_1 METHOD OF PRODUCI NG SOLDER BALLS TECHNI CAL FI ELD The present
‘infvehtion relates to a method of producing s "”Im”"

0

*159159*

Illllll”!lll
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TECHNICAL FIELD
[0001]
The present invention relates to a method of producing solder balls.
Priority is claimed on Japanese Patent Application No. 2010-241029, 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 layer 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]



Priority is clained on Japanese Patent Application No. 2010-241029, filed
'Cct ober 27, 2010, the content of which is incorporated herein by reference.
BACKGROUND ART [ 0002] Recently, 2as a nethod of manufacturing an

el ectronic circuit, a method has been widely used wherein a circuit pattern
is formed on a plastic substrate, a ceram c substrate or an insul ated

substrate on Cﬁﬁ'ﬂtﬁe}?meke?st}dectoo{het n:gen{t' ﬁlﬁlibtﬁrigﬁﬁﬁlegf efégt?orﬁlz ec%h'fp%ﬂérﬁs Gagponent s
such as an | C elefrent,; a sem conductor chi'p, a resrstor and a capacltor are
joined by so]der to the substrate. [0003 . t he met.hod of bonding a
| ond ¢ ePpHbORAS. ks dres fsRtied Ebﬂ‘[ﬁb‘ﬁ’&f{ tng-gitch @f@a&feérrﬂmﬁéawamn fa.
circuit board, the follow ng steps are subsequently perfornmed in general,

t hat i sFor esampleofasfdesHonis gompporats thieh |aghisye ian finerpiiplbeGER tvad sildtf ace of
a conductive circuit electrode provided on a circuit board, a step of

pri nt i ngackage) aher ChR $¢lep oize fpadkagenwhivh vk ded.3 imnrpitchyEC (flp suppwbich
positioning and nounting a predeterm ned el ectroni c conponent on the

circui t hhoar @.1 mehepitel, arf |0WiSIgchipewhivhdass tahiBGA agtfilctid dare hengat. der
paste, and a step of solidifying the solder to bond the electronic

conponefryRdthdrd) @s aAIHEE b Boiifebldcu®hRdondRents 87 94‘1rcui2 board, a method

Furthernore, due to the recent mniaturization of el ectronic conponents and
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el ectroni ¢ conponen ctronic comnpon
a fine-pitch, GFP (quad {l|at packa apd CSP (chip siz ackag. ich
nave ' BORPHATE AL ASORE bymp SR BytoURRL haceahined hif oP AcHCIL hottd | g
chip which has a BGA structure are known. Furthernore, as a nethod of
mount i ngreelagtngtethiand defigystents syeh 8 metheds @ spldsr Bump ipsequssted do ayend
wherein a sol der bump which is fornmed at a lead termnal of an electronic
conponefinegaticracd firohein opdarpo vhrireshondtof pfimepliteht ofelgstrodistoomponents.part of a
circuit board are lam nated and reflowed. In such a nethod, a sol der bunp
is requested {@oBpve a fine-patterned formin order to correspond to a
fine-pitch of electronic conponents.
Furthermore, as a method of forming a solder bump on a circuit board, the
electroplating method, the electroless plating method and the method wherein a paste of a
solder powder is printed and reflowed are known. However, in the method of
manufacturing a solder bump using the electroless plating method, 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 electr_oplating method, it is
difficult to flow current, which is used for forming plating, in a complicated circuit, and
therefore a solder bump having a fine pattern cannot be formed. Furthermore, in the
method of printing a solder paste, it is difficult to correspond to a fine-pitch pattern, and
therefore a solder bump having a fin¢ 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



[0005] Furthernore, as a nethod of formng a solder bunp on a circuit
‘board, the electroplating nethod, the el ectrol ess plating nethod and the
met hod wherein a paste of a sol der powder is printed and reflowed are
known. However, in the nethod of manufacturing a sol der bunp using the

el ectroless plating method, it is diffi cult to increase the thickness of a
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met hod ?1 Hanuf acturl ng a sol der bunp perfornmed by the el ectroplating

met hod, ts difficult to flow current, which is used for form ng plating,
in a corrpl icated circuit, and therefore a solder bunp having a fine pattern
cannot be for Y97 ]Furtherm)re in the nethod of printing a solder paste, it
is difficult to correspond to a fine-pitch pattern, and therefore a sol der

bunp havi ng aAfithemethtoderfradbenmpsolter Halls wadh cifd@0smethod is knBeaawiseeiof such
ci rcunst ances, a nethod wherein solder balls having nearly spherical form

are adhanedhtdoRimpdring copaisl RaslidantoifRd: asthahervufact of apfoadu@iveg a 3
sol der bunmp which can correspond to the fine pattern structure and has

uni f or mcaBsht erRERddenSH DBikeuid BRT to 1mpa11 adh@ﬁv&rfb@s etk adrfade, ais1dBObAR! der

balls on a circuit, a nethod is nown ereln an adhesi on-inparting

Z?lre'g? ?‘221” %d%ﬁ@%b?ﬂ%@fgfodwﬁ’cm dhifvehiin 3 %%ﬁssd‘%:%&%ﬁtﬁvesﬁ S .
Subsequanly e Helsdde gt = selepeSue L@?eéao PR oo BB T e CEUREO 8T o1 to
Pat ent docunent 1.) Furtherm)re as a technique to_which the nethod of

Pat ent @dechmidie to W@C‘éﬂ}ﬂ mgthod oftRatentidgermentsl iseapnlied aeleshiguaias RseA ner el y
one solder ball is adhered on a required portion on a conductive circuit

el ect r odevel¢rdfvererein nRaelg one doldemteatl is 2dheréd owa required podive wns deatlective
docunent s [ 0008] Pat ent Docunent 1: Japanese Unexani ned Patent
Appl i catirouit elE¢tele. PRéfecmtRatent Hocunhént 2.§244
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.



‘Patent Docunent 2: Japanese Unexam ned Patent Application, First

Publ { cati on No. 2008-41803 DI SCLOSURE OF | NVENTI ON Probl emto be sol ved by
the Invention [0009] However, #n a case where a fixed height of a
sol der bunp is required for a sem conductor device having the BGA (ball
grid array) structure, there is a problemthat, when a sem conductor chip

oot SRS FRN SRS g0 a0
erefore, . a. . ! :
e oot it RS R A I P e

performed while the inclined structure is maintained. [0010] Wth

r espect istroaintsnedbove problem at present, a method is used wherein a sol der
bunp is formed by nelting solder balls having a high nelting point at a
hi gh t enper at [0080f enporarily, and then, a sem conductor chip and a circuit
board are joined using other solder balls which have a nelting point |ower

than that of Gith eepedeto labsvdiprobleen, at presdht@inieitiog i asaat whebsinat dvbder
met hods, a nmethod is known wherein netal balls such as copper balls which

have begpnpliat&theWiynai®5slatr B Bavins AMNEK nfeRind poRhidRa Had lefipepii@eused as
d 3 B

SFI der s. Due to the t hod, a sol der np can be manufactured by
pl aci ng, copper.-cor e .sol der | | CJ.[iC Ui . ' t sol der
bal 15 éﬁﬁ?ﬁff 155 S 4R ¥R ford ofp dldSh hroiP Bostaane idfitd Liffe difer®0
ot we ¢ : . : . .
en e ci {Scw_t oard and an .el ectrqnic cor{pt Q%&tderst')ﬂfs%a%%%ea Hlagherl al s

t her eof Selger bal s‘ﬁ@&lé?‘g‘.’e f t{ting point lower than that o

melting point.  As other methods, a method is known wherein metal balls such as copper

balls which have been plated with a solder layer (copper-core solder balls) are used as
solder balls. Due to the method, a solder bump can be manufactured by placing
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 merthod, there are limited kinds of sdlder
materials having a high melting point, and a solder wherein the composition thereof
includes lead 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 a rays which are emitted from the lead can cause
malfunction such as LSL lAccordingly, it is required to use expensive lead, which is
obtained by separating an isotope of lead which emits few a 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 uniformly on a copper-core ball, and therefore there



However, in the aforenentioned nethod, there are limted kinds of sol der
‘materials having a high melting point, and a sol der wherein the conposition
t hereof includes |ead at a high concedtration has been used. Furthernore,
sol ders whi ch have already been put into use as a high nelting point sol der
include lead at a high concentration such as 95% or 80% and a rays which

. . 95% or uhich
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i sotope, of |lead which em ts, few a rays, or to use a high nelting point

sol der BEendised ALt eepelicasdidit el y no 1 ead. Furthernore, in the method
wherei n copper-core solder balls are used, it is technically difficult to
adhere a sol d€014h; formy on a copper-core ball, and therefore there 5 is

a problemthat manufacturing cost is extrenely high. Accordingly, the

nmet hod has noThbpesenigeension avagenadei ascongingtd. thp gdarementioned ciigBmptaBetent

i nvention was made according to the aforenentioned circunstance, and the
pur poseafd tHehirpuse D€ thie presean inventiosistto ppowidé denahskdfwddudingsaderchatly sol der
ball's which can cope with the fine pattern structure and can be forned at a

| ow costhiddeanTopOWitbtheimdpdilem Struetireid &R formed at allb® destesent i nventors
have i ntensively studied to solve the aforenentioned problens, and arrived

at the presenf d,y hRE i the present invention provides the
fol | ow ng. M %E?b%thgettﬁﬁggo% produci ng sol der balls, conprising: a

first step V\h[edgw core materials are adhered to a first adhesive |ayer
provi ded on a 59 ace of a substrate; a second step wherein an

dhesi on-i i ] dj t ed th f f the. terial
F0 form a SocONEPRALAT GRSy MATFIF ity St Bie AusmiliSHr  1T) o5 ar o

adhered to the second adhesive |ayer provided at the surface of the core
mat er i alpmblemy, god amived eptheipeasentrinyanéioBol der particles are nelted to forma
sol der layer on the surface of the core materials; and a fifth step wherein
t he subst r at eThat is,ahopresent imventidreprosides thetfelowing. t o obt ai n sol der bal | s.
(2) The nethod of producing solder balls described in (1), wherein the core
mat eri al s ar e(radmetfod@f 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 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 materials are adhered to the surface of



(3) The nethod of producing solder balls described in (1) or (2), wherein
‘the hret hod conprises, before the first step, a previous step wherein a
first nmenber having openings to exposé a part of the surface of the first
adhesive layer is provided on the first adhesive |layer, and after the
previ ous step, the core materials are adhered to the surface of 6 the

step. et iy N e bhEd b PP RRRERDE SRS, BARFERRReR Moca in (3
the. provi ous. @0 aineurEReenok R paokBrialS sy, Aot onerer the B

adhesi ve | ayer conprises: a step wherein a first layer of the first nmenber,
wher ei nmeber ¢onsists efiadirsHaxerapd misaepnd lperpr ovi ded on the first adhesive

| ayer, and a step wherein a second |ayer of the first nmenber, wherein the
second | ayer thapropeus sigswhdremthi five neensbrealis provified wptthe firshadhashygtlaysr t he
openings of the first layer, is provided on the first layer of the first

nmerber  gemphigk: hREpCRAéein #ffir§thayensmihddistomeimber, ftiesdin thy €irstdaykrthas cent er
of the openings of the second | ayer coincide and t he net hod further

conpris bet : i : : ef®kn the
nmp ggi/nél?&(’JWEwrdP& oh 'tl’iesﬁrr%% g(?{%_sﬁ'@ thyePndecgfiwhéih a fecoh® Raydh

second | e first ne I's renoved fromthe first |ayer of the

first er, - j | 4 Lbed in
(3. wnbramehss Wherdhe ORI hat bodifls h0A AR, fShalt dibmEERah 17,
second step . a step erein the firs [ isctemved f t he
sur f ace U of fhe gnepiggs 8§ h@sﬁr% ayely éqrrfm%qugia on tthenﬁggﬁlg preQf %gg getirﬁenéﬂeg;yg Kk,

whi ch consi sts of particles which have a dianeter smaller than th

t hi CKne it dhe Sereer ¥ the GReREs Ofithe AutidaKa a1 1 CeaieF PGS gPenings 9} they
adhesive layer so that the nmask covers the surface of the first adhesive

| ayer. second laye6¥oiltide med hod of produci ng sol der balls described in (1) or
(2), wherein the nmethod conprises, before the first step, a previous step
wher ei n pl ur athed@ethbi Kertis vegipyised, dywvesn thdfirsh sep eand gbel sasnd Iseepf a s&p
adhesive | ayer, are provided on the surface of the substrate so that the

dot - I'i kKguReHe eV SechRY Bfyer 8f fheSEREMBMBEr fs'@M0PEE Rof therfirst layer of thé firsthe
met hod of producing sol'der balls described in (6), wherein the previous

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 adhesive
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 mefhod of producing solder balls described in (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 balls described in (6), wherein the previous



7 step, which forns the first adhesive |ayer, conprises a step wherein a
‘second menber, which has dot-like openings to expose a part of the surface
of the substrate, is provided on the Bubstrate, and a step wherein an
adhesive material which forns the first adhesive layer is coated, using the
second nmenber as a nmask, to formthe plural dot-Ilike adhesive |ayers which

are the first. adhesiye ver. . . 8 i der

Da 1 5. cRgR TG 1 5, S e daver RS 2, PHpEin. PsCRAE B
adhesive | ayer is forned as the dot-IigﬁFad sive. |layers, conpri.ses:

a step W@hi‘?ﬁd@dﬂk“l qneBings fexpos¢ ABart ok therace Afrfhe fEPsLates Lasg}éo‘gaei%ransfer
base to formthe netal films which are spaced from each_other,. a step
wher ei ntharsubstitats andha istep avheraig ag edhrsivednateria odtighyiosms dheelitspadhesive 1T and a

step wherein the adhesion-inparting conpound is transferred fromthe
t r ansf efs doae, dsing the ssconidanembdr asraemaskh &t foamethe pluralrdotdike athesive layiiesi ve

| ayer. (9) The nethod of producing solder balls described in (8),
wher ei nyhiB R BYIRHSdRESR lapdterein the first adhesive layer is formed as
the dot-Il1 ke adhesive |ayers, conprises: a step wherein the surface

of the substr ?.q*hieqn&RU@BF ro¥ciflg TBRIKr Ak (tGcriR@NhNE R wihén theprevious
adhesi on-i nparting conpound is transferred fromthe transfer base to the

exposed surfaces.of. the, sub t. i X R {-ngs of
the masheP Fhgreim the ﬁr{;tﬁghgs&eil%g&égﬁo\g@lleggs afl:)e/deo‘r?)ﬁ?gﬁ or nvégﬁggr‘?t e cgé'e
materials while the surface of t substrate is,covered w.th th K in
the second st@&ptep wherein detrlike Wﬁtépﬁ@%ﬂa foFmed g dhe 8 °§’(§’If3éfanf)%§f E%Srggéscri bed
in (6), wherein the previous step, wherein the first adhesive |ayer is
f or med, fasonibe imssal films which age spacgd {RBY &&CA OBYE- | i ke metal films are forned on
the surface of the substrate to formthe netal film separated from each
other, and a stiep whestieamadirsmdHspaoimgicoppouidciy coated otk metabBlmsedndn t he
metal filns to formthe first adhesive |ayer.

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 described in (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 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 subsﬁate to
form the metal film separated from each other, and

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

form the first adhesive layer.



8 (11) The nethod of producing solder balls described in (10),
*wherein the previous step, wherein the first adhesive |layer is forned,

conpri ses: a step wherein dot-8ike netal filnms are forned on t he
surface of the substrate to formthe netal filns which are spaced from each
ot her, and a step wherei n the surface of the substrate is covered by

k havi dh £t ' dt
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12) The method of prodycing sol d s described in (10 11
et o1 nEPOUHREEIS FIsh G AL UG FORPREs ('12)(Th)e et hod of

produci ng sol der balls described in any of (1) to wherei n the average
particl e di anesep wherein i[dot-bls¢ metal fms |at,ﬂ wsmped on/the élllffacés{g the subskatg\fer age
particle diameter of the core material. Effects of the Invention [0014]
Accor di figmi the htetal fitink odhichf arp seded from <oh ddrermmdl s of the present invention,
the solder particles are nelted after the solder particles are adhered to

the surface of S&P&m&ﬁﬁu{éestuefrab@bﬁthvisabdtﬂm is eowied byhandsk habimgpeniapy
therefore, a unitormsolder |ayer can be fornmed on the surface of the core

mat er i algy ﬂﬁuc{dhgs%ﬂggrlﬁar%%%@orﬁ bl is lcaxed td:ﬁx@ &Fogeﬁrsﬂﬁﬂcee@fstihb Yneddl fARRPar ed

with the conventio ereln a solder layer is fornmed by plating or

the li ke*\}\ﬁh*}rgeﬁ%&sﬁ?@%ﬁéﬁ% rﬁlll(;}ce the sol der layer is fornmed on the core

mat eri a rlaﬂ’ is adhered on the surface of the substrate
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the core materials are adhered to the surface of the substrate via the
first asresdifiia is made of tuRgstelbre materials can be renoved easily fromthe
substrate after the 9 solder layer is formed.

(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 layer 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 easily from the substrate after the



,Due to the above characteristics, it is possible to greatly sinplify the
nmet hod of producing solder balls, and to produce solder balls efficiently.
Accordingly, it is possible to reduceSthe cost for form ng sol der balls.
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 descy| V. e core materials can function as spacers.
Accor di %‘g&%ﬂa’?&??ﬁﬁ"e’“% der layer is nelted, the solder bunp can maintain

the fixed height thereof Therefore, if electronic conponent.s ar rovi ded
on the sol derBBﬁﬁ‘b,ﬁ’et%QV%Ic %f??t%?tﬁ’s’c%ﬁspw??éﬁ)ﬁ%%d%reﬂ g@rpﬁﬁy yffeﬁl‘?@o? ﬁ’g wei ght
thereof In this way, it is possible to maintain the distance between

el ect r opfodueingseldenballs oand tapreduse solden Ralls ieflaqiently. pAceprdmeto Peesbler THE

DRAW NGS [ 0015] FIG 1A is a process draw ng which explains a
pr oduci tgreduegthotos ddrdermingisbklenballs. fi r st enbodi nent of the present
invention. FIG 1B is a process draw ng which explains a producing

step of sol deFuf@rimsrepbytdoatifig et suefioe df nentorefmatéxgalp mdthetht sblieetdyenn.
FIG 1C is a process drawi ng which explains a producing step of solder balls

of the {jutst s%méPghﬁ'iE N§ nfthufabfirdd 888 thel BURR b produced as debéribedabbse,a
process draw ng which explains a producing step of solder balls of the

Irs e[%g&gﬂﬁ{eﬂ{enﬁfs Jaﬂ%r%i%ﬁ%gtéPéc@%.en Ac@@rdmle, dlg Fhebsgﬁeg i]agfl‘ i3 rAeHedOhesSS

dr awi ng xplains a pro ng step of soO the first
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present tlllerr]goef.nt IIgnihis 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 step 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 inveqtion.
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.



