
DESCRIPT ION SOLDER COMPOSIT ION, CONNECT ING PROCESS
WITH SOLDERING, AND CONNECTI ON STRU CTU RE WITH
SOLDERING Techn ical Field The present inventi on
relate s to a solder com posit ion, and parti cularly
a so lder compositio n in t he form of a paste, that
is , a solder paste which is used , for exam ple, for
solder-con necti ng an electron ic part onto a
substrate. In add iti on, the present inve nti on
relates to a con nect ing process as wel l as a conn
ection structure with sol deri ng with us ing such
solder compos iti on, and parti cularly such solder
paste . Backg rou nd Art A connecti ng pro cess using
solderi ng (th at is, a conn ecti ng process with
soldering ) is widely used as a process for mounti ng
an electro nic part onto a substrate . Such electron
ic part is mounted with a f ine pitch . Thus, when an
amount of a solder materi al of a solder con necti on
porti on is small, or when a suffici ent bonding stre
ngth of t he solder con necti on porti on is hard ly
ensu red due to an ins uffi cient strength of a solder
materi al itse lf, a sol derconnecti ng process is
employed where in the so lder con necti on is
reinforced by mean s of a rei nforci ng res in 



portion . In order to form such rei nforci ng res in
porti on, a t herm osetti ng res in such as an epoxy
res in is often use d, wherein a curi ng step is requ
ired so as to cure the therm osett ing res in. When
such cur ing is able to be carri ed out simultane ous
ly in a refl ow step wherein a solder connection
portion is form ed, it wou ld be conven ient sin ce a
con necti ng proces s with solder ing becomes simpler.
Therefore , in mount ing the electron ic part onto the
substrate , a so-ca l led "res in pre-ap plicat ion"
may be employed wherei n a connecti on materi al conta
ining a therm osetti ng res in which is to form the
resin reinforci ng porti on is appl ied to a porti on
where the electron ic part is to be mounted before
mounti ng the electro nic part . As a con necti on
materi al which is used for the above "resi n pre-appl
icati on" , a therm osetti ng f lux has been proposed
which compr ises a therm osetti ng res in, and also a
solder paste has bee n proposed wherei n solder parti
cles (or solder powder) in conta ined in the therm
osetti ng f lux (see , for example, Patent Referen ce
1 indicated bel ow) . It is said that us ing such
solder paste is advantag eous in that the solder con
necti on porti on and also the reinfo rci ng res in
porti on are both formed simultan eous ly between
electrodesin a single ste p with out supplyi ng a
solder materi al 



sepa rate ly. Patent Refere nce 1: Japanese Patent
Kokai Publ icati on No. 2001-219294 Discl osu re of
the Inventi on The prese nt inventors have fou nd that
even t he con necti ng process with solder ing , where
in t he above solder paste which conta ins the solder
parti cles in the therm osetti ng f lux is used , does
not read ily provi de a des ired con necti on stru ctu
re wit h solderi ng . Parti cularly, it is diffi cult
to ach ieve a con necti on stru ctu re with solderi ng
havi ng a suffi cient bondi ng strength . Thus, obj
ects of the present inve ntion are to provi de a nove
l solder compositi on , and part icularly such
compositi on in the form of a paste which is able to
provi de a connection structure with solderi ng havi
ng a suffici ent bond ing strength , also to provi de
a connecti ng process with solderi ng where in such
solder com position is used , and further to provide a
con necti on structu re with solderi ng which is
formed by using such solder compositi on. After
intensive stu dies by the present inventors as to the
above obj ects , the followi ng have been fou nd: When
the solder paste where in t he solder parti cles are
mixed in the known thermosetti ng f lux as descri bed
aboveis used , it is difficu lt in a refl ow step to f
luidize (or move) 



