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relate s to a solder composit ion, and parti cularly
a so lder conmpositionint he formof a paste, that
is , a solder paste which is uged , for example, for
sol der-con necti ng an electron ic part onto a
substrate. In add iti on, the present inve nti on

relates to a con nect | IMYEBCFEAFSTAON®E! | as a conn
ection structure with sol deri ng with us ing such

sol der conpos iti on, and parti cularly such sol der
paste . Backg rou nd Art A connecti ng pro cess using

sol gmo@ b‘bR/FPst|?IGW”C%9NNEQ:”PTN$§%5R%UESS WITH
or nountl ng

sol erlng I's" W dely used ’as a process

c SQ??F?%EN?%B%WWN%&m A SHROCTRRF R+

amount of a sol der nmateri der con necti on
porti on is small, or V\he%éa{'@&@“gg ent bonding stre

ngth of t he solder con necti on porti onis hard |y
ensu red due to an ins uffi cient strength of a sol der
a sol derconnecti ng process is

eri
%W@W%Eﬂ@lgn the so I der con necti on is

reinforced by nean s of a rei nforci ng res in
he present invention relates to a solder composition,

and particularly a solqle'r composition in the form of a paste,
that is, a solder paste which is used, for example, for
solder-connecting an electronic part onto a substrate. In
addition, the present invention relates to a connecting
process as well as a connection structure with soldering
with using such solder composition, and particularly such

solder paste.

Background Art

A connecting process using soldering (that is, a
connecting process with soldering) is widely used as a
process for mounting an electronic part onto a substrate.
Such electronic part is mounted with a fine pitch. Thus,
when an amount of a solder material of a solder connection
portion is small, or when a sufficient bonding strength of
the solder connection portion is hardly ensured due to an

insufficient strength of a solder material itself, a solder-



portion . In order to formsuch rei nforci ng res in
porti on, at hermosetti ng res in such as an epoxy
woesoein2416 of ten use d, wherein a curi ng stepPCS/JPEOE015823

ired so as to cure the thermosett ing res in. Wen

such cur ing is able to be carri ed out sinmultane ous

ly in arefl ow step wherein a2sol der connection

portion is formed, it wou | d be conven ient sin ce a

con necti ng proces s with solder ing beconmes sinpler.

Toemef@ting | Np FPYBE s NO st hes Rielfe | GHEFdiPNtthéhesolder
substrate , a so-cal led "res in'pre-ap plicat ion"

By ntee &MRIPYiRd MAT@feirce P 59nnﬁé?air|j§_nofméerrieiﬁ'foﬁgm6 resin

ining a thermosetti ng res in which is to formt

Qﬁ%i’wﬁi nforci ng porti on is appl ied to a porti on
ere the electron ic part is to be nounted before

rount | Iﬁ‘lg dridfe B! g6t rf%rﬁju ]?Osﬁﬂ%rﬁ]e'rg@ﬁf@rgfrg%Per%téapo?gsﬂion, a

materi al which IS use oV e
[ L.on' ...a thermosetti ng f |ux has been proposed
> V\ﬂ?%hmcd(;%%p'ﬁ9e283'9h§ﬁﬁ%s%gtIanngeF?%§yi h€SaRa' S ggteap used,
sol der paste has. bee n éoroposed wherei, n sol der parti
WESTRI s 81 d8HTHidet 387 n '8ont QAMAERId rShe?$heiom Cure  the
osetti n Jdux (see , for exanmple, Patent Referen ce )
1 i‘ﬁ&’i“&a%g%{n"ﬁel réﬁv)”-. Whea saich @isiings 13 btaide be carried
sol der paste is advantag eous in that the sol der con
netti Hingbranesnsdid Bl s@ t ieftewnf 8tepi wherin na solder
porti on are both formed sinmultan eous |y between
ef BRI SIM PP i agl és sterped t it ome uddppleyicamvanient since
sol der materi al
10 a connecting process with soldering becomes simpler.
Therefore, in mounting the electronic part onto the
substrate, a so-called "resin pre-application" may be
employed wherein a connection material containing a
thermosetting resin which is to form the resin reinforcing
15 portion is applied to a portion where the electronic part is
to be mounted before mounting the electronic part.
As a connection material which is used for the above
"resin pre-application", a thermosetting flux has been
proposed which comprises a thermosetting resin, and also a
20 solder paste has been proposed wherein solder particles (or
solder powder) in contained in the thermosetting flux (see,
for example, Patent Reference 1 indicated below). It is
said that using such solder paste is advantageous in that

the solder connection portion and also the reinforcing resin

25 portion are both formed simultaneously between electrodes
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sepa rate |ly. Patent Refere nce 1: Japanese Patent
Kokai Publ icati on No. 2001-219294 Di scl osu re of

woheosloazant i on The prese nt inventors have foRCHAdP1005015823

even t he con necti ng process with solder ing , where
in t he above sol der' paste which conta ins the sol der
parti cles in the thermosettigng f lux is used , does
not read ily provi de a des ired con necti on stru ctu
re wwt h solderi ng . Parti cularly, it is diffi cult

t i P o wit . _
nr A SR TR R SR ', MBI Waterial

e present inve ntion are to provi de a nove
Igts?zﬁ%{eartt% npositi on , and part icularly such

conmposigti, on, i Nt formof ,a paste which is agl to .
provi Eteétzslergtt)nngce(q?aedﬁ%%uct1ure vvitJr?%%Pgesrq n &ﬁtﬁnt Kokai
n uf fici gnt [ rength , also to provi de
ag’éa%ﬁgéttfoﬂgﬁﬁroggﬁg' 'ﬁ%ﬂﬁééﬁ deri ng where in such

sol der com position is used , and further to provide a

con necti on structu re with solderi ng which is
faormed by using such sol der conpositi on. After

i igsdPeire @fdinea By @M Opy esent inventors as to the
above obj ects , the follow ng have been fou nd: \Wen
the sollde? pasgeeiberi@vientorse doaver pawnid ctbatareven the
m xed in the known thernosetti ng f lux as descri bed
apoveigctisegl priacéessdiwithhu solderiang ef wherstrep thee f above
| ui di ze (or nove)
solder paste which contains the solder particles in the
thermosetting flux is used, does not readily provide a
desired connection structure with soldering. Particularly, it
is difficult to achieve a connection structure with soldering
having a sufficient bonding strength. Thus, objects of the
present invention are to provide a novel solder composition,
and particularly such composition in the form of a paste
which is able to provide a connection structure with
soldering having a sufficient bonding strength, also to
provide a connecting process with soldering wherein such
solder composition is wused, and further to provide a
connection structure with soldering which is formed by
using such solder composition.

After intensive studies by the present inventors as to
the above objects, the following have been found:

When the solder paste wherein the solder particles are

mixed in the known thermosetting flux as described above
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nmol ten sol der parti cles as desired , which makes it
diffi cult to forma connecti on stru ctu re wth

weabwar24ing havi ng a suffi cient bond ing strecngrivos/o15823

In detai | , the solder parti cles are nelted by neans
of heati ng for the formati on of the con necti on
stru ctu re with solderi ng ingthe refl ow ste p, but
on the oth er hand, such heat ing have a cur ing
reacti on of the thernosetti ng resi n proceed

signu saaeousliy. diffec el asestlioids{Es 1 M’U'l&hzésgor move)
under such cur ing rea cti on prevents the novem en

(HoftdrPontdr Qa1 88 égl ges:ﬂl e Wltdﬁlm%%eé‘r\‘{l difficult

as aresult , it becones ficult 'for the

S%dgbr?ﬁ”d Eh‘?ﬁwé@tn%‘?{“@ﬂ X‘Npe p\?ltho ?8]&1%?‘?9 having a

nol'ten so der cles
U 08 e Ry T TBRE! By paruictes
f I | der
oifer TETle Z”bé/'r dpeiing 8\‘65%24&"6139 Godha tRREsIan of the
whi_ch ha alre starte Onger whi.ch nterferes _
t FETULEFL! zﬂnlﬁﬁ' F&F 1Y% lh of 'R t1Bnt @l d&floyr step, but
cles, so that the nolten solder materi al may not

sPedfi®oinalMands 8k chh Na atinddeavRi @ Guriag dljaction of

ect to be con nected . As a res ult, the solder materi

atheol tharmesetli ngour esunf i @r@ﬁﬁleyd caohimept iange diisy . The
el ectrode , which nean s that no normal con necti ng

i theamasettipg (@ simt Wwhichoisppndar r suate surttegr reaction
con necti on

prevents the movement (or flowing) of the molten solder
particles, and as a result, it becomes difficult for the
molten solder particles to contact with and to be integrated
with other molten solder particles.

Particularly, when the curing of the thermosetting
resin proceeds prior to the melting initiation of the solder
particles, movement of the molten solder particles is
prevented by the thermosetting resin which has already
started to gel, which interferes the self-alignment effect of
the molten solder particles, so that the molten solder
material may not spread over surfaces of an electrode
which is an object to be connected. As a result, the solder
material solidifies without sufficiently connecting the
electrode, which means that no normal connecting is

carried out (that is, no appropriate solder connection

portion is formed), which causes defects such as an electric
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portion is formed) , which cau ses defects such as an
el ectri ccond ucti on fau It . The pres ent inve

watared2have further inten sively stud ied the POTHPEDF/015823

on of the appro pri ate solder connection porti on by
integrating the nolten solder particl es whi ch nove
to gath er together even whe nsthe cur ing rea ction
of the thermosetti ng resin is pro ceed ing, and have
con cluded that coexi ste nce of oth er materi al int

he o3 §efipghe ks effecti ve which nateri al is able

to suppress the preventi on of novi ng of the nolte n

sol der TfPfaétcptré?éEﬁtb%]u\;%‘ﬁﬁpgrﬁ%gﬁe%'rtﬁ‘?rSt e r{‘si"'\‘ﬁail@hstudied

|s unde r In i ona
e r e t teri
o e Far Bl P30 UhrogTiatt o RgF s E GuBn, portion
sui t.ab I IS c racter,i ed in hat it, chan
§th”689qrﬁ énei b SRR S e ARt S kil fove to
pur f nect| with solde r ing , and th
sgéﬁ (ﬁ{ang‘é @éd %geghewr}ﬁ’ﬂl e c%”f‘gcufe?r?é'%ﬂ tof the
h thern1osett| ng.res in, that is, a tenperat ure
WRNEAT S LB rPRIN 5 dhiC a8 ng, banich Neee | saDIcdURed that
ike state is lower the curing initi ati on tenperatu _
r 6ogXishe nater Mios@thierngmaterimlvi im dh@ owWalder haraste s
such solid res in excl udes a thernosetti ng res in,
aedtealivieg whiohi oratdrdaprissahl e rtoe sntp p oms hash bepnevention
conpleted . Said ot her materi al as descri bed above
podvi ndeying efdectthe thmavlsand swmider alpaogpies sdsy the
the preve nti on of the :
thermosetting resin which is under curing. Further
additional studies thereafter have found that, as said other
material, a solid resin, particularly a thermoplastic resin is
suitable which is characterized in that it changes to be in a
liquid-like state when heated for the purpose of connecting
with soldering, and that such change precedes the initiation
of curing of the thermosetting resin, that is, a temperature
at which the solid resin changes to be in the liquid-like
state is lower the curing initiation temperature of the
thermosetting resin with a proviso that such solid resin
excludes a thermosetting resin, according to which the
present invention has been completed.
Said other material as described above provides an
effect in that said material suppresses the prevention of the
movement of the molten solder particles regardless of the

presence of the thermosetting resin which is under curing,



novenent of the nolten solder parti cles reg ard |ess
of the pres ence of the thermosetti ng res in which
woO00srdzt1s cur ing,and such effect may be | i keaedpP1005/015823

the provision of plasticity to the t hermosett ing

res in which is under cur ing whi le it is losing its

f luidity or f lowab ility, ané therefore in the sens

e of the above provi sion , said other materi al which
provides with such effect may be said to be a kind of

aapl g ucki gffdct: Mg PECHRRINE AMNtheOProbI8IEhOBE plasticity
provi des a solder conpos ition which conpr ises : (1)

atgeiRb ﬂw&smioaéeﬁ@ﬁpp;fbgiiﬁgm!c#pspawd&ﬂec%pingﬁ%?le it is

) a thermosetti ng ux materi al conpr ising

th@émgsﬁtst Ie| igjri?i?oknﬂ%r\‘/gaﬁiﬁﬂ(j ?aqﬁ&stﬁg{élgbggaﬁﬂa\%e sense

ges (or trans 0 be In a ur d-

mfa?nms%%%%\ir thry P% S Ss?%ito,"a&tlﬁg‘drerré%?fewgﬁﬁv%i?ﬂgpéovid es

res rnis ex uded Tro 'mthe soll X
t r re ich the saolid res in, cha es t e .
5 WRRCSHECeMe e vLP5 B8 1 is TR ofcamefantipizer
at whi the therm osetti @g%re in ftarts to cure.
The sol'dEf PSRN ¢iNGRNEEdr dth AEC TR @ hePpPYides ta solder
invention js preferabl%H;n the formof a paste at norm
aPOrRROS BN VNG SRBH HS&Srab | e conpos iti on may
be said to be a solder paste . Thus, the sol der conpos
iti on(Adcdraeital materabesssprisimemolidsr partopkas, and
onal ly furthe r conprise, in add ition to the netal
materi 82) aAd tthermosetting flux material comprising a
10 thermosetting resin and a solid resin which changes (or
transforms) to be in a liquid-like state when heated with a
proviso that the thermosetting resin is excluded from the
solid resin,
wherein a temperature at which the solid resin
15 changes to be in the liquid-like state is lower than a
temperature at which the thermosetting resin starts to cure.
The solder composition according to the present
invention is preferably in the form of a paste at normal
temperature, and such preferable composition may be said
20 to be a solder paste. Thus, the solder composition
according to the present invention may optionally further
comprise, in addition to the metal material and the
thermosetting flux material, a component which is required

to have the solder composition be in the paste form, for

25 example a solvent (such as butyl carbitol, hexyl carbitol,
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t hermosetti ng f lux materi al, a com ponent which
is req uired to have the solder conpos iti on be in

woheaospastie form, for example a solvent (su cRCaIP2005/015823

butyl carbitol , hexyl carbitol ,nethyl carbitol , and
di ethyl carbitol ). The solder paste is adva ntageo us
in that its applicat ion to an7obj ect to be connect ed
(such as an el ectrode) is easy, and another object to
be connected (such as an electron ic part) may be

teve ity b elgriicol deth dodi Seh ppRatied o3p! dernBaghedds paste is
ing tacki nes s of the solder paste . The sold er

dwem fdgeonsum asat $QJ dah NASEEATCPHd dN9difelct to b
ﬁg preseng? iunveﬁ)tni 0 ?1 conpr i bggs thle neta | matoegle al 0 Pe

a@@nﬁ@cﬁé@r%wtbsn%fae%l&t%ﬁj dzér 85’% (r:r%égl another

materi al comprises at least the s

2081651 Y Jo WS ARG AW slitth A 4°hn "B Sobr SRR may be

The therm osett 1 ng resin nmateri _al com | I
[ [ res in X ]
HER BRIk DBiEel, 2, e o bSelerfiybﬁ?ﬁqe%; RBME  using
| SiE; descri bed below if necess
Dl oFirfe 88 o TR BETED) 083

S rts solid state at nornal
tem ture ich corresponds a tenperature at
whi ch THE sai e tcomsUBPIas T soupp | ekl 1o tseldey paste
ect, and usually in the range between 10 C and 40 C) ,
a%ﬁcﬂég'ﬁgprt&pe¥tﬂ9 tHRS ¢ 0t héBYREHION | eamprjsies | thke metal
state when it is heated so as to nmelt the solder parti
cméée.rlqﬁeae& ther themppesietting resondmiaterialt heThe metal

esen t

Ior¥1aterial comprises at least the solder particles and it may
further comprise other metal component. The thermosetting
resin material comprises the thermosetting resin and the
solid resin (excluding the thermosetting resin), and it may
further comprise other component(s) as described below if
necessary. The solid resin is in its solid state at normal
temperature (which corresponds a temperature at which the
solder composition is applied to the object, and usually in
the range between 10 °C and 40°C), and has a property that
it becomes in its liquid-like state when it is heated so as to

melt the solder particles.

