METHOD OF PRODUCI NG SOLDER BALLS TECHNI CAL FI ELD [ 0001] The present
invention relates to a nethod of producing sol der balls. Priority is
cl ai med on Japanese Patent Application No. 2010-241029, filed October 27,
2010, the content of which is incorporgted herein by reference. BACKGROUND
ART [ 0002] Recently, as a nmethod of manufacturing an el ectronic
circuit, a nethod has been widely used wherein a circuit pattern is forned
on a plastic substrate, a ceram c substrate or an insulated substrate on
whi ch plastic or the |iMETHS)2O&tRRIDDEAING B0t.00R BACdSponent s such as an
| C el enent, a sem conductor chip, a resistor and a capacitor are joined by
solder to the substrate. [0003] As the nethod of bonding a | ead
term nal of the electronic conmponents to a predeterm ned part of a circuit
board, the follow ng steps are syhsgquest kryzperfornmed in general, that is,
a step of forning a solder thin layer in advance on the surface of a
conductlY hrcuit electrode provided on a circuit board, a step of
printing a sol der paste or flux on the solder thin |ayer, a step of

posi tioni ng an nmount i.n ete m ne nic c nt on the
circuit board, egfeé‘fi}ltdl%epgg ‘%’tﬁb tme@gﬁagprq F'ﬁgls @?&Qﬁd t he sol der
paste, and a step.of . solidifying the solder to bond the electronic
conponent and CHERoHIGHEIMGE W Fainescel deht gywplicpigipayo. 310-241029, filed

October 27, 2010, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]

Recently, as a method of manufacturing an electronic circuit, a method has been
widely used wherein a circuit pattern is formed on a plastic substrate, a ceramic substrate
or an insulated substrate on which plastic or the like is coated, and electronic components
such as an IC element, a semiconductor chip, a resistor and a capacitor are joined by
solder to the substrate.

[0003]

As the method of bonding a lead terminal of the electronic components to a
predetermined part of a circuit board, the following steps are subsequently performed in
general, that is, a step of forming a solder thin laver in advance on the surface of a
conductive circuit electrode provided on a circuit board, a step of printing a solder paste or
flux on the solder thin layer, a step of positioning and mounting a predetermined
electronic component on the circuit board, a step of reflowing the solder thin layer and the
solder paste, and a step of solidifying the solder to bond the electronic component and the
conductive circuit electrode.

[0004]



Furthernore, due to the recent mniaturization of electronic conponents and
circuit boards, it has been requested to achieve a fine-pitch of the

el ectroni c conponents. For exanple, as el ectronic conponents which achi eve
a fine-pitch, G-P (quad flat package) qu CSP (chip size package) which
have a 0.3 mmpitch, FC (flip chip) whith has a 0.15 mmpitch, and a LS1
chip which has a BGA structure are known. Furthernore, as a nethod of
nounting el ectroni c conponents on a circuit board, a nethod is known

wherein a sol defrheiibrhigd td $hd eEddRd nathiafirlzaach o8 ditdi@nidtodPoRingC kidni C
conponent and a sol der bunp which is forned at a predeterm ned part of a

circuit ; | ;am I SU : bump
s equest ol F o E e Tiorac ARl agps: o TRCHACH o i arbnid iR
fine-pit of .el ectronic. c n [ ] rthermore, .a f
o1 ho. & 5aralRo e S GOTRRE s BT ach ik o B st NG 1ef e
el ectrol ess, plati t hod.and t he t hod wherein a S ._a, sol der
bowder 1 Dagkar e SR (ap kel ) Mo onR e P K (Hip AR oveh
manuf acturing a sol der bunp using the electroless plating nethod, it is

di fficul thag o8 ihEY gaBle pithle 8hd ckrleds cip sl daF 2 dyer, saRefurharefgpan.

el ectroni c conponents and a conductive circuit electrode cannot be adhered
ri gidly wurthermaeh astahreethodraf micentmy dectiani¢ ¢renpaschtsdnof cinpufufoand, amigiigoda

sol der bunmp performed by the electroplating nethod, it is difficult to flow
current, iyithewn ivehansrd keiderf bimp nchiph a3 ifighed @ a leainehnaal ed ai ¢ledidnic and
therefore a sol der bunp having a fine pattern cannot be forned.

Fur t her m@p@ipohdht 1€ 2"BIdRPHueh Wikt fRemad 504 BRIcRARERd patt drs didufiivedtd to
correspond ?o a fine-pitch pattern, and therefore a solder bunp having a

fine pat : d.y,.[ ] , of I £.C t.ances,
a nethod%ﬁﬁg?g?%agéng?&ﬁgﬁfsIﬁé@@%é”ﬁ%%??yaﬁgﬁgﬁﬁggP ?6?#?%?%’%&%%?&% to a
circuit ard _has.been used .as a nethod of praducing a. 3 solder bunp which
can cor r dOBBAIINES FE ichestsacesiond e fi BREhaCoBdBis Fofiis cqua

hei ght. [0007] As the nethod of adhering solder balls on a circuit,
a method is knbWiSWherein an adhesi on-i nparting conpound is allowed to
react with the surface of a conductive circuit electrode of a circuit board
to inpart adheEinksiawse. tas & hectbed fhdermingda seldgebupdl Py aapecwherrddtico t he
position to which adhesiveness is inparted. Subsequently, the solder balls
are nel t egtctroplhtdigmmathed) e kldotrnjess flBefige metlmdRatieht natmdmelndreih. 8 paste of a
Furthernore, as a technique to which the nmethod of Patent docunent | is

appl i ed, s@déepbiares hambpenddeyrivepedraMiaoehn Meswdwer,one Heol dethobadt s
adhered on a required portion on a conductive circuit electrode. (Refer to
Patent  dgeuiBRfurie) a RbIRF Wiy deREMBE SeRAMER pdQSHTRAAGY, it is difficult to
increase the thickness of a solder layer, and therefore electronic components and a
conductive circuit electrode cannot be adhered rigidly with each other. Furthermore, in
the method of manufacturing a solder bump performed by the electroplating method, it 1s
difficult to flow current, which is used for forming plating, m a complicated circuit, and
therefore a solder bump having a fine pattern cannot be formed. Furthermore, i the
method of printing a solder paste, it is difficult to correspond to a fine-pitch pattern, and
therefore a solder bump having a fine pattern cannot be formed.
[0006]

Because of such circumstances, a method wherein solder balls having nearly

spherical form are adhered to a circuit board has been used as a method of producing a



[ 0008] Pat ent Docunent 1: Japanese Unexam ned Patent Application,

First Publication No. H 7-7244 Pat ent Docunent 2Japanese Unexam ned
Pat ent Application, First Publication No. 2008-41803 DI SCLOSURE OF
| NVENTI ON Probl emto be sol ved by the Ipvention [0009] However, in a

case where a fixed height of a solder bunp is required for a sem conduct or
devi ce having the BGA (ball grid array) structure, there is a problemthat,
when a sem conductor chip and a circuit board are bonded by refl ow ng
convent i aohler bomgerhitiatdrmsgortelporal fogha dhe pattam canciote bel mivnifaimedd dgeri t o
melting of the solder balls. 4 Therefore, there is a possibility that the
sol der bujgstgannot maintain the fixed height, the sem conductor chip sinks
unevenly, and bonding is perforned while the inclined structure is

mai nt ai ned. aﬂ] Wth respect to the above problem at present, a
method is used geln a solder bunp is forned by nel ting sol der balls

having a high slﬁle@l%&ﬁo enﬁ&boﬁigr bYIDH e ta‘?ﬁﬁ%&r 'k}éc;w%@gae%?‘?” a

sem conductor ¢ are ] oi “hed sol Pall's
whi ch havearreltln 0|nt Iovve nt at of t h oIder baI ayi
hi gh mel fPnifiSePRIMPALNGO8POHR H% ﬁ%tfﬁ%fa Wi E%W%%? ef r?oﬂ%‘{cggebal B

such as copper balls V\/nl ch have been plated with a sol der | ayer
(copper - ¢8FBIt slicHade phi pyyuippeard de dmpyt gdiregaiengy| tpdhe wéaceoaltdqeﬂ#ét%a a
sol der bunmp can be manufactured by placing copper-core solder balls on a
circuit boaadhessrdiontbk posigon e whadhdathebiaeness tempontadi | Hubsandentiyethefsotderit is
possible to maintain a di stance between the circuit board and an el ectronic
conponentbals aceneclesigo faine hisaldsr binap e ofR dat todmtapdcentent[ 100 1 Elirthermore, as
a technique to which the method of Patent document 1 is applied, a technique has been
developed wherein merely one solder ball is adhered on a required portion on a conductive
circuit eiectrode. (Refer to Patent document 2.)
Prior art documents
Patent documents
[0008]
Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. H 7-7244
Patent Document 2; Japanese Unexamined Patent Application, First Publication
No. 2008-41803
DISCLOSURE OF INVENTION
Problem to be solved by the Invention
[0009]
However, in a case where a fixed height of a solder bump is required for a
semiconductor device having the BGA (ball grid array) structure, there is a problem that,

when a semiconductor chip and a circuit board are bonded by reflowing conventional

solder balls, the original form cannot be maintained due to melting of the solder balls.



However, in the aforenentioned nethod, there are |imted kinds of solder
materials having a high nelting point, and a sol der wherein the conposition
t hereof includes |ead at a high concentration has been used. Furthei !lore,
sol ders whi ch have already been put into use as a high nmelting point sol der
include | ead at a high concentration sith as 95% or 80% and a rays which
are emtted fromthe | ead can cause mal function such as LSI. Accordingly,

it is required to use expensive |lead, which is obtained by separating an

i sot ope dfhetcdad, taiecih aqyosiibiliteaatheapiier bumpacanaet saaihiafyh theeixeid hgighai the

sol der whi ch includes absolutely no | ead. Furthernore, in the nethod
wher ei n %%thyhdﬁ&é@cﬁ;?%ﬁﬁ% uRAlechs, AkEboRRe isi ferfosmb@ Gk el Inyiisid Johetd to

adhere a solder uniformy on a copper-core ball, and therefore there 5 is

a proble - ufacturing cost is extrenmely high. Accordingly, the
met hod hggs%%g{tai@%;n used as a generic nethod. [0012] The present

i nventi on was r@?@ according to the aforenentioned circunstance, and the
pur pose of the %ent invention is to provide a method of producing sol der
hal I's which can cope with the fine pattern structure and gan be forped at a
| ow cost. MeansVitlhresgetye Hiy abeue PFQ?E@‘%@[%?F?@‘]: a method 1spysg H\B@eé’i’na SP%’ént ors
have intensively studied to solve the aforenenti oned problens, and arrived
at the prbesunis fomvedriti waltinghalder ballsteing aBightmelapa RN At pRIR tgdpcrhEe

foll ow ng (1) A nethod of producing solder balls, conprising; a
first stegnpderiei and i, nedeericaldicar ehgd el aditcoitebdard ste patredsisigg DglyEr
provided on a surface of a substrate; a second step wherein an

adhesi onhRRARAIISNGhER HRGH Bthdlfin€ paine thvast thite s bf deesodderttalls havieg metigr i al s
to forma second adhesive layer; a third step wherein solder particles are

adher ed welgﬁcegﬁﬁﬁon@k QABERLNEAd ANBRENET QiR RherbliEmetdl haRUSH a Beppepr e

mat eri al s; Tourth step wherein the solder particles are nelted to form a

| der | 1t f f . ials: £i :
he o s DHES ot B S@erga?@&sé’wﬁﬂ%gﬂs@ %é?%?é%%sﬁ%%@%‘é%%f ﬁﬁféﬁfﬁé?ﬂ%ﬁdﬁif .
(2) The Telnoq Bl PERcus! M8 Stdal a"Bias D856 i Pe Mabltecw¥IChF fladifl® core

copper-core solder balls on a circuit board and melting the solder balls temporarily, and
therefore it is possible to maintain a distance between the circuit board and an electronic
component since core materials thereof act as spacers.

[0011]

However, in the aforementioned method, there are limited kinds of solder
materials having a high melting point, and a solder wherein the composition thereof
includes fead at a high concentration has been used. Furthermore, solders which have
already been put into use as a high melting point solder include lead at a high
concentration such as 95% or 80%, and « rays which are emitted from the lead can cause
malfunction such as LSI. Accordingly, it is required to use expensive lead, which is
obtained by separating an isotope of lead which emits few o rays, or to use a high melting
point solder which includes absolutely no lead.

Furthermore, in the method wherein copper-core solder balls are used, it is

technically difficult to adhere a solder uniformty on a copper-core ball, and therefore there



(3) The nethod of producing solder balls described in (1) or (2), wherein
the nmethod conprises, before the first step, a previous step wherein a
first nmenber having openings to expose a part of the surface of the first
adhesive layer is provided on the firs% adhesive |l ayer, and after the

previ ous step, the core materials are adhered to the surface of 6 the
first adhesive layer, which is exposed fromthe openings, in the first

st ep. (4) The nethod of producing solder balls described in (3),
wher ei n tihepifdbiesh e maenfacomnak sbs iotxteerfidly diigh. aysrcorhnkln theowtichd fay apt

the previous step wherein the first nenber is provided on the first

adhesi ve pbay@leda9AREL&RSeBo8t €p Wherein a first layer of the first member,
wherein the first l'ayer has openings, is provided on the first adhesive

| ayer, and a s @ﬂzﬁherein a second |l ayer of the first menmber, wherein the
second | ayer has openi ngs which have a smaller dianeter than that of the
openings of the,first laver., 1S_proyi n the, fi b j i.r st
menber so that%Pﬁ§n§8Wﬂ &@gkﬁawgpg%éﬁgﬁgg&ﬁﬁ*Pﬁgikﬁfé?&ﬁﬁﬁééggﬁﬁﬁﬁ € cent er
of the openings of the second.layer cojncide and t he. net hod. furt her
conpr i sednd E}@t%@?ﬁet%éh? PRSENtIREHTQR S IhRrovBhiclird of péo‘g‘%lﬁ 5\532‘% 3?%‘ t he
second |l ayer of the first nmenber is renoved fromthe first |ayer of the
first menteeh can cope with(thy firppativsr HEHUGE a5H caubs Kymsdiaiaiovhedsts descri bed in
(3), wherein the nmethod further conprises, between the first step and the
second step, Meansfa Solwepg tledireblomt he first nenber is renoved fromthe
surface of the first adhesive |ayer, and a step wherein a nask,

whi ch consi sts|gfi3particles which have a dianmeter smaller than the

t hi ckness of the first menber, is adhered to the surface of the first

adhesi ve | ayer 180 ptddatt ib i@ TREHCANBE Sl REuEL forefeQhe hdRnhdntishedhesi ve
| ayer. (Gf The nmet hod of producing solder balls described in (I )

or (2), :M]O%&hﬁaﬁ@?”%ﬁ?ﬁﬁ‘ﬁg’%ﬁ#iﬁ%ﬁmo efore the first step, a previous

step wherein plura esive layers, which are used as the first

adhesi ve | ayer, . ar.e .provided on.the surface.of th bstrat that th
dot - | : \l:e ad%es?%t ‘§>§B%P\%/els%l&é“‘?85(§? E’ioé’g{eﬁilber@@gwpggt ﬁgr.s e e (733l Thee

met hod of produci ng sol der balls described in (6), erein_th revi ous
P (A %ethod of producing solder balls, comprlgm)g: a ﬁ\gt step where?n gore

materials are adhered to a first adhesive layer provided on a surface of a substrate; a
second step wherein an adhesion-imparting compound is coated on the surface of the core
materials to form a second adhesive layer; a third step wherein solder particles are adhered
to the second adhesive layer provided at the surface of the core materials; a fourth step
wherein the solder particles are melted to form a solder layer on the surface of the core
materials; and a fifth step wherein the substrate is removed from the core materials to
obtain solder balls.

(2) The method of producing solder balls described in (1), wherein the core
materials are made of Cu.

(3) The method of producing solder balls described in (1) or (2), wherein the
method comprises, before the first step, a previous step wherein a first member having
openings to expose a part of the surface of the first adhesive layer is provided on the first

adhesive layer, and after the previous step, the core maierials are adhered to the surface of



7 step, which forns the first adhesive |ayer, conprises a step wherein a
second nenber, which has dot-like openings to expose a part of the surface
of the substrate, is provided on the substrate, and a step wherein an
adhesive material which forns the first,k adhesive |layer is coated, using the
second  menber as a nmask, to formthe pﬁhral dot -l i ke adhesive | ayers which
are the first adhesive | ayer. (8) The nethod of producing sol der
ball s described in (6), wherein the previous step wherein the first

adhesi ve (hanet adiesivenare wisich hexgeded fidte ttadiiralnge, ihayefst geprpr i ses:

a step wherein dot-like netal filnms are fornmed on the surface of a transfer

base to form tgﬁ?). FRE dhethbd B UL AL dsPB%IRD d@sﬁ:ﬂﬁb&%@%}?t\bﬁe{rei%zi the ﬁsﬁhep

wher ei n an adhesion-inparting conpound Is coated on the neta | ms; and

step wherein th hesj an- |.m i id is transferred fromthe
transfer %egggrfgnﬁﬂéggﬁﬁfséé%ggﬁq%%Céﬁ(g%?%te to formthe first adhesive
| ayer. 9) The net hod of produci ng,sol der .hal | s.described i 8),
wherein the prg%)?ﬂ%logf glgp “&)ﬁ@t’% f?r nggﬁlsfﬂ%‘ggﬁ“{/‘éﬂ fhﬁﬁft‘? “Yor P?é(éf as
the dot-|ike adhesive | ayers, conprises: a step wherein Ehe urface
of the sgBRPFisse 8 e oxhercan apirshlayaisRE Hy (17§ el ng8credndie fifgt layer has
adhesion-inmparting conpound is transferred fromthe transfer base to the
exposed speidingeds plovided wutbs firsndhashiedpyar andex pisp edhefaip thseeraddpenion s of
t he mask, and t he second adhesive layer is forned on the core

mat er i al sirwhidmebdrhevhsieif deacaindtlhgersubsipeangs whichdwee adnvilleh diahetardlsdo i n
t he second step. (10) The nethod of produci ng sol der balls

descri beghdt R (R opepRs @irthd fiBt RREY iOpGvidea dn B EkRilaet BE(Hel first magibesiove
| ayer is fornmed, conprises: a step wherein dot-like netal filnms are

f d . : h t [ i ed
7 om each b P 1 ol e g e B R A

is coated on tlhe metal, filns to formthe first adhesive |layer. 8
second layer coincide and

a

the method further comprises, between the first step and the second step, a step
wherein the second layer of the first member is removed from the first layer of the first
member.

(5) The method of producing solder balls described in (3), wherein the method
further comprises, between the first step and the second step,

a step wherein the first member is removed from the surface of the first adbesive
layer, and

a step wherein a mask, which consists of particles which have a diameter smaller
than the thickness of the first member, is adhered to the surface of the first adhesive layer
so that the mask covers the surface of the first adhesive layer.

(6) The method of producing solder balls described m (1) or (2), wherein the
method comprises, before the first step, a previous step wherein plural dot-like adhesive
layers, which are used as the first adhesive layer, are provided on the surface of the
substrate so that the dot-like adhesive layers are separated from each other.

(7) The method of producing solder balis described in (6), wherein the previous



(11) The nethod of producing solder balls described in (10), wherein the
previous step, wherein the first adhesive layer is formed, conprises:

a step wherein dot-like nmetal filnms are forned on the surface of the
substrate to formthe netal filnms which are spaced from each other, and
a step wherein the surface of the substfate is covered by a mask having
openi ngs, and the adhesion-inparting conpound is coated to the exposed
surface of the nmetal filnms which are exposed fromthe openings.

(12) The somi, hadcioforpisotle Girftdadhedide naykal dompiiess ni segdwhere(nl @)se@nd(hdhber,
wherein the netal filmis nmade of tungsten. (13) The nethod of

produci ngysich H&S dcﬁ@lk’e%@@@iﬁ&% Elgeﬁéﬂoﬁé“a BAYY oPfhe (shifad Coflthe bubsWAER! Bdlodilg gy er age

particle dianeter of the so particles is 1/2 or | ess of the average
particle di Le.: ' - [ 4]
Accor di ng}g‘lf. %hg&‘rre dr%%}g%% 6%6@%?:?‘?{{59{5 8 Ingjégrr?aggﬁl&shf fg%ﬂ? rtlljéer%r%gécg{r%g VH\) &nt i on,
t he sol der rticles, are lted after the solde rticl are adhered to
the sur 2 608rLuREdnF Kol aiihnd = famdsheodBeBihe BiRHEuERy Bl RS
therefore, a uniformsolder |ayer can be fornmed on the surface of the core
mat er i al VPER asdhestadicgvedsicBer | ayer can be formed easily as conpared

wi th the conventional method wherein a solder layer is formed by plating or
the |ike. (8) For riethodorfeyroduonuesalder badb descrivag én (§)s wherente theaprevihes cor e
material while the core material is adhered on the surface of the substrate

vi a the fstapswhaecinelsd figt hdeeve lnenierfousedcortbe dat-kid alhssicanybs congaited
si mul taneously as conpared with the conventional nethod. Furthernore, since

the core mater izat RE@cinddeliRE nictal s Sk foRfed 6f HRrsbbst § Bh@s M tisé e
first adhesive |layer, the core materials can be renoved easily fromthe

subst r at g,af Eﬂ%rmétprteﬁm% mtﬁ%sggafe%rﬁ&ﬁe&@rdm&- Due to the above

characteristics, I'S possi to greatly sifnplify the nethod of producing
sol der balls,
possible to re

30 AR R S Bl SRR o Rl P a1
a step wherein the adhesion-imparting compound is transferred from the transfer
base to the surface of the substrate to form the first adhesive laver.

{(9) The method of producing solder balls described 1 (8), wherein the previous
step. wherein the first adhesive layer 1s formed as the dot-like adhesive layers, comprises:

a step wherein the surface of the substrate is covered by a mask having openings,
and the adhesion-imparting compound is transferred from the transfer base to the exposed
surfaces of the substrate which are exposed from the openings of the mask, and

the second adhesive layer is formed on the core materials while the surface of the
substrate is covered with the mask in the second step.

(10) The method of producing solder balls described in (6), wherein the previous
step, wherein the first adhesive layer is formed, comprises:

a step wherein dot-like metal films are formed on the surface of the substrate to
form the metal film separated from each other, and

a step wherein an adhesion-imparting compound 1s coated on the metal films to

form the first adhesive layer.



Furthernore, by coating the surface of the core materials with the sol der

| ayer, when a solder bunp is manufactured using the solder balls produced
as descri bed above, the core materials can fiinction as spacers.
Accordingly, if the solder layer is ne%ted, t he sol der bunp can naintain
the fixed height thereof Therefore, if “electronic conponents are provided
on the sol der bunp, the el ectronic conponents do not sink due to the wei ght
thereof In this way, it is possible to naintain the distance between

el ectroni ¢ conpbnenicsn@hod afprelietty andw baily delictibeBR @F), DEGGERN BBl (2 iGks THE

DRAW NGS [ 0015] FIG IAis a process drawi ng which explains a
produci NG @fﬁer@fntﬁ@lf%%d@@weaaﬁfr@efotméétcomﬂ?f@é@ ment of the present
i nvention. 1B is a process draw ng which explains a produci ng

step of sol der ,hgl 'ahegzmt&b%lfk% RO A o e EGREDE ol WERAOR

FIG 1Cis apro raw ng whi ch explalns a producing ste der

bal | f the,f f Fl G 1D i
p?ochg ﬁ%@d@aﬁéﬂlltﬁ %Fié?rﬁéggceﬂ:}r&&ﬁ%ﬁcﬁfqﬁrl nvoptlsglnder baI | s of the s

first enbodi ment of the present invent process
draw ng whi ch é)?EﬂPaWF?éC‘a%“‘r%}Hif’éF ﬁatgetSéB%@Fe lsgoqed@iedﬁléﬂ"}%‘aﬁ‘fh%"ﬁé: PREERES.
enbodi nent of the present invention. FIG 2Ais process draw ng
whi ch expinditisadicppodupibgs SOBPowit serded theha @ip@ﬁech%@@éﬁﬁﬂ@rm@iaﬁ et of
t he present invention. 10 FIG 2B is a process draw ng which

expl ai ns vehigr odecprgd Sbepthefopeswhger bal | s of the second enbodi nent of the
present invention. FIG 2Cis a process drawing which explains a

produci ng st ep(10f) elm@hodal b®dafing beldseisor dicesritedi inent) @f(11 hevhpfas et
i nvention.
metal film is made of tungsten.

