11 JAN 2006 SOLDER SUPPLYI NG METHOD TECHNI CAL FI ELD 11 JAN 2005
The present invention relates to a solder supplying 5

nmet hod which is, for exanple, used when manufacturing

FC (flip chip) and BGA (ball grid array) by formng

hem spherical solder bunps on a sem conductor

substrate and on an interposer substrate, and to a

met hod and an apparatus for form ng sol der bunps using

the same. 10 Bé@ﬁ@g@U@QF@B{Ih? “g?ﬁﬁb years, a high

density mounting technol ogy o ectroni ¢ conponents
has been making a rapid progress in accordance. wth
m niaturization and thinning of electronic devices. FC
and BGA with the hem spherical sol der bunps are 15
TECRNEPIad I tH conduct or devi ces for achi eving the high

density nounting. As a method for form ng sol der
buffps i giaitel Hetewidean rgbaeeal L9 asée@ldsre spRlHW
in which pad electrodes are nade to be in contact

5 methwid Whirohtien Solrdexaripid  ersesovden muetufed)turdGgaldetiiocg
in which solder paste is screen-printed on pad

chipgl estimupeshant girs o £rid PWwby(Seheety peilbpRgriebnedlder
a method in which solder balls are nounted on pad

bump €6h T adeserich st de- ELownrbeel dey bal | apetiladnpier
nmet hod in which solder plating is applied on pad

subsq!r%&ter,ogga tg&laaﬁl.églgoged%g)i’aﬁgfraé& lfo!r géﬂnfr?&%older

bumps using the same.
-10. BACKGROUND ART
-In recent years, a high density mounting technology of
"electrénic components has been making a'rapid progress in
acCordénce with miniaturization and thinning of electronic
devices. FC and BGA with the Hemispherical soider bumps are
15 used as Semicondqétor devices for achieving the high density
moﬁnting.

_As a method,ﬁor forming scolder bumps on:pad electrodes,
generélly uéed‘are a method in which pad electrodes are made
torbe in contact_ﬁith ﬁolten solder (molten solder method),

20 a method in which solder paste 1s screen-printed on pad
electrodes and is re—-flown (screen printing method), a method
in which soldef balls are mounted on pad.eleétrodés and are
ré—flowh(solderballn@thod),an@thodinmmichsoldgrplating

is applied on pad electrodes (plating method), etc. In
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2 addition, there is another known nmethod for formng 11 JAN 06

sol der bunps as disclosed in Japanese Patent

Unexam ned Publication No, 7-114205 (FIG 1, etc),
“for exanple. FIG 4 is a sghenatic cross section for
showing the 5 formng nethod disclosed in - Japanese
Pat ent Unexam ned Publication No. 7-114205. It wll
be described in the followings by referring to the

a i.N St hi ' 0 irst ri %%.inert
ddggﬁ?%ﬁ?tggg wEFiﬁggéﬁﬁgg gghgo%gg RSt TEF ?ﬁanlgg solder

| ting. poj nt_of. sald 1 fer 82 h pper.
b A e, B b B8R PAEE PaCTReRed A ERE 1o ion

surface facing down. Then, in the inert sol vent 80,

No.gdrdéf<Bar tFéFesisachitle 6PrnBKEBRALSOl der 83 are

emtted upwards. Thereby, solvent bunps (not shown)

ar eFEor mdd 16n at Behsoppec et roeet 8in bjormakhngihbethe

sol der- particles 84 conme in contact 15 with the wafer
forf82ngl tmefhdd belideserdddedinn. fapen¢kesd aidatentheumekbeined

sol der. 83 and the inert solvent 80 inside a heat tank

Pub8BcateoROMd.0l Feditgobe atrd egpenatyy egeski-gBERY in the

"~ higher than a nelting point of solder, for exanple, at

£f01290ifys gpergyéggpngo&?e{hgaafgﬁig _the heat tank 85

is suCcked into 20 a solder-fine-particle form ng unit

87 | der i.ntake _.pipe 86 _Further, the
ool B U Sl imd M 48T Yo aRtbRE mo PR 0

.sol vent 80 ichis at the sane tenperature as that
w138 {5 Besach oo brube Shat 1 Fraagh ai et £odorty @At soLder,
i ntake pipe 88 and m xes/agitates these two |iquids
a weff&r BE é’}—:ﬂ(’\{w EREPET e 1N 81 on a surface is immersed

with the surface facing down. Then, in the inert solwvent 80,

‘solder particles 84 made of molten solder 83 are emitted upwards.

Thereby, solvent bumps (not shown) are formed on the copper

electrode 81 by making the solder particles 84 come in contact

with the wafer 82. It will be describe.d in more detail.

The molten solder 83 and the inert solvent 80 inside a

heat‘tank 85 are controlled to be at temperatures slightly.
| higher than a melting point of .s-older,', for example, at 200 °C.
_The moltén soider 83 i-nside-.t.he heat tank 85 is sucked into
a solder-fine-particle forming unit 87 through a solder intake .

pipe 86. Further, the solder-fine-particle forming unit 87

sucks the inert solvent 80 which is at the same temperature
as that of the molten solder 83 through an inert solvent intake

pipe 88 and mixes/agitates these two liquids for breaking the

s
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3 nolten solder 83 so as to have it pul verized. Then,
the inert solvent 80 containing the solder particles
84 is transferred to an ejection unit 90 through a

m xed-sol ution outlet pipe 89 to be emtted upwards
fromnozzles 91. 5 The solder particles 84 in the
inert solvent 80 are coated by the inert solvent 80
so that they are not to be exposed to the open air.

mol NS0 1ldee §9r§c@8§5t<9ﬁ'1atv@ei§@u‘1%rexﬁ§retd.Cl e?héﬁ', the inert

mai ntain the netal surfaces to be in an active state.
I Lti.c 4.1 n_the inert | vent 80, ~when
O e 7B i oh PR e S Tach ST I Pmbroble NAFGF rod
82, form a sol.der_ allo | ayer .together with the .
Lo LH g e Bt 0 e308fh§%&g§t cRIEG fﬁ@TEEFPBCQQtlet pipe
t hereof .. Thereby, the surfaces of the copper
89 19 % rIHdL L WY el BPaeToiken sol der coati ng
(not shown). Subsequently, since the solder particles
84 Treesabdenpialy igdssrbedntiche heesblsidverdadd agesooated
that the solder particles 84 in this part are stuck
by tdmt dnelé soldent chatdicnghaanehalt @fe anstt her bel Bxpbed to
meantime, the solder particles 84 which do not stuck

_the opled bhe.coppes, etiestyndesdl 4 advakbyabal b fone duegy

20 to the specific gravity difference ~ and deposit in

- maidthf PAHORA A 1t haheats 4 ank @é'irﬁsarqeggfif’gd?gggg?’ 8@/6

i mersing the wafer 82 with the copper el ectrodes

oor AR RN, ByLIE e fpa 3oL ean ROl S iy Sl
wits BBk SN0 GANRE ARSI St OB IP O Wt M 1oy
layer together with the copper eléctrodes 81 and stick to the
surfaéés' thefeof- Thereby, the surfaces -of the copper
electrodes 81 are covered by the molten solder coating (not
shown) . Subsequentiy, since the solder pafticles 84 are
easily adsorbed to the solder céating so that the solder
particles 84 in this part are stuck onto the soldef céating
one éfter aﬁother. _ |

‘In_thé meantime, the solder particles 84 which do not

stuck onto the copper electrodes 81 gfadually fall down due

to the specific gravity difference:and deposit in the bottom

‘oftheheattank85.'AAsdescribedabove,byimmersingthewafer

- 82 with the"coppér electrodes 81 faéing down in the inert

solvent 80 where the solder particles 84 are emitted upwards,

the solder bumps (not shown) can be selectively formed on the

11 JAN 7008




4 surfaces of the copper electrodes 81. However, in 1 1 JAN 2608
the nmolten sol der nethod, there is such a drawback

that there is a snall amoupt of the solder in the

sol der bunps and the difference in the anount is

large, while it is 5 suitable for achieving fine pitch

of the pad electrodes. In the silk screen printing

nmethod, it is not suitable for achieving the fine

surfhteb §kn§§eigagﬁekiggg&tggdg§u§f’clogging_ and uneven
sol der anount en using a mask wth the fine pitch,

' ' ' so] der. _bums :
ColPEHSET T 4 B YR RS S g o

t..trend.  the nunb of solder ball]s used .in a
drayBatl thalt Berededrtalyi do - gkibsnar {aet angehanader
in addition, the size of the solder balls are o

bumps $RdrdiRe didifersacenan Fhei #epeasess thirgtanwhddeudicngs

cost. In the plating nethod, there is no plating
5 suitilgle dfepprdprvdtng T5neopikehdof riges suidierl enttirokiclsas In

' recently come into use. In the formng nethod as

the disddkoserrdan Japameseg PatehbdUnexani sedotPuhliteailiconfor

No. " 7-114205, there is such a drawback that the

achbeviteg tPRS Fiakesi 8eR dialceas by BiECk, i Lhese0PPSiging
el ectrode, i e. the solder wetability is not great,

and $@eiRat sbiqd s aﬁiofufnitcﬁa'ﬁén 2 goa %s}i Eiitﬂt&é)rf%%tei flll,ch,
niIs

_ use. Therefore, the object of the present_lnventL
om0 1 AR5 1S Oet, SUBRLYL UG 0l S PO 51,
10 1n ¥ Bsgl def, B, LD gl 21 ge anount, of sol df_ang
_ solder balls used in a single semiconductor device is extremely
_lafge and, in addition, the size of the solder bralls are
'extrémely small so that it inqreases the manufaétﬁring cost.
In the plating method, there is no plating liquid appropriate
i5 for .léad—free solder which has recently come into use. In the
forming method a:s diScIosed in Japanese Patent Uﬁexémined
Publication No., 79114205, thére is such a dz-:a.wback that the
solder particlés are not éasily stuck to the copper electrode, |
i.-'e. the solder wetability is not great, so that it is difficult
20 to put it into practical use.
- - Therefore, -the object of the present invention is fo
pfovide a soider “supplyihg-method, which ena]énles fo achieve
firne—pitche‘d pad electrodes and alsoc to obtain solder bumps

.with a large amount of solder and a small difference in the
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5 anount thereof, and to provide a nmethod and an 11 JAN 2006

apparatus for formng the solder bunps using the

same. DI SCLOSURE OF THE | NVENTI ON The sol der suppl yi ng

nmet hod according to claiml is a 5 nethod in which

sol der coating is.formed on a netal filmthrough

positioning a substrate having the netal filmon a

surface with the surface facing up in a quui? mhigh

[,S4+h 0 t t.han [tin p0|nt Q 0 r
amOhﬁE g?%g%?%g'§$ gg}%%Fﬁéde @.gﬁ%%f#%%e Tof PERES %@I gar
for olde%honstgg .ﬁﬁtrate Ln tgh 10 liquid. The "sol der"

W%Pgl FsSRoteti R tRY BRtYIt b ¢ ne2%ot der for forning

der bunps but al so i ncludes solder for die-bonding

DISQEQ?H%ﬁdGEt3?ECEN$§N§%@N"soft sol der" and the |ike

used for, for exanple, bonding copper pipes.