FIG 2Cis a
'bal |5 of the

process draw ng whi ch expl ains a produci ng step of sol der
second enbodi nent of the present invention. FIG 2D is

a process draw ng which explains a pri®uci ng step of solder balls of the

second enbodi
draw ng which
enbodi nent of

ment of the present invention. FIG 2E is a process
expl ains a producing step of solder balls of the second
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the present i
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i nventi on.

nvent i on. 3B.is a process drawi ng which explains a
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FIG 3Cis a process draw ng which explains a producing

step of sol deFlGbaQ is apropess drawving veliipho gxpleins agrodusingoster ehsolfenallsioddn .

FIG 3Dis a

process draw ng whi ch expl ains a produci ng step of sol der

bal | s ofhetsheortdranntebdérmtra ahif theeryireseht infventpomesent i nventi on. FIG 3Eis a

process draw

ng whi ch explains a producing step of solder balls of the

third enmbodi Ner, 205 ist ) groRéss i iwinigWIEIBh ieRlains a produdmgSste@bf bslder flioaEss

drawi ng whi ch

expl ains a producing step of solder balls of the third

enbodi Metse0ind diSbdHiBSRIF thed et Bention. ~ FIG 4A is a process drawi ng
whi ch explains a producing step of solder balls of a fourth enbodi nent of

the present i
produci ng ste
i nventign. FI

sol der H¥ sesongk
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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

FIG. 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 th_e present invention.
FIG. 3E is a process drawing which expléins a producing step of solder balls of
embodiment of the present invention.
FIG. 3F is a 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 balls 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



11 the fourth enbodi nent of the present invention. FIG4D is a
'process draw ng which explains a producing step of solder balls of the

fourth enbodi mnent of the present invehtion. FIG 4E is a process
drawi ng whi ch explains a producing step of solder balls of the fourth
enbodi nent of the present invention. FIG 5A is a process draw ng

whi ch expl.ai a, pr.odu er balls of a fifth enbodi nent of
thedpreﬂ@n@uﬁfgﬂ&i'&?n%ﬂgeg}gﬁt@ e%ﬁb;?s a process draw ng which expl ains a
produci ng ste f sol der s of the fifth enbodi nen t :

i nventi on. Fic ALkps@ p@ﬁeﬁss‘lrﬁwﬂgo‘@é‘% eXpiap ﬁd’rﬂﬁ(ﬂqcﬁg gﬁ%f)g?(ﬂgerpbagl? uci ng
step of solder balls of the fifth enbodi nent of the present invention.

FI G 5Dthesfourth embedisnent ofihe grespntdmveaiipiai ns a produci ng step of sol der
balls of the fifth enbodi nent of the present invention. FIG5E is a
process draw RiG. vt he pooptsaidiawing priudu ckpigins agpodicinstde of belldersbadls afhe
fifth enbodi ment of the present invention. FIG 6A is a process

dr awi ng thwWioGhh empbdinitat af the pebsetiigvention. of sol der balls of a sixth
enbodi nent of the present invention. FIG 6B is a process draw ng

whi ch expl ai ng1@ s RAUFLAGs AkRAn Gg@vh%hl &@laifed prod@ding BRp OF ¥élderctumedirgent Of

the present invention. is a process draw ng which explains a

produci %hse%d%gﬁékﬂ%[gr&%h ﬁwé)ﬂtlotnhe si xt h enbodi nent of the present

i nventi on process draw ng which expl ai ns a produci ng
step of sol de%l(gagBl ?s z? ];)I'OtCQSeS dQ'rIav)\(/}n% v%h of ex&%ﬂlts aof;ro uc1né) Et%;? % solde Vga'Hs Vi

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

the sixth embodiment of the present invention.



FIG _6E is a process drawi ng which explains a producing step of sol der

'bal I's of the sixth enbodi ment of the present invention. _ 12 FIG 7A
is a plane photograph by which core n&erials and sol der balls of the
present invention are schematically expl ai ned. FIG 7B is a plane

phot ograph by which core materials and sol der balls of the present

i nvention are mat i cal |y ,expl ai ST E
| NVENTI ON [ooﬁ@]c-% Sap F&hﬂﬁ(ﬁ{%‘r*‘f‘@mhfbﬁb?%%n‘%%?%@@%@%%@ﬁ?
invention are explained, but fhe present invention is not limted nmerely

t her et oPTeRBIHiTRYCREPR BrsSchsmprtically EXRIASSt nunbers, positions, sizes, val ues
and the |like can be nade w thout departing fromthe scope of the tpresent

i nvention. (FFKGt7Beifoa@iansmhptograph by mbuchy ¢nse meaterials grd aeldenballsedihda of
solder balls 70 as a first enbodi nent of the present invention is explained
~ whi | e r pfesentiimgention hregiehasatidallgexfdléined Fi g. 1E are process draw ngs which
expl ain the produci ng nethod of solder balls of the present enbodi nent.

[0017] Thé BESTAdODE PORCARRYSGIQIET T NSVERTOONt he fi r st

enbodi nent is schematically structured such that the nethod conprises: a
first step “hﬁﬂﬁ%P core materials 11 are adhered on the surface la of a
substrate 1 on which a first adhesive layer 5 is provided; a second step

wherein a sec%ﬂ? | rgssgi\f%%é %zﬁ'ﬁplés:gotjtg? él(e%rgémqlmgﬂﬁ Stk Bael! Gt Qe t he core

materials 11; @ erern s particles 14 are adhered to the

B SRR T R S e, VBl BRGS0 21,
A A T tons S es Naluct ind the ke can bemade without eparaag fos the Jcope of the 2 &F @l s
11. positions, sizes, values and the like parting p
present invention.
(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. 1E 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 layer 5 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 particles 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



A nmenber 21 having openings (first menber) is provided on the adhesive

| ayel 13 before the core materials 11 are adhered, and the core materials
11 are adhered to the 13 exposed surldaces of the adhesive |ayer 5 wherein
the exposed surfaces are exposed in the openings of the menber 21.
'I[-lerﬁlln_naLter%_each Ztep is explained in detail. [0018] First, a substrate 1
o] ich a rsf a ive layer 5_has been provi.ded. 1S _pre As
t he sub®tRCat Suifac?so&etéiﬁ F'é(,g?aélersaﬁ@iefeé? ﬁ'eréa‘ésegfwﬁg e;iaﬁe] %‘g’sgegﬂgu strate

“made of an acid-resistant resin, a ceramc substrate, a glass substrate and
t he |i kepepndngsiod thesmembenlt hernore, materials of the substrate 1 are not
limted to the materials cited above. In so far as the substrate can be

f or med usi ng Hemwatafter, ahchitércts ezplainiodam déteidt at the tine of nelting of

- solder balls 14 descri bed bel ow, any material can be used for the substrate

of the presenfooigyention. [0019] The first adhesive layer 5 is

provi ded on the substrate 1. As materials which formthe adhesive |ayer 5,

any materi al g?ﬁh ﬁﬁ;b{dﬁ% 1118 wific ! #irstfdichi e t8/ee 5 Maé Béengroviddd RPpRepagedadher ed

by the materi e material can bear heat at the tine of nelting of

the sol der paplipl &fsildde #eRF é%ﬁg;ge,ga%suigﬁrat@ﬁﬁﬁé 6f fd1yimiad ALBRFIY malBL €T al

whi ch has heat resi stance su I con- based adhesive material can be

ch has heal 'res . | .
2 pr oV LRI Rl et A get b Syt S T R BN DL o7

is provided so that the nmenber covers the surface 5a of .
Furthermore, materials of the substrate 1 are not llmlteJ to tﬁe materlaIs cited above.

In so far as the substrate can be formed using a material which can bear heat at the time of
melting of solder balls 14 described below, any material can be used for the substrate of
the present invention.

[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_ particles 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 layer 5 is provided, a polyimide tape can be used.

[0020]

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

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



the first adhesive |ayer 5. The first nmenber 21 is a nmenber which is
'used'in the first step described below to provide the core materials 11 on
the surface 5a of the first adhesive l4ayer 5 so that the core materials are
spaced from each other. The first nenber 21 has nunerous dot-1like first
openi ngs 31 \/\hi ch are spaced from each other. Here, the distance between

the 14 o and the arr e t for sel ected
opt i ona?ﬂ’%’ tl{erpéraln'g?rggntr{ﬁﬁ%s ‘Eﬁgi"?%“@ow gégéi Q‘fﬁ%ﬁbg%lrlf “}?‘éa of the
first adhesive |ayer 5, a part of the surface 5a of .the first adhesive

| ayer Sthedirstapenbds 21is hrogisted omythe swcace 5a of the ﬁrstmﬂg?%f‘rﬁﬁ?fér apartioh It j 5y
adhesive layer 5 materials nmay be used which have properties wherein
adhesi vamése Sebf thedirstadhesive Byer hisieaposer dn p dt-likgumannst| rr adi ati on of
ultraviolet, heating or the |ike. Furthernore, when such materials are

used, i rradi arireier@brey hd the \firstladhesivedayérrig matertabiemby beusedrwtieh pavef or ned t o
| ose adhesiveness of the first adhesive layer 5 by a step which is

opti OnaHdlﬁ)eRf%E m@mad}{egiqgﬂdss of the sufticel 338hére6 £k 1056 Gheto idddiatlonmefrber can be

used wh I's made of netal, is in the shape of a plate, has openings and

has b eeﬂltﬁgfb‘?&a}lﬁ{?ﬁpg %Fﬁileflﬁ%@ ptﬁﬁﬁe’?ﬂlofeo WheHRAE! thakAald hre (sLBGHB8iIIYN of

stai nl ess or aving at knes$ of about 60 [tm can be used as the

Frrst miliieioshdabing by BETRE caf bt perfmen S YR WAER o FerbR el T 0

21 is not limted, in so far as adhesi yeness is not inparted to the part
wher e t F¥er? Py e spurh sortigpalpep ‘it ep where the second adhesive |ayer
13 described belowis formed on the core nmaterial 11. Furthernore, the
first member P21k not limted to a plate-like nember, and the nember may
be a coating wherein a paste for solder resist is coated on the surface of
the first adhasitivefilsamember bl aseeraleen cpn berusadgwhibld 3283de of metal, {Sun theer nor e,
the thickness H (difference in |level between a surface la of the substrate

1 and aghiRRAA praté 1as Bp&iindsh@dihias Béennmibally 2d9d fof plabiagicoreshateratbdl. 21 is
suitably set accor di ng to the particle dianeter D of the core material 11.

However Co'nf:reh%(, @fa‘?ﬁl%s%glngcfl&{%lﬂcgh@mﬁ%eﬁmﬁoﬁ 6053 8hn bOudeA 25K | er than

t he particle aneter re materi al

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 is 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 is
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 diarheter D of the core material 11. However, it is preferable

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



11, and nore preferably, to be 1 gmor nore and | ess than or equal to 1/2
of the particle dianeter D. [0023] On the other hand, when the-
thickness His larger than the particle diameter 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 Jim the core

materi a 11 are easi di.spl aced and_t here Lt c abl e.
[0024] I, and Mg PrOEP r‘é’,beﬁ HInOT MOLe @gﬁﬁ%&?ﬁg{ é(i%ie%dpgtr?lfa eeﬁj &gf t he
first openings 31 be set as necessary according to the thickness H of the
first nBiBSTHL and the particle dianeter D of the core materials 11, so
that two or nore core materials 11 are not provided in one first opening
31. The range[0§23} he dianeter F1 is represented by the follow ng formula
(1). [0025] "~ 24HF i <D+ 24H (D-H) (1)

On the other hand, when the thickness H is larger than the particle diameter D, it

is not preferable since it is 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.

[0024]

Furthermore, it is preferable 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]
2J/H(ID—H)=F,<D+2/H(D—H) < - (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 Fy of the first
openings 31 can be represented by the formula (2) shown below, when the diameter of
§older particles 14 which are adhered to the core materials 11 is shown by d.

[0028]



.[0026] Concretely, for exanple, when the particle diameter Dis 100 | am and
the thickness H of the first nenber 21 is 20 um the dianeter F1 of the
first openings 31 is 80 umor nore arié | ess than 180 gm according to the
af orenmenti oned formula. [0027] Furthernore, the particularly
preferable range of the dianeter F1 of the first openings 31 can be
represented by the formula (2) shown bel ow, when the di aneter of sol der
Fggégflesél4 mhgch are adhered to the core materials 11 is shown by d.

16 D+2 d-5.FD-F4 d (2) [0029] When the dianeter F1 is in the
range showPuly 2 de=fonfPat(9)d " the core material 11 can be adhetefi2W t hin
the first opening 31 easily.

[0029]

When the diameter F; is in the range shown by the formula (2), the core material
11 can be adhered within the first opening 31 easily.

[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 G, between the adjacent first openings 31 can be represented by the

following formula (3).

[0031]
2d+D—2JH(D—H) <G « o (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) SG;<8d+D—2/H(D—H) - - . (4)

[0034]



[0030] Furthernore, it is preferable that the distance Gl between the
adj actent first openings 31 be suitably set according to the particle
dianeter D of the core materials 11, 17The particle dianmeter d of the sol der
particles 14, and the thickness H of the first nenber 21. The distance Gl
bet ween the adj acent first openings 31 can be represented by the foll ow ng

L O, R R i kA B gkl
Qi arot oGNS bl Reappledp dum solfer B R dyinislistighal i hien dénsit)a’ '©
d+D- 241- 1( D H) d+D- 2/ H( D- I—? (4) [0034] ) '
prevent adjacent solder balls 70 from being bonded with each other.
| [0035]

On the other hand, when the distance G; between the adjacent first openings 31 is
smaller than the minimum number represented by the formula (3), it is not preferable since
solder balls 70 may be adhered to each other. Furthermore, when the distance between
the adjacent first openings 31 is too large, the number of solder balls 70 which can be
manufactured at once is limited, and therefore it is not preferable since manufacturing
efficiency becomes poor.

[0036]

Furthermore, it is preferable that the first opening 31 have a circular shape when
it is observed from above in plan view. However, the shape may be an ellipse or square.

[0037]

(First step)

Next, as shown in Fig. 1A, core materials 11 are adhered to the surfaces 5a of the
first adhesive layer 5, which are exposed from the first openings 31.

At this time, the method of adhering the core matefials 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 slurry
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 layer 5 in an inert atmosphere or air are explained. First, core materials 11 are



A7 When the distance Gl between the adjacent first openings 31 is in
the range of the fornmula (4), it is possible to formsolder balls 70 on the
substrate 1 with high density, and pr¥vent adjacent solder balls 70 from
bei ng bonded with each other. [0035] On the other hand, when the

di stance Gl between the adjacent first openings 31 is snmaller than the

rsnomjglrj mBr(r,ﬁ\J/i% [/"6 Eﬁvgés%ﬁ%% i BY éﬁ#ﬁat&%@ﬂ}%{i £ 2 h?:é.ul;retehsﬁll@&t Rf is:{ri]ﬁtg,lhtgle since

e adhere eac er. er nor e,

di stance betweep the adjace first eni ngs [ 00 | e, nunber of
sol der BEPHY ‘;ifcfﬂ?r\,ﬁ?ré H“%tjﬁ'ﬁglf)gtl (Fa BE asﬁlt%EtFa d’pgf’nagé'c egf’éselq}l?ﬂ%{yga ,Suélsglglt? Eer efore
It is not preferable since manufacturing efficiency becones r. [ 0036
Fur t her aywhich g first adhesieg bﬁYPTe5tm&tbe?'hg’r%eFls}¥ pwg{lﬁdﬁg tgq VFP&G'epg‘%SP’rtE‘GI ar]
shape when it is observed fromabove in plan view. However, the shape may
be an efitst pslbegive ayanSeand 0@3& jre (nFiterials di eqsy contacted wiglk eacth othendbunthen Fi g.
1A, core materials 11 are adhered to the surfaces 5a of the first adhesive
| ayer S5memydobhaei@ thx peseldis fiiglined heibfatadser thpéike.ngBudfo the method, Abe tores ti ne,
t he met hod of adhering the core materials 11 to the first adhesive layer 5

can be §gk&eiLd1 aRe NARESE A Yihe RAMfa8%asP o, the fiFet Addsvb air N5.COTIR B@mteri al s
11 are directly supplied to the first adhesive layer 5 in an inert

at nosph %gllsl QH&P%’B%{)&ﬁ?H&ng\%ﬁgfée Jete) &ﬁ@%@sﬁ}ﬁl s 11 are dispersed in a

fluid d urry € slurry 1s”supplied to the first
adhe5|ve_layeL § can be used. [0038] First, exanples of the nethod
of adheri ng t(é)gbre materials 11 to the first adhesive layer 5 in an inert

at nosphere or _air are explained. First, core materi.al s,11 are
P Next, examples I[c))f the method wher¢in tﬁe core materia sﬁl are adhered to the

first adhesive layer 5 in a liquid are explained. First, a dispersing liquid such as water is
provided in a vessel which is not shown, and the core materials 11 are fu_rther added to the
dispersing liquid. Then, the vessel is inclined so that the core materials 11 and the
dispersing 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 substrate. 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
mate.rials 11 are adhered to the first adhesive layer 5.

