@d $%e | owerl surface%  t he magk
227 E’Wﬁpﬂézrl osely att 4924 to thd upper sll¥face of the
SURSIOPMRRESOR. The dr awkgiguouni t wil|l be destidg,bed in
detl#xmple follows In addition, tlhe drawing wunit id
assenbled into the holder 41 for the drawing unit be
suited for automation, but the

3. THIRD EMBODIMENT

-The third embodiment of the present invention is described with reference to FIG. 1 and

FIGs. 18-20.

As shown in FIG. 1, the placement device 1c has a placement unit 4 for aligning and placing

the solder balls onto the substrate 7, i.e., the base unit.

As shown in FIG. 18, the placement unit 4 of the third embodiment and the
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draw ng unit can be used individually, or assenbl ed
into other parts used for |oading the substrate 7. 43
3-1 ATTRACTION UNIT As shown in FIG 19(a), the
drawi ng unit of the present enbodinent is a nmagnetism
generator 411 built in the holder 41 for generating a

pla&%%ﬁtei thﬁq{rgt mbI hell®, n%%su.ia eens%&%te ructure ]The placerﬁené Emt 4

ange avi ng e Su str d ween ;
con@)ggest%gnla gg ta oved? hgtfs‘]gb %‘de %E‘ lﬂﬁ\éer g1s¥ng§u%% a mask
horf‘zgﬁlalrr&%wr% %?3‘: a g'a:&lzs E%ivmg aap E% gvnw%(rja l%aﬂ %:1%(?\11 e%6: zlﬁe mask 22’
e%ﬁa%@%n%n&%%ib&% rr%éfﬁ]ﬂ O?e?%?déé Ibgﬁ Cg \%} ?hre r.oéelssﬂagf the

sub:l;{ﬁltet 7. ﬁ aE?frfr (Iletqrht B? 1saﬁ r o;@ a{rlnc())v% QO ﬁia%n eetr sgr atce of thz -II'-I'{?Sk 22’

gener at or e eIe I C orce nera

pos t&)n%fr EHthafBg&@% ?E%a mo%n% b]glt Enok gl% so aﬁo tpangtgigtge scilder balls B.

circul app yi'ng a vor I's  conn

To B‘? sutitj&? fo%late[ En%g%or g h%ldeloj ke tegsetlﬂg R%}tlt\cl)ar:l’]l 014:heasub§1%te 7 horlzontaily to

ectrosta e enera posi ti

mald tﬂ%%%{nlo&% 79(%!) ?arcE h%{wa l ITh% %ol[%%prmsﬁxg u91¥ %g ;sq‘{s%cp g:} ﬁ'ge(:fy raising or

Cl rcul ar ge

low?%lgaﬁlé {}c}idﬁg QJ? os%l ats? é\o%m{og ﬁw sH‘E r?t%sleaq tﬁgylr e@e{rXin%aal%ggh{hﬁFEymask

- ho ér{tﬁéﬁ' tt ﬁesu ‘S‘ ttfleaﬁlg k 22 Ihanto hﬂﬁy,ca vEs thc s kalong the
OES iC

re con alnlng gne

hon'?(%{t;l edllrw%n a%%%he% 19rtr§ e mgsktzaeon Sk Zgatg %Esepfogl oned at the

mat er | a are easl y

-pre(l: 9et1nn?1|e FSg}ﬁ T&l@ Ealpﬁlgﬁlglﬁlg %ﬁﬁ N EGus&H {‘2)5 nltlppl'l'?’ ng%l%ltlhg g({lﬁeg bal}f B onto

avi n rrc cons

“the fn% k]%o 3‘?]% b&} 9?1{1]0 ISYS uvédgfp éné ll%?nogfngl (S relfl?%nmg?o%jer B&f B from

mﬂ%¢£§5®pguﬁﬁﬁﬂmgg elected from po!ylnlde resin,

resin Ir¢con resin, polyvinyl chloride resin,
ABS resin, acetylcellul ose, acetylbutylcellulose,

ur et hane elastoner, chl oroprene rubber, di-tolyl
Fewuthigenlacemerd unfted pf thexthing embodiment, the difference between that from the

placement unit 2 of the first embodiment are described as follows. The mask 22° has a soft
magnetic part made of magnetic stainless steel, etc., and a drawing unit is assembled to the
holder 41, in which the drawing unit draws. the mask 22’ from below by a magnetic force to
make the lower surface of the mask 22° to be closely attached to the upper surface of the
substrate 7. The drawing unit will be described in detail as follows. In addition, the drawing

unit is assembled into the holder 41 for the drawing unit be suited for automation, but the

~ drawing unit can be used individually, or assembled into other parts used for loading the

substrate 7.
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or a conbination of suitable carbon black and the
above material. 44 A vacuum suction unit 415 as shown
in FIG 19(c) can be also selected as the draw ng
unit. The vacuum suction unit 415 conprises an upper
openi ng 416, a side opening 418, a fluid passage 417
N%WI nerating unit. The upper opening 416 is
312%@%%& g éﬁﬁpper surface of the holder 41 where
the substrate 7 is not |oaded thereon. The side
opening 418 is opened to the sidewall. The fluid
ibasl@a’geinﬂlﬁ- détmetht gravieg wpiberl bpermseny etb@dimwot ishe magnetism
si de eni ng 418, and the fluid passage 417 is forned
genggtor Hél jlt dfethe halder 41 Fhregeneretingrn wagretiaforasg Themiagneligm generator
connected to the side opening 418. According to the
41 g ewangedhaving die sybsttated1i§ betweercigamaske??2 apd dwgnageetism generator 411
enerated by the vacuum generating unit, the mask 22
and|hg ieie the rask 2 photiehsd alibye Fhs sulbbtrain. Arpopiresugphueoviraicircuit 412 is
direction at the upper opening 416, so as to be
conpéctesldd the magptivadermmatord 1 forghpnlying powzr tolthe mpgnstismgaperator 411.
the mask 22' al so does not require the soft magnetic
part, and various materials can be selected as the

APSE&PHRRL BRE %ex‘ilafraﬁm_% R $Kowirin: FIG; %(QPEB%I'S%&Q: as, the drawing
PLACEMENT DEVI'CE | ¢ The operation of the placenent

umtd eSHnﬂﬁr té tife BretiBRiohddl hebnBFROHNBRAY 41 8 tﬁeé&frbgﬁfi fgl%l:‘ %Wlerator

Step for positioning the frask (the first step)

41 3”@%1@0 Z&embRd RAS kel RARA41.0 AL Qﬁtaééjaﬁﬁrﬁla&?cul? for a%})ly%eaovoltage is

for attracting the mask As shown in FIG

confIREH tdthe eleQRRBH: APQRNAE: HYLFHE agﬁrOZtaﬁcsfom %laﬁeYat&ullllj Slere a

downwar ds by the magnetic force generated

RS BB o RS B B
22’ &f a pGitBS6siftRo the impressed polarity, and then the make 22° is drawn from below,
so as to be closely attached to the substrate 7. In this case, the mask 22 does not require
containing the soft magnetic part. The base substance of the mask 22’ is preferred to select
materials that are easily to be charged. For example, the base substance can be insulating
materials having a dielectric constant higher than 4 to 12 and a conductivity with an electric
impedance of about 10® to 10" Qcm. Specifically, the base substance can be selected from
polyimide resin, phenol resin, silicon resin, polyvinyl chloride resin, ABS resin, acetylcellulose,

acetylbutylcellulose, urethane elastomer, chloroprene rubber, di-tolyl rubber, and their mixture,

or a combination of suitable carbon black and the above material.
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22' duplicates the upper surface of the substrate 7,
and the mask 22' is closely and uniformy attached to
the substrate 7. Therefore, even though the substrate
7 is deforned, a large gap will not occur between the
substrate 7 and the mask 22'. 3) Step for placing the
ﬁ‘%,'a(gu% su on urr]lgt rér{ﬂ)g 'Ft i onﬂeﬁfs(_g ﬁé%?cagn:ie alsd égectetf) as t{te dra\’mng unit.
f the electrodes 7 are,su l|e
Th% vgcuu&l S%Ftlosl’lul% ta%l§ cgfnp{lﬁeé and uga&erzaqemg? %b%lansgld H[ge%glgl 8 2 fluid
fer deyvice 1S arr

The
pas%ga%péll}f 39 a {:l#] g& L‘I.]ﬁratlil% umlt a[}ﬁn%ejl;}per Q;}Tma 421% is ‘opened to %16 upper