(13) The method of producing solder balls described in any of (1) to (12),
wherein the average particle diameter of the solder particles is 1/2 or less of the average
particle diameter of the core material.

Effects of the Invention

[0014]

According to the method of producing solder balls of the present invention, the
solder particles are melted after the solder particles are adhered to the surface of the core
materials via the second adhesive layer, and therefore, a uniform solder layer can be
formed on the surface of the core materials. Furthermore, the solder iayer can be formed
easily as compared with the conventional method wherein a solder layer is formed by
plating or the like.

Furthermore, since the solder layer is formed on the core material while the core
material is adhered on the surface of the substrate via the first adhesive layer, numerous
core materials can be treated simultaneously as compared with the conventional method.

Furthermore, since the core materials are adhered to the surface of the substrate via the

first adhesive layer, the core materials can be removed casily {rom the substrate afier the



FIG 2D is a process drawi ng which explains a producing step of sol der

FIG 2E is
a process draw ng which explains a producing step of solder balls of the
second enbodi nent of the present inventjon. FIG 3A is a process
drawi ng whi ch explains a producing step of solder balls of a third

enbodi nent of the present invention. FIG 3B is a process draw ng
whi ch expl ains a producing step of solder balls of the third enbodi nent of
t he preseoldet Vvanst f@med. FIG 3Cis a process drawi ng which explains a
produci ng step of solder balls of the third enbodi nent of the present

i nvention. Due tfltfe aRkRel dhatacREiOCES S idmavdibeg twhirchivedpblintheanghoduti ng
step of solder baIIs of the third enbodi ment of the present invention.

balls of the second enbodi nent of the present invention.

FIG 3E ' RRERRS ngﬁsa%df‘ﬂ) &!& B} BAINSeBRAAPUCKBEL &R, Af;

ball's of P odi nent t he present invention.

is F@s!q

3Fis a

pr-Ocessng%gﬁ\ﬁ'%%}he&Pstt}H?%Dmaﬂ nssol&r%ﬁ)dum ng step of solder balls of the

third e

Fhvent i on. FIG 4Ais a process

erhod nent. of FHBMGFESer %q%?%‘élt{‘% AR OF né Rl el vl o S 8e g
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the core materials can function as spacers. Accordingly, if the solder layer is melted, the

solder bump can maintain the fixed height thereof. Therefore, if electronic components

are provided on the solder bump, the electronic components do not sink due to the weight

thereof. In this way, it is possible to maintain the distance between electronic

components and an electronic circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1A is a process drawing which explains a producing step of solder balls of a

first embodiment of the present invention.

FIG. 1B is a process drawing which explains a producing siep of solder balls of

the first embodiment of the present invention.

FIG. 1C is a process drawing which explains a producing step of solder balls of

the first embodiment of the present invention.

FIG. 1D is a process drawing which explains a producing step of solder balls of

the first embodiment of the present invention.

FIG. 1E is a process drawing which explains a producing step of solder balls of

the first embodiment of the present invention.

FIG. 2A is a process drawing which explains a producing step of solder balls of a

second embodiment of the present invention.
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FIG. 3A is a process drawing which explains a producing step of solder balls of a

third embodiment of the present invention.

the third

the third

the third

the third

the third

TIG. 3B is a process drawing which explains a producing step of solder balls of
embodiment of the present invention.
FIG. 3C is a process drawing which explains a producing step of solder balls of
embodiment of the present invention.
FIG. 3D is a process drawing which explains a producing step of solder balls of
embodiment of the present invention.
FIG. 3E is a process drawing which explains a producing step of solder balls of
embodiment of the present invention.
FIG. 3F 1s é process drawing which explains a producing step of solder balls of
embodiment of the present invention.

FIG. 4A is a process drawing which explains a producing step of solder balis of a

fourth embodiment of the present invention.

FIG. 4B is a process drawing which explains a producing step of solder balls of

the fourth embodiment of the present invention.

FIG. 4C is a process drawing which explains a producing step of solder balls of



FIG 7A is a plane photograph by which core materials and sol der balls of
the present invention are schematically expl ai ned. FIG 7B is a

pl ane phot ograph by which core nmaterials and sol der balls of the present

invention are schematically explained.lpEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON [ 0016] Herei nafter, suitable exanples of the present

i nvention are explained, but the present inventionis not limted nerely

thereto. Modifications and additions of nunbers, positions, sizes, values
and the khk@uedrntdedimae ofilkehpotsendaparntionng from t he scope of the present

invention (First enbodi nent) Herei nafter, a producing nethod of

sol der ball's 7Qi@s4d if h hidccQNAdiNERhicAlexblgnsPd pERINLinkRYNSH @iddr Halixpf ai ned
while referring to figures. Fig. 'Ato Fig. 1E are process draw ngs which

expl ai n ! i : .halls of the present enbodi nent.
[0017] E@f&@%@ﬁafgﬁg%g@gS?%ﬁﬁ@#’ﬂ%ﬁlggl der balls 70 of the first

enbodi nent is ematically structur S -t h the. 0 e Poa
first step V\heﬁan%bgr%p’ﬁ?ﬁg rérgwg’gl\fﬁfa%}r]ee%iggﬁgesra:émgrnl&tn g‘eﬁ%u%‘%%gg?lbgﬁgﬁ fa
substrate 1 on_which a fi r?t adhesjve | ayer 5 is provided a second step
wher ei n dhsBwghEMHeHBR 8 {hgpEFseABNY 08 med on a surface 11 a of the core
materials 11; a third step wherein solder particles 14 are adhered to the
surface of theFéecths wrinesss veayiagevhiaBexpiaing aProfusiiesiher $idsr PRk Sat der
particles 14 are nelted to forma solder layer 15 on the core materials 11;
and a fi ffifth shieplimbrodithe prhensinystitate | is renmoved fromthe core materials
11. A nmenber 21 having openings (first nenber) is provided on the
adhesi ve | ayer Fi@ 412101 erdche @entgmhirhiabkidkla preeluasibergdof sindbr thalis obr e

materials 11 are adhered to the 13

the fifth embodiment of the present invention.

FIG. 5C is a process drawing which explains a producing step of solder balls of
the fifth embodiment of the present invention.

FIG. 5D is a process drawing which explains a producing step of solder balls of
the fifth embodiment of the present invention.

FIG. 5E is a process drawing which explains a producing siep of solder balls of
the fifth embodiment of the present invention.

FIG. 6A is a process drawing which explains a producing step of solder balls of a
sixth embodiment of the present invention.

FIG. 6B is a process drawing which explains a producing step of solder balls of
the sixth embodiment of the present invention.

FIG. 6C is a process drawing which explains a producing step of solder balls of
the sixth embodiment of the present invention.

FIG. 6D is a process drawing which explains a producing step of solder balls of
the sixth embodiment of the present invention.

FIG. 6F is a process drawing which explains a producing step of solder balls of

the sixth embodiment of the present invention.



exposed surfaces of the adhesive |layer 5 wherein the exposed surfaces are
exposed in the openings of the nenber 21. Hereinafter, each step is
explained in detail. [0018] First, a substrate Ito which a first adhesive

| ayer 5 has been provided is prepared.lg As the substrate 1, for
exanpl-e, a substrate made of polyimde,“a substrate nmade of an
acid-resistant resin, a ceramc substrate, a glass substrate and the |ike
can be used. Furthernore, nmaterials of the substrate | are not limted to
the material s ¢idGetA abavdane phaaerhpit basviible cotbstateain aansddderfiolls ed tsi ng a
materi al which can bear heat at the time of nelting of solder balls 14

descri be(ﬂ)ré&%hﬂﬁ&rerﬁi@}i afBdBEmalict@RxpRinded for the substrate of the present
invention. [0019] The first adhésive layer 5 is provided on the substrate

LAs materials waLOM oL MisepRAlaglY By lWANEE cBre @3@%@&{& Shgsanmberysed in

so far as the core materia ere e material and the

mat eri al can tbear heat aé thte%ai}i ne 1ofn Hel ting of the solder particles 14
descri bed BENIRY “EGAAFEEFVHENY §8REEI°e material which has heat resistance
such as a silicon-based adhesi i al rthernore, as the
substrate 1 to whi cﬁEﬁﬁMﬁDQF@o@E@yﬁﬁa@m?ﬁﬁﬁmﬁ@ , a polyimde

t ape can be used. 1[10020] Next, a first menber 21 is provided so that
t he menber cové?®6lhe surface 5a of the first adhesive |ayer 5. The
first nmenber 21 is a nenber which is used in the first step described bel ow
to provide thelHeoreafreatsaitaldl sxdiplenof the psaseficioecBmnaie eipdaifi¢d, but idhesi ve

| ayer 5 so that the core materials are spaced from each other. The first
nmenber 2hrdiag: itvemBioA isndldimitddetertiy thtre@penViogisicadonshind hdditiensaaaecets, om

each other. Here, the distance between the
positions, sizes, values and the like can be made without departing from the scope of the
present mvention.

(First embodiment)

Hereinafter, a producing method of solder balls 70 as a first embodiment of the
present invention is explained while referring to figures. Fig. 1A to Fig. IE are process
drawings which explain the producing method of solder balls of the present embodiment.

[0017]

The method of producing solder balls 70 of the first embodiment is schematically
structured such that the method comprises: a first step wherein core materials 11 are
adhered on the surface 1a of a substrate 1 on which a first adhesive tayer 3 is provided; a
second step wherein a second adhesive layer 13 is formed on a surface 11a of the core
materials 11: a third step wherein solder particles 14 are adhered to the surface of the
second adhesive layer 13; a fourth step wherein the solder particies 14 are melted to form
a solder layer 15 on the core materials 11; and a fifth step wherein the substrate 1 is
removed from the core materials 11.

A member 21 having openings (first member) is provided on the adhesive layer

13 before the core materials 11 are adhered, and the core materials 11 are adhered to the



14 openings and the arrangenent forns of the openings can be sel ected
optionally. When the first nenber 21 is provided on the surface 5a of the
first adhesive layer 5, a part of the surface 5a of the first adhesive

| ayer 5 is exposed in a dot-like manner Furthernore, as the first
adhesive layer 5, materials may be used®whi ch have properties wherein
adhesi veness of the surface 5a thereof is |lost due to irradiation of
ultraviolet, heating or the like. Furthernore, when such nmaterials are
used, ir reaposat isorfacet ofikiier mMeolekyerfeahémg the ekpasel shdaceanareappedimtired to

| ose adhesiveness of the first adhesive layer 5 by a step which is

opti onal loepgsd O the thenttid921] As the first nenber 21, a nenber can be
used which is nmade of netal is in the shape of a plate, has openings and
has been gener d (o] P>Vl . erials Il. Concretely,

stainl ess or n?igtéé?é{ﬁﬁgﬁ%gfeglfﬁﬂgﬁ%@?q}g gbout 60 pm can be used as the
mat eri al of thioqii']st menber 21. Furthernore, the material of the
first nmenber 2 gnot limted to nmetal. The material of the first nenber
21 is not limted, in so far . adhesi veness is t inparted to the part
where the fi rsﬁ;‘rﬁ%ﬁﬁ%?su’ﬂe ﬁ%@g@ﬁ? s @g"esb“?/\h%?reg] ﬁﬁé’eg@@a‘( e&d’f’l@‘?f’@@gl ayer
13 described belowis forned on the core nmaterial_ 11. Furthernore, the
first menber 2#sitke sstrater {BExumpls, ppuistalei Rederipobimidenad sybsEaleahdisr may
be a coating wherein a paste for solder resist is coated on the surface of
t he firstof adhadirvesthayresin tpyarsersebsirade, iarglassgub{tog2aid the like canfherushér nor e,
the thickness H (difference in |l evel between a surface |la of the substrate
1 and anFyppeindselrhactalobl theaubdtfast | aemeiindit)l (othetrhgtedidls stedababer 21 is
suitably set according to the particle diameter D of the core material 11.

However, pi Lo 18 aPHRI@HARYE cai folhi&d hith€ knessidl vBfcS@h ter Rt TA¢ Lidk ofhan
the particle diameter D of the core material 15 11, and nore preferably,

Egogg] 1 Bl SRR BB SeshhR Rov R md i oZn BE ulddGoPeSlLEydiagret er  D.

the present mvention.

[0019]

The first adhesive layer 5 is provided on the substrate 1. As materials which
form the adhesive layer 5, any material can be used in so far as the core materials 11 can
be adhered by the material and the material can bear heat at the time of melting of the
solder particies 14 described below. Concretely, an adhesive material which has heat
resistance such as a silicon-based adhesive material can be used. Furthermore, as the
substrate 1 to which the first adhesive laver 5 is provided, a polyimide tape can be used.

[0020]

Next, a first member 21 is provided so that the member covers the surface 5Sa of
the first adhesive layer 3.

The first member 21 is a member which is used in the first step described below
to provide the core materials 11 on the surface 5a of the first adhesive layer 5 so that the
core materials are spaced from each other, The first member 21 has numerous dot-like

first openings 31 which are spaced from each other. Here, the distance between the



On the other hand, when the thickness His larger than the particle
dianeter D, it is not preferable since it is difficult for the core
materials 11 to enter in the first openings 31. Furthernore, when the
thickness His less than 1 gm the core materials 11 are easily displaced
and therefore it is not preferable. 8‘5 Furthernore, it is
preferabl e that the dianeter Fl of the fi rst openi ngs 31 be set as
necessary according to the thickness H of the first nmenber 21 and the
particl e opgtminet &rd e afrandeencnofemeaf drei aplesingd parsioe tehated apiooallsnorWheor e
materials 11 are not provided in one first opening 31. The range of the

di anet er (iRliiEnkoPELSERIROviBYD bihtelsatthed T thofirshahdsivk-layedr G02pdrt 8f th
(DH)-." F <D+21H (D-H [0026] Concretely, for exanple, when the

particle Wf%éE?aletﬁ%ﬁ%t% SHe @wstm BiCRNERS- e Hadibie first menber 21 is

20 gm the meter F1 o rst openings 31 is 80 pin or nore and | ess

than 180 um a GO dm{bgt tﬁqhﬁrsf"‘zgcﬁxr?% gpﬁqgatfe%lg'fi{a% d@@@&%mhhﬂe of the

Furt her nor e, e par era range o

the. di ambtaieras WuraBadgsty esé‘i%eis%ﬁif%&?&w&e%ﬁ#s? Al SRSt or 4l s
11 is shown by d. [0028] . ) o
ultraviolet, heating or'the like. Furthermore, when such materials are used, irradiation of
ultraviolet, heating or the like can be performed to lose adhesiveness of the first adhesive
layer 5 by a step which is optionally performed.
0021}
As the first member 21, a member can be used which is made of metal. s in the
shape of a plate, has openings and has been generally used for placing core materials 11.
Concretely, stainless or nickel having a thickness of about 60 pm can be used as the
material of the first member 21.
Furthermore, the material of the first member 21 is not limited to metal. The
material of the first member 21 is not limited, in so far as adhesiveness 1s not imparted to
the part where the first member 21 covers in a step where the second adhesive layer 13
described below is formed on the core material 11.  Furthermore, the first member 21 s
not limited to a plate-like member, and the member may be a coating wherein a paste for
solder resist is coated on the surface of the first adhesive layer 5 by screen printing.
[0022]
Furthermore, the thickness H (difference in level between a surface 1a of the
substrate 1 and an upper surface of the first member 21) of the first member 21 is suitably

set according to the particle diameter D of the core material 11.  However, it 1s preferable

that the thickness H be set to be smaller than the particle diameter D of the core material



16 D+2D- 1-4d [ 0029] When the dianeter F1 is in the range shown by
the formula (2), the core material 11 can be adhered within the first
opening 31 easily. [0030] Furthernore, it is preferable that the
di stance G between the adjacent fi r%t openings 31 be suitably set
according to the particle dianeter D%f the core materials 11, the particle
dianeter d of the solder particles 14, and the thickness H of the first
menber 21. The di stance G between the adjacent first openings 31 can be
r epr eséntaad niaye prederbiolly] @Wenigrhar mdraagBlss a3t kgl dor DR2E ke fdxit]: <Gl
[ 0032]
~ diameter D.
[0023]
On the other hand, when the thickness H s larger than the particle diameter D, it
is not preferable since 1t 15 difficult for the core materials 11 to enter in the first openings
31. Furthermore, when the thickness H is less than 1 pm, the core materials 11 are easily
displaced and therefore it is not preferable.
10024]
Furthermore, it is preferabie that the diameter F, of the first openings 31 be set as
necessary according to the thickness H of the first member 21 and the particle diameter D

of the core materials 11, so that two or more core materials 11 are not provided in one first

opening 31. The range of the diameter F, is represented by the following formula (1).

[0025]
2{H(D—H)SF <D+ 2J/H(D—H) e (1)
[0026]

Concretely, for example, when the particle diameter D is 100 pm and the
thickness H of the first member 21 is 20 um, the diameter F; of the first openings 31 is 80
um or more and less than 180 pm according to the aforementioned formula,

[0027]

Furthermore, the particularly preferable range of the diameter ¥, of the first
openings 31 can be represented by the formula (2) shown below, when the diameter of
solder particles 14 which are adhered to the core maierials 11 is shown by d.

[0028]



Furthernore, the particularly preferable range of the distance & between
the adjacent first openings 31 can be represented by the forrmula (4) shown
bel ow, when the dianeter of solder particles 14 is shown by d. [0033] 4

di -D-211- 1( D H) d+D- 2 H D- H) (4) [gg34] 17 When the di stance §
bet ween the adjacent first openings is in the range of the formula (4),
it is possible to formsolder balls 70 on the substrate 1 with high
density, and prevent adjacent solder balls 70 from bei ng bonded with each
ot her. [0035] On the other hand, when the distance Gl between the
adj acent first openings 31 is snmaller than the m ni nrum nunber represented

by the forpmulep (B pit<ifsnatypreferable since solder balls 70 may ge)
adhered to each other. Furthernore, when the distance between the gl j‘acent

first openings 31 is too |arge, the nunber of solder balls 70 which can be
manuf actured at once is limted, and therefore it is not preferable since
nanufacturinﬁxﬁbjiciency becones poor. [0036] Furthernore, it is
preferable tha he first opening 31 have a circul ar shape when it is
observed fro9?aboveg%ggg%%n.vieML However, the shape may be an ellipse or

square. [003YDeprle y 18 in the ranggshowmnay oiprmila (). ghe core magsrial
materials 11 are adhered to the surfaces 5a of the first adhesive |ayer 5,
whi ch af eaiekpadeeed wishinthelifst pemingpdheasgs 31.
0030}
Furthermore, it is preferable that the distance G; between the adjacent first
openings 31 be suitably set according to the particle diameter D of the core materials 11,
the particle diameter d of the solder particles 14, and the thickness H of the first member
21, The distance Gy between the adjacent first openings 31 can be represented by the

following formula (3).

[0031]
2d+D~~-~2J}~4(D-~—H)<G1 < s (3)

[0032]
Furthermore, the particularly preferable range of the distance G; between the
adjacent first openings 31 can be represented by the formula (4) shown below, when the

diameter of solder particles 14 is shown by d.

[0033]
4d+D—-2JH(D—H) £G,=8d+D—2/H(D—H) e e (4)

[0034]



At this time, the method of adhering the core materials 11 to the first
adhesi ve |l ayer 5 can be sel ected as necessary. For exanple, a nethod
wherein core materials 11 are directly supplied to the first adhesive |ayer
Sin an inert atnosphere or air, or a nﬁbhod wherein core materials 11 are
di spersed in a fluid dispersion to form'slurry and the slurry is supplied
to the first adhesive layer 5, can be used. [0038] First, exanples
of the method of adhering the core materials 11 to the first adhesive |ayer
5 in an inert awvnesphehiguet Qiteteden thx plijatanedirstopesihgs Eoisen et @ngadSsthd 1 are
18 provided in a vessel to which an inert atnosphere or air has been

filled. Aprhitagas it8 pobdife BMRIMMAL soffer bABs OO thBdkirak s vith 6ahk RAsisel.agt ed
optionally. Subsequently, a substrate 1 on which a first adhesive Tayer 5

has been fOIdR bR @b Rels 70 HoliPndes Boled WifleqchRfhd 7St adhesi ve | ayer 5

and the core erials 11 are contacted W th each other by the nethod
wherein the veﬁéﬁisis inclined, vibrated or the like. Due to the nethod,
the core nmateri ]11 are adhered to the surfaces 5a of the first adhesive
| ayer 5. The core materials 11 ich are _not adhered_ can be renmpved as
necessary. [0039] theother ha?\ék"f}len\é@% fagee G PERECRAiTIPSRARTST ﬂpecnllféfs’sgér‘%
materials 11 are adhered to the first adhesive layer 5 in aliquid are

expl ai nedsmaHier #an the Mingpamgivager rauesenisddy the fagaula (3).dt I5neb predddablp siicy essel
which is not shown, and the core materials 11 are further added to the

di sper si rglder uild70 Terhe ddhercdas satbh iother.nclhirttednsie, what thddistorcebameeri al s
11 and the dispersing liquid are put to one side, and a substrate 1 is

provi ded thé alifaBert GESEbpengt FBatistihe 14tes poE Siungher icfiubdenballd he viaste camberi al s
11 are not adhered to the substrate. Then, the vessel is noved to be tilted

from si dqfléxﬁ;fédt&l%d & B GelimiQd CANE Bfterbitei GOMBt B%f&ﬁbi?!ﬁn&ém%ﬂ@aétﬁﬁné irst

adhesi ve layer 5 on the substrate | in the dispersing liqu hus, the core
material s_11 to the first adhesive layer 5. [0040] In
this mayfﬂ%%gﬁ%ﬁﬁ%gg @%FOn of the core materials 11 is perfo ed in the

di spersing lith%i t he adhesion of the core materials 11 to a no-adhesive
portion, wherei %Ye adhesion of the core materials is caused by static
electricity, and the aggregation of the core materials 11 caused by static
electricity camupdeimpuedhisadciombioral figi st enpainget hb#reot CEamrshaee Y& core
materials 11 in the dispersing liquid is particularly preferable, when fine
core mat atisabsertdd fpm absedin piirevigwt hdtbvafveadieshiapng mafide@orcdinfarerquals 11 to
the first adhesive layer 5 is not 19
10037]
(First step)
Next, as shown in Fig. 1A, core materials 11 are adhered to the surfaces 5a of the
first adhesive layer 3, which are exposed from the first openings 31.
At this time, the method of adhering the core matertals 11 to the first adhesive
layer 5 can be selected as necessary. For example, a method wherein core materials 11
are directly supplied to the first adhesive layer 5 in an inert atmosphere or air, or a method
wherein core materials 11 are dispersed in a fluid dispersion to form slurry and the shurry
is supplied to the first adhesive layer 5, can be used.
[0038]

First, examples of the method of adhering the core materials 11 to the first

adhesive laver 5 in an inert atmosphere or air are explamed. First, core materials 11 are



limted to the nmethod wherein the adhesion is perfo[lied in the liquid. A
suitabl e nmethod which is selected according to the conditions such as size

of the core materials 11 and the |like can be sel ected. [0041] As
materials of the core materials 11, rreélgl such as tin (Sn) is preferably
used, and copper (Cu) is still nore preterably used. Materials of the core

materials 11 are not limted to the materials descri bed above, and ot her
materials such as conductive materials or alloy can be used in so far as
such mat girpalisd ey eesgel e hitiigigup@krtaymbiptbre & did iglsdrect fidlad.a nethis tigepbe nt  of
sol der particles 14 described bel ow and can obtai n adhesi veness by the

second addlﬁ?(ﬁin@'af'ﬂﬁp&fré hDEEGRPONRbe bé!e@éiﬂb;lﬁ\}h&{hﬂszo Siﬂﬁ‘seg fht§ORREFstrafl
exanpl e, netal, all oy and the |ike such as Ni - Au and Au-Su can be

cited, asone%ﬂ‘i%ﬂl LhrsP ik gﬁ%dﬁ%%rh@sl %egffonﬂed il Rl rﬂ?rtﬁ? védsell ST‘ﬁE’tPrt?P;' ate

t hat the average art| Iamet er e core materials 11 be in

range of 200 omthe vie in wor kK b|| t r ef t he
range of eﬁ%’ﬁ Ig¥ﬁ % dg{fe ICPren%%%gerlﬁtse? rdéeofyn a?_;[etil ﬁ’ée/imr §%°g‘e8{)f% PE% é(;

Rm [0042] Second step as .shown

adhesi on-m%‘% ad ¢ ‘ﬁi‘jf”bg’t‘f’p‘@éﬁ%l 15 %’CE@Féjt é’épr@)tﬁd toﬁéhes]ﬁlf@f aclé‘gq oy Tge giet %ﬂtﬂo%e
materials 11 to formthe second adhesive | ayer First, at |east

one or nongckilndd sl abeed fo O aufisss o8- PinBer ﬁrshgadhwums 5 f i st core
adhesi on-inparti ng conmpounds) shown bel ow are dissolved in water or acidic
wat er, angatetials 31 prédherrabbtyadhdjed she de ramevedealdeyesaaiydi ¢ condi ti on of pH 3
to 4. In this way, an adhesive solution is formed. Subsequently, the
substrate 1 obtgum;gd inthe first step is imersed in the adhesive
solution, or the adhesive solution is coated on the substrate 1 to generate

a second adhes'N&t'&ﬁﬁ{qi%%fQﬂe higheUhhaesh PR Qe hhSrG®y &1 BRL flHeliSiofe 20

[ 0043] esion-1nparting conpound can be sel ected optionally;
and for a d a " d
dor vat i Ve RS B Db B R e by b B PETRRI YR RRBCC
mer capt obenz, j azol e- based. deriyvative, and ben thio

aci d- Basé’(ﬁoﬁg?‘r\}‘aaﬁ"??ée ai R&of Py #7d B %%5“2‘ Wgﬂs]glz%rﬁﬁ%’%ﬁéﬁdfi%‘ﬁrtp? ng
conmpounds have a function of inparting strong adhesiveness regardi nmet al

or the | idiweryps fined) adhgn.r bgararsds dBppee. SoFta Has Bcemakiich e}oﬁﬁ%ﬂhﬂs can

i npart adhesiveness to a conductive material and the |ike which are other
t han coppspersing liquid are put to one side, and a substrate 1 is provided in the vessel so that the

dispersing liquid and the core materials 11 are not adhered to the substraie. Then, the
vessel is moved to be tilted from side to side, in order to contact the core materials 11 and
the first adhesive layer 5 on the substrate 1 in the dispersing liquid. Thus, the core
materials 11 are adhered to the first adhesive layer 5.