The solder composition according to the present

- invention may be produced by mixing the metal material and

the thermosetting flux material, and each material may be
produced by mixing components which constitute each

material. Such mixing may be carried out in any
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inventi on may be prod uced by mxi ng the netal
materi al and the thernosetti ng f lux material , and

weaals/mantier i al may be produ ced by m Xxi ng conpomani095/015823

whi ch con stitute each material . Such mixin g may be
carried out in anyappro pri ate manner, and it is
desirabl e as to the thernpsetg8ing f [ux material that
the curing of the thernosetti ng resin does not start
uring mxing . It is noted that said oth er neta |

cappaio @rater sAAEN erage@NPenN Rt afcdRSMije beds to  the

above may be m xed to be conta ined by the neta |

Bt F In ¢ e B nlghe ﬁlﬁ‘%m@t%ﬁtetriiaf‘g gh%'t‘x ?ﬁ[eeri%@}ipr Zi gf the

pect ive ly , or said er net component " or =

Lo FRARSSRInE! s B DGR Aol LT ARLY R 1t s
ORI 4800 e PO R RARKAKED TLaif otner
Ebgpat e LB A B ST o b
THehs37agY B tRe crbe el e ier i hebsothier tearpass efting flux
OBAGHTE, KRR %o ok il ey gt Sembonent.or
sol der conpos it ion accord ing to the presen t _
iﬁ@é‘ﬁt Ot PrasCasREPNRY May preasn enitn agedioigetdedi by a
on.. For exanple, they may be parti cles of a neta |,
uRtuye a® faltheoymatiadh meteeeal idydmihteedtsechoastting flux
material upon mixing them to form such mixture. As said
other component, the following may be exemplified: a
component which makes the solder composition to be in the
paste form (e.g. a solvent), a curing accelerator, and said
other metal component.

| The solder particles used for the solder composition
according to the present invention may be any appropriate
particles as far as they form the solder composition
according to the present invention as described in the
present specification. For example, they may be particles
of a metal, usually an alloy which is readily melted such as
a so-called solder material, and a so-called lead-free solder
material which does not contain a lead component.
Concretely, the following solder materials may be

exemplified: Sn-Ag-Cu, Sn-Ag, Sn-Cu, Sn-Bi, Sn-Zn, Sn-
Ag-Bi-In, Sn-Ag-Cu-Bi and so on. It is noted that the sjze



a so-ca lled solder materia |, and a so-ca |l ed

| ead-free solder material which does not conta in a
woOeeaw/enis pon ent . Concretely, the fol | ow ngPeolEBEN5/015823

materia I's may be exenpl ified : Sn-Ag -Cu , Sn-Ag ,

Sn-Cu , Sn-Bi Sn-Zn , Sn- Ag-Bi-I n, Sn-Ag-C u-B

and so on. It is noted that the sizeand the form of

the solder particl es are not parti cularl y limted .

For exanple, solder parti cles or solder powd er which

apg Cormer ¢oral | yf avmel Isthlloesr godrfeiés GHarhptt pesRicularly
which are comerci ally ava ilable for the electri

c @il nd i j V h i -dear. t
SHMAKPA] FBr X aRNsTS Y oRlel Mot biclels DAL 8188Y powder

%ﬁ@’iﬁ'leﬁ brgn @&rﬁ%é?hf‘é’ll&o é\'ﬂsal%lrtﬂese'ﬁnHn\égérwicﬁrl‘arly those

m osettl ng res in use n t'he sol
c [ ti a ' t t ifventian :
YRS a8 SEEHAIRIIR, LIRBIGRN, T Mipctricay
c 0S, Lt on .rding t h rese nt .inventi on as
5 GSORTubby S RS kP acRrn e BeliBT CaPi o AR Teed as
thermaosetti ng,res ins ich a enera |ly.known to .
oERRobaTRer paRtclBectpr e 155 Idad Chinhas difBe donst ding to
, .fhe solder pastes or the | ike nmay be used . For
ekBRpPECSERE FHY€BHOMy res ins may be exenplifi ed:
an epoxy resi n, an acryl ic res in, a ureth ane res o
in, a dhergepaetaing d# sids uised dnnthansakdeescomposition
an unsatu rated polyester res in, an amne res in, a _
SRICAUEHA T 49 itheafd agrent ineenties tmaer esanyi appropriate
res in used for the sol der
10 one as far as it forms the solder composition according to
the present invention as described in the present
specification. Known thermosetting resins which are
generally known to be used for the electrically conductive
adhesives, the solder pastes or the like may be used. For
15 example, the following resins may be exemplified: an
epoxy resin, an acrylic resin, a urethane resin, a phenol
resin, a urea resin, a melamine resin, an unsaturated
polyester resin, an amine resin, a silicone resin and the
like. The thermosetting resin used for the solder
20 composition according to the present invention preferably
comprises a main agent (or main ingredient) and a curing
agent, and optionally, the thermosetting resin may further
comprises a curing accelerator, and it is usually preferable

that it comprises the curing accelerator.

25 The solid resin used in the solder composition



com position accord ing to the present invention
preferably conpri ses a nain agent (or nmain

wongied2ant ) and a cur ing agent, and opti onaPCrypP200fre1ss23
thermosetti ng res in may f urth er conpri ses a curi
ng acce lerator, and it is usua Ily prefera ble that
it compr ises the cur ing acceglerator. The solid res
in used in the solder conpositi onaccord ing to the
present inventi on may be any appro pr iate one as far

ag clclo ridd hEe tbhengol ql%rse‘jgf;’g ébr‘ltdBI X t rb‘@ rkgnil]oawﬂ)eroprlate

prese nt 1nvent IO prese

ﬁ@ fdcatdon g |?E‘Brrjrﬁsp'iﬁfse"s%ﬁh3érfol o(‘kﬁ’ tﬁorﬁhga%rdmg to

aStIC res 1n exanpl e ng res

er ne

o an FTETR hout it “LB%,) eqégﬁwbe%d %y Bresent

I|c re an ami de. res | ester. res |n
swreemﬁ'&%fégn.na o i G S %maprf'ate@y Gcfhgrmoplastic
derivative a hi th pol d ros in, a fatt

5  ak?SHani de?’ﬂg’ﬁd W@ TﬁéeabJJ\Pé AWHPBond® S1khe r¥lay be
sol idres in) is characterlzed in that it changes to
b%X.ermalnf'aG. da tPKR et At'@ SiRenah¥¥iRAS RREMN s &N HAMOrphous
the solid res ininits solid state is chan ged (or
tFapk o 3fegjefi® H@esim.i @ |1aceylig- reisks, saat @mhdeuresin, a
gh heati ng which nelts the solder parti cles conta
i pedyEsteneresinera comrneose i t¢som, sxcpotyimideoreshe, a fatty
prese nt inventi on for the purpose of forming a
canndcderbratveuwax, e higtHysplodgm ¢ nige Suasichaagkatty acid
may occu r sinulta neously with

10 amide and the like.

The above mentioned "(the solid resin) is
characterized in that it changes to be in a liquid-like state
when heated" means that the solid resin in its solid state is
changed (or transformed) to be in its liquid-like state

15 through heating which melts the solder particles contained
in the solder composition according to the present invention
for the purpose of forming a connection structure with
soldering. Such change may occur simultaneously with
melting of the solder particles, and it is preferable that the

20 change of the solid resin from its solid state to the liquid-
like state is prior to the melting of the solder particles. |In
other embodiment, the melting of the solder particles may
occur earlier than the change. It is noted that the present
invention determines that the melting of the solder particles

25 occurs when the solder particles are heated to a liquidus
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melti ng of the solder parti cles , and it is prefera
ble t hat the change of the sol id res in fro mits

weabosiod2abate to the liquidl ike state is pri sCcTUR20DfI15823

melt ing of the solder parti cles . In other enbod
iment, the nelti ng of the solder parti cles may occur
earl ier than the chang e. It 16 noted that the
present inventi on determines t hat the nelti ng of
the solder parti cles occu rs when t he sol der parti

ctesver eehegbedtliPeaoki JUsHYSE ! M taTBE! 8% Uy rﬁcﬂf tRe solder

sol der materi al of which t he sol der partl es are

”B@?t(&@saafﬂét ﬁ?édec bEMPL @dl:{ig 'té‘ ﬁ?fseqfn f‘he case of
5Ty

eutecti c sol der erla der com

ﬁSéhltee@ @rsq)qo%ll Fygag&lfaq? present |nvent| on, the

angeo res’in fromits solid state to

on"of 1 'r%'g“' O?S?s'??iéfgh <§°°f?¢% h%éf"%'"- %&ié’t :: 'Srt”: Lt'thqr spresent
i Rk GRS s [ hahedlod in Pradlihiiedia faen naso 0 state

h th h tl
{”oar{t REUhr Uk Rl SFeUSat PERREIR tha IS o of curing

rafure at which the thermaosetti ng res in sta
??k? L0 MR ARt NG A Inedthal dsi g tampenature at which
nperatu re. Such tenperatu re is obta ined by subj
eUi‘P %fgatt%é’fttm@rWBgefPSimlgchéﬁgehs(t|0n¢ls Ut rdrlékeustate is
ing agent and a curi ng accel erator if any) tot he
Do géabli@ Bndne . tepapa ratuirer atawhioht hbenthsumemeatting resin
can be seen fro mJIS K7 121, which is incorpo rated
bytadfsetencgeei nln ted rpregény.spPacificatian| the aemperature
tenperatu re vs. calorie curve is
at which the thermosetting resin starts to cure means a so-
called cure initiation temperature. Such temperature is
obtained by subjecting the thermosetting resin (including a
curing agent and a curing accelerator if any) to the DSC
measurement. Particulars as to the measurement can be
seen from JIS K7121, which is incorporated by reference in
their entity. Particularly, a temperature vs. calorie curve is
obtained by the DSC measurement while a sample is heated,
and the curing initiation temperature is defined as a
temperature at which the curve starts to get away from a
baseline of the curve. Such curing initiation temperature
may be set variously by changing kinds of the main agent,
the curing agent and the curing accelerator if any and/or a
composition of them, and thus set curing initiation

temperature may be determined by the method according to
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obta ined by the DSC nmeasurement while a sanple is
heated , and the cur ing initi ati on tenperatu re is

wdebie/aBdeas a tenperatu re at which the curvePeTAP1095/015823

to get away fro ma basel ine of the curve. Such
curing initiation temperature may be set vari ously
by changi ng kinds of the main pgent, t he cur ing age
nt and the cur ing acce lerator if any and/or a conpos
it ton of them and t hus set cur ing initi ati on

t HBELBIOY & nBRMiBReFLGEM | ned by the meth od acco

rding tothe above nenti oned JIS. In the pre sent

speci fijcgfd Jgrga%%p?oén;%ﬁmglattmw dnle tKEm S‘ﬁ?cfel?ibd'u-ﬁike" state

used to inc ru e Tiqurd sta

also t at.e. whi c be reg.ard s;.the liquid
RERTEEA AR R e A IHERC T
tg.the prese nt_ invention is con stityted., a vjsco

85506 PHiBR Gad HEt e fanHRh 45 the Tiabig fiats T far as
state (i.e. the liquid state solid res in) may bhe, . _
THBE s oHAET ¢RmR TR GhaRITiNG o APbr §Skaidinpention is
as to i c{ de a state which is ver){,f lowab le |ike
wWaCEIStithied g anvéseBsiBhtObrthengolliker asimemhigd d4s in the
state which is so viscou s that it is genera |ly not

i NAWigedi k@t htatea(ben dBpt loauidustatel s@lid. resim) may be
prefe rabl e enbodi nent, wheth er or not the solid res

i AigB.chd Mged thebterm t'hequid-likel' dstat&ets suaea iso as to
determined by a soften ing tenperatu re (or soften

i hgcpodaty ofatehevboth disr e riynflasy abieakee wénieh a® organic
nmeasured by the

solvent or the like as well as a state which is so viscous
that it is generally not included within a concept of a usual
liquid.