[0040]

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 electricity, 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



18 provided in a vessel to which an inert atnosphere or air has been
‘filled. At this time, the anount of the core materials 11 can be sel ected
optionally. Subsequently, a substratd9l on which a first adhesive |ayer 5
has been forned is provided in the vessel. Then, the first adhesive |ayer 5
and the core materials 11 are contacted with each other by the nethod

wherein.the,vessel is inclined, .vibrated.or the.like.. Dug_t. hod,

t he cor]émﬁﬁqg"r‘?’ﬁln%eﬂi%‘ﬁ eéelggﬁ%?%s't% 1§ perfore AL ie lélg“d()f ‘?ﬂé&?l}epg?tﬂg{ljhesi ve
| ayer 5. The core materjals t%l whi.ch are not. adhered can, be relrm\égtg as
necessamjich[ipselented accordingig ¢ eé?‘&‘hﬂ?'ésssuﬁh ag e JPramatesialy Hland e o

materials 11 are adhered to the first adhesive layer 5 in a liquid are

expl ai nbkk cdfibresselecteddi spersing |iquid such as water is provided in a vessel
which is not shown, and the core materials 11 are further added to the

di spersing |i@o4t]l Then, the vessel is inclined so that the core materials
11 and the dispersing liquid are put to one side, and a substrate 1 is
provided in tRe nVRGHHN ofthetdddd nialt@iath B hctaln@ich iaﬂ@ihcﬁsemck proferatdy @seht eri al s
11 are not adhered to the substrate. Then, the vessel Is noved to be tilted
from si i L Qe t t i lols @ngretdag first
adnes: va SopER B B  pl ,  Eers Fe he
core mat.erjals . 11l are adhered h j [ |

o i G e SRR ey o WBL RIS sl SN RS
di spersing_ liquid, the adhesion of the core terials 11 to a, nosadhesive
porti onor gufé’r@Pr’Pet‘ﬁ%d H’o‘i}‘i’e‘g{ Brsush “i"\’iglaisol?aé' € M@F‘P%Pglnf g’hf’&d% highglthan aj
electricity, and the aggregation of the core materials 11 caused by static
el ect r i oieltyngcpointoef oider marticdes e deseribetybglowtand Gaprabin gdhesinsasssy Mke core
materials 11 in the dispersing liquid is particularly preferable, when fine
cor e mateondlashdsionaineansmoconivendret mealddfonad tisrand gopies, oocrampleangtal.s 11 to
the first adhesive layer 5is not 19 |imted to the nethod wherein the
adhesi o1y aR8TthONIKROsuch 4shKi,| NHudandAAsLS Y @bh dengitddpds wWikamples sofsickct ed
according to the conditions such as size of the core materials 11 and the
i ke Ca%aﬁ&ia?s‘?' ected. [0041] As materials of the core materials 11,
metal such as tin (Sn) is preferably used, and copper (Cu) is still nore
preferably used., Materi.als_of th ' - | e 18l to the
material s desEP?‘beéﬁloéeoc}Eés, %ﬁﬁéréa?%g@&qn%@%?é#e?b%ﬁ% %é[% g%g ucc:)tf %%E%St erials
or alloy can _be used in so f as_such. nateri.al s .have a .din i.nt which
i s hi gh&raterinl hbsin the mpge of 2 “bfo%b‘rﬂg"é‘}m Hhervigwpqiat %@‘HE@%H&B&%@%"&M and
can obtain adhesiveness by the second adhesion-inparting conmpound. In

addi t i onn the range of i34 te d P e, andstilbsgreureteraply i the éﬂqgsyféﬁép ?@Emf i ke such as
Ni, Ni-Au and Au-Su can be cited, as exanples of such nmaterials.

Furt hernore, [@042% appropriate that the average particle dianmeter D of the
core materials 11 be in the range of 20 to 200 jam fromthe vi ewpoi nt of
wor kabi l'ity, psebsdsepy in the range of 30 to 130 gm and still nore
preferably in the range of 50 to 80 gm

Next, as shown in Fig. 1B, an adhesion-imparting cdmpound 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
(ﬁfst adhesion-imparting compounds) shown below are dissolved in water 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 is

immersed in the adhesive solution, or the adhesive solution is coated on the substrate 1 to

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



[ 0042] (Second step) Next, as shown in Fig. 1B, an
"adhesi on-i nparting conpound is coated on the surface 1 la of the core
materials 11 to formthe second adhe<ove | ayer 13. First, at |east
one or nore kinds selected from adhesion-inparting conpounds (first

adhesi on-inparti ng conpounds) shown bel ow are dissolved in water or acidic
water, and it s, preferably adjusted to a weakly acidic condition of pH 3
to 4. In this“&%@, an adhesive solution is forned. Subsequently, the

substrate 1 obtained in the first stlgdp IS i nver sed in the (i(t;[ihesi ve,

sol ution, or HeE. adhssionvmpagingcomponnd eadicasslesipd;optiongllys Apd i Skampleyener at e
a second adhesive |ayer 13 on the surface 1la of the core materials 11. 20
[0043] a naphtbigiaegle-hasedsi dsmivatiyear bemaptiiazaisoased c derivpsivee| isndagleopasednal |y,
and for exanple, a naphtotriazol e-based derivative, benzotriazol e-based
deri vat gatevativel idazsintddakeashsetbdérivative, enerbgnatminaottmzole dabakdativdeve, wad i ve,

nmer capt obenzot hi azol e- based derivative, and benzothi azole thio fatty

aci d- baggfoffidoAlihibe fafyd akbfacodstd edesttine adcthe TResenadbeadcan- i TRAEL i ng
conpounds have a function of inparting strong adhesi veness regardi ng netal

or the LikeionRfphitind 2bmPolREahN'% GARARN: oF Ui HRANET frong UadheseR@yNds can

i npart adhesiveness~to a conductive material and the |ike which are other
i cn' T Eepraine e br thedire per RO B8Afind Aokt T SRR TS ORAR S L e
For ml acgnll)nipagtoa%ﬁg.é]ive%%sth% al\clzonductive material and the like which are other than copper.

[0044]

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

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

[0045]

R? I e e e (1)
H

[0046]

In in the general formula (1), R1 to 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, Cl, I, a cyano group, an amino group or OH group.

[0047]



[ 0046]

In in the general

formula (1),

Rl to R4 e

‘represents a hydrogen atom an al koxy group, an al kyl
to 16 carbon atons (preferably,

am no group or

OH group. [0047]

5 to 216),
21

F, Br, d, I

Furt her nor e,

ach independently
group, which have 1
, a cyano group, an
t he

naphtotri azol e- based derivative which is preferably used in the present

invention is shawn by Lhe gene

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

ral. f
1azole-bas

[0048]
R” R® R? H
N
R® I
H
R5 R1 0
[0049]

25 rHJée"%iv(a&é wln%ﬁ E)referalzll gse%] in the

(2)

In the formula (2), R5 to R10 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 a OH group.

[0050]

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

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

[0051]
H(l.l‘:—l\llH
11
R C\N/C
[0052]

(3)

In the formula (3), R11 and R12 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, I, 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 (2), R5 to R10 each independently represents a hydrogen
‘atomi an al koxy group, an al kyl group, which have 1 to 16 carbon atons

(preferably, 5 to 16), F, Br, d, |, 2 cyano group, an am no group or a OH
group. [0050] Furthernore, the im dazol e-based derivative which is
preferably used in the present invention is shown by the general formula
(3). [0051] ---NH R112 RANCR ( 3) [0052] In the fornmula

(3), R11 and 54kach i ndependently represents a hydrogen atom an al koxy
group, an al kyl group, which have 1 to 16 carbon atons (pref erably, 5 to

16), F, Br, d, I, a cyang.groyp, an amino group or a OH group. [0053]

Furt hernore, the benzoim azo e-based derivative which is preferably used
in the present invention ] OWR L y the general formula (4).

R4 —R!’ - - - (4)
—-N’
H
R13
[0055]

In the formula (4), R13 to R17 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 a OH group.

[0056]

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

[0057]

| RZO R21
R1 9 I « o o
\ (5)

[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, 5to0 16), F,
Br, Cl, I, 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]



[ 0054] [ 0055] In the formula (4), R13 to R17 each independently
‘represents a hydrogen atom an al koxy group, an al kyl group, which have 1
to 16 carbon atons (preferably, 5 to2B6), F, Br, C, I, a cyano group, an
am no group or a OH group. [0056] Furthernore, the

mer capt obenzot hi azol e-based derivative which is preferably used in the
present invention is shown by the general formula (5). [0057]

24 25 R26

R R ¥
RZ \(IID_S—(IDH (6)
| N  GCOOH |

122

[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 a OH group.

[0062]

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

Furthermore, in the imidazole-based derivative 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 R22 to 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



[ 0058] In the formula (5), R18 to R21 each i ndependently represents a
‘hydrogen atom an al koxy group, an al kyl group, which have 1 to 16 carbon
atons (preferably, 5 to 16), F, Br, G4 1, a cyano group, an anm no group or
a OH group. [0059] Furthernore, the benzothiazole thio fatty

aci d- based derivative which is preferably used in the present invention is

5 eI LT A, B8 B b ok L
510, L Pl B e S B P e

pm&m&emmﬂwcmwmmmmnmaaﬁbemarmgeﬁﬂﬂﬁ%bym&sm20%bymms
based on the total adhesive solution. When the concentration of the adhesive compound
is in the range as described above, the adhesiveness to the core materials 11 can be
achieved sufficiently. On the other hand, when the concentration is less than 0.05% by
mass with respect to the total adhesive solution, the adhesiveness is provided insufficiently,
and when the concentration exceeds 20% by mass with respect to the total adhesive
solution, a large quantity of the adhesibn—imparting compound is consumed, and it is not
preferable from the viewpoint of efficiency.

[0064]

It is preferable that a processing temperature at the time of providing the
adhesiveness to the surface 11a of the core materials 11 be somewhat higher than room
temperature. Due to the condition, the forming speed and the formed amount of the
second adhesive layer 13 become sufficient. Furthermore, although the appropriate
processing temperature is varied according to the concentration of the adhesion-imparting
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 S0 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.



Anong t he conpounds, in the benzotriazol e-based derivative represented by
‘the general formula (1), the larger the carbon nunmber of Rl to R4, the
greater the adhesiveness in general. 25 Furthernore, in the

i m dazol e-based derivative and the benzoi m dazol e- based derivative
represented by the general forrmulae (3) and (4), the larger the carbon
nunber of Rh do %ﬁ R17, the greater the adhesiveness in general.

Furt her nore, A%lhe benzot hiazole thio fatty aci d-based derivative
represented by the general fornulae (6), it is preferable that the carbon
nunber of R2AThgdmtePy be 1 or 2. [0063] Furthernore, as exanpl es of
" materials which can be used for adjusting pH of the adhesive so] ution, an

i nor gani ¢ aciNextuasshawnHgdigdiEl, spider partieles 44 praadhereddp the serend adhgeive
phosphoric acid, and an organic acid can be cited. Furthernore, as exanples
of the pygears eiairighn thesurfae afitd, coramuiecialsdild, acetic acid, propionic acid,
malic acid, oxalic acid, malonic acid, succinic acid, tartaric acid and the
li ke can be usggnplder BRNAENDA JF la@Rerfify ddider gsaRRIEsONt tTRIetaral adhizpioend
included in the adhesive 24 solutionis not limted in particular. The
concent i on: i . ; j { &ohlie

sol ubi | {a? {3/1] ﬁ:ér %%ﬁgﬂoﬁﬂ%ﬂgﬁ @gf;}g%@%ﬁ@%&?g&ggﬁ%ﬁ&?g??& E)r ef erabl e
that the, concentrati.on thereof be in a._range Q5% . o by
mas baSUFog 144G 15 48 A ket agtoseiect Pr A AR pdlpol GRS BariBeS o O
adhesi ve conmpound is_in the range as. descri%%d above, . f he adhesi%ﬁness to
the cor arerdisRersed|in adispessing SolyHAR.eyRigh 43, neh LoRmy 1], Proyife; :UBY FRPUHSRY  when
the concentration is |ess than 0.05% by mass with respect to the é}ot al
adhesi vend dheusluom, otittined dh snplied de sthe seemdyadhesive daxsr t13ci dbeipethgd #funen

t he concentration exceeds 20% by mass with respect to the total adhesive
sol ut i oadheingahi@soldgraattides ldftottheseadinksdwsive tqyar 13 msindapotheimethod isumed,
and it is not preferable fromthe viewpoint of efficiency. [0064] It

i's pref gaRking thd'@re haldrREEEISionBe hfaenabetie sabstidie] destbibed inthefirsdsteg, t he
adhesi veness to the surface 1 la of the core materials 11 be sonmewhat

hi gher taﬂmef‘%@dte%ﬁg?Egﬁlb"ﬁﬁi"“%gﬁgﬁwe condition, the form ng speed and

t he fornmed anount second adhesive | ayer 13 becone sufficient.

Furt her nore, f[k)t gﬁugh the appropriate processing tenperature is varied
according to ®'Loncentration of the adhesion-i nparting conpound, the

ki nds of nmetal, and materij al f. the second adhesive |ayer. 1 t he
tenperature i SeferfdieR|a ?‘aﬁfléié’ﬁ‘ég}g‘\'ﬁﬁ Of forming ﬁ‘eaﬁﬁta ES16¢ ?dgﬁﬁgtanéoc to
60C. Furthernore, it is preferable that other conditions be coptrolled so
that thdas apepsrtygvheraip afhesiveness ohdhg susfase Pads lost dus tpz'eglqgaﬁﬁ%‘{;%fonaﬂfout 5

~seconds to 5 mnutes. [0065] Furthernore, it is preferable that 50
t o 1000 uptpavislét caypperthe dikel $¢ ussl deforothd norehmatzdhle sire edberedst itomay \Ween
copper ions coexist in the above range, it is possible to increase formng

ef fi ci engysilsieedreatovehke fiRf MafgiabDEeflerahélcébendierialet arguonidaf o the fastcond
adhesi ve | ayer 13. _
adhesive layer 5. In this case, it is possible to prevent the solder particles 14 from
adbering to the surface 5a of the first adhesive layer, due to treatment such as irradiation
of ultraviolet rays, heating or the like, which is 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



25 [0066] (Third step) Next, as shown in Fig. 1C, solder particles 14
"are ‘adhered to the second adhesive | ayer 13 existing on the surface of the
core materials 11. Exanpl es of 26he net hod 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 sl . I are

di sper s%fdt%F ﬁO@Qﬁ%ﬁ&‘% ilgﬁf’%BF GP]it%)llP,' s%ﬁ%%a?cgrﬁg% tosﬁlga;n%?tuﬁégﬁ%%n%{t/eﬁ%%g slurry
condition and the slurry qbtained is supplLedéﬁo t he %eﬁond adhesi ve | ayer
13. Thethaworomaistiabbhdnt idgs prederable dbat the parficlegliameter; ¢ be | 1ra OF Ji8C Afesi ve

| ayer 13 is simlar to the nmethod of adhering the core materials 11 to the
sur f acelebsthaf ot baguab tthene-bealfoflthd patticlendiameter Phe Whansthe pasigle digmetehd 0€f or e
detail ed explanations are omtted. [0067] Here, when a materi al,

whi ch i heuskir paticleondiing theabbdie mingadheplurd soblge paficksd4ivas ba aghapér t y
wher ei n adhesi veness of the surface 5a is |ost due to heating, irradiation
of ultravifl®te masiacr1.the like, is used before the core materials are
adhered, 1t nmay be possible to renove the first material 21 after the core
materials 11 @bggjorovi ded 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 | due to ¢ i .adiat | f
it ravi of et )R RER Mgt SA%h e b SRR pB PR lR IS, T
dhesi f the surface 5a after the first nmenb ' d. [0068
Fur t hot HBnc| M dhe Ghaiespl (e Fadcraiaver Bcamien ‘O ang: Fd M ST, THGBi anet or

d thereof is smaller than the average particle dianmeter D of the core

mat er i abecontes insuffigiant when farmed|salsler palls 7@ pessreflowedn Aecrdmehed $oi%ne core
material 11. The particle dianmeter d 26 of the solder particles 14 can be
sui t abl yumplieedsidy remcwddirorg a orcuitdopair wha the doldarcbalis 10 asé rafloovedoard Hat eri al
11, but it is preferable that the particle dianeter d be 1 gmor nore and

| ess t ham@mnraeiasle. t Thang; had hotqfrefehdleeinéd fakle oflttrrselder 1dyer Whéncaubed.

particle dianmeter d of the solder particles 14 is in the above range, the

plural  sglghPanilen! fS pfick a8 B iRboldr PRRIcRSN2 iSRI0RE tiah o} tqudl 0069]
to one-half of the particle diameter D of the core materials 11, it is not preferable since a
sufficient number of the solder particles 14 cannot be adhered to one core material 11.

[0070]

Furthermore, as the metal compositioh 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-Sb-Ag-based,
Sn-Ag-Zn-based, Sn-Cu-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-based compositiion, can be used suitably.



On the other hand, when the particle dianmeter d of the solder particles 14
‘is l'ess than 1 gm the thickness of the solder |ayer beconmes too thin, and
t he sol der ampbunt becones insufficierRfi when formed solder balls 70 are
refl owed. Accordingly, a solder bunp is easily renoved froma circuit board
when the solder balls 70 are reflowed, and it is not preferable. That is,
it is not prefzﬁz bl e since |l ack of the solder layer 15 is caused.