T a manner ne me

sur?alég %f‘ f%mhofafrl N here at?b tr%tgriltr% H%HS s Oernfzartt O get ﬁde ccpﬁmng 418 is

tac

op%ﬁ iﬁogﬁlg s%ﬂwal h%ﬁnﬁut mg)%szs' de 4?1% connec A ht?;{pterr ?%ne%lfng r4lglev(i 816 side

orrzonta W 'th respec

11r fﬁﬂ% & (afthé S’ld ngsséléoezégl 7 231-1[ Hoed 91} %e Iil()lg roélé e?hg rv%cuu?l\r/%neratmg

rans evice and

R ESA  F ATEly B U
preps%l"e agn@Pcht&f:l%gthQ aguugl lff?rgtti l? (ia’tstht?almatsp H9 lfc%?e& on hﬁ holder 41 is

iFoni n escape

dra?rg%l thte %glﬂﬁlg r8 %E‘Q(%tlglg %%thﬁ_k%p% O]Feam%rﬂg ALY Itonlge (gltt)sel!g'i (leed on the

he su rai'sing uni

'subgtg < ﬂttthg ggset %g %E'P%?E%‘%;omwei ?tdmz%gp%ﬁ] I;allj[,eand various

marg‘gggan%%na?cquﬁ& gg% S, Srggnﬁ%ofvtﬁnt |2 3&1 s described with

erence i'tion, the
pl acenent device |d of the fourth enbodi nrent and the
46 pl acenent device 1 a of the first enbodi nent are
3264 HRSIOY GHRLACGEMENFHEMIGE 1pl acenent device 1d of the
fourth enbodi nent, the differences between that from
the placenent device 1 a of the first enbodi nent are

B 0{)&5&0‘3\@@ the%ﬁicé&‘ﬁy\@avgc@ 1Eb e At @hbodmS Bdeb @b8d below.

1) Step for positioning the mask (the first step)
The mask 22’ is positioned to the substrate 7.
2) Step for attracting the mask

As shown in FIG. 20(b), the mask 22’ loaded above the substrate 7 is wholly pulled
downwards by the magnetic force generated by the magnetism generator 411 that is powered by

the power supply control circuit. As a result, the lower surface of the mask
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7 with electrodes 71 where at |east a tenporal fixing
filmF wth a | ow adhesive force is forned 5 thereon
is prepared, the solder balls B are placed on the
el ectrodes 71 through the tenporal fixing filmgF, the
adhesi ve strength of the tenporal fixing filmF is
i : i [ ' fynt I -

22, PEASHG BheLnlRnan®t RbN el 18P KR g2, BIRREG and wnifomiy

attﬁc@l@a)fa_rﬂ?é :!u}fsté%‘:‘?‘:' r Qre?ﬂ%, %véﬂﬁ%ﬁ ltl?e%més?rgt%si iz é?fpr?fnneg,rhellarﬁe gap will

adhesive strength o he tenmporal f1xi1ng

noPébdirthe@en P S HkEIPP LA the fhotig fil m F can be formed to

cover the entire upper surtace of the substrate 7 as
shown in FIG 10 21(a), or can be selectively forned
on the upper surface of the electrodes 71. Next, the

3) $teprfs piaping the goldey belly Hacaprgnd Hepdt enporal fixing film
deteriorating unit are described in details. 4-1
TEMPORAL FI XI NG FI LM The tenporal fixing filmF.
TiIRNPREAhY BSREMER Shed MBILEOI IR solidf bals B i9 D& 1A the number of the
el ectrodes 71 in a manner that the solder balls B are

eleR@IdeST ITRleYus ¥ eth tBY Qfpet HOUGIbrdd hisk b WX IsRIE M) bali QliBying unit
acts on 15 the solder balls B placed on the substrate

24.7THY tr@kfet BRics2@Rs ArfingddEAR\VhadGertthi tHEBHK nfk@berdsi2h e grelstibstantially
FIG 13. However, fromthe first step for positioning

in 4 RRiz68BlkodBoR Hehf cHlRs WiRHR sfldbiballB suSHed frkns tger filface of
pl acing the solder balls B, a | ow adhesive strength

thefrdsk DI ah £IMBO trd|trahifxd diglick 2 M hedizolABI h&d SAtht Bepecttth @he upper
tenporal fixing filmF is not adhered to the mask 22

surfabe bhhe sk ep’. Dahd Solddr bdiReEB taROVeRl byf thX iragkfdri deic& 2¢,2dhd then
be selected froma material that is solidified at a

Joa8&Nihta ithe poaaoﬁ@@%iemngmmo The SH48E20" isSin ABEE S48t Wik BB Gibtrate 7.

and is liquefied (gelation or pasting) at 47 another

Thé&6Bf tht: Q6lddrGalld B HBA&EoH thé cREtRRASI Viethfdupe e tpBsitififkg openings 221
exanpl e, organic materials such as paper or resin

- wil Bt esehRrdnt @B p&MonRRSp&findd0! Ypr opyl ene, pol yvi nyl

chl oride, polystyrene, polyam de, acetylcellul ose and
pol yester, or netal materials such as Hg, Ga, In, Sn,
tc., can b sel ect ed the main material of the

4) §@1f85?e§’8“f1$ @@%g@?@?ﬁgﬂ‘rﬁﬁe fixing film According to
t he

The holder raising unit 29 is lowered, and then the mask 22’ is removed from the substrate 7.

4. FOURTH EMBODIMENT

The fourth embodiment of the present invention is described with reference to FIGs. 21 to 23.

. In addition, the placement device 1d of the fourth embodiment and the
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5 first type tenporal fixing film for exanple, a
tenporal fixing material is vaporized to forma film
on the substrate so as to formthe tenporal fixing
filmF with | ow adhesi veness. Alternatively, the
tenporal fixing filmF with | ow adhesi veness can al so
pIRRmERIIRL. 1L iiGire BN MR e B2 L emmpor al
fixing material with a proper Sol vent mater oil, or
various al cohol or methanol); coating the_n1xture on
the substrate 7; and then renoving the solvent by 10
&Py‘i fiplacamenidyics il pf the fouptly e W@ﬁden@%ém ¢ifffrencepbetygra that from the
nporal fixing filmF formed b t he above nethods
Pfaﬁﬁa?ﬂt d6¥iceda pf e 61 FmRadpeabaroaF OHoW hed Pt 1) 714e)es subsirate
solidified to reduce its adhesive strength. Liquid,
7 veithedecadspdt ahere gt feast éfeelporabﬁweﬁl%ﬁ §V1@rad‘a‘ﬁ F‘éheéléﬂ’ fpecﬁtlefonned
such as al cohol nethanol, etc qui d m xtur
therfweu& gieayged Hee snidsy bals %&Fedplé@dtoﬁéh% aev@%s 0 the temporal
el ected as the sel ected second 15 téﬁé t enmpor al

fixpog, Y- Haedisie streagBef dedemros] diinedduding incymeed by #slsierpration
fixing mterial, if the tenperature of the tenporal
POLFW i°F1 genwafaé fixige filw, st Hep hesolden ballsd pre terpppsaliveseprgpchpnto the

material, is solidified to formthe tenporal
eleftrcsér—h Y Peegicpive Firepeh oS dhscamRRsHdiang fim . snpggikion, the temporal
desirable for the tenporal fixing filmF forned by
fixiog 313 G BTRIS op ¥ea e SHiES RReF SieiBeq of thaywpsiaie Aasshpvtria FIG.
solder balls Bis solidified to reduce its adhesive
21(@}, PSig R selogvely fommedsen the wreimirfase o igelogtrpdss 71 nijexphefemporal
equal to or larger than -100C at atnospheric pressure
ﬁmaﬁ &l sk the teppgraliitipg Hmedepeaiagingynit a5 daserthep By detailp.e
(-10C to 50C), are selected as the second type
tenporal fixing material, the process for solidifying

4-1tTEMESR AR MPONG FIf MXi Ng material can be inplenented at
a lowcost. In addition, if materials, which have a

boiling point less than the nelting point of the

e g B Fidaaho it Bueil ol by ol 1
mal?ner Hlaf th cl:drar k?)o ls gl% r!?)tO :Ianrgl})Iy n%osv?eé: eve?lrthough a little external force acts on
the solder balls B placed on the substrate 7 after the step for removing the mask described in
FIG. 13. However, from the first step for positioning the mask 22 on the substrate 7 to the
second step for placing the solder balls B, a low adhesive strength for the temporal fixing film is

desired so that the temporal fixing film F is not adhered to the mask 22 or the solder balls B.