In a preferable embodiment, whether or not the solid
resin is changed to be in the "liquid-like" state is
determined by a softening temperature (or softening point)
of the solid resin as a measure which is measured by the
softening temperature testing method (a ring-and-ball
method as defined in JIS K2207, which is incorporated by
reference in their entity). That is, it has been found
preferable to determine that, in the case wherein the solid
resin heated, when the temperature of the solid resin is
equal to or above the softening temperature of the solid
resin, the solid resin is in the liquid-like state, and on the
other hand, when the temperature of the heated solid resin

is below the softening temperature of the solid resin, the
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soften ing tenperatu re testi ng metho d (a r ing-an
d-ba Il netho d as defi ned in JI'S K2207 , which is

wonewrpprnat ed by reference in thei r entity) .PThAP2005015823

it has been found prefe rab le to determine that , in
the case where in the solid res in heated , when the

tenperatu re of t he solid restgn is equal to or above
the softe ning tenperatu re of t he solid res in, the
solidres inisinthe liquid-l ike state, and on the

Oklp1ed Fagrh .iswhan |t he {198 BSIAY Us{£td! Yhe thegt 8nfhodiment,

solid res inis belowthe soften 1ng tenperature o

tQensal e €81idNretHESY ih‘éadéteegdi rt’hiess%tf%%lglig'gﬁ%ﬁ’ﬁ)eesrature of

solid state . In this enbodi nent, when

SrEa PR e il® BEh oo PeB RS i e g transition

id resin can be reg ar¢ at U e
|PERES SHUIS L Bl P5as Ui o shiee ' % B i yate of

ptetf.erabl enpbodi ment of the present invention ,
mﬁﬁéhgghﬁssﬁﬂrti ng of the solder particles and the

change-of the sol id resin fromthe sol id state to

the I THHS- 11N & BE&HE WY sPrelpsable @ambodiment of the
based on which of t he |iquidus curve tenperatu re of

t RE€SQHer IeEBLIORI MORHEM NPt héhgol meeltpagtiofl dbe solder
(or the eutecti c tenpe ratu re in the case of a _

eBEddtGles rdethaacdangal pfatbiet solsdf tesinnfrom the solid
temperatu re of the solid res inis lowe r . In one

pBéate atip e hearbbid] ureshtl ilse cartditengocourke firgseist determined
invention , the liqu idus curve tem perature of the

sblegad on which of the liquidus curve temperature of the
solder material forming the solder particles (or the eutectic
temperature in the case of a eutectic solder material) and
the softening temperature of the solid resin is lower. In
one preferable embodiment according to the present
invention, the liquidus curve temperature of the solder
material of which the solder particles are made (or the
eutectic temperature in the case of a eutectic solder
material) is preferably equal to or higher the softening
temperature of the solid resin, and the former temperature
is higher than the latter temperature more preferably by at
least 10°C, and particularly preferably by at least 20°C. In
these preferable embodiments, the change of the solid resin
to be in the liquid-like state occurs prior to the melting of

the solder particles.

In the present invention, similarly to the above, which
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material of which the solder particles are nmade (or
the eutecti c tenperatu re in the case of a eutecti c

weabwar24arateri al) is preferab |y equal to or RCGARI005/015823

the soften ing tempe ratu re of the sol id res in,
and the former tenperatu re is higher than the latter
tenperatu re nore prefera bly 14 at least 10 C, and
parti cularly prefe rably by at least 2 OC 1In thes e
preferab |l e enbod iments, the change of t he solid res

i oftih ddnitidthen! baurHe dumkﬁ; iifail@eoﬂ?élfﬁlocgéﬂﬁnboresm and

the nelti ng of the solder particles . In the pre~sent
| e RHa®ge YfMthar doliko r‘ehsqnakt?ﬁ‘?n AL %'?)Qfdtsli‘gte to the
|n|t| ation of the cur ing of the therm osetti

N AN -1 i€ %.eo%f dﬁr@‘?usﬂ |9 éféPaBWnaé é;fmﬁﬁl 'qd based

state tot he i qui ke stat OCCU TS
pref e eLm. n e hofthe urln
igﬁtiw\gﬁé%ndﬁ tg]Fat%SJrrZﬂ ?ﬂg Y\ﬂje toesr&ptqr é”rees the
g ature_of the idres in

th 8P ARG, TN MDD 4 F18nie cFemp Sralinanof the
t of he sol |drS|nfro mthesolld state

Qstl 'hd;aﬂ%q?\ d= t'?t@’ee St attS o488 AP ES, (AR @Y ¢ hin IBRBTeTerable

n of th uri of the thermosetti ng

Hapt A sHadoc: AE e ise) T 1t odn thamparlad State to the
{5 the herm osetti ng resi n is higher than the

FieA- Mﬁ&téh@tﬁaf)wr& en¢lied] thrmeghen irddiation of the
exanple, the curing initi ati on tenperatu re of the
t hEf Q)se‘i’tl thg rtRermasehiigiger relsan, t leo sditatn tihhg  curing
tem perat ure of the sol id resi n preferably by at
| igHétationctemperature of the thermosetting resin is higher
than the softening temperature of the solid resin. For
example, the curing initiation temperature of the
thermosetting resin is higher than the softening
temperature of the solid resin preferably by at least 10°C,
more preferably by at least 20°C, and particularly
preferably by at least 30°C. It is noted that the curing
initiation temperature is measured according to JIS K7121
as described above.

When the curing initiation temperature of the
thermosetting resin is  higher than the softening
temperature of the solid resin, an extent to which the
flowability of the molten solder particles is prevented in the
reflow step by means of the thermosetting resin contained

in the solder composition which is under curing is lowered,

so that good connection with soldering becomes possible.
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nore preferably by at least 20 C, and particu larly
preferably by at least 30 C. It is noted that the curi

wagoderediat i on tem perature i s nmeasured accor dPCTGP1005/015823

JI'S K7 121 as descri bed above . Wen the curi ng
initiation temperature of the thernosetti ng resi n
is higher than the soften ing 1em perature of the sol
idresi n, an extent to which the flowabi | ity of the
nol ten sol der particl es is prevented in the reflow

.Stlﬁp i}?lys 'E)cf'd%etrﬂe Fth% Féﬁger éptﬁ%ntl upt?gs curve
HePo i S

der com pOéI ti on IS un curil

l ‘PW gratﬁpettg\atth%ogglﬁ%rrm&]éot' 3’?an o ﬁ?%dgéldé‘p Rargicles is

be co S poSs In-t IS pref

S {0l B, BHE B ERRENE. el FeB Al LRl The sonc

above the softe ning tenperatu re of t he solid res
i A®S'P-is noted that the sol |d res inis preferab |y

conpati,  hle wth setti res in, parti cularl y
W th ﬂhé%ﬁ%%@ﬂ é%‘f’ mere 'Snp.refegap%x compatible
sible to formthe sol der paste havi a suffi cient

f Wishabhie rim e el ko otes Usi r@aawu\}arbx iwithstheemain agent
when the sol id resi nis mxed into the thernosetti
ngheésofn, whaefeirulifarisy presihia dgerfortmhéheofsolbern paste
resu lt , a prob lem(s) due to using the solvent such
ad aep@ sat iswifiofent sflgagabitidy a wighlo wiw appagr @ny svolatile
which gas is formed fro mthe sol vent, contam nati on
ofscdmeaydparted n thatswhsprésie sy mixed into the thermosettlng
resin, particularly the main agent thereof. As a result, a
problem(s) due to using the solvent such as deposition of
its gas onto a reflow apparatus which gas is formed from
the solvent, contamination of an apparatus atmosphere by
means of such gas, and the like may be alleviated or
deleted.

In the solder composition according to the present
invention, it is preferable that the thermosetting flux
material has an activity which removes an solder oxide film.
In this embodiment, the thermosetting resin and/or the solid
resin may have such activity. As the thermosetting resin
having such activity, for example the expoxy resin, the
acrylic resin, the phenol resin, and the amine resin may be
exemplified. As the solid resin having such activity, for

example the xylene resin and the amorphous rosin may be

exemplified. In other embodiment, the thermosetting flux
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mean s of such gas , and the like may be allevi ated
or deleted . In the solder conpos iti on acco rding to

woheospetieent inventi on, it is preferab | e thaCTuP®0$/015823

herm osetti ng f lux materi al has an activ ity which
renove s an solder oxi de f ilm Int his enbod inent,
the thermosetti ng res in and{®@r the solid resi n may
have such activity . As the thermosetti ng resi n
havi ng such activity, for exanple the expoxy res in,

thea BEFiMll infalyecdmpriife @ecBgaboheesnwha@nH tt‘S‘auc:h aCtIVIty

amne res 1 n my be exenp I f e sol I res

aﬁf"e n%r?“h?@tl@%t'o‘f 'ts)é éroéteqy*be!)?ntm?xyll\e?&eo§§?tlh'§ resin

dt he anorp L e exenpl i

Otarhedrtl‘?gb%ddlrfantreg,n'ne th%haw % a%ﬂ)aar t%%@enﬁbpnent for

conpri se a conponent | ‘ X i Y
{ t
B LR . B ie@aeeéénﬁﬁsﬁraﬁpm%ld o-
ety SRR, cf lbanbTe: 4Sidente Mlar%eyac%owraenzolc

i hyd ro?T( be nzo ic.aci d, hippu ric aci , and succi
nPC i ﬁo%lyr'%ea% e L. Sé'&C‘QUEhagéfjlm}é Pen@xemplified.
be add ed to t he thermosetti ng lux materi al, but

ey G aeHIVeﬁbtqrntrﬁaﬁ'hél%to|b®ra@6m§b§pt ithen tbesm eapdting flux
ly. The sol der conpos iti on acco rding to the presen
t materielonbsdntradys bebaddedh ittHe tidia Isoldieghtcamposition
the sol der conpos it ion,

separately.

The solder composition according to the present
invention contains, based on the total weight of the solder
composition,

preferably 70 to 92 % by weight, more preferably 75 to
90 % by weight, and particularly 80 to 85 % by weight of
the metal material, and

preferably 8 to 30 % by weight, more preferably 10 to
25 % by weight, and particularly 15 to 20 % by weight of
the thermosetting flux material.

The thermosetting flux material contains, based on the
total weight of the thermosetting flux material,

preferably 30 to 50 % by weight, more preferably 35 to
50 % by weight, and particularly 40 to 50 % by weight of
the main agent,

preferably 30 to 50 % by weight, more preferably 35 to

50 % by weight, and particularly 40 to 50 % by weight of
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prefe rab ly 70 to 92 % by weight, nore prefera bly 75
to 90 % by weight, and particu larly 80 to 85 % by

woebwhne2ab the meta | materi al, and preferab PgT8P1005/015823

30 % by wei ght, nore preferab Iy 10 to 25 % by

wei ght, and parti cularly 15 to 20 % by weight of the
the rnosetti ng f lux mate rigjz The t herm osett ing
f lux materi al conta ins , based on the total weight
of the thernosetti ng flux materia |, prefe rably 30

t 0 e prefera bly 35to 50 % by
vvgl?g %d?m/ Vﬁ%?thﬁ cdlﬁ(grly 40 to 50 % by wei ght of the

< g?'ef“e?g?emrgé?f 2180, 20, %, P A ROV Sy 2 1o

LS AP B 1Y 8P B of he

gbé and particul arly 5 to 15 % by wei ght of the
|o- rrgf'f'n In additi on , the thermosetti ng f |ux

e ke h TR ety RS a2y gy v
EESBIRLOHS Sl o aaforhldol 4 Wbt Bragsseby 1 to 3 %
lerato r is contai ned based on based on the total wei
gh ovedgBtt hereresdrnafer@ldly uk et e?i5 al% my t megight, and
the thermosetti ng f lux materi al may conta in the
spvémulariy WioccH .fobs Iy gveighharf the curing accelerator is
contained based on based on the total weight of the
thermosetting flux material. Further, the thermosetting flux
material may contain the solvent, in which not larger than
5 % by weight, more preferably 0.5 td 3 % by weight, and
particularly 0.5 to 1 % by weight of the curing accelerator is
contained based on based on the total weight of the
thermosetting flux material. Also, the thermosetting flux
material may further contain the activator, in which
preferably 3 to 10 % by weight, more preferably 4 to 9 % by
weight, and particularly 5 to 7 % by weight of the activator
is contained based on the total weight of the thermosetting
flux material.

The present invention also provides a connecting
process with soldering wherein a first electrode such as a
connection electrode of an electronic part (hereinafter, a

term "connection electrode" is used generically for the

purpose of simplicity) is connected with soldering to a
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5 % by weight , nore preferably 0.5 to 3 % by wei ght
and parti cularly 0.5 to 1 % by weight of the curi ng

wacew/bkprnato r is conta i ned based on based onpPtChario0t/ans823

| weight of the thernosetti ng f lux material . A so ,
the thermosetting f lux materi al may f urth er conta
int he activator, in which pn&e rab ly 3 to 10 % by
weight , nore preferab ly 4 to 9 %by wei ght , and

parti cularl y 5 to 7 %by weight of the acti vator is

COBER. n'd‘eé* etlfl%%‘% A dReatobacirowitoBleetré e bReamsubstrate

osetti ux materi al. The pres ent inve nti on

%I‘?é’ré’frpé(’fteqes at%?ﬁ{‘e%iir 09t P& REEED ¥ ¢ SQl Jghi gr&werlcally
ere in e

) rst ctro_e suc aﬁ a con nectl
A theCBuBh e &t SR Evica generi cally for the
Beceo Rt GeRpeas thchT ot e R 404 se P rifes the
substrat (here inafter, a tern1 CI rcu it electrode”

i $1@R&Obenerica Iy for the pur pose of si rrpl icity)
Such conn ectl proce ss with spol deri
fkﬁ:aﬁ?“ﬁ%

ses

t he stLﬁbC tigyg 1 rtch%rrg%cpaéyogonﬁég gﬁy the solder
prefe rab |y the sol der paste accord ing to the rese )
nPaisiee AECOSHiIBY dESchnDedrgsRRt ofNBENGIP Bet escribed
the con necti on electro de and the circu it el ectrod
eapohemt o1 ngel owrdl e twhe nsdhdercpansictépss elpgtrode and the
exanpl e, by

circuit electrode;

heating to melt the solder particles (for example, by
heating the substrate) wherein the solid resin is changed
into its liquid-like state while the curing reaction of the
thermosetting resin is made proceed; and

solidifying thus changed solid resin and the molten
solder material (for example, by cooling the substrate,
which may be done by returning the substrate temperature
to normal temperature wherein the already cured
thermosetting resin is also cooled).