Nat Tirel wlde?lt supssly ine Ingddsd eambomdé@gs alodedaimt 1i $s a

preferable that the 15 "liquid" used herein be an
methoérin Vhich ¢olkiechc sloebngak f@aedd oha hbea$dider t BAdugh
l[iquid (for exanple, an organic acid and the like to

posbheidestdibedbt et £ HaiiGly PRS ridh af ff% o a fs%ﬁ\édc%gwuh
an oxide filmon the surface of the sol der.

the §ﬂ¥f§ﬂé f%eéh q%%JH?reig%ﬁ§d 1AH.qltﬁga€$&%x§geah%££er

type but al so I nclu en1sp erical type a

e A Pl RS

particles are supplied

| der. f
Par‘ih‘?ﬁéﬁ (ﬁﬁe ots%?o&e?éttelﬁig%%%trr ghethet pabgbrake innghe

particles naturally fall down due to the gravity, 1 1
liquisdy 20t “solder” herein is not limited only to the solder

for  forming solder bumps but also includes solder for

- die-bonding semiconductor chips and “soft solder” and the like

used'for, for example, bonding copper pipes. Naturally, it

also includes lEad—free solder. It is preferable that the

“liqguid” used herein be an inert liquid which does not react
to the solder an&.a liquid (for example, an organic-acid and
Zthe like to be described later)r which has an effect of removing
an oxide film on‘the surface of the solder. The “solder
_¢éétingf'herein isrnot.limited only to a film type but_also
includes a hemispherical'type and a protrusion type.

- In the liquid, the substrate is immersed with the metal
film side faéihgwup. At this time, when fﬁe solder fine
particles ére supplied into the liquid above the substrate,

theSolderfineparticlesnaturallyfalldowndue1x>thegravity,
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6 thereby reaching on the substrate. The sol der fine 11 JAN 2006

particles fallen onto the netal filmof the substrate
" stay there by the gravity and then spread on the
metal filmsurface after "& certain time", so as to
formthe sol der coating. Subsequently, the solder fine
particles reached on the sol der coating stay there by
the gravity and spread as well after "a certain tine,

t b hi_ckeni t h I ting. . Thi tion.
ther RLORET IR The ol Her tE6HE gt Te TrSlAr. LTRE THyBH! 7o
of the present invention has found out that 10 it -
fal ey antss trg Berehint4n e tPFefdrFtP te Y $8°dér Pitethe

time" hereinafter) as described above for the sol der

‘gratithen@tthem spreahren dike | oeal | fil JapaneiecPatier a

Unexam ned Publication No. 7-114205, the sol der fine
ceripari tdhe§, arceagnia f edn ttdwsas dbdet heapadgel eStboekpsently,
faci ng downwards for making themconme in 15 contact,
the S lickat flihe phreitdestheasibdein fdnre spadkirctestinghetay
in contact wth the pad el ectrodes is only a nonent.

t_hefr@%s,ef_ﬁé Gravity %@%@f@&&% that $f‘@e§0‘lad@lér]§:ain time,

wetability is ot good. Further, in the art o

nese 3 am Publ] | [ on . (-114205, .

they B ERE RBhERG T R BACT L AR e
ravjt Q.that it requires a considerable amunt of

tep %ei'ag)ﬁ.vn%p}%ﬁo T é%?,tlﬂg ttfe $°¥%ent i nvention, the
solder fine particles are only left to naturally fal

doiie $BVERAPT AL FBEURFRICRF AHSENRG OBnkt gy ourkkOlE tt iyt

Japanese Patent Unexam ned Publication No. 7-114205 .

it reghipesconsicddreda tineJ AN 2O ed to as “solder wet time”

hereinafter) as described above for the solder to be wet. 1In

~the art disclosed in Japanese Patent Unexamined Publication

No. 7-114205, the solder fine particles are emitted towards

‘the pad electrodes facing dowrniwards for making them come in

contact, so that the time for the solder fine particles to be
in contact with the pad elect;:odes is only a moment. Therefore,
it is considered that the solder wetability is not good.

‘Further, in the art of Japanese Patent Unexamined

'_"Publicat-ion No. 7-114205, the solder fine particles are

emitted against the gravity so that it requires a considerable
amount of energy. On the contrary, in the present invention,
the solder fine partieles are only left to naterally-fall down
so that it requires almost no energy. The art of Japanese

Patent Unexamined Publication No. 7-114205 can be considered

T,



10

15

20

7 as a kind of jet soldering. Meanwhile, the present
invention is conpletely a new techni que which does
not belong to any of - the gonventional sol dering
nmet hods. The Inventor of the present invention also
found out that 5 there are not many sol der fine
particles which are conbined for formng |arger solder
fine particles, even if the solder fine- particles
[ t ea n.the Liquid.. -
as £RTRgr e ¥ BEr gl oG g%vé‘ﬁé%é (S PridHhfaient ion
. t even in _the net films with t fine
5 GFRGIE LR ErEY (TR TG P R HBEA MO AT TSbiRernY OF
coati ng can be eaS|Iy controlled by changing the
the seppYsA ettt 4l Rl dd5e particles.  Moreover,
since the solder fine particles are extrenely small
a |Hrgénuapbar cdaphb®rapsplti eavent i prae Lislkhelowemh obé that
uniformy dispersed in the liquid. Therefore, the
thexk f4wr ence niamyt Beldbr $dhdepaanmbuobtsi wvhibe sod desmbined
coating becones small. The sol der supplying nethod

for AEHAIHNI alrges! abMudri sihdgamEidiad i Rvehi €f the solder
sol der fine particles, which are dropped and cone in

fln&?ﬁt (.:Ltcl‘@!'st Bolibe; et @le fdd gieh Lhen slsr 16oahd MGquid.

ept for a certaintime in that state unti| sol der

'There%ore Cau %%rl Qliggge% dgr uﬂ&' %I nge@ﬁg@ enerated

accord‘ng certa I'n tlne unt
so] der. wet i i s the sol der
everaejs%r%"éom%‘h%]ve? s ?]il tRep é’é‘?b??et‘f% suﬁ%";ﬁec%us@e

t he sol der wet by keeplng the sol der fine fartlcles in
solggEgeuntinefhthnesodar Featinsr caliebsotdet L ¥ s pd

that state for 11 JAN 2006.
by changing the supply amount of the solder fine particles.

'Mofeover., since the solder fine particles are extremely small,

a large amount can be supplied so that they can be uniformly

‘dispersed in the ligquid. Therefore, the difference in the

solder amount in the solder coating becomes small.
The solder supplying method according to claim 2 is the

method in which the solder fine particles, which are dropped

and come in contact with the metal film or the solder coating,

are kept for a certain time in that state until solder wet is

caused in the solder supplying method according to claim 1.

© A certain time until the solder wet is caused” is the solder

wet time described above. Thus, it is possible to surely cause
the solder wet by keeping the solder fine particles in contact

with the metal film or the solder coating in that state for

CAk
iR,

11 JAN 2006
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S the solder wet tine or longer. The "sol der wet" 11 JAN 2006

herein is not I|imted to form ng the solder coating
formed on the netal film gurface by spread of the

sol der fine particles reached on the netal film but

al so includes thickening of the solder coating 5 by
spread of the solder fine particles reached on the

sol der coating. The sol der supplying nmethod according

thet®oXder Med +sméher 168HBed |Thaieh ddhewseldes-diMNg s not
particles to be dropped-on the substrateis limted

1imi Pelih®, 2885 WhOSS: f@l‘d@ﬁ&%ﬁﬁg@ﬁ‘dé&‘bﬂ %Q%%e_tal £ilm

specific rangé in the sol der SF yhng HFL "

' t : r_the sol der fin
wurBREE e RE g B Aot Bolts S raes one
' . L1 peed and th Il r.
et 4435 P ¢ hi Sic: Mo aiFE e e Seige® orathes

p

solder fine particles is large, it is likely to
by spiradtd 1het Reldsrdeindriraffel c M radshesi pa shet helder
sol der fine particles is small, the surface is easily
coapkirgi zed. Therefore, by selecting the solder fine
particles with the falling speed wthin a specific
ranges siofldemablipsl v Ong URRIRSS ache rgener abi OMmiwf3 thethe
sol der bridges and deterioration of the solder 20

met M6 aki rhi ¥hbyhd Re1eirde;: & 198 SReEd keahd Hrd.]_:;pleg}:gnb@he

achi eved by dropping a | arge anmobunt of the SO r

subdt P8 PALL | £hesealdy ab cgrg&egh%%% P%lei%tu%ﬁs%téegﬁa%h&ith'n

substrate or covering t ubstTra a ge{la
t J n.the larger solder, .fine rticles fa
a sHdE e HBEN e MR P By i R PBR Y S5 S it e o

clam 1 or 2. As for the solder fine particles in the liquid,

‘the larger ones are faster in the falling speed and the smaller

ones are slower in the falling speed. Meanwhile, when the size

of the solder fine particles is large, it is likely to generate

the solder bridge. When the size of the solder fine particles

is' small, the surface is easily oxidized. Theréfore, by

'Seiecting the solder fine particles with the félling speed

within a specific range, it enables to suppress the generation

_of the solder bridges and deterioration of the solder

wetabilit-y by the oxide film. Specifically, it can be achieved
by dropping a iarge. amount of the solder fine particles all
at ‘once, and by retreating the substrate or co{rering the
substrate with a shutter at the time when the larger solder