molten solder parti cles as desired , which makes it
diffi cult to form a connecti on stru ctu re with
solderi ng havi ng a suffi cient bond ing stre ngth .
In detai l , the solder parti cles are melted by means
of heati ng for the form ati on of the con necti on
stru ctu re with solderi ng in the refl ow ste p, but
on the oth er hand, such heat ing have a cur ing
reacti on of the thermosetti ng resi n proceed
simultaneously. The therm osetti ng res in which is
under such cur ing rea cti on prevents the movem ent
(or f lowi ng) of the molte n solder particl es, and
as a resu lt , it becomes difficult for the molten
solder parti cles to contact with and to be integ
rated wi th oth er molten solder parti cles. Parti
cularl y, whe n the cur ing of t he thermosetti ng
resi n proceeds prior to the melting initi ation of
the solder particl es, movement of the molte n solder
parti cles is prevented by the therm osetti ng resin
which has already started to gel , which interferes
the self-al ignment effect of the molten solder parti
cles, so that the molten solder materi al may not
spread over surfaces of an electrode which is an obj
ect to be con nected . As a res ult, the solder materi
al sol idifies without sufficiently connecting the
electrode , which mean s that no normal con necti ng
is carri ed out (th at is, no app rop r iate solde r
con necti on 



portion is form ed) , which cau ses defects such as an
el ectri ccond ucti on fau lt . The pres ent inve
ntors have further inten sively stud ied the form ati
on of the appro pri ate solder connection porti on by
integrating the molten solder particl es whi ch move
to gath er together even whe n the cur ing rea ction
of the therm osetti ng resin is pro ceed ing, and have
con cluded that coexi ste nce of oth er materi al in t
he solder paste is effecti ve which materi al is able
to suppress the preventi on of movi ng of the molte n
solder parti cles by the therm osetti ng res in which
is unde r cur ing. Furthe r add itiona l stud ies
thereafter have found that , as said other materi al,
a solid res in, parti cularly a the rmoplasti c resin
is suitab le which is characterized in t hat it chang
es to be in a liquid-l ike state when heated for t he
purpos e of connecti ng with solde r ing , and that
such change preced es the initi ati on of cur ing of t
he therm osetti ng res in, that is, a temperat ure at
which the solid res in chan ges to be in the liquid-l
ike state is lower the curing initi ati on temperatu
re of the therm osetti ng res in with a provis o that
such solid res in excl udes a thermosetti ng res in,
accordi ng to which the present inve nti on has been
completed . Said ot her materi al as descri bed above
provi des an effect in that said materi al suppres ses
the preve nti on of the 



movement of the molten solder parti cles reg ard less
of the pres ence of the therm osetti ng res in which
is unde r cur ing,and such effect may be l ikened to
the provision of plasticity to the t herm osett ing
res in which is under cur ing whi le it is losing its
f luidity or f lowab ility, and 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
a plasti cize r . The present inventi on, therefore,
provi des a solder compos ition which compr ises : (1)
a metal material com prising solder particles , and (2
) a therm osetti ng f lux materi al compr ising a
therm osetti ng res in and a solid res in which chan
ges (or transforms) to be in a l iquid-l ike state
when heated with a prov iso that the the rmosetti ng
res in is excl uded fro m the solid res in, wherei n a
temperature at which the solid res in chan ges to be
in the liqu id-l ike state is lower than a temperature
at which the therm osetti ng res in starts to cure.
The solder compos iti on accord ing to the pre sen t
invention is preferably in the form of a paste at norm
al temperature, and such preferab le compos iti on may
be said to be a solder paste . Thus, the solder compos
iti on accord ing to the present invent ion may opti
onal ly furthe r comprise, in add ition to the metal
materia l and the 