The temporal fixing film F can be selected from a material that is solidified at a certain

condition to reduce its adhesive strength, and is liquefied (gelation or pasting) at
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butyl al cohol (melt point: 25.4C, boiling point: 83C),
are selected, the tenporal fixing filmF 5 is
simul t aneously gasified when the solder balls B are
reflowed to formthe connection bunps. Therefore, a
cl ean process is not required for renoving the

: an&tﬁ&%ﬁ@hm{ {oxfnagaste'ﬂs %Eefswggfre ' gbln%f'n?f?:u ercrg[ﬁ? ?Hateﬁals'such as

renDV|ng t he tenpora |X|ng ore rerli ow ng

papdd eorsl%Llﬂ &electB ot @ny o]bel; )8? n&i)ﬁa@gfeﬁg o‘f&%-i i RE1oAR taﬂolfsgtyrene

poi nt of the tenporal over 1

po%ﬁ‘xﬁfde qcetyﬂ:ﬁﬁ:lo%@bﬂfﬂolﬁ&lnj 3r Iﬁctal:lrgat%ﬁals' sﬁc}pgsqg? Ei[ée]ﬁ grh @{c can be

ora |X|ng filmmteria contalns

sel&Qngé"ﬁlam%édagoittH@sel ?efdlfﬂWtﬁQ £ gﬁ%? Erb z@(l%tuldﬁlg to the

B, the flux conponent 1) prevents th e S

ﬁr@%ettaﬁporﬁlfﬁﬁltgrfﬁlqeﬁar ziangﬂi@@t%%&?ff%xg{éanﬁ d@ #)énzed o form a

supertor 1 n functions wet t a I on

fild | &@ﬁien&b&ﬁ%‘e SYLE 36 §SmP fthet Eﬁlggfaﬁ qﬁ{r&dﬁ%‘d Z:lwnﬂ-hgwf %;ﬂ%sweness

conmponent is, for exanple, i n or ition wt

Auell;aamg; Qﬁé &b &ras ﬁmlg fﬁﬁmtfo wﬁtﬁab&; ad{%é;&@%&g Bgh L% b0%ormed in the

t enporal flmng forme e tenpora

folfoll NGy REGhd 2 enﬁ;gﬁﬁ ﬁhﬂé Hﬁtehglewﬂctﬂ é'@o?%%ﬁ%vater oil, or various

occurrence of connection failure ween

alc@ﬁyﬂ BEAEMARN LR ARE nfilGre Oh O 118961CARNP Bred LEE}'B g £5 $&%olvent by

d voids occurred wthin the connéctlion

dw?){grq&b‘%br&? %{Gﬁ ﬁJl?\ldl%élj' dgl_sﬁrglﬁ% -é:(ﬁ:p 0%]9%( Iﬁ!ﬁ%@ff |1:1+1 LFM'ormed by the above

me@he&s%at%@gmﬁee Hlmohtgawﬁfﬁg sbifertAfY BBl L&irdzf[&ﬁ‘%@ ?éah&ai# zfaheswe

or chemcally eteriorate the tenporal fixing
stréngthSO @s to increase the adhesive strength 49 of the
tenporal fixing film In the placenent device | d of
the fourth enbodi nent, the tenporal fixing
deterloratlng unit is assenbled into the placenent
Tagiiqd, speh apatercailp@e-apr RriRysmEeanic seivals.shehor aicphg) metiapol, etc., or
. 25a.as shown in FIG 23(a) is arranged to be in
liquidypidere iqpudingtthreaboppliend psfhe sdvaab cabbg sekeord oy fhieselcgter syoond
t he positioni ng openi in which at

enlq?s 221 . L

type temporal fixing material. According to the second type temporal fixing material, if the
temperature of the temporal fixing material is below its melt point, the temporal fixing material
is solidified to form the temporal fixing film F with low adhesiveness. It is more desirable for

the temporal fixing film F formed by the above methods that the surface in contact with the

solder balls B is solidified to reduce its adhesive strength.

If materials, which have a melting point equal to or larger than -100°C at atmospheric
pressure and preferably within a range of room temperature (-10°C to 50°C), are selected as the

second type temporal fixing material, the process for solidifying the
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5 |l ease one surface that is in contact with the sol der
balls B generates heat. Regarding the tenporal fixing
filmdeteriorating unit 25a, for exanple, not only a
pl at e- shaped heating elenent is arranged in one
surface of a block base substance, but also can be

tenﬂi’ofa"ll AgRE nfaf?:ng%an bd ﬁﬁ:lleyneﬁ b $6F0R coktO g}ﬁgﬂﬁjio}? Yt atéﬁ‘all? Wﬂgh have

unit (SUC as an alr cy er etc. bove 't he mask

a b%gmﬁ %th fe&"ﬂlar{ e nlRRAL 'inglt ?étﬁg%&e{ !b?llsOﬁ*C} RE& 3oty REohol (melt

10 The tenporal fixing eterioratrng

poxld{.] '2]-:1 02% 1&%%& El] g%ﬁ%}gﬁgcg&ﬁldnglggg {)tﬂﬁ)tt %@Eeb&ﬂ?é:g(ﬂ{ltﬁgﬁ‘f) or

eat
butg?:ﬂ?o%r me, tpﬁmF %g 4L%m8gwglgg1np 35@)0%% Ié?l%c]te r%le r eg)ral fixing film F
. | f |t ed f
s SRARRrExareaeg iR IR o e %%Wﬁ%toafp e s
e OB R P B A IR 1

15 the drawing, a variety of configuration can be

sel ected. For exanple, as shown in FIG 23(a), when

Féreavbhlingktrombles of rerveingabk teRPorak fiking fiive F tidfi@a réflosving the solder

di anmeter of the solder ball B, the surface 251 of the
ballsd@rpos mkfefredthaghd inblimglpdimrof dreat¢mpogal diRing ni2tesial i8 lox@nthas that of

with the solder balls B can be planar. In addition,
thewplder baleeB.t hi ckness of the mask 22 is thicker than the

di anmeter of the solder ball B, protrusions 252

correspondi ng to the positioning openings 221 can be

PG Gk AR 2t %@g@ﬁ SR SRR v o
reﬂg\ghlg[]dfggé‘ dl(ﬂ:g h%iﬂ'} B ?h%bﬂ&xh Yace 1ﬁgre%n‘? Bldelbﬁaggrls and the

aser resp ec
ele?ﬁh&s%&??@?r&é@gt%ﬂl §19d F%ﬁé’f%? ﬂlsfg%l%%n% 5@\%’[%%? glllcf(rlcﬁlgction for
| I .
offhoh SR eélﬁcgr% EBLSLY DR IS
addﬁllt&;t:i Ir\l‘}ﬁtg%flelu%cr?cn&sﬁ@ﬂmggr % lrés?n. Sfécgr%n%qo i ténrl]p%rgl %n‘p rf%ln F formed by
the temporal fixing material containing the flux component, occurrence of connection failure

between the connection bump and the electrode can be suppressed, and voids occurred within

the connection bump can also be suppressed.
4-2 TEMPORAL FIXING FILM DETERIORATING UNIT

The temporal fixing film deteriorating unit is used to thermally, mechanically or chemically

deteriorate the temporal fixing film F, so as to increase the adhesive strength
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deteriorating unit. If the solder balls B heated by
the tenporal fixing filmdeteriorating unit are

pl aced on the electrodes 71, the tenporal fixing film
Finthe vicinity of areas that are in contact wth
the solder balls B nelts, and the adhesive strength of

of {nld ?erﬁp%mi) ﬁfmﬁé ﬁfnll X%nﬂfk 5lhéeme£:t de§1ce icp&fr tﬁcaﬁ)@lq}% 81219%d’ﬁmnt the temporal

tenporal fiXing deteriorating unit
ﬁxag%a%n&aﬂ{gw kslGscthbRl Wit Hei;)éﬁ enmhéﬂ%r pal s 1111 ed
I'n the positioning opening 1 can be al so sel ected
as the tenporal fixing film deteriorating unit. The
nporal fixing filmdeteriorating unit, for exanple,
E‘&ﬁ%@f@éﬁ&grfu@t f@&?ﬂomﬂ%w@lﬁ%@s ShoWminFXE o2 dmpreanged fip be in
addi ti on, when sel ectlng such tenporal fixing film
const with hetep Al thg Apider bele B filst inte thspesivening gpegiapedtlein vhich at
i nclude a base substance having a thermal 15
leageopiteuteipcs thot isgheentegiarith His Sgbiwbqulsb%gpnesate@eﬁat hBegardipg the
oral fixing filmF under the mask 22 is heated,
feﬂﬁ’e’m) Saring il dgerioniner e 23 dorecaple. 20t oply & pelershingd heating
FIG, 23(c),. a tenporal fixing f|In1deter|orat|ng uni t
element is prangerl insong,spreg et atlodk dasq sybgwee.duk algp can bhamanagsisto be
of the solder balls B filled in the positioning
fredy Eaifed g5 lopsned dy ajaising upit éish ag Heiseyligdsr. gia) @vetlw rpgsk 32, so
redet erm ned pressure, can be al so selected as the
that the/begting clemsgt isgppasiteioshe meskeRi orating unit. In
addition, instead of pressing the solder balls B by
directly contacting the solder balls B, the tenpora

ThieXéoghrdl i ﬂxmgajlnﬂ@t&fofaﬁﬁglhhlﬂ g5 Rdats tRS o1& balkEB @hS Qre in contact
constructed to vibrate the solder balls B. According

with.0 Thid@gh the BMaéradalld BXihe Gedtinhdifs Get 1enp QAN IROAMNF tin B Gicinity of
by using the pressing force or the vibrational force

aredl i PG wikg thdohled Ballste  $Rdrélere, MaldnfpoBil kitg MANCRiNGed (ie.,
strength of the tenporal f|X|ng filmF in the

- liquétagtidh ko 18 a@éﬁaasstﬂeﬂgaﬁ ofth@tePoraOMEACAIWE Inbrehdeg. sol der

balls B is increase The tenporal fixing 5 film
deteriorating unit 25c is effective for increasing the

"[?19 ng ;g\tﬁreatigrg Bfe tlﬂg t[ergnp?);al %Ql%g tf g%gtggcl)ratmgxtlln?t 5a is not limited to that in
the drawing, a variety of configuration can be selected. For example, as shown in FIG. 23(a),
when the thickness of the mask 22 is thinner than the diameter of the solder ball B, the surface
251 of the terporal fixing film deteriorating unit 25a in contact with the solder balls B can be
planar. In addition, when the thickness of the mask 22 is thicker than the diameter of the solder
ball B, protrusions 252 corresponding to the positioning openings 221can be formed to insert

into the positioning openings 221.
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filmF in which its surface is solidified and the
inside is liquid. Nanely, the surface part of the
tenporal fixing filmis nmechanically destroyed by the
pressing force or vibration due to the operation of
the tenporal fixing filmdeteriorating unit 25c.