fine particles fall in the vicinity of the substrate and when
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9 the smaller solder fine particles fall in the 11 JAN 2005

vicinity of the substrate so that the solder fine
particles do not reach the_, substrate. The sol der bunp
form ng nethod accordi ng t8 claim4 5 is the method
for formng a solder bunp on a pad el ectrode through:
positioning a substrate having the pad el ectrode on a
surface with the surface facing up in a liquid which

thei §m§ f‘éfds tlﬁegceftlﬁ grEEE@?eg fgeif S og {b%cﬂfll go%ethe

supp ylng SO e par ¢les ma e so

nelt 0 |d 10 dr oppi n
subSEFALE T i artive L THEoSIBEETGtEe Theiot Feach the
substrate her ei n |ncludes a sem conductor wafer, a
SUbﬁFFPEE board, and the like. Further, the "sol der
bunmp" is not Ilnited to the ones of a hem spherica
t ype Tdre &qddstr dsimen foype nigutne tdlosb aicroirddega thi bdrim 4
type. 15 In the liquid, the substrate is imersed with
is the patlhoél otr 6demsndeaf aciidgrupumAt ohhasphidnmelevhende
the solder fine particles are supplied into the

thrbhght heveriddins Wb subateatkhBaviahoeke fdde dhalctireld@son

naturally fall down due to the graV|ty, t her eby

a SJI%@@ Poch '{%eSQQJ?E%é& 6 o gy ﬁB' LAy 'dslﬁbop%abﬁlleéheé%d

l'en onto the pa | ectrode t he strate stay

t d th t he .sur face, qf
to ‘%%%O%t%*ft o P TR PoipE" 5?5 SRSl RS 88 8L
. f t.h Id Sub tly, the solder
SRR T R

there by the gravity and spread as well after the 1 1
and gapprgge) the solder’fine particles on the substrate. The

“substrate” herein includes a semiconductor wafer, a wiring

board, and the like. Further, the “soider bump” is not limited

to the ones of a hemispherical.type or a protrusion type but
also include a film type.

In the liquid, the substrate is immersed with the pad
electrode side fscing up. At this time, when the solder fine
particles are‘suppliedrinto ths liqguid over the substrate, the
solder fine particles naturally fall down due to the gravity,
tﬁereby reaching the substrate. The solder fine particles

fallen onto the pad electrode of the substrate stay there by

the gravity and then spread on the surface of the pad electrode

after the solder wet time, so as to form the solder coating.
Subsequently, the solder fine particles reached on the solder

coating stay there by the gravity and spread as well after the
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10 sol der wet tine, thereby thickening .the sol der ' 11 JAN 2006

coating. This action is repeated and the sol der
coating is grown to be the; solder bunp. As described
above, the Inventor of the present invention 5 has
found out that there are not many sol der fine
particles which are conbined for formng | arger

sol der fine particles, even when the solder fine

- solpaktu&t Qin@nﬁhbgeg?n@@f&ké\‘li %ﬁ%hsop.a@?rcc;d’tfr{be This

liquid. Therefore, the solder bridges and the [ike
c3b8 DOLrGRher i ciLQ LN h
e fine 10rpitc ) uf?ﬁg%isgﬁgggo ggFggﬁn%%té§§h¥%é§1be Ehe
| der _bunp can be easily controlled by changing the
SOlégﬁp ?m%hnunt of the solder fine particles. Moreover,
since the sol der fine Earticles are extrenely snmaller

t hah® FFEpAd eI R FodEhed 1V gO Tafb (e Ripsee invention

supplied so that they can be uniformy dispersed in

has{heund PylyuRt THeRs Gries ndte méinhf soddee EAnehpastlidées

amount in the solder bunps becones small. The sol der
whiblrprd groribrigienetfbad facodndi hardar cladidars fiise pheticles,

nmet hod in which the solder fine particles are forned
evelywhdil edlel Bg1bbe SDhEQIahgid1edTebledih edi@add Quid EAch

the form ng 20 nethod according to claim4. The sol der

othét Nen PAd | £l &5 @Nd THNL 80lder phu %idé&ebﬂ's%gﬁg %Hda‘the
i tus an e

common |iquid so that the formng appara

' lik(tg'iéi'yél héjc e‘%noe %fsc?!ggigheﬁyngﬁﬁg%&neﬁ% Iri“[g:tﬁg%ds t?f%l’?rt | ngine

arm r I n ux
pitgﬁga%b%fﬁgrq %%ecggigggegméu%t{ﬁyt%gggolder bump can_be

easily controlled by changing the supply amount of the solder

fine particles. Moreover, since the solder fine particles are

‘extremely smaller than the pad electrecde, a large amouﬁt can

be supplied so that they can be uniformly dispersed in the

ligquid. Therefore, the difference in the solder amount in the

- solder bumps becomes small.

The solder bump'forming-method according to claim 5 is
the méthod in whiéh the solder fine particles are formed by
bfeaking the solder being melted in the liquid in the forming
method according to claim 4. The solder fine particles aﬁd

the solder bumps are formed in a common liquid so that the

forming apparatus can be simplified.

The solder bump forming method according to claim 6 or

7 is the method in which flux or an organic acid is contained
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acid, and the organic acid has a reduction effect
whi ch renpbves an oxi de on,,a nmetal surface in the
form ng nethod according to claim 4 or 5. By the
effect of the flux or the organic acid, the 5 sol der
wetability in the liquid is nore inproved. The "fl ux"
herei n i ncludes col ophony, a surface active agent, a
. S e e, -hy hl or.i ' : i a
= e e e
surface and the like. The sol der bu orm ng_net hod.
the g oe OT T 8PS T8 T e He ™ FoURTER & onide
di aneter of _the solder fine particle is smaller than,
on 3 BRbEL e <R aft & e thdh e Meshecar ce@ged ngr tor rdaim
pad el ectrodes adjacent to each other in the form ng
4 opebhodY ddvvradifiegtt @fafpeodd ugf ogl &hes 049ed 1T, apady hithe
case, the solder fine particles reached respectively
soldartyretalwol ibddj dcehhe paichiid élsembrodosparesdiot The BElir”
contact with each other, so that they are not to be
heréontimadideer cboophogy | hesaofdee dydidgeagdhe, sokdBBtance
bunp form ng apparatus according to claim9 conprises

(fof é)&é:iﬁﬂlda ! ﬁ?ﬁr@ﬁﬁl@r%%l Qf.@{df'il'ﬁl%' Elhcéﬁfééjtp@ﬁ’.ﬁ:@ﬁoving
means. The Tiquid tank encloses a’liquid heated to be

_’;hehS%ii‘?é 2014 han Q%&i@@r gﬁh adl S04 d8fe afl?‘fé;b e and

substrate whi ch has pa ecirodes ona su

is positioned in the liquid with the surface facing .

up. PR S UBIFep uteh oS pir P et hod AT b s e Peds

the solder fine particles nade of the solder bein R
the pathaf ilp yhirk 3 iHanetaid ofr bpe shkdenifdar peaéicle 1

: farticles 1 1 JAN 2006.
smaller than a shortest distance between peripheral edges of

the pad electrodes adjacent to each other in the forming method

according to any one of claims 4 to‘ 7. In this case, the solder
fine particles reached respectively on the two adjacent péd
electrodes are not to be in contact with each other, so that
they are not to 5e co‘mbined for fo;ming the solder bfidge..

The solder bump .formingl apparatus accdrding to claim 9
éorriprises a liquid tank and a solder fine particle supplying |
méans. The liquid tank encloses a liquid heated to be hotter

than a melting point of solder and a substrate which has pad

. A'e_lectrodes on a surface and is .positioned' in the liquid with

the surface facing up. The solder fine pariﬁicle supplying
méans supplies the solder fine particles made of the solder

beingmelted into the liquid and drops the solder fine particles

.,

11in the liquid or the liquid is made of the organic 44 jaN 9008
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12 on the substrate. In the liquid inside the liquid 44 jan s

~tank, the substrate is imersed with the pad
electrode side facing up. At this time, when the
sol der fine particles are gupplled fromthe sol der
fine particle supplying neans into the |iquid above
the substrate, the solder fine particles naturally
fall domh by the gravity, thereby reaching on the
on'§H$S§£ ratde same effects as those in the fornng
accordlng to claim4 can be achieved

her t The, sol der ) rning ppar '
noct Qi HgUeFal RELES +° (eI sbariNie (T aHPShIRRE 15
sol der flne particle supplying nmeans forns t he sol der

imner R At EPePahrdaghTBHEakI )y Fate ndBPderibélig time,
nelted in the liquid in the form ng apparat us

whercidr didglan fdng magtitiessame ebppdtedsfrhosthénsohder
formng 15 nethod according to claim5 can be

finachhevédlédheswggldamgounpahor dinhg appar Al ysidcaicdiengthe
to claim1l is the apparatus in which the liquid tank

- substehtde 13 denddmeinRaphirelies ssUpRkYIFAY1PEARS1hA¥En by

t he follomnng configurations in the formng apparatus

the agmﬁwg EHeféﬁkm{égchIH o dWird 20,4 @@”foﬁeest%g

first I1quid tan or enclosing the su strate and
ui secQ d tan r_enc .
errqaids Mg nE PR P e, ARErp Ao SR aERR r Fraim 4
[i qui sections of the first Iqu|d tank and
cant?ﬁa%éhﬁﬁ%?SBQﬁﬁ NHHET -comuni cate with each ot her
whi |l e bottom sections do not. The 1 1 JAN 2006
The solder bump forming apparatus according to claim 10

'is the apparatus in which the solder fine particle supplying
means forms the solder fine particles through breaking the
solder being melted in the liquid in the forming apparatus

according to claim 9. The same effect as those in the forming

method according to claim 5 can be achieved.
The solder bump forming apparatus according to claim 11
is the apparatus in which the liquid tank and the solder fine

partidles supplying means have the following configurations

in the forming apparatus according to claim 10. The liquid

tank:comprises a first liquid tank for enclosing the substrate

- and the liquid and a second liquid tank for enclosing the 1iquid

and the solder being melted and sunk in the liquid. Upper
sections of the first liquid tank and the second liquid tank

communicate with each other while bottom sections do not. The

s
v,




13 sol der fine particle supplying neans forns the 11 JAN 2008
sol der fine particles through breaking the sol der

being nelted in the secoq? liquid tank and supplies

the solder fine particles’fo the first liquid tank

fromthe upper section of the second 5 liquid tank.