t herm osetti ng f lux materi al, a com ponent which
is req uired to have the solder compos iti on be in
the paste form , for exam ple a solvent (su ch as
butyl carbitol , hexyl carbitol ,methyl carbitol , and
diethyl carbitol ). The solder paste is adva ntageo us
in that its applicat ion to an obj ect to be connected
(such as an electrode) is easy, and another object to
be connected (such as an electron ic part) may be
tentatively bon ded to the appl ied solder paste us
ing tacki nes s of the solder paste . The sold er
compos iti on such as a solder paste accord ing to t
he presen t inventio n compri ses the meta l materi al
and the therm osetti ng resi n materi al . The metal
materi al com prises at least the solder parti cles
and it may f urther compr ise other meta l component.
The therm osett ing resin material com prises the
therm osetting resin and the solid res in (excl uding
the therm osett ing res in), and it may further com
prise other component(s) as descri bed below if necess
ary . The solid res in is in its solid state at normal
tem perature (wh ich corresponds a temperature at
which the solder compos iti on is app lied to the obj
ect, and usually in the range between 10 C and 40 C) ,
and has a property that it becomes in its liquid-l ike
state when it is heated so as to melt the solder parti
cles . The sol der compos iti on accord ing to the
presen t 



inventi on may be prod uced by mixi ng the metal
materi al and the thermosetti ng f lux material , and
each material may be produ ced by mixi ng components
which con stitute each material . Such mixin g may be
carried out in anyappro pri ate manner, and it is
desirabl e as to the thermosetting f lux material that
the curing of the thermosetti ng resin does not start
uring mixing . It is noted that said oth er meta l
compon ent or said oth er compon ent as descri bed
above may be mixed to be conta ined by the meta l
materi al or the therm osetti ng f lux materi al res
pect ive ly , or sa id oth er meta l component or said
oth er component may be conta ined together by a mixtu
re of the meta l materi al and the t herm osetti ng f
lux materia l upon mixi ng them to form such mixtu re.
As said other compone nt, the followi ng may be exempl
ifi ed: a com ponent which makes the sold er com pos
ition to be in the paste form (e.g. a solvent) , a
curi ng acce lerator, and said other metal com ponent.
The solde r parti cles used for the solder compositi
on accord ing to the pre sent inventi on may be any
approp r iate parti cles as far as they form t he
solder compos it ion accord ing to the presen t
inventi on as descri bed in t he pres ent specifi cati
on. For example, they may be parti cles of a meta l,
usually an al loy which is read ily melted such as 



a so-ca lled solder materia l, and a so-ca lled
lead-free solder material which does not conta in a
lead com pon ent . Concretely, the fol lowing solder
materia ls may be exempl ified : Sn-Ag -Cu , Sn-Ag ,
Sn-Cu , Sn-B i Sn-Zn , Sn- Ag-B i-I n, Sn-Ag-C u-B i
and so on. It is noted that the sizeand the form of
the solder particl es are not parti cularl y limited .
For example, solder parti cles or solder powd er which
are commerci ally ava ilable, and parti cularly those
which are commerci ally ava ilable for the electri
cally cond uctive adhesives or the solder pastes may
be used as the solder parti cles for the solder
compositi on acco rding to the pre sent inventi on.
The therm osetti ng res in used in the solder
compositi on accord ing to the present invention may
be any appropriate one as far as it form s t he solder
compos iti on acco rding to the prese nt inventi on as
descri bed in t he prese nt specifi catio n. Known
therm osetti ng res ins which are genera lly known to
be used for t he electri cally cond uctive adhes ives
, the solder pastes or the l ike may be used . For
example, the followi ng res ins may be exemplifi ed:
an epoxy resi n, an acryl ic res in, a ureth ane res
in, a phenol resin, a urea res in, a melamine res in,
an unsatu rated polyester res in, an amine res in, a
sil icone res in and the l ike. The t herm osetti ng
res in used for the solder 