AC SIS, 2§(l!;5feﬁ ltég?bﬂ%aﬁ g&{ﬁg rfﬁlinrhe‘el‘i S 25b u}%cjé &n electron

adhesi ve streng npor a I Xinhg frlm

bekd) %u%%%?‘i’zgeﬁ%ﬂe%%&ﬂ@f ca l%r%géih@ Q;olfd.knJ 5Qt1 ¢ ga[n' t%rﬂgd Dkcted as the

unit 25c for coating & conponent to the outer
terfbord] Yiing H8A Q&teratigGn® 0! der balls before being

transported to the positioni ng openings 221 can be

sel ected, wherein the conponent is used for increasing

t he adhesive strength of the tenporal fixing filmF )

A mperbiring il disrigratise wiislor @rgeorshy hepting thesojdsr kalls B before being

formng the tenporal fixing film F. According to the
trapspRzhest 191 the positinging; qpRsingst 24 | @p Peiatsg salspted ag e tepapomd fixing film

ball's in _which outer 15 circunferences have been _
deteiorptang it i theoldes halls Fated gy thedermrosal ifripstive dgigneratingamit are

strength of the tenporal‘fixing_filn]F_are pl aced on
PlaPWeODég%?;lF“r‘rSé"és7la7@? tegparat fixiae filgeF infhe vicipity 8f arens hahargfin contact

the tenporal fixing filmF in the vicinity of areas )
withrihe solder balls & atclivtang the, adissive sirength phftiestempera] fixing film F is
_increased. 4-3 OPERATI ON OF PLACEMENT DEVICE 1 d 20
inciEedoper ati on of the aforenentioned pl acement device 1

d is described. 1) Step for positioning the mask (the

first step) 52 As shown in FIG 22(a), the mask 22 is

RO&hPorA) TeheOI8Y ddidtRrabitP Shil rehedtingh@ER BnthiaBla SRR of Yolder
tenporal fixing filmF is formed on the el ectrodes 71.

balR)fillBHER theOposonitl REedide 220lc8€ be AR Issledidd B H6 ¢Mdra3 Rk film

The solder balls B are supplied to the upper surface
det@iorithh@ viRS Fhe@mpdhES ARl dddatokding URB | fhieRample ! @n bB onstructed

mask 11 are noved by the transfer device 27 to
by tsh@N S @ nhere8 AledRf. bE! AdIitBn! WheR Qclecting such temporal fixing film
deteriorating unit, the mask is preferably selected to include a base substance having a thermal

conductivity lower than the solder ball B, so that the temporal fixing film F under the mask 22 is

heated, melted, but not adhered to the mask 22.

As shown in FIG. 23(c), a temporal fixing film deteriorating unit 25¢, which is arranged to be
in contact with the tops of the solder balls B filled in the positioning openings 221 so as to press
the solder balls B with a predetermined pressure, can be also selected as the temporal fixing film
deteriorating unit. In addition, instead of pressing the solder balls B by directly contacting the

solder balls B, the temporal fixing film
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posi tioni ng openi ngs 221. The solder balls B are

pl aced onto the electrodes 71 via the tenporal fixing
filmF. In addition, the solder balls B are placed by
the transfer device 27 according to the placenent
device of the fourth enbodi nent, but can be also

'deﬁh&%ﬁ% N ﬁc% E% ?ﬁ% @@ollg%:%dslmvﬂrétg etsgﬁerpl!)a"l’lg %meﬁé grdmg to the

devi ce of the y other netho

ten&[%)ira’r%)ﬁx %%fdgtren&rgtqﬂéq{tﬂlnﬁél lfcg‘ ﬁgglgg%% ﬁgssﬁlglfgrgé optﬂl: '\rl%ragltnt]a? force

ep) As shown | t enpor al

periaéejtiH? thhddo QL IRE bgflsaﬁ ' tﬂegactl‘l@n'}e strefdh S th&eﬁg&% i e@g‘iim in the

ops of the sol der I's that” are tra

vi Ihlc} JRQRaE ﬂ”@ﬂér@gn 9:91%{ RYR tl?czs%ld 15931@%3 %q?(!?&@éd t'h% temporal fixing

sol'der balls B. The tenpora |X|ng mF 1n

ﬁhﬁ'd@tbﬂér&tﬁlg%lt Qfﬁ@éff o {rrehding B0 e veld l]igﬁ et% Qer fixing
i) ‘% nheatg&f] \(ligt rougR ﬁl

Is Bis nelted I Vere

ﬁhﬁq"‘l il ShicRak kgBe 1s%Bﬁd1ﬁé@anﬁ%ﬁ§ﬂ&s :llélllﬁt N@H?P N Surface part of the

I ncreased. The solder balls B are tenporally secure

ten%reﬁ '?ﬁm%@fﬁﬁ% %ccﬂdni&hﬂg dés'trbf@d t‘ﬂl;I %regﬁn%fb?ceatﬂmt\fcﬁ due to the

strengt I'n addition, eS|re e tenporal

opérbtigﬁt deHe &Blp&la?ﬁﬁﬁé ‘Eli% degﬁl)rla liSo%R! r&&gﬁﬁng'l)f tﬁehl‘?qmd therein
sol der balls B are pressurized and vi brated "Wwh

aiase&ﬁ 119 th'é Rgnesiot dfthoth BRME %n?rora]—ﬁﬁn% ﬁ?ﬁ?g E%Q%lﬁgdsé(d n g film

deteriorating unit 25a Is tache e sol der
balls B. 20 Afterwards, although the nelted tenpora
fixing filmF_is cooled and solidified, the 53 sol der
%aqemgorﬁlh Sing rflmo deteriqraingo Pt 129¢ Jelc Gpaiag Ly componeRinso the| outer
g filmF will not be detached by external
CIer%ré@e of thespp bt BEPYCIVEITE IRoRed RPN Aperdes 221 can
t he present invention is described with reference to
be galagted, yhesgigythe gomppnony is waed f9r dncrrgsipg, the gihesiap Eranatd et/ thetemporal

le of the fifth enbodi ment, the differences between
fixing fim F selected according to the temporal fixing material forming the temporal fixing film

F. According to the temporal fixing film deteriorating unit, the solder balls in which outer
circumferences have been coated with the component for increasing the adhesive strength of the
temporal fixing film F are placed on the electrodes 71; and thus the adhesive strength of the
temporal fixing film F in the vicinity of areas that are in contact with the solder balls B is

increased.
4-3 OPERATION OF PLACEMENT DEVICE 1d
The operation of the aforementioned placement device 1d is described.

1) Step for positioning the mask (the first step)
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fromthe placenent device |la of the first enbodi nent
are the sane as those of the placenent device 1 d of
the fourth enbodi nent: preparing a substrate having
el ectrodes on which at least a |ower adhesive
tammalfiﬂngfilmisfoumd havi ng a tenporal

Asfshdd@ l:fld}I f@(;getthtgﬁl %ﬁ 1s Bgsﬂmfecﬁ oved t%e%ﬁbétlg&rmé]glo 1eadhes1ve

adhesi ve streng e tenporal fixing film an
tenijapa‘ivﬁxhgfiﬂ fis fgﬁned%\fl'ler@ectrgdé#f:t' on head 51 as the
arrangenent nenber using a suction nmethod. In
addltlon the tenporal fixing filmand the tenpora
fixin f|In1deter|orat|ng unit are basically the sane
2) 3lep f%e@@ngﬁhwwéﬂ belftheseondsement , and thus their
detail descriptions are omtted. 5-1 PLACEMENT DEVI CE
15 As shown in FIG 1, the placenent device |le has a

PleacRBE s BRfdsufplied & tBe lpAiaMEdlof Ul nlask\92 STRIMAIderballk Sapplied
24, the placenent unit 5 conprises a suction head 51

~ to eheCRMAINGE nodedd tBe tia@i Qletice 127 X%b REinétkd MRe solder balls B to the

deteriorating unit (not shown). The suction head 51 is
positibnafelopgaRent. ThHENsef balla Bthrdysisced ofitd Ghd dMdtrbds t71 $ikkhd @inporal
det achably positioning the solder 20 54 --------------

fixhglfils FB [1Aeadatiéh, B soel B3ls Bakd fladed Of thd @arfle8dvi@ DG Sicdblding to
The container 52 has an upper opening and is used for

 thelpRREhMit Agick dFhhe fabrtt dmbRbin®ai, B@rcaRBé Aiso Blaced B9 aStkGioh @fkchanism

head 51 is a culvert body with an internal space. The

likeIhE pGhRe] ®vict kEthe BB bhibdAthddg of bEbth@mdiids.s 511
corresponding to the pattern of the electrodes 71 are
formed on the | ower surface of the suction head 51.