100401

In this way, when the adhesion of the core materials 11 is performed in the
dispersing liquid, the adhesion of the core materials 11 to a no-adhesive portion, wherein
the adhesion of the core materials is caused by static ¢lectricity, and the aggregation of the
core materials 11 caused by static electricity can be prevented.  Accordingly, the method
of adhering the core materials 11 in the dispersing liquid is particularly preferable, when
fine core materials 11 are used.

The method of adhering the core materials 11 to the first adhesive layer 5 is not



[ 0044] Furthernore, the benzotriazol e-based derivative which is
preferably used in the present invention is shown by the general formula
(1). [0045] R3 R4 N ii( 1) [0046] In in the general formula (1),
Rl to R4 each independently represents;@ hydrogen atom an al koxy group, an
al kyl ~group, which have | to 16 carbon atons (preferably, 5 to 16), F, Br,
ad, I, acyano group, an amno group or OH group. [0047] 21

limited to the method wherein the adhesion is performed in the liquid. A suitable method
which is selected according to the conditions such as size of the core materials 11 and the
tike can be selected.

{00411

As materials of the core materials 11, metal such as tin (Sn) is preferably used,
and copper (Cu) is still more preferably used. Materials of the core materials 11 are not
limited to the materials described above, and other materials such as conductive materials
or alloy can be used in so far as such materials have a melting point which is higher than a
melting point of solder particles 14 described below and can obtain adhesiveness by the
second adhesion-imparting compound.  In addition to tin and copper, for example, metal,
alfoy and the like such as Ni, Ni-Au and Au-Su can be cited, as examples of such
materials.

Furthermore, it is appropriate that the average particle diameter D of the core
materials 11 be in the range of 20 to 200 um from the viewpoint of workability, preferably
in the range of 30 to 130 um, and still more preferably in the range of 50 to 80 pum.

[0042]

(Second step)

Next, as shown in Fig. 1B, an adhesion-imparting compound is coated on the
surface 11a of the core materials 11 to form the second adhesive layer 13.

First, at least one or more kinds selected from adhesion-imparting compounds
(first adhesion-imparting compounds) shown below are dissolved in waier or acidic water,
and it is preferably adjusted to a weakly acidic condition of pH 3 to 4. In this way, an
adhesive solution is formed. Subsequently, the substrate 1 obtained in the first step 1s
immersed in the adhesive solution, or the adhesive solution is coated on the substrate 1 10

generate a second adhesive layer 13 on the surface 11a of the core materials 11.



Furt her nore,
in the present invention is shown by the general fornula (2).

[ 0048]

t he naphtotriazol e-based derivative which is preferably used

[ 0049] In the formula (2), R5 to RIO each independently represents a
hydrogen atom an al koxy group, an al kyl group, which have

atons (preferably,

to 16 carbon

5to 16), FI Br, d, |, a eyano group, an am no group or

a OH group. 10050] Furt hernore, the m dazol e-based derivative which
is preferabhﬁﬁﬁsed in the present invention is shown by the general

(3).

NH I

Here, adhesion-imparting compound can be selected optionally, and for exampie,

[ 0051]

a naphtotriazole-based derivative, benzotriazole-based derivative, imidazole-based
derivative, benzoimidazole-based derivative, mercaptobenzothiazole-based derivative, and
benzothiazole thio fatty acid-based derivative and the like can be used. These
acdhesion-imparting compounds have a function of imparting strong adhbesiveness
regarding metal or the like, particularly regarding copper.  Furthermore, such compounds
can impart adhesiveness to a conductive material and the like which are other than copper.

[0044]

Furthenmore, the benzotriazole-based derivative which is preferably used in the

present invention is shown by the general formuta (1).

[0045]

[0046]

In in the general formula (1), R1 10 R4 each independently represents a hydrogen
atom, an alkoxy group, an alkyl group, which have 1 to 16 carbon atoms (preferably, 5 to
16), F, Br, CI, 1, a cvano group, an amino group or OH group.

[0047]

f ormul a



\ Nu [0052]

to 16 carbon atons (preferably,

am no group or a OH group.

the general formula (4).

In the formula (3),
represents a hydrogen atom an al koxy group, an al kyl

5 to 16),
[ 0053]
[ 0054] [ 0055]
21

R11 and R12 each independently

F, Br,

Furt her nore,
derivative which is preferably used in the present

group, which have |

1, a cyano group, an
t he benzo dazol e- based
I nvention is shown by

a,

Furthermore, the naphtotriazole-based derivative which is preferably used in the

present invention is shown by the general formula (2).

[0048]
rR" rR® RH
6 N\N
R i
H
RS R1 0
[0049]

(2)

In the formula (2), R3 to R10 each independently represents a hydrogen atom, an

alkoxy group, an alkyl group, which have | to 16 carbon atoms (preferabiy, 5 to 16), F, By,

ClL L a cyano group, an amino group or a OH group.

[0050]

Furthermore, the imidazoie-based derivative which is preferably vsed in the

present invention is shown by the general formula (3).

[0051]

HC——NH

|
R’L—*O\N/C——-R”

[0052]

(3)

In the formula (3), R11 and R12 each independently represents a hydrogen atom,

an alkoxy group, an alkyl group, which have I to 16 carbon atoms (preferably, 3 to 16}, F,

Br, Cl, 1, a cyano group, an amino group or a OH group.

[0053]

Furthermore, the benzoimidazole-based derivative which is preferably used in the

present invention is shown by the general formula (4).



In the formula (4), R13 to R17 each independently represents a hydrogen
atom an al koxy group, an al kyl group, which have Ito 16 carbon atons
(preferably, 5to 16), F, Br, d, 1, a cyano group, an am no group or a CH
group. [0056] Furthernore, the inercaptobenzothiazol e-based derivative
which is preferably used in the prgsent invention is shown by the general
formula (5). [0057] [0058] In the formula (5), R18 to R2l each

i ndependently represents a hydrogen atom an al koxy group, an al kyl group,
whi ch have 1H@ﬁﬂ16 carbon atons (preferably, 5 to 16), F, Br, d, 1, a
cyano group, am no group or a CH group.

RIS R'6
14 Nx 17
R nC R s (4)
513 H

f0055]

In the formula {4), R13 to R17 each independently represents a hydrogen atom,
an atkoxy group, an alkyl group, which have 1 to 16 carbon atoms (preferably, 5 to 16), F,
Br, Cl, §, a cyano group, an amino group or a OH group.

[0056]

Furthermore, the mercaptobenzothiazole-based derivative which is preferably
used in the present invention is shown by the general formula (5).

10057}

RZO RZ'I
S~c—8H

iEI ...(5)

RT 8
RIS

[0058}

In the formula (5), R18 to R21 each independently represents a hydrogen atom,
an alkoxy group, an alkyl group, which have 1 to 16 carbon atoms (preferably, 5 to 16), F,
Br, Cl, |, a cyano group, an amino group or a OH group.

[0059]

Furthermore, the benzothiazole thio fatty acid-based derivative which is
preferably used in the present invention is shown by the general formula (6).

[0060]



[ 0059] Furthernore, the benzothiazole thio fatty aci d-based derivative
which is preferably used in the present invention is shown by the general
formula (6). [0060] 23 R22 [ 0061] In the formula (6), R22 to R26
each independently represents a hydrogen atom an al koxy group, an al kyl
group, which have Ito 16 carbon atons (preferably, 5 to 16), F, Br, d, 1
a cyano group, an am no group or a OH group. [0062]

23

R24 R25 Fi%ze
R s
N COOH ©r (8)
R22

[0061]

In the formula (6), R22 to R26 each independently represents a hydrogen atom,
an alkoxy group, an alkyl group, which have 1 to 16 carbon atoms (preferably, 5 to 16), F,
Br, Cl, 1, a cyano group, an amino group or 2 OH group.

[6062]

Among the compounds, in the benzotriazole-based derivative represented by the
oeneral Tormula (1), the larger the carbon number of R1 to R4, the greater the
adhesiveness in general.

Furthermore, in the imidazole-based denivative and the benzoimidazole-based
derivative represented by the general formulae (3) and (4), the larger the carbon number of
R11 to R17, the greater the adhesiveness in general.

Furthermore, in the benzothiazole thio fatty acid-based derivative represented by
the general formulae (6), it is preferable that the carbon number of R22to R 26 be 1 or 2.

[0063]

Furthermore, as examples of materials which can be used for adjusting pH of the
adhesive solution, an inorganic acid such as hydrochloric acid, sulfuric acid, nitric acid,
phosphoric acid, and an organic acid can be cited. Furthermore, as examples of the
organic acid, formic acid, lactic acid, acetic acid, propionic acid, malic acid, oxalic acid,
malonic acid, succinic acid, tartaric acid and the like can be used.

The concentration of the adhesion-imparting compound included in the adhesive



Anong t he conpounds, in the benzotriazol e-based derivative represented by
the general formula (1), the |arger the carbon nunber of RI to R4, the
greater the adhesiveness in general. Furthernore, in the

i dazol e-based derivative and the be o % zol e- based derivative represented
by the general fornulae (3) and (4), thé larger the carbon nunmber of Rll to
R17, the greater the adhesiveness in general. Furthernore, in the
benzot hi azol e thio fatty aci d-based derivative represented by the general

fornul ae dfition ts h& RhatenaPagicibat The coacdentionraebeofuiiBy tdefe@bnbe 1
or 2. [0063] Furthernore, as exanples of materials which can be used

for adjusjgi; L ME; ¢ i I ciyd;

Py cr ool oF R T S B O R O e A pRD Ry

or gani ¢ agi n, cited, [eLe,: o r i Ld,
Form ¢ adnatr ot offenaliol RLIRER iRoaEaRPO Ty bR ABSKE BELT:
acid, rnalonjic acid, .syccinic acid, tartaric acjid.arid the |like can b

oed. Thath e e i S ine SIGH- P bRt LA ARG SHRR T ¢ he
adhesive 24 solutionis not limted in particular. The concentration can
be suit abFyinsiéf sergdandescabiphisbed: the ddhervgetota He SUr ubrieritly tiheded¢ and
the conditions used. It is particularly preferable that the concentration

t her eof bmhiencdsufficgotlpf On0BYebyr hask whyn2Decbycentigisorbisdess an PHE%4 by al
adhesi ve solution. Wien the concentration of the adhesive conpound is in

t he rangenas vigsespdeeth @b ot adhdiéyveadheriny dresibedicereheis poredethihaufiialestiy, 1 can
be achieved sufficiently. On the other hand, when the concentration is |ess

than 0. O5%ubynéR %S WbidnfrasReslcet® b8 betRdssagiie bR R Ui fal ddMsive
adhesi veness is provided insufficiently, and when the concentrati on exceeds

20% b it . al . i i I - it
of 1ho adR Bt B 1drEe Bkl B HidhESiGl-ifERERL Ao |Winsne@RO8 iCHaR | LY
fromthe vi i nt efficiency. 0064 It is preferable that a
pr ocessi rpéif%\f,%?ﬁ)ﬁ?@%‘?‘é‘egPO‘Pﬁ%ﬁ%/fFﬁ%n% {or ovi di ng the aghesi veness to the

surface 1 la of the core materials 11 be sonewhat higher than room

t enperat ure Dud0¢@&tlt he condition, the forni ng speed and the fornmed anount
of the second adhesive |ayer 13 becone sufficient, Furthernore, although
the appropri at ét ps aeeléaibieg thae rip Sreresieg tempenaiuee aceer@pagelt praviding the
concentration of the adhesion-inparting conmpound, the kinds of netal, and
mat er i al sudaésitdnesssecthndudairesliave thayere fBiertabel t bopenatvbateipglsergbmerait y
preferable when it is in a range of about 30C to 60C. Furthernore, it is

pr ef er abligmphratur@t Nofic ePd Edr@Rtfonhehd GRiting |spekds end Bat fdrhedi dM@ins iofghd i me
in the adhesive solution is in a range of about 5 seconds to 5 m nutes.

[0065]  econd RUMEREr BDELC3 dechBe PREAGERD! & ulMaimR0, hRhGRA0HRPH RSy EAPPEr

coexi st as an 1on In the adhesive solution. Wen copper ions coexist in the
oo TG b BRSO R TR S R Ay
compound, the kinds of metal, and materials of the second  adhesive layer 13, the
temperature is generally preferable when it is in a range of about 30°C to 60°C.
Furthermore, it is preferable that other conditions be controlled so that the immersing time
in the adhesive solution is in a range of about 5 seconds to 5 minutes.
[0065]
Furthermore, it is preferable that 50 to 1000 ppm of copper coexist as an ion in
the adhesive solution. When copper ions coexist in the above range, it is possible to

increase forming efficiency such as the forming speed and the formed amount of the

second adhesive layer 13,



25 [0066] (Third step) Next, as shown in Fig. IC solder particles
14 are adhered to the second ad estve |layer 13 existing on the surface of
the core materials 11. Exanpl es of the nethod of adhering sol der
particles 14 to the second adhesive | ayer 13 include a nmethod wherein

sol der particles 14 are directly adhered to the second adhesive layer 13 in
an inert atnosphere or air, and a nethod wherein solder particles 14 are

di spersed in a dispersing solution, which is not shown, to provide a slurry
condition and f6@6&4l urry obtained is supplied to the second adhesive | ayer
13. The method of adhering the solder particles 14 to the second adhesive

| ayer 13 is sigthied stt® t he met hod of adhering the core materials 11 to the
surface la of the substrate | described in the first step, and therefore

detai |l ed expl anaki, %@%n@«n@;rpmtﬁ@dsolﬁ& Alcles 14 are abBE8d toMMRNedorBldBESiod |
which is used for formng thé first adhesive | ayer 5 and has a property

wher ei n ?&l@f%?\é%ﬁﬁ%ﬁ B ACE DR idios] due to heating, Irradiation

of ultravi‘o t he IS use ore the core materials are
adhered, it na 0S the f.irst 21 after,.the cor
e als 11 afaoPS Padl iRHeiT R Erha Skl BireRy i @ing IR it

i s possible prevent the sol der rticl 4 from adh t he surface
5a of théaﬁfﬁgtlll%{a%?eémﬁéhqdav fren ecfd’a{“‘r“g%&ﬂ}‘is @W&ﬂyégfl‘?fﬁ? A8 e6PP ot
ultraviolet rays, heating or the |ike, which is performed to renove the
adhesi vendhesivf layerel sinranaigert smesphere of HE. £Rd gtm gherzin $Qdgrawpides. 14 0068]
Furthernore, the solder particles 14 are used wherein the particle dianeter
d t her eoturd disparmdd ®ra tibpersinpeohnien aghichais tiot kleoveh, aorgtrevidDacturtsheorcioie
materials 11, so that plural solder particles 14 can be adhered to one core

materi al add thd RRiIRasktheke idisappiedr todthe 2coid likestel Meer partTied etibd ean be
suitably selected according to the particle dianeter D of the core nateri al

11, but aHhérﬁngh@F&H@tﬂaﬁi&{}aﬂ ﬁohﬁe Rbhé %hl?esﬂlquﬁtrqg idsigiat tcpme%etn&r@f and

| ess than or équal to one- of the particle dianeter D. Wien the

particle ﬁlh aneteL (%e%{atér‘%% Gclg ‘9‘24%?]% é)??helﬁlbqt?atén cfe@c?{b%g?ﬁ/ ?1 ‘?&%F%Ot he

pl ural par i cles to one 69]

and therefore detailed explanations are omitted.

[0067]

Here, when a material, which is used for forming the firs{ adhesive layver 5 and
has a property wherein adhesiveness of the surface 5a is lost due to heating, irradiation of
ultraviolet rays or the like, i1s used before the core materials are adhered, it may be
possible to remove the first material 21 after the core materiais 11 are provided on the first
adhesive layer 5. In this case, it is possible to prevent the solder particles 14 from
adhering to the surface 5a of the first adhesive layer, due to treatment such as irradiation
of ultraviolet rays, heating or the like, which 1s performed to remove the adhesiveness of
the surface 5a after the first member 21 is removed.

[0068]

Furthermore, the solder particles 14 are used wherein the particle diameter d
thereof is smaller than the average particle diameter D of the core materials 11, so that

plural solder particles 14 can be adhered to one core material 11, The particle diameter d



On the other hand, when the particle dianmeter d of the solder particles 14
is less than I gm the thickness of the sol der |ayer becones too thin, and
t he sol der ampunt becones insufficient when formed solder balls 70 are
reflowed. Accordingly, a solder bunp ig;easily removed froma circuit board
when the solder balls 70 are refl owed, and it is not preferable. That is,
it is not preferable since |ack of the sol der layer 15 is caused.
Furthernmore, when the particle dianmeter d of the solder particles 14 is
more t haof dre ®dealpattzlanie ¢ral tie pitablyeelvatetliasterditigaivethe paticlst dipmeter br ef
materials 11, it is not preferable since a sufficient nunber of the sol der
particl e$helébr@ annelal be, adhekgdefembndache @artdiedisaletdd bd 0QRDPr more and
Furthernore, as the netal conposition of the solder particles 14, for

exanpl e, iés%W%hEﬁiQ@oﬁé‘-ﬁQlf%%dﬁ Ridtbdhased D Snyilen A Pas&d diameter d of
Sn- Ph- Bi - based, Sn-Pb-Bi - Ag- base and Sn Pb- Cd- based conposition can be

Cited Pt DRIdhgiod! QM ih e, éb%%)% JEEEBiab SRS IMPLA] B Bkt Pb.

el i m nat ecF omin ustr| al” wast e, ’rrp tion oes not

such as 2 8’5) | n- ba ﬁn Bi - based I n- Ag- based, I n- Bi - based, Sn-Zn-based,
Sn- Ag- bad® %’ﬁe@ﬁ‘ ‘&éé Sn- Sb- based, Sn- Au- based,

Sn- Bi - Ag- Cu- based, Sn- Ge- based, Sn- Bi - Cu- based, Sn- Cu- Sh- Ag- based,

Sn- Ag- Zn- based[@ﬁgbu-Ag based, Sn- Bi - Sb- based, Sn- Bi - Sb- Zn- based,

Sn- Bi - Cu- Zn- based, Sn- Ag- Sb- based Sn- Ag- Sb- Zn- based, Sn- Ag- Cu-Zn- based,
and Sn- Zn- Bi - b@sdbe ethepbsid. ivihsn, the aertisle diametcs dict4be 901(197?3[“@@?51}4 is less  As
concrete exanples of the nmetal conposition, an eutectic sol der which

i ncl udesiad% hiyn, ndas shiokneSH odirible 3&%1blaymabecomﬁesﬁbo(ther, eindah¢ eplder emepnied t o
as 63Sn/ 37Pb) can be cited as a nain exanple, and 62Sn/ 36Pb/ 2Ag,

62. 6Sn/ 3{RRINLs4ARL i BRSNHAPHormRASHI RO Balls 30Sré FORMved252bdRRiyly, a solder
10Sn/ 88Pb/ 2Ag, 465n/8Bi/ 46Pb, 57Sn/ 3B / 40Pb, 42Sn/ 42Pb/ 14Bi / 2Ag,

45Sn/ 40PR/ 158, / 21
A e S s S R e SR

20Sn/ 80Au, 90S , /7.51 / /7.5B
“o s ult o pelFaR( 1BAEREiRdotl gl 9@‘?%??56 2 P Yt 5 iy A
525n/ 45Bi/ 3Sb. 51 S/ 458 | /3S6(1zn, 85S/ 108] / 5Sb, | 84S/ 108 1/ 6Sh/ | 7

58, 25/ 1GUBITEROBENIR p%@%él%%ﬁ%%ﬁ%aﬁ%ﬂ&& S Y S
97Sn/ 1Aa/ | Sb/1zn, 91. ZSn/ 2Ag/ 0. 8Cu/ 6Zn, 89Sn/ 87Zn/ 3Bi, 865n/8Zn/ 6Bi and

89. 15n/ 2iyp-bfipBihs nericlpdiagierad ol eharnaraeniaks L Hbisduf aesderblesineds 14

of the enbodi ment, a mxture of two or nore kinds of solder particles,
whi ch haveffidiehf emeldr of dnpodicr panisies ddrabet bs edherp O 07Q]e (OFourichiabt bp)

[0070]

Furthermore, as the metal composition of the solder particles 14, for example, a
composition  such as a  Sn-Pb-based, Sn-Pb-Ag-based,  Sn-Pb-Bi-based,
Sn-Pb-Bi-Ag-based, and Sn-Pb-Cd-based composition can be cited. Furthermore, from
the viewpoint of recent trends wherein Pb is eliminated from industrial waste, a
composition which does not include Pb, such as a Sn-In-based, Sn-Bi-based, In-Ag-based,
In-Bi-based, Sn-Zn-based, Sn-Ag-based, Sn-Cn-based, Sn-Sb-based, Sn-Au-based,
Sn-Bi-Ag-Cu-based, Sn-Ge-based, Sn-Bi-Cu-based, Sn-Cu-Sh-Ag-based,
Sn-Ag-Zn-based, Sn-Cu-Ag-based, Sn-Bi-Sb-based, Sn-Bi-Sh-Zn-based,

. Sn-Bi-Cu-Zn-based, Sn-Ag-Sb-based, Sn-Ag-Sb-Zn-based, Sn-Ag-Cu-Zn-based, and

Sn-Zn-Bi-based compositiion, can be used suitably.