When the solder particles are melited as described
above, the molten solder particles gather together while
moving to be integrated, so that they form a solder
connection portion which electrically connects the
connection electrode and the circuit electrode. Therefore,

the present invention provides a process for producing the

substrate onto which the electronic part is mounted wherein



10

15

20

25

heati ng the substrate) wherei n the sol id resi nis
chan ged into its liquid-I ike state whi |le the cur

wongoereezaasi on of the thermosetti ng res in i BCHAR®O5/015823

procee d; and solidifyi ng thus changed solid res in
and the nolten solder materi al (for exanple, by coo
ling the substrate , which mayde done by retu rning t
he sub strate tenperatu re to nornal tenperatu re
wherein the alread y cured thermosetti ng res inis

a h il I .
LG EP8C i AREN ibpEoRfidEe e R Sy FAlE With using
e n .80 ..
PP P RLGeT P it B B B Q&??&F%‘%gﬂ igyention.
el ectri CE{H 086 nects thE connecti_on elegtrod e an
the FATthe'el Lher d 5o Rhe e BT Prﬂaléﬁésanconnect'on
i nyent | Vi a proces s for prod, uci

Shi e b EE o Y \ad e mtng Sriskan ¢ IcdThertY, sofdumbty the first
whe rei nthe electro nic part is con nected tot he
saperieReew BNkl udhry BerO R dele dlgmstii tifosn axasimle, the
ing to the pres ent inve nti on. Further, the present
i P ¢ 6H OJt ovi @decaredanectand strthetu eéreiith electrode,
sol deri ng which electri cally con nects the f irst
erespresttévanyd)t hehidto stdueltecer o e fpfroredxappl eehe above
the con nect ion electro de and the circu it electrod
edesmpbetd vebpnectihigch ptocess ravith f woeteting.he Such
above descri bed con necti ng pro cess wth sol deri
ngorfucbticon seaiciwre siithctoldermyhisolfdeniadgbiys locating

formed by locati ng

the solder composition, preferably the solder paste
according to the present invention as described above or
below between the first electrode and the second electrode;
changing the solid resin into its liquid-like state while the
curing reaction of the thermosetting resin is made proceed
upon melting the solder particles (for example, by heating
the substrate); and then solidifying the solid resin in the
liquid-like state and the molten solder material (for example,
by cooling the substrate). The connection structure with
soldering comprises a solder connection portion which is
formed between the first electrode and the second
electrode and a reinforcing resin portion made of the cured
thermosetting resin and the solidified solid resin wherein

the reinforcing resin portion covers at least a portion of a

surface of the solder connection portion.
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the sol der conpositi on, prefera bly the sol der paste
accord ing to the prese nt inventi on as descri bed

wabaws®2orié bel ow between the f irst el ectrode aRdTiPm05/015823

second el ectrode; chan ging the solid res inintoits
liquid-1 ike state while the cur ing rea cti on of the
thermosetti ng res in is nmade@ro ceed upon nelti ng
t he solder parti cles (for exanple, by heati ng the
substrate) ; and then solidifyi ng the solid res inin

t?gfébqqﬁﬁthe'h@véh@?@nand the nolten solder materi a

r exanple, by coo ling the substrate) . The con

necti g Stddide Mo W lth‘sFt%HeM fHe He' ?@g process with

sol der connecti on porti on which is
t tr n
- doipsrifb, %c?‘gs%‘?n%ps?tﬁ*éﬂ%%%éﬂ%ﬁ q%eﬁclﬁﬁﬁ}t?ﬁérr%sses the
osett ing res jn and d sol .0 :
RSPy YRGS @ﬂtmof%.*m% PREHE sefinTo sxyfeiehlen is under
a po t rfac f t he | der. cqon nect
oﬂeai)' {Eefh {lo%‘f’amgtyn heonsqﬁ(gegop(?er og‘ their
iti on or the conne process | der i acco
rmﬁﬁ% $ R 65t eldb tﬁne rn‘%féoﬁ‘fl Psu\fMBH% Qé?‘t%’g“o” in turn
preventi on, due to the thermosetti ng res in which
énb‘hﬂfeerreSgehh¢|ﬁglf-&llgnﬁbem@w@%t qf tt@%fswéer material,
solder parti cles in their nolten state s in the refl
owost tpat whiechflgrwaditityorof ntheursoideer pantégleheis more
self-a | ignnment effect of t he solder mate r ial , so
t shficieantly| ensiried, ivlyeoeébtyhéheobdddegacoineesidrs portion
nore suffi cientl y ensured , whe reby the sol der con
nechiicin pertino @ more appropriate form and which has a
sufficient bonding strength may be fored. As a result, the
connection structure with soldering which is formed by such
solder composition and such connecting process with

soldering has the appropriate solder connection portion.

Brief Description of Drawings

Fig. 1 shows steps of a process of mounting an
electronic part onto a substrate which process is one
embodiment of the connecting process with soldering
according to the present invention.

Fig. 2 shows a cross-sectional view of a connection
structure with soldering of one embodiment according to the
present invention.

Fig. 3 shows an example of a defect which is caused

when using the conventional solder paste.
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which is in a nore appro pri ate formand which has a
suffi cient bonding strength nay be fore d. As a resu

woOnRo0ge/ea6 con necti on structu re wth sol deri Pag/JPdo0E 5823

is forme d by such solder conpositi on and such con

necti ng process with solderi ng has the app ropri ate
sol der con necti on porti on .oPr ief Descri pti on of
Drawi ngs Fig. 1 shows steps of a process of mounti ng
an electron ic part onto a substrate which process is

one e d jent : on,n I ng P Wit ,
sol deﬁﬁngm;%cod?%mggtsg tﬂﬁ%églgnt{rfig%seagﬁweti t@ne_. following
Fgge”??ﬁpg.ws a cros s-sectional view of a con necti on

C

stru ure with solder ing of one enbod i nment acco

rdin oth r t ijnve nti on . Fig. 3 shows an

exarrglg of uggﬁ%{h i ch Fiegg[%@&v&]gen- @Qqﬁ’gert Raste,

conve npti onal solder paste .In the drawi ngs,

numer a s"i'n%lfl%%ttré)'}'ﬁepfaﬁl lowi ng el emslngs 1 o
rate , 2 ... electrod e, 3 ... solder paste ,

S’UbSteI ct-roﬁof‘E‘eﬁéﬁ?P gtructurmm widér soddesingetu re

wi th sglderi ng, 5a ... solder connection portion , 5b

... re ﬁfor-c$°?@efe%oﬂﬁe|c§3ﬂ@ﬂoﬁ0Ehlm, iments for

Carrying Qut the Invention In the sold er com positi

on acc@gdi-ngrQI@ftqf@lﬁQeS@ﬁ!n portion

Embodiments for Carrying Out the Invention

In the solder composition according to the present
invention, an amount of the metal material is preferably 70
to 92 % by weight based on the total weight of the solder
composition, and the balance may be the thermosetting flux
material. Substantially all of the metal material may be the
solder particles, and in other embodiment, a portion of the
metal material may be other metal component, particularly
powder of said other metal component as described below.

Upon carrying out a connection process with soldering
while using the solder composition according to the present
invention, when heating to a rather higher temperature is
allowable, for example particles of a solder material based
on Sn (tin)-Ag (silver)-Cu (copper) (of which liquidus curve
temperature is about 220 °C) may be used for the solder
composition according to the present invention. On the

other hand, when the heating temperature is required to be



10

15

20

25

woebwhe24a6 the sol der conpositi on

invention , an anount of the netal materia | is

preferab |y 70 to 92 % by wei ght based on the tota |

, and t he baCauemo05/015823
may be the thermosetti ng f lux material . Substa
ntially al" I of the netal mate rial may be the sol der
parti cles, and in oth er enbpd inment , a port ion of

the neta | mate ria | nmay be other meta | conponent ,

part i cul arly powd er of said oth er msta | conponent

Sq?’s dzégfsi : B%ls?WIeUpf’Sr %{)(é/r‘n aﬁtl%@@sne&ﬁ'aor‘solder

: soldea ing i'ng t e sol der

0Si on

RASHAL SRGRECS S5 A L o s
allo I

UBHS ot BiP SFA TS e ABBRY Y vﬁ#? %D %%?pdvié)ﬁ%efe&'for the
whi ch | iquidus, curve tenperat

o (et aan Raei o e r e BaRIRG: 19 Gie fg%géj%nfﬁﬁvg& tiRY.-

pre sen t inventi on e oth han d, whe n .
heati g lﬁer’fb%’f%‘ﬂuth@tléhleeqmlﬂt@jd mgtpLia) |r51v9yaslnclude n
possi ble, for exanple, parti cles of a solder eri
aadgaded ofosntei splder (RASHEIAS) (B i@ chowder Of for
i quidus curve tenperature is about 139 C) may be use
fexanhel sohgdésilvem) pdddt (pallashomd) i digdl er ths b@@é‘éh{ Such
invention . It is noted that the neta | materi al may

i matade p o wdaddirhia yorp tef erted lyol kier ipathe does | ofretl@kes or
| powd er of for exanple Ag (silver) , Pd (palladium
apertc| g, (geld)th Sunk tatt polw pendmery nag preetisalaily in the
be in the formof f |akes or parti cles, and the netal
PRYYIRT oTfaYike Pariticdenhanlty {orthime flake elements). Such
metal powder may be contained in an amount of 0.5 to 10 %
by weight, and preferably 0.5 to 5 % by weight based on the
total weight of the metal material of the solder composition
so that connecting with soldering is improved. The above
mentioned metals for such metal powder have a melting
point which is higher than the used solder material, are
unlikely to form an oxide film in the atmosphere, and help
the molten solder material in its flowable state flow over
the metal powder, so that the metal powder provides nuclei
around which molten solder particles gather, whereby the
wetting property of the solder material is improved. When
using the Sn-Bi solder material, 1 to 3 % by weight of Ag
(silver) (which is preferably in the form of particles) may be
included by the metal material based on the total weight of

the metal material, and such inclusion of silver is able to
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formof fine foi | elenents (or f ine f |ake el enents)
Such neta | powd er may be contai ned in an anount

woho@/B2416 10 % by weight , and prefera bly 0. BCTOPH05015823

by wei ght bas ed on the tota | wei ght of the neta |
materi al of t he solder conpositi on so that connecti
ng wWwth solderi ng is inprovegds The above nenti oned
netals for such netal powder have a nelting poi nt
which is hig her than the used sol der materi , are

uﬂlnﬁkrgl t?h%e Hb%'ﬂlﬁf@solggrénhabmbf‘ khke §B”B?$pthe6t§nection

nol te inits
n@ %aot | ow over the netal powder , so that the
pat rbowcle r provi des nucl ei arou nd which nolten

| d | b
berty BM& heMeihast g arspiy mylaltl ronis" hrg solder

t he Sn-Bi,, sol der materi , of A
(SPMResytiath ehordi %Qe?%rtébelf@/r?%ep? '%?ﬁ]tkﬂn maﬁ be any
particl es) may be incl uded by the nmeta | materi
bAPRT I IEHhE B AS e S D Y28 Visht af it oth OFe Sk'“ed in
and such incl usion of silve r is able toinprove t
bbing arlgader allgt hootetaet 41 @RP cRRREkS tbﬁrﬁbﬁaﬁﬁtb‘rﬁlg resin
. The thernosetti ng res in which forns the sol der
comsaxd iam tdre atis@losivg ©f the presenitspaedficiatban, and no
may be any appro pri ate one as descri bed above. Thus _
, adisos&i dXxpthnattde is reguirabl.e ro see exanmaple wherein
appropri ate thermosetti ng res in based on the
dascl@soxye refsirhe spriesedntaspece f maet i agentandheo following
additi ona | exp lanati onis req uired . In one
exeai eaykaie iduring agent and curing accelerator may be
used to obtain a thermosetting flux material. It is noted
that the unit "% by weight" is based on the total weight of
the thermosetting flux material.
- Main Agent (for example 30 to 40 % by weight):
hydrogenated bisphenol A epoxy resin
(3, 4-epoxycyclohexyl)methyl 3', 4'-epoxycyclohexyl-
carboxylate (commercially available as CELLOXIDE 2021P
from Daicel Chemical Industries, Ltd.)
bisphenol F epoxy resin
bisphenol A epoxy resin
- Curing Agent (for example 30 to 40 % by weight):
methyl cyclohexene-dicarboxylic anhydride
(tetrahydromethylphthalic anhydride)
methylhexahydrophthalic anhydride

- Curing Accelerator (for example 1 to 2 % by weight):
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an epoxy res in is used as the main agent, t he
follow ng nmain agent, cur ing agent and cur ing acce
woOenwtoez416my be used to obta in a thernosetti RQTAPI00X015823

materi al. It is noted that the unit "%by weig ht" is
based on the total weight of the the rnosetti ng f |ux
mate r ial. Main Agent (for nmple 30 to 40 % by

wei g ht) : hyd rogenated bisphén ol A epoxy res in (3

, 4-e poxycycl ohexyl Jmethy | 3" , 4'-epoxycycl

ohexyl -,c oxyl al | va .l lable as
CELLOXI SR 42 %ﬁ‘b@“?eﬁveﬁémreéﬂﬁwi‘d%qbwi‘%
Ltd bi sphenol o res in he A, epoxy res
MG A REBN -1 o S nPed oA 178 G8ES Rer 6 ht)
: neth¥ cycl ohexene- d |carbox% ic anhyd r ide
(tetralRy@ddbh@hyP pheraBrive dRR9E FOoraBp it ks théxa
hid rophtha |lic anhyd r ide Cur ing Acce |erator (for
Bepno setgnd gegyNuwer gitg therphesgltting fexnpaterial may
-5-hyroxymeth yl imdazo le 2-ph eny |-4 , 5-d
i eyprrobai Nt @ya clivdaltaro (fer lexampliet B bo 10 Yohb yamssight), the
hree conponents , the thermosetti ng res in or the
t Berlmesdetfidr egxamipde owt &0i5 o byywedghd )i ar tthee ddté.
vato r (for exanple 3 to 10 % by weight) , the sol vent
(for eXdnpse tthimse Skiley vimi dhe) aort tine ldikie .toThwsepare an
those ski | led in the art are able to prepa re an
appropriate thermosetting flux material which forms the
solder composition according to the present invention
based on the disclosure of the present specification, and no
additional explanation is required. In one example wherein
the epoxy resin is used, the following formulation may be
used for the thermosetting flux material. It is noted that
the unit "% by weight" is based on the total weight of the
thermosetting flux material.
- Main Agent (for example 30 to 40 % by weight):
hydrogenated bisphenol A epoxy resin
- Curing Agent (for example 30 to 40 % by weight):
tetrahydromethylphthalic anhydride
- Curing Accelerator (for example 1 to 2 % by weight):
2-phenyl-4-methyl-5-hyroxymethyl imidazole
- Activator (for example 3 to 10 % by weight):
m-hydroxybenzoic acid

- Solvent (for example up to 5 % by weight)
butyl carbitol
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appro pri ate the rnosetti ng f lux materi al which
fornms the solder conpositi on accord ing to the prese

watodereensi on based on the disclosure of the pCeSPEN$/015823

specifi cati on, and no additi onal exp lanati on is

requ ired . In one exanple where in the epoxy res in
is used , the follow ng formadation may be used for
t he thermosetti ng f lux materi al. It is noted that

the unit "%by wei ght" is based ont he tota | wei

ght of h S o X bl gﬁ?- :

Agent (?QﬂraeSanpﬂ F@ﬁjtggﬂﬁﬂ&>b§n§%%§%‘? byh %ht

rogenat e epax in Cur. ing Agent (fo

r exanpl gkg}dﬁﬁgéerﬂgl &1‘39 ﬁ@'%ﬁ‘tﬁén% éfarsénhyd r onet hyl

phth alic anhyd r e Cur n Acce.lerator (f

exarrplih tagjé (A@Pg‘%ﬁﬁf' Zr%ﬁé'ﬁshas@rﬁe‘ﬂﬁﬂg |n|t|at|on
ro neth i mdazg |le Act ato r (for exanple

tge'?[%) %}%@ye 9&2}%6?% %%daaﬁcar@bmgem the

(for exanple up to 5 % by MEIght% butyl carb ito

|gg|que koS Myl qrien. exbiprefareo woen ign wdkyhphenol

alkylfphen ol nodifi ed xyl ene resi n The above therm

oBerdifing xwseng nasim kavinapaiswitening demespatare of

re above 70 C when bl ended accord ing to the above

f 60 asi used Fsetlebosoéid wasin, dinaldofitepliegotemuplefature

ed xyl ene res in havi ng a soften ing tenperatu re of

of the solid resin is lower than the curing initiation

temperature.