%) S eomurf Rge BF S el UsiBEhi | B, so as to be

able to suck the solder ball B. A negative pressure

As shown in FIG. 22(b), the temporal fixing film deteriorating unit 25a is in contact with the
tops of the solder balls that are transferred to the positioning openings 221, so as to heat the
solder balls B. The temporal fixing film F in the vicinity of areas that are in contact with the
solder balls B is melted by the heat delivered through the solder balls B, and the adhesive

strength is increased. The solder balls B are temporally secured by the temporal fixing film F

due to the adhesive strength. In addition, it is desired that the temporal fixation of the solder

- balls B is stronger if the solder balls B are pressurized and vibrated when heating the solder

balls B.

The temporal fixing film deteriorating unit 25a is detached from the solder balls B

Afterwards, although the melted temporal fixing film F is cooled and solidified, the
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generating unit (not shown) is connected to the

suction head 51. According to the suction head 51,

the solder balls B are sucked by the positioning

suction units 511 because a negative pressure is

generated by the negative pressure generating unit.
o e Pk e iy SR (hE Bty ot o detached
by@gggbggﬁepressure The suction head 51 is constructed

to nove al ong an up-and-down, Ieft-and-right or

front-and-rear direction Mﬁth respect to the paper by
~a noving unit (not shown), so that the solder balls B
5. HFAWAEMNOPREENbsi ti oni ng suction units 511 are

positioned according to the el ectrodes 71. 5-3

OPERATI ON OF PLACEMENT DEVI CE | e The operation of the

PO fR @ IRRAChAGERBNEvA BN & QeskriBed WitliRFesdnbPRAIGS. Y)and 24-

Step for positioning the suction head (the first step)
25The solder balls B received in the container are drawn

by the positioning suction unit 511. As shown in FIG

25(a), the suction head 51 is positioned in a manner

Reiai o RPEees Sodseal o 6 bR et nedibgenced berween tat

f or the sol d

d pl
f“"(“ttﬁ%p geé%ﬂﬂz?’fcéé)a O?'Hf@ L e&E’Pd‘%’%"in% © Bleapuc &g ?ea‘?fléhe placement
doriy hes WP SRR Pt eAP sitr%%hﬁéﬁ@?@%d%éq%ﬁvﬁa Feasta
f filmF 3 for t f
10@%?%@%%%@% s P B FRE *SrBAel i i o i

aral, fixing fil b t he, t egpor al
forf g e PR G isPi L PP (08 Ll GRS UDYh S FIC. 24, having

adhesi strength of the tenporal fiXi as
a syciion E&é’iﬂ%& F%l‘hF 919@1‘@818?% rrteﬁxgerggrng arugiop F'@‘]%d argdltlon the temporal

fixing film and the temporal fixing film deteriorating unit are basically the same as those of the

fourth embodiment, and thus their detail descriptions are omitted.

5-1 PLACEMENT DEVICE

As shown in FIG. 1, the placement device le has a placement unit 5.

5-2 PLACEMENT UNIT

As shown in FIG. 24, the placement unit 5 comprises a suction head 51, a container 52 and a

- temporal fixing film deteriorating unit (not shown). The suction head 51 is an arrangement

member, and has a suction unit 511 for detachably positioning the solder
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6. SI XTH EMBODI MENT The si xth enbodi nent of the
present invention is described with reference to FIGs.
26-28. As shown in FIG 26, the placenment device 1'
conprises a placenent unit 2' and a tenporal fixing
filmformng unit 6. The placenent unit 2' is

bl ARl (B8 PRI of Micelotfiodes 30T TR omeber s2me & wrnd Gpgne and
s Pl BERE e SPRETRi S PRTG unit 6 s arranged at the

upstream side of the placenent unit 2. The
transportation of the substrate 7 between the tenporal
TFhexsuagon héach S &r aiontyemiotly 6vithnehn tifterngl speeare The UiidugBhole-like
can be performed manually. Alternatively, a

positicamgpostion unierd LU notesOndg tdhthe patenbeft tivedetibfies 71 ergfomald on the
fixing filmformng unit 6 and the placenent unit 2

lovgs sigfaoenf, the euctiere had i5¢ aThy positmingondtiohheit SUbstfoaed shaligr than
using the transportation wunit C 56 6-1 TEMPORAL

the RiaxieNGoFtht MIEORM BiGoldblkilbelbd: th engkahadolder killnigy Aauegating pressure
unit 6 is used to forma | ow adhesive tenporal fixing

genfialing Enipmot shtnen)e$ emneaddlgs thelsuctineesdeiip oka@brdinigtd thg shdtiomhead
Fis formed by using the aforenentioned tenporal

51, fth ispiderntmile d ade. sudlivd byethhedsifiaring ewchbmgnitshl 1t barpoe &l negative
fixing filmF is not particularly Iimted, 5 but for

pressueenip | generatérb by tlermgatide fdresenm geehérhtimgFundtanTheesolder ivelts Bywill be
using the exenplary tenmporal fixing filmformng unit

det®@hed fretnathe ppsitidaing. suifon e 11é rpotvaling o itiegndghtive pressure. The
formng unit 6 as shown in FIG 27 is used to apply

suctgrdhedil Sp asenstnpted dmenowd albigears geariddownp Et-anénighitr @l front-and-rear
fixing material, i.e., the liquid tenporal fixing

diragerewithlrespert tovthie plapdrivg omoghg ahit atdhebiws, st thanbé kolilg balls B
hi gh, onto the el ectrodes 71. Then, the disposed 10

drawe hp the absifionkigrsgetivatueits Al aresposidbnediatdording to thealartrodes 71.ow
adhesive tenporal fixing filmeF.

5-3 OPERATION OF PLACEMENT DEVICE le
The operation of the aforementioned placement device 1e is described.

1) Step for positioning the suction head (the first step)

The solder balls B received in the container are drawn by the positioning suction unit 511.
As shown in FIG. 25(a), the suction head 51 is positioned in a manner that the solder balls B

drawn by the positioning suction units 511 are corresponding to the
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The tenporal fixing filmformng unit 6a showm in FIG
27(a) conprises a dispensing unit 61 capabl e of
noving |l aterally over the upper surface to be in
contact with the front end. According to the tenpora
fixing filmformng unit 6a, a paste-like tenporal
ek%h g material f is supplied to the upper surface of
e substrate 7, and the supplied tenporal fixing
material f is 15 spread by the dispensing unit 61. At
this tinme, the tenporal fixing material f has to be
2)%ﬁ?ﬁmph@yg%@ﬁ@@@bdhdmﬁeapeﬁﬂaé thin as possible. The
applied tenporal fixing material f is heated or
cooled to solidify. As a result, the |ow adhesive

”Fh% @plﬁ&edalli B %ferbgpafrdtéd'@rfm b pt)ﬁﬁ(gp%% sudtffp nRSPAT Bld 4 glia&g on the

I mformng unit shown in FI'G 2/(b) conprise
eie@fddébtﬂnﬁtmﬁwﬁﬁhesm\férﬁ‘&rﬁ hkRUgRe! es 63 correspondi ng
to the electrodes 71, and a dispenser 61 20 57 capable
of noving |aterally over the upper surface to be in
éact with the front end. According to the tenpora
3) %t?l’k PRGmPPELY fotipgiha goldgribellsde thinkstes) i nt i ng mask 62 i s
positioned so that the throughholes 63 correspond to
the el ectrodes 71, and the paste-like tenporal fixing
Amiteivhah FIF. 25 (B Hﬁﬁﬁoﬂlj fixthot fleh HAPSicltd8d by ALteRpotaN Exing film
mask 62. The tenporal fixing naterial f that is
detsHopiping @lit th Gndrdde tHRPRIhesik! fREAN 03 tHPIRPOraP Aifing FAMEE JdYas to
the dispensing unit 61, so as to print selectively 't he
tempeaoscalre fHexblag bap Bri al onto the el ectrodes 71. The
printed tenporal fixing material f is heated or
cooled to solidify. As a result, the |ow adhesive
i X] filmF is formed on the electrodes
6'§??ER%%QQP%%@%§§I fixing filmformng unit 6¢c shown in
FIG 27(c) conprises a syringe applying unit 65 for
appl ying the paste-like tenporal fixing material f
The girthienbodioamtrof thegresditt énvanipinygs degeribadiivith Gferéioe to FIGs. 26-28.
constructed to be able to nove above the substrate 7
along the front-and-rear / left-