Subsequently, a Fellow step is perfornmed as shown in Fig, IDto forma

sol der | ayer 15. When the sol der particles 14 are adhered to the
core materials 11 in the liquid dispersion in the third step, the substrate
is dried subsequently. [0073] Next, fixing between the sol der

particles 14 and the core materials 11%'s perfornmed. The fixing is a

reacti on wherein, between the core materials 11 and the solder particles
14, structural material of the core materials 11 is diffused in the side of
the 28 sol der [p@ifli cl es 14. When the reaction proceeds, the sol der
particles 14 are fixed to the core materials 11. Here, a fixing

tenperature is gr@hefcabivaniplesdoiiangeta Eanpaiti@RAaeatddfie soféchhics iddrleyal ue
of the melting point of used solder mnus 50C, to a tenperature which is

the val U%z% bl BEsOBE & 980 BRIy V\lﬁéss%ﬁ% (‘ﬁ.ﬁﬂe ?ﬁeﬁ%ﬁ%ﬁ?%ﬁé a@ngﬁmm Regher ably

in arange froma tenperature Ich is the value o I ng point of

point of kbt SERIEP IS BgeSURER PR st Pl BB oSSR o

poi nt of ‘use er i's’in“the dbove

range, the_sql der particles 14 are |ted, or,. € if t of
t he sol de’?’SB&ppgﬂcl e SSEHRE)S{ ed,}%tbﬁ/égggé/l%d coﬁ?@ﬁ?Bﬁ%@»notg?ﬁﬁggﬁo- e to
the effect of the oxide filnms which exist at the surface of the_ particles.
Accor di ngPyn/42Pbil §BH34si bHESHEORIFBE m FIS HP oGk 1HSn Bl of33ME Bl der
particles 14 is maintained. [0074] Next, a water-soluble flux is
coat ed oR7i@AguB8EN/ARE, 190n/5Whi 60SH/AeB ;of BSnfelier PaISSn/B15Ag, o9 NABA. 7 hie

sol der particles 14 have been fixed, are provided. As the water-soluble

flux, fomsenanp) e20S/§0Alx CHISnheAgsedi7 SRil23\odh SCli0SsEHn/ITul apeses e,
Unexam ned Patent Application, First Publication No. 2004-282062. \Wen a

wat er - sologlhe fHiwxsds coatedean g9be) Sabst @@,ys@;n;t:%.sﬁg/mi deysf idnmcan.she.
renmoved fromthe surface of the solder particles 14 and the surface I1 a of

t he Coresﬁﬁmﬁé%%_ﬂ- BP@Z/@% i3Sb/Azn NeXt%5§r9i[:?]§)‘/\5§bs pefé{%'m”i%?s&ﬁs%ﬂ%? the

sol der particles Due ow, the solder particles are nelted

and spre | 1. .aver surf I f th or ials to.forma

sol der | §§@S“@§g‘/§§¢”ﬂf‘%"»ti maa@%flﬁé\@e%ﬂ ng%@%@gﬁ %’? M s p%’é&ﬁ%ﬂ?@r n a
range of 200 to, 6 300C and it is particularl referable that the heating

t enper at 47 eVBELABIF50CORRSRBAL har PRE. meA LI PoRht SFSTREIaSed &Y dor
When heating is perfornmed at a tenperature in the range shown above, nelted
sol der of8%9tl g/?.MQj@@u/@&m tasl és cilad anfuitgemore, as the solder particles 14 of the

embodiment, a mixture of two or more kinds of solder particles, which have different
compositions, can be used.

[0072]

(Fourth step)

Subsequently, a reflow step is performed as shown in Fig, 1D to form a solder
layer 15.

When the solder particles 14 are adhered to the core materials 11 in the hquid
dispersion in the third step, the substrate is dried subsequently.

[0073]

Next, fixing between the solder particles 14 and the core materials 11 is
performed. The fixing is a reaction wherein, between the core materials 11 and the

solder particles 14, structural material of the core materials 11 1s diffused in the side of the



29 surface 1lla of the core materials 11 can be sufficiently reacted to form
a diffusion layer. [0076] (Fifth step) Next, as shown in Fig. 1E,
the first nenber 21 is renmoved fromthe surface 5a of the first adhesive

| ayer 5. Subsequently, the core materigls 11 are renoved fromthe substrate
1. Here, the nethod of renoving the cofe materials 11 fromthe substrate 1
can be suitably selected according to the materials of the first adhesive

| ayer 5. Concretely, for exanple, a nmethod wherein vibration is provided to
t he substsohlkee partibles dd. uWheasthaireacabe aneredsa tinesdidat panttaled i tleefitadristthe
adhesive layer 5 is dissolved by a solvent and the |Iike can be used. The
met hod ofcoremBiting i1he core materials 11 fromthe substrate 1 is not
limted to the nethod descri bed above, and the core materials 11 may be

removed by benq’{'e?l@ d hﬁigg ltiésm@&aﬁﬁe Y ﬁal%ﬁffe}@ﬁn%gl&l%?%ﬁoget? fméh DaSnddcftteDihichys 1N

this way, the sol der 0 can be fo According to the

pr oduci ng, net.hod r I f i _ i sol.der
ar t1 ol edn AP e Bl PLAR s ik Sl plas! By SFC FERIE B M WG SRR &
t he second, adhesive | ayer 13, and thep the solder particles 14 are nelted.
Accor di Ry A o g RPomt GEksR R Bs DS Bhrele bR Sirealatr o
the core material 11. Furthernore, the solder |ayer 15 can be easily forned
as conpartdarsREre thehcnbentdlunal hretebinaneinkioh wed spider mayesViG 10 6 ned
with plating or the Iike. [0078] Furthernore, the solder layer 15 is
f or med whéhpertitiee wbrch inticeraiud of the naliengpdint eldused svhler plus B8%e. | Whoh titche
substrate 1 via the first adhesive |layer 5, and therefore, nunerous core

mat er i al Sixide @apcheurt ieattad abbvetahgd) dausiiger garttdeapay &d not gltedier, even if
conventional method. Furthernore, since the core materials 11 are adhered

oot 2 gt Pucl e e ol i LA adte g pe %
sol der | ARG éfﬁhl:%xﬁcﬂer Hﬁ'r(f!; which exist at the surface of the particles. Accordingly, it is
possible to perform fixing while the form of the solder particles 14 is maintained.
[G074]
Next, a water-soluble flux is coated on the substrate 1 on which the core materials
11, to which the solder particles 14 have been fixed, are provided. As the water-soluble
flux, for example, a flux can be used which is disclosed in Japanese Unexamined Patent
Application, First Publication No. 2004-282062.  When a water-soluble flux is coated on
the substrate I, an oxide {ilm can be removed from the surface of the solder particles 14
and the surface 11a of the core materials 11.
[0075]
Next, reflow is performed to melt the solder particles 14. Due to the reflow, the
solder particles 14 are melied and spread all over the surface 11a of the core materials 11
to form a solder layer 15, At this time, the heating temperature is preferably in a range of
200 to 300°C, and it 1s particularly preferable that the heating temperature be 10 to 50°C
higher than the melting pomt of the used solder. When heating is performed at a

temperature in the range shown above, melted solder of the solder particles 14 and the



In this way, the formng step of the solder balls 70 can be highly
sinplified as conpared with the conventional nethods, and the solder balls
70 can be manufactured with great efficiency. Therefore, it is possible to
reduce the manufacturing cost of soldegqballs 70. [0079]

Furthernore, by covering the surface I"a of the core materials 11 by the
sol der layer 15, the core materials 11 function as spacers when a sol der
bunmp is formed using the solder balls 70 manufactured. Accordingly, even
when t he ssdhaotel]al ddyler catSniaseriats tlechn terseffhadnghtreadted toefosp ladkffudemiayean be
mai ntai ned uniformy. Accordingly, even when el ectronic conponents are
provi ded on theogmlder bunp, the electronic conponents do not sink due to
the wei ght thereof. Accordingly, it is possible to maintain the fixed

di stance betweemghhgpgl ectroni c conponents and an electronic circuit.

[ 0080] urthernore, since the core materials 11 are nmade of netal,

conducti on bet [ ks i i I be
achi eved when Rer 25k iR, FETRERER RS 21 RrRRLINLS oty o640 27
made of copper, excellent _copduction, bet ween the .el ectroni c conponents and
The el ectibnrss it {ehi b8UsaaTnEa e FEe arHae | o Foured Bngh ti
copper is |ow [0081] Furt her nrore, when th? core materials 11 are
made of EUPsUAR hdhdekohe imaiat piigmesingdlineore dprtgétieas o g ap bsgate T can
Accordingly, sufficient thickness of the second adhesive |ayer 13 can be
provi ded be Avddhidiselgity] acdvedigpltelére patetipls|od dhd firsh adhesasi lpyeradhdrapgrel@y.t he
surface | la of the core material 11 via the second adhesive |ayer 13.

Ther ef or éor é&aepl8h selhddrwicayiarvillfatinhic hrowaledunithosmhsaat kb fanailemonici | m
t hi ckness can be fornmed. In this way, it is possible to formsolder balls

70 havi ngjedpif @MBIRAY Wh&tl e FBtRhesiANRyértS isSdipRssdyen §Qvarah@He like
favorabl e bondi ng between the el ectronic conponents and the circuit board.

[0082] 4y bt WY t RSLMRERod %‘p gcfngoJiE' 1RO e Hpatt&fé'isaLxs ﬁ%ﬁq MeQubset RS spacers,

it is possi e to maintain t i stance between the electronic conponents

or ovi ded BRCEHE. SraRFa] SRkl B RGeS CibdB 5l BBY R paRe e *
possi bl e_to_obtain a substrate which has high reliability and achi eves a
uni f or m REAYRE %SPHStWéfSEéft © PSR Iggﬁgj%ﬁﬁ’tﬂ ials 11. Furthernore, since

the solder particles 14 are adhered to the core material 11 via the second
adhesi ve | ayer Imis way. jthe soldsr babe &8 saiy he fovmede expensi ve copper-core sol der
bal | s which have been conventionally used. Accordingly, it is possible to
achi eve cost rgdic¢iion and sinplification of steps. In this way, the
produci ng net hod of the present enbodi nent is capable of foining a fine
According to the producing method of solder balls 70 of the first embodiment, the
solder particles 14 are adhered to the surface 11a of the core material 11 via the second
adhesive layer 13, and then the solder particles 14 are melted. Accordingly, a uniform
solder tayer 15 can be formed on the surface 11a of the core material 11. Furthermore,
the solder faver 15 can be easily formed as compared with the conventional method
wherein a solder layer 1s formed with plating or the like.
[0078]
Furthermore, the solder layer 15 is formed while the core materials 11 are
adhered to the surface la of the substrate 1 via the first adhesive layver 5, and thercfore,

numerous core materials 11 can be treated simultancously as compared with the

conventional method. Furthermore, since the core materials 11 are adhered to the surface



substrate, and el ectronic equi pment which has a high degree of integration
and high reliability can he provided by the present enbodi nent. [0083]

Furt hernore, according to the above nmethod, solder balls 70 can be forned
wi t hout wusing hi gh-nelting-point soldegomhich i ncludes a | arge anount of

| ead. Accordingly, it is possible to provide solder balls 70 which include
absolutely no |l ead. Therefore, a rays are not emtted fromPh which is

i ncluded in a solder bunp. Accordingly, it is possible to prevent

mal f unct i lanofohe elilestiateohivia tho fpareehtsventayehs,i the catesiadtebylsd Iram. be 10084¢d
Furthernore, when a plated netal nenber is used as a first nmenber 21, it is

32 possi agil{ BomSBe biRirhie SifteMBiEeIder RReaL 2H| fprhéd.t he net hod of produci ng
sol der balls 70. Accordingly, it is possible to reduce the manufacturing

cost in the pfQH%&rf@f%@%@%g&k@%ﬂ;@éd@:%m [#088]be highly sifiglifieadror e,

when t he thickness the firs nber 21 1s set to b um or nore and

I th l,.to 1/2 of th i i ) Lal 11
L0551 R R, 2 PR ShEfl ATRLE, O, SO i

[ and th old l1s 70. f d efficiently.

et eaoes, AN LNSGERlOer BallTD CaR I FER AL, LA S e oy

the sidewalls of the first openings 31, displacenent of the core nmaterials
11 can béafpdGent ed. [ 0086] Furthernore, since the second adhesive
| ayer 13 is formed on the core material 11 while the first menber 21 having
the first openil®@®]31 is placed on the substrate 1, the second adhesive

| ayer 13 is not fornmed on the portion where the surface 1 la of the core
materi al 11 do@srthedn®iist covehieg teasofhcatyatifehs eaenthatadiiedi \bg thayeiklei s not
formed on the first nmenber 21 is that materials which are used for formng

core mat gg2lis MRUBQhatBBAIRN 1 FGRAGBNES bpiRerBiIRh Alofder BlimbNEfdrink@ usAE ¢he
material s to whi ch adhesiveness is given by an adhesion-inparting conpound;

and_on t e\t BAls 1P, TRLRL' ahecHlEh, 206 YUREH HIdLTMPYs imehld e

menber or I'rst adhesive conpoun re materirals to esi'veness
is not given b n adhesj on-inpartin onpound. Accordingly, it is possible
Lo make t¥ERGDE SUPF biER 4B he HenEPEl HatimaRCorE ik fhgh SRS
sel ectively. Furthernore, since{éhe corgvngterials 11 are adhered.in the
first op&HicHgaicePmpppenisasaaydrdon fesrldre REmpatheiclgirafic coMPORRNTE 8y 8ot
materials 11 to the outside of the first openings 31 even if the
adhesi venadsduftotthewkight thegaphe shoeriaghy it9s pessitdgto mausainjthe fixedodisianest e to
adhere the core materials 11 to all the first openings 31 without fail.
between the electronic components and an electronic circuit.
[0080]
Furthermore, since the core materials 11 are made of metal, conduction between
electronic components and an ¢lectronic circuit can be achieved when the solder balls 70
are used. When the core materials 11 are made of copper, excellent conduction between
the electronic components and the electronic circuit can be obtained, since electrical
resistance of copper 1s low.
[0081]
Furthermore, when the core materials 11 are made of Cu, an adhesion-imparting
compound can be easily coated.  Accordingly, sufficient thickness of the second adhesive

layer 13 can be provided. Accordingly, the solder particles 14 are easily adhered to the

surface 11a of the core material 11 via the second adhesive layer 13. Therefore, the



33 [0087] (Second enbodi nent) Next, a produci ng net hod of sol der
balls 70 as a second enbodi nent of the present invention is explained while
referring to figures. Fig. 2Ato Fig. 2E are process draw ngs which explain
t he produci ng nethod of solder balls 7Q;of the second enbodi ment. [0088]
The net hod of producing solder balls 70 of the second enbodi nent is
schematically structured such that the method conprises: a first step
wherein core materials 11 are adhered on a surface 5a of a first adhesive

| ayer 5 wisideh layer gooviidie daonnifdren sur fidbeichafioh thicknds tarabe fdrmed. séeding st ep
wherein a second adhesive layer 13 is formed on the surface 1 la of the
core mat agisalig isl possevlé b fekns @AMPAETM haeindeinifamt patiels didmake adhgried to
the surface of the second adhesive |layer 13; a fourth step wherein the

sol der p I Lo : ntRd Be fhbdih step
wher i n ta{]mtgézg{jagcgtpﬂigftogﬁ lefaﬂﬁéglue goﬁ{ﬁt&é ?étWeeﬁ‘ 18OL A& i @¥ShpdiRnt t‘[ﬁg 6:%%1]51@

1S renove romthe core materials 11.

The enbo%;ogledn is simlar to the first enbodi nent except that the first
menber 127 7s 'structured with a first layer 21 a (a first layer of the first

Step wheroi n t N00&0cong Tayer 216 o remved fromthe 1irst layer 2ia1s -
provi ded between the first step and the second step. Accordingly, detailed
expl anati on i s fonthemeeresingg theepematarigly hlearg ved andages.dt B popdlle to
Hereinafter, the first step is explained. [0090] (First step) Afirst step
of the sevandireilibdditarenbevsmpthicsissirons dohmposteip sndersgbsirage. f i Agordingly,

problems wherein the electronic components provided on the substrate sink non-uniformly

can be solved, and it is possible to obtain a s_ubstrate which has high reliability and

achieves a uniform height with respect to the core materials 11.  Furthermore, since the

solder particles 14 are adhered to the core matf_:rial 1 via the second adhesive layer 13, it

is not necessary {0 use expensive copper-core solder balls which have been conventionally

used.  Accordingly, it is possible to achieve cost reduction and simplification of steps,

In this way, the producing method of the present embodiment is capable of forming a fine

substrate, and electronic equipment which has a high degree of integration and high

reliability can be provided by the present embodiment.

[0083]

Furthermore, according to the above method, solder balls 70 can be formed
without using high-melting-point solder Which includes a large amount of lead.
Accordingly, it is possible to provide solder balls 70 which include absolutely no lead.
Therefore, o rays are not emitted from Pb which is included i a solder bump.
Accordingly, it is possible to prevent malfinction of electronic components which is
caused by o ray.

[0084]

Furthermore, when a plated metal member 1s used as a first member 21, 1t 15



34 nmenber 21 is provided on a first adhesive layer 5 (previous step): a
step (i) wherein a first layer 2l1a of the first nmenber, wherein the first

| ayer has openings 32a (|l ower portions of the second openings), is provided
on the first adhesive layer 5, and a s%@p (ii) wherein the second | ayer 21b
of the first nenber, wherein the second | ayer has openings 32b (upper
portions of the second openings) having a snaller dianeter than that of the
openings 32a, is provided on the first layer 2la of the first nmenber, so

t hat t he popsiiengas82a firstl mcnec eacetedbf int the ropbod nf praisingoiobdsr dells 70.
Hereinafter, each step is explained in detail. [0091] First, the
first | ayetoringy. ihe pbidigt wesher ths mamidethd costdyahe phelsiigf aee & of
the first adhesive |ayer 5. Openings 32a are provided at the first |ayer
21a of thg4ki k.8l 7Eenber, wherein the openings are spaced from each ot her
and can expose the surface 5a of the first adhesive layer 5. Although
materials of t gjrst | ayer 21a of the first nmenber are not limted in
particul ar, specifically, for exanple, a nenber may be used which is

Fur thor mor &, _+ ROPRgE® aerie iRkt al oFB3 B PRebdpart ageo 354 ot he 111 st
O et or TTE BHG opORY AQSSRESIS B of NS rSBEIn mparD NG C b B A 5E B | s
represented by F2b [0093] F2b+2 d i F2 a [ 0094]

enters in the first opening 31, Accordingly, the workability increases and the solder balls

70 can be manufactured efficiently. Furthermore, since the side-surfaces of the core

materials 11 are held by the sidewalls of the first openings 31, displacement of the core

materials 1 can be prevented.

[0086]

Furthermore, since the second adhesive layer 13 is formed on the core material 1]
while the first member 21 having the first openings 31 is placed on the substrate 1, the
second adhesive layer 13 is not formed on the portion where the surface 11a of the core
material 11 does not exist.  The reason why the second adhesive layer is not formed on
the first member 21 is that materials which are used for forming core materials made of
metal, conductive materials, or the like, are materials to which adhesiveness is given by an
adhesion-imparting compound, and on the other hand, materials which are used for
forming the first member or the first adhesive compound are materials to which
adhesiveness is not given by an adhesion-imparting compound.  Accordingly, it is
possible to make the solder particles 14 be adhered to the core materials selectively.
Furthermore, since the core materials 11 are adhered in the first openings 31, if is possible
to prevent falling off of the core materials 11 to the outside of the first openings 31 even if

the adhesiveness of the first adhesive layer 5 islow. Thus, it is possible to adhere the

core materials 11 to all the first openings 31 without fail.



35 The particularly preferable range of the openings 32a can be
represented by the formula (6) shown below. [0095] F2 b 3 dF2aF2b+
4 d [ 0096] Next, the second | ayer 21b of the first nenber is
provided on the first layer 2la of thegfirst menber. Openings 32b which
have a smal |l er dianeter than that of t he openings 32a are provided in the
second |l ayer 2Ib of the first nenber. Wen the second | ayer 21b of the
first nmenber is provided, positions to be arranged are controlled so that
t he openi ngs 3P¥8dhd t he openi ngs 32b coi nci de. As the second | ayer
21b of the first nmenber, a plated netal nenber can be used. \Wen such a
material is usekcasd tmbodiaratyd | ayer 21b of the first nmenber, it is

possi ble to use the nenber repeatedly in the producing steps and to reduce

t he manuf act ur Nag:, 6 9sddueihatHEnPE BELRIRDARE BPSs Rke®Rl ABTboBMkdnS offhe [ 0097]
Furthernore, when the total thickness of the first |layer 2la and the second

et EAR R SLCTRIE o CRREROELDY B g e
onge o A ARRh Ehu S bt CR RS BPSr fRr 2l RS o BRLERRR ©d By the
embodiment.

[0088]

The method of producing solder balls 70 of the second embodiment is
schematically structured such that the method comprises: a first step wherein core
materials 11 are adhered on a surface 5a of a first adhesive layer 5 which is provided on
the surface la of a substrate 1; a second step wherein a second adhesive layer 13 is formed
on the surface 11a of the core materials 11; a third step wherein solder particles 14 are
adhered to the surface of the second adhesive layer 13; a fourth step wherein the solder
particles 14 are melted to form a solder layer 15; and a fifth step wherein the substrate 113
removed from the core materials 11.

[0089]

The embodiment s similar to the first embodiment except that the first member
12 is structured with a first layer 21 a (a first layer of the first member) and a second layer
21b (a second laver of the first member), and a step wherein the second layer 21b is
removed from the first layer 21a is provided between the first step and the second step.
Accordingly, detailed explanation is omitted with respect o the same characteristics.

Hereinafier, the first step is explained.

[0090]

(First step)

A first step of the second embodiment comprises, as the steps wherein a first



86 [0099] Furthernore, the particularly preferable range of the dianeter
F2b of the openings 32b can be represented by the formula (8) shown bel ow
[0100] 1. 1 DF2 ID1L . 5 D [0101] Furthernore, the distance & between

t he adj acent first openings 32b can be represented by the fornula (9) shown
bel ow, when the thickness of the second 3l4ayer 21b

member 21 is provided on a first adhesive layer 5 (previous step): a step (i) wherein a
first layer 21a of the first member, wherein the first layer has openings 32a (lower
portions of the second openings), is provided on the first adhesive layer 5, and a step (ii)
wherein the second layer 21b of the first member, wherein the second layer has
openings 32b (upper portions of the second openings) having a smaller diameter than
that of the openings 32a, is provided on the first layer 21a of the first member, so that
the openings 32a and the center of the openings 32b coincide.

Hereinafter, each step is explained in detail.

[0091]

First, the first layer 21 of the first member is provided to cover the surface 5a of
the first adhesive layer 5. Openings 32a are provided at the first layer 21a of the first
member, wherein the openings are spaced from each other and can expose the surface
S5a of the first adhesive layer 5. Although materials of the first layer 21a of the first
member are not limited in particular, specifically, for example, a member may be used
which is obtained by coating a paste for solder resist on the substrate 1.

10092]

Furthermore, the range of the diameter 'y, of the openings 32a of the first layer
21a can be represented by the following formula (5), when the diameter of the openings
32b of the second layer 2 1b described below is represented by Fap,

[0093]

Fopt2d=F,, + o« (5B)

[0094]



of the first nmenber is represented by [ib. [0102] 2 d+D-d+ D 2, b-1 b( D Hb)
(9) [0103] When the distance G2 between the adjacent first openings 32b is
in the range represented by the formula (9), it is possible to form sol der
balls 70 on the substrate 1 with high density, and prevent bondi ng between
t he adj acent solder balls 70. [0104] Subsequently, the core materials 11
are adhered to the surfaces 5a of the first adhesive layer 5 as shown in
Fig. 2A Then, as shown in Fig352B, the second |layer 2lb of the
first nmenber is renoved fromthe first |ayer 2la of the first nenber. Since
t he di anmeter Fn of the openings 32b

The particularly preferable range of the openings 32a can be represented by the

formula (6) shown below.

[0095]
Fpo+3d=EF,,SF,,+4d - (8)

10096}

Next, the second layer 21b of the first member is provided on the first layer 21a
of the first member. Openings 32b which have a smaller diameter than that of the
openings 32a are provided in the second layer 21b of the first member. When the second
layer 21b of the first member is provided, positions to be arranged are controlled so that
the openings 32a and the openings 32b coincide.

As the second laver Zlb of the first member, a plated metal member can be used.
When such a material is used as the second layer 21b of the first member, if is possible to
use the member repeatediy in the pmdu.oing steps and to reduce the manufacturing cost in
the producing steps of solder balis 70,

[0097]

Furthermore, when the total thickness of the first layer 21a and the second layer
21b of the first member is represented by H, H is larger than or equal to 1/2 of the particle
diameter D of the core materials 11, and the range of the diameter Fy, of the openings 32b
can be represented by the formula (7) shown below.