In the liquid inside the first liquid tank, the

substrate is imersed with the pad el ectrode side

soltiea_f):ofyleﬁgﬁazﬁgiélhé Ssu&%;%lgygir}it}aeeasrg géo:r I %‘ga&%%%%ngsfine

neans sup e sO i né par
into the liquid above the substrate 1Q i nsi the
partd s Wit et oy | FaSaperotobEgd S e in the
second liquid tank. Upon this, the solder fine

secqnd tliiguds! taakuraf | SURRE1eRidiie deddes fheegPagtigles to
thereby reaching on the substrate. The sol der fine

the paitdtcliegidia [temlonton hdipathbpet extclodes of the second

substrate stay there by the gravity and then 15 spread

5 liquord tdemisurfaces of the pad el ectrodes after the sol der
wet tinme, thereby form ng the solder coating. Then,.

t he rsehdan qufiiangn Padé iceles: £ 8¢ heguentad e tsel A& strate
coating stay there by the gravity and then spread as

is Weldrald %Jit%h%h%og;%%freﬂ%fcttrioﬁ% s ibBEEEBY nbNLEKeM (i n s s

der coatin his action is rep d and ft
e.solder b

._sol.der cqating.is growm to be t unps.. I n the
timgo it #8184 BRER AL ERRP T b AP LS P btes (e
formthe solder bunps sink in the bottomof the first
SOqu%uﬁ%Pet%ﬁ&?l$b%%vé?F°sFHEelﬁHQlSOFFGWFSégﬁidﬂ§°%ﬁfate
the first liquid tank and the second liquid tank do
10 insight tdemiddisdatld amitch teadh from AN 2006 r section of the

second ligquid tank. Upon this, the solder fine particles
naturally fall down due to the gravity, thereby reaching on

fhe substrate. The solder fine particles fallen onto the pad
electrodes of the substrate stay there by the gravity and then

‘15 spread on the surfaces of the pad électrodes after the soldgr
wet time, thereby Iforming the solder coating. Then, the solder
fine particles fallen onto tﬁe solder coatiﬁg_stay there by

the gravity and thén spread as well after the solder wet time,
th-ereby’ thickening the solder coating. This action is

20 r,epeated and the solder coating is grown to be the solder bumps.
In the meantime, the solder fine particles which did not

fbrm the solder bumps sink in the bottom of fhe first ligquid
tank. However, since the bottom sections of the first liguid

tank and the second ligquid tank do net communicate with each
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14 .other, the deposited solder fine particles are not
to be broken so as to becone the solder fine
particles again. Therefore, the quality of the solder
fine particles as the basd for the solder bunps
becones stable and the size can be made uniform 5 The
sol der bunp form ng apparatus according to claim 12
is the form ng apparatus in which the liquid tank and
the solder fine particle supplying neans have th
othetol ttoniagostbatli gy 6hseinmtHe ¥t A Rg  AUpparet beoken
according to claim10. The liquid tank conprises: a
so abitstbddaps dhicanklfior £nveoasinigldles Resiubst FaesSToRe
liquid and the solder being nelted and sunk in the
the !;hgﬂéhéy Snc I seaeRe: figel datankléeraenchosianp tie the
|qU|d and the sol der being nelted and sunk in the

sold Lo, sta%%t LRAS rand iBet LA 5&Gid N sinaft orive
rst |qU| tank and the second liquid tank

I
UL EPLE WD, SRR, 01 NBtn i SULBE AR L% 1ain 12

artlcles t hr ough breaki.n | 1.
is thy ﬁQFmPPaLﬁHP%Eﬂ%PSahH R LEE A Sk AR f@%%%ﬁ—der
the solder fine particles to the first |IQUI% nk
finef r opprtheClppersHERMY W of "ERESsecBRTS | i zﬂﬁi OWARY

reutilizes the solder fine particles sunk in 20 a
con figtiramiofst ire thier Sehinm cPPeaRk USsA PR Hhd &9 SbRHBLO
The process for form ng the sol der bunps by the solder
The fliAeipatihkel @snpisi ddre: safe ras i hquidroamy pparatlesing
according to claim1l. Meanwhile, the solder fine

the Qﬁﬁ&tﬁh@é whicch ididla £l dher vl ber sedider mhinps sndlsunk
the bottomof the first liquid
1nthellqu1d;andeasecondllquldtankforen01051ngthellquld
and the solder being melted and sunk in the ligquid. The upper
sections and bottom sections of the first liquid tank and the
second liquid tank communicate with each other. The solder
fine particle supplying means forms the solder fine particles

through breaking the molten solder in the first liquid tank

and the second liquid tank, supplies the solder fine particles

' to the first liquid tank from the upper section of the second

liquid.tank, and reutilizes the solder fine particles sunk in
a bottom of the first liquid tank as the molten solder.
The process for forming the solder bumps by the solder
fine particles.is.the same as the forming appé}atus according
to claim 11. Meanwhile, the solder fine particles which did

notfonnthesolderbumpssinkjjlthebottom(ﬁfthefirstliquid

11 JAN 2006
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of the first liquid tank and the second liquid tank 11 JAN 2006
comuni cate with each otheg5so that the deposited

sol der fine particles are broken and utilized again
as .the solder fine particles. Therefore, solder can be
5 effectively utilized. The sol der. bunp form ng
apparatus according to claim13 or 14 is the

tankRparatys él‘i‘ld&‘"‘ﬂ@@ IJJt%npéeé’alQHQ% £ha%;d.d ellgu%ﬁ tank

contained in the liquid or the liquid is na

'anaofﬂéry,é‘corﬁpgg?uﬁa q:élh?&%&gﬁl?lll% g glgﬁrﬁﬁ gﬁ%trg%g that

effect whic enoves an oxi de “on e
t aratus accordi to any one of_ cl ains

the 3?80%1»%%0@ FRRA RS THos 5% Riokiah agdboutiligrd

be achi.eved. The sol der bunp form ng apparatus

agaip % ditify SPIEF of TR Pants ¢les - -appBrFAcasTEn whldr £an be

di aneter of the solder fine particle 15 is smaller
5 efferhAvalyghskibézedi stance between peripheral edges . of

thé pad el ectrodes adjacent” to each other in the

f or e gsolafepabainp st @otiigliapgp re tany 2006 r@fingl @b 8.3 @3
14. The sane effects as those in claim$S can be

or aghisveHe apPRhELtRESCRI FHON @fu;U‘ErDBﬁ\V\’)%EQ ELES is

1 are schematic bl ock diagrans show ng a first

con€RbREH BNt 1Rf 13 whad Eﬂg a4 deu%%d Ror ic
ey FHE Flagh PFFRR

form ng sol der the steps are ca

aci ‘ ag%%{?%?)?gg%]lg{%gﬁ ]i%fcf Q. FlG 3%%%#: whlccﬁ rgmgxpgs
10 an oxide on a metal surface in the forming apparatus accordi.n'g
to any one of claims 9 to 12. The same effect as those in claim
6 or 7 can be achieved.
The solder bump forming apparatus according to claim 15
is the apparatus in which a diameter of the solder fine particle
15 isrsmaller than a shortest distance between peripheral edges
of the pad electrodes adjacent to each other in the fbrming
apparatus according to any one of claims 9 to 14. The same
effects as those in claim 8 can be achieved.
BRIEF DESCRIPTiON OF THE DRAWINGS {
20 FIGS. 1 are schematic block dia_grams. showing a first
.embodiment of a method and an apparatus used for forming solder
bumps, in which the steps are carried out in \cirder' from FIG.
111] to FIG. 1(31;

FIGS. 2 are fragmentary enlarged views of FIGS. 1, in

Fhg,
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correspond to FIG I[I] to FIG I[3], respectively;
FIG 3 is a schematic bl ock diagram showi ng a second
embodi ment of a method and®an appar atus used for
formng solder 5 bunps; and FIG 4 is a schematic
bl ock di agram showi ng a conventional sol der
bunp-form ng net hod. BEST MODE FOR CARRYI NG QUT THE

. | NVENTI 0.n e owi_ngs, _enbaodi s .af -the
bt bR Torrel S WP ) b BESapFRR G by et criring ot 616+
he acconpanyi ng drawi ngs. The sol der suppl yi ng .
1[3§retﬁ%%lp%€6b\’%ljr3ﬁg to the present invention is used in
the nethod and the apparatus for form ng the sol der
bunpsG act okl figs theendiel priebesk dhyemn opogbng hat second
wi Il be 15 described together in the description
embpd ovénie e ff @ medkpldadnd rgy apheraethoceantot He rafpay ab Lder
for form ng the sol der bunps- of the present invention.
bump$ Gand are schematic bl ock diagrams showing a first
enbodi nent of the nethod and the apparatus used for
forpidg 20 30l der bupRsiciich whibeh tBﬁaéXsQﬂs 8hSwing a
carried out in order fromF G 1[1] to FIG 1[3].
[ ptq O | rovided i he, follow ngs by
conYTe e{rér%ig %1%1\1}411%1% lgrﬁn fg%rsnglr}g f“g(":fér%ondg' apparatus 10 used
in the embodinment will be described. The form ng
apparatus 10 conprises a |liquid tank

BEST MODE FOR CARRYING OUT THE INVENTION

In the followings, embodiments of the present invention

will be described by referring to the accompanying drawings.
Thesdldersupplyingn@thodaccordingtx;thepresentinvention
is used in the method and the apparatus for forming the solder
buﬁps according to the present invention, so that it will be
described together in the description provided for explaining
the method and tﬁe apparatus for forming the solder’bumps of
the present invention. |

FIGS. 1 arelschematic block diagrams showing a first
eﬁbodimeﬁt of the method and the apéaratus qéed for formiqg
sqlder bumps, in which the steps are carried out in order from
FIG. 1{1] to FIG. 1[3]. Description will be provided in the
followings by referring to the drawings. |