As shown in FIG. 26, the placement device 1’ comprises a placement unit 2 and a temporal

fixing film forming unit 6. The placement unit 2’ is basically the same as the placement unit 2
of the placement device 1d of the fourth embodiment, and has a temporal fixing film
.. deteriorating unit 25. The temporal fixing film forming unit 6 is arranged at the upstream side
of the placement unit 2. The transportation of the substrate 7 between the temporal fixing film
forming unit 6 and the placement unit 2 can be performed rﬁanually. Alternatively, a
transportation unit C can .be set between the temporal fixing film forming unit 6 and the
placement unit 2 as shown, to mechanically transport the substrate 7 by using the transportation

unit C.
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and-right / up-and-down direction with respect to the
paper, and to be positioned with respect to the
el ectrodes 71. According to the tenporal fixing film
formng unit 6c¢c, the applying unit 65 is positioned
over the electrodes 71, and then the tenporal fixing
6-IRNEPORAL PN BLEEEGEvARY jgp! i ed onto the
el ectrodes 71. The applied tenporal fixing material f
is heated or cooled to solidify. As a result, the
| ow adhesj ve tenporal fixing filmF is forned on the
‘éfreé@fll?%%i é"%ﬂﬂzfom%umfefnﬁ el €0 figrsg algwradheive demropR) figieilm F on
d shown in FIG 27 rises an applying unit 66
theff%ﬁctf?q?f ébt Theytemperal Hailﬂ fal ngﬁpfeﬂ%ﬂd byjuging dheaderempngiongd temporal
fromits lower end. The applying unit 66 is
fixiog HBH<Fil { B RSP aJoRBIBIng herievRorslioine e Sawseaiisrly limited,
along the front-and-rear / left-and-right /
but, figr E’W@P&o\'}h‘? tgppel fodne B crebp éuted by ppiag figgaemplary temporal
According to the tenporal fixing filmformng wunit
fixigg filrp frgmipg yni; b ggshernen B6- Abves Tateral Iy al ong the
front-and-rear or left-and-right direction above the
substrate 7, so as to inject and apply 58 the tenpora
THeX¢r@rdrBk BE ifidth f&mi@nit lB&s Stfvinlif FRY DS iy @b@tohpply A&d dispose any
applied tenporal fixing material f 1is heated or

-oneCO0the decofid $Pkd thhdpyral ARingd nka@SHl, te., tﬁ@qldu%a?&as fi¥i8g material in

tenporal fixing filmF s formed on the electrodes
whibhh . thé ordgifd? ERAIsE N tfefrgtPLi AGEINEbTto DB lefebtrddes F1. ThBhen, the disposed
operation of the above placenent device 1' is

tenPERCHitiReMaterial s sOli@Red ©ForfthoRthdhdiere @R dkink ifih 1Y
filmH gh adhesive and |iquid tenporal fixing materi al

Is thinly applied and di sposed on the substrate 7,

TR or R LS T ey 5F SFoverih Efc‘h&% SRk g o

shown in FI.G 8

L .
car Rl 5" BT ol PTG VG EnePESREHE 13 G Fokbih (b fron end

According to the temporal fixing film forming unit 6a, a paste-like temporal fixing material f is
supplied to the upper surface of the substrate 7, and the supplied temporal fixing material f is
spread by the dispensing unit 61. At this time, the. temporal fixing material f has to be
uniformly spread and coated as thin as possible. The applied temporal fixing material f is

heated or cooled to solidify. As a result, the low-adhesive temporal fixing film F is formed.

The temporal fixing film forming unit 6b shown in FIG. 27(b) comprises a printing mask 62

- having throughholes 63 corresponding to the electrodes 71, and a dispenser 61
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As shown in FIG 28(b), the mask 22 is positioned
above the substrate 7, so that the electrodes 71
correspond to the positioning openings 221. 3) Step
for placing the solder balls (the second step) The
sol der balls B are supplied to the upper surface of

cap llﬁg oﬁ%gw 1atera|;1Fy ‘?‘9 | d[ [ baf:lrls%rfaceatroebet i) cc??acf w15)1 the ront end.
ransfer v ce 2 PEh transpor ed

AC(?)?C?l{I%tOQﬂ % xm Ié’l%g en um 06 t?l?der g n%aﬁkc'ﬁfé R‘E) 1t10n|ed so that

the t[ﬁrf;%(%uﬂel%&! %#@gﬁ‘ﬁpé)ld tﬁl?$ e ec des iAslysf I(l)%% pegnﬁogfaung material
F 15%%%% ed t(% ttﬂ? ég%ppu%%gei of tﬁe)éﬁz?sﬁ 65 Jl" %oralr}:g(%ngégaat‘er%g tﬁ% gs %ugphed

ora erlora

to tpeelﬁp%\ég % 18 ? ea% a\zeﬁri))grtllgﬁt tf}v)%gsm urnét 6?2%%%? nt 5 eﬁgilvely the
temy Orapfévg %NIPA'I Eﬁo gheE)fe%pEéeg% '51"51 the tJdQ%né&o?al%%glgtnpa enalll fxm Heated

S are descrl e-exa
or éogﬂseg ﬁg' g%;l lji)%?g Aps I%%lflp gheollragfl a%gfps?vre% or.'lﬂsfe xm%ﬁalStF rmed on the
elec%%gétflon resi n or water soluble materl al s can be also

as the flux. As shown in FIG 27(a), the tenporal

fIXI ng material f is applied with a thickness of about

10 several mcroneters (n) to several ten mcroneters
Theyemppied fixieesibn dprifinpaniigershowr inaf1G 87(cheatpeisksiaysyi@B@pplying

warm air for 30 seconds, the solvent conponent of the
unitt Srfpoarwlyifg the n@te-ld@ttenpoaal fixiniggnaterap bfrem atd low ends iFeaapelying

of the tenporal fixing material f is dried in a manner

unitt Gais constructedetopgsrable th imoive gbavattier subdtrate T slompthe didhiearddea left-

the mask 22 or the solder balls B, and then a
andiright /awrredidewn dizention with faspdchiy the paperandgo bepossibned with respect to

the electrodes 71. According to the temporal fixing film forming unit 6¢, the applying unit 65 is

positioned over the electrodes 71, and then the temporal fixing material f is injected and applied

- onto the electrodes 71. The applied temporal fixing material { is heated or cooled to solidify.

As a result, the low-adhesive temporal fixing film F is formed on the electrodes 71.

The temporal fixing film forming unit 6d shown in FIG. 27(d) comprises an applying unit 66
for injecting the Hquid temporal fixing material f from its lower end. The applying unit 66 is
constructed to be able to move above the substrate 7 along the front-and-rear / left-and-right /
up-and-down direction with respect to the paper. According to the temporal fixing film forming
unit 6d, the applying unit 66 moves laterally along the front-and-rear or left-and-right direction

above the substrate 7, so as to inject and apply
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15 As shown in FIG 28(b), the mask 22 is positioned

so that the positioning openings 221 correspond to

the electrodes 71, and the solder balls are

transferred into the openings 221. The tenpora

fixing filmdeteriorating unit 25a will create heat

. r r . .

ke SARIGILE S Bk i 2 ARy A0 g i ¢
. _ - | (&) 1ok . X .
s R o SR S0 At e g B ot B bPERBO R b R i formed
onSRURALLG MW h the solder balls Bto nelt the tenpora

fixing filmF, so that the solder balls B are

tenporally secured. 2) Exanple 2 The exanple is

described by using liquid rosin flux diluted by high
6-2/ QP ERATION PAPLACEMENT; A fixing material f.

Simlar to the exanple 1, the tenporal fixing filmgF

is formed. According to the tenporal fixing materi al

The dpba@tidreTRraBbvelplackmeht 0Bi&S 1’ & debcribed. dr i ed nore

qui ckly since the IPAis highly volatile, and thus

the tenporal fixing filmF can be effectively forned.

n additio si nc PA . evaporates and di sappears, the

1)%%Pg§ &gge et?W@”%é%ﬁ@f@P fixing filmF can be

controlled by the IPAratio in the tenporal fixing

material. For exanple, when a thin tenporal fixing

- High radkesive and diquil rtedporiih@xihdAatedibll © thialy dppliedaMdedis@ded on the

Thereafter, the solder balls are tenporally fixed as
subdiege (7] the disposed xapolat fiking 1B3terka a9nipllidifidd, Tdnd sedoargahesiveStemporal

descri bed usi ng dodecyl alcohol with a nelting point
fixiof fikd Eisfornidden stel cleetrbdes dhak shswih in KIGe28da)l ut ed rosin

flux as the tenporal fixing material. Butyl alcoho

(melt point: 250

2) Step for positioning the mask (the first step)

As shown in FIG. 28(b), the mask. 22 is positioned above the substrate 7, so that the

electrodes 71 correspond to the positioning openings 221.
3) Step for placing the solder balls (the second step)

The solder balls B are supplied to the upper surface of the mask 22. The solder balls B are

-moved by the transfer device 27 and then transported to the positioning openings 221. The

solder balls B is further placed on the electrodes 71 via the temporal fixing film F.