[0098]

DEF,,<2D - (T



37 is smaller than the dianeter F2a of the openings 32a, the core materi al
1 is provided at the center of the | ower portion 32a of the second openi ng.
[ 0105] (Second step) Next, as shown in Fig. 2B, a second adhesive

| ayer 13 is formed by coating an adhesi on-inparting conpound on the surface
1 la of the core materials 11, whilgsthe first |layer 2la of the first
nmenber, covers the surface 5a of the first adhesive layer S. Here, since
almost all of the surface 5a of the first adhesive |layer 5 is covered by
the first Iayﬁ@%éla of the first nenber, the second adhesive |layer 13 is
prevented fro ing fornmed on positions other than the surface 11 a of the

core materi al 1. That is, e c r naterl ar d erial to
whi ch adhesiv€$é§§m¥%aﬁﬂwgﬁugﬂépp R égb%ﬁmﬁgﬁpp SﬂBQO&MH%%nd and t he
first adhesive Ia ge fkﬂgil m%la of the flrst nenber are nade
of a rrat’%‘?f’ﬂtbetrﬁ)pr Pt(? R EITVEHELE YO ot gi ven due to the

adhesi on-i np (#b@g conpound Accordlngly an adhesive |ayer 13 is not
formed on the | ayer 2la. [0106] Subsequently, as shown in Figs
2Cto 2E, the third step, the fourth step and the fifth step are perforned.
Wth respect to the third step and steps subsequent to the third step,
detail ed exp tio e steps is omtted since the steps are lar to
t hose of tﬁehgﬂ$§{ ﬁgid%ﬁﬁ [ 0107] According to t he progﬁg

nmet hod of solder balls 70 of the second enbodi nent, since the second Iayer
21b of the first nmenmber, wherein the second | ayer has openi ngs 32b whi ch
have a snalle{ gganeter than that of the openings 32a, is provided on the
first layer 2 2P39Yf the first member so that the center of the openings 32a

and the conter SLeile ARINTR 320 CORIGHAS,, AIE. QRSN DAS. 7D can be

provi ded so t arra e center of the

openi ngs 32a. r no i nce t he n rst menber
is renov‘%!’ﬂeste‘?tf)‘?ljg)f'ﬁ? %f‘?lflé?g)l g?‘@? 9% Y cn ﬁj} |‘]rqsS ft%%ﬁp) cfla I% Zr"2 15the first
adhesi ve_|l ayer 5 is adhere the core naterlals 11, it is possible to

mai nt ai A ﬂﬁéhﬁP§FQﬁ€§“WE?VE%£PWE core materials 11 and the first layer of
the first nengﬁ That is, when the core materials 11 are adhered to the
first adhesiv der 5, the core materials 11 can be provided at the center
of the openings 32a.

2d+D—2/H, (D-H,)SG,S4d+ D—2JH, (D-Hy) * (9

[0103]

When the distance G, between the adjacent first openings 32b is in the range
represented by the formula (9), it is possible to form solder balls 70 on the substrate 1 with
high density, and prevent bonding between the adjacent solder balls 70.

[0104]

Subsequently, the core materials 11 are adhered to the surfaces Sa of the first
adhesive layer 5 as shown in Fig. 2A.

Then, as shown in Fig, 2B, the second layer 21b of the first member is removed

from the first laver 21a of the first member.  Since the diameter Fy, of the openings 32b



[ 0108] According to the producing nmethod of solder halls 70 of the
second enbodi nent, in addition to the effects of the first enbodi nent, it
is possible to nore effectively prevent bondi ng of adjacent solder balls
70. [0109] (Third enbodi ment) h%?t’ a produci ng net hod of sol der
balls 70 as a third enbodi mrent of the present invention is explained while
referring to figures. Fig. 3Ato Fig. 3F are process draw ngs which explain
t he produci ng nmethod of solder balls 70 of the third enbodi nent. [0110] The
met hod ofis ALy ehaaghs olageter Da) dfshd Opafindsti at thi edreandnedalrignt prayided at the
schematically structured such that the nethod conprises: a first step

wher ei n &ﬂftg%é@théﬁév%rﬁ)oﬂtﬂonaﬁrz%@me%gn@ébe%lﬁ;‘:”face 5a of a first adhesive

| ayer 5 I's provided on a substrate 1; a second step wherein a second
adhesi ve | ayer (}ﬁ)sﬁs formed on the surface Ila of the core materials 11; a
third step \/\her[el n-sol der particles 14 are adhered to the surface of the
second adhesi v<(a Ia\égr 1)3; a fourth step wherein the solder particles 14 are
mel ted to formaE8f §EP) | ayer 15: and a fifth step wherein the substrate 1
is renmoved fromthe core materjals 11. | 111% 39, .. The third

enbodi nent i s NoKE@p shwi ndigt R aserend PEHNF Rt 13 IR SRS Aher e,
between the first step and the second step, a step wherein the first nenber
21 i s rendiestbr-Enpanctycisehound gn shqvastaca 114 of thecoresstyrigls 1 ovhdsdthefirddher i ng
particles having a dianeter r, which is smaller than the thickness H of the
first nmefder224of the firhendnbes toadhdri suefatajeof tho fitdatheshe laps k. cdlges,s t he
surface 5a of the first adhesive |layer 5. Therefore, with respect to the

st eps WhigRe afngoss Wbl B shifade s tBé fitdnaditdsivetiagiadiamndd bydét dirdtéaer
explanation is omtted. [0112]
21a of the first member, the second adhesive layer 13 is prevented from being formed on
positions other than the surface 11a of the core materials 11.  That is, the core materials
are made of a material to which adhesiveness is given due to the adhesion-imparting
compound, and the first adhesive layer and the first layer 21a of the first member are made
of a material to which adhesiveness is not given due to the adhesion-imparting compound.
Accordingly, an adhesive layer 13 is not formed on the first layer 21a.
[0106]
Subsequently, as shown in Figs 2C to 2E, the third step, the fourth step and the
fifth step are performed.  With respect to the third step and steps subsequent to the third
step, detailed explanation of the steps is omitted since the steps are similar to those of the

first embodiment.

[0107]

According to the producing method of solder balls 70 of the second embodiment,
since the second layer 21b of the first member, wherein the second layer has openings 32b
which have a smaller diameter than that of the openings 32a, is provided on the first layer
21a of the first member so that the center of the openings 32a and the center of the

openings 32b coincide, the openings 32b can be provided so that the openings 32b are



First, as showm in Fig. 3A, the core materials 11 are adhered in the first
step to the surfaces 5a of the first adhesive |layer 5 of the substrate 1
which has the first nmenber 21. Here, it is preferable that the distance G3
bet ween the adj acent openings 33 (thi rlgjj openi ngs) of the first nenber | be
about 10 to 20 tinmes of the particle d fnmeter d of sol der particles 14
which are used in the third step. Furthernore, it is preferable that the

t hi ckness H of the first menber 2] be nore than or equal to 1/2 tinmes of

t he part iaghgodli @relelentor of thichepepiice 30at eFurdlesmbidyiricheltenicend layed 31b of
preferable that the diameter F3 of the openings 33 of the first nenber be

larger thang f}s}?%&%ér i§ |r@m6'€re®nﬁé1%rthp ﬂ%@t tabe Tof 8f MRt Bisi flembli anBditest t han

two tines of the particle dianmeter he core materials, hut it is
t I I 3 th
Bg;t : g:l o 8%1%/%& 1%&9 Ak a@ﬁ%?‘tto fifae. ol %g%tg%[sulg it i0e ,pQ)%éﬁ gﬁ%gﬁﬂﬁéﬁh%ﬁ@&%mﬁ&@” e
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shown in Fig. 3C a mask 41 which is y a granular mat er i S

adher ed §©“1W@E“@He“s@ﬁﬁﬁéﬁeééoékeﬁﬁ% 3]?%W3§Mﬁé§l écpﬁy@?m§a$sfcﬁﬁbm%d As
the material of the nmask 41, for exanple, glass, ceramc, polyner and the
|i ke can pbevidekd, thamtario tiesansnings 328 not linited in so far as the materi al
is not dissolved in water and has properties wherein the second adhesive

| ayer 13 is nof0¥u@jned on the surface thereof. [0115] Furt her nore,
the diameter r of the material of the nmask 41 is snmaller than the thickness

H of the first ywesiaaly Rthe gldusii@hictiodtdTecdeabmisen @kt ddenda@hbhdiment, t he
better it is. Fromthe viewoint of work efficiency, it is preferable that

the di amgy g(ﬁdlﬁ?l‘é id sﬁg}eggg%f ﬁ%\fﬁ&%@ﬂ%& PRk AbRAY Rl e GRERredi

concrete exanp a material which has dianeter of 0.5°to 2 pin can

he preferably u hef,ght and diameter r of the mask 41 are set
in the ré’%@%gf)ﬁ J%%ﬁ”&%@d r}%glsgpes 14 can be adhered to the vicinity of

t he cont act surfa ? of the core materials 11 and the first adhesive |ayer
5. Accordi ngly 0§ s possible to formthe solder |ayer 15 all over the

surface 11 a of the core materials 11. [0116]
{Third embodiment)

Next, a producing method of solder balls 70 as a third embodiment of the present
invention is explained while referring to figures. Fig. 3A to Fig. 3F are process drawings
which explain the producing method of solder balls 70 of the third embodiment.

[0110]

The method of producing solder balls 70 of the third embodiment is
schematically structured such that the method comprises: a first step wherein core
materials 11 are adhered on a surface 5a of a first adhesive layer 5 which is provided on a
substrate I; a second step wherein a second adhesive layer 13 is formed on the surface 11a
of the core materials 11; a third step wherein solder particles 14 are adhered to the surface
of the second adhesive layer 13; a fourth step wherein the solder particles 14 are melied to
form a solder layer 15; and a fifth step wherein the substrate 1 is removed from the core
materials 11.

[0111]



On the other hand when the height and dianeter r are |arger than or equal
to the thickness Hof the first nenber 21, it is not preferable since the
sol der particles 14 are insufficiently adhered to the vicinity of the
contact surface of the core materials and the first adhesive |ayer 5.
Furthernore, when the mask 41 is adher to cover the surface 5a of the
first adhesive layer 5 a gap is generated between the adjacent materials
of the mask 41, and there is a possibility that the solder particles 14 are
adhered to theTsurhiaéentodihentfis risfferasthésimvehel figserenBiodinidne frdm rtble poagds
Accordingly, there is a possibility that said solder particles 14 adhering

to the S%f AL @elicchNBe firéiStepP IOl E&on@%@ip, 2 Q&E witlehetheatdt RRRBEA2WMId h t he

sol der ba 70 In the fourth step. Therefore, the particle dianeter of the

b ofuhSyell DRI gﬁ(gg%g@fc oYMy A/ f%ﬁnmy PERSRE Bakic R dgle 41

Subsequen?rpy e secon Ird step and 't th step are

performed.as shown .in .Fig..3Cto Fig.. 3F. Wt e cl step. ro he
second t §ATRLCTE ‘b\llj‘w’r"]lflﬁgs‘f ésgga,lierd&agitF%glng%qs%\%ﬂt}ghe g?r&t Iﬁgﬁlg re%j; E%s{hgmﬂtsi ed
since the steps are simlar to those of the first enbodi nent. K Here, as
shown i naghggivesayer pe thal HEdmask FRYRsYithy Stecs P f Bas Ik‘s’ili‘g]fersbvr‘?\ [aﬁér g irst
adhesive | ayer 5 can be optionally selected. Concretely, for exanple, a

met hod cafetsdoreswithwhencst  thevsiaps athioh aressipriteyite depse @ftthe fagissihodineent, by an
ultrasonic cleaner. In this way, the solder balls 70 are fornmed. [0118]
Accor di ndetafled Beplamtibods ehitpdoduci ng sol der balls 70 of the third

enbodi nent, it is possible to maintain the suitable distance between the
core material sydykpjsince the core materials 11 are provided on the surface
5a of the adhesive layer 5 using the first nenber 21 and then the first

menber is renoygd. nFUFBEHTIESA ifle dote RARSHAY B 4@ 28R8d B hBEirSQledan the

particles 14 to the vicinity of the contact surface of the core naterials

11 and the first hesive,l aye vz Sk, £ i ed to
e our £ atgeesh ShpP ARaRa Rl &, 3 BE Sl MR TS gt RedBRTIET. Lo
adhered to the surface I f the.core material 11. Ther e, it is

possi bl e Hege-figF fﬁ’fetf?fég@éﬁﬁége 8‘5% ¢ Ebehpeety radiaﬁgrjﬁsqmsgigg%ﬁ ﬁh‘rgf the core
materials 11. Furthernore, since a materjial, which is not di ss(g)lg/ﬁe?gqi n

wat er an@perizey ebperfirsencpherdembeyd (dedoritnedtdas paticlgmad ¢ of 964 or ned
on the surface thereof, is used as a naterial of the first mask 41, it is
possi bl e punicis dveritich e tsed ortie thilldetipv e Huathermars, it isarrefsedbiytbpbtheed on the
surface of the first mask 41. Accordingly, it is possible to prevent the

adhesi on ygtkddberisdltklefirspaichibet Bsbdhoteathther squal ack2 ofndsh tlid pasticleask 41.
[0119] According to the produci ng nethod of solder balls 70 of the

third enbagdi By of iR c%@haielﬂaisti@. t h@tieiheed st i9brdrhabkithatihembodicrents it is

possible to formsolder balls 70 wherein the solder |ayer 15 thereof has a
uni form tti%]e' gp‘%ﬂﬁ%? 33 of'?hc[i%‘l%%]:mber be larger than the particle diameter D of the core

materials 11 and less than two times of the particle diameter D of the core materials, but 1t
is particularly preferable that the diameter F5 be 10 to 20 pm larger than the particle
diameter D.

[0113]

Subsequently, as shown in Fig. 3B, the first member 21 is removed from the first
adhesive layer 5.

Therefore, the surface 5a of the first adhesive layer 5 is exposed to air.

{0114]

Next, as shown in Fig. 3C, a mask 41 which is formed by a granular material is



(Fourth enbodi nent) Next, a producing nethod of solder balls 70 as a
fourth enbodi nent of the present invention is explained while referring to
figures. Fig. 4A to Fig. 4E are process drawi ngs which explain the
produci ng nmet hod of solder balls 70 of ,the fourth enbodi nent. [0121]

The net hod of producing sol der balls of the fourth enbodi nent is
schematically structured such that the nethod conprises: a first step
wherein core materials Il are adhered on a surface 5a of a first adhesive

|l ayer 5 whhGed iSthpr @y ik@@teda od isufist sdhtsivd lavar § écanvdresit epsihemeieniabofsecond
adhesive layer 13 is fornmed on the surface ha of the core materials 11; a

third step yherq ﬁ)r%ght:qégfe, Patd t&his, %ﬁlﬁe@aﬁﬁ’ﬂ%iﬂ@ da@ behee@unf e of the

second adhesive Tayer a fourth step wherein the solder particles 14 are
melted to form l.der, . ' 8 :f gt ~ [ ate 1
R T e A S T v i
is different fromthe first enbodi.nent, wherei.n th My menber is

provi ded “?%gmé@ﬁE§V¥%e$ﬁ?§¥?qgﬂﬁﬁ?&%@mggP%PE3%%@?é?mﬁéﬁore the first
step, plural dot-like first adhesive layers 5 are formed on the surface |la
of the substral®13]lso that they are separated from each other by coating an
adhesive layer via a mask. Wth respect to the steps which are simlar to
those of the fFnsherawbodindametereobthe antesiahPhHwtmak 41ss snnierdban hg123)
First, a second nenber 22 is provided so that the surface |la of the

subst r at eénitkriess Hafeliefist Asmbhe? s e dnrdomiinbde danetar anstbeheight e heibstttm t he
shape of a plate can be 43 used. In the second nenber 22, openings 34

(fourth gpeni Mem the Wivildif R ORek affRaty. af istphefetibld daetht disnferdrive fambstrate 1
in a dot-l1ke manner, are forned so that the openings are spaced from each

ot her . H%E@tﬁéﬁai%ﬁﬁﬁm%ﬂﬁ%%r%%iF%bfﬁfA% %%h@xre%dexfaﬁl%m thbRos WbsiE@ie 1, or

may contac the substrate urthernore, the range of

he di F4 of th i 4 e i
Formul a 165" aBiriAe R Benels i pePRaOERaRrES MRl AR AR pTHAMAT

" r of the mask 41 are set in the range, the solder particles 14 can be adhered to the vicinity

of the contact surface of the core materials 11 and the first adhesive layer 5. Accordingly,
it is possible to form the solder layer 15 all over the surface 11a of the core materials 11.

[0116]

On the other hand, when the height and diameter r are larger than or equal to the
thickness H of the first member 21, it 1s not preferable since the solder particles 14 are
insufficiently adhered to the vicinity of the contact surface of the core materials 11 and the
first adhesive layer 5. Furthermore, when the mask 41 is adhered to cover the surface 3a
of the first adhesive layer 5, a gap is generated between the adjacent materials of the mask
41, and there is a possibility that the solder particles 14 are adhered to the surface of the
first adhesive layer 5 in the third step.  Accordingly. there is a possibility that said solder
particles 14 adhering to the surface of the first adhesive layer 5 are melted and bonded
with the solder ball 70 in the fourth step.  Therefore, the particle diameter of the solder
balls 70 becomes non-uniform, and it is not preferable.

[0117]



[0125] F4 <D-2VH(D-H)( 1 0) [0126] Furthernore, the particularly preferable
range of the dianmeter F4 of the openings 34 can be represented by the
following formula (11) [0127] 0.7 (D-2-1HD-H ).-5.F 4 SO 9 (D-2dH(D-H) )
(11) [0128] The di stance 4 between the adjacent openings 34 can
be represented by the follow ng formnul ‘gl (12), when the thickness of the
adhesive material is represented by H and the diameter of the fourth
openings 34 is represented by F4. [0129] 2 d D2 JH(D- H < G4 [0130]
Subsequently, the second step, the third step and the fourth step are performed as
shown in Fig. 3C to Fig. 3F.  With respect to steps from the second to the fourth steps,
detailed explanation of the steps is omitted since the steps are similar to those of the first
embodiment, Here, as shown in Fig. 3F, the method of removing the first mask 41 from
the first adhesive layer 5 can be optionally selected. Concretely, for example, a method
can be used wherein a vibration is provided to the substrate 1 by an uitrasonic cleaner.
In this way, the solder balls 70 are formed.
[0118]
According to the method of producing solder balls 70 of the third embodiment, it
is possible to maintain the suitable distance between the core materials 11, since the core
materials 11 are provided on the surface 5a of the adhesive layer 5 using the first member
21 and then the first member is removed. Furthermore, it is possible to adhere the solder
particles 14 to the vicinity of the contact surface of the core materials 11 and the first
adhesive layer 3, since the first mask 41 is adhered to the surface 5a of the adhesive layer
5 and then the solder particles 14 are adhered to the surface 11a of the core material 11.
Therefore, it is possible to form the solder layer 15 all over the surface 11a of the core
materials 11.  Furthermore, since a material, which is not dissolved in water and has
properties wherein the second adhesive layer 13 is not formed on the surface thereof, is
used as a material of the first mask 41, it is possible to prevent the second adhesive layer
13 from being formed on the surface of the first mask 41.  Accordingly, it is possible to
prevent the adhesion of the solder particles 14 to the surface of the first mask 41,
{0119]
According to the producing method of solder balls 70 of the third embodiment, in

addition to the effects of the first embodiment, it is possible to form solder balls 70

wherein the solder layer 15 thereof has a uniform thickness.



Furthernore, the particularly preferable distance (4 between the adjacent
openi ngs 34 can be represented by the fornula (13). [0131] 4
d+D-F211-1(D-H 48 d-FD-F2./1-1(D-H ( 1 3 ) [0132] Next, as shown
in Fig. 4A, an adhesive material is cogted so that the openings 34 are
filled using the second nenber 22 as a mask. |f necessary, a nethod ot her
than the coating nethod can be used. In this way, plural dot-like first
adhesive layers 5 which have the thickness H and the dianeter F4 can be
formed on the $4#flace 1a of the substrate | so that the layers are
separated from each other. Subsequently, the second nenber 22 is renoved
fromthe surfadeutthewbodingngubstrate 1 to expose the surface la. Then, as
shown in Fig. 4B, the core materials 11 are adhered to the first adhesive
| ayer 5. [0133Wext, a produciSy bssiqdesttsbider ballssiosn fomrticgdod@ans ofithe t he second
step, the third step, the fourth step and the fifth step are perforned.

Wth respeednt it chiieh BR&pRthcatRlcabd iR Guls e UentA tooFiphdE aeqoactsst ep,
detail ed explanation of the steps is omtted since the steps

drawings which explain the producing method of solder balls 70 of the fourth

embodiment.

[0121]

The method of producing solder balls 70 of the fourth embodiment is
schematically structured such that the method comprises: a first step wherein core
materials 11 are adhered on a surface 3a of a first adhesive layer 5 which is provided on a
substrate 1; a second step wherein a second adhesive layer 13 is formed on the surface I1a
of the core materials 11; a third step wherein solder particles 14 are adhered fo the surface
of the second adhesive layer 13; a fourth step wherein the solder particles 14 are melted to
form a solder layer 15; and a fifth step wherein the substrate 1 is removed from the core
materials 11.

[0122]

The fourth embodiment is different from the first embodiment, wherein the first
member is provided on the adhesive layer, from the points where, before the first step,
plural dot-like first adhesive layers 5 are formed on the surface 1a of the substrate 1 so that
they are separated from each other by coating an adhesive layer via amask.  With respect
to the steps which are similar to those of the first embodiment, detailed explanation is
omitted.

[0123]

First, a second member 22 is provided so that the surface 1a of the substrate 1 is

covered. As the second member 22, a member which is in the shape of a plate can be



are simlar to those of the first enbodinment. 45 In this way, the sol der
balls 70 are forned. [0134] According to the nethod of producing

sol der balls 70 of the fourth enmbodinent, it is possible to forma dot-Iike
first adhesive |ayer 5, since the second nenber 22 is renoved fromthe
substrate | after the plural dot-like first adhesive layers 5 are fornmed on
the surface la of the substrate | so that the | ayers are spaced from each
ot her.  Accordingly, the core materials 11 can be easily adhered to the
first adhesive |layer 5. Furthernpre, when the salder particles 14 are

adher ed 4sed-t Hi s 5pgoa6d E1cbsr 255 ORRIEE & HOWREY epipes)yhich ?XHOEE Sl e to
adhere the solder particles 14 to the vicinity of the contact surface of

the cor dheiiriaes b of thersubyiaate hig afdo-e mames pFdormagisp Mt he ORISR sur f ace | a
of the substrate 1 is exposed. Accordingly, it is possible to formthe

sol der @yt ipm eaph otherer E!Fﬁethgéﬁ‘rop&%@ew%f ?éfm%‘é*s Ri*?%e ?"é?‘leal 11. [0135]
According to the produci ng nethod of solder balls 70 of the fourth

enbodi nesbstrafenl, gAY ¢apEct Gith e serFEefs of the first enbodinent, it is
possible to formthe solder balls 70 wherein the solder |ayer 15 thereof

has a uni for M4 Afckness. [0136] (Fifth enbodi nent) Next, a producing
met hod of solder balls 70 as a fifth enbodinent of the present ipvention is
expl ai ned whi Fertcaneey tha gange of thy dragister i g1 the APeRings; 3§ cape ZeRESHiiEt ess
drawi ngs whi ch expl ain the produci ng nmeth of solder balls of the fifth
embodi mentthe fadlenime formula (10%vdepEeBkess Bf? Badicaiye Suicgal s BrFEE of the
fifth enbodiment is schematically structured such that the nethod
conprisé¥:Ha first step wherein core materials 11 are adhered on a surface
5a of a firstﬂﬁgﬁesive | ayer 5 which is provided on a substrate |I; a

J

Fo<D—2/H(D~H) < - (10)

[0126]

Furthermore, the particularly preferable range of the diameter F; of the openings
34 can be represented by the following formula (11)

[0127]
0.7 (D—2/HD—H) )SF.<0.9 (D—2JHB-M )+« -+ (11)

[0128]

The distance G: between the adjacent openings 34 can be represented by the
following formula (12), when the thickness of the adhesive material is represented by H
and the diameter of the fourth openings 34 is represented by Fy.