& forming apparatus 10 used in the embodiment will be

described. The forming apparatus 10 comprises a liquid tank
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supplying neans 12. The liquid tank 11 encl oses an
inert liquid 13 as a liquigd which is heated to be
‘hotter than the nelting poi'nt of solder and a
substrate 20 which is positioned in the inert liquid
13 with a surface 5 21 facing up. The solder fine
particle supplying means 12 conprises a solder fine

11 88T Erad T TR Pt cRleelYAR bRy e Rl oo
iguid 13 d_a .suppl y.pi 6 f i ng., .
canjq fbe e BB ol i UG i erat 4 a0 o0 s Arks Beogrd

the solder to be used are Sn-Pb (nelting point at 183
to e hotgperathan PheIReHyligbinaindt of180lgey anghapgubstrate

(nelting point at 221 C), Sn-Cu (nelting point at 227
20 @yicktis pofdtiioned ini ghedingrialideidiys wipds aokurface

liquid as long as it has a boiling point higher than
21 fheingl tipng Ploe nsobdlet heisel dertiblanduppaying degss 12
 not react to the solder (for exanple, fluorinated
compi @8e Qi bbNgepiitte pak¥eBl e fouRIANANEE 05 lFANduphNGing

like). The liquid tank 11 is obtained by placing an

T tien -an lan t ' 0 h
O S e S ey oA o5 S Rl sk
; t] int_ of 20 t.he er (,for exanple, lLting,

viaffar {9 bRE o le B s, ke 8 e RS PhE efiprofine
' stainless, heat-resistant resin and the |iKke.
par%%si%%rfii?%i S IHPTTREY TAnk 11, a mount 17 is

provided for positioning the substrate 20 in the inert

|i$mqyggﬁscﬁfthesolder o be used are Sn-Pb (melting point

at 183 C), Sn-Ag-Cu (melting point at 218 °C), Sn-Ag (melting

- point at 221 °C), Sn-Cu (melting point at 227 C), etc. The

inert liquid 13 may be any types of liquid as long as it has
a boiling point higher than tHe melting point of the solder
and that it does not react to the solder (for example,
.fluorinated high boiling point solvent, fluorinated oil and
the 1like). The liquid tank‘ll is obtained by placing an
electric heater and a coolant and the like {(not shown)} for
'kéeping'the inert liquid 13 higher than the melting point of

the solder (for example, melting point + 50 C) in a container

- made of, for example, stainless, heat-resistant resin and the

like. Further, inside the liquid tank 11,”3 mount 17 is
provided for positioning the substrate 20 in the inert liquid

13.
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1 1 JAN 2005 18 The solder fine particle formng unit
15 is for formng the solder fine particles 14 by,
for exanple, breaking the 8m)lten solder in the inert
liquid 13. In this case, é‘laylng pi pe, which is for
taking-in the solder fine particles 14 5 (nolten

sol der) sunk in the bottomof the liquid tank 11 and
the inert liquid 13 inside the I|qU|d tank 11, may be

DfQM%%%%#deQ ??E%ﬁ?ﬁ&gigﬁ%lfﬁfﬁi Kl% 5|n % % §89$1Xg

exa er o sup

are i de fro an ed othe o her
theeaa%deanﬁm P e cbSePleret | fib Bhro For es ar hsr aﬂ?]éeﬁt‘b‘i&%eﬁhe
unlforn1y fromthe supply ports into the inert Iliquid
olyan spHgapyn the St terl FAHE part i B ddim criseedai haYhey
inert liquid 13 are fed out through the solder fine
pPipparvhite ifofmrnFaling-1iB ahe drdpised fiime pawtinkss 14
liquid 13 inside the liquid tank 11 fromthe supply
(mopi¢re sldekh EGE i ahe Howagoeni@raheenligudedteh@wsl ofind
FIGS. 1, in which FIG 2[I] to FIG 2[3] correspond

the tigdthGLidhih 1D ihk@de ﬂ;ﬁé’»]hc{ speehkVel y majeperh Pb¥ ted
will be provided in the owi ngs by referring to

in ﬁ@@w%ﬁ%ﬂ@sll%§8r lt@hgorilof tIBe thea iy %Q@Wfﬁq,asfor

t hose of e omtted by applyin

f en numer.al s t eret

=Bl bds BT OGRS
dlrectlon First, the ubstra e 20 used in. the

from Mo GRRENC ilte & ergedert thife sehBetr Sike Jpyiigles

silicon wafer. On the surface 21 of the substrate 20,
14 ﬂﬁﬁddéPEE?gdﬁé%fQEW%ﬂ(frF§Yﬁﬁﬁ supply ports into the 1nert

liquid 13. Thereby, the solder fine particles 14 mixed in the

inert liquid 13 are fed out through the solder fine particle

forming unit 15 and dropped into the inert liquid 13 inside

the liquid tank 11 from the supply pipe 16.

FIGS. 2 are fragmentary enlarged views of FIGS. 1, in

which FIG. 2[1] to FIG. 2[3] correspond to FIG. 1[1j to FIG.

1[3], respectively. Description will be provided in the

séme components as those of FIGS. 1 will be omitted by applying

the same reference numerals thereto. FIGS. 2 aremore enlarged

in vertical direction than in the lateral direction.

First, the substrate 20 used in the embodiment will be

described. The substrate 20 is a silicon wafer. On the

surface 21 of the substrate 20, pad electrodes 22 are formed.

o et m

11 JAN 2006

- followings by referring to the drawings. Description of the
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1 1 JAN 2006 19 On the pad el ectrodes 22, solder bunps
23 are fornmed by the form ng nmethod of the
enbodi ment. The substrate %O is electrically and
mechani cal | y connect ed to'ther semi conduct or chi ps
and Wi ring boards through the solder bunps 5 23. The
shape of the pad electrode 22, for exanple, is a
circul ar shape and has a dianmeter ¢ of, for exanple, .
0 pm, A distance b nth er e
on 5 B R BEE L Phaceo 195F LS T I F ol by ke
di aneter b of the solder fine particles 14 is, f "
forminehprethadt @15 ym e.f%@?ﬁ&l@ﬁ&a el Ef&?rogd‘?%’qu%e mafle i3
of an alum num el ectrode 24 forned on the substrate
eleciiyicaldivckelanday efmephandcigd Yon a9e@negtes nuke  other
el ectrode 24, and a gold netal |ayer 26 forned on the
semimicgiceic tioayeln 125 anthei nicy dloaralset h 28ugind heheo jdéd bumps
metal layer 26 are UBM (under barrier netal or under
23. bume neiagld Wigy)hd ayed Se1dStdbge pa2t 0brt beasphst r dtse a
20 other than the area of the pad electrodes 22 is

cirGOAVE! eHabY anBr ah8chi ¥€ahbt 8 27. o fNeXtor tdinirdl N pm.
nmet hod of the pad el ectrodes 22 will be descri bed.

. Fi i is for t
a a1 GhETbe & 08 B e e A S e RS yte
20 polyimde resin.in the part where t al umi-num ..
22 {3 ilite F | SHG T or ol STREEE. & 8 ST ed DI Eine
exanpl e, by photolithography and etching. Then, after
partisdias d¢ d45zi A€t 8% PdRrnEntCdn PRe surface of the
al um num el ectrode 24, the nickel layer 25 and the
golfdenpedl elagerogds aZelis$ grarel @h atheluminum electrode

24 formed on the substrate 20, a nickel layer 25 formed on the
alﬁminum.electrode 24, and a gold metal layer 26 formed on the

nickel layer 25. The nickel layer 25 and the gold metal layer

11 JAN 2005

26 are UBM (under barrier metal or under bumpmetallurgy) layers.

The part of the substrate 20 other than the area of the pad
electrodes 22 is covered by a protective film 27.

Next, the forming method of the pad electrodes 22 will

be described. First, the aluminum electrode 24 is formed on

the substrate 20 and the protective film 27 is formed by

" polyimide resin in the part where the aluminum electrode 24

is not formed. These are formed, for example, by

photolithography”and.etching. Then, after'apblyingha zincate

treatment on the surface of the aluminum electrode 24, the

nickel layer 25 and the gold metal layer 26 are formed on the
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1 1 JAN 20061. 20 al umi num el ectrode 24 by using

el ectrol ess plating. The UBM layer is provided for
giving the solder wetability to. the alum num

el ectrode 24. Next, the f& ction and effect of the

met hod and t he 'apparatus for form ng the sol der.
bunps according to the enbodinent will be described
by referring to FIGS. 1 and FIGS 2. First as show in

alurﬂﬁr%rp ]éle]cd:a]{b Zgi"‘ b2[ | iin%n f h ert a%l'“ d 13 fanl%BM

bs p03| Fi-one
the sur,fac 21 faclng pad el ect.rodes 22
1ay8f o1 oPRRHLOGH ERE GivAES BE G OE Y00 THe

inert liquid 13 is heated to be hotter than the
alupdny Ryl 58 ¥R9f24 he sol der. Subsequently, as shown in

FIG 1[2] and FIG 2[2], the inert liquid 13

cofteithi nghe hieusol den am@eepﬁettcbésthéimadhaﬁ disl the

fromthe solder fine particle formng unit 15 to the

appadriajuigl fank fhlkrdnd ttes sebdaerf imiagaritebesidd ave the

dropped fromthe supply.pi'pe 16 onto the substrate 20

embddidie: WANIH IMEE ib3d bl Ned e rh%;[ tol Fat d 113ngt ks .

substrate 20 is imersed wth the ectrode pad 22
5 side facing up. At this time, when the 20 solder fine
particles 14 are supplied into the inert liquid 13

t.h trat I ' t I 14
nat ek et ey I e b SRR BL A e w1 S
subs rate 20 The sol der fine particles 14
1lql+léja&ﬁe3crl Ghet heapid tagkelf ¢ M&SQ’QS%ﬁa*f%@Osaﬁdetfel%d

stay there due to the graV|ty,
with the surface 21 facing up.. The pad electrodes 22 are formed

on the surface 21 of the substrate 20. The inert liquid 13
is heated to be hotter than the melting point of .the‘ solder.

Subsequently; as shown in FIG. 1[2] and FIG. 2[2], the
inert liquid 13 containing the solder fine particles 14 is fed
from the solder fine particle forming unit 15 to the liquid
tank 11 and the solder fine particles 14 are droppedrfr‘om the
supply pipe 16 ontc the substrate 20 in the :i'.n'ert.liquid i3.