4} Step for temporally fixing the solder balls (the third step)
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and tetra decyl alcohol (nelt point:38C), etc. can be
al so used as the solvent. Simlar to the exanple 1,

t he above tenporal fixing material f is applied to the
el ectrodes 71. The tenporal fixing material is
cooled, and then the tenporal fixing filmis formed.

X\Fgﬁbwtﬂhﬁ Fi& efgeg)r ﬁle tgﬂlﬁéJ{Q )&% i%H lalls r6 ﬁe Q aﬁérgl I?'&ing film

since I1ts nelt IS -4

det@ﬁ&%r&% 95§tsH a8t0 ﬂe&ovﬁsthg Ecﬁ%‘fek Gé'lét}enét\g of 9‘&-’:' terﬂﬁb‘iialﬁﬁméthfnyF and -

usi ng general cooling net ver, accor

thuf meﬁp&mg, S &IFPRE @Aldér*béns@ material f, since the
enporal “fixing material is diluted by the dodecyl

aIcohoI that is SO|IdIerd at 24C, the dodecyl

alcohol is solidified in a manner that the flux is
6-3G5HMPREY inside if the tenporal fixing material is

cool ed bel ow the nelting point of the dodecyl al cohol.

Thus, a | ow adhesive tenporal fixing filmis fornmed.

- Bhapkoof thé thufth AAESsiAA BibsHiastd fe BRELMal N the adhesive
strength of the tenporal fixing filmF. In addition,
simlar to the exanple 1, the solder balls B are

D ELLan ferred to the positioning openings 221, and the

VEREBE a1 fixing filmdeteriorating unit 25a generates
heat to a tenperature higher than the nelting point
of the tenmporal fixing material f and is instantly in
Thenkagglc w ddacribeé bg abide thelghdrallyB;sed pastdidite rokie flue mp dieakbmporal
fixing filmF is nelted and the solder ball B are

fixingmpierial Inyddigen rath or dpteExduthd Batdrialdvan &x alsplied hsthe flux.
descri bed using the above dodecyl al cohol as the
tenporal fixing material f. The tenporal fixing

%8&!{1%1 FIfG '2%&/?%)4 fe%g?rglo%)én% t%ﬁgl%'(is ﬁp&:é gf?() ét{gi%l‘éﬂregﬁt &t about
severallertmcroqpeg%s h’tm)t grie ﬁllé(}%?lg?%s %ﬂq)o? E Wal%f)ﬁa}/vﬁ{(gg material is

cording to the tenporal fixing material, since its
hea | yI ﬂ?@ 8 warm air for ?IHJ seconds, the so?vent component of the temporal fixing

material f is evaporated. The surface of the temporal fixing material { is dried in a manner that

 the temporal fixing material f is not adhered on the mask 22 or the solder balls B, and then a

low-adhesive temporal fixing film F is formed.

As shown in FIG. 28(b), the mask 22 is positiﬁned so that the positioning openings 221
correspond to the electrodes 71, and the solder balls are transferred into the openings 221. The
temporal fixing film deteriorating unit 25a will create heat with a temperature equal to or larger
than the melting point of the temporal fixing material (60 to 90°C). As shown in FIG. 28(c), the

temporal fixing film deteriorating unit 25a is
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point is within the range of roomtenperature, it is
advant ageous that the solidification (nanely, to
mai ntain the cooling) can be easily maintained. 62
Thereafter, simlar to the exanple 3, the solder balls
B are tenporally secured. In any one of the exanples
koA th S n eno usj t empor al
sy i BT R FRE ol BRI o RLOT By o e s
ral fixikng filmF adhered to the renoved
bﬂ§g§¥£%%8§?ﬁ¥fgmﬁ%sitioning openi ngs 221 is precluded.
The tenporal fixing filmF is also not adhered on the
sol der balls B, so that the next process can be
2) Brerpblsr2ned Wit hout a cleaning process. | NDUSTRI AL
USABI LI TY The present invention is not limted to the
above descriptions. For exanple, in fields of the
TRUGHAE i0edcRABdC ARL LRV Yux Gfifted b R SRENTPA as the
i nvention can be applied to place tiny o uncertain
temdB@PExi 3rand particles onto a substrate. 63 {
T IS CLAIMED IS: 1. A nethod for placing balls
havi ng conductivity in a predeternined pattern onto
one surface of a base unit, the nmethod conprisinqi a
Smilastto deggyamnple lpthsitemram! Arngrfilay F nigensdn tAcprdingto the temporal
Jhavi ng one surface, another surface and 5 positionLn%
fixipg maicRast. fhe tempastiring Raterial fiés drdtmer auigkly sise 8 PAds highly
arrangenment menber_is _opposite to the one surface of
volgiie apdtws theitempoii diaierfilmecanrhstofigstivelyiprancd. &t addifion, since IPA
arrangenegnt nenber is opposite to the one surface of

cvapqiatesygnd disgaprarst thadhitkaess oh e terprorg dising i hepndseantrriisd by the

IPA ratio in the temporal fixing material. For example, when a thin temporal fixing film F is

required, the IPA ratio can be increased.
Thereafter, the solder balls are temporally fixed as described in example 1.
3) Example 3

The example is described using dodecyl alcohol with a melting point of 24°C as the solvent
and using the diluted rosin flux as the temporal fixing material. Butyl alcohol (melt point:25°C)

and tetra decyl alcohol (melt point:38°C), etc. can be also used as the solvent.

Similar to the example 1, the above temporal fixing material f is applied to the electrodes 71.
The temporal fixing material is cooled, and then the temporal fixing film is formed. When the

temporal fixing material comprise only the flux, since its melt
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are arranged corresponding to a pattern such that the

openi ngs are through fromthe one surface to the

anot her surface of the arrangenent nenber for allow ng

the balls to insert therein; and 10 . a second step

for horizontally noving a transfer device with respect
ar.r.a

f nmber .and th
o ke T R

.hrou SItIO n wherej n the
cofipl R dniEah ate S i Bropes Ferror gl e e
axes are ubsta ially ali ned and the i .
it S8 GG §dhguaed o 4 dorspedneckpl et HOPFEBH &) 24°C, the
manner capabl e of being in contact with the balls
d°d§&>6 61°P}é‘& ig %911@151@&1 Briend ey haldheflug iy éontTBeda‘fl?l‘éﬁﬂé éIWéﬁflporal fixing
he nethod of claim1, wherein in )
ma@’é%lo‘ﬁdm%‘?‘é;?elof"h‘ée g etisthe dodasyl sleanbf é’hus @ew esive
is |pn.contact with the one surface of the arrangenent
temBRRHETng WS {@ed r ansfer device is noved
hori zontally. 3. The nethod of claim 11, wherein in the
second step, the line nmenbers are pressed to the 20
TOB €odtif; bRGEss 0dntihlR 1@ mhiARGERE AdheTRIRAMBS th€tenB6ral fixing film F.
transfer device is horizontally noved. 4. The method
In @fditdhAkiMilds toCBERKASHA], theSicRRr balls BraWBEEdRE to the positioning
arrangenent nenber to one side of the base unit after
~opehings 201,S#ndS tiRPtemBérab fixikige finktdeReofing ik M54, generates heat to a
conprising a third step, wherein a | ow adhesive
temb&@ AR 1aghef thsh BE méliiddpdis dfaRIRepoal ﬁﬂﬁ%]ﬂlﬁt%nﬁl«ffeﬁla(i@m@tﬁnﬂy in
the base unit, and an adhesive strengt
contaCYXPiE 1@ solder KAIRG, &6 1he thé tehiperASRHARE F &/ mdlRRE 28B6O Bslder ball B
step. 6. The nethod of claimb§5, erein the tenporal
are ferpbialy fdchrd.conpri ses a flux conponent. 5 7. The
net hod of claim5, wherein in the third step, the
adhesi ve strength of the tenporal fixing filmin a
vici,nity of areas in contact with the balls is

4) Bxppis s ed.