[0129]



46 second step wherein a second adhesive |layer 13 is fornmed on the surface
1 la of the core materials 11; a third step wherein solder particles 14 are
adhered to the surface of the second adhesive layer 13; a fourth step
wherein the solder particles 14 are nelted to forma solder layer 15; and a
fifth step wherein the substrate 1 j4s renoved fromthe core materials 11
The fifth enbodinent is different fromthe first enbodi nent, wherein the
first nmenber is provided on the adhesive |ayer, fromthe points where,
before the first step, plural dot-like first adhesive |layers are formed on
the surface of the substrate by transferring an adhesion-inparting conpound
to the substr fer base so that the layers arge d from
each ot her< 'EE) %?&“@Rougﬁ<€ ¢h step is explained bel ow, detal?lﬁ):%Sa
explanation is omtted with respect to the steps which are simlar to those
of the first enbodinment. [0138] (First step) The first step of the
fifth enbodiqﬁgg is structured such that the first step includes; a step
wherei n dot - @phﬂalnmaIanBSi(ﬂrstnmalanm are formed on

th f f d
from each ot farnoipods I TR aRrddh A8ua el sbARRE Rt 10 4%50 (T 7ot

adhesi on- |npa n to the netal filns; a step wherein
a fIrStO%ﬂH@§? gmﬁg S§HE§%¥3F§33Q§§ ansfe a the adhesion-inparting
conpound froqhgﬂg transfer base 61to the surface la of a substrate 1; and a
step whereint materials 11 are adhered to the first adhesive |ayer 5.
Hereinafter, each step is explained in detail. [0139] First, on the
surface 6la of a transfer base 61, plural dot-like nmetal filnms 51 which

have, ””Eﬁﬁ%ig%ﬁﬂfﬂ?%h“<%uﬁ%%%ﬁmﬂﬂﬂﬁth&-”@i@ﬁsam

spaced

[0132]

Next, as shown in Fig. 4A, an adhesive material is coated so that the openings 34
are filled using the second member 22 as a mask.  If necessary, a method other than the
coating method can be used.  In this way, plural dot-like first adhesive layers 5 which
have the thickness H and the diameter Fy can be formed on the surface 1a of the substrate
I so that the layers are separated from each other,

Subsequently, the second member 22 is semoved from the surface 1a of the
substrate 1 to expose the surface la.

Then, as shown in Fig. 4B, the core materials 11 are adhered to the first adhesive
laver 3.

{0133]

Subsequently. as shown in Figs 4C to 4E, the second siep, the third step, the
fourth step and the fifth step are performed.  With respect to the second step and steps
subsequent to the second step, detailed explanation of the steps is omitted since the steps

are similar to those of the first embodiment.



47 from each other. An optionally sel ected nethod can be used as the nethod
of formng the filnms. As a material of the netal filmb51l, for exanple, it
is preferable that tin (Sn) be used, and it is particularly preferable that
copper (Cu) be used. The material of t first netal films 51 is not
limted thereto, and other materials nay be used in so far as the

adhesi on-i nparti ng conpound can provi de adhesi veness to the materials. In
addition to copper and tin, as exanples of other materials, for exanple,

~al | oys such askiNhisAugy, fue-sShicahellsNf0 @e fommiaded. [ 0140] Next, as shown
in Fig. 5A, an adhesion-inparting conpound 5b is adhered to the netal filns
51 by the optignaljy selected nethod such as coating. The step is al nost

t he sane as the second step of the first enbodi ment, and therefore detailed

expl anat i ons ecé?a@ngttg%he hanbli bﬁpm@u@mg @@d@:@%@@w@mﬂm@mﬁh egbe@eaynd 5b
whi ch covers t e surface of the netal Ins 51 is folioed. Here, unl’i ke the

Egﬁggfoﬁt ?ﬁﬁ%srsi @H&&%@ﬁgﬁg@g{gﬁﬁ% IR R4 met hod can
i 141 i B
adhesi oni <G G PhH T b Ae tb?ahgﬁli‘fﬁlﬁq?%& et g 5“”#1‘6 fﬁfﬂﬁé@oﬁ; the

substrate 1fromthetransfer base his tj n&@
pr ef er abthe surage tael tb@uﬁ‘ﬂﬁ&'étellasct)tflattth%bé/ﬁ%é‘{? ﬁ%aé?e‘i B 26V 8FEH by a mask 42

(second mask). As the material of the mask 42, a nenber which is_in the
shape of Aecqtlimgly, tarcdie masels Fueanthsreasiheadhgred thdhaisbadhgsivetayens mask,
concretely, stainless, nickel, glass, ceramic and polyner and the |ike can
be ci tedle@brﬂ@ﬁQwtidﬁ\ﬂ%/ﬁﬂdertpbﬁjcﬂmtlerdr@hdliesemmthd: purfaced 1a nf the chbmr as t he
material is not dissolved in water, and has properties wherein the second

adhesi veplayal 1 L3t kspobigble kO hdRe: MR sbﬂd@r pattitiRS €4 thdeefiniOdABE cortlet
Furthernmore, openings 35 (fifth openings) having a dianeter F5 are provided

in the mpgk cé%f %Q%;@ﬂ%{&ﬁ@gsl l%dhgé’ ﬁxhs{ HELhengyepheliftthe et thakkig 70 are

not renove our ste e subsequent steps. Accordingly, the

I f F5 b bl
mater al aubﬁ%% a%ﬁ?%'ﬁé?e%x@rﬁwg I RPRRIC B o T T bR P pess

H of the mask 42. l The di stance G5 between the adjacent
openi ngsswWE<Ef 1g RE hﬁé@f@ mgateight lhe represented by the fol l owing formula
(14), when the thickness of the mask 42 is represented by F1, the dianeter
of the core mak®8Abhls 11 is represented by D and the di arreter of the sol der
particles 14 is represented by d.

According to the producing method of solder balls 70 of the fourth embodiment,

in addition to the effects of the first embodiment, it is possible to form the solder balls 70
wherein the solder laver 15 thereof has a uniform thickness.

[0136]

(Fifth embodiment})

Next, a producing method of solder balls 70 as a fifth embodiment of the present
invention is explained while referring to figures. Fig. 5A to Fig. SE are process drawings
which explain the producing method of solder balls of the fifth embodiment.

[0137]

The method of producing solder balls 70 of the fifth embodiment is schematically
structured such that the method comprises: a first step wherein core materials 11 are

adhered on a surface 5a of a first adhesive layer 5 which is provided on a substrate 1; a




[0144] 2 d+D+2,/1-1(2 d -FD-H G5 (1 4) [0145] Furt her nore,
although it is necessary that he thickness H of the mask 42 be smaller than
the sum of the thickness of the netal film51 and the thickness of the
adhesi on-inparting conpound 5b, it isyparticularly preferable that the
thickness H of the nask 42 be approximately simlar to the thickness of the
metal filmb51. When the thickness H of the mask 42 is |arger than the sum
of the thickness of the nmetal film51 and the thickness of the

adhesi orseconplasi¢y wheremnpeunetl Sthesive layer Wots fpreedpmblesudpscld awh he core

adhesi on-inparting conmpound 5b cannot be transferred to the surface |la of

t he subshi@fifls 11: a thirdlstept Whaeinayldeppartiaks dbure ddkereflite gie sadhexstfithe | ayers 5
are formed on the surface la of the substrate 1 so that they are spaced

from eacfi, gl RhesivéRiybO &l fourth step whitséin thasokibopartities F gre rhliedaoem
materials 11 are adhéred to the surface 5a of the first adhesive |ayers S

Subsequentd, v, 1A% SR d e LEs WRrehindBubdii: PRCOANVE! Bin théigrbhi rd step,

t he four and step are performed. Wth respect to the
second ste% .&gglst_eps subsequent to the second step, detailed explanation
of the sT@S8 omtted since the steps are simlar to those of the first

T thi 5 vay. (HE GO GEIbENTE o Grat ARale urRed bl whelcht fEfREr =2
member is provided on the adhesive layer, from the points where, pefore the first step,
plural dot-like first adhesive layers are formed on the surface of the substrate by
transferring an adhesion-imparting compound to the substrate using a transfer base so that
the layers are spaced from each other.

Although each step is explained below, detailed explanation is omitted with
respect to the steps which are similar to those of the first embodiment.
[0138]

{(First step)

The first step of the fifth embodiment is structured such that the first step
includes; a step wherein dot-like plural metal films 51 (first metal films) are formed on the
surface 61a of a transfer base 61 so that the metal films are spaced from each other; a step
wherein an adhesion-imparting compound 5b (first adhesion-imparting compound) is
adhered to the metai. films: a step wherein a first adhesive layer 5 is formed by transferring
the adhesion-imparting compound from the transfer base 61to the surface 1a of a substrate
1: and a step wherein core materials 11 are adhered to the first adhesive layer 3.

Hereinafter, each step is explained in detail.

[0139]

First, on the surface 6la of a transfer base 61, plural dot-like metal films 51

which have, for example, a thickness of 20 um are formed so that the films are spaced




According to the nethod of producing solder balls 70 of the fifth

enbodi nent, it is possible to adopt the m ni mum anount of the
adhesi on-i nparting conpound 5b which is necessary to formthe first
adhesive layer 5, since the adhesion-tﬁparting conpound 5b is coated on the
dot-like metal film51. Furthernore, since the transfer base is used, it is
possible to handle a finer pattern as conpared with a case wherein the
first adhesive layer 5 is formed nmerely using a mask. [0148]

Furt her b, cdchetfidrr Shnaghiesiliyesclayelr mbthodwabéef oedwrs timmethedadtibymion t he
correct position, since the adhesion-inparting conpound 5b is transferred
to the syrf@ge | asafmihea subat mahenkn vhi toeetdiepis ut lagefetdiofat fie(Gylbst rat e
1 is covered with the nask 42. Furthernore, since the second adhesive | ayer

13 is fognad al?@ﬁ@ﬁﬁgeﬁrgggﬁgéé&@tk ulila;t c\ggbérﬁdu%e s46d acd Aafiall d¥ahs gmt rate

1 is covered w ssiblée to prevent the secon

adhesive oYt ST RGH0S, FEIFLSH Gl 368 Aol 05 ekl 4

Accor di n§jt® event a e sol defr particles 14

to the surface 1 a of the substrate 1. [0149] 50 ..Inth roduci ng
met hod oRdRSSICHEMPRRING CPBIPOHRY R POV ﬂ@hﬁ%‘?"%@%&‘{ the gralrils o g Medo
effects of the fourth enbodinent, it is possible to adjust the |ocation of
the for meeppsoprtbtintesiexamplss &€ eBetmatprals. onayaals. gHopatuck ey NipAsb}->e Si xt h
enbodi nment) Next, a producing nethod of solder balls 70 as a sixth
enbodi memid §f akké@egr esent invention is explained while referring to
figures. Fig. 6Ato Fig. 6E are process draw ngs which explain the
produci ng nmet hpd4gf solder balls 70 of the sixth enbodinment. [0151] The
met hod of producing solder balls 70 of the sixth enbodinent is

schemati cal | y gLfugd 4oeg isush fhah bhQidRIRsiFOBRhpERE: Shas hithatd &1 @P
wherein core materials 11 are adhered on a surface 5a of a first adhesive

e o A B PSR N LinToSREARY. SESESMR iy gecon:
LI ot ehutheleloosel o1 PREUS] ehudntte SENErL! Rubla SRR e,
melted to forma sol der | ayer 15i_and_%jfifth %t%Pw%ﬂ:Q%kgE% gsgigga&ate
i s renoveditadomin Hes »@y ethe ‘adhesion-imparting compound 3
the metal films 51 is formed. Here, unlike the second step of the first embodiment, it is
necessary to adhere the adhesion-imparting compound 5b to the metal films 51, and such a
method can be selected optionally.
[0141]
Subsequently, as shown in Fig 3B, the adhesion-imparting compound 5b is
transferred to the surface 1a of a substrate 1 from the transfer base 61.
At this time, it is preferable that the surface 1a of the substrate 1 be covered by a
mask 42 (second mask).  As the material of the mask 42, a member which is in the shape
of a plate can be used. Furthermore, as the material of the mask, concretely, stainless,
nickel, glass, ceramic and polymer and the like can be cited and used. However, the
material is not limited in so far as the material is not dissolved in water, and has properties

wherein the second adhesive layer 13 is not formed on the surface thereof.

[0142]



materials 11. The sixth enbodinment is different fromthe first
enbodi nent, wherein the first nenber having openings is provided on the
substrate on which the adhesive |ayer is fornmed before the first step, from
the points where, before the first step, plural dot-like nmetal |ayers which
are spaced fromeach other are forned on the surface of the substrate, and
an adhesi on-inparting conmpound is ctated on the second adhesive | ayers to
form an adhesive | ayer. Therefore, although each step is expl ai ned
bel ow, detailed explanation is omtted with respect to the steps which are
simlar to tasieraford hgenfrigs §6 (Efitbadniven havinga diagespis rEpioyided frep)
The first step of the sixth enbodinent is structured such that the first
step i noleunlek 42.a Rtepenimsrisihavenaiomvbekialseldgnbailp 80 aameyaoYs ifhe first
adhesive layer 5 existing on the substrate 1, and as a. previous step to the
first stiegpural s dnddesdesqueat stpep Abjordingy.ahqvales ofiFs k@ Ys1yradly Sbcond net al
films 52 are formed on the surface la of a substrate 1, and a step (n)
wher ei n aadrddie sicatismagyd? of thgcaomptstipld 1{ fthy diemagndel thsddepartiFiAY conpound)
is coated to the exposed second netal filnms 52 to formthe first adhesive
| ayers 34, ddeieithiaficerH obthelmaslt €p is explained in detail. [0153]
First, on the surface la of the substrate 1, plural dot-like netal filnms 52
(second netal[of43d]nms) are fornmed by the optionally sel ected nmethod, so that
the filns are separated fromeach other. Materials used for the netal filns
52 can be sel'Bet distaopt Gohatweyn tamddinentiopsiinash’has ke matk 4Bi920t8F wit h
respect to a solder is preferably used. It is particularly preferable that
t ungst emepbgentaedy heBMdwing formulNek4), veheradk UBkyeshiof dhadkdkirvisng openi ngs
36 (sixth openings) is provided so that the surface la of the substrate 1
i s cover@geshyted he Hyabk disdetes of tthe coraskatgRlngdy ibeensrsevrtay Rirpeihet he first
adhesi ve layer 5 is forned.

diameter of the solder particles 14 is represented by d.

[0144]

2d+D+2JH(2d+D—H) =Gs ce s (1 4)

[0145]

Furthermore, although it is necessary that the thickness H of the mask 42 be
smaller than the sum of the thickness of the metal film 51 and the thickness of the
adhesion-imparting compound 3b, it is particularly preferable that the thickness H of the
mask 42 be approximately similar to the thickness of the metal film 51. When the
thickness H of the mask 42 is larger than the sum of the thickness of the metal film 51 and
the thickness of the adhesion-imparting compound 5b, it is not preferable since the
adhesion-imparting compound 5b cannot be transferred to the surface 1a of the substrate
I

In this way, plural dot-like first adhesive layers 5 are formed on the surface la of

the substrate I so that they are spaced from each other.



The openings 36 having a dianeter F6 are provided in the mask 43. The

openi ngs 36 have functions wherein solder halls 70 are not renpbved in the
fourth step and the subsequent steps thereof Accordingly, the value of F6
can be suitably set according to the djsaneter D of the core materials 11,
the dianmeter d of the solder particles 14, and the thickness H of the mask
43. It is preferable that material used for the mask 43 have properties
wherein the second adhesive layer 13 is not formed on the surface thereof

[ 0155] Hed@, the di stance Go between the adjacent openings 36 can be
represented by the follow ng formula (15), when the thickness of the mask

43 is represented, hyhblvniheigdsamedemadridihel aeradhemt es ilalsarfide dasof the
represented by D and the di aneter of the sol der particles 14 is represented

by d. [ Oigré@ladh%&%'%g%gs]i 1(RinSefae il ©@s Showd # Biks 50%S BE, the secondhed, bier mor e,

al though it 1S necéssary that the thickness of the mask 43 be snaller

than the,s the Hh t Lihe ihieshess of
the fi rslth gg}] Yheqe‘f aygetgrég(%?ds&mq{ﬁgl %%r%g%@{ﬁ)%é preﬁera e t hat et he

t hi ckness H of the abou t th §s of the
second nHEERAD ?tﬂ?f’sgu %quwgﬁqleﬁéc? Sé%élgg?qié fg% %ﬁﬁn%?tﬁ{s?%%% &lﬁ rger than
the sum of the thickness of the il.ms. 52 and t |ckne S. of

adhes e $ingethe Steps grejsynilsito Hrase @E&*@%ﬁsﬁm@@nﬁ?m e§°ﬂ1t1%?ﬁ}t§:tfﬂ ‘Pastko G HaY the
core materials 11 to the surface 5a of the first adhesive |ayer 5. [0158]
Next, asinsteadwnf iha fiFtgoeng’r 24. first adhesive layer 5 is formed so that the

| ayer covers the surface of the netal filnms 52. Wth respect to a nethod of
formng the filnghisadietiveldenlysls 76,ar¢ frenkidr st adhesive | ayer 5 can be
formed by coating or the |like of an adhesion-inparting conpound on the

metal filns 52ﬁ,01§7mlar to the nethod described in the fifth enbodi nent.
In this way, plural dot-like first adhesive |ayers 5 are forned on the

;gr face la of xhe SHPH fdhGeitodor fb@icit &N HAIS SR Bleathif sppB@MAeR, At her .
is possible to adopt the minimum amount of the adhesion-imparting compound 5b which
is necessary to form the first adhesive layer 5, since the adhesion-imparting compound 5b
is coated on the dot-like metal film 51. Furthermore, since the transfer base is used, 1t is
possible to handle a finer pattern as compared with a case wherein the first adhesive laver
5 is formed merely using a mask.

[0148]

Furthermore, the first adhesive layer 5 can be formed more exactly on the correct
position, since the adhesion-imparting compound 5b is transferred to the surface 1a of the
substrate 1 while the surface 1a of the substrate 1 is covered with the mask 42.
Furthermore, since the second adhesive layer 13 is formed on the core material 11 while
the surface 1a of the substrate 1 is covered with the mask 42, it is possible to prevent the
second adhesive layer 13 from being adhered to the surface la of the substrate 1.
Accordingly, it is possible to prevent adhesion of the solder particles 14 to the surface 1a

of the substrate 1.

[0149]



[ 0159] Next, as shown in Fig. 6B, core materials 11 are adhered to
the surface 5a of the first adhesive |layers 5. Subsequently, as shown in
Figs 6C to 6E, the second step, the third step, the fourth step and the
fifth step are performed. Wth respect,to the second step and the steps
subsequent to the second step, detailed explanation of the steps is
omtted, since the steps are simlar to those of the first enbodi nent
except that the mask 43 is used instead of the first nenber 21. In this
way, the sol dein thapioglud@iig arethddorfiveldier pAk6e) in the fifth embodmatinggn Rdditing taret hod
of producing solder balls 70 of the sixth enbodinent, it is possible to

adopt t h@geR¥fEEdMIRNBUME cbodBiear itdh pofsitibe fdjnstheldbatinve thajfemed, since
the first adhesive layer 5 is formed by coating the adhesion-inparting

conpoundg 5 1fs bHqeBPdink kKSm¥RL Bhe pdddep® 52. Furthernore, it is possible to
handle a finer pattern asS conpared Wwth a case wherein the first adhesive

| ayer 5 is for[réggl ]merely usi ng a mask. Furthernore, since the first
adhesi ve | ayer ?s directly forned on the surface of the netal filns 52

existing on the substrate 1, it is possible to prevent the first adhesive
| ayer 5 fron1U§VﬂEeF%Wﬁﬁﬁﬁéﬁ the incorrect position. [0161]

Furt hernore, when tungsten is used as Fa}eriaL f the netal. filnms 52,
even i f a sol diext] apeduginginethodpdsglylet gﬁﬂ ) St BN %?%}Oglm?f}ﬁoﬁfl%ﬁrm“{‘he
solder layer 15 is fornmed in the fourth step, the solder |ayer can, be
easi |y smpentaad exploined aihilgirferringdn figheess oF e 6ApaITS GFOATE PEOCEEY HBYINGR t he
second netal filns 52, the solder balls 70 can be easily renoved. [0162]
Accor di nghich ekplairhe gusiunmgmedthatiofsol deobdidy 7®ef ths sikth ehbodimest. xt h

enbodi nent, in addition to the effects of the fifth enbodinment, it is
possible to adjyyst) the location of the 54 formed solder balls 70 according
to a finer pattern. EXAMPLES

The method of producing solder balls 70 of the sixth embodiment is
schematically structured such that the method comprises: a first step wherein core
materials 11 are adhered on a surface 5a of a first adhesive layer 5 which is provided on a
substrate 1; a second step wherein a second adhesive layer 13 is formed on the surface 11a
of the core materials 11; a third step wherein solder particles 14 are adhered to the surface
of the second adhesive layer 13; a fourth step wherein the solder particles 14 are melted to
form a solder layer 15; and a fifth step wherein the substrate 1 is removed from the core
materials 11.

The sixth embodiment is different from the first embodiment, wherein the first
member having openings is provided on the substrate on which the adhesive layer s
formed before the first step, from the points where, before the first step, plural dot-like
metal layers which are spaced from each other are formed on the surface of the substrate,
and an adhesion-imparting compound is coated on the second adhesive layers to form an
adhesive laver.

Therefore, although each step is explained below, detailed explanation is omitted

with respect to the steps which are similar to those of the first embodiment.



[0163] Hereinafter, the present invention is explained using
exanpl es, but the present invention is not [imted thereto. (Exanple 1)
First, as a substrate 1 to which a first adhesive |ayer 5 was fornmed, a
pol yi m de tape was prepared. Next, as ghown in Fig. 1A a first nmenber 21
made of netal was provided so that the nmenber covered the surface 5a of the
first adhesive layer 5. As the first nenber 21, a nenber having openi ngs 31
(first openings), wherein the dianmeter Fl thereof was 80 um was used.
Furthernore, tldd2di stance between the adjacent first openings 31 was set
to 200 um Here, the thickness of the first nmenber 21 was about 25 [0164]
Next, as shownyHim: §kg). 1A, core materials 11 which were made of copper and
had a dianeter D of 50 p. mwere adhered to the surface 1 a of the substrate

1in an air atPRSRRST Qep AfShalsimh@nibdifentcbr arutired isakls (A ther firsadvered to
the surface la of the substrate 1 is shown in Fig. 7A. [0165] Next ,

as shown, 'ﬂ&c)lgégd st wh@reﬁlec%g@ﬁilaﬁﬁﬁﬁslilvzﬁ la@%‘?i {B3nwasstlansme myercm@mtm%lan

=g . d :
adhesi on™ & conpound on the surface ha of the core materials

Here, as an adhesive so] ution which_ ingl QS QN i ry :
conpound®® Q‘eﬂélﬁﬂ}at s @G ARGLOES PP il%ﬂjegr?&g%gﬁrﬁ%g)gggqug&bggé% (téjo‘?rgegﬁlgd
represented by the aforenent]one eneral, fornmul a. (3 S _pr r erein
R12 t her éajflikesplgrpl spqepd n@qt%dlﬁrr{gfﬁ@%q orjrrgl ‘%hle ?faé%i?\é\g? é@besﬁrt%% g%ﬂy rogen
atom Subsequently, the adhesive solution was adjusted by acetic agid so
that pH $thefidoFhdeiarsdibrson-impariigicHepewy @%SW@ESI%%@%%?W?W&@S
substrate 1 was imersed in the adhesive solution for three mnutes to form
t he secopshiamioaké wepdsad ercoddmetal tihes SUtd fice the rvkdhdseredayess faterial s |1 a.

[ 0166] Subsequently, as shown in Fig. I1C solder particles 14

wherei n the netaleiG@RPQaLH itonisthpnart imasain/ 3. 5Ag and the dianeter d
t hereof was about 10 pm were adhered on the second adhesive |ayer 13. After
that, extra soi(ﬂgg} particles 14 were renoved with an air knife.