Furt hernore the particle diameter d of the sol der particles 14 is
nore than or equal to one-ha %t]{ of t e arti.cl e di angter ‘gl? lHio
material s 11,Af poncEetpearpples e the metalicaapoytian, &nicy e&H? S‘Hﬁ‘?fb ‘dﬂ)fnc &% sol der
particles 14 cannot be adhered to one core materi al ;007@;

" Fur t her 63frody mgsstof Snrand 37 %cbyrpiess ‘Pﬁ@l(‘”@fe“ﬂﬂf@rasféfeﬂéﬁ t‘b&%@ YVELD) gan by,
exanpl e, a conposition such as a Sn-Pb-based, Sn-Pb-Ag-based,

Sn- Pb- Btitddesednaibrexatip 8] aniohAsasisdb/ 29w 6868%—7&1/013@@60&W4@H$|5050/r508hn be
cited. Furthernore, fromthe viewoint of recent trends wherein Pb is

el i mi naggsh/fomyn i NgsiS/TIRY, Was0SHh/SSPHIAROS| UbSi8BhI6Ib, does7SwBBI/40Ryde Pb,
such as a Sn-1n-based, Sn-Bi-based, |n-Ag-based, |n-Bi-based, Sn-Zn-based,

Sn- Ag- b@fﬁ%z@? @e%sﬁmﬁrﬁeﬁedso%sﬁwmd . 488y 8iln Ag4Son/b7sE,
Sn- Ge- based n- Bi - based, Sn-Cu-'Sb- Ag-based, Sn Ag- Zn based

Sn- Cu- d, - Bi S nk@af‘@g

Sn- Ag- %7@23;{% 5%}“%91“5?39'9?% @M@BI’A%]%S@?% ?gsse AR ‘a’oggégn Bi - aseld
conposi tijon e onc, xanpl es
of rr}[)he %@‘Hﬁsboﬂg’é&f&og‘é‘ 9§#“/i€$%vct?0§2r‘z7 #Ig‘gg‘&%(ﬂ 5(9‘? %ﬁ%ﬁé %(&["Wq’ragg of
Sn and 37% by mass of Pb (hereinafter, referred as 6589%378@ n
cited aS2Sn/AEBI0& ANl ¥S G 8Sh(0 38/ 2%&;551&5 787 phy D AKFCU @e‘%’rﬂ 40Pb,
50Sn/ 50Pb, 30Sn/ 70Pb, 25Sn/ 75Pb, 10Sn/ 88Pb/2Ag, 46Sn/ 8Bi / 46Pb,

'57Sn/ 3BE2SOPERI/3SH, Sn/ 4SS/ ASBR/3Sh ARy, 45 SSShAOBLSSBRI , BESHI ORIFSb

48Sn1521n, 43 Sn/57B 971 n13Ag, 58Sn1421n, 951 nl5Bi, 60Sn/40Bi, 91Sn/9Zn,

96. 5Sn/ §8246/1089038W 17n7/Cu, 839§SRADSISH, 20SBLSWANg/796VSmd, 1 0ARSSN/1 Ag/1Sb,
90Sri/7.5Bi/2Ag/ 0. 5Cu, 97Sn/3Cu, 99Sn/| Ge, 92Sn/7.5Bi/ 0. 5Cu,

97Sn/ 2 9 9 i0. mn/mﬁ45anﬂ38b 51
Sn/ 4580?7811@%?/ 1%{)21/%&15 82} %%EB}IQI 5 de/gZS'I}fSn??gggzﬁg? Sh/1zn, 88. 2l

o AR LS A A e B

89. 1Sn/ 2A 9Cu/ 8Z E 14
of the SHBBAHEALE THXGELIES oF THOtB NPner SR ngr Qe s B
whi ch have different conpositions, can be used. [0072] (Fourth step)

Subsequéampgsitiens; e baysedep i s perfor med as shown in Fig, 1Dto forma

sol der | ayer 15.
[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 liquid
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 is diffused in the side of the



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 t¥8 solder particles 14 and the core

materials 11 is perforned. The fixing is a reaction wherein, between the
core materials 11 and the solder particles 14, structural material of the

ials 11 and the sol der parti . '
when ¢ nemridns b oot 1 alion eSO sDBE ngfapeIf e AR IHES o7,

materials 11. . Here, a fixing tenperature is preferably in a range
froma ?@W@!%&H-\Aﬁi ch is the value of the nelting point of used sol der
mnus 50C, to a tenperature which is the value of the nelting point of used
sol der plus 5H@e, arfikingtesnsrasarsriaprsfetahlyainr aragee fioga demperaFaiid Which is
the value of the nelting point of used solder mnus 30C, to a tenperature
whi ch i shet Vituevaf the méltihg @oimelof usgl soddertminhis GO¥L toal wepepturs vA0Ch isvthen t he
fixing tenperature is in the above range, the solder particles 14 are not

el ted, yQe ofURMélfing PEinEoNisedkoldtr $106567;dad nivké prefdrablyiis ammigedtbm the
nelted content does not run out due to the effect of the oxide filns which

OXi St ale BCail hARE BIhE NAIRASH in] BoitinB G0 bNGleA, solder| HinROSOPO! & b

performiixing the formof the so particles 14 is nmaintained.
[ 0074]

Next,. a.wat errsol i St on
whi ch tﬁeén%eé?tgrer?ﬁ]?lgﬁil V\ﬁlg Vﬂl,% Q(fgg%/ﬁlf%{?%gﬁ Sol ée(fgodg‘lf}télc 3e6:@i4 \&g‘%/rgth%een
fixed, are provided. As the water-sqluble flux, faqr ex l.e,. a fl|ux..can be
used whiflXHg EMPEERYre &g tf‘?]alﬂoé’ﬁa{ﬁ%gfea@r?@ Wﬁ@ﬁleﬁégé’ﬁ? “‘igﬁ?‘%é‘a% S¥ENIE ¢ st
Publ i cati on No. 2004-282062. Wen a water-soluble flux is coated on the
subst r athe qontesh obshieelder partislsn isyaeliedhiiraneliadsonienbdessmoh e Gt dpp o WG| der
particles 14 and the surface |la of the core materials 11. [0075]

Next , r effeavof the pideofimesdwhizhneist at iee swofaderof ghe paticles. 1Accdbdimglyo it ise
reflow, the solder particles 14 are nelted and spread all over the surface

1 la of polighle @ perforirefitiag vhild thieofofroMig soidet particky ¢4 idmainftinadii s time, the
heating tenperature is preferably in a range of 200 to 300C, and it is
particul arly m@/ﬁ rable that the heating tenperature be 10 to 50C hi gher
than the nelting Eoi nt of the used solder. When heating is perforned at a

a_ingﬁ(rja: E;e '2 kDG WANAS IR APRUEd JHERE Gbstd%n Which Bfe &Pé HateriRr i Cl es

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 1, an oxide film 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 melted and spread all over the surféce 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 is particularly preferable that the heating temperature be 10 to 50°C
higher than the melting point 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



surface ha of the core materials 11 can be sufficiently reacted to forma
‘diffusion layer. [0076] (Fifth step) Next, as shown in Fig. 1E, the
first menber 21 is renoved fromthe S9rface 5a of the first adhesive |ayer
5. Subsequently, the core materials 11 are renoved fromthe substrate 1.
Here, the method of renoving the core materials 11 fromthe substrate 1 can
be suitab | ect e ccardi tefd (A ive | ayer
5. ConcoBiasr 7 PERECARTBRERME L b BBy Rebiclto Fish  dBtioRIEE /2 1
substrate 1 bé) 2n]\/ul trasonic cleaner, a nethod wherein the first adhesive

| ayer 5 is di 08PN ed by a solvent and the |ike can be used. The nethod of
_renoving the core materials 11 fromthe substrate 1 is not linted to the
met hod descri @élth stepve, and the core materials 11 may be renoved by bending
the substrate 1 if the substrate 1 has flexibility. In this way, the sol der
bal | s 70 can Nextf ay stesvn in00Z 7]E, the first meobet2 hiy removékirpmatie surfage Petoiod of
solder balls 70 of the first enbodi nent, the solder particles 14 are

adher edteofifshadiddivealagerld aSibsequratlgothe doré emdtaialsl 11 wira r¢thevesleffomdthadhesi ve
| ayer 13, and then the solder particles 14 are nelted. Accordingly, a

uni for myanlder | a¥8E, ke metiddRE réMEVIRE R cdré Mateialsaaefrdr tie Qibstrite 1cane
material 11. Furthernore, the solder |ayer 15 can be easily forned as

conpar egg}“ﬁ@gg Peff?(cgé’é‘%(%g%i?é‘?d th'%%&%‘?al PR ﬁ'rs?‘aftﬁﬁkﬁléw Ayer doﬁcrfef%i I g with

pl ati ng urt her nore, e solder | ayer i

f or med ile the cor terials 11 are adhered to the surfa . the
subst ra‘f‘}gr eKamp ’tah‘é‘et?‘f)ag‘fheéedﬁé@?retéoq 5 RIpvided i(h&het Wi’?%?tgﬁet,’y %ﬁr’%&et?aggélccor e
materials 11 can be treated simultaneously ,as.co]r’rp ed with th .

convent clsargr, agiethind Whaienihe Fist @dhesivedayerivets disse Vﬁ&i’@rai S8 V§"ﬂ“‘§§h€ lik8her ed
to the surface 30 la of the substrate 1 via the first adhesive |ayer 5,

t he cor eamhe esédal Sheinethed bErenenvingtheecgss materialsnd It fiemsthe subsirate h issiqter t he
sol der layer 15 is forned. In this way, the form ng step of the

sol der higlited t60he avicthed dewhbyd abowel iahd ¢ie asrecmateealed Iwinai behremoved dyt | onal
met hods, and the solder balls 70 can be manufactured wth great efficiency.

;geffggyg?dihgtﬂe%uaa&@é Plfant subsREaends MRxBAMYS act uring cost of sol der balls

In this way, the solder balls 70 can be formed.

[0077]

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 layer 15 can be formed on the surface 11a of the core material 11. Furthermore,
the solder layer 15 can be easily formed as compared with the conventional method
.wherein a solder layer is formed with plating or the like.

[0078]

Furthermore, the solder layer 15 is formed while the core materials 11 are
adhered to the surface 1a of the substrate 1 via the first adhesive layer 5, and therefore,
numerous core materials 11 can be treated simultaneously as compared with the

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



Furthernore, by covering the surface 11 a of the core materials 11 by the
‘sol der layer 15, the core materials 11 function as spacers when a sol der

bunp is forned using the sol der ball s3070 manuf actured. Accordingly, even

when the solder layer 15 is nelted, the height of the sol der bunp can be

mai ntai ned uniformy. Accordingly, even when el ectronic conponents are

id th . i i t
e KA
i's | s ic circuit.
[0080] ¢asily frqf’&ﬂlehsé‘ ﬂf?r“’effa Ffﬁb&@ﬂ%n%ﬁfggdﬁf"éﬂei s 11 are made of netal,

conduction between el ectronic conponents and an_electronic circujt can be
achi eved whenln tis wgydée forming step of the seldgr balie0 e be Sighlyamaplifigdas11 are
made of copper, excellent conduction between the el ectronic conponents and
t he el ecompared waitlr thei tonvemtidnal atettaids,cahd thersobdee|bals 70 cah heemasufacivesdof
copper is low [0081] Furt hernore, when the core naterials 11 are
made of wiih grat effi¢lesdyonThegessrt, in g pRsibRUD dedian thrememdhdtyringedsedf solder
Accordingly, sufficient thickness of the second adhesive |ayer 13 can be
provi degyfegordingly, the solder particles 14 are easily adhered to the
surface 11 a of the core material 11 via the second adhesive |ayer 13.
Ther ef or e, thf%mgj. sol der layer 15 which has uniformand sufficient film
t hi ckness can*be"fornmed. In this way, it is possible to formsolder balls
70 havi ng uni for article di.aneter, _and.it .i.S possible t erf or )

f avor abl e bonhPﬁgéfE@fMénchﬁ%“% cﬁ‘ﬁr@ﬁ?gl%ffmn‘goﬁ? malgriply ﬁ]eBEiﬂi’ecfﬁ “boar d.
[ 0082] Furt hernore, since the core terials 11 arge used .as spacers,
it is poayer bp.dhe soreanaterialy 1} RMCHpR aHNAECTh MNRR &oldREbWNR & HﬁFfu%%ﬁ@nents
and the substrate. Accordingly, problens wherein the electronic conponents
provi dedoldar bills Hubanufatteredi nhceardinghi fvemivierciig spldes tayoret isaneltads thes
possible to obtain a substrate which has high reliability and achi eves a
uni f or mhihghof thet svldeeshanp daa bdhenagintametatrefirallys 1Accordinglye rewerr eyhesi nce
the solder particles 14 are adhered to the core material 11 via the second

adhesi vejdcaphic chipohénté &rePRbviDEE6S BRI WIdeP bHp, B¥ RRAGONIE cOMPPRINtEds Rotsol der
bal | s which have been conventionally used. Accordingly, it is possible to

achi eve r | | MRLAdigahyi Rs BhssHIE Romalntaih MeSHiNRYdisthAG

pr oduci r?éﬁcsrr&el{ehtggff%%%ﬁteﬁ%?egze%Léeofrg%lgﬂlltylhgn% B{)Sss capa%)laé1 8‘?@ orlm' nglsa fine
substrate, and, el.ectroni c_equi pnent ich .has a high degree of integration
and hi gh’e eflg%? TIF?tEP"é%ﬁO%Oq‘BPg\?MQH\éG§&?‘H8 “Bf%ent embodi nent. [0083]
Furthernore, according to the above nethod, solder balls 70 can be forned
wi t hout usi ng [#f&Mh- nelti ng- poi nt sol der which includes a |arge amount of

| ead. Accordinggg, it is possible to provide solder balls 70 which include
absol ut el y no Fushermorgeingeche corg matghalard & apomaderdf methlf Gopauaipn et ween
included in a solder bunp. Accordingly, it is possible to prevent

- mal functeleronic @hgohersiand ankizotenit sirabit cim bs aduesddvien the salder 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 is low.
 [0081]
Furthermoré, 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



[0084] Furthernore, when a plated netal nenber is used as a first nenber
‘21, it is 32 possible to use the first menber repeatedly in the nethod of
produci ng solder balls 70. Accordingl3t, it is possible to reduce the

manuf acturi ng cost in the producing steps of solder balls 70. [0085]
Furtherrmre when the thickness H of the first menber 21 is set to be 1 pm

nor e d .l ess than e 2&% [ e core
rraterl af® ‘T@ l%%leé'slls @lﬁ{lceﬁ% ﬁﬁg'{"htaR?| rst %E)lb]grﬁl}ﬁ tﬁﬁgliésgﬁgn I'n %tﬁlp
wor kabi lity increases and th ls 70.can b uf act ur
ef fi ci eWaY.yit iEposplle rfﬁrfémssioﬁj@é%?ﬁ% 79%‘%??'&%’5 pﬁ'ﬁcfa‘gla@&ee ?‘F@?grlf als 11
are held by the sidewalls of the first openings 31, displacepent of. the
core mapessibdg to performnfaper abké!ﬂ@ﬁtnéchet‘f’wggf clecttonic cRmPPREhEIGheGIGHE ( he
second adhesive layer 13 is formed on the core material 11 whlle the first
menber BdarBaving the first openings 31 is placed on the substrate 1, the
second adhesive layer 13 is not forned on the portion where the surface 1la

of the core Qj al 11 does not exist. The reason why the second adhesive
| ayer is not rmed on the first nenber 21 is that nmaterials which are used

for form ng CPur%léf%Fer blﬂbéth%%@ﬁ: RhteABL A arC@RAUS pacersMRiEpdssibl toor the
i ke, are materla s to which adhesiveness is given by an adhesion-inparting

d f th
e oMo R RO R PHAFE R LM 50 ¢ SiMES | ACabaigino the
dhesi b dh ly,
"L s, paEH g e R Heonts FaRPoTgR R EY e 5 %gﬁgéwg%’%@ﬁ”ﬁm-ﬁﬁlé&@ e
materials selectively. Furthernore, since the core nat Habﬁj s 11 are adhered

in the tanbesadyrshppdl igpossible @§b%§§ﬁ‘ﬁ?sga§°d”lﬂ9‘eb§ﬁ‘ghéq of the core

materials 11 to the outside-of the first openings 31 even |f the
adhesi vadesesafunifoenthieight with mespeatdo thpycore atesialso.  Furthermore,isiicpdisi bl e to
adhere the core materials 11 to all the first openings 31 without fail. 33
[0087] (SiaeonticledpHaradhdred to the core material 11 via the second adhesive layer 13, it

is not necessary to 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, a rays are 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 a ray.

[0084]

Furthermore, when a plated metal member is used as a first member 21, it is



Next, a producing nethod of solder balls 70 as a second enbodi nent of the
‘present invention is explained while referring to figures. Fig. 2A to Fig.
2E are process drawi ngs whi ch expl ai B2 he produci ng net hod of sol der balls
70 of the second enbodi nment. [0088] The net hod of producing sol der
balls 70 of the second enbodi ment is schematically structured such that the

met hod conpy f r on a
surface %Sé T, u§e &'Stﬁrg lgrq\ﬁggﬁ} &an\ﬁ% gheﬁl?ide%fr@j gé'lég 3 ]ﬁgﬂguﬂ?ace | a
of a substrate 1;. a sec nd ste wherein second adhes Ia 13 i.s
formed ARCRTHIER rif é%Bosisﬂ’é e & rednee dby é“%?aémr‘é'igscoftlm ﬁ‘et Pﬁofiﬂc%% SIFPMREr ei n
sol der particles 14 are adhered to the surface of the second adhesive | ayer
13; a foeldernbatls P wherein the solder particles 14 are nelted to forma

sol der layer 15; and a fifth step wherein the substrate 1 is renoved from
the core mat e[OOﬁB]s 11. [0089] The enbodinent is simlar to the first
enbodi nent except that the first nenber 12 is structured with a first |ayer

21 a (a firstFhdvemory, whbe tifd thiknese Fbef the ingt ntenstee AMds $eyebe Rjm ¢ra second
| ayer of the first menber), and a step wherein the second |ayer 21b is

removed (oM d & tfhhﬁ of edu%}’f%r 1/2 %Ptﬂei)aﬁ'idl’é/ HidReicP ) \IRSIdrE Rtekial BI etlgp and the
second step. Accordingly, detailed explanation is omtted with respect to

t he sane_char act Her 1s [ 0090]
(First s?tswni% fis fhelis o AosBRtil;mt @?{;ﬁdgﬁlﬁ% If*@a?eg AL AGIS] ons
mhereln 34 nmenp vi ded on hes e er 5
(previ oJ§ éwnaméfagqléeél ‘J(E‘ff—‘}‘evﬁ%r efp W?‘Q”F‘?TFS?“"?G %Fldﬁfg ?ffestohé] fcioFés/t nenber,
wherein the first |ayer has openings 32a (| qwer ortlons of the second
openi ng#dyaterials bk ggihgllbyghe sewails thﬁﬁﬁ%@P%ngsa%}eFilsB aceRent T Metorg i i )
wherein the second | ayer 21b of the first nenber, wherein the second | ayer
has opematersiSPbeanpmeeventadt i ons of the second openi ngs) having a smaller
di aneter than that of the openings 32, is provided on the first |ayer 2la
of the first p@86gr, so that the openings 32a and the center of the
openi ngs 32b coincide. Hereinafter, each step is explained in detail.
Furthermore, since the second adhesive layer 13 is formed on the core material 11

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, it 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 is low. Thus, it is possible to adhere the

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



_[009}] First, the first layer 21 of the first menber is provided to
cover the surface 5a of the first adhesive layer 5. Openings 32a are '
provided at the first layer 2la of tH3 first nenber, wherein the openings
are spaced from each other and can expose the surface 5a of the first
adhesive layer 5. Although materials of the first layer 2la of the first
menber are no Og?ﬂm ted in particular, specifically, for exanple, a nenber
may be used | i s obtained by coating a paste for solder resist on the
substrate 1. (([§209‘}2€j]ee , Fgrt hernore, the range of the diameter F2a of the
openi ngs 32a Geconkembodimentyyer 21a can be represented by the fol | ow ng
formula (5), when the dianeter of the openings 32b of the second |ayer 21b
described bel Nexti & progipeing anntleq waohlzbbalfsoM]a seponghembodimontpf thq 0094] 35
The particularly preferable range of the openings 32a can be represented by
t he for puebent (IB)entboisrexphlired whikGefsfring to figures. Fig. 2A to Fig. 2E are process

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

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 1a 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 1 is
removed from the core materials 11.

[0089]

The embodiment is 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 layer 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.
Aécording]y, detailed explanation is omitted with respect to the same characteristics.

Hereinafter, the first step is explained.