In the inert iiquid 13, the substrate 20 is immersed with
tr_ie electrode pad 22 side facing up. At this time, when the
solde;: filne particles 14 are supplied into rthe ineft liquid
13 above the substrate 20, the solder fine particles 14

naturally fall down by the gravity, therebi; reaching the

substrate 20. The solder fine particles 14 reached on the pad

electrodes 22 on the substrate 20 stay there due to the gravity,

11 JAN 2008
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el ectrodes 22 after the solder wet tine for formng
sol der coating 23'. Then, _.the solder fine particles
14 reached on the sol der & ating 23" stays there due
to the gravity, and also spread for thickening the 5
sol der coating 23" after the solder wet tinme as well.
These actions are repeated and the sol der coating 23

i t b | b 2 El 1
wrt oy et 4o OB e P e
| Cl e e a e ro S r
so1 e €0 dime ohek HES TN oL Cok g e thnt ddtery e

the tine necessary for the solder to be wet (for
soldsaiphe m@e%ﬁé srashes Fohbetser deaceprsing 2#hi Theys
is found by the Inventor of the present invention. In
thetdelwnmodichengrawhen, tdred sdlsdespfrieae part toiekeniing dtie
down and reach the pad el ectrodes 22 or the sol der '
sol&@atddyridd; 23/t BEtdd chédesldénerpartine @s 413t ayThese
there due to the effect of the gravity. Thus, the
act S delr-d ing Rardd cings thd andakhecpading! £t r pdegradn oo
the sol der coating 23" are to be in contact -until the
ol der ' S seh~qT f , o sol der
be St 3501 4 HldE 2 (RS elgfoa] Q\%ﬁ e Ahg)

y 1S excellent’. Further, the I'nventor has

f oynd that t t .. sal fi .
par i PELIEE R drio 0o CoRBidlf PO T DTS *Pfge cine

sol der fine particles even if when the sol der fine

Parpuitee s apal EBREPRR VlEEQIST (4 QAChhE HRIIPR FIREing

inert liquid 13. Therefore, solder bridges and the
23’ppmgtarbemmcgm¢@¢g1éde.thetimenecessaryforthesolder

to be wet (for example several seconds to some ten seconds},

- which is found by the Inventor of the present invention. 1In

 the embodiment, when the solder fine particles 14 fall down

and reach the pad electrodes 22 or the soider coating 237, the
solder fine particles i4 stay there due to the effect of the
gravity. Thus,rthe solder fine particles 14 and'tﬁe pad
electrodes 22 or the solder céating 23’ are to be in contact
until the solder wet time has passed. Therefore, the solder
wetability is'excellent.

Further, the Inventor has found out that there are not
many sclder fiﬁe particles 14 which are combined for forming
larger solder fine particles even 1if when éhe séldef fine
particles 14 come in contact with each other in the inert liquid

13. Therefore, solder bridges and the like are not generated

E
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1 1 JAN 2006. 22 even in the pad el ectrodes 22 forned 11 JAN 2006

wth a fine pitch. Especially, it is better to nake

the diameter b of the sol fine particle 14 smaller

than a shortest distance a between peripheral edges

of the adjacent pad electrodes 22. In this 5 case, the

sol der fine particles 14 which respectively reached

on the two adjacent pad el ectrodes 22 do not cone in

onta t hat r 0 i ned. far form

evefinartorie, B Pans - oled R EeRESE ISR A ohERS Bokrn-

sol.d bunp .23 can be,  easily.controlled thr h '
ESPERAAGIRG 1 he S HERIS TakBUR < bft Fha 216 661 dtt fiifesoLder

. particles 14 by the solder fine particle formng unit

fingspagbiebiet? TMHtECT HE' &b RS thsititense1a pgtween

extrenely smaller than the pad el ectrode 22, a | arge

‘perambanal edgehe B dihderdiprensapaicebectizodes upplnethis

so as to be wuniformy dispersed in the ineft liquid
casé3. tHdepdderef ihbarertliclies a4l eisschlidfdspreentderailly Fheched
sol der anobunt of the solder bunps 23. FIG 3 is a

on SEHERS bejbleek ghawriad dshow Ag Rosewdin contact,
~enbodi rent of the nethod and the apparatus for form ng

so tH&t a%@%rreb%%sﬁ &6 R diNgo 1 oféﬁﬁﬁ%%%n%fﬂe&%kggge.

Descri ption 2 be provided in the follow ngs

corberent 34 Rodke Mow PR IE kPRt Al P Ean ve
casfhi eo0e Y hER GBI 5 TEIIA 1drea U aPAT Uam 3061 o nhe
solgggogiirggnptérticles 14 by the solder fine particle forming

unit 15. Moreover, since the solder fine particle 14 is

"extremely smaller than the pad electrode 22, a large amount

of the solder fine particles 14 are supplied so as to be

uniformly dispersed in the inert liguid 13. Therefore, there

is aless difference in the solder amount of the solder bumps

23.

FIG.3 is a schematic bldck diagram for showing a second
embodiment of the method and the apparatus for forming the |
s’dlder bumps according to the present inventio-n. Descriptipn

will be provided in the followings by referring to the drawing.

- Description of the same components as those of FIGS. 1 and FIGS.

2 will be omitted by applying the same'reférence-numerals
thereto.

In a solder bump forming apparatus 30 of the embodiment,




11 JAN 2006 23 a liquid tank 31 and a solder fine 11 JAN 9006
particle supplying neans 32 are in the configurations '

as follows. The |iquid tag% 31 conprises: a liquid
tank 34 for enclosing a substrate 20, an inert liquid
13, and nolten solder 33 sunk in the inert liquid 13;
and liquid tanks 35, 36 for encI05|ng the inert liquid
13, and the nolten solder 33 sunk in the inert quuid

a liéula-h@allllk o4 daﬁc?rék s%‘id%qd ftltﬂ%hkagr'ﬂ 1Ea95 g%n %1:}5

conmuni cate with each other oug upper

32 Qf]gp:l[q{)ttth% %ﬁ%& gtrél‘:’lt%%ns-rhe Eoilgebg?ﬂflt lgﬂAd Eﬁgk 31

means i ses
' | aced in .the |l nks 35, 36. It forns
| Com%a%a%? (F St s> TSy it ing enouReeahesdp detn
inside the liquid tanks 34 to 36, while supplying
lne?EFueUs%Pdﬂeﬂ'o‘ f31H& Meditencr esdey 3 hsonkhen [tihguilderanki@aid
fromthe upper sections 37 of the liquid tanks 35, 36
5  13; fagd déquiiti tamis Bi%e 34X mnkdeloking pae tiinedres 114usdnk3,
in the bottomsection 38 of the Iliquid tank 34 as the

and trbktreyl tsal 861488 33Nexdk ihhtheathé s 10kyutiBer 3 or MnRd i quid
apparatus 30 will be described. The agitators 32A,

- tanB2B hayerhe: §a08 &d 99! ald RumSAi AR vﬁrtll'YeEBﬁ other
agitator 32A w || be described. 20 The agi tator 32A1

thr&ﬁ@gqﬂ?é?%&%%ghé aft ?ﬂh%n |npgller rh%e§ﬁg ?Eéor
i ke soﬁge& ?ﬁg% orr40 rotates Rhe | elk%% 42 is, s
also S otaté uGRTERELF of APPhYTRA 1T PO R
10 agltiag:qlﬁﬁngﬁkm ?Clﬁéégggerlar& %%ealicl{gﬂl ?:fantkge3é ne3r6t. | IIi(-ﬂuflodrms
the solder fine particles 14 by breaking the molten solde_r 33
- inside the liquid tanks 34 to 36,. while supplying thé solder
fine particles 14 into the liquid tank 34 from the ﬁpper
'sections 37 of the liquid tanks 35, 36 for reﬁtilizing the
15 solder fine particles 14 sunk in the bottom section 38 of the
liguid tank 34 a.s' the molten solder 33.
Next, the actién of the forming apparatus 30 will be
described. The agitators 32A, 32B have the same configuration-
S§ that only the agitator 32A will be described.
20 The agitator 32A is placed in the liquid tank 35 and
- comprises a motor 40, a rotating shaft 41, an impeller 42, and
the like. When the motor 40 fotates, the impe\iler ‘4'2 is also
rotated through the rotating shaft 41. Upon this, the impeller

42 generates a flow of the inert liquid 13 which circulates

TE
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1 1 JAN 2006 24 inside the liquid tanks 34, 35. Then, 11'JAN2mm _

the nolten solder 33 ‘inside the liquid tank 35 is
caught in the flow and br%%en by the inpeller 42 to
be the solder fine particl®s 14 for being supplied
-into the liquid tank 34 fromthe upper section 37. 5
The process of form ng the sol der bunps (not shown) by
the solder fine particles 14 is the same as that of
: | LSt ' tay | he nt i e, 0
ins 0 T P B ™ BT of s M G Bl 22
. _sink .in.the.botto ction Lnsjde the liqgujid tan
ins S0 1ROt bR IS 4 25l 1RHAS 4t and hgokeR oy
conmunj cate with each other through the bottom _
the Jmpebifr 43gtoshet hae $hedefepodia &F&dicdes Lfingor being
particles 14 are broken to be the nolten sol der 33
supphiedt infe dhaaddidnias ek Sl deom thaeuppeti seesiag. 37.
Therefore, the solder can be effectively utilized. 15
Theltspaoredestsweénfoheihgquihe d@indeB3dbuapd (hetl sowa) by
tank 35 nmay be shut so that” they do not communi cate
the Wdlhieaaghnet peftithesuph ithehkokbA $£aHNS38hel Mirst
this case, the solder fine particles 14 are not

embS&thd At Z€Gn ThE! eloifiddle Gl 4y ride salder 4d ney
particles 14 is inproved and the size of the 20

whi%gleag_l%f nIch nﬁ)ﬁ?ﬁ:ﬁ&%éf%&é &Jﬁl%%osnginﬁp{r? tlljlré' LgEgbﬁ“isn?(fteidgn

ess to say, t rese I nventTton 1's no

30 L 0gh 08,00 Secind snpalEn desirLbod. 0

Wi _ring board (BGA% _
tank 35 communicate with each other through the bottom sections

38, so that the deposited solder fine particles 14 are broken

to be thé_ molten solder 33 and utilized again as the solder

fine particles 14. Therefore, the solder can be effectively

utilized.