com position accord ing to the present invention
preferably compri ses a main agent (or main
ingredient) and a cur ing agent, and opti onal ly, the
therm osetti ng res in may f urth er compri ses a curi
ng acce lerator, and it is usua lly prefera ble that
it com pr ises the cur ing acce lerator. The solid res
in used in the solder compositi onaccord ing to the
present inventi on may be any appro pr iate one as far
as it forms the solder compositi on acco rding to the
prese nt invent ion as descri bed in the prese nt
specification , and it preferably comprises a therm
oplastic res in. For example, the followi ng res ins
may be exemplifi ed : a terpe ne res in, a xyl ene res
in, an amorp hous ros in, an olefi n res in, an acry
lic res in, an amide res in, a polyester res in, a
styre ne res in, a polyimide resi n, a fatty aci d
derivative wax, a highly polym erized ros in, a fatty
aci d amide and the like. The above mentioned "(the
sol id res in) is characterized in that it changes to
be in a liquid-l ike state when heated" mean s t hat
the solid res in in its solid state is chan ged (or
transfo rmed) to be in its l iquid-l ike state throu
gh heati ng which melts the solder parti cles conta
ined in the solder com pos iti on accord ing to t he
prese nt inventi on for the purpose of form ing a
connecti on stru ctu re with solder ing. Such change
may occu r simulta neously with 



melti ng of the solder parti cles , and it is prefera
ble t hat the change of the sol id res in fro m its
sol id state to the liquidl ike state is pri or to the
melt ing of the solder parti cles . In other embod
iment, the melti ng of the solder parti cles may occur
earl ier than the chang e. It is noted that the
present inventi on determ ines t hat the melti ng of
the solder parti cles occu rs when t he solder parti
cles are heated to a liquiduscurve temperatu re of a
solder materi al of which t he solder parti cles are
made (or a eutecti c temperatu re in the case of a
eutecti c sol der material) . With the solder com
positi on accord ing to the present inventi on, the
chang e of t he sol id res in from its solid state to
its liquid-l ike state occu rs pri or to the initi ati
on of cur ing of the t herm osett ing res in, that is
, the temperature at which the state of t he solid res
in chang es to its liquid-l ike state is lower than
the temperatu re at which the thermosetti ng res in
starts to cure. In the present specifi cation , the
tem perature at which the therm osetti ng res in sta
rts to cure means a socalled cure initi ati on
temperatu re. Such temperatu re is obta ined by subj
ecti ng the t herm osett ing res in (incl ud ing a cur
ing agent and a curi ng accel erator if any) to t he
DSC measurement. Parti culars as to the measurement
can be seen fro m JIS K7 121, which is incorpo rated
by referen ce in t heir entity. Parti cularly , a
temperatu re vs. calorie curve is 



obta ined by the DSC measurement while a sample is
heated , and the cur ing initi ati on temperatu re is
defi ned as a temperatu re at which the curve starts
to get away fro m a basel ine of the curve. Such
curing initiation tem perature may be set vari ously
by changing kinds of the main agent, t he cur ing age
nt and the cur ing acce lerator if any and/or a compos
it ion of them, and t hus set cur ing initi ati on
temperatu re may be determ ined by the meth od acco
rding tothe above menti oned JIS. In the pre sent
specifi cati on, the term " l iquid-l ike" state is
used to include not only the tru e liquid state but
also a state which can be reg arded as the liquid
state . As far as the solder compos iti on acco rding
to the prese nt invention is con stituted , a viscos
ity of t he solid res in which is in the liquid-l ike
state (i.e. the liquid state solid res in) may be
high. Thus, the term "liquid-l ike" state is used so
as to incl ude a state which is very f lowab le like
water, an org anic solvent or t he like as well as a
state which is so viscou s that it is genera lly not
included with in a con cept of a usual liquid. In a
prefe rable embodiment, wheth er or not the solid res
in is cha nged to be in the " l iquid-l ike" state is
determ ined by a soften ing temperatu re (or soften
ing point) of the solid res in as a measure which is
measured by the 