[0090]

(First step)

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



F2b+3dF2aF2b+4d [ 0096] Next, the second | ayer 21b of
the Tirst nmenber is provided on the first layer 2la of the first nenber.
Openi ngs 32b which have a snaller didteter than that of the openings 32a
are provided in the second |ayer 21b of the first nmenber. Wen the second
layer 21b of the first menber is provided, positions to be arranged are

control | ed,so,t hat t. e t S
At he TERBRER] w@?ﬂ?i%ﬂifl%ﬂ%%?%ﬁ% SaFe AR sl (FRhBEER st
used. v%en suc teri I s, used a cond b of the fi.rst
menber , layer 212 (bfdgg &I‘E?ténqrgbetﬁs\é( herin thﬁ I]aWég‘é%\P%‘%g%a%ﬁ’é” HPSEHPES 08 st eps
and to reduce the manufacturing cost in the producing steps of solder balls
70. [ 00®ig]second openings);, ifepravided onfilefirshadhestvg|layerde %éteBK")c WherEinT 8¢ | ayer
2la and the second |ayer 21b of the first nmenber.is represented by H His
| ar ger sdvand tayeedliabf the firsmembeheviperin ithd scdidimytehaspehingh&2b dupper
materials 11, and the range of the diameter F2b of the openings 32b can be
r epr esepbRdndyt thbSedont Bpkmings)hating Winidbodiame R0 8ih that-ob theFdpehmgR 3D is 36
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 pr0v1ded at the first layer 21a of the first.
member, wherein the openings are spaced from each other and can expose the surface 5a
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.
[0092]
Furthermore, the range of the diameter F», 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 21b described below is represented by Fop.

[0093]

F2b+2d§an ' . o (5)

[0094]



[0099] Furthermore, the particularly preferable range of the dianmeter F2b
of the openings 32b can be represented by the fornula (8) shown bel ow.

[ 0100] (8) [0101] Furthernore, theébsdi stance G between the adjacent
first openings 32b can be represented by the formula (9) shown bel ow, when
the thickness of the second | ayer 21b of the first nmenber is represented by

Ho. [0102] 2dwED. -.. - Hy -4 5 e (9)
[0103] %%%%‘ﬁél% rs‘?feé%%cl"ér%zz’ Bgﬁ‘veveé’ﬁmggse%adﬁ@éﬁ?‘g henged B8 ngs 32b
is in the rgn(%e represented by the formula (9), it is possible to form
sol der Pamula GYshayn PlO¥upstrate 1 with high density, and prevent bonding

bet ween t he a%;acent sol der balls 70.
[0095]

Fao+3dS<F,;,SFy,+4d rec (6)

[0096]

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 layer 21b 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, it is possible to
use the member repeatedly in the producing steps and to reduce the manufacturing cost in
the producing steps of solder balls 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 F3, of the openings 32b
can be represented by the formula (7) shown below.

[0098]

DEF,,<2D e (7)



[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 Fig. 2B, the second | ayer3621b of the first nenber is renoved
fromthe first layer 2l1a of the first nenber. Since the dianeter F2b of the
openings 32b 37 is smaller than the dianmeter F2a of the openings 32a, the
core naterialg%; BS provided at the center of the | ower portion 32a of the
second openin ? 105] (Second st ep) Next, as shown in Fig. 2B, a

second adheS| 3 is. oatin adh SI n arti.n
conpound on t P% e]partg: g’?ﬂ{@bg%’?eeraﬂﬁ‘?ggtﬁ ?jiltggf’ﬂ%m?g%r st

| ayer 21la of the first menber covers the surface ba of the first adhesive
| ayer 532beandhe rpresented brothe famula{8)shewa belodce 5a of the first adhesive

| ayer 5 is covered by the first layer 2la of the first menber, the second
adhesive | ayef0108] i s prevented from being forned on positions other than
the surface 11 a of the core materials 11. That is, the core materials are
made of a material to which adhesiveness is given due to the

adhesi on-inparting conmpound, and the first adhesive |ayer and the flrst
llayer 2la of 1ith& i r sk tegirer are nade of a material to which adkesi (@gss
is not given due t§ T he adhesi on- i nparting conpound. Accordingly, an
adhesive layer 13 is not formed on the first |ayer 2la. [0106]
Subsequently, as shown in Figs 2Cto 2E, the third step, the fourth step
and the fifth(ﬁhif are perfornmed. Wth respect to the third step and steps
subsequent t ol third step, detail ed explanation of the steps is omtted

since the steEs are simlar to those of the first enbadi t. [b0107]
urthermore, the distance G; between the adjacent first openings can

represented by the formula (9) shown below, when the thickness of the second layer 21b
of the first member is represented by Hy.

[0102]

2d+D—2/H,(D—Hp)<G,<4d+ D—-2/H,(D—H) * * * (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 5a 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 layer 21a of the first member. Since the diameter Fa, of the openings 32b



According to the produci ng nethod of solder balls 70 of the second

"embodi ment, since the second |ayer 21b of the first menber, wherein the
second | ayer has openings 32b which t88ve a snall er dianeter than that of

t he openings 32a, is provided on the first |ayer 2la of the first nenber so
that the center of the openings 32a and the center of the openings 32b

coi ncide, the eni ngs 32b._cap_be pr.ovigded so t . i are 38
arr angelf Sﬁﬁﬂ%@g'& ﬂ}ﬁ(g?m%tpr ne PH‘&‘W?W&%S g%a.theﬁ?( ?%é%e%f%fﬁ(j}%@géq %?? Second

| ayer 21b of the first nenber is remgved fromthe first |ayer 2la of the
first neamsenofshe lewer pertipn p3a obRESG0RE OPERBE 5 i s adhered to the core
materials 11, it is possible to maintain the distance between the core
materials 11 65} he first layer of the first menber. That is, when the
core materials 11 are adhered to the first adhesive layer 5, the core
materials 11 (Roombstgp)ovi ded at the center of the openings 32a. [0108]
According to the producing nmethod of solder balls 70 of the second

enbodi ment, i ReRJH $HoMn ihFid. P8, aé@mt adrdsivellaydrilBss femea 8y weating dnt i s
possible to nore effectively prevent bonding of adjacent solder balls 70.

0109 j . j i d bal |
[ ] Q%ﬁs{oﬁ-lg’ﬁggg{g@ﬂ@%d on the shifi¥e 118 JFRALEE Hﬂi_té?ﬁishﬂl, whlile 3ipd g&tf bal l's

70 as a e present invention is explained while

referri to figures., Fig. 3A to. Fi 7S . LS i.ch expl ain
the. pr olet o bR GG Bindsy o pid s IR EARE L BSNAS MBers SO The
met hod of producing_solder halls 70 of the third. enbodinent Ls

scherat s ainost alj,e% %P é‘é&%cﬁc,sﬁ Otfmftfcl)rtsh?éihﬁ%‘f'ﬁ iﬁ’&ercg Peoversd :byghef #555 {ayes e
wherein core materials 11 are adhered on a_surface 5a of a fjirst adhesive

| ayer 52Wmptiheifestpambedctbie second sdissivedexer 13 iapreveniehirandisng{eresdon second
adhesive layer 13 is forned on the surface 1la of the core materials 11; a
third spegitivaseotkérrthaothe surfarltlaof ¢& cbie materiadHdr edhatds ttheceramaierealnt t he
second adhesive layer 13; a fourth step wherein the solder particles 14 are

mel ted HR haddof makdsirto el adhesivaites B divéntduesd ¢ie adhesia@i-impdrtingubstrate 1
is removed fromthe core materials 11. [0111] |
compound, and the first adhesive layer and the first layer 21a of the first member are made
ofa maferial to which adhesiveness is not given due to the adheéion-impaﬂing 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



39 The third enbodinment is different fromthe first enbodi nent from
‘the points where, between the first step and the second step, a step
wherein the first nmenber 21 is renovéd is included, and a mask 41 (first
mask) is fornmed by adhering particles having a dianmeter r, which is smaller
t han t he thickness H of the first rrenber 21, to the first adhesive | ayer so

that the mas %t&h@f el . 0f Flil ﬁelflﬁ({rétsﬂéylﬁéls%lo t h(}%é 22? t he

Therefo?“e ect to the s’fe are’simla

first errb0|rrent detalled ion is.om 011 , as
shown ,Wqudr@t mggbey I‘Fereé‘&"éd%’t“eal?ea igst zﬁ?'eévzga ttdfﬁﬁ? g"ﬁ&llﬂer{ﬂ}ﬁg gffer dhe 8 E{Sép to
the surfaces 5a of the first adhesive |a 5> of the substrate 1 which has
t he firadhesathasier 51is adhered tojthe iceregneﬁe%laﬁi,elt isRassiblgdodnainigpcbe GFHEE ween
t he adj acent openings 33 (third openings) of the first nmenber | be about 10
to 20 tbemsemthet doze patdriats Bl andathetfost dyafofahe fiest npemberc| Ehatlig, whancthear e
used in the third step. Furthernore, it is preferable that the thickness H

of the téeShatbBaDAN atd alieeré@iethehfant athesiqeddyer &, tHe2cdre mesertdls 1 heapdeticl e
dianeter D of the core materials 11. Furthernore, it is preferable that the

di anete ro%{‘ﬁegfatmgece%egfmgs, pémng 32ahe first nmember be larger than the
particle dianmeter D of the core materials 11 and |l ess than two tines of the

particle di angql% D of the core materials, but it is particularly
preferable th ]ne di ameter F3 be 10 to 20 lam |l arger than the particle

menber 21 1 s, AGFRIVISG P Ao e Temod i a hy s pr e Shoddpdngdy,

surface 5a of the first adhesive |layer 5.is expqgsed to e}t %1011 Next, as
shown i in sdditiongio theeffecdwotahe fifst embpdiment g Passible In WATR clFecHug¥PrrENs s 40
adhered so that the surface 5a of the first adhes| ve |layer 5 is covered. As
t he mat bondihg of adjheennsdderdalls 71&dr exanpl e, gl ass, ceramic, polynmer and the
| i ke can be used, and the material is not limted in so far as the materi al
is not dissol ya@9in water and has properties wherein the second adhesive
| ayer 13 is not forned on the surface thereof [0115]
(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 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.

[0111]



Furthernore, the dianeter r of the material of the mask 41 is smaller than
‘the thickness H of the first nember 21. The smaller the diameter and the
height r, the better it is. Fromthe 3% ewpoi nt of work efficiency, it is
preferable that the dianeter be from about several subm crons to several

m crons. As a concrete exanple thereof, a material which has di aneter of
0.5to 2 pmcan he prefer.ably.u . n the i gh nd dianeter r. of the
mask 41 are sét® ?rﬂr‘fﬁ@g?éﬁjé’g?/ % ﬁ@éﬁ%‘%‘“&ﬁ? td}gtl %gf)%fjmggtnfr & Eelllg eornét to the
vicinity of the contact surface of the core materials 11 and the first
adhesi v¥heigy Bptwisen A&ﬁ%ﬁtﬁa@,ﬁ the sqogndhsiep; B sePhergp the HESt IR Alder 15
all over the surface 11 a of the core materials 11. [0116] . On the
ot her heambvedtemctuded randghmasindll tfirahmask) iy famed byragheringhpaitieles Baing at o t he
thickness H of the first menber 21, it is not preferable since the sol der
parti cl d@mmbéerar evhich mssrhiliesi thad lthe thddkamessdHt of theefisst oaemibiey 2df to hlee fiestt act
surface of the core materials 11 and the first adhesive | ayer 5.

Furt her E&He@i_ve“ﬂﬂ?& §endiasK mMdski sovaetheeeshrte cwv ef thd GirstUadhasiee Gayepfs5.t he
first adhesive Tayer 5, a gap is generated between the adjacent materials

of the Tﬁé%fo%ywﬁ‘ﬁ‘?es@@&r thﬁ sé}p?%ﬁélpinlei dishilhhaf thobke of fledfifst BRAbbAIGlRE 14 are
ace the h

adhered to the sur 0 Irst adhesive layer 5 in the third step.

Accor di ngl h 1S. ibility that said solder particles 14 adhering
to the g%@ﬁ%dc%‘pi#%{lhrilsﬁ“ﬁgﬁiadhesi ve layer 5 are nelted and bonded with the
sol der ball Y&Bi n the fourth step. Therefore,-the particle dianeter of the
sol der balls 1Zkcones non-uniform and it is not preferable. [0117] 41
Subsequently, the second step, the third step and the fourth step are
performed as Eigwis shaweiig Fig3dA, themoge materialyylil rare adhsead intthe Histgep FOr@Fn t he
second to the fourth steps, detail ed explanation of the steps is omtted

si nce t berfske s ofithe festradhesivet laydr Hosfaho$ubstrate fli wisich badtbd ifingt membide 2&, as
shown in Fig. 3F, the method of renoving the first mask 41 fromthe first
adhesi velet@ e pleféeable fieat et distaddel §; ietwest e adjacent opérthgs, 3¥ @iiréxanpl e, a

met hod can be used wherein a vibration is provided to the substrate 1 by an

ul traso P}B&}[lgés? ﬁpﬁfe-ﬁrktrlnélﬂﬁér 1'% ¥bodtN® 18 2h pfesRA :tlliespa?@cl@ BRnfeRsr WS -solded 18]

Accor di e met hod of producing solder balls 70 of the third

I
enbodi nment.. it i5.00ssihle t i in i 1 tween the
core rrapg'i&]icla@lsyﬁflaﬁ%ggﬂﬁﬁéﬂ%{@g%@terPiMa}ﬁ %&iafé’gffé?)ﬁ&g%l}’%ggﬁotﬁgt he surface
5a of the adhesive | ayer 5 usj the first ne r.~21 and then.the first
morber  ACRER g ha-Ghet Hemhih o B ioTesht, SLs Lo 12 BEPEERENE der
particles 14 to the vicinity of the contact surface of the core materials
11 and dinaneterdd of theieers materiglydt. sFurthasmere; Kds prefesablphak thedigmetgiiredfed t o
the surface 5a of the adhesive layer 5 and then the solder particles 14 are
adher ed theoopiehimgs 33 péithe firdtamerhberibe largercthamtherpasticld diamEres Dedighe cotiet i s
possible to formthe solder |layer 15 all over the surface 11la of the core

mat er i alfatdrials FAudridiedsriretwostimesLofxhepaticicaliametsi Dlofitiee svo¢ matesiab| bedt i n
wat er arid has properties wherein the second adhesive |ayer 13 is not

formed a1ty prRESabIDBIaf e didrcttiSEheaR) B 2WBlE 1drdr tRén thb Qadticlest Mask 41,
it is pgsrs?Py I e%ﬁ pr e?/ent at hee slec%ﬁgﬁadhesi \/Zgjqf ayegér13 fro% bei ng forned on

t he surfd Gt fnthe first mask 41. Accordingly, it is possible to prevent
t he adhesion of the solder particles 14 to the surface of the first nmask

4l [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



[0119] According to the producing nethod of solder balls 70 of the
third enmbodiment, in addition to the effects of the first embodinment, it is
possible to form solder balls 70 wherin the sol der |ayer 15 thereof has a
~uni formthickness. 42 [0120] (Fourth enbodi ment) Next, a producing
met hod of solder balls 70 as a fourth enbodi nent of the present invention
is explai i I L LG ig Qr@cess

dr avi IR asps Flrfleh s e b nclohERye s #8hgel Py fie BRERPLS
fourth enbodinent. [0121] The net hod Qducin ol balls 70 of
the fou H“aékg‘jdfor‘ré%‘t‘mg‘& FessefEpmiCa PPy F‘Ej‘ﬁhﬁﬁ%& C%%E%gieﬁa?“qﬁ%% met hod
conprises: a first step wherein core,qaterials é}_are adhered on a surface
5a of ampferigl isaghbimitgd in s/ aF asthgmaterial & ot dissolugd Bhwatexiikhas FPefues,; second
step wherein a second adhesive layer 13 is fornmed on the surface |la of the
core mawheical the sdcond atdhdsive layesd vihnotdormebomite spefaceithereslf. 14 are adhered to
the surface of the second adhesive |ayer 13; a fourth step wherein the

sol der particfjoag5]L4 are nelted to forma solder layer 15; and a fifth step
wherein the substrate 1 is renmoved fromthe core materials 11. [0122]

The fourth enpadiciaBic, it dhrhéter €oxtthé hratariahef the mfdsk @roghalRAthanwher ei n t he
first menber is provided on the adhesive |ayer, fromthe points where,

before {l{}%nfegsr Hlf ﬁ{e?ﬂ’r?tt]lm:l’ﬁf)ﬁlj 2 lth"['hIeifhﬁlléli tﬁ@ {diﬁ‘[ﬂ&?&%ﬂ hd RIS, Be Bbgerf Or med

on the surface la o e substrate so that they are separated from each

ot her by .coating,an. adhesi ve l.ayer.via.a W : -t he steps
whi ch ai/tés'siaﬁrff)fngtpe 'y &WPHB‘EQ}‘ESVP“E 'cfefl?‘s"t'?léﬁgé?éﬁa%r%%} t@eﬁ@%ﬁ% %&ngg anat i gn i's
omtted. [0123] . First, e} second nenber 22 is proyvided so that the
sur f ace PR §EVery SubMisERNsp SSVEral NICEARSy QS 3 KSNGTRE CXam 3(‘?31“??8 amaesial o e per
which is in the shape of a plate can be ) )

which has diameter of 0.5 to 2 um can be preferably used. When the height and diameter

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 is 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 Sa
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]



43 used. In the second nenber 22, openings 34 (fourth openings), which
expose a part of the surface la of the substrate 1 in a dot-Ilike manner,
are formed so that the openings are sflaced from each other. Here, the
second nmenber 22 may be separated fromthe substrate 1, or nmay contact with
the substrate 1. [0124] Furthernore, the range of the dianeter F4 of

e oPer 195 b EARAHE ERSPEPR Pl L5 1] PRyl G5 Y Bl hen e
A<D, 2 R A QLB A S St BB Rt g GRS e
formula (11) [0127] 0.7 (D-2 HD-H) )-F4-50. 9 (D-2/H(D-H) ) t(1 1)
[0128] 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 ultrasonic 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 5, 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.