The space between the 1iquid tank 34 and the liguid tank
35 may be shut so rthat they do not communicate with each other
through the bottom sections 38. In this case, {:he solder fine
pértiCles 14 are ﬁot reutilized. Therefore, the quality of
the 'soldér fine particles 14 is improved and the size of the
solder fine particles 14 becomes more uniform.

Needless 1‘;0 say, the present invention is not limited
the first and the second embodiments described above. For
exa.mple,' instead of a silicon wafer (FC), a wiring board (BGA)

may be used. Further, flux or the above—-described organicacid




may be used. Further, flux or the above-described 11 JAN 2006
organic acid 1 1 JAN 2006 25 may be contained in the

inert liquid, or the abovegdescribed organic acid may

be used instead of the inert liquid. Mreover, the

el ectrode material is not limted to al um num but

Al-Si, A-Si--Cu A-Cu, Cu, or the like my be used.
Furthernore, 5 after renoving the oxide filmof the

may SO dein fd teedamnt kekesnbyt 1{Qriexamkee Qbﬁg{zecaé%kgbed
acid, the solder fine partlc es may be introduced

orghRt @ 41 ﬂnéglﬂeduse&l%%}%l(z{% R %ﬁg%%pgﬁg%t h Iglqge?ﬁer,

sol der supplying netho claim d g to
P er._coatin 3
the éfé?@f?ﬂ%%%% ﬁ%&p#ng ol e Bod B paviersuf af-st,
ubstr UId mhlch IS heated to be hotter
Al"?ha H ?F%leré 1 ﬁﬂy ;fgﬁ Mm%l kS der ber Heedol dBRr Ehemmore,
: artlcles reached on the netal filmcan be kept there
5 aft%éfemw’@ ghravatide §ilmhef tiheespbdgerfirttanartiscike by,
sol der wet time. Thereby, the solder wetability can be
for iexmmpled. hFdrobbioriher@idr ¢hrosohdwy fSoledpartioges may
particles which are conbined to be |arger sol der

be jrartodhesd emero itfhd Heiqsiol der fine particles come in
contact with each other in the liquid, so that it

INDESEE 5 Arpipreuentirsel der bridges and the 20 like from
being forned in the netal filns with a fine pitch.

Furd;her PREEs o DYe £ l ﬁe’? 8 Y A t) Of trglng to
h fbetd

solder fine partic er anoun
10 the que%%rntﬁ%%%%n c?apllggg fS)aSI ln)é;l e:rﬁéer c%%tll}'{%r nga?rmetal
film by dropping solder fine particles on a substrate in a
‘liquid which is h.eated to be hotter than the melting point of
solder, the solder fine particles reached oﬁ the metal frlm
can be kept there due to the gravity for the time longer than
15 the solder wet time. Thereby, the solder wetability can be
improved. Further, there are not many solder fine partlcles
r«vhich are combined to be larger solder particles even if the

| solder fine particies come in contact with each other in the |
quuid, so that it enables to prevent solder bridges and the
20 like from being formed in the rﬁetal films with a fine pitch.
Furthermore, by changing the supply amount of the solder fine
particles, the eolder emount in the solder c-oati\flg carl-be easily

controlled. Moreover, since the solder fine particle is

extremely small, a large amount of the solder fine particles

bl
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extrenely small, a |large anmount of the solder fine
particles 1 1 JAN 2006 26 are supplied so.as to be
uni formy dispersed in the liquid. Therefore, the

sol der anobunt in the sol d&¢ coating can be nmade
uniform As a result, it enables to obtain the netal
filme wth the fine pitch and al so enables to obtain
the solder 5 coating with a large amount of sol der and

a less difference . in the anpun VVth he sql der., .
are SERNSHG StefRolCakB ot At AgTRbY ¢ Ja?ﬁ‘ﬁlése éb%ﬁ%@l‘tlﬁ%

sol der fine particles which are in contact on the
Thexnsdicaie f Fhm Brldate agerasr i s RgLAATIIRAT Stararsiep made
| onger 10 than the solder wet tinme, it is possible to
unifumel yAsaaseeshet, sot denalmees W tdbttaien solalaretal films
suppl yi ng net hod according to claim3, by dropping on
witid Substiad epitheh sehdealsbnenpbl ébscles obfiadh haee sdlhier
falling speed within a specific range, only the sol der

coatfl'rﬂge Wi HPar tl'a‘ilggsahteuﬁﬁ 8BPEODAE AL £n$i Z € LA DI fusRGhce
her ef or e, IS possible to suppress generation of

brldges and deterioration of the sol der
in gm%é%&{qty due to the oxide film \Nth the met hod and

. atus_ for fo th ol de
{PRARPERELES Ao Lo e FRISEGRYTES oL o
the sol der bunps on the pad el ectrqdes throu h

by kgegpponghet aelder detnd iRfe a5 M ConcEhiel 3 ﬁ%fﬁ%ﬁfe on
in the liquid which is heated to be hotter than the

the melteilngipoion tdle shédsol geating in that state for longer

than the solder wet time, it is possible to surely cause the
solder wet.
With the solder supplying method according to claim 3,

by dropping on a substrate the solder fine particles which have

the falling speed within a specific range, only the solder fine

particles in an approprlate size can be used. Therefore, it
is possible to suppress generatlon of the solder brldges and

deterioration of the solder wetability due to the oxide film.

11 JAN 208

With the method and the apparatus for forming the solder

bumps according to the present invention (claims 4, 9), by

forming the solder bumps on the pad electrodes through dropping

" the solder fine particles on the substrate in the liquid which

is heated to be hotter than the melting point: of the solder,
the solder fine particles reached on the pad electrodes can

be kept there due to th—egravity for the time longer than the

) Jt\:i‘f.\'\.it.
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the solder fine particles reached on the pad 11 JAN 2005 .

el ectrodes can be kept there due to the gravity for
the tine longer than. the 4-1 J A N 2006 27 sol der wet
time. Thereby, the solder wetability can be i nproved.
Further, there are not many solder fine particles
whi ch are conbined to be |arger solder fine particles
even if " the solder fine particles conme in contact
solWelh @ache phber imhadRe i do1gert Rt didienabl es,t fe
prevent sol der bridges and the |like frombeing forne
sl e tr it h f] itch. Furthernor
lmp%gv%ﬂan%@%%' stgfgep y\garr?oﬁﬁtt %?%f h%lcgeoﬁ (#é‘rnef ipﬁ%tl(ﬁés
.particles, the solder. anpunt in the sol der bunps can,
wni [ S IGISIRT B0 BE. L M Boraraey fiBo iR SUT e Sriefel f
10 particle is extrenely smaller than the pad
theef%ﬁ‘?‘?%d@s‘}e PG e F6t 1Bf ComBach|widih fasd other in
particles are supplied so as to be wuniformy
thedl sperdedd rhete ilti goRbleFhee aforesnt e lsieirderidarsuand
in the sol der bunps can be nmade uniform As a result,
thei lilemabt@s Hed rabtfairmeth@npale b taladas-sMdh va thi Befine
pitch and 15 al so enables ‘to obtain the sol der bunps
pit¥hth PulbeR@ena®YNby ehasglider taRd udAss Hiddar eP€erhe
in the amount. Wth the nethod and the apparatus for
sol8OF N Nk the-Solider t%“’?él@&f%ﬂ&&‘&t 9, the Qrgaggtbum s
10), by P nep

invention (clains 5, orm ng the solder fi

: j h Ki h I 20 | d [ h
conPaE L, LPERYER, PLACK R, g, 68 29,50 G100 11,

I'he ‘par an
P2 CHTTE i BFT Aoty e Mot G AP At eait B, o 1arge

- sinplified. . L
amount of the solder fine particles are supplied so as to be

‘uhiformly dispersed in the liquid. Therefore, the solder
amount in the solder bumps can be made uniform. As a result,

it enables to obtain the pad electrodes with a fine pitch and

also enables to obtain the solder bumps with a large amount
of solder and a less difference in the amount.

With the method and the apparatus for forming the solder

~bumps according to the present invention (claims 5, 10), by

forming the solder fine particles through breaking the molten

solder in the liquid, the solder fine particles and the solder

: bumps can be formed in a common. liquid. Thereby, the

configuration of the forming apparatus can be simplifiéd.
In the method and the apparatus for forming the solder

bumps according to the present invention (claims 6, 7, 13, 14),
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In the nethod and the apparatus for form ng the sol der 11 JAN 2005

bunps according to the present invention (clains 6, 7,
13, 14), 11 JAN 2005. 28 qux or the above-descri bed
organic acid is cont ai ned %n t he liquid, or the
liquid is nmade of the organic acid, so that the

sol der wetability in the liquid can be nore inproved.

Wth the nmethod and the apparatus for formng the
i nvention

I ' h
r1uf e 3raE R R Aab Rl e EhEOR CortRd ot Behe

... fine particle s IIer t han the shortest distance
11%%3@@% fe b%??%ﬁe% FrdsqgEsin Otrﬁénl&d?%%msopaaat the

el ectrodes, it enables to avoid the contact between
soldpe wotderlityiel pabhe ol bauinhi ein et rovpestadel y
10 on the two adj acent el ectrode pads. Thereby, it is
pogki it ¢ het e pipr@ agut ehy qupeveritug liersbddeindthedgeslder
frombeing formed. |In the apparatus for form ng the
bumse| sleto b tac adfedigi@: stem € lia@ntionby cnatmson nep5) NGy
~ the bottom section of the first [liquid tank for

ma k{.)x@g? iy dilget@der BHEPSo fik 1 he 1l %%tr'i:@kgeaglqal iarthean

tom section of the second Iqu|d tank for formng

thetmgﬁogeégsrdzges?e@ryeelwgénlg FrdBhellal® R Ufene

not ormthe so ar e

aas il | hAG <aRaTEarEsy fiimes %%?f%f’ﬁ@ “3R4%aI S T

the size of the solder fine particles unlforn1 20 In
betwern £55a50-d8 L BENE R i ke "ddIcheFeRGRPY BRI Hiely

to claim 12, by connecting the bottom section of the
on fhe gwo ladqapéntaﬁketbm%r@ﬁct@ t Fhersblvdei t bisoosible

t he substrate and
to more surely prevent the solder bridges from being formed.