The example is described using the above dodecyi alcohol as the temporal fixing material £,

The temporal fixing material {is applied to the surface of the substrate 7 by the applying unit
66 shown in FIG. 27(d}, and the temporal fixing material f is cooled below its melting point to
form the temporal fixing film F. According to the temporal fixing material, since its melting
point is within the range of room temperature, it is advantageous that the solidification (namely,

to maintain the cooling) can be easily maintained.
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8. The nethod of claim5, wherein in the third step,
the balls placed on the base unit is heated. 9. The
nmet hod of claim5, wherein in the second step, the
balls are previously heated. 10 10. The net hod of
claim5, wherein the | ow adhesive tenporal fixi ng film
'fiffreagﬁ' 31m1lettr¥ot %%%almﬁlg fy It}?e%o% V&Ir']]beargse }|3n es'q\{"% W_rg%cta.ﬁ redSI ve
tenmporal fixing filmis formed by heating and
solidifying a high-adhesive material. 12. The net hod
lofang bad off t5¢ cxdmpiai 1, tthreembsdng2adh ds irereoved p osiag thiei trnprgal fixing
filmis formed by 15 heating and solidifying a
filo F gtithaeiledbéring toviie enbsahte Gf T teodpom! freing ifilng Fpghered foghe removed
| ess than a nelting point of the balls. 13. The
magieitherdho posgloaingobenings @2 & iimpredhedel.oWha thresial &xing fifro Fak also not
fixing filmis formed by heating and solidifying a
adbiefed londbih eddey daliaBesd tht b nettipedress qae bk ipagorpei iwithawtch eleaning
boiling point are less than a nelting point of the
prop@bl s. 20 14. The nethod of claimb5, wherein the
| ow- adhesive tenporal fixing filmis forned by
cooling and solidifying a high-adhesive naterial. 15.
NnJOSrRL @t & ail m 5, wherein the | ow adhesive
tenporal fixing filmis 65 formed by cooling and
solidifying a high-adhesive material of which a
msl ti point is equal to or |larger than-100C 16.
fﬁ@% Fogntion ixnedilimind tophe rkovs deraptions- Zahesmpe, in fields of the
nporal fixing filmis formed by cooling and
me‘éap? ar tyichgmie AgTYadthe Sovsesselt iayeuten efn Whprphiedito place tiny or
boiling point is less than a nelting 5 point of the
uncpgip shapgppwdsis apdparticles gpe axubstatcequal to or | arger than
-100C.
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17. The method of claim1, conprising: a step for
formng a | ow adhesive tenporal fixing filmon the one
surface of the base unit before the first step; and a
third step for increasing an adhesive strength of the
tenporal fixing filmafter the second 10 step. 18.

wiie 1§t Aadrpfigcl @i m 17, wherein the tenporal fixing
filmconprises a flux conponent. 19. The net hod of

- cl ﬁim&og ?ﬂﬁﬂg‘h 152@13 thgﬁpé lfjé)nrdgctﬁfﬁt? I@ll’l atpp%e@%ﬁesd ri\{l em onfo one

strength enpor al ~ 11 xI ng min avicinity o

i }%ﬁ alls is increased. 20. The
Su@n%tgg%%ﬂ)ég?&g?gli%?nﬁetﬂ, E%%%g}gﬁ in the third step, the
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horizontal manner capable of being in contact with the balls supplied to the one surface of the
arrangement member.

2. The method of claim 1, wherein in the second step, the line members of the transfer
device is in contact with the one surface of the arrangement member, and the transfer device is
moved horizontally.

3. The method of claim 1, wherein in the second step, the line members are pressed to the
one surface of the arrangement member while the transfer device is horizontally moved.

4. The method of claim I, comprising a step for drawing the arrangement member to one

side of the base unit after the first step.
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boiling point and a nelting point are less than a

melting point of the balls, is heated and solidified.
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heating and solidifying a high-adhesive material.

12. The method of claim 5, wherein the low-adhesive temporal fixing film is formed by
heating and solidifying a high-adhesive material of which a melting point is less than a melting
point of the balls.

'13. The method of claim 5, wherein the low-adhesive temporal fixing film is formed by
heating and solidifying a high-adhesive material of which a melting point and a boiling point are
less than a melting point of the balls.

14. The method of claim 5, wherein the low-adhesive temporal fixing film is formed by
cooling and solidifying a high-adhesive material.

15. The method of claim 5, wherein the low-adhesive temporal fixing film is
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a{’hle metl-tlo% otf claim 17, wherein in the third step, the balls placed on the base unit are
15 heated.
21. The method of claim 17, wherein in the second step, the balls are heated previously.
22. The method of claim 17, wherein in the step of forming the low-adhesive temporal
fixing film, a high-adhesive material placed on the one surface of the base unit is solidified.
23. The method of claim 17, wherein in the step of forming the low-adhesive temporal

20 fixing film, a high-adhesive material placed on the one surface of the base unit
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28. The method of claim 17, wherein in the step of forming the low-adhesive temporal
fixing film, a high-adhesive material placed on the one surface of the base unit, of which a
boiling point is less than a melting point of the balls and the melting point is equal to or larger
than -100°C, is cooled and solidified.

29. An apparatus for placing balls having conductivity in a predetermined pattern onto one
surface of a base unit, comprising:

an arrangement member, having one surface, another surface opposite to the one surface
and positioning openings, wherein the positioning openings are arranged corresponding to a

pattern such that the openings are through from the one surface to
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the first and the second taper holes are substantially
a frustum shape. 41. The apparatus of claim 36,
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31. The apparatus of claim 29, wherein the line members are flexible.

32. The apparatus of claim 29, wherein

the line members have an elastic property, and

the line members are positioned in a manner to be pressed to the one surface of the
arrangement member.

33. The apparatus of claim 29 comprising a magnetism generator arranged with respect to
the base unit, and wherein at least portions of the line members relative to the magnetism
generator are soft magnetic.

34. The apparatus of claim 33, wherein the magnetism generating unit has a plurality of

magnetic areas, the adjacent magnetic areas are arranged with different polarities, and at
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5 46. The apparatus of claim29, conprising: a
tenporal fixing filmformng unit for formng a

| ow- adhesi ve tenporal fixing filmon the one surface
of the base unit; and a tenporal fixing film
deteriorating unit for increasing an adhesive strength
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another surface, a crest line at the one surface side of the first taper hole is higher than the one
surface side from a center of the ball placed on the one surface of the base unit.
37. The apparatus of claim 36, wherein the first taper hole is a substantially frustum shape.
38. The apparatus of claim 36, wherein the first taper hole is substantially a frustum shape,
an opening diameter at the one surface side of the first taper hole is equal to or larger than
1.2d, or equal to or less than 1.4d, and
an opening diameter at the another surface side of the first taper hole is equal to or less
than (a placement tolerance range + d).

39. The apparatus of claim 36, wherein the positioning opening has a second taper
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hole coaxial with the first taper hole, and is formed at the one surface side of the arrangement
member, and is getting wider along a direction from the another surface to the one surface.

40. The.apparatus of claim 36, wherein the positioning opening has a second taper hole
coaxial with the first taper hole, and is formed at the one surfaée side of the arrangement
member, and is getting wider along a direction from the another surface to the one surface, and

the first and the second taper holes are substantially a frustum shape.

41. The apparatus of claim 36, wherein the positioning opening has a second taper hole
coaxial with the first taper hole, and is formed at the one surface side of the arrangement
member,

~ the first and the second taper holes are substantially a frustum shape,

an opening diameter at the one surface side of the second taper hole is equal to or larger
than 1.2d, or equal to or less than 1.4d, and

an opening diameter at the another surface side of the first taper hole is equal to or less
than (a placement tolerance range + d).

42, The apparatus of claim 29, comprising a drawing unit for drawing the arrangement
member, wherein the drawing unit is arranged having the base unit in between the drawing unit
and the arrangement member for the another surface of the arrangement member be positioned
to the one surface of the base unit.

43 The apparatus of claim 42, wherein the drawing unit is a magnetism generator, and the
arrangement member comprises a soft magnetic portion.

44 The apparatus of claim 42, wherein the drawing unit is a magnetism generator.

45. The apparatus of claim 29, comprising:
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-the base unit having a low-adhesive temporal fixing film formed on the one surface; and

a temporal fixing film deteriorating unit for increasing an adhesive strength of the
temporal fixing film.

46. The apparatus of claim 29, comprising:

a temporal fixing film forming unit for forming a low-adhesive temporal fixing film on the
one surface of the base unit; and

a temporal fixing film deteriorating unit for increasing an adhesive strength of the

temporal fixing film.
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ABSTRACT OF THE INVENTION

Improved placing method and apparatus are provided for placing conductive balls in a
predetermined pattern onto one surface of a base unit. An arrangement member is provided to

have one surface, another surface opposite to the one surface of the arrangement member and

. positioning openings. The positioning openings are arranged corresponding to the pattern so

that the balls are inserted therein. The another surface of the arrangement member is opposite
to the one surface of the base unit. The arrangement member has two or more line members
whose core axes are substantially aligned. The transfer device is arranged so that the line
members are substantially in a horizontal position to contact with the balls, and then the transfer
device is horizontally moved with respect to the one surface of the arrangement member. Then,

the balls are placed on the one surface of the base unit through the positioning openings.
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