.The distance G4 between the adjacent openings 34 can be represented by the
followng formula (12), when the thickness of the adhesive nmaterial is
represented by H and the dianeter of 42he fourth openings 34 is represented
by F4. [0129] 2d +ID+ 21H(D-H <& (1 2) [0130] Furt hernore, the
particularly preferable distance (4 between the adjacent openings 34 can be
r epr esent ed bﬁbl& formula (13). [0131] 4 d+D+241-1(D H 48 d+D+211-1(D-H)
(13) [0132 Next, as shown in Fig. 4A, an adhesive material is
coated so tha 5 Ir&eaﬂq%?) 34 are filled using the second nmenber 22 as a
mask. If nece Q'&Ft d other than the coating nethod can be used. In
this way, plural dot-like first adhesive |ayers 5 which have_ the thickness
H and the di aNettea prgdueiag meshadpfiseldep haltlshid) @&&a@hemm@m%@f tBebstrate 1 so
that the |layers are separated from each other. Subsequently, the
second prestein@ation isrexptmired Whibmefemingtorfiguees. | Fip#A tod'ig isare prasess t o
expose the surface la. Then, as shown in Fig. 4B, the core materials 11 are
adher ed gfayihgrewhich skplaisiRs produdiny ettod 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 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.
[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 a mask. With respect
to the steps which are similar to thbse 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



[ 0133] Subsequently, as shown in Figs 4C to 4E, the second step, the
‘third step, the fourth step and the fifth step are performed. Wth respect

to the second step and steps subsequeft to the second step, detailed

expl anation of the steps is omtted since the steps are simlar to those of
the first enbodinment. 45 In this way, the solder balls 70 are forned.

[ 0134] Accor di tq t net hod ,of . pr.oduci.ng.sol der L] of the
fourth \égﬁﬂodph@‘ﬁts?cqna%?eéﬂ%?zi (meglntgé3$(gi;oﬁ{tﬁ Oasqlpgﬁ)k‘ghlfﬁF’s“?oasggﬁ)élgticb\;e | ayer
5, since the second nenber 22 is repoved from.the subﬁtrate l.after the

pl ural desurfagec arqfithe subairaie il ya aidglylike mgnngreare formed sgARRLRe REPISEAS 4 of the
substrate 1 so that the | ayers are spaced from each other. Accordingly, the
core naspacedfremkbcleathebe Hereithy seeohd mssnben22 may ieseparaigh Som/Be| ayer 5.

Furt hernore, when the solder particles 14 are adhered to the surface 11 a
of the emysgatedt er inay cdrtactivtith the patsahtelle t o adhere the sol der particles 14
to the vicinity of the contact surface of the core materials 11 and the
first adhesivgbgyer 5 since the surface la of the substrate 1 is exposed.
Accordingly, 1t i's possible to formthe solder layer 15 all over the

surface 11 a 0 ' g%a"m 3 ingd'$4 aflbé eprehted
pr oduci ng mﬁ%@%@%&@gﬁ%ﬁﬁ@ o?tgr?%eﬁtgﬁropﬁmg%bodi ment , pi neaddi tion
to the effec of the fir enhaodi ngn it d ihl f. ol der
bal | o 7B difcprupiima- b d Py B BRmets.ol fip BERSNG el iP sl
[ 0136] gFi fth enmbodi ment) Next, a producing nethod of solder balls
70 as ab¥iHkth enbodi ment of the present invention is explained while

referring to f&*gures. Fig. BAto Fig. 5E are process draw ngs which explain
t he produci ng[M8fhod of sol der balls of the fifth enbodi nent. [0137]

F,<D—2J/H(D—H) - -+ (10)

[0126]
Furthermore, the particularly preferable range of the diameter F4 of the openings
34 can be represented by the following formula (11).

[0127]

0.7 (D—2JH(.D—H) YSF,4=50.9 (D—2JH(D—H) )+ - - (11)

[0128]

The distance G4 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 Fa.

[0129]



The net hod of producing solder balls 70 of the fifth enbodinent is
‘schematically structured such that the nethod conprises: a first step
wherein core materials 11 are adhered4on a surface 5a of a first adhesive

| ayer 5 which is provided on a substrate 1; a 46 second step wherein a
second adhesive layer 13 is formed on the surface |Ila of the core materials
11; a third step wherein solder particles 14 are adhered to the surface of
t he second adhesive |ayer 13; a fourth step wherein the solder particles 14
are nelted to forma yer 15; and a fifth step wherein the
substrate 4d € D& v@zpr'ﬁrﬁ)t Geore materials 11. The fiftH12)
enbodi nent is different fromthe first enbodi nent, wherein the first nenber
is provided on the adhesive |layer, fromthe points where, before the first
step, plural dot-like first adhesive layers are fornmed on the surface of
the substrat ef0g0]t ransferring an adhesion-inparting conpound to the
substrate using a transfer base so that the |ayers are spaced from each

ot her. FuipaugNtR3aRicHIRR préferibl dibtanct Gebaweerdiht adjaechtexpl anat i on
is omtted with respect to the steps which are simlar to those of the

first eqhathdiPloan bOIatschieliby mefRlla 13). ~ The first step of the fifth

enbodi ne 1§ "structured such that the first step includes; a step wherein
dot-1ike pl urﬁJ1 tal films 51 (first nmetal filnms) are formed on the
surface 61a ofldltransfer base 61 so that the metal films are spaced from
each other; a step wherein an adhesion-inparting conpound 5b (first

adhesi on-i nparting conpound) is adhered to the netal filns; a step wherein

a first adhesive Iagz-r—s—t-s—f-orned by transfermHeHdhesi on-inpartjng
compound f dotht Rett2 dHr hsE @ats & Het Quf 3dE (R o) a substrat 1:3and a
step wherein core 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 netal filns 51 which
have, for exappbg] a thickness of 20 gmare formed so that the films are
spaced
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 F4 can be formed on the surface 1a of the substrate
1 so that the layers are separated from each other.
Subsequently, the second member 22 is removed from the surface 1a of the

substrate 1 to expose the surface 1a.

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

layer 5.

[0133]

Subsequently, as shown in Figs 4C to 4E, the second step, 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 forming the films. As a material of the netal filmb51, for exanple, it
is preferable that tin (Sn) be used, 4and it is particularly preferable that
copper (Cu) be used. The material of the first netal filns 51 is not
limted thereto, and other materials nmay be used in so far as the

adhesi on-i nmpay.t.ing coppou rovid dhesiveness to the materials. In
addition to C%l&bggveg/ng%tspﬁgrgﬂﬁe aafrr%roerglegf other materials, for exanple,
al l oys such as N -Au, Au-Sn and Ni are cited. [0140] Next, as shown
in Fig. BA atPlddhesi on- i nparting conpound 5b is adhered to the nmetal filns
51 by the optionally selected nethod such as coati n%. The step is al nost
the same as tAecasdivgielthstragthed of predudingsoldsribels A af the dewrth eabedivest, det ai | ed
expl anations are omtted. In this way, the adhesion-inparting conmpound 5b
whi ch canepessibiieetosurn aciet-tike fitse adhes vk Idyier Apsitc the sécondremblée22js unl i ke t he
second step of the first enbodinent, it is necessary to adhere the

adhesi ofmhdiRa Tdn theGABRAKNDafdt theplubd doBtikd fifst hdesivd layend si¢dbrmeedtrt hod can

be selected optionally. [0141] Subsequently, as shown in Fig 5B, the
adhesi ofyel JAGEL | \6F HOSRRHAE 1980 that the RYSE G §AcdPirdMRagitbthace 1a of a
substrate romthe transfer base 61 At this time, it is preferable

that the surface |a t he. S ' second

mask) . c?rﬂgl tﬂLer(ng% m&%?kaﬁgqr%aé%te%%l}gﬁ%%gé ﬁ{\%hflﬂ)é%&hga? %la?r eé'shape of a
pl ate can be used. Furthernore, as . the pgaterial of .th concretely,

st ai nl eEEEthWR%I‘YheBI%%O?‘E%QF’%W}eé 145 ﬁ%?%rmﬁ?lqﬁﬁéﬁwebe cited and
used. However, the material is not limted in so far as the material is not
di ssol vautarial hhtibis possible taadhsretbe soidespattiges i hta the vicanbref theisadie | ayer 13
is not formed on the surface thereof [0142] 48 Furt her nore, openings
35 (fif sirfrpefithegmye matdriaty 14 aidanefist adigsiae éaypor didinkedh¢ surface 1aa§thed2. The
openi ngs 35 have functions wherein solder balls 70 are not renoved in the

fourth sfiparnidisteRposedbsaastetingBl &isposdibtotodbiiglhe, soldee layal LRalbbvdrdhean be
suitably set according to the dianeter D of the core materials 11, the

di arreteguga&f“glta@&%cgog@ﬁla{gﬁgjlql es 14, and the thickness H of the mask 42.
[ 0143] - The distance G between the adjacent openings 35 of the nask

42 can be repgﬁ§§ ted by the followng formula (14), when the thickness of
the mask 42 i gresented by H the diameter of the core materials 11 is

L; p(rjfasent ed byAccE)or%lr}l% tE) ee ;gjrlo lﬁrgﬁg rrneglfodto (saolagrl bda 578 %rf%hlectjogéh %rérllb}) 1mre(r318 resented

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

[0136]

(Fifth embodiment)

Next, a producing method of solder balls 70 as a fifth emquiment of the present
invention is explained while referring to figures. Fig. 5A to Fig. 5E 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] 2d+D-1-241-1(2d-FD-H) 5_- G5 (1 4) [0145] Furt her nore,
although it is necessary that the thickness H of the nask 42 be snmaller
than the sum of the thickness of the 46etal film51 and the thickness of the
adhesi on-inparting conpound 5b, it is particularly preferable that the

t hi ckness H of the mask 42 be approximately simlar to the thickness of the

| film51. ) i
II%Z;?he b fen Srein A gednat SRERR ARl 13 FrATER P e ulfat ] G hEEGet N Sum
a t d 5b,
Shesi omaeTRi ki AGEGHBRHAGreB Sl Rarichs 1A adhered st Sfeace 1a of

the substrate 1. In this way, plural dot-ljke first adhesive |ayers
5 are f eccond adiresiviedayeni 8 ax fourth step Wheseis dgssoldsr particlss 161as mekied tofpEm s paced
fromeach other. 49 [0146] Next, as shown in Fig. 5C core materials

11 are adbldeckyérd 5t hed s Gifthate vierah thehmbitrate § inxthesid érohetherceres.
Subsequently, as shown in Figs 5C to 5E, the second step, the third step,
the fouridersiep and the fifth step are performed. Wth respect to the
second step and steps subsequent to the second step, detailed explanation

of the steps ife ?fﬂhhglﬁgcgcﬁh@ﬁtelstd]ﬁel%hﬁ BSnAfR Bishbn8bdihnt, RAKPeiffthe Mestl i 1 St

;anboﬂl ment eXCﬁpt t e mask 42 1's used instead of the first menber

n this way, the so al | 4 tothe
met hod &° B&BTOHQAego?nd&? a@ipﬁlge fP({Iﬂfiﬁ'? P%]?'%S ‘Z/ir%%e’dPerﬁgrr?t tﬁ% tdét@l%os& bl e
to adopt the mn unt of the ad esi arti.n oun ichis
necessalpylrﬁlod?blﬂlfﬁnﬁﬁn% p §‘t"ea16ﬁ‘?§§|478 OLR)E ‘f Ak a‘%hgp égg%w?“i Vr?w%arti ng
conpound 5b is coated on the dot-like netal fil m 51. Furthernore, ﬁl nce the
t r ansf etrapsfemingsin adhesion-impastipg sempoundste thesdsiaty using ariransier 825§ s8dh@onpar ed

Wi th a case wherein the first adhesive layer 5 is fornmed nerely using a
mask.  the layers are spaced from each other.

Although each step is explained below, detailed explanation is omitied 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 metal films; a step wherein a first adhesive layer 5 is formed by transferring
the adhesion-imparting compound from the transfer base 61to the surface la of a substrate
1; and a step wherein core materials 11 are adhered to the first adhesive layer 5.

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



[ 0148] Furthernore, the first adhesive layer 5 can be formed nore
‘exactly on the correct position, since the adhesion-inparting conpound 5b
is transferred to the surface |la of t4¥e substrate 1 while the surface |la of
the substrate 1 is covered with the mask 42. Furthernore, since the second
adhesive layer 13 is fornmed on the core material 11 while the surface |la of

the substrate, 1 js cqvered wth the mask .42 it | ssibl.e .t vent the
second g&ﬁ‘ega}c\l?e(’t#‘ciye 19?%PP%%% Bl %ﬁ’é’fle‘:&htb& '{Sﬁg agglper glgglofia&ofgl[”t?%g
substrate 1. Accordingly, it is sible to prevent adhesi on of the sol der
par ti cl & filmst o Asgamatgriglpf dhg @e@F 8?‘%@5 bEXFRlE. 1{ 1S l{rét%f?g’ie 8‘%““ (Sn) e In the
produci ng nmet hod of solder balls 70 in the fifth enbodinent, in addition to
t he ef f esads and ittik particulatly peeforabilertbatt copper ((31) pegsed| elheomaigialsef thedirstocat i on
of the fornmed solder balls 70 according to a-nore fine pattern. [0150]

- (Si xth erdeddilmeril) is not limitddettieret@ gmdocther mgtenialshay bt wsed dreso fal assthg0 as a
si xth enbodi nent of the present invention is explained while referring to

~figures adt%s%n-iﬁgsaﬁﬁlg%ogn oblfd 3a® pRIVIEESdhe SV s asthetth&brigx pl i dddidva to
produci ng met hod of solder balls 70 of the sixth enbodi ment. [0151] The

met hod %%[F:F QAR Fih g &5 JTVthed mlfHerdls, iheeSimp1d) HOPOAiHBRNILAU, Au-Sn

schemati c y structured such that the nethod conprises: a first step
wherein ¢ materials 11 are adhered on a surface 5a of a first adhesive

| ayer 5aR§F€HKV§RHTOVided on a substrate 1; a second step wherein a second
adhesi ve | ayer 15 is formed on the surface 11la of the core materials 11; a
third step wh&H8Ph sol der particles 14 are adhered to the surface of the
second adhesive layer 13; a fourth step wherein the solder particles 14 are

mel ted to for Mext, 8dphipyn inkigr SAmn adhgsionfimpariing campowin & is adhered thder ate 1
is renoved fromthe core materials 11. The sixth enbodi nent is

di f f er emtetdlrfdmstShebyfthe sptiematiy deleeted mathet @ich at keatingr sThestepas alwaost thy
openings is provided on the substrate on which the adhesive |ayer is fornmed

bef ore thfe fak tisd sceb@P st\c;ﬁ 0P ke Hst p@bbdisnantieind, thirefors detahiel éxplaiatishepre pl ur al
~dot-like netal |ayers ich are spaced fromeach other are forned on the

s 20 e SRV B AP PRIPAL GBS 8 SRSPESIA e e o
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 5B, 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 polymér 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]



Therefore, although each step is explained below, detailed explanation is
‘omtted with respect to the steps which are simlar to those of the first
enbodi ment. 51 [0152] (First step) 48 The first step of the sixth
enbodi nent is structured such that the first step includes: a step wherein
core materials 11 are adhered to the first adhesive layer 5 existing on the

substrate 1, and as a previo ptot first.. i iheludes: a
step (i) VWer]Z‘i"ﬂw&Bf’r-el’ EP&‘“ S&%&ﬁ@é’@%@g%&a&ngﬁql%é&ErZFgArrgB*da)er;eéﬁgon t he
surface la of a substrate 1, and a step (ii) wherei adhesi on- i nparting
conpounthemaskdp. adhepefHogsahave rf@““é’@ﬁf)&’i]ﬁ@)n fi(%‘?eé g’éﬁ%@]i‘% “Ph’«?n?k'ﬁggd
second netal films 52 to formthe first adhesive |ayers 5. Hereinafter,
each st the fosrtlestpp andithe sithseduerdisteps.[ 0As@Fdingly, the malustof Fopan bresuitgblysee | a of
the substrate 1, plural dot-like nmetal films 52 (second netal filns) are
formed hycokdifg @pthe divmhdtet [3 of thetoeek metetiald 11 sthe idiemtet¢rhieofithe saldapartsdysar at ed
fromeach other. Materials used for the netal filnms 52 can be sel ected
opt i onalh Yandapdihidkhads MoF &k hag 4pettability with respect to a solder is
preferably used. It is particularly preferable that tungsten be used.

[ 0154] Eﬁ)ﬂ” a mask 43 (third mask) havi ng openings 36 (sixth
openings) is provided so that the surface la of the substrate 1 is covered

by th K. . .th k.43 b i ded _atf [ i
hyer 5 e i of Heatistnce 5 Shaictor T, RBacE chiffed 7t MRk 2 BOU8E 00, o
0t 1 enERBRISTRG L S 0 JP I UECIPTENIR (HD: SUiRtcHFe Ueen o ChEr ek 4275 ' ©

Accordingly, the value of F6 can be suitably set according to the dianmeter

D of t hecpresentedeyeH, ghe diametemef dheappreanatgrigh klhis woresaichaytPandsthes, and

the thickness Hof the mask 43. It is preferable that material used for the
mask 43 disnwgerpfoipesdddes pastivies didnis tepecseed by dadhesi ve | ayer 13 is not forned

on the surface thereof

[0144]

2d+D+2/H(2d+D—H)=Gg <. - (14)

[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 5b, 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
1.

In this way, plural dot-like first adhesive layers 5 are formed on the surface 1a of

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



52 [0155] Here, the distance G between the adjacent openings 36 can
be represented by the following formula (15), when the thickness of the
mask 43 is represented by H the diamdter of the core materials 11 is
represented by D and the dianeter of the solder particles 14 is represented
by d. [0156] 2 d D+ 2 11-1 ( 2d D- H G6&6 (15) [0157]

Furt her nor e, I& ough it is necessary that the thickness H of the mask 43
be smaller thH¥A*®he sum of the thickness of the netal films 52 and the

t hi ckness of the first adhesive layer 5, it is particularl ef.er abl e t hat
the thi cknessNextoas shagninle. 45, pre Aderialob! erﬁ]aﬁﬁ?raiw #‘ﬁéﬁrf%/%gatorfi%&q(ness of
the second netal filns 52. Wen the thickness H of the mask 43 is |arger

t han t hirss aghesivedayers hi ckubseguently,tas shomsm i Figs Shdo SB, hegeeond stemi dRness of
the adhesive layer 5, it is not preferable since it is difficult to adhere
t he cor ghifdate, el fout step ahdtheSift agearbpeddbrmdie fWitls tespelit ésihesetander 5.

[ 0158] Next, as shown in Fig. 6A, a first adhesive layer 5 is forned

so that gbhand QY& su%@ééﬁéﬁt th g RUbiEGE, Abtatib exprirdkion of e skops iMiittedespect to
a nethod of formng the first adhesive layer 5, the first adhesive |ayer 5

can be Eiﬁégﬁg&%ﬁf&%&@% termésg%fLﬂekfﬁspémt%anﬁ&h%_&&ammr&lwmq@mund on

the neta ar to the nethod described in the fifth
enbodi ment . In this, way, plural dot-like first adhesive |layers 5 are
f or med HﬁEeﬁﬂQfgﬁrqrﬁthBerf‘Eer?fl'the substrate 1 so that they are separated from

each other. 53 [0159
In thgs way, 1he solder balls 70 are formed.