In the apparatus for forming the solder bumps according

to claim 11, by not connecting the bottom section of the first

liquid tank for forming the solder bumps on the substrate and
the bottom section of the second liquid tank for forming the
solder fine particles, the solder fin_e particles whiéh_did not
lf'orm the solder bumps are nét reutilized. | Thereby, it is
possible to improve_ the quality of the solder fine particles
and also to make the size of the solder fine particles uniform.

In the apparatus for forming the solder bumps according

" to claim 12, by connecting the bottom section of the first

liquid tank for forming the solder bumps on the substrate and
tlﬁ_e bottom section of the second liquid tank for forming the

solder fine particles, the solder fine particles which did not

.;\‘A::i:?(l"l




~the bottom section of the second liquid tank for

formng the solder fine particles, the solder fine 11 JAN 2006 -
particles which did not. 1 1 JAN 2006 29 formthe

sol der bunps can be reutiBPzed. Thereby, the sol der
can be effectively utilized wthout a waste. | | JAN
2006 30 WHAT IS CLAIMED IS: 1. A sol der supplying
nmet hod for form ng solder coating on a netal film

t h iti i bst havi th I fil
for P2 S BRE Lo B rr b Py M nSbo g ladt

can

which_ is heated to be hotter than a nelting point of
soF det Ll W -op pi gl Fab "B Fith e paitiscl es made of
the solder being nelted on the substrate in the
liquid. 2. The sol der supplying nethod according to
claiml1l, wherein the solder fine particles, which are
dropped and cone in contact with the netal filmor
the sol der coating, are kept in that state for a
certain time until solder wet is caused. 3. The sol der
suppl yi ng nethod accordingto claim1 or claim 2,
wherein the solder fine particles to be dropped on the
substrate are limted to the ones whose falling speed
iIs wthin a specific range.- 4. A solder bunp form ng
nmet hod for formng a solder bunp on a pad el ectrode

t hrough: positioning a substrate having the pad

el ectrode on a surface with the surface facing up in a
liquid

v
TN



which is heated to be hotter than-a nelting point of
sol der; supplying solder fine particles nade of the
sol der being nelted into the liquid.; and dropping the
sol der fine particles on tHe substrate. 5. The sol der
bunp form ng nethod according to claim4, wherein the
solder fine particles are forned by breaking in the 1
1 JAN 2006 31 liquid the solder being nelted. 6. The

_ ol de form ng nethod according to claim4 or
WHA@@?%%?W% L8 flux is contained in the i qui d. 7
The, sol der bunp form ng nethod according to claim
or tf & FP5ISRnBRRPhY g d‘i‘e’gfaliﬁ’% &g doreipgntal det Cf‘??tlng
~the liquid or the liquid is nmade of the organic acid,
on aghelt 2 hd idmgdnt eugle pes 1ikdonanger gebisdragpfleatinghi-bh metal
renmoves an oxide on a netal surface. 8. The sol der
filibunp af ennfage netttiodhecsordeng facany wgnaenoh tiquie which
. to 7, wherein a dianmeter of the solder fine particle
is hieSitsdRld BE Hotar rac s ktresit diGhanae Jres yeesr padi gidlng
edges of the pad el ectrodes adj acent to each other.

sol@er Ar 80l defrdunR Q{a@eng;fal%ér QByéeEOHQihé'rﬁ@lt@d on the -
[Tquid tank for enclosing a |iquid heated to be

Sub§¥§5§? t$ﬁﬂu§lﬁ§§%J@ poi nt -of solder and a substrate

has fodes on a surface and is

11 JAM 3008

0Si t| ned | the i |d W th sur f ace in
oo & B et Tt meswaf Ly End' BREhPS: RECheaRebr Ep dratRi 1,
supplylng sol der fine particles made of the sol der
wheppip gtf?ﬁels?ééeirnfbn? hea ¥ Jq%]r%is arrd idgito ﬁﬁlenér PRESd GinRfgcome

fine particles on the substrate.
- in contact with the metal film or the solder coating, are kept

in that state for a certain time until solder wet is caused.

3. .The..'solder supplying method according to ciaim 1 or
claim 2, wherein the solder fine particles to be dropped on the
substrate are limit_ed to the onés whose falling speed is within
a specific range.

4. A solder bump' fofcming method for forming a sbldrer bump
on a pad electrode through: po-'..sitioning.a subétfate having the
pad electrode on a éurfaée with the surface facingup in a liquid-
wﬁich is heated to be hotter than a melt'ing point of solder;
- supplying solder.fine particles made of the solder being melted
into the liquici} and dropping t.he solder fine particles on the
substrate. |

 5. The solder bump forming method according to claim 4,

wherein the solder _fine- particles are formed by breaking in the

ey
T




- 10. The sol der bunp form ng apparatus according to 11 JAN 2308
claim9, wherein the solder fine particle supplying '
nmeans forns the sol der flqe particles through
breaking in the liquid t hdlsol der being nelted. 11.

- The sol der bunp form ng apparatus according to claim
10, wherein: 1 1 JAN 2006 32 the liquid tank conprises
a first liquid tank for enclosing the substrate and

liqLEhc? lﬂequs'oglo%ﬂrg l:nei:g?egelr&g.ui d tank 5 for enclosing

I qut eing nelted and sunk |n

the liquid pper sections of t irst liquidt
g 0% SROHRT P GORARS CBRPONT CREeo TR TS et Lo in 4
ot her while bottom sections do not; and 10 the sol der
or Cf]ﬁi‘éﬂ par tYRa e Suddluys g s e 1t Adies diiaerid f i ne
~particles through breaking the solder being nelted in
- thd . Séeondlbequbdmpahkrandygsupphiesatderdotgidro falmgm 4
particles to the first liquid tank fromthe upper
or dedh 6n wieidin secondahiguadidtiankontdintheisalldern iquid
bunp form ng apparatus according to claim 10,

or tmeiﬁqaldtﬁembug%ﬂ drRNk rgaRRE z§@§d a S stel cbﬂ%érdlé akq
for enclosing the substrate, the |qU|d and

has §Q.Jeqﬁf %nngfﬁgé:{ %‘ijlflc% f’&g Y?é@lén' ch?eoh' éga]d%%%f%ce

Second iquird tank for encl osing t |qu
SO|8d.et£'h%elsg91dg§"l Eﬁﬁp@gnﬁi‘ﬂ‘é rlnenthog acc cglng to any one
of claims 4 to 7, wherein a diameter of the solder fine particle
is smaller than a‘shdrtest distance between peripheral edges

of the pad electrodes adjacent to each other.
9. A soldef bump forming-apparatus .comprising:. a liguid
‘tank for enclosing a liquid heatecél to be hotter than a melting
'point of solder and a éubstraté which has pad electrodes on a
Surface and isgmasitiohed.inAthe liéuiﬁfwith.the surface facing
up; and a solder fine pafticle supplyiﬁg means for ‘supplying
éolder fine particles made of the soldef béing melted into the
liquid and dropping thé solder fine particles on the substrate. |
_ 10. The so.lcljér_:buinp_ forming apparatus according to claim
9, wherein the solder fine particle supplying means forms the
solder fine particles through breaking in the liquid the solder
being mé'lted... | |
11. The solder bump forming apparatus according to claim

10, wherein:

BN
W,
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upper sections and bottom sections of the first liqUid1'lJANmm6-

tank and the second |iquid tank comuni cate with each
other; .and 10 the solder fine particle supplying
nmeans forns the solder fié particles through breaking
the solder being nelted in the first liquid tank and
the second liquid tank, supplies the 1 1 JAN 2006 33
sol der fine particles to the first liquid tank from

t he upper, section of the second li.quid tank,. an
T T Feg0ERe 1 eromRE S FERe baltrares Wi | hagk Tor
bottom of the first liquid tank as the solder‘belnq:
enchefirg thessulpbrabe fad bhfpl 8 fgdappacangsliguidtank
according to any one of clains 9 to 12, wherein flux
forienclormigindde Aighéd| 4nitthe skdefhbedobdeelbadpand sunk
form ng apparatus according to any one of clains 9 to
in fHe Wheuiidn an organic acid or flux is contained in
the liquid or the liquid is made of the organic acid,
andigger JegaiichAeirdtae thest! uxqhag tanRUMed i Ofe second
effect 5 which renoves an oxide on a netal surface.
LiqdPd tHik SBRAGH1PYTR §OFH NCRRRMA! WA RECOSEEOE J@hs
one of clainms 9 to 14, wherein a dianeter of the
do go%ger ine particle is smaller than a shortest
d7 st afite bet ween peri pheral edges of the pad

el ectrod adj acent t ach other. 4
t%e sofgler éine part:?c e supplying means forms the solder

fine particles through breaking the solder being melted in the
second liquid tank and supplies the solder fine particles to
the first 1iquid tank from the upper section of the second liguid
ténk..

12. The solder bump forming apparatus according to claim

10, wherein:

the ligquid tank comprises a _first liguid tank for
enclosing the subétrate, Vthe‘liquid and the solder being melted
and sunk in the liquid; and a second liquid tank for enclosing
the liquid and the solder. being melted and sunk in the liquid; |

upper sections and bottom sections of the first liquid

tank and the second liquid tank communicate with each other;

and

the solder fine particle supplying means forms the solder

fine particles through breaking the solder being melted in the

first liquid tank and the second liquid tank, supplies the
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solder fine particles to the first liquid tank from the upper
section of the second liquid tank, and reutilizes the solder

fine particles sunk in a bottom of the first liquid tank as the

solder being melted.

13. The solder bump forming apparatus according to any
one of claims 9 to 12, wherein flux is contained in the liquid.
14. The sclder bump forming apparatus according to any

one of claims 9 to 11, wherein an organic acid or flux is

contained in the liquid or the liguid is made of the organic

acid, and the organic acid or the flux has a reduction effect
which removes an oxide on a metal surface.

15. The:solder bump forming apparatus according to any
one of claims 9 to 14, wherein a diameter of the scolder fine
particleissmwllerthanzashortéstdistancebetweenperipheral

edges of the pad electrodes adjacent to each other.
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