First, on the surface la of the substrate 1, plural dot-like metal films 52 (second
metal films) are formed by the optionally selected method, so that the {ilms are separated
from each other. Materials used for the metal films 52 can be selected optionally, and
metal which has wettability with respect to a solder is preferably used. Itis particularly
preferable that tungsten be used.

[0154]

Next, a mask 43 (third mask) kraving openings 36 (sixth openings) is provided so
that the surface 1a of the substrate 1 is covered by the mask. Here, the mask 43 may be
provided after the first adhesive layer 5 is formed. -

The openings 36 having a diameter F are provided in the mask 43. The
openings 36 have functions wherein solder balls 70 are not removed in the fourth step and
the subsequent steps thereof.  Accordingly, the value of F can be suitably set according
to the diameter D of the core materials 11, the diameter d of the solder particles 14, and
the thickness H of the mask 43. It is preferable that material used for the mask 43 have

properties wherein the second adhesive layer 13 is not formed on the surface thereof.



[0167] Next, as shown in Fig. ID, a reflow step was perforned to
foiin a solder layer 15. First, the substrate 1 was heated for twenty
mnutes in an oven at a tenperature of 180C to fix the core material 11 and
the sol der particles 14. Then, a flux (SJ-FL2000, manufactured by Showa
Denko K. K.) was sprayed on the surface of the substrate 1. Subsequently,
the substrate 1 was heated at a ten‘b‘%rature of 240C in a reflovv furnace
for three mnutes in a nitrogen atnosphere, and a sol der |ayer 15 having a
t hi ckness of 5 gmwas fornmed so that the surface Ila of the core materi al
11 was cover gdisdin this way, as showin Fig. 1E, solder balls 70 wherein
the di aneter thereof was about 60 um were manufactured. The sol der balls 70
are shown i n Hirg.the/MBstaf@ 15 BEtweEixthrpilieceR) openings 36 paabe repEseanipl &y e s
expl ained. First, as shown in Fig. 2A, a first adhesive |ayer 5 nade of a
si | i confhimsat: fadhes{1ie wies theokitiedsor the mabdB inreresenpdds tofhegl ass. Then, by
screen printing, a first layer 2la of a first menber, wherein the |ayer was
formed Wdymetcpashecfromasobiddl isremtsnied Wad dndtedianderth Hic sole | ayer covered
the surface 5a of the first 56 adhesive |ayer 5. Here, as the first
| ayer 2parioiks the répressttedriender, a | ayer was used wherein openings 32a (| ower
portion of the second openings), in which the dianeter thereof F2a was 80
gm had been foosdied. [0169] Subsequently, on the first layer 2la of
the first nmenber, a second |ayer 21b of the first nenber, which was nmade of
nmetal, was provided. As the second |ayer 21b of the first nenber, a |ayer
was used wherein opeMper portion of the second openin sﬁs())> in
whi ch the d drlebet 2-Hef 8ot Hi2b Was 88 gm had been forned. * Fur't Hef, re,
when the second | ayer 2b of the first nenber was provided, the position of
the second |l ayer 2b of the first nenber was adjusted so that the center of
t he openings 32a of the first |layer 2la and the center of the openings 32b
of the secondolisiger 21b coincided. Furthernore, the distance & between the
adj acent openi ngs 32b was set to 200 gm [0170] Next, as shown in
Fig. 2A, corefumterdralaghdidhwhi cleesser ahattigahignesop pethe gk hblF a di aneter D
of 50 gm were adhered to the surface la of the substrate 1 in an air
at nos phemetler Thanke am shiovhickmesFoighe @Bl filvs S3aodid thighpesrs S5 1B the first
menber was renoved fromthe first |layer 2la of the first nenber.

adhesive layer 5, it is particularly preferable that the thickness H of the mask 43 be about

20 pum larger than the thickness of the second metal films 52.  When the thickness H of
the mask 43 is larger than the sum of the thickness of the metal films 52 and the thickness
of the adhesive layer 5, it is not preferable since it is difficult to adhere the core materials
11 to the surface 5a of the first adhesive layer 5.

10158}

Next, as shown in Fig. 6A, a first adhesive layer 5 1s formed so that the layer
covers the surface of the metal films 52. With respect to a method of forming the first
adhesive layer 5, the first adhesive layer 3 can be formed by coating or the like of an
adhesion-imparting compound on the metal films 52, similar to the method described in
the fifth embodiment.

Tn this way, plural dot-like first adhesive layers § are formed on the surface la of

the substrate 1 so that they are separated from each other.



[0171] Subsequently, as shown in Fig. 2B, a second adhesive |ayer 13
was fornmed by coating an adhesion-inparting conpound on the surface Ila of
the core materials 11. Here, as an adhesive solution which included an
adhesi on-i nparting conpound, a 2% by mass aqueous sol ution of an

i m dazol e- based conpound represented by t he af orenentioned general fornula
(3) was prepared wherein R12 thereof is an alkyl group of ClII1H23 and Rl11
represents a hydrogen atom Then, the adhesive solution was adjusted 57 by
acetic acid so (ﬂga pH t hereof becanme about 4, and heated to 40C

Subsequent |y, E ubstrate 1 was imersed in the adhesive solution for
three mnutes o formthe [of0) adhesi v r a of
the core nater?‘ﬁ’l‘tsaﬂglg]}gwn[lﬁ%?}%]éﬁj’ core ma gﬁ%@égé%‘n q%%e(aggttﬁs.éﬁsgf“mﬂ#% %P%%E 2C,

sol der particles 14 wherein the netal conpositi t her.eof Sn/;3. 5Ag and
the di ambrérdeesiedreest S waSubisaeanty RS SHP WA %ﬁg?@d%gﬁheﬁ%g\@%c hd™adhesi ve
| ayer 13. Then, extra solder particles 14 were renopved with an air_ knife.
[0173] third stephéhet fours sehawa tienfifkh giep 210, PeEforBed. onVahd BSPReO fasr ¥69Med t o
forma solder |ayer 15. First, the substrate 1 was heated for twenty

M nut es k@pand Mearepatulsschenmes dteurendfsteh8ddatia! diplanarien ebfe sigat &rial 11 and
the solder particles 14. Then, the flux was sprayed on the surface of the

subst r at gledVette theR&pS URSsikdbeothweDf ieafiedeabodineenpeepitthat¢honagddoC in a
reflow furnace for three mnutes in a nitrogen atnosphere, and a sol der

| ayer 15 ,having: igness: fknpePm was fornmed so that the surface Ila of
t he core4th@gs[%sglg§?stéf?0\?vas C(f')vermed.e In this way, solder balls 70 wherein the

di anet er therepf  was_ ahout nandf actured. [0174] (Exanpl e 3)
Next, Exanple ‘i@‘@@’pﬁ%sr%%?b%ﬁ%r@gs a substrate 1 to which a first

adhesi ve | ayer 5 s formed, a poly mde tape was prepared as a substrate
|. Then, as shBW®% n Fig. 3A, a first nenber 21 nade of netal was provided
so that the nenber covered the surface 5a

cov of l'L&Refir_st adgesiv.lae 5. As
the first nmembéccadingdo dnpethod b pragusing seldeibatis 7§01 B Skxf Fmbﬁg{nﬁeﬁ’di anet er
F3 thereof was 70 umwas used. Furthernore, the distance between the
adj acent if passiblecopedoptgse Biniwasn gspuntef aggerahof the first adhesive layer 3, since the
first adhesive layer 5 is formed by coating the adhesion-imparting compound 3b on the
dot-like metal films 52. Furthermore, it is possible to handle a finer pattern as compared
with a case wherein the first adhesive layer 5 is formed merely using a mask.
Furthermore, since the first adhesive layer 5 is directly formed on the surface of
the metal films 52 existing on the substrate 1, it is possible to prevent the first adhesive

layer 5 from being formed at the incorrect position.

[0161]

Furthermore, when tungsten is used as a material of (he metal films 52, even if a
solder layer 15 is adhered to the second metal {ilm when the solder layer 15 is formed mn
the fourth step, the solder layer can be easily separated. Accordingly, when the solder

balls 70 are formed on the second metal films 52, the solder balls 70 can be easily

removed. [0162]

According to the producing method of solder balls 70 of the stxth embodiment, in

addition to the effects of the fifth embodiment, it is possible to adjust the location of the



58 [0175] Next, as shown in Fig. 3A, core materials 11 which were
made of copper and had a dianmeter D of 50 gmwere adhered to the surface 1
a of the substrate 1 in an air atnosphere. After that, as shown in Fig. 3B,
the first nenber 21 was renoved Subsequently, as shown in Fig. 3C, a
first mask 41 which was formed with gl2ks particles having a di aneter of
about | um was adhered so that the nmask covered the surface 5a of the first

adhesi ve Iayer 5. [0176] Next, as shown in Fig. 3D, a second
adhesi ve Oﬁ'ﬁell %iaR adhesion parting conpound on the
surface If? Soft%e\é@?)sr{emér%%?%rl%ﬁ gd 1. IBHere as an adhesi ve sol ution which

i ncl uded an adheS| on-inparting conpound, a 2% by nmass aqueous sol ution of
an i m dazol e-based conpound represented by the aforenenti oned general
formula (3) wa;gé:xegared wherein R12 thereof is an al kyl group of CIIH23
and R 11 repre E ydr ogen atom Subsequently, the adhesive solution
was adj usted by acetic acid so that pH thereof becane about 4, and was
heated to 40C [B#b$equently, the substrate 1 was inmersed in the adhesive
solution for three mnutes to formthe second adhesive |ayer 13 on the
surface |l a of Hehgnafarethegiresenabettan iy OPrathed using exsupkeqbrenthe ypresgst shown
in Fig. 3E, solder particles 14 wherein the netal conposition thereof was
Sn/ 3. 5AQ ;gheiibh e Ht &RRlegihd@etbher eof was about 10 um were adhered on the
second adhesive | ayer 13. Then, extra solder particles 14 were renoved with
an air knife. Zﬁd Next, as shown in Fig. 3F, a reflow step was
performed to form so' der layer 15. First, the substrate | was heated for

SR I I e e

material 11 an par icles |'ux ‘was sprayed on the
surface of the substrate 1 Subsequeb the Str t a
t enper at (3RS WES pUPEin aSF%@FéaP‘?%r‘% & ¥y f I!#é rﬂﬁef‘fe)tiersn\%?é g%?]%@ﬁggsen
at nosphere, and a sol der |ayer 15 having a_thi %k\%gss%@e_ !1]8 forned
so that thevidek seibet e anesmbor Kevared et iaRs 31 Ohheds At eliver B ¢ %hf‘way,
sol der balls 70 wherein the dianeter thereof was about 60 um were
manuf act dirgidnember 21, a member having openings 31 (first openings), wherein the diameter F,
thereof was 80 um, was used. Furthermore, that distance between the adjacent first
openings 31 was set to 200 um. Here, the thickness of the furst member 21 was about 25
pm.
[0164]
Next, as shown in Fig. 1A, core materials 11 which were made of copper and had

a diameter D of 50 pm were adhered to the surface la of the subsirate 1 in an air
atmosphere. A state where the core materials 11 were adhered to the surface 1a of the
subsirate 1 is shown in Fig. 7A.

[0165]

Next, as shown in Fig. 1B, a second adhesive layer 13 was formed by coating an
adhesion-imparting compound on the surface 11a of the core materials 11.  Here, as an
adhesive solution which included an adhesion-imparting compound, a 2% by mass
aqueous solution of an imidazole-based compound represented by the aforementioned

general formula (3) was prepared wherein R12 thereof is an alkyl group of CriHas and R11



[0179] Next, Exanple 4 is explained. First, a substrate 1 nade of gl ass was
pr epar ed. Subsequently, as shown in Fig. 4A, a nenber 22 (second
menber) made of nmetal having a size of 5 gmwas provided so that the
surface la of the substrate | was covered. Here, as the menber 22, a nenber
was used wherein openings 34 (fourth openings), in which the dianeter
thereof F4 was 25 um had been fornmed Furthernore, distance between the

adj acent openings 34 was set to 200 um Furt hernore, using the

member 22 as atsfﬁgﬂsdrg%ﬂsggw 3§ﬂb§éiqﬂeqtﬁ¢fh§3§cﬁnifﬁbg ﬁ(ﬂﬁﬁ@ﬁ o4 adheet e Meg

coat ed sO“H'Hi openi ngs were Is way, the first adhesive

| ayer 5 wherein t t hi ckness H t her eof an | r 5tim
was f or meGR PR SRR ST d SUgtRR g 4T o ube TR el
shown in Fig. 4B, core materials 11 ich were made of copper and. had a

di amet er 1Dwas iBmerseinipdiceadharize eofubign defetheqs, FRLECY i g’fmttﬁg nggtq%g?sével in
an air atnosphere. [0181] Subsequently, as shown in Fig. 4C a
second adfesildenlthyanfaeg] wmel theeoedndyriddatd-ng an adhesi on-inparting
conpound on the surface Ha of the core materials 11, Here, as an adhesive
sol ution whi chjomdjuded an adhesi on-inparting conpound, a 2% by 60 mass
aqueous sol ution of an im dazol e-based conpound represented by the

af or ement i oned g@aguakhtyf osmtcvi( 3n Mas 10, epadd@dpatieieei B RilZrdihetheafetab an
al kyl group of ClH23 and R11l represents a hydrogen atom Then, the adhesive

sol ution c%e@iﬂgﬂ%Bﬁgoib%a?@ﬁhi.ﬁxg%ﬁl 18O didhddtePl thfieb e Qfas B0 aROWered, and
. y

heated to ubsequent the substrate I was i mersed in the adhesive

solution for three m nut - f.0 he s ad ' :

cur face 29858 G fiecoasthE SahRule e 13, RESEIRTARA SGIGLHRRICIR PEERE
Fig. 4D, solder particles 14 wherein the netal conposition thereof was
Sn/ 3. 5Ag f@ﬁﬂ‘”?%@“&ﬁ‘éﬁ%ﬂ‘@’rﬁ-d t hereof was about 10 gm were adhered on the
second adhesive | ayer 13. Then, extra solder particles 14 were renoved with
an air knife. [0167]

Next, as shown in Fig. 1D, a reflow step was performed to form a solder layer 15.
First, the substrate 1 was heated for twenty minutes in an oven at a temperature of 180°C
to fix the core material 11 and the solder particles 14. Then, a flux (SJ-FL2000,
manufactured by Showa Denko K.K.) was sprayed on the surface of the substrate 1.
Subsequently, the substrate 1 was heated at a temperature of 240°C in a reflow furnace for
three minutes in a nitrogen atmosphere, and a solder layer 15 having a thickness of 5 pm
was formed so that the surface 11a of the core material 11 was covered. In this way, as
show in Fig. 1E, solder balls 70 wherein the diameter thereof was about 60 um were
manufactured. The solder balls 70 are shown in Fig. 7B.

[0168]

(Exampie 2)

Next, Example 2 is explained.  First, as shown in Fig. 2A, a first adhesive layer
5 made of a silicon.-based adhesive was coated on a substrate 1 made of glass. Then, by
screen printing, a first layer 21a of a first member, wherein the laver was formed by a

paste for solder resist, was formed so that the layer covered the surface Sa of the first



[ 0183] Next, as shown in Fig. 4E, a reflow step was perforned to
forma solder |ayer 15. First, the substrate | was heated for twenty
mnutes in an oven at a tenperature of 180C to fix the core material 11 and
the sol der particles 14. Then, the flux was sprayed on the surface of the
substrate |I. Next, the substrate 1 was®heated at a tenperature of 240Cin a
refl ow furnace for three mnutes in a nitrogen atnosphere, and a sol der

| ayer 15 having a thickness of 5 gmwas formed so that the surface 11 a of
t he coredﬁgﬁgéi erkl was covered. In this way, solder balls 70 wherein the
di anet er 'Théreof” was about 60 pm were manufactured. [0184] (Exanple 5)

cubstrate b1, Fete & MaifE Toyer AR pe il B RS L aft Fur L MBben,

substrate 61, Al % 1’1 ns copper a aving a

t hi ckness of 18 gmwere fornmed. Here, .a pattern of .th tal, filns .51 was
et “t o’ havenBEIPIHPEF BHTPB rihe srand OrBnasls o ity e RaRte IR den
patterns of the netal |ayers 51 was set to 200 gm Furthernore, as a

subst r at evak, 80ams.tsdtbeent ®rRed used wherein the surface |la thereof had been
covered with a mask 42 (second mask 42) having a thickness H of 18tun. As
the mask 42, aloE®k was used wherein openings 35 (fifth openings), in which
the dianmeter thereof F5 was 70 gm had been forned. Furthernore, the

di stance bet weshbidaaeralj a6 e fisphwertis @hovisst semmlicn 2000giaygrRI$5]f the
Next, an adhesion-inparting conpound 5b was adhered on the surface of the

metal filgnShembe Shi@Swamadhes ke Sehdpiovidedhi Rk thostdsaadagn 21b of the
adhesi on-1 nparting conpound, a 2% by mass aqueous sol ution of an

(3) was. o RE Y e P PP B et 1

(3) was wher €l ereof I1s an a up of Cl1H23 and Rl 1

represents a hydrogen atom Subsequent | adhesiLve ti
adj ust ed 015’9“’38ét l“c‘glgiﬁli’ gles‘g]ajpﬁtgf ﬁ}ﬁ%’(?ﬁiébr é%% g@@cmagﬁ%g%%nu@ﬁ%&!anﬁnhﬁggﬁg to
40C. Subsequently, the substrate. 1 was. i mersed.in the adpesi sol utjon
for ten nyhvities seepnddaey &bt @ﬂfethécflifé%f"@ﬂl-hew&?tﬁr?\‘{jd%r{g%ﬁﬂﬂ ‘%’E)O%Iﬁleﬁ?@o% rface
of the metal film 51. Subsequently, as shown in Fig. 5B, the
adhesi onJaymabtof thy fosipouhd S adissted snbriche santey onthe RECHPE YRS Bt r at e
61 to the surface la of the substrate 1 to formthe

layer 21a and the center of the openings 32b of the second layer 21b coincided.

Furthermore, the distance G, between the adjacent openings 32b was set to 200 pm.

[0170]

Next, as shown in Fig. 2A, core materials 11 which were made of copper and had
a diameter D of 50 um were adhered to the surface la of the substrate 1 in an air
atmosphere. Then, as shown in Fig. 2B, the second layer 21b of the first member was
removed from the first laver 21a of the first member.

[0171]

Subsequently, as shown in Fig, 2B, a second adhesive layer 13 was formed by
coating an adhesion-imparting compound on the surface 1la of the core materials 11,
Here, as an adhesive solution which included an adhesion-imparting compound, a 2% by
mass aqueous solution of an imidazole-based compound represented by the
aforementioned general formula (3) was prepared wherein R12 thereof is an alkyl group of

Cy:Hy; and R11 represents a hydrogen atom. Then, the adhesive solution was adjusted



first adhesive layer S. [0186] Next, as shown in Fig. 5C, core
materials 11 which were nade of copper and had a dianeter D of 50 gm were
adhered to the surface la of the substrate 1 in an air atnosphere.
Subsequently, as shown in Fig. 5C, a second adhesive layer 13 was formed by
coating an adhesion-inparting compound®®n the surface 1 la of the core
materials 11. 62 [0187] Next, as shown in Fig. 5D, solder particles
14 wherein the netal conposition thereof was Sn/3.5Ag and the dianmeter d

thereof was ahopty %@g{éﬂ}iﬂﬁﬁ&e@m%ﬁ@l a8fuithans 8eand 1adiresi \wabkaypentiy 3hdhen,

ﬁétra sol ﬁr parti 4 were renoved with an air knife. [0188]
xt, as in Fi.g. 5E.. f - St S r QR r
I f[ayert 15.5%—5%? t! “faﬁé%%%%%tdr@ttég i‘h%@%s‘%h%g%t% ;Fogf{ﬁ{egenﬂiﬁgte%?%fat es t%'%:nﬁg}r)llgcgven
at a tenperature of 180C to_fix the core terjal, 11 and the sol der
parti cl eddhegvetpys 1308dng flﬁﬁacﬁgéag NS et Igﬁtepﬁfgqéﬁ‘rface of the substrate 1.
Next, the substrate | was heated at a tenperature of 240C in a reflow
furnace for_th{(é‘e?zﬂn nutes in a nitrogen atnosphere, and a sol der |ayer 15
having a thickness of 5 pmwas formed so that the surface |la of the core
material 11 waSubweeersly, dsnshaws imajig 261 dwldgsapaclzs Whavsren tthe @edhet er
t hereof was about 60 um were nmanufactured. [0189] (Exanple 6)

composition thereof was Sn/3.5Ag and the diameter d thereof was about 10 pm were

adhered on the second adhesive layer 13. Then, extra solder particles 14 were removed
with an air knife.

[6173]

Next, as shown in Fig. 2D, a reflow step was performed to form a solder layer 13.
First, the substrate 1 was heated for twenty minutes in an oven at a temperature of 180°C
to fix the core material 11 and the solder particles 14.  Then, the flux was sprayed on the
surface of the substrate 1. Next, the substrate 1 was heated at a temperature of 240°C in
a reflow furnace for three minutes in a nitrogen atmosphere, and a solder layer 15 having a
thickness of 5 um was formed so that the surface 11a of the core material 11 was covered.
In this way, solder balls 70 wherein the diameter thereof was about 60 pum were
manufactured.

[0174]

(Example 3)

Next, Example 3 is explained. First, as a substrate 1 to which a first adhesive
layer 5 was formed, a polyimide tape was prepared as a substrate 1. Then, as shown in
Fig. 3A, a first member 21 made of metal was provided so that the member covered the
surface 5a of the first adhesive layer 5. As the first member 21, a member having first
openings 31 wherein the diameter F; thercof was 70 pm was used. Furthermore, the

distance between the adjacent first openings 31 was set to 200 pm.



Next, Exanple 6 is explained. First, as showm in Fig. 6A, dot-like pattern
was printed with a tungsten paste on a surface la of a substrate 1 made of
al um na by screen printing. Then, the tungsten paste was fired to form
dot-like netal filns 52 (second netal filnms) made of tungsten. Here, the
pattern of the netal film52 was set t® have a dianeter of 25 gm and the
di stance between the adjacent patterns of the netal filns 52 was set to 200
gm [0190] Next, a mask 43 (third mask) was provided so that the
mask covered tfhgssurface la of the substrate 1. 63 Here, as the
mask 43, a mask was used wherein openings 36 (sixth openings), in which the

di ameter ther fﬁ %tg%% a3, /9 193 fgacgré)&ﬁﬂ%rmrlqgwglaicgﬁe%;ﬁ%{f%e@optp@?aw ®iqance

bet ween the ad openi ngs was set to ernore, the
position of the sk 43 was adj usted sq that. t he dot i are:; ret al
films 528 ‘E?(’?lgtﬁ’éﬁ é’tl% . é‘mcé”ﬁfeej?&l?fecpﬁ%?]&%éﬂﬁf%(gs?%é& tﬁ%%ﬁ&@} il %}E}f , an
adhesi on-i nparting conpound (first ,adhesé}oP-i rgrrparti gﬂ cog%(])un ) was adhered
on the saifespkeref AR et ap siawmie B Sdpetirsy megiber 4h &85 JENTSEut i on whi ch

i ncl uded an adhesi on-inparting conpound, a 2% by nmass aqueous sal ution of
an i ni dazol e- bSsetquotiyoanshovapnddgrilad st prask 41 oveerones SRR JaHeelass
formula (3) was prepared wherein R12 thereof is an al kyl group of Cl1H23
and R11 pepicRsaalingaa hiygnageof acmnl Subsasudheiey,sot thet tehwsily cowstditticon was
adj usted by acetic acid so that pH thereof becane about 4, and was heated

to 40C. gubseguenrtihe/sirst AesvbEiEai e | was i mersed in the adhesive sol ution
for ten mnutes, and the first adhesive |layer 5 was fornmed on the surface

of the netal fwal% 2, as shown in Fig. 6A. [0192] Next, as shown in
Fig. 6B, core terials 11 which were nmade of copper and had a dianeter D

of 20 gm wer e adlierodh i 1145 £5E0AA HRGR: BRI VR fOBHES b5 chilirBfiae! T

at nosphere. a second adhesi Ve | ayer

13 was formed by coating an agdhesi on-.i nparti conpound. on,the,surfagce 1 1
2 of t headgrnmaarit ©omoind opgly Surface Tapfthe ol Balstial L mHESE ML o) g
particles 14 wherein the netal conposition thereof was ‘gng.g@g and the
di anet er adhashier edfitiomsvhido urcludedg A vadhesigRHRPREINE nCYRI WL Snd A dl eTitte

| ayer 13. Then, extra solder particles 14 were renoved with an air,
aqueous solution of an imidazole-based compound represented by the aforémentioned

general formula (3) was prepared wherein R12 thereof is an alkyl group of C);Hzs and R11
represents a hydrogen atom.  Subsequently, the adhesive solution was adjusted by acetic
acid so that pH thereof became about 4, and was heated to 40°C. Subsequently, the
substrate | was immersed in the adhesive solution for three minutes to form the second
adhesive layer 13 on the surface 11a of the core materials 11a.