soften ing temperatu re testi ng metho d (a r ing-an
d-ba ll metho d as defi ned in JIS K2207 , which is
incorporated by reference in thei r entity) . That is,
it has been found prefe rab le to determ ine that , in
the case where in the solid res in heated , when the
temperatu re of t he solid res in is equal to or above
the softe ning temperatu re of t he solid res in, the
solid res in is in the liquid-l ike state, and on the
oth er hand , when the tem peratu re of the heate d
solid res in is below the soften ing temperature of
the solid res in, thesolid res in is sti ll in the
solid state . In this embodiment, when the solid res
in is heated , t he soften ing temperatu re of the
solid resin can be reg ard ed to be a tran siti on
temperature fro m the solid state to the liquid-l ike
state of t he solid res in. Thus , in a parti cularl y
preferabl e embodiment of the present invention ,
which of the melti ng of the solder particles and the
change of the sol id resin from the sol id state to
the l iquid-l ike state occurs f irst is dete rmined
based on which of t he liquidus curve temperatu re of
the solder materi al form ing the solder parti cles
(or the eutecti c tempe ratu re in the case of a
eutecti c solder mate r ial) and the soften ing
temperatu re of the solid res in is lowe r . In one
preferabl e embodiment accordi ng to the prese nt
invention , the liqu idus curve tem perature of the
solder 



material of which the solder particles are made (or
the eutecti c temperatu re in the case of a eutecti c
solder materi al) is preferab ly equal to or higher
the soften ing tem pe ratu re of the sol id res in,
and the form er temperatu re is higher than the latter
temperatu re more prefera bly by at least 10 C, and
parti cularly prefe rably by at least 2 O C. In thes e
preferab le embod iments, the change of t he solid res
in to be in the liqu id-l ike state occurs prior to
the melti ng of the solder particles . In the pre sent
inve nti on, similar ly to the above , whichof t he
initi ation of the cur ing of the therm osetti ng res
in and the change of t he solid res in from t he solid
state to t he l iquid-l ike state occu rs f irst is
preferab ly determ ined bas ed on which of the cur ing
initi ati on temperat ure of the t herm osetti ng res
in and the softe ning temperature of the sol id res in
is lower. As descri bed above , it is prefera ble that
the chang e of the sol id res in fro m the solid state
to the liquid-l ike state occu rs earl ier than the
initi ati on of the curi ng of the therm osetti ng
resi n, so that the curing initi ati on temperatu re
of the therm osetti ng resi n is higher than the
soften ing temperature of the sol id resi n. For
example, the curing initi ati on temperatu re of the
therm osetti ng resi n is higher than the soften ing
tem perat ure of the sol id resi n preferably by at
least 1O C, 



more preferably by at least 20 C, and particu larly
preferably by at least 30 C. It is noted that the curi
ng initiation tem perature is measured accord ing to
JIS K7 121 as descri bed above . When the curi ng
initiation tem perature of the thermosetti ng resi n
is higher than the soften ing tem perature of the sol
id resi n, an extent to which the flowabi l ity of the
molten solder particl es is prevented in the reflow
step by mean s of the therm osetting resin contai ned
in the solder com position which is under curi ng is
lowered , so that good connection with solderi ng
becomes poss ible .In this embod iment, it is preferab
le that the liquidus curve temperatu re of the solder
materi al for the solder parti cles is equal to or
above the softe ning temperatu re of t he solid res
in. It is noted that the sol id res in is preferab ly
compati ble with thermosetti ng res in, parti cularl y
wi th the main agent there of, where in it is pos
sible to form the sol der paste havi ng a suffi cient
f lowab i lity with out using any volati le solvent
when the sol id resi n is mixed into the thermosetti
ng res in, parti cularly the main agent t hereof. As a
resu lt , a prob lem(s) due to using the solvent such
as depo siti on of its gas onto a refl ow appa ratu s
which gas is form ed fro m the solvent, contaminati on
of an apparatu s atm osp here by 