[0147]

According to the method of producing solder balls 70 of the fifth embodiment, it
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, 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. |

[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 1a 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]



Next, as shown in Fig. 6B, core materials 11 are adhered to the surface 5a
"of t'he first adhesive |ayers 5. Subsequently, as shown in Figs 6C to 6E,
the second step, the third step, the 3ourth 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 t hos of th i 3 1is
used i nstead ‘f%%flfltnmm ﬁlé%{) SE,&%P’B@ %ﬁﬂttheeﬁ{;ﬁg{nﬁé&g%f%gf a@ﬁﬁfbm are
formed. [0160 to the of roduci S Ide balls 70
of the E!ieﬁﬁ?cér?ﬁglﬁfﬁ’éﬁ@ “’BP‘% bé%‘%?ﬁ?sébqe 'ﬂ)“ﬁfhetplﬂ‘éat‘r?i“ nt of
material of the first adhesive |ayer 5 since the first adhesive layer 5 is
formed byldesduils AQ acenediag kes more finppatterhg conpound 5b on the dot-1ike netal
films 52. Furthernore, it is possible to handle a finer pattern as conpared
with a case Wdbe@j n the first adhesive layer 5 is fornmed nerely using a
mask. Furthernore, since the first adhesive layer 5 is directly
formed on thesikhfeaftRdihedthe metal filns 52 existing on the substrate 1, it
is possible to prevent the first adhesive layer 5 frombeing fornmed at the

I ncorrect pOSﬁEJ«OQ rddtid@dImethod of sofddk bmfsrimasea SIM%Hquuﬂlgaﬁ;@ﬂme?rés@m as a
material of t P fiFms 52, even if a solder layer 15 is adhered to the

second nEt ef 1 f tep,
the. oo HBeRtiglse %@@%ﬁé“h';@sr. % Eo RS, %%&@%‘*E die pRReisttbh e
balls 70 are f d on,the seco der, balls 70 can
be easi M &é‘gﬁ‘e[p@‘i@f ng metﬁog%@i‘ﬁeﬂlbﬁéf (gsgtﬁ‘gs'ﬁﬁt[ E?‘jr\ﬁ‘ ®Wet hod of sol der
balls 70 of the sixth enmbodinent, in addition to the effects of the fifth
embodi ment, i t0154] possibl e to adjust the location of the 54 forned sol der

balls 70 according to a finer pattern. EXAVPLES [0163]
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 is
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 layer.

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.



Hereinafter, the present invention is explained using exanples, but the
‘present invention is not linmted thereto. (Exanple 1) First, as a
substrate 1 to which a first adhesiveél ayer 5 was forned, a polyinide tape
was prepared. Next, as shown in Fig. 1A a first nenber 21 nade of neta
was provided so that the nenber covered the surface 5a of the first
adhesi ve | aye As the first nmenber 21, a nenber having openings 31
(first openinggfz]mhereln the diameter F1 thereof was 80'gn1 was used.
Furthernore, that distance between the adjacent first openings 31 was set
to 200 p.m HEHBISEMe thickness of the first nember 21 was about 25 [0164]
Next, as shown in Fig. 1A, core materials 11 which were made of copper and

had a di amet eTh©fisst Sep pf therséxthdimebasimens shatrustiedsuch ghassthe HestsskBtrate 1
in an air atnosphere. A state where the core materials 11 were adhered to

t he surfmheled: Bstef whereinsedns tmagedriaisll 1i ave adivared torthé&ifigst adliesiveda@H s existing  Next ,
as shown in Fig. 1B, a second adhesive layer 13 was formed by coating an

adhesi 0@y ifhPaIbkirdte 1P/ FreOidub b@ﬂ 34/ fHeaferSt skdp,alsofintlngdest @sepriptveireihs 11.
Here, as an adhesive sol ution which included an adhesion-inparting

conpound gk«%gﬂlﬁ EBH3 RAHCOKHR @&Htfbmdoctn e suffadlazobes hiasaseaoan@und

represente orenenti oned general formula (3) was prepared wher ei n
R12 t her eof an. al k 5 drogen
at om sﬁi&‘BéHMH?ﬂ? ary f}vdéleﬂ% &,@P%)@“é S?Iﬁgj &%’r?a@g t%a%e "ﬁcfﬁgﬁ rf'g:%ﬁ acl?gd SO
t hat pH thereof becane abouyt 0 Subseque tIy, t he
subst r araated {gthe F%Rﬁéggé?fof‘ mteﬁ"l% ﬁi'aﬁég %’r%ld}'ﬁf‘ gﬁdl?eé’rveﬁ??%ése ‘M nutes to form
t he second adhesive layer 13 on the surface Ila of the core materials 11 a.
[ 0166] Herrimaftgnench step isexplabid indetaily. 1C, sol der particles 14
wherein the netal conposition thereof was Sn13. 5Ag and the dianeter d
t her eof was apolB] 10 t m were adhered on the second adhesive |ayer 13. After
that, extra solder particles 14 were renoved with an air knife. [0167]
First, on the surface 1a of the substrate 1, plural dot-like metal films 52 (second
metal films) are formed by the optionally selected method, so that the films 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. It is particularly
preferable that tungsten be used.
[0154]
Next, a mask 43 (third mask) having 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 Fs 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.



Next, as shown in Fig. 1D, a reflow step was perforned to form a sol der

‘ ayetr 15. First, the substrate 1 was heated for twenty mi.nutes in an oven
at a tenperature of 180C to fix the ¢@ e material 11 and the sol der
particles 14. Then, a flux (SJ-FL2000, nmanufactured by Showa Denko K K.)
was sprayed on the surface of the substrate 1. Subsequently, the substrate
1 was heated ﬁ); %Dterrperature of 240C in a reflow furnace for three m nutes
in a nitrogen P sphere, and a sol der |ayer 15 havi ng a thickness of 5 pm
was fornmed so_that the surface l1lla of the core terl 11 was .covered. In
this way, as Spgwihedistange Gepetwesndhe adjagentopagings o ﬁ%’@?ﬁﬁ‘i‘?ﬁ?’@rthet her eof
was about 60 gm were manufactured. The solder balls 70 are shown in Fig.

7B. [ 0168lowimx fompiuka (25), when the thisknesspf shppnaskoty is reprpseaieddd HLahe st, as shown
in Fig. 2A, a first adhesive layer 5 nade of a silicon-based adhesi ve was
coat ed @iantts W sHer drembterialdd 16§ repraassied b Enandithie dmametar of thersoldeg, a first

| ayer 21a of a first nenber, wherein the |ayer was forned by a paste for
sol der E%u%g,m\{\@& fe@é,ff&ﬁgsg_ that the |layer covered the surface 5a of the
first 6 adhesive | ayer 5. Here, as the first layer 2la of the first
menber, a Iayﬁf B‘{ES used wherein openings 32a (lower portion of the second
openi ngs), wﬁ h the dianeter thereof F2a was 80 gm had been forned.

[ 0169] Subsequently, on the first |ayer 2la of the first nmenber, a
second | ayer 21b of the first nmenber, which was nmade of netal, was

provi ded. gg—gm he first nenber, a Iayer was

wher ei n opgd@?%zg uﬁ) e pQrtl nm—of 6t he second openings), in |gsﬁqt5n>
di aneter thereof F2b was 60 gm had been formed. Furthernore, when the
second | ayer 2b of the first menber was provided, the position of the
second |l ayer 2b of the first menber was adjusted so that the center of the

openi ngs 32a {#15Che first layer 2la and the center of the openings 32b of
t he second | ayer 21b coincided. Furthernore, the distance & between the

adj acent openka@erddke, WARouptit fsqel@Barg that iltAkness H of thilendsk 4adbeshown i n
Fig. 2A, core materials 11 which were made of copper and had a dianeter D

of 50 IBnMREANANEISER dfth éﬂﬂfckﬁbkrsf&‘ﬁ?e thaaPhilcd 2 Sidat tabigieds dfth@firsai 1
phere. as shown in B, the second |ayer 21b of the first
menber V\%ﬁeswquye?% itif ﬁgﬁlaﬁmjly fu%%er!itﬁx Hat fAnRkndsO 81 8¢ the maSEAPHE abdulf 1 711
20 pm 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.

[0158]

Next, as shown in Fig. 6A, a first adhesive layer 5 is 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 5 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.

In this way, 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.



Subsequently, as shown in Fig. 2B, a second adhesive |ayer 13 was forned by
‘coating an adhesion-inparting conpound on the surface 11 a of the core
materials 11. Here, as an adhesive sdiduti on which included an -

adhesi on-i nparting conpound, a 2% by nmass aqueous sol ution of an

i m dazol e- based conpound represented by the aforenentioned general formula
(3) was prepa S wherein R12 thereof is an al kyl group of Cl1H23 and R |
represents a ‘93 (r)]ogen atom Then, the adhesive solution was adjusted 57 by
acetic acid so that pH thereaf became aho 4, and, heated to 40C
Subsequently,NP’Ffeassﬂlﬁ?@‘Prlﬁﬁég-f geiWFag%E{ Py apﬁeére%q] Sy &aLﬂ?iﬂ% f or
three mnutes to formthe second adhesive |layer 13 on the surface 11 a of

t he cor 8rstadkesivallayers 2. $ubsgqently, as shown s Bigh 6http PE. the seenpdrstapnthei g, 2C,
‘sol der particles 14 wherein the netal conposition thereof was Snl3.5Ag and
t he di athitdesterd thenfenrbftepasd thedifth st€p apmpadfoenat héVahl respedthethescoond adhesi ve
layer 13. Then, extra solder particles 14 were renoved with an air knife.

[0173] step and tH¥REps salSseGIAMD the sédofid s, ddtailedfdxplanati@Pofmasstppyisor med to
forma solder layer 15. First, the substrate 1 was heated for twenty

m nut es fél?tt(%[‘ siﬂyéphggﬁefgak$ﬁmﬂmb@ﬁ&e%?ﬂk%ﬂg% drbddimerdtRQc&R ki MRiMAdkal 11 and

t he soI8 partic hen, the flux was sprayed on the surface of the
substrate.l. Ne t S was heated at a tenperature of 240C in a
refl ow %gﬂ%ésggl%ﬁeradtogﬁgeﬁ%fﬁé@é%2;]1n a nitrogen atnosphere, and a sol der

| ayer 15 havipg.a thickne f 5 gmwas fornmed so that the surface 11 a of
the core mat eﬂ]tgfs ‘Xﬁy’gﬁféoﬁg{/g?@dogqrﬁ\ﬁi’armeg' way, solder balls 70 wherein the

di anet er thereof was about 60 gm were nmanufactured. [0174] (Exanple 3)
Next, Exanpl e[B60k explained. First, as a substrate 1 to which a first
adhesive layer 5 was formed, a polyimnmde tape was prepared as a substrate
1. Then, as sWhoverding tFithg. m@hpd af piodetingrestderrbatly 76atithesixthrembpdimest, oy ovi ded
so that the nenber covered the surface 5a of the first adhesive |ayer 5. As
the fir possitlead addpt the Miih@im fAvimof friatedial opas fingadBdsiwtayeeiSnsinbethdi amet er
F3 thereof was 70 pmwas used. Furthernore, the distance between the
adj acentfi HRdsiRASIHr 39S fotelds cd&ling Be A8RkstRLimpatting compound 5b 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 the metal films 52, even if a
solder layer 15 is adhered to the second metal film when the solder layer 15 is formed in
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 sixth embodiment, in

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



[0175] Next, as shown in Fig. 3A, core materials 11 which were nade
of copper and had a dianeter D of 50 pmwere adhered to the surface |a of
the substrate 1 in an air atnosphere.54After that, as shown in Fig. 3B, the
first nmenber 21 was renoved. Subsequently, as shown in Fig. 3C, a
first mask 41 which was formed with glass particles having a di aneter of

about 1.gm adher so that t ma covered the surface 5a of the first
adhesi vﬁﬁ@@d?f%%%%fcordmgmﬁﬁfp Thown in Fi g. 3D, a second adhesive

| ayer 13 was fornmed by coating an adhesion-inparting conpound on the
surface 11 a of the core materials 11. Here, as an adhesive sol ution which
i ncl uded an adhesi on-i nparti ng conpound, a 2% by nass aqueous sol ution of
an i m dazol e- BX2ddPllbpound represented by the aforenentioned general
formula (3) was prepared wherein R12 thereof is an al kyl group of Cl1 1H23
and R11 reprefdnBp a hydrogen atom Subsequently, the adhesive solution was
adj usted by acetic acid so that pH thereof becane about 4, and was heated

to 40C. Subsegugifdfiér, thPré&semsSinvaitonlisVepldineteisifd ekdnplbe el igs bregergol uti on
for three mnutes to formthe second adhesive |layer 13 on the surface |la

of the ¢ eﬁﬁm%lb'r%ﬁe&ghegﬂo_[m??] Subsequently, as shown in Fig.
3E, solder particles 14 wherein the netal conposition thereof was Snl3.5Ag

and the di aneter dltﬂ)ereof was about 10 gm were adhered on the second
adhesi ve | aye P Nen, extra sol der particles 14 were renoved with an air

knife. [0178] _. Xt s sho .h Fig..3F, ageflow ste s _perfornmed
to forma sol H&sh F‘%&ém’asi@te ﬁf‘fé" }c\f'\n?angrsga gtlaver {/\H'é‘s ?%H’teédg P8 lm&@nt y
mnutes in an oven at a tenperature of 180C_ 59 to fix the core material 11
and t hetaps|wasr prepared.c| Wext1as shavenin Fige 1A, ifitghanespheagddnade ohmetal agce of
the substrate 1. Subsequebtly, the substrate 1 was heated at a tenperature
of 240Cptavidedrsefthatthé orendee coHwred the serfadenta efsthe first adhesigleyerat. nospther e, and
a solder layer 15 having a thickness of 5 gmwas forned so that the surface
1 1 a offirdthfcrhidre 1Matnednhtddr hatingaperiayeB edfirst Opéning), Walyereidaheldianteedrlly 70

wherein the dianeter thereof was about 60 gm were manufactured. [0179]
thereof was 80 um, was used. Furthermore, that distance between the adjacent first
openings 31 was set to 200 pm.  Here, the thickness of the first 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 um were adhered to the surface la of the substrate 1 in an air
atmosphere. A state where the core materials 11 were adhered to the surface 1a of the
substrate 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 Cy1Hz; and R11



Next, Exanple 4 is explained. First, a substrate 1 made of gl ass was
‘pr epar ed. Subsequently, as shown in Fig. 4A a nenber 22 (second
menber) made of nmetal having a size &6 5 gmwas provided so that the
surface 1 a of the substrate 1 was covered. Here, as the nenber 22, a
menber was used wherein openings 34 (fourth openings), in which the

di aneter thereof F4 was 25 had he farned. r r j e

bet WeerfePWée“é%lja;é’QWgelbﬁ@m'n\é@bé%% y’?@‘f a@g:s géolgﬁqOB%S%J’uEﬁrd t erc%ér:e,
using the nenber 22 as_a mask as shown in Fig. _4A silicon-based adhesive
was coatcadse that peithergel kesame shautsly %\Alpl%at?q f9 %H.C- I |’§“S?ﬁq§e yft}letsllf Sty st
adhesive layer 5 wherein the thickness H thereof was 5 gm and dj ameter F4
was 25 bwasdsinicosedeid tbe adhesiveusolution for thyge miautes, s foray e secqnghgithpsive

Next, as shown in Fig. 4B, core materials 11 which were nade of copper and
had a diageetiesn BeQhrfaR Igmofeiecoreimateeidistidat he surface |a of the substrate 1
in an air atnosphere. [0181] Subsequently, as shown in Fig. 4C a
second adhesil;?%g]ayer 13 was formed by coating an adhesion-inparting
conpound on the surface Ila of the core materials 11. Here, as an adhesive

sol ution whi C%ﬂsg‘ﬂeﬂgﬁd ?%rgggq,geﬁ{ gli‘g-.i [Pakbideg paritRIUN, wieréi}o B¢ nfthl mass

aqueous sol ution zol e- based conpound represented by the

af orementi oned general fo l.a (3 S r rel is an
Al kvl groTpNoreimeress ity o Aee e U I ERE i hoaf s Catohit 10 18R R
adhesi ve sol ution was adjusted by acetic_acjd so tha H t here became
about 4adhgred RBdhe deeandsardhesivgJates bt 14Ater that, &xfFe Sfoiﬂeg WIWE ? Y&ed in

the adhesive solution for three ninutes to formthe second adhesive |ayer
13 on t henowedvetheanait kniéf. t he core materials 11 a. [0182] Next, as
shown in Fig. 4D, solder particles 14 wherein the netal conposition thereof
was Snl3. 5Ag pg7] he dianeter d thereof was about 10 gm were adhered on the
second adhesive | ayer 13. Then, extra solder particles 14 were renoved with
an air knife. Ne@183thown 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 L.
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 um
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 pm were
manufactured. The solder balls 70 are shown in Fig. 7B.
[0168]
(Example 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 layer was formed by a

paste for solder resist, was formed so that the layer covered the surface 5a of the first



Next, as shown in Fig. 4E, a reflow step was perforned to form a sol der
'l'ayer 15. First, the substrate 1 was heated for twenty minutes in an oven
at a tenperature of 180C to fix the &re material 11 and the sol der
particles 14. Then, the flux was sprayed on the surface of the substrate 1.
Next, the substrate 1 was heated at a tenperature of 240C in a refl ow
furnace for. tr@;{ee mnutes in a nitrogen atnosphere, and a sol der |ayer 15
havi ng hesve ISy of 5 gmwas forned so that the surface 1 |a of the core
material 11 was covered, In thi y, solder halls 70 wherein the di aneter
t hereof was aB&J6t a%@@rﬁr%mernﬁi%}@c@ﬁrfg@t. “[6(5‘1%&] a layer W, Usgd Wherein i
Exanple 5 is explained. First, on a surface 6la of a transfer substrate 61,
met al fopemings 32hi(fosvermortaon of thesseconstiepasingsbgp evhigh thendipmsigr sharefcieness of
18 gmwere forned. Here, a pattern of the netal filnms 51 was set to have a
di anmet ewa980 gdin, pid beendoaned1l di st ance between the adj acent patterns of the
netal |ayers 51 was set to 200 gm Furthernore, as a substrate 1, a
substrate wasjpyged wherein the surface |la thereof had been covered with a
mask 42 (second mask 42) having a thickness H of 18grn. As the mask 42, a
mask was usedSlYl‘ggc'ilﬁe'nﬂy OREME Tst l?}%r 014 bf the TRThEMBr; a bétondldsbr 21teofthanet er
gm “had been forned.