The following are to be noted:

In place of the hydrogenated bisphenol A epoxy resin,
(3, 4-epoxycyclohexyl)methyl 3', 4'-epoxycyclohexyl-
carboxylate, a bisphenol F epoxy resin or a bisphenol A
epoxy resin may be used as the main agent.

In place of tetrahydromethylphthalic anhydride,
methylhexahydrophthalic anhydride may be used as the
curing agent.

In place of 2-phenyl-4-methyl-5-hyroxymethy
imidazole, 2-phenyl-4, 5-dihyroxymethyl imidazole may be
used as the curing agent.

In place of m-hydroxybenzoic acid, measaconic acid
may be used as the activator.

In place of the alkylphenol modified xylene resin, a

fatty acid amide or a highly polymerized rosin may be used

as the solid resin.
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70 Cis used as the sol id resi n, the softe ning
tenperatu re of the sol idres inis |lower than the

wounosiagiisbni ti ati on tenperatu re. The fol | owPCIgPEN&E015823

to be noted : In place of the hydro genated bi sphe nol
A epoxy res in, (3, 4-epoxycycl ohexyl) nethyl 3" ,
4' -e poxycycl ohexyl - carb oxd ate , a bispheno | F
epoxy res in or a bispheno | A epoxy res in nmay be
used as the main agent . In place of tetrahydro nethyl

pht hal Ir‘leI%leé/%f' %%tgl”@élrbbflohe)?ﬁ‘@myrl OcPaFBﬂoEI‘I r?’u%y be used

anhyd r ide may ed as

pLac f nyl -4-methyl -5- hyroxym et hyI
|%n§ g}% sfgr\P%th enyl -4, 5-d ihyroxym et hyI i m dazo

ent
”a AlFRPER S8, L B R FAHTe Cebonens
i vat or. ace of. the alk he nol di f
4y Eits 2 2 PaBsp 55 (E r ek oRats taiBe replaced.
[ d the solid resin
é“ns%hzazya"aamme "ydisen Sa U ihing Sasoieine
sol ve Ampunts of the above alternatively
u’ggdbﬁ@rbc% B’(‘)ﬁeﬁPE'Vr?at)Prb@Qhebga%@léhe@h%lsf?sc@fthew@md
onents to be repl aced . Wien an acid anhyd ride
nHyside hids @it iagtdviyeh® remisve a solder oxide film.
When the solder composition according to the present
invention contains the particles of a lead-free solder
material, the following formulations are recommendable as

one examples of the thermosetting flux material:

In the case wherein the Sn-Ag-Cu solder material
(liquidus curve temperature: 220°C) is used,

Weight Ratio of metal material (whole of which may be
the solder particles) to thermosetting flux material = 8: 1

Main Agent: hydrogenated bisphenol A epoxy resin
(38 % by weight)

Curing Agent: tetrahydromethylphthalic anhydride
(38 % by weight)

Curing Accelerator: 2—pheny|-4-methyl—5-hyroxymethyl
imidazole (1 % by weight)

Curing Initiation Temperature of Thermosetting Resin:
151°C

Activator: m-hydroxybenzoic acid (10 % by weight)
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add iti on of the activator may be omtted since t he
aci d anhyd r ide has an activity to renove a sol der

woxboethe2416i | m When t he sol der conpos it i onPatapr0ds/015823

ing to the present invent ion conta ins the particl es
of a lead-free solder mate r ial, t he followi ng form
ulati ons are recommendabl e a®one exanpl es of the
thermosetti ng f lux materi al: In the case wherein
the Sn-Ag-C u solder materi al (liquidus curve

ten’perg‘bH{zeRe%%Q ;1 gﬁlwssel i z @MY rB%tlh 0s 8 t ¥t

mat er i e t he sol der

PR e e o AT B e AR b ﬂ'm?)gi'ya'r esin (38 %
by wei qte) q("té% Q 669% tg%t\ﬁgdgpqur lo RNl ot 4

iC anh §r'ide i ng cce er at or

- phe h %
oy e P Rt o PG Bk b Al ot e (L%

osetti ng Resin: 151 C Activator: mhyd roxybenzo ic
aci d (10 % by weight)Sol id Res in: hi ghly polym
erized rosin (soften ing tenperat 13 %
wei ght N Nét& casmev @ire1nofhy weir §nt80i eba@@d Ghat rﬁgqu'dus
tota | wei ght of t he thermosetti ng f lux materi
akcurve temresatyrerd 39° EhdssHsRd, sol der materi al
(1iquidus
Weight Ratio of metal material (whole of which may be

the solder particles) to thermosetting flux material = 8: 1

Main Agent: hydrogenated bisphenol A epoxy resin
(38 % by weight)

Curing Agent: tetrahydromethylphthalic anhydride
(38 % by weight)

Curing Accelerator: 2-phenyl-4-methyl-5-hyroxymethyl
imidazole (1 % by weight)

Curing Initiation Temperature of Thermosetting Resin:
151°C

Activator: m-hydroxybenzoic acid (10 % by weight)

Solid Resin: alkylphenol modified xylene resin
(softening temperature: 120°C) (13 % by weight)

Note: The unit "% by weight" is based on the total

weight of the thermosetting flux material.

Next, the present invention will be explained with

reference to the drawings by means of one example wherein
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curve temperat ure: 139C) is used , Weight Rati o of
meta | materi al (who |le of which may be the sol der

weoandeioeteas) to thernosetti ng f |ux nmaterial =P8T/JR2005/015823

Mai n Agent: hyd rog enate d bi sph enol A epoxy res in

(38 % by weight) Cur ing Agent: tetra hyd ronethyl

phth alic anhyd r ide (38 %b)?%lei ght) Curi ng Acce

| erator: 2-phe ny |-4-methy I™=5-hyroxym ethyl im dazo

le (1 % by weight) Cur ing Initi ati on Tenperatu re

of Tlt}grm osetti ng Res in: 15],[C cttivato.r :.tmh)édt

r By IRGAITPE 1 ScPETE 1D o B N &Hf) oS4 | G rRadti qubgtEgfe. and
pheno] difi ed xyl ene res in (soften ing tenmperatu . .
PBAM ey @r Y1 80, BYSRLISRIS RBEL 1S TROUMED "okg the circuit
weight" is based on the tota | wei ght of the therm
o§&rstrader P¥x aaNBECtANg NextCODREGHies eatestirdatjof the
on w Il be exp lained with referen ce to the draw

n§4eByr aRbh P aft bhed Al elesteodeaefelietswbaicate.

part is connected to a circu it substrate , and parti

cul arl ¥ighelebettaromticapar shewsodhteed tem® oheacpreaess of
it substrate by con necti ng a con necti on electrod e
omeotetatgctanmonelectramid oparti bgyu meaat ecbfodhe ofohnecting
he substrate . Fig. 1 schemati cally shows the ste ps
obracwosewith of ohdening ng cav religgs rian tirce ppréskent invention

nmeans of t he con necti ng

when viewing from a side of the electronic part. It is noted
that in Fig. 1(d), only a connection structure with soldering
is shown in its cross-sectional view. Fig. 2 schematically
shows, in a cross-sectional view, a connection structure
with soldering as one embodiment according to the present
invention. Fig. 3 shows an example of a defect which is
caused through a connecting process with soldering
wherein the conventional solder paste is used.

First, with referring to Fig. 1, the process of mounting
the electronic part is explained which process is one
embodiment of the connecting process with soldering
according to the present invention. The mounting process
uses the solder composition according to the present
invention as described above and below is used as a solder
paste, and mounts the electronic part onto the substrate by
solder-connecting the connection electrode of the electronic
part to the circuit electrode which is formed on the

substrate.



process wth solderi ng acco rding to t he present

inventi on when viewi ng fro ma side of the electro
wai2eoepazdie. It is noted that in Fig. 1(d), onl pC®IBIIN5/015823

necti on structu re with solderi ng is shown inits

cross-s ecti onal view Fig. 2 schemati cally shows |,

in a cros s-s ecti onal view, con necti on structure

wi th solderi ng as one enbodi nent acco rding to the

present inventi on. Fig. 3 shows an example of a

def ect } C S C . thro h a.connecti p

cess V\/RA%%%UI'H& % %'egr‘ei ﬂ%%e gg‘%v 'C(S‘ﬁgl ég“r‘aé”’de 2
paste i.s . rst ith referrj to Fi "
B B ad S houaterigt o BpeBiS ol ¢ gﬁtrpgeei’p i$%ormed
Ialned whi ch 0 cess i s_one enbodlnent of the co

n&&t i thg &%5@ t@i th sol B&r icHPNELHP B en'&"ttéotd% 4 of the
pre sent |nvent| on. The mounti ng process uses
s@l'é@rtf@ﬁh%o@ﬁft dorvBEeDr i itRgPeo T Ab Nedl Lumko |tﬁ\¢e substrate
nti on as descri bed above and below is use d as a _

5 sdl derepsstider-gadmecird the thleecetechiadpart2 orgspectively.
the substrate by sol der-con necti ng the con necti on
elPgdprotio epbdctrhg 1 @ce tecianigamanto 4t loen dihrewsubstrate, the
el ectrode which is formed on the substrate .Referri

ngdld et pasitE)d istapptiedutd tseifecte® ale tBe( ledeetrodes 2 as
inafte r , referred to as nerely "electrod e 2" ) is

f @ weh on Fi?.e BsUPst reoe theTappddvatiain oh thlkestoldér paste
es 4 of the electron ic part 4 which is to be nounted

ot o Hh§ sHRPWAL eapprbrsgtderapgpnicedbed wwahher such as
electro des 2 respe ct ive |y.
10 screen printing, appllcatlon with using a dispenser or the
like may be used.

Then, the electronic part 4 in the form of a chip is
placed on the substrate 1. That is, leads 4a as the
connection electrodes which are present at the both ends of

15 the electronic part 4 are aligned with the electrodes 2, and
the leads 4a are placed down on the solder paste 3 on the
electrodes 2 as shown in Fig. 1(c). By such placing down,
the electronic part 4 is tentatively bonded due to the
tackiness of the solder paste 3. Thereafter, the substrate 1

20 onto which the electronic part 4 has been mounted is
passed to a reflow apparatus, in which the substrate is
heated to a temperature which is equal to or above the
liquidus curve temperature of the solder material forming

the solder particles in the solder paste 3. By means of

25 such heating, the solder particles in the solder paste 3 are
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Pr ior to placi ng the electron ic part 4 on the
substrate , the solder paste 3 is app lied to surfaces

wofhodsle24abect ro des 2 as shown in Fig. 1(b) . Por/Jrives/o15823

applicati on of t he solder paste 3, any known appro
pri ate appl icati on manner such as scre en pri nti
ng, applicat ion with using a3@i spen ser or the |like
may be used. Then, the electro nic part 4 in the form
of a chip is placed on the substrate 1. That is, |ead

g?é?h@a LR Crﬂg>\fl¥@t§00%33|t60‘gfé3t¢\ﬁ§r Woigdt e € ®hE $RBYreby a

e both end s of the electro nic part 4 are

g%éé@z[ehgﬂd%%ngénét[ﬂsn:'p‘%ﬁﬁ8ﬁ 6§ forplth tabeshends 4 Fig. 1(d)

e sol der paste 3 on the el ectrodes
as, sho in Fig. C) . Iainﬁgé(\q- h
e\ﬁvgftergﬁ% gorﬂa&treéllé'i%)s'?e(ﬁ%(%ﬁi@/geh ﬁ)? gntljlgd ue”tqghtjhlzke state
t i ne of, .t he sol der S . r -th
LR WA B SR Suies PR dbbrsORe g TR ek Bhsgreby a
nounted iis passed to a refl ow appa ratus , in which
I NFQBSI PGt B P ST IRAFHAN: &5 afotr@?rggratu re which is
equal to or above t he | iquidus curve tem peratu.,r
of thel BEIrg&t tRAt etrri‘eaﬁufbosﬂﬁﬁg@ thel SsJIRBP ViR ¢ O U Sgom the
in the solder paste 3. By neans of such heati ng ,.the
st fdew p&RPaEREdS| nSPhel 8ol er TE4818 3itar ?rel'?gd fhgnormal
noved so as to gathe r togethe r and thereby a sol der
cormectiatunear 4/ KBeTeb ddieiss Shishn’ ¢ #iTF whiciy d)as been
while the solid res inis changed to be in the
| chandrédi katet dte fijuizhdik®y sttadeclaninghg theltere solder
rnmosetti ng res in, whereby a
material which has been made from the solder particles are
cooled to be solidified. In this way, the solder connection
portion 5a is formed in the form of an appropriate fillet
which connects the electrode 2 and the lead 4a (see Fig. 2).
Thus, using the solder paste 3, the connection structure
with soldering 5 is formed wherein the lead 4a as the
connection electrode of the electronic part 4 and the
electrode 2 of the substrate 1 are connected with soldering.