mean s of such gas , and the like may be allevi ated
or deleted . In the solder compos iti on acco rding to
the pre sent inventi on, it is preferab le that the t
herm osetti ng f lux materi al has an activ ity which
remove s an solder oxi de f ilm. In t his embod iment,
the therm osetti ng res in and/or the solid resi n may
have such activity . As the therm osetti ng resi n
havi ng such activity, for example the expoxy res in,
the acryl ic res in, the phe no l res in, and the
amine res in may be exemplifi ed. As the solid res in
havi ng such activ ity, for example the xyl ene res in
and t he amorp hous ros in may be exemplifi ed. In
othe r embodiment, the therm osetti ng f luxmateri al
may compri se a component havi ng such activity ( i
.e. an activator) separately from the therm osetti ng
resi n and the solid resin. As such sepa rate compone
nt , for exam ple m-hyd roxybe nzo ic aci d, measaco
nic acid, ohydroxyci nnamic aci d, usnic aci d, 3, 4-d
ihyd roxybe nzo ic aci d, hippu r ic aci d, and succi
nic aci d may be exemplifi ed. Such activato r may not
be add ed to t he therm osetti ng f lux materi al, but
may be add ed into the solder compositi on sepa rate
ly. The solder compos iti on acco rding to the presen
t invention contains , based on the tota l weight of
the solder compos it ion, 



prefe rab ly 70 to 92 % by weight, more prefera bly 75
to 90 % by weight, and particu larly 80 to 85 % by
weight of the meta l materi al, and preferab ly 8 to
30 % by wei ght, more preferab ly 10 to 25 % by
weight, and parti cularly 15 to 20 % by weight of the
the rmosetti ng f lux mate rial. The t herm osett ing
f lux materi al conta ins , based on the total weight
of the thermosetti ng flux materia l, prefe rably 30
to 50 % by weight, more prefera bly 35 to 50 % by
weight, and parti cularly 40 to 50 % by weight of the
main agent, prefe rab ly 30 to 50 % by weight , more
prefera bly 35 to 50 % by weight, and parti cularly 40
to 50 % by weight ofthe curi ng agent , and prefera
bly 2 to 20 % by weight, more preferab ly 2 to 15 % by
weight, and particul arly 5 to 15 % by wei ght of the
solid res in. In additi on , the therm osetti ng f lux
mate r ial may f urth er contai n the curing
accelerator, in which prefe rably 1 to 3 % by weight ,
more prefera bly 1 to 2.5 % by weight , and parti
cularly 1 to 1.5 % by wei ght of t he cur ing acce
lerato r is contained based on based on the total wei
ght of the therm osetti ng f lux materi al. Further,
the therm osetti ng f lux materi al may conta in the
solvent , in which not larg er than 



5 % by weight , more preferably 0.5 to 3 % by weight ,
and parti cularly 0.5 to 1 % by weight of the curi ng
acce lerato r is conta ined based on based on the tota
l weight of the thermosetti ng f lux material . Also ,
the therm osetting f lux materi al may f urth er conta
in t he activator, in which prefe rab ly 3 to 10 % by
weight , more preferab ly 4 to 9 % by wei ght , and
parti cularl y 5 to 7 % by weight of the acti vator is
conta ined bas ed on the tota l weight of the therm
osetti ng f lux materi al. The pres ent inve nti on
also provi des a connecti ng process with solderi ng
where in a f irst electrode such as a con necti on
electrode of an electro nic part (here inafter, a term
"co nnection electrod e" is used generi cally for the
purpose of simplicity) is connected with solderi ng to
aseco nd electro de such as a circu it electrode of a
substrate (here inafter, a term "ci rcu it electrode"
is used generica lly for the purpose of simplicity) .
Such conn ecti ng proce ss with sol deri ng compri ses
the step s of: locati ng the solder compositi on,
prefe rab ly the solder paste accord ing to the prese
nt inve nti on as descri bed above or below betwe en
the con necti on electro de and the circu it electrod
e ; heati ng to melt the solder parti cles (fo r
example, by 