t hereof F5 was Furt hernore, the di Stance between

t he adj acent eni 35 wa t t 0] 01 t

adhesi oHL l%eé?qt{)efnﬁﬂgﬁ%dﬂ%‘%ﬁ %geévégenrrgvgh %Jri t‘%glhs? ur f%lgel%lg% %lﬁggfrrtr}al% al film
51. Here, as an adhesive sol uti on which inclyded an adhesi op-.i nparting
conmpoun8rst gnembesy aniayer &’&&é&?ﬁé whrein; W“Hﬂsa#%l ﬂ‘lpcﬂ’g&(?P I-OBagﬂ&hec 988ind
represented by the aforementioned general formula (3) was prepared wherein
R12 t heowﬂngsé inrwhagtkife dignasier tbﬁftegfub-VYlaéfﬁOdHHa Irad beer foranednt Eu hHT9Fogen
atom Subsequently, the adhesive solution was adjusted by acetic acid so

t hat pHwhbetkeoiecbrd dayer abamftthd firstrrdethbert was provided,. theutesisign eritthy seqond
substrate 1 was i mersed in the adhesive solution for ten mnutes to adhere
t he adhg§ipmy bipeHirétieriisrial djustediso thidiehseontaof tiefopehingsB2adf the fnst51.
Subsequently, as shown in Fig. 5B, the adhesion-inparting conpound 5b was

t f f f inéi
0 TSR 40P U, K e g s e e St

substra ormthe Tirst ad ayer Next, as
h in Fig. 5C ' ' - d had
ai anet eF i dmods iR En G Rkt 1S Rkt PR AR o PRRETC %1 Tn an
air
[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 layer 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 11a of the core materials 11.
Here, as an adhesive solution vs}hich 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

CuHys and R11 represents a hydrogen atom. Then, the adhesive solution was adjusted



at nosphere. Subsequently, as shown in Fig. 5C, a second adhesive

‘| ayer 13 was forned by coating an adhesion-inparting conpound on the
surface 1la of the core materials 11.57 62 [ 0187] Next, as shown in
Fig. 5D, solder particles 14 wherein the netal conposition thereof was
Snl13. 5Ag and the dianeter d thereof was about 10 p. mwere adhered on the

second adhe |ve | a T extr | der ryt.] ed with
an air PhPFY bilsgéﬁat pjl_%therfi\(?z%c gg 291% h‘@%d%%éeéa re ‘i)l\%nélﬁgggms
per f or med to forma sol der. | ayer the substrate, 1 V\ﬁs heat ed for
twenty fHbSGRES WAS HRAMGTEHh “&Fheaa‘%béﬁ‘ﬁ%lsﬁllﬂlﬂf”é o thigs oISt 10,00t dhe §798¢at er i al
11 and the solder particles 14. Then, the flux was sprayed on the surface
of the sdissive dayer 13 onghersurfape 1 Eaofshe eere mateigds hefat ed at a tenperature of
240C in a reflow furnace for three mnutes in a nitrogen atnosphere, and a
sol der |ayer [72pving a thickness of 5 gmwas forned so that the surface
11 a of the core material 11 was covered. In this way, solder balls 70
wherein the d§ggseg@intlyhas epownan FOUuLCOQokder g@ﬂ&ld@ammf\aﬁéreﬁmedme hR{39]
(Exanpl e 6) Nex Exanpl e 6 i's expl ai ne First, as shown in Fig. 6A

dot -l i kg erﬂq(ss&&cggto fwoasns% sWol b P HeURERERP doﬁr%Pe%fQﬁhsaab%uf figcanweref a

subst r at al um na by “screen printing. Then, the t ungst en paste

1 oot B 80 MBAE B 10, TR PR SRE, Ak 1 VR AR

of 25 gm._and.the_di stance between the adjacent patterns of the nmetal filns

52 was %@ anginignfenn [ 0190] Next, a mask 43 (third mask) was
provi ded so tF0a1t73i[ he mask covered the surface la of the substrate 1.

Next, as shown in Fig. 2D, 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 af 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, solder balls 70 wherein the diameter thereof was about 60 pm 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; thereof was 70 pm was used. Furthermore, the

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



63 Here, as the mask 43, a mask was used wherein openings 36 (sixth
‘openings), in which the diameter thereof F6 was 70 gm had been formed.
Furthernore, the di stance between thé8adj acent openings 36 was set to 200
pm Furthernore, the position of the mask 43 was adjusted so that the dots,
which are the netal filnms 52, existed at the center of the openings 36.

[ 0191] ONg , an adhesion-inparting conpound (first
adhesi on- i npa[rtliﬁ; compound) was adhered on the surface of the netal filns

52. Here, as an adhesive sol ytion which inclyded an adhesi on-i rting
conpound, a 2Y6ByanUOWDIRéD §a§81W?t8Haléﬁ?aYﬁ“‘$}War§iB? - a?QBBer%ﬁﬁ’Bﬁnd
represented by the aforenentioned general fornula (3) was prepared wherein
R12 t heaelidmetsr &h ofi| Wy kmgweigpadiferad] tHp® sépcRila Pg&ee%tﬁi@teal HY Aoden at om
Subsequently, the adhesive solution was adjusted by acetic acid so that pH

t her eof atnesphare.abAfitr that, anshomasin Feat3d] theofidOBemBeridlegaerenioyed.t he substrate
1 was immersed in the adhesive solution for ten mnutes, and the first

adhesi ve | ayegyted@ntil 04s@@warintFi€ 38 nffacemadk 4 hehivhtwds foithed dth gids shown
in Fig. 6A. [0192] Next, as shown in Fig. 6B, core materials 11 which

wer e mag%}tigges GRPRE' a ﬁ?ﬁléﬂ&doiaaﬂﬂugq?hﬁr whd @fih&8d ROHR! Be AHRRT @ efcd thbe

surface irst adhesive |ayer an air atnosphere. Subsequently, as

shown in FEig..6 n i ve layer 13 was fornmed by coating an
adhesi Oﬁgﬁ%é@p&%@%@ﬁ%@ﬁ%&g@g&%e surface Ila of the core materials 11.

[ 0193] Iﬁﬁ as shown in Fig. 6D, solder particles 14 wherein the
nmet al conposi {9 t hereof was Snl3.5Ag and the dianeter d thereof was about
10 pm were adhered on the second adhesive | a){er 13. Then, extra sol der
particles 14 WNeXtas sk Eigt 3D ahsegpnd agheswgilaysr 19 (yvagdprmed 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 Cy;H»; 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 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 air 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



Next, as shown in Fig. 6E, a reflow step was perforned to forma sol der
layer 15. First, the substrate 1 was heated for twenty ninutes in an oven
at a tenperature of 180C to fix the d® e material 11 and the sol der
particles 14. Then, the flux was sprayed on the surface of the substrate 1.
The substrate 1 was heated at a tenperature of 240C in a reflow furnace for

three mnutes in a nit en, at nd a i a

thi knolultbeescl il BF Ay AL SORREPATHSE IS, TIRG. PN DR 0 T,
11 was coyered.. In.this way, ,hsol de alls 70 erejn.t dj anet er t her eof
was abotHITass of Ahesbstratg duf §é‘?§ﬁqé‘%’t[y[ gtiegsfﬂsbsmte was heatt#;aetraeigmpte%a%ﬁ anpl es
1to 6, falling off of the core materials 11 was not observed. thrtherm)re,
no cor e2#@iCeim areflons fuspase forthregminiites ia aspifraaen atmpsphere apgd spiderlgyeied.

| NDUSTRI AL APPLI CABI LI TY [ 0196] According to the aforenentioned

met hods | 5 daving lal thickndsd ef Shanh ves Tormedrsolshatfthe swrdiaogi Itlh @f theueare gaterial 11

hi gh- el ti ng- poi nt sol der which includes a | arge anount of | ead.

Accor di @k evdréd.| SnARISSidyl soldér tallh 76 wehedsih de dibables thegeofiwas iboutcdilude
absolutely no | ead. Therefore, a ray is not emtted fromPb which is

i ncl udeq,ebdmansabidey. bump. Accordingly, it is possible to prevent
mal function of electronic conponents which is caused by a ray.

Furt her nore, Edl%ﬁ solder balls 70 which include core naterials 11 as cores
t hereof can be manhufactured at a | ow cost, problens can be solved at | ow

cost wherein e height of a solder_b econmes non-uni formor erein a
chip is sunk iﬁ%@h F‘@‘%Pt‘}vﬂ ‘?§x?)lé'r“|eg'r n]él&st%\r;ﬁ%plr)?s'{ﬁtg éﬂ?‘% qfsgi] 0AT 8%? a’%e
produci ng nmet hod of the present invention is__65 sujtable for a_fin

substrate 1, aHbrearadlyy srshowaduiFigdis ampsmaler 32 4sesond pymbey) maade f meta

integration and high reliability can be provided by the present enbodi nent.
The pur hesieg afsizehd prmswastprovidediso that the susfapg by e substttiutwag caxtrebd of
sol der balls which can be applied to the formation of fine patterns and can
gﬁbfsﬂ gggr@tas&hé abnthes 02, BimedfbePems nispd whoredd optafiegseddc o@yhmopérengs), in
which the diameter thereof F4 was 25 um, 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 pm 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 ym were adhered to the surface la of the substrate 1 in an air
atmosphere.
[0181]
Subsequently, as shown in Fig. 4C, 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



la: Surface of the substrate 5: First adhesive |ayer 5a: Surfaces of 'the
first adhesive l|ayer 5b: First adhesion-inparting conpound 11: Core
material 1 |la: Surface of the core n#Oerial 13: Second adhesive | ayer 14:
Sol der particle 15: Solder |ayer 21: First nenber 2la: First |ayer of the
first nmenber 21b: Second | ayer of the first nmenber 22: Second nenber 31:

First Ot%%?si n gqueous solution of an imidazole-based compound represented by the
aforementioned general formula (3) was prepared wherein R12 thereof is an alkyl group of
Cj;Has and R11 represents a hydrogen atom. Then, 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 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 éf 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, solder balls 70 wherein the diameter thereof was about 60 pm were
manufactured.

[0184]

(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 pm were

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



32a: Lower portion of the second openi ng 32b: Upper portion of the second
opening 33: Third opening 66 34: Fourth opening 35: Fifth opening 36:
Sixth opening 41: First mask 42: Secemnd nmask 43: Third nmask 51: First netal
filmb52: Second netal film

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

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
the mask 42, a mask was used wherein openings 35 (fifth openings), in which the diameter
thereof Fs was 70 um, had been formed. furthermore, the distance between the adjacent
openings 35 was set to 200 um.

[0185]

Next, an adhesion-imparting compound Sb 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 CyHy; and R11 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 35b 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 la of the substrate 1 to form the
first adhesive layer 5.

[0186]

Next, as shown in Fig. 5C, core materi.als 11 which were made of copper and had
a diameter D of 50 pum 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.



61: Transfer base 6l1a: Surface of the transfer base 70: Solder ball FI1:

Di aneter of first opening F2a: Diameter of the |ower portion of the second
opening F2b: Di aneter of the upper p@2tion 32b of the second opening F3:

Di ameter of the third opening F4: Dianeter of the fourth opening F5:

D ameter of the fifth opening F6: Dianeter of the sixth opening D. Particle

di aneter of awggfle material d: Particle dianeter d of a solder particle r:
D aneter of t Frst mask 67

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. SE, 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 pm 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 pm, and the distance between the adjacent patterns of the metal films 52
was set to 200 pum.

[0190]

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

1a of the substrate 1.



CLAIMS 1. A nethod 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 stem3wherein an adhesi on-inparting
conpound is coated on the surface of the core materials to forma second
adhesive layer; a third step wherein solder particles are adhered to the

second adhesi ded t h f

four}]h stelpsllﬁ%ﬁefeg%ﬁf’ﬁ'gg \gkdgrmaggr“faisgllsi h?r%?x}éqc[nh@(g &tl{%eﬁ §?der | ayer
on the surfac t t d fifth wh

O ibs T anBichahe A theight FoBas P aimaadican Jomsdon 4T R T e e distnge o

The met hod of produci ng solder balls according to Claiml, wherein the core
between the adjacent openings 36 was set to 200 pm. Furthermore, the position of the

mask 43 was adjusted so that the dots, which are the metal films 52, existed at the center
of the openings 36.

[0191]

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 Cy;H,; 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 layer 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



materials are made of Cu. 3. The nethod of producing solder balls
according to Claim1 or 2, wherein the nethod conprises, before the first
step, a previous step wherein a firstédmenber havi ng openi ngs 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 materials are adhered
to the u%face of the first adhesive |ayer, which is exposed fromthe

openi ng MG 1 the first step. 4. The nethod of producing solder balls
according to % im3, wherein the first menber consists of a first |ayer
and a second ﬁé@%}; 68 the previous step wherein the first nmenber is
provided on the first adhesive | ayer conprises; a step erejn a
first layer oNexthas shomarinTigdfs: a rofiey step was peripragd tofomm aﬁaléie%%éé?ﬁ fnsgs, i's
provi ded on the first adhesive |ayer, and a step wherein a second

| ayer ofirsththefsubsttateri mims theatetl dorefwentyhminsiasdn dinlcyge at o tempspanierfs| 8@ ch have
a smaller dianeter than that of the openings of the first |ayer, is

provi deg gR theh@ré hiatdrial 8y and fe sblter partisles MeNbEhers thet fat wahsprawdt@rthef t he
openings of the first |layer and the center of the openings of the second

| ayer C%r?%e%’th@@f;bstrate 1. g smishad 1 wat *Ih@ﬁte@@ﬂﬁ%ﬁ?éraub@bm&ﬂ"@ eafirst

step and the second step, a step wherein the second [ayer of the first

et FAIGETRRLH OE LA AV Rhoblfsd st SREPERer 1 SR et oo

of prodﬂe s accor erei n the nethod further

conpri ses,. bet n the first step,and i he .second s . ,
wher ei nUPHEER 91} HMeHsforpe ?%%6%‘8 SP#%%eltlﬁé&g‘Eﬁ(foééﬁ{%B iaf 1, was ?gfetrg(ghesi ve

| ayer, and a step wherein a mask which has _a dia te(t) smal | er than
the t hi Bkribissway, sder bhllx ThewBFin deadingieses H157a0havas, APSiaO® ik RECTE; 1 of
adhesive | ayer so that the mask covers the surface of the first adhesive

| ayer, weanficture¢he mask consists of particles. 6. The nethod of producing
sol der balls according to Caim1l or 2, wherein the nethod conpri ses,
before the fi[®95ptep, a previous step wherein plural dot-Iike adhesive

| ayers, which are used as the first adhesive |layer, are provided on the

surface of the, subski 6f BRahpiel 1ties, daflimki dee ofdhite sore anitonials 4 1avs separ at ed
from each ot her.

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 a 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



69 7. The nmethod of producing solder balls according to Caim6, wherein
the previous step, which forns the first adhesive |ayer, conprises a step
wherein a second nenber, which has dd@b-1i ke openings to expose a part of
the surface of the substrate, is provided on the substrate, and a step
wherein an adhesive material which fornms the first adhesive layer is

coated, usipg.the_seco nenber .a sk, .. o] pl wE - Licke
adhesi v@“i%hceef% Ebﬁlg I"Fuﬁg[éat? Hg apd rei?c(’%%?gﬁegql{}éﬁ‘ﬂgty{evmc‘l% I:\I'Ellieéﬁ nggﬁ%ed otlgf
produci ng sol der halls according to, i m6, wherein the previous step
wher ei ninfggzatfqnyagnd f’éﬁh’@ﬁl?@‘@m%y&eﬂr@“gﬁﬁé@eé’é“?% IMefte adhesi ve | ayers
conpri ses: a step wherein dot-like netal filns are forned on the
surface of a Thapwpese dfathe presetanyention isrka providel sprogh¢ing methodsqfasolbder f r om
each ot her, a step wherein an adhesion-inparting conpound is coated on
t he net gallsf whith;caad applitdp thkdornationhef facthpaticars- andpeantbenfprroedpbatev i s
transferred fromthe transfer base to the surface of the substrate to form
the firggstadhesive layer. 9. The method of producing solder balls according
to Claim8, wherein the previous step wherein the first adhesive |ayer is
formed 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

adhesi on-i npagt.i compoung, i I ed fromthe transfer base to the
exposed surfa@é‘gﬁg?scpﬁg%Bﬂ%ﬁsﬁﬁe}‘ggﬁ%ﬁﬁare exposed from the openings of
t he mask, and t he second adhesive layer is fornmed on the core

material s whi LeS4D§88%yr f ace of the substrate is covered with the nask in

the second step in the second step. 10. The nethod of producing sol der
bal | s accor di hgj Susfacs f the subsiigter ei n t he previ ous

5: First adhesive layer

5a: Surfaces of the first adhesive layer

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

11a: Surface of the core material

13: Second adhesive 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



step wherein the first adhesive |layer is fornmed conprises: 70 a
‘'step’ wherein dot-like netal films are formed on the surface of the
substrate to formthe netal filnms whi6éh are spaced from each other, and

a step wherein an adhesion-inparting conpound is coated on the netal filns
to formthe first adhesive layer. 11. The nethod of producing solder balls
accordi ng tong_ imﬁ%O e erein the previous step wherein the first adhesive
| ayer is for QBT OpLUE a step wherein dot-like nmetal filnms are
formed on the sur_éhace of the substrate to formthe netal filnms which are
spaced from ekt HUg ARENINgG g a step wherein the surface of the
substrate is covered by a nask having openings, and the adhesion-inparting
conpound is cHatSedhoperting exposed surface of the netal filns which are
exposed fromthe openings. 12. The nethod of producing solder balls
accordi ng to 41:&imst th@skor 11, wherein the netal filmis nmade of tungsten.

13. The nethod of produci ng sol der balls according to any one of Cains 1
to 12, whereim-tReomvaasgkge particle dianeter of the solder particles is 1/2
or less of the average particle dianmeter of the core material.

. 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
F,.: Diameter of the lower portion of the second opening
F,,: 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
F¢: Diameter of the sixth opening
D: Particle diameter of a core material
d: Particle diameter d of a solder particle

r: Diameter of the first mask
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CLAIMS

1. 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 is 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 layers are separated from each other.
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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 layer 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.