Since the solid resin of the thermosetting flux material

contained in the solder composition 3 changes to its liquid-
like state when the solder particles are melted as described
above, the thermosetting flux material prevents the
flowability of the molten solder particles not so severely
even though it is heated to such a temperature that the
solder particles are melted. As a result, the prevention of

the self-alignment effect of the molten solder material is
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reinfo rci ng res in porti on is fornmed. Thereafter,
the substrate 1 is renoved out fromthe refl ow

wappmradles so as to retu rn it to be in norm aCT/IP2005/015823

tenperature , and thereby the solid resi n which has
been chan ged into its liquid-1 ike state and the
nmol ten solder mate ria | whi gy has been made fro m
the solder parti cles are cool ed to be solidifi ed.
In this way, the solder connection porti on 5a is

fouppdeissdde fsy thatanaﬁ‘Ppgaop%’%gokgfaeté‘ iéél‘?}erymgfohnnection

con nects the electrode 2 an ad 4a (see Fi

2 orililoys i supd vd ddre q der P Sclgcgn}s%lreﬁign\iﬁgrgﬁ% itcﬁ)gmecting

stru ctu re wth solderi ng

i ' trod f the el ectron
o G BV rEE RNt SS PRET[Bubra Suniag of the

i th erjiong . Since.t he solidresi n _
STRATSERERN LA e Bl e b rosi
t , sition 3 changes to its liquidlike
st?gt E(Q\A'ﬂgg §8ﬁlé8§olt&ernﬁém?@l 9%@%‘?"@"#3’[@ ewfalﬁhlles@ﬁln has

bove . t thermosetti ng f lux materi a )
éb?@%gn%etrhé”fqﬁ&gbqwgt'y Bf Sﬁﬁéenmt@eﬁm?mﬁ&mmg flux
I not sp severe |y even tho ugh it is heate 0
NERehiqlenbhPattred HharmRe &lsiner rpaini ahes tats solidified
nelted . As a resu |t, the prevention of the self-a
ﬁQJr‘\ﬁerﬁeséfnfe@lecd?mt%elfnolaersta‘di@i@mt‘rytelrilgidl state, which
i.ssuppressed , so that an appropriate sol der _
fHRed ?Nén asorthieorr &ig flogicim gd resfi nep dritéo aoBIP\ehi OR covers
of such connecting with solderin g, by neans of the
@5mlg|a§tti@1 pertiom ngfok therface of the solder connection
portion 5a and reinforces the solder connection portion 5a.

Such connection structure with soldering 5 is formed
by placing the solder paste 3 between the electrode 2 and
the lead 4a followed by heating the substrate 1 so as to
melt the solder particles, and then cooling the substrate,
The structure includes as shown in Fig. 2 the solder
connection portion 5a which is formed between the
electrode 2 and the lead 4a, and the reinforcing resin
portion 5b which is formed of the thermosetting resin cured
by being heated and the solid resin solidified by being
cooled. The reinforcing resin portion 5b covers at least 3
portion of, preferably most of, and more preferably
substantially all of the surface of the solder connection

portion.

The connecting process with soldering as described
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thernosetting resi n and the sol idification of the
sol id resin by bei ng cool ed to normal tenperatu re

wohbwih2z4aei n has once been in the liquid-I i keCstpioes/015823

in the thermosetti ng f lux materi al , the cured
thernosetti ng res in and thus sol idifi ed solid res
in becone in a suffi cie ntly32 igid state , which
function s as the reinforci ng res in porti on 5b
whi ch covers at least a porti on of a surface of the

e b@n t 5 Sin anf
S%yé?'@é Q%‘r‘ﬂ?ﬁﬁsbg thQ t 5 08p Ebfagl&f@llngﬂ pieesdlder paste 3

der connectio n portion 5a. ch con nection
ﬂ#\?ﬁ{é‘ret tha%@‘v‘éer'd@séri'bgecﬂorﬁﬁ%bﬁsﬁ){i@ﬁ etwéen the
sol der®paste 3 between the electrode 2 and the | ead 4a

Iqﬂlgeecggﬁ'g%rbf Dedf | {He Lher YRSLT Al In%P &% p OofBhldating the

< particles , and then cool ing the substrate

. e, strucfu incl _u a h i Flg. i h :
SRS P 8, SBo koo el AdY Meiefel negein the
en t.he el ectrode nd the |ea t.he. rej r i

g H e rﬁep%tr'f’inoﬁ’%Sghﬁhi%ﬁrﬁoggfﬂhggq%‘s'Bh'egtWee{rﬁmg proceed
osetti ng res jp cured b e in eate d,and. t he |jd
a8y G| 8P1EER Thdmne Rab ot ifhd tFaliqGafkpgstate.
res in portio n 5b covers at |east a portiaon.of .

7 oelethbl Stamse 60l any i dNpRerirabBs dssou drigsin @nd the
all of the surface of the solder connection, porti oq :
Theltennsetfiag madesdal oy reeeldy ithip substrate 1 to normal
descri bedabove conpr ises the step of placi ng t he

sal dpre pedstre .3 havitheg ahevabbeatiescrstaied ioipoRafticularly
on between the

preferable that the change of the solid resin into its liquid-
like state occurs prior to the melting of the solder particles
and the curing initiation of the thermosetting resin. In this
particularly preferable embodiment, it is more preferable
that the melting of the solder particles precedes the curing
initiation of the thermosetting resin. That is, it is most
preferable that the change of the solid resin into its liquid-
like state occurs first, the melting of the solder particles
occurs second, and the curing initiation of the
thermosetting resin occurs last.

It is noted that the present invention, in its broadest
sense, resides in that, not only the presence of the solid
resin in the solder composition, but also the occurrence of
its change to be in its liquid-like state at a temperature

which is lower than the curing initiation temperature of the

thermosetting resin provides the appropriate solder
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electrode 2 and the terminal 4a, the step of heati ng
the substrate 1 so as to nelt the solder parti cles

wohere®22416t he curi ng rea cti on of t he thernPosEP1005/015823

ng res in is made proceed whi le the sol idres inis
cha nged into its liquid-1 ike state , and the step of
sol idifyi ng thus changed solzd4d resin and the nolten
sol der materi al by cool ing the substrate 1 to norm
al tenmperature . In the above heati ng step, it is

pébHé1&é‘{|%rHy;5’6|etf18 rak&'ofe{#@t W? ﬂﬂ%iuro%g‘n rcigg  resin

solid res in into | I ke s b

It S a e _cur
BT Rafiinh83s8hy %“ﬁté%% %Emﬁ@gé%g i gq ANy
this rt.i ar | refer e..embodi nent IS nore
prefeP Sdlngth?:\? yﬁpDOYrglt ﬁCUka C&ﬂ'ﬂlﬁclt"'b%rtpir@lc@sss with
pre?gest e cur,.ing itiation of the thernosetti ng
r a8 ﬁ””rﬂa"{‘CPQrd“Pg EP Rt @Phdny e mHont ﬁélFbm%ﬁh@éeS the
of the sol idre nintoits liqu idlike state occurs
fOPFYTTEeNGe R it @gnéﬂifﬂféem s&anpactior| whistcusr fkely to
second , and t he curi ng initi ati on of the therm
oE@ttflorH@eFjeé’thﬁrbc@ﬁlmg thet conyverdinowEdd sdlatent paste for
pres ent inventi on, in its bro adest sense, resides
i M QWating ravtsionikart Béeptesnenceaot 14hel%@rr|ejxaarqohm Fig. 3
in the solder conpos iti on, but also the occu rrence
o$ chesn ahiamyidyt shivevs n int a brqlslsdsleotkenstlaVBewt antéMample
peratu re which is lower than the curing initiation
temtper atlecdroé¢ ¢dedulediomobetitt i NotH @St OnPleBtioBeStructures

the app ropri ate sol derconnect ion porti on covered
withtbelderiigr¢ormedewhHén a lead 14a of the electronic
part 14 is connected to an electrode 12 by using the
conventional solder paste wherein solder particles of an
Sn-Bi lead-free solder material are contained while no solid
resin as described above is contained therein and the
curing of the thermosetting resin tends to start excessively
earlier than the melting of the solder particles.

Referring to Fig. 3(a), the conventional solder paste
13 is supplied onto the electrode 12 on the substrate 11,
and a lead 14a of the electronic part 14 to be mounted is
placed on such solder paste 13. In the reflow step, the
solder particles contained in the solder paste 13 are melted
by being heated while the curing of the thermosetting resin
proceeds. When the curing initiation of the thermosetting

resin is excessively earlier than the melting of the solder

particles, the solder particles are melted in the
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porti on in t he con nection structu re with sol deri
ng. Using the above descri bed con necti ng process w

wohosohkzkgsi ng accord ing to the prese nt i nveRCT/JPIW05/015823

suppres ses the occu rren ce of the insuffici ent
connectio n which is likely to be formed when us ing
the conventional solder paste 3or nounting a simlar
el ectron ic part 14. For exanple , Fig . 3 sch emati
cal |y shows , in a cross-sectional view, an example

Oihbhﬁl@ééﬁﬂlh'%crecéji'ﬂﬂ%h'lé’ﬁ hats délr'erhcﬂg s?QPf@ﬁtlt‘%ﬂgelatlon

structures w t'h solderi ng formed when lead 1

tgq.bylgclgﬁgrérl ﬁe‘?ﬁrnt 14 is con nected to an el ectrode

usi ng the cong venti ona I sol der paste wherei n

SO' derTqmm% ‘fhee?r% A DR { %3%@% : oﬁg'g%dgrggﬁf%rb@artlcles

are con ned i1 o sal
t r n and,the cur |ng

E ﬁf%set q{écﬁg $§s thﬁﬁ gh& JnEltepaso! garyéﬂe)§ do not

r ier t of , the sol der partlc

iaéhq 4109%?\5 4Ty C'efﬁmé EdnVét ﬁgﬁgape&)m‘epoth of the
pa supplied onto the electrod e 12 on th
8@%? a‘?%elﬂéJ bR tagiaad déahe élSechbeﬁuét,paalfthough a
14 to be nounte d is placed on such sol der paste 13.
|H°trzls°'?equ ot 8t e olteRe sBldier gaatiictess tomt aghhber and
in the solder paste 13 are nelted by bei ng heated
waPreacho vaf the strtace ohdhe wlecirode red, ithe remaining
proceed s. Wien the cur ing init iatio n of the therm
obertiomgt dhie mpstenceobdevead gralesi aret kieqrt tihepersed in
nelt ing of the sol der
the flux material 13b in the form of small solder balls 13a
or in the form of agglomerates 13a of some small solder
balls as shown in Fig. 3(b). In such situation, since the
lead 14a is supported by the flux material 13b which is
gelling, there is no going down of thus supported lead 14a
toward the electrode 12 which is required for the formation
of a normal connection with soldering. Thereafter, when
such reflow step is continued, no normal connection with
soldering which encloses the lead 14a is formed although a
portion of the molten solder particles gather to form a
solder material portion 13a over a surface of the electrode
12, so that there may occur the electric conduction fault in
which the electrode 12 and the lead 14a are not connected
at all.

Contrary to the above, using the solder composition in

which the solid resin is contained in the thermosetting flux



parti cles, the solder parti cles are nelted in _
thetherm osetti ng resin which has already started its
wgebmto22en and is under gelling. Thus , the freeT/Jpr2005/015823
novenent of the nolten solder parti cles is prevented
, SO that the nolten solder particles do not gath er
and grow suffici ently to wet ggirfa ces of both of t
he el ectrode 12 and t he lead 14a. As a resu |t ,
altho ugh a porti on of the nolten solder parti cles

Lira @AlB1 dnanth 8PSBIAdn MG 1 A% SIRAGe X th3Cso1id resin s

el ectrode 12, theremalnldgp dinthe I
S r iCl re is_persed in e X
m%\gr%ir g?ﬁ%@o ﬁ%?hecbgf of'@ﬁé??'lo%ol E%W%%Tar‘%FQBaOf the
Ln the 0 | oner ates 13a of sone sma . _
ggl]%ﬂrqua?{tgﬁgls s%gaﬂ iFCEPEdIRgp)to thesypresiant I Invention
Lon. ..singe t | ead 14g is supported by the f |ux
ﬁét‘gpldﬁﬁ 158 \/\Wﬁqgﬂv"i'ggge?ﬁqu@f t Hér dhe Reflgpvngtep, even
do of, .t hus s Bported | ead 14a toward the el ectrode o
5 19 ctﬁ"?g'%’da S ¢ VR tedeprdatbre of Bheasnddemramaterial
con n cti_on with solderi ng . Thereafter, when such
r'ét] E‘\ﬁ stelgies RAfIF I @sets ,Niwheorth@ncbheneatringninitiation
with sol deri ng which encloses the |ead 14a is forned
AAMEE @ deportithom dhermoseltioy swsier, tove &6lest of the
gath er to forma solder materi al porti on 13a over a
sirgrape sefttime re ot voldieh liRassaltdwdly t Sies et TRVt OCOWFing and
the electric condu ction fau It in which the el ectrode
1iz and € hec i eiaty 1rha \arkee nall endimteected e abblid resin which
10 was already in the liquid-like state since the softening (and
thus the change into the liquid-like state) of the solid resin
occurs before the curing initiation of the thermosetting
resin,
Therefore, when the liquidus curve temperature of the
15 solder material for the solder particles is lower than the
curing initiation temperature, no solder particles of such
solder material are not melted in the thermosetting resin
which has started its curing and is in under gelling, or when
the liquidus curve temperature of the solder material for the
20 solder particles is higher than the curing initiation
temperature, the degradation of the self-alignment effect
due to the prevention of the movement of the molten solder
particles by means of the gelling thermosetting resin is
suppressed. Thus, the occurrence of the defects such as

25 the electric conductive fault may be prevented which is
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Contrary to the above , using the solder conpositi on
in which the solid res inis contained int he

woOherorzast ing f |uxmateri al and the softe nPamJrP2005/015823

tenperatu re of the sol id res inis lower than the
curing initiation temperature of the thermosetti ng
res in accord ing to the presggnt inventi on provides
the followi ng effects: In the refl ow step , even
when the |iquidus curve temperatu re of the sol der

'Eﬁél%édal gor”tlge FO 148 PRIJId et efmatefizghewnithanhas not

ti ati on temperat ure of the therm

f%‘%{éh at;en reagélegxﬁteeq'f the teh%rc:”(r%l%tst's!figthat the

arted its cur 1ng and is

der cur h
rﬂi o 3, B r B4 hendfl OGS Bgetrically
soften in t t.h
KR BPosP HOLBM Y e a”%%Pl MRitFBorhebsusigh Sotder
initi atl on of thethermosett ing res in, Therefore

M@HERI e i qui dus curve terrperatu re of the soI der
materia | for the sol der par i cles is |ower

curi nd WG fat idfteredNger@TlPW SHRP sdiftfers Bé?i?l Cpggmectron

of such solder materi al are not nelted in the the

rPoEEDNI i BgCPuS ried VY ci e IS /T CEATi {8 SEDr POR jofhdwhich is
is in under gel | ing, or when t he |iquidus curve
tfemnpedat byr esolidifigisgl ddre maleanggd f grolide &®$iger through
particl es is higher than the cur ing initi atio n

t eopéinag uwhécht heo ldeg readat ireonadh st leo meiFtikilizgsmewith the
nt effect due to the preventi on of the novem ent of
thgrenl t enesoh deetting resin, so that a brittle solder
connection portion having a less bonding strength is
reinforced which portion is formed by using a lead-free
solder material having a lower melting point, whereby
connection reliability of the solder connection portion is
able to be ensured.