[0177]

Subsequently, as shown in Fig. 3E, solder particles 14 wherein the metal
composition thereof was Sn/3.5Ag and the diameter d thereof was about 10 pm were

adhered on the second adhesive layer 13, Then, extra solder particles 14 were removed

with an atr knife.

[0178]

Next, as shown in Fig. 3F, a reflow step was performed to form a solder layer 15.

First, the substrate 1 was heated for twenty minutes in an oven at a temperature of 180°C




64 knife. [0194] Next, as shown in Fig. 6E, a reflow step was
performed to forma solder layer 15. First, the substrate 1 was heated for
twenty mnutes in an oven at a tenperature of 180C to fix the core nateri al
11 and the solder particles 14. Then, the flux was sprayed on the surface
of the substrate |. The substrate 1 wa8°heated at a tenperature of 240C in
a reflow furnace for three mnutes in a nitrogen atnosphere, and a sol der

| ayer 15 having a thickness of 5 umwas fornmed so that the surface 1la of

the core il end alre hiat lﬁf%}ﬁgrilﬁdsoléé?gtaﬂio?esw, TRhige el sphhyaleneian the

di anmeter thereof was about 60 um were manufactured. [0195] In the

Its of Ex 1.1 : L] f i gl t
Cesul e STy behg P SBLADRO e Skl POUE RE Bl EnddatBSonet
15 t formed. | NDUSTRI AL APPLI.CABILITY.[0196 A ' th
af or omenSHHolh RerHBHLa CEgE: SHder TbaeosrD daronges sNEdo Rt ot |
usi ng high-mel ting-point solder which includes a |large amount of | q
Accor di ndfyhaving 4 @rcﬁeg@icﬁ ISett JvagdRmBe ks hatde Wafars | %O@ﬁﬁ CRT Iﬁetﬁﬂﬁg] -

absolutely no | ead. Therefore, a ray is not emtted fromPb which is

i ncl uded was cavsed.dein thismay, Acldor blillsgiOywhérein; the gowsitdsi thereof yaeshayt 60 pm

mal f uncti on of el ectronic conponents - which is caused by a ray.

Fur t her meyegs mahin@ensd der balls 70 which include core materials 11 as cores
t hereof can be manufactured at a | ow cost, problens can be solved at | ow
cost wherein the7aei ght of a sol der bunp becomes non-uniformor wherein a
chip is sunk when reflow is perforned when the chip is nounted. The

20 T IR S LIVERED 5y S BRIk faae
I ntegration angugsi.eaﬂer{tﬁfl, Easas gountix F‘%@’h&% rgérggér%d(sg%nh%e%eﬁﬁ%e SiThadi ment .
having a size of 5 pm was provided so that the surface 1a of the substrate 1 was covered.
Here, as the member 22, a member was used wherein openings 34 (fourth openings), in
which the diameter thereof Fy was 25 pm, had been formed. Furthermore, distance
between the adjacent openings 34 was set to 200 um.
Furthermore, using the member 22 as a mask as shown in Fig. 4A, a silicon-based
adhesive was coated so that the openings 34 were filled. In this way, the first adhesive
layer 5 wherein the thickness H thereof was 5 pm and diameter F4 was 25 um was formed
on the surface 1a of the substrate 1.
[0180]
Next, as shown in Fig. 4B, core materials 11 which were made of copper and had
a diameter D of 50 um were adhered to the surface la of the substrate 1 in an air
atmosphere.
[0181]
Subsequentiy, as shown in Fig. 4C, a second adhesive layer 13 was formed by
coating an adhesion-imparting compound on the surface Ila of the core materials 11,

Here, as an adhesive solution which included an adhesion-imparting compound, a 2% by




The purpose of the present invention is to provide a producing nmethod of

sol der balls which can be applied to the formation of fine patterns and can
be formed at a | ow cost. Brief Description of Reference Synbols 1:
Substrate | a: Surface of the substrate 5: First adhesive | ayer 5a:
Surfaces of the first adhesive |ayer 58 First adhesion-inparting conpound
11: Core material 11 a: Surface of the core material 13: Second adhesive

| ayer 14: Sol der particle 15: Solder layer 21: First nmenber 2la First

layer of ;Lhe B&L{eﬁﬁs MeSREEn 230 apeGRnfzbBREe@f cdifoifndr StepREIHRRT by the
aforementioned general formula (3) was prepared wherein R12 thereof is an alkyl group of
CyHas and R11 represents a hydrogen atom. Then, the adhesive solution was adjusted
by acetic acid so that pH thercof became about 4, and heated to 40°C. Subsequently, the
substrate 1 was immersed in the adhesive solution for three minutes to form the second
adhesive layer 13 on the surface 11a of the core materials 11a.

[0182]

Next, as shown in Fig. 4D, solder particles 14 wherein the metal composition
thereof was Sn/3.5Ag and the diameter d thereof was about 10 pm were adhered on the
second adhesive layer 13. Then, extra solder particles 14 were removed with an air
knife.

[0183]

Next, as shown in Fig. 4E, a reflow step was performed to form a solder layer 15.
First, the substrate 1 was heated for twenty minutes in an oven at a temperature of 180°C
to fix the core material 11 and the solder particles 14, Then, the flux was sprayed on the
surface of the substrate 1. Next, the substrate 1 was heated at a temperature of 240°C in
a reflow furnace for three minutes in a nitrogen atmosphere, and a solder layer 15 having a
thickness of 5 um was formed so that the surface 11a of the core material 11 was covered.
In this way, solder balls 70 wherein the diameter thereof was about 60 pm were
manufactured.

[6184]

(Example 5)

Next, Example 5 is explained. First, on a surface 61a of a transfer substrate 61,
metal films 5 (first metal films) made of copper and having a thickness of 18 um were

formed. Here, a pattern of the metal films 51 was set to have a diameter of 25 um, and a




22 Second menber 31: First opening 32a: Lower portion of the second opening
32b: Upper portion of the second opening 33: Third opening 66 34: Fourth
opening 35 Fifth opening 36: Sixth opening 41: First nmask 42: Second mask
43: Third mask 51: First netal filn15%ﬁ Second netal film61: Transfer base

distance between the adjacent patterns of the metal layers 51 was set to 200 pum.

Furthermore, as a substrate 1, a substrate was used wherein the surface 1a thereof
had been covered with a mask 42 (second mask 42) having a thickness H of 18um.  As
ﬁw&m&41am%kwwu%dM&mmommmg35Gﬁmommmngnmmhme&mm%r
thereof Fs was 70 um, had been formed. Furthermore, the distance between the adjacent
openings 35 was set to 200 pm.

[0185]

Next, an adhesion-imparting compound 5b was adhered on the surface of the
metal film 51. Here, as an adhesive solution which included an adhesion-imparting
compound, a 2% by mass aqueous solution of an imidazole-based compound represented
by the aforementioned general formula (3) was prepared wherein R12 thereof is an alkyl
group of CpHz: and RI11 represents a hydrogen atom. Subsequently, the adhesive
solution was adjusted by acetic acid so that pH thereof became about 4, and heated to
40°C. Subsequently, the substrate 1 was immersed in the adhesive solution for ten
minutes to adhere the adhesion-imparting compound 5b to the surface of the metal film
51.

Subsequently, as shown in Fig. 5B, the adhesion-imparting compound 5b was
transferred from the transfer substrate 61 to the surface ta of the substrate 1 to form the
first adhesive layer 5.

[0186]

Next, as shown in Fig. 5C, core materials 11 which were made of copper and had
a diameter D of 50 pm were adhered to the surface la of the substrate 1 in an air
atmosphere.

Subsequently, as shown in Fig. 5C, a second adhesive layer 13 was formed by

coating an adhesion-imparting compound on the surface 11a of the core materials 11.



6la: Surface of the transfer base 70: Solder ball Fl1: D aneter of first
opening F7a: D aneter of the |ower portion of the second opening F2b:

D ameter of the upper portion 32b of the second opening F3: Dianeter of the
third opening F4: D aneter of the fourth opening F5: D anmeter of the fifth
opening F6: Diameter of the sixth openPhg D Particle diameter of a core
;n;terial g: Particle dianeter d of a solder particle r: D aneter of the

i rst mas

[0187]

Next, as shown in Fig. 5D, solder particles 14 wherein the metal composition
thereof was Sn/3.5Ag and the diameter d thereof was about 10 um were adhered on the
second adhesive layer 13. Then, extra solder particles 14 were removed with an air
knife.

[0188]

Next, as shown in Fig. 5E, a reflow step was performed to form a solder layer 13.
First, the substrate 1 was heated for twenty minutes in an oven at a temperature of 180°C
to fix the core material 11 and the solder particles 14,  Then, the flux was sprayed on the
surface of the substrate 1. Next, the substrate 1 was heated at a temperature of 240°C in
a reflow furnace for three minutes in a nitrogen atmosphere, and a solder layer 15 having a
thickness of 5 um was formed so that the surface 11a of the core material 11 was covered.
In this way, solder balls 70 wherein the diameter thereof was about 60 pm were
manufactured.

[0189]

(Example 6)

Next, Example 6 is explained. First, as shown in Fig. 6A, dot-like pattern was
printed with a tungsten paste on a surface la of a substrate 1 made of alumina by screen
printing. Then, the tungsten paste was fired to form dot-like metal films 52 (second
metal films) made of tungsten. Here, the pattern of the metal film 52 was set to have a
diameter of 25 um, and the distance between the adjacent patterns of the metal films 52
was set to 260 um.

[G190]

Next, a mask 43 (third mask) was provided so that the mask covered the surface

la ofthe substrate 1.



MCSLLP 67 CLAIMS 1. A method of producing solder balls, conprising: a
first step wherein core materials are adhered to a first adhesive |ayer
provided on a surface of a substrate; a second step wherein an
adhesi on-inparting conpound is coated on the surface of the core materials
to forma second adhesive |ayer; %33 third step wherein sol der
particles are adhered to the second adhesive | ayer provided at the surface
of the core materials; a fourth step wherein the solder particles

are nelted to fHé!’ré“a@tMﬁsﬂMj ayaskopad iR dsuiidréis pehinhds caxé opehmpdabs; and
a fifth step wheréin the substrate is removed fromthe core materials to

obtal n S%ﬂ&%&aﬁﬁﬁe&%tl}ereof FI Ras R gﬁ?&d hed b@é}?ﬁﬂﬁﬂe@g F&h}%ﬁloﬁza'ﬂhesdi@ﬁﬁ@d di ng

to daim erern e core materials are nade of . 3. The nethod of

br oduci ng_sol der, ball s aseandl 99,40 . ol d By %urtﬁﬂ‘?&cﬁh”th% N6s1Bh 9%

conpri se tep, Br evious’ st e rein a |rst menber

havi ng openln S to expose rt. of the surface of..the,fir esi | ayer
i s provi dask W?&#@W%%%“H@ﬁ@@?@@mk3@@&‘MENE3EFF£fﬂWﬁ§2p?%§?% PQEFSM%Tthg
core materials are adhered to the surface of the first adhesive Iayer

whi ch i s oftipossdinge df t he openings, in the first step. 4. The nethod of
produci ng sol der balls according to Claim3, wherein the first nenber
consists of a f¢rdf | ayer and a second | ayer;

Next, an adhesion-imparting compound (first adhesion-imparting compound) was
adhered on the surface of the metal films 52. Here, as an adhesive solution which
included an adhesion-imparting compound, a 2% by mass aqueous solution of an
imidazole-based compound represented by the aforementioned general formula (3) was
prepared wherein R12 thereof is an alkyl group of Ci;1Ha; and R11 represents a hydrogen
atom. Subsequently, the adhesive solution was adjusted by acetic acid so that pH thereof
became about 4, and was heated to 40°C.  Subsequently, the substrate 1 was immersed in
the adhesive solution for ten minutes, and the first adhesive laver 5 was formed on the
surface of the metal film 52, as shown in Fig. 6A.

[0192]

Next, as shown in Fig, 6B, core materials 11 which were made of copper and had
a diameter D of 50 pm were adhered to the surface of first adhesive layer 5 in an air
atmosphere.

Subsequently, as shown in Fig. 6C, a second adhesive layer 13 was formed by
coating an adhesion-imparting compound on the surface 11a of the core materials 11,

[0193]

Next, as shown in Fig. 6D, solder particles 14 wherein the metal composition
thereof was Sn/3.5Ag and the diameter d thereof was about 10 pm were adhered on the

second adhesive layer 13. Then, extra solder particles 14 were removed with an air



MC SL.LP 68 the previous step wherein the first nmenber is provided
on the first adhesive |ayer conprises: a step wherein a first |ayer
of the first nmenber, wherein the first |layer has openings, is provided on
the first adhesive |ayer, and a step wherein a second | ayer of the
first -menber, wherein the second Iayeﬁ”has openi ngs whi ch have a snaller
di aneter than that of the openings of the first layer, is provided on the
first layer of the first nmenber so that the center of the openings of the
first | aygk. and the center of the openings of the second | ayer coincide,
and the nethod further conprises, between the first step and the
second step, a[ b wherein the second | ayer of the first nmenber is renoved
fromthe first Ia%gr of the first nmenber. 5. The nmethod of producing

sol der balls agcordi to Clai wapIEL Ll ATEL NS4 PARS i SES,
bet ween t he fialr%?ft’ g&%@%wgﬁa%lﬁe@gég%ﬁ@ﬁg ggmtshﬁ% Q‘gg’s{‘@% av\hsﬁereei the first
menber is renoved fromthe surface of the first adhesive | ayer o

a step whibel§ %bﬁﬁ’é‘k}\f@l‘ﬁsiﬁa‘i‘?ggo’ét‘ﬁ?@n‘élfwess%% Y gﬁerp}g‘eerX@ i 8§g§ebsg of
the first nmenber is adhered to the surface of the fl‘?r/ t adhesi ve Ia%/]er SO

that t hetoris Kecesvenaternb | kand Bssolsier puaicks ddt  dmedns Bux 278 sorayibeRily ¢ he

mask consists of particles. 6. The nethod of producing solder balls
accor di ngurfawe @fahensubstrate2 . wWhee sihstrateel mias hedied giinsr icapsrata b rdfhenf r st
step, a previous step wherein plural dot-like adhesive |ayers, which are
used as IR fisicedoneséevidu@sen a Miregdqr awiodpltbramntihesobder iace 16fhaving a
substrate so that the dot-1ike adhesive |ayers are separated from each
other. Mgl &% um was formed so that the surface 11a of the core material 11 was covered.

In this way, solder balls 70 wherein the diameter thereof was about 60 pm were

manufactured.

{0195]

In the results of Examples 1 to 6, falling off of the core materials 11 was not
observed. Furthermore, no core material was observed wherein a solder layer 15 was not
formed.

INDUSTRIAL APPLICABILITY

[0196]

According to the aforementioned methods, suitable solder balls 70 can be formed
without using high-melting-point solder which includes a large amount of lead.
Accordingly, it is possible to achieve solder balls 70 which include absolutely no lead.
Therefore, o ray is not emitted from Pb which is included in a solder bump. Accordingly,
it is possible to prevent malfunction of electronic components which is caused by o ray.

Furthermore, since solder balls 70 which include core materials 11 as cores
thereof can be manufactured at a low cost, problems can be solved at low cost wherein the

height of a solder bump becomes non-uniform or wherein a chip is sunk when reflow is

performed when the chip is mounted.  The producing method of the present invention is




7. The nethod of producing solder balls according to Caim®6, wherein the
previous step, which forns the first adhesive |ayer, conprises a step
wherein a second nenber, which has dot-Ilike openings to expose a part of
the surface of the substrate, is provig¢ged on the substrate, and a step
wher ei-n an adhesive material which for the first adhesive |ayer is
coated, using the second nenber as a nask, to formthe plural dot-Iike
adhesive |l ayers which are the first adhesive |layer. 8. The nethod of
produci ng,is@ldesr Patdessanaaedi nghdt dedaiitnequipnteat eitiict hes prisighodegret efp
wherein the first adhesive | ayer is formed as the dot-1ike adhesive |ayers

conpri Seﬁ*’teorattlon an 1amtﬁ§0€%r{b%}5wldbgﬁ @I?atﬁilesécn't kABodinRnf.or med on the

surface rans eF ase t he ne | ms which are spaced from
each ot her, a ste I [ d on
the metal fi1minahuoRe S B SiefrSoRT %3%32?@3%%” ol ARt
transferred fromthe transfer base to th sur f ce of ;the.s rat.e form
Lhe 1 1 sDAUIHEE @M o5, BPHed § R oY BRe BPOUGLRHY C%P%E‘?m%a% fid 1%
according to Claim8, wherein the previous step wherein the first adhesive
| ayer iscérned as the dot-1ike adhesive |ayers conprises: a step
wherein the surface of the substrate is covered by a mask havi ng openi ngs,
and the adhesion-inparting conmpound is transferred fromthe transfer base
to the exposed surfaces of the substrate which are exposed fromthe

openi ngs of therighBkscrifidn of Referenct Bembelsond adhesi ve |ayer is formed on
the core materials while the surface of the substrate is covered with the
mask in the segofchsgh@P in the second step. 10. The nethod of producing
sol der balls according to Claim6, wherein the previous step wherein the

first adhesive nprises: MCSLLP 70 a step wherein
dot-1i ke metal %a?ﬁr?}éacgrag r%ggﬁnsgrgfegn the surface of the substrate to formthe
metal filns whi Cﬁ&% g ed fromeach other, and a step wherein an
adhesi on- i mpar Pi g ORpT ayqs coated on the metal filns to formthe first

adhesi ve | ayer.
y 5a: Surfaces of the first adhesive layer

5b: First adhesion-impatting compound
11: Core material

11a: Surface of the core material

13: Second adhestve layer

14: Solder particle

15: Solder layer

21: First member

21a: First layer of the first member

21b: Second layer of the first member

22: Second member

31: First opening

32a: Lower portion of the second opening
32b: Upper portion of the second opening

33: Third opening




11. The method of producing solder balls according to Caim 10, wherein the
previ ous step wherein the first adhesive layer is fornmed conprises:

a step wherein dot-like nmetal filnms are forned on the surface of the
substrate to formthe netal filns mhlc% are spaced from each other, and

a step wherein the surface of the substrate is covered by a mask havi ng
openi ngs, and the adhesion-inparting conpound is coated to the exposed
surface of the nmetal filnms which are exposed fromthe openings. 12. The
met hod of prodyQQQgﬂggkgﬁﬁgballs according to Claim110 or 11, wherein the
metal filmis made of tungsten. 13. The nethod of producing sol der balls
according to agy. ? &%ains 1 to 12, wherein the average particle

di anet er of the so e ticles is 1/2 or less of the average particle

di anet er of th§6:csqxtg Oggrtugél al .

41: First mask

42: Second mask

43: Third mask

51: First metal film

52: Second metal film

61: Transfer base

61a: Surface of the transfer base

70: Solder ball

F;: Diameter of first opening

E,.: Diameter of the lower portion of the second opening
Fo: Diameter of the upper portion 32b of the second opening
F3: Diameter of the third opening

F4: Diameter of the fourth opening

Fs: Diameter of the fifth opening

Fe: Diameter of the sixth opening

D: Particle diameter of a core material

d: Particle diameter d of a solder particle

 Diameter of the first mask




MCSLLP

CLAIMS

I A method of producing solder balls, comprising:

a first step wherein core materials are adhered to a first adhesive layer provided

on a surface of a substrate;

a second step wherein an adhesion-imparting compound is coated on the surface
of the core materials to form a second adhesive layer;

a third step wherein solder particles are adhered to the second adhesive layer

provided at the surface of the core materials;

a fourth step wherein the solder particles are melted to form a solder layer on the

surface of the core materials; and

a fifth step wherein the substrate is removed from the core materials to obtain

solder balls.

2. The method of producing solder balls according to Claim 1, wherein the core

materials are made of Cu.

3. The method of producing solder balls according to Claim 1 or 2, wherein the
method comprises, before the first step, a previous step wherein a first member having
openings to expose a part of the surface of the first adhesive layer 1s provided on the first
adhesive layer, and after the previous step, the core materials are adhered to the surface of

the first adhesive layer, which is exposed from the openings, in the first step.

4, The method of producing solder balls according to Claim 3, wherein the first

member consists of a first layer and a second layer;
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the previous step wherein the first member is provided on the first adhesive layer
comprises:

a step wherein a first layer of the first member, wherein the first layer has
openings, is provided on the first adhesive layer, and

a step wherein a second layer of the first member, wherein the second layer has
openings which have a smaller diameter than that of the openings of the first layer, is
provided on the first layer of the first member so that the center of the openings of the first
layer and the center of the openings of the second layer coincide, and

the method further comprises, between the first step and the second step, a step

wherein the second layer of the first member is removed from the first layer of the first

member.

5. The method of producing solder balls according to Claim 3, wherein the method
further comprises, between the first step and the second step,

a step wherein the first member is removed from the surface of the first adhesive
layer, and

a step wherein a mask which has a diameter smaller than the thickness of the first
member is adhered to the surface of the first adhesive layer so that the mask covers the

surface of the first adhesive layer, wherein the mask consists of particles.

6. The method of producing solder balls according to Claim 1 or 2, wherein the
method comprises, before the first step, a previous step wherein plural dot-like adhesive
layers, which are used as the first adhesive layer, are provided on the surface of the

substrate so that the dot-like adhesive lavers are separated from each other.



MCSLLP

69

7. The method of producing solder balls according to Claim 6, wherein the previous
step, which forms the first adhesive layer, comprises a step wherein a second member,
which has dot-like openings to expose a part of the surface of the substrate, is provided on
the substrate, and a step wherein an adhesive material which forms the first adhesive layer
is coated, using the second member as a mask, to form the plural dot-like adhesive layers

which are the first adhesive layer.

8. The method of producing solder balls according to Claim 6, wherein the previous
step wherein the first adhesive layer is formed as the dot-like adhesive layers comprises:

a step wherein dot-like metal films are formed on the surface of a transfer base to
form the metal films which are spaced from each other,

a step wherein an adhesion-imparting compound is coated on the metal films; and

a step wherein the adhesion-imparting compound is transferred from the transfer

base to the surface of the substrate to form the first adhesive layer.

9. The method of producing solder balls according to Claim 8, wherein the previous
step wherein the first adhesive layer is formed as the dot-like adhesive layers comprises:
a step wherein the surface of the substrate is covered by a mask having openings,
and the adhesion-imparting compound is transferred from the transfer base to the exposed
surfaces of the substrate which are exposed from the openings of the mask, and
the second adhesive laver is formed on the core materials while the surface of the

substrate is covered with the mask in the second step in the second step.

10. The method of producing solder balls according to Claim 6, wherein the previous

step wherein the first adhesive layer is formed comprises:
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a step wherein dot-like metal films are formed on the surface of the substrate to

form the metal films which are spaced from each other, and

a step wherein an adhesion-imparting compound is coated on the metal films to

' form the first adhesive layer.

11 The method of producing solder balls according to Claim 10, wherein the
previous step wherein the first adhesive layer is formed comprises:

a step wherein dot-like metal films are formed on the surface of the substrate to
form the metal films which are spaced from each other, and

a step wherein the surface of the substrate is covered by a mask having openings,
and the adhesion-imparting compound is coated to the exposed surface of the metal films

which are exposed from the openings.

12. The method of producing solder balls according to Claim 10 or 11, wherein the

metal film is made of tungsten.

13. The method of producing solder balls according to any one of Claims 1 to 12,

wherein the average particle diameter of the solder particles is 1/2 or less of the average

particle diameter of the core material.