According to the connecting process with soldering of
the present invention, in the connecting process so-called
"resin pre-application” which beforehand applies, to an
object to be connected, a connection material containing a
thermosetting resin for the formation of the reinforcing
resin portion, the solder composition is used as described
above which comprises the metal material containing the
solder particles and the thermosetting flux material

containing the solid resin having a temperature at which it

changes to be in the liquid-like state (preferably the
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particles by nmeans of the gel ling thernosetti ng
resin is supp res sed . Thus, t he occu rre nce of the

wdebmsoestisuch as the el ectric conductive fault PaayPives/015823

prevent ed which i scaused by the nolten solder nateria
whi ch has not suffici ently extended between the

el ectrodes so that the objects?yo be connect ed have
not been electrical |y conn ected foll owed by the
solidifi cati on of such solder nmateri al. Furthe r

h , the solder, con.necti on porii
onoftehifer Bt alPe ok th et oRG Fanin b%rfqvlvsg than the
' ks form.ed by solidify ing the cha nged solid _
\pglé‘c’hbf '?‘?E‘?*Sﬁ”c&emip@%%raqggb Ther e mase Hing resin.
e Ip i h d thermosetti ng res in,
cd e e, BECulToB g akr [gn aen! Sore ot B ortirawklectric

b di stre ngth is rei nforced which _

PR ERTE Tatibdn By bt myey srtad: r bl tawltraenirs when
al _havi ng a |lower nmelt ing point , whereby connection
rb??aﬁihqri%f'9s@ft“tf}@ geisder taaneut@rdadpora i curd seaklessively
to be ensured . Accord ing to the connecting process

L &an nfhef mekipgesehttiewsoldeonpamithes and such
wWE e 1€d] p (
connecti ng process so-cal led "resi n pre-appl
| gerlitenr e lcte hefromdbanal apiphsi esot t @ ufioR®AY t @ xtended
be connected , a con necti on mate r ial contai ning a
thetweoset theng reastrion d or atshetHor BBljece8 4o thBe connected,
reinfo rci ng resin porti on, the solder conpositi on
i Bolleade dshyesisei shatdification of such solder material while

they have remained electrically unconnected.

Examples
Production of Solder Paste

Various solder compositions as the solder pastes were
prepared by mixing components in various formulations as
shown in Table 1 below. It is noted that each component of
the formulations is indicated in a unit of "parts by weight"
in Table 1. The following are to be noted:

As the main agent, a hydrogenated bisphenol A epoxy
resin was used.

As the curing agent, tetrahydromethylphthalic
anhydride was used.

As the curing accelerator, 2-phenyl-4-methyl-5-
hyroxymethyl imidazole was used.

As the activator, m-hydroxybenzoic acid was used.
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above which conpr ises the neta | mate r ial conta
ining the solder parti cles and the thermosetti ng f

woOuanoermazesi al conta ining the solid res in havCTaPR0as5/015823

tenperatu re at which it chan ges to be int he
liquid-1 ike state (prefera bly thesoften ing
tenperatu re of the sol id res38n) is |lower than the
curi ng initi ati on tenperature of the t hermosetti
ng res in. Thus , t he occurre nce of the defects such

as thepa eeihei $opendr&isin veahaualky IFye R6 | PeYENMI®H - xylene
Such fault occurs when the thermosetti ng res in has

staklifd(E6 e 4GP Sal el ab RAMr d T Fil@Bw h(For.r,E'IH'd., trade
ng of the solder particles and such nolten sol der

MRlfhie: @l NPRS At AP I7 o Cl %’Hf'te%iﬁ;qtef‘eﬁ%epg%‘f?gm; C) in

el ectrodes as the objects to be coflf nec

b ld di &}, gat,,,i h I Fi gy | .

LRSS L0 SShuhor Fn R pRREL bRl bgene resin
. tion.of,.Solder Paste Vapi_ ou ol d er _

%ﬁp%ﬁsel%{%gﬂgsé?ﬁg oll%décgg%s?gg%r Opreggae’dqwde name.

myxi _Ng. co e in varj ous foryulati ons as s .

"Nicalfo COTPEERARD. ¢ BBFlafifio: pue miardlisine. ABthC)  in

the form ul.ati%ns i s ind igated in aunit of "parts by

QRPafF ¥ EHEXAMPIeSe 11 B9 1Swi ng are to be noted :

As the main agent, a hydrogen ated bisph enol A epoxy _

res i nFiEgt.udB@ sodsdi FesitiraRdgtRgesipoxktiagiyy as the main

romet hyl phth al ic )

agent were heated and mixed at a temperature above the

softening temperature of the solid resin.

To thus resulted mixture, the acid anhydride as the
curing agent, the curing accelerator, the activator and the
solvent were blended and kneaded together at a room
temperature to obtain the thermosetting flux material. A
planetary mixer or rolls were used for such kneading. The
curing initiation temperature of the thermosetting resin was
measured by a differential scanning calorimetry
(commercially available from Seiko Instruments Inc., trade
name: DSC6220) with a temperature elevation rate of
10°C/min. The curing initiation temperature of the
thermosetting resin was defined as a temperature at which
a curve starts to get away from a baseline of the curve
wherein the curve is a temperature vs. calorie curve

obtained by the DSC measurement while a sample is heated

according to the JIS as described above.



I ng accel erator,
i mdazo | e was

anhyd r ide was used . As the cur
2-phenyl -4-methyl -5- hyroxym et hyl
waged/022446 t he activator, m hydroxybenzoi c acPdTuRE05/015823

used .As t he solid res in, an al kyl phenol nodifi ed
xyl ene res in (comerci ally ava ilable from Fudow
Co., Ltd ., trade nane: N kamg HP-70 , soften ing tem
perature: 70 C) in Exanples 1 to 3, while an al kyl
phenol nodifi ed xyl ene res in (commerci al |y ava
i | abl @,.fyom Lt rad '~ N K :

h'd 4:*2@9?’!5%’81 Q?IdeF égqgﬁiens'\lmfsp%;brﬁgtrri]sémally

HP- 150, soften’ing tenperatu re: 1

FLBTPLEE U SR8 AP AP B er
STRVRGH SR S SA AR TS 1 e
SO R N TR R S

and knead ed togeth er at a roomtenperatu re to obta
TPohhe tERXP AY BEET €I WHIY PuxPlmtefarul MXer aket phiain the
mxe r or rolls were used for such knead ing . The cur
PRYJERI PRSAEI. oA Mefahhtr@tie of the sabtdaroserticleg to the
res in was neasured by a diffe renti al scan ning

thae omio srettin g( Elanmomaiteaidlywas 83 able fro m Sei ko

Instru nments Inc . , tra de name : DSC6220) with a

tem perature elevation rate of 100 min. The cur ing

10

init iati on tenperatu re of the
Table 1
component | Example | Example | Example | Comparative | Comparative | Comparative
1 2 3 Example Example Example
1 2 3
main agent 40 40 40 40 40 40
curing agent 40 40 40 40 40 40
curing 1.5 2 2.5 1.5 2 3
accelerator
activator 7 7 7 7 7 7
solid resin 11.5 11 10.5 11.5 11 10
total 100 100 100 100 100 100
DSC curing
initiation 144°C 100°C 86°C 141°C 99°C 61°C
temperature
number of not not not more not less not less not less
solder balls more more than 2 than 5 than 5 than 5
than 2 than 2 O X X X
] O
bonding
strength test o] o] o e} o 0
overall
estimation®) O O o] X X X
O: success in test, X: rejection in test

*) The overall estimation considers the number of

the solder balls and the bonding strength test.

When the
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thermosetti ng res in was defi ned as a tenperatu re
at which a curve sta rts to get away froma basel ine

wofhodele24aa6r ve where in the curve is a tem peraPaTHR2005015823

calori e curve obta ined by the DSC neas urenent while
a sanple is heated accord ing to the JIS as des cri
bed above . The 42Sn-58 Bi sol 0 particl es (comerci
al ly avai lable fro mMts ui Kinzoku , trad e nane;
sol der powder, average dianeter: 0 .03 mm nelti ng

pbiotht te s18%)e eaEskiEnded i tikdi B eobt 20iM ¢ ¢t ?ﬁ@r hand,

osetti ng f lux materi al at a roomtenperature W

pleeh agy iy t 0 past 1Ot wyn -
rati o of tﬂ2é§g|3@fpgifffgaé§8%@ t%gf?hgfﬁfgseﬁ?ﬁ%ﬁ%nf X" is
| ixdresesyy, al was 83: 17. O succes s in test, X rej

ecti on 1n test ) The overa |l estimati on cons iders

t he nunber of the solder balls and the bon ding stren

gth test . Wien theboth tests are passed , "O' is ind

cated . On the oth er hand , when at |east one of the

both tests is not passed , "X'" is indicated .
i.n Sqld P teUsmgarretaImask
Cgmh@ggtﬁhgc‘%hﬂbgs @;erlgjs #h? and open ings (size: 0.4
paste was applied

rrmeSn‘Q9 thu btaln ?qusolder
on el elSiBEE M3 d“@r?ka WtG A dhickn aupse a1tQa0 um and
havi |ckness of 06m8 with a pri nter.

Xp)

E?B@ﬂ'grgsf c($FQs §bow Bhi v@rmrpl)acélamen abimipréd solder
nted sol der paste |layers on the electrod es with a

chAgtBouMBsr .applied” on electrodes formed on a substrate

(FR4 substrate having a thickness of 0.6 mm) with a printer.
Electronic parts (1005 chip) were placed on the printed
solder paste Iayers. on the electrodes with a chip mounter.
Then, the substrate was heated on a hot plate heated
to 200°C for three minutes so as to melt the solder
particles, followed by cooling the substrate to a room

temperature, so that the electronic parts were mounted onto

the substrate.

Estimation of Connection Structure with Soldering
(Bonding Strength Test of Connection Structure)

Using a tool having a wedge form edge, a force was
applied to the electronic part so as to separate the part,
and a shear force when the part was separated (a so-called
shear strength) was measured. The tool had an edge angle

of 60°, and it was moved at a speed of 100 mm/min. For
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Then, the substrate was heated on a hot plate heated
to 200 C for three mnutes so as to nelt the sol der

woaodsiozzdies, foll owed by coo |ing the substrat eCTAPR05/015823

roomtenperat ure, so that the electro nic parts were
nmounted onto the subst rate . Esti mation of
Connection Structure with Solgteri ng (Bond ing Stren
gth Test of Connect ion Stru ctu re) Using a tool havi
ng a wed ge formedge , a force was appl ied to the

£h 8C i B8 siUT efABiN tS0a2%e hQ | REPAE #i8 d NR aRHitve a(‘Hg)ar‘i'llmerc;ially

shear force when the part was sep arated (a so-

ég@w@sg%e%g?ﬁgo%ﬁko) By RS . gCa he fop | Pr%%l%gname:

ge an , and it® was no a Speed o

LR~ asMf e t e i testi n

mq;gﬁﬁep (%ro i rl%lgﬁaﬁ}l%/rﬁ aﬁlgq%b eﬁf %%dmﬁioﬁ)ﬁﬁgus‘%d'

i neeriy Ng _Con. td ... Lrade name: 1605 HT P

equi pé‘esg &i tﬁ:damllp(%@té\é%l a%f(aé@plkﬁwas‘r'%'%. aASsglder. paste
arative am pl. s ing a | der paste (conmerci

g%@%&%'?éﬁe VFr)ad??rP#%nJlra”to?[g%wrigoéofé%@“%e: trade

L FSOL DER: - incl udin g Sn-B i eutectic sol der

hararr ih ST DEREN- 1 he ulh B 1Ms &N s bopkipRg q oS0l der

t he ne? ent inventio n, the electro nic parts were

@%ﬁﬁﬂaﬁw Wdumlégeanaft leesreal de st pafjen agsording to the

simlarly nea sured . The shear stren gth of the o

PhRp&Ht | VRVEXdh®Ne wHe 2% e cBaseit op aiish steemgtéimilarly

it was determined that when t he connecti on stru

graveter andsthaeshemy hbiengshearas similarly measured.

The shear strength of the Comparative Example was
29 N. Based on such strength, it was determined that when
the connection structure with soldering has a shear
strength which is as at least 1.5 times as that of the
Comparative Example, such structure passes this bonding
strength test.

The shear strengths of the connection structures with
soldering: formed by using the solder compositions
according to the present invention were measured, and all
of the structures passed the bonding strength test as shown
in above Table 1. That is, the shear strength was not
smaller than 44 N in each of the Examples. Thus, it has
been found that the connection structure with soldering

obtained by using the solder paste according to the present

invention has a sufficient bonding strength.
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stre ngth which is as at lea st 1.5t ines as that of
the Conparative Exanple, such stru cture passes this

woametengestrengt h test. The shear stren gth spof/Jpives/ 015823

connection structu res with solderi ng - formed by
usi ng the solder composition s accord ing to the
present inve ntion were neasur, , and all of the stru
ctures passed the bonding strength test as shown in
above Table 1. That is, the shear strength was not

spal l er tha 4 of the Exanples . Thus , it
th%ﬁsﬁ E@&Eﬁ?ﬁ%efh ggbn nection stru ct ure with

sol der | obtai ned by using t sol der, pas rdi

ng to pﬁég‘@re entM| ® %??Bﬁ hagﬁf SUSS” {j? ﬁ'ﬁ? formed
strength . (Sol der Bal Nynber ée Usi n

segpeiecting painuchire Wét of R €8T HHEN A& ngntéte“plectromc
ctu re with solderi ng aro und the electron ic

chRrheePEd eete@dsas CHIPRS ﬁ@Pé’%oWe‘lﬂee&OUB?eﬁlas It was
determined that when the nunber is not larg er tha

t v ter el neodh theat wlbansthe @umh@rpasg@tslamegdh@e} two, the
bal | nunber test. The results are shown in above Table
1colnmieictitor sdruApprei patsisle s yhef soideirmbent inwn brfetest.

sol der conpos iti on and the connecti ng process wth
sOlrderesytacapedshogv dnt B qreskahiei hventi on

ensure t he suffi cient bonding stren gth while

suppres sing the occu rre nce of the defects such as

el ectri ¢ con ducti on fau It |,

Industrial Applicability of the Invention

The solder composition and the connecting process
with soldering according to the present invention ensure the
sufficient bonding strength  while suppressing the
occurrence of the defects such as electric conduction fault,
and therefore, they and also the connection structure with
soldering according to the present invention can be used
for the applications wherein an electronic part is mounted
onto a substrate with soldering.

Particularly, by using, in the present invention, a lead-
free solder material having a lower melting point, especially
an Sn-Bi solder material as the solder material for the
solder particles, the following advantages may be provided.

Recently, according to the requests as to the
environmental protection, the lead-free solder material has
mainly been used in the electronic industrial fields. An Sn-

Ag-Cu solder material which is generally used has a
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and therefo re, they and also the con necti on stru
cture with solderi ng accord ing to the present

wOonverne24ien can be used for the applicati ons ROBIR200F1015823

an el ectro nic part is nounted onto a substrate wth
sol deri ng. Parti cularly , by using , in the prese nt
inventi on, a leadfree solder 4®&te r ial havi ng a

| ower melt ing point, esp eci ally an Sn-Bi sol der
materia | as t he solder materi al for t he sol der

phictuidal escurv et d @it ute Ve Iygay %h?@;‘%a%etr%rtﬁ% higher

ded. Recently , acco rding to the req ues

emhie i 0o FRPh Re . Wioh agidt %rf'u%?ﬁc%ﬁg%g{tggp%dsg!nng eutectic

materi al has mainly been use nvi'c

i saugeri mhtérigl ds Thé’?g%ﬁgg'?‘gﬁﬁhssflgﬁﬁfﬁgmz{g %Ipply such

which is gen era | ly use

Aldl f O Lch i.s rather higher when _ .
f:?n?;gﬁ ed vvietS%lF%it ng:?\{\gh'eglcot??ve%t is&%?”%qu%r e@flecligctronic

j it is diffi cult to
B arE o R 1o WA B P o mkpbnTal it d Lt r at o
' f _which allowable tem perature
ot oo THIE 8 PREE bt Ay ShrB b s@ w0l Material has a

., al has a | iquidus curve ten‘pere})tu re of _139C_, _ _
gﬁéﬁi‘hHé ithré’eexr}@ciep&fattHéﬁ s@h 4819°der randrithuss it s
app Licab le to an electron ic part of which allowa
bé))gpfségﬁé#a&h?g ISUgh i@'ﬂ(ﬁﬁ(mﬁ:&eraelalé:cmpphlcable to an
alum num.electro | yti c capacito r or the like) Oﬂ _
tHE FREChRRS Ofewdnicsl aldpveabhat exinperature limit is low
relatively nmechan ical |y brittl e, and also it is
dis4Gleu@s RoICCD, an aluminum electrolytic capacitor or the
like). On the other hand, the Sn-Bi solder material is
relatively mechanically brittle, and also it is difficult for
such solder material to form a solder connection portion
having an appropriate form through the reflow step when
using with the conventional solder paste as described
above, so that the connection reliability is not sufficient
and therefore the field to which the Sn-Bi solder material is
applicable has been limited.

When such Sn-Bi solder materjal having the above
mentioned features is used in the form of the solder paste
in which the thermosetting flux material including the solid
resin is mixed according to the present invention, the field
to which the Sn-Bi solder material is applicable is greatly

broadened. With the solder composition, for example the

solder paste according to the present invention, the
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such solder material to forma sol der connection
portion havi ng an appropriate formthrough the refl ow

wete/oawn usi ng with the convention al sol dePCpaB1085/015823

ri bed above , so that the con nection reliabi I
iafydiezcnot sufficient and therefore the field to which
the Sn-B i solder materi al is44ppl icabl e has been
limted . Wen such Sn-B i solder materi al havi ng
the above nenti oned features is used in the form of

t hedsatien past etie Wbehabhety hesm %%F“th.'égrrﬁokggmp flux

materi al incl ud ing the solid res inis mxed a

: ; i ' ad f | to. which . .
R tETIENOSE e, IS SN B yin i tne

rondanedtopyian (B8 P FOHPRS kY Yha LT %¥8in which

pl e the sol der paste acco Lan.of the.flowabi ity of

| RSB chURGAS LeATlLB g Ll 2vaRL TRl .
R W T DI N
R Bezer e aflBiinia 'y v gl optha el wisena nginitiation
PR T Rer et LTROBIM T et R Hosein | a0 o éien soltening
g LG TR R R
q’?{)wgﬂ)ﬁlstyl Sofer{%uerergoiltne;hgolder particles is ensured in the
reflow step, so that the good connection structure with
soldering is able to be foremd.

Therefore, an extent to which the gathering of the
molten solder particles is prevented by the thermosetting
flux material is lowered, so that the solder connection
portion having a more appropriate form is able to be
provided. In addition, the formed solder connection portion
is covered and reinforced by the reinforcing resin portion
which is made of the cured thermosetting resin and the
solidified solid resin, which compensates the insufficient

bonding strength of the Sn-Bi solder material, so that the

connection reliability is improved.

The present invention thus provides a connecting
process in which the Sn-Bi solder material as a low melting
point solder material js industrially applied, so that such

process expands its applicable field to the substrates, the
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reflow step , so that the good connection structure

wWth soldering is able to be forend . Therefore , an
wexb@rne2416 whi ch the gathering of the no |ten BOTUR2005/015823

particles is prevented by the thermosetting f |ux

material is lowered , so that the solder conn ection

portion having a nore approprigse formis able to be
provided . In addition , the formed sol der connpecti on

portion is covered and reinforced by the reinforcing

r@3bBtPORTLE 9P WY %i%h@qﬂf%{?f &ghg {eéjldgp\gém]e,temperature

osetting resin an e sol

"4 o ORMPASEL LD d feablds, i 16| gl bRadl g StLenglh o)

of the Sn-B 1 sol der material ,

rﬁ'd\):eﬁ?i'agét Ysi\%xitd@étcé’cfdin TG+ pgﬁ%gﬁtetaiqtg\rﬁgmtig%‘ptehr%sfure of

provi des @ connecting process Tnh Wi h -

e R e p e 4 B o el Pallar BeiRelBedpanso that
okl Sor e et bt O b KB SRHB Sstanes | ey e
| Comeocary (M8 EL FPpRTR L, Iy B8R Seiopast randsor

[uheterdethend ot bR AIBS HaliBe SLLARAILR, San

be set at a | ower tenperature so t he

nunberFofrtRee heRbrengsstages,&@y bgr rgdy sed,. Lhe ti |
refl ow ap;paraf us ma§ be nbre Com pact , anaqcoﬂyt HRrventiona

o 8pin gC PGP PIRIc ST O BTN RE SyTfedpigoring at -
low temperature is required due to the allowable
temperature upper limit of heating, such as a process
wherein an Ag paste is used which contains sjlver powder
in a resin adhesive, or a soldering process in which locally
heating by means of laser beam or Softbeam so as to
connect individually without heating a whole substrate, so
that neither costly material nor apparatus is required, which
results in the cost reduction upon connecting with soldering.

In addition, since the liquidus curve temperature of the
low melting point lead-free solder material is considerably
lower than that of the Sn-Pb eutectic solder material
(189°C), it is possible to use a material having a low
allowable temperature which has been considered to be
unusable (for example a less expensive material such as a
paper-phenol resin material), and there is no need of a
costly material such as a BT (bismaleimide-triazine) resin,

which results the reduction of the material cost.
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con necti ng process in which connecti ng with sol deri
ng at a lowtemperature is req uired due to the

wabkbwwabiie tem peratu re upper limt of heati RQT/JIPEO&NSS23

as a process wherei n an Ag paste is used which
contains silver powder in a res in adh esive , or a
sol deri ng proces s in which I4gga Ily heating by neans
of |aser beam or Softbea mso as to conn ect ind
ividually with out heati ng a who | e substrate, so
that neith er costly materigcalangs apparatus is req
uired , which res ults in the cost red uct ion upon
con necti ng wit h solderi ng. In addition , since the
liquidu s curve tenperatu re of the low nelt ing point

| ead- f I | d bl.y |

than t “the ”i%‘f‘ﬁ’ree ‘SEoBbofitidh ‘Chlsh P ahibas

Fow a1 F%F"‘ﬁgég 1, Bt iR @ 6Banpaan oS an
%?ZI?Q% Sutn B MaRettfle Sl csiafanels Fcamprising  a

aﬂ,g %}@% $n A0 need of cost} material such as a BT
i 48- {?Pé'%% reeﬁ‘?] WRiSéA Meiah tehanges to be
Z}nu on o the materi cost. CLAINS 1. A sol der
;B‘Bs | 'gn R Hadsnprln eé‘eématelﬂ)i witeta promieoi dhat the
ri si nr%; sol der parti cles , and (2) a therm
otgb?”c Ofp i er%'trbﬂﬁ AKCtwapd §iomgthet belibsetsin, ng
resi n and a sol id resin which changes to be inits
li qui dv¥hernednst & e t@eparatuted at twhdcpr otheo tshaid resin
t he
changes to be in the liquid-like state is lower than a

temperature at which the thermosetting resin starts to cure.

2. The solder composition according to claim 1
wherein a temperature at which the solid resin changes to

be in the liquid-like state is a softening temperature of the

solid resin.

3. The solder composition according to claim 2
wherein the softening temperature of the solid resin is

lower than the temperature at which the thermosetting resin

starts to cure by at least 10°C.

4. The solder composition according to any one of
claims 1 to 3 wherein the temperature at which the solid

resin changes to be in the liquid-like state is not higher
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thermosetting resin is excl uded fromthe sol id
resin , wherein a temperature at which the sol id

woesicn2zhianges to be in the liquid-1 ike statePCT/IPIN&015823

than a tenperature at which the thernosetting resin
starts to cure . 2. The sold er compos iti on accord
ing to claiml1l wherei n a temjperature at which the
sol id resi n chang es to be in the | iquid-I ike
state is a softe ning tenperatu re of the solid res

h I r o] rchsl i
aherh; FnPRELE, cORTROSbhpBRatarel Or W AOUELE Akarial o

Nhes sl AW b%@@lél'&% tenperature at whi ch the

thernosetti ng resi n starts to cure by at least 10 C
4. The sol der conpos ition accordin g to any one of
clains 1 to 3 where in the tenperature at which the

h b he | d-L ik
"5 o ohBRE IR B ut B Afile T AT ane o

I der t he sol de art I es
SJPABts cariBe ‘Iatwglr?rgd@or% ﬁﬂ@? oferidlomaich norms the
to4\/\,here|nasolder \/\,hlchformsthe

SARRT PAT Il%ie%§%§’ﬁlél§ ﬁéntanﬁ BRRIMitduth . 6. The

sol der conpositi on accord ing to any one of clainms 1

to 5 wherei nit is inthe formof a paste . 7. The

sol der conpositi on accord ing to any one of clains 1

to 6 Vherelhe t3elderereaposeosiiiog r@ecpndtogptio ssy: one of

claims 1 to 5 wherein it is in the form of a paste.

7. The solder composition according to any one of
claims 1 to 6 wherein the thermosetting resin comprises:

at least one as a main agent selected from the group
consisting of an epoxy resin, an acrylic resin, a urethane
resin, a phenol resin, a urea resin, a melamine resin, an
unsaturated polyester resin, an amine resin and a silicone
resin; and

at least one curing agent which cures the main agent.

8. The solder composition according to any one of
claims 1 to 7 wherein the solid resin comprises at least one
selected from the group consisting of a terpene resin, a
xylene resin, an amorphous rosin, an olefin resin, an
acrylic resin, an amide resin, a polyester resIn, a styrene

resin, a polyimide resin, a fatty acid derivative wax, a



at | east one as a main agent selected fromthe group
con sisti ng of an epoxy res in, an acryl ic res in, a
wanreadsh2ane resi n, a pheno | resin, a urea resPCIJPHO5/015823

mel amne res in, an unsaturated polyester resin , an
amne resin and a si licon e resin; and at | east one

curi ng age nt which cures theqgain age nt. 8. The

sol der conpositi on accord ing to any one of clains 1

to 7 wherei n the solid res in conpr ises at |east one

seligegiegoly Aradine OreLpnCans %H‘chtg/u%c.a éﬁmfé‘ e

resi n, a xylene res in, an anorp S ros in,
olefi nresin, an acry lic res in, an am de reS| n, a
pol yester res in, a styren e resi n, a polyi m de res

! f | zed
:r(r313|?1l angtw%tgy@%*é@émﬁowan %1% h rrerlﬁz)ﬁn 7 or 8
TR AR BB B o

5 necti ng pro cess with solder ing in mhlch an
electrode as a f irst electrod e is con nected to oth

er el egfdrodgb on d el ectro de, nP i sing the
st eps eﬁqnﬂs H%QSBIFHQ@%nWbH"l% %”zﬁtﬂ:dm which an
'ng t? a one of clainms 1 to 9 between the f irst
PeELLORBRand St hé séiddd dedpetfodae ishe@nnegtetbsdo other
el ectro des and the sol der conpositi on so as to nelt
t RéCEHT QAP Par@ seresdusdestiadehecomprisingsthe sseps of:
changed into its liquid-1 ike state while a cur ing
rea ctloeatigtg the solder composition according to any one
10 of claims 1 to 9 between the first electrode and the second
electrode;
heating these electrodes and the solder composition
so as to melt the solder particles wherein the solid resin is
changed into its liquid-like state while a curing reaction of
15 the thermosetting resin is made proceed; and

solidifying said solid resin and molten solder material.

11. The connecting process according to claim 10
wherein the first electrode is a connection electrode of an
20 electronic part, and the second electrode is a circuit

electrode formed on a substrate.

12. A production process of a substrate which has an
electronic part thereon, comprising the step of connecting

25 the electronic part to the substrate using the connecting
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the thermosetting resi n is nmade proceed ; and so
idifying said sol id res in and nolten sol der

worbmroeadie. 11. The con necti ng process accor #CTHPRWH015823

clai m10 where in the f irst electrode is a
connection electrod e of an electro nic part, and the
second electrode is a circu it4glectrode formed on a
substrate . 12. A prod ucti on pro cess of a substrate
whi ch has an electron ic part thereo n, conpris ing
e osles  itho8BaRY | h80a bR relifg 16 dlAnpafi to the
substrate using the connecti ngproces s wth sol deri
ng acco rding to claim11l 13. A conn ection structu re
with sol dering between an el ectrode and oth er

ot 1 g 5r one SO T PGk R G NERe RS BT F i gl b Tieen an
1 c ri,si sql der copnecti ,on porti, on
cg%ggte%?l?engwﬂgodsty%’Igeegltercg&é’ © a"HB'%ﬁréir%‘F Feilshgormed by
regs R rti_on which is made of the solidifi ed sol

ig HB@ iﬁean%OP”ﬁ&téUSecPft%E?ﬁoy\@t’fh iSRfdesdnigh. aggording to
The. con,pecti, on stru ¢ty re with solderi ng accord

iﬁga'trB LPaPhh WRINGTHSINGe reinfo rci ng res in

porti on covers at |east partly a surface of the
soIderaconsﬂgé?ron‘ﬁ%ﬁﬁeQﬂﬁn portion connecting those

electrodes, and

a reinforcing resin portion which is made of the

solidified solid resin and the cured thermosetting resin.

14. The connection structure with soldering according
to claim 13 wherein the reinforcing resin portion covers at

least partly a surface of the solder connection portion.