heati ng the substrate) wherei n the sol id resi n is
chan ged into its liquid-l ike state whi le the cur
ing reacti on of the therm osetti ng res in is made
procee d; and solidifyi ng thus changed solid res in
and the molten solder materi al (for example, by coo
ling the substrate , which may be done by retu rning t
he sub strate temperatu re to normal temperatu re
wherein the alread y cured therm osetti ng res in is
also coo led) . When the solder particl es are melted
as descri bed above, the molten solder particl es
gather together whi le moving to be integ rated , so
that they form a solder con necti on porti on which
electri cally con nects the connecti on electrod e and
the circu it electrod e. The refo re, t he present
inventi on provi des a proces s for prod uci ng the
substrate onto which the electro nic part is mounted
whe rei nthe electro nic part is con nected to t he
substrate wit h using t he solder compositi on accord
ing to the pres ent inve nti on. Further, the present
invention provides a connection stru ctu re with
solderi ng which electri cally con nects the f irst
electrode and t he seco nd electrod e (for example,
the con nect ion electro de and the circu it electrod
e, respecti vely) , which structu re is formed by the
above descri bed con necti ng pro cess with solderi
ng. Such con nect ion stru ctu re with solderin g is
form ed by locati ng 



the solder compositi on, prefera bly the solder paste
accord ing to the prese nt inventi on as descri bed
above or below between the f irst electrode and the
second electrode; chan ging the solid res in into its
liquid-l ike state while the cur ing rea cti on of the
therm osetti ng res in is made pro ceed upon melti ng
t he solder parti cles (for example, by heati ng the
substrate) ; and then solidifyi ng the solid res in in
the liquid-l ike state and the molten solder materi al
(fo r example, by coo ling the substrate) . The con
necti on struct ure with solderi ng compr ises a
solder connecti on porti on which is form ed between
the f irst electro de and the second electrode and a
reinforci ng res in porti on made of the cured therm
osett ing res in and the solidifi ed solid res in
wherein the reinforci ng res in porti on covers at
least a po rti on of a surface of the solder con necti
on porti on.Effect of the Inventi on The solder compos
iti on or the connecti ng process with solderi ng acco
rding to the prese nt inve nti on suppres ses the
preventi on, due to the therm osetti ng res in which
is und er gel ling, of t he f lowa bi lity of the
solder parti cles in their molten state s in the refl
ow step , which preventi on in t urn interfe res the
self-a l ignment effect of t he solder mate r ial , so
t hat the f lowab i l ity of the solder parti cles is
more suffi cientl y ensured , whe reby the solder con
nection portio n 



which is in a more appro pri ate form and which has a
suffi cient bonding strength may be fore d. As a resu
lt , the con necti on structu re with solderi ng which
is forme d by such solder compositi on and such con
necti ng process with solderi ng has the app ropri ate
solder con necti on porti on . Br 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 embod iment of the con necti ng process with
solderi ng acco rding to the pres ent inve nti on.
Fig. 2 shows a cros s-sectional view of a con necti on
stru ct ure with solder ing of one embod iment acco
rding to the present inve nti on . Fig. 3 shows an
example of a defect which is caused when using the
conve nti onal solder paste .In the drawi ngs,
numerals indicate the followi ng elements : 1 ...
substrate , 2 ... electrod e, 3 ... solder paste , 4
... electron ic part, 5 ... con necti on structu re
with solderi ng, 5a ... solder connection portion , 5b
... reinforci ng res in portion Embod iments for
Carrying Out the Invention In the sold er com positi
on according to the present 



invention , an amount of the metal materia l is
preferab ly 70 to 92 % by weight based on the tota l
weight of the solder compositi on , and the balance
may be the therm osetti ng f lux material . Substa
ntia lly al l of the metal mate rial may be the solder
parti cles, and in oth er embod iment , a port ion of
the meta l mate ria l may be other meta l component ,
part icularly powd er of said oth er meta l component
as descri bed below. Upon carryi ng out a con necti on
proce ss with solder ing while using the solder
compositi on acco rding to t he presen t inventi on,
when heati ng to a rath er higher temperatu re is
allowab le, for example parti cles of a solder materi
al based on Sn (ti n)-Ag (silver)-C u (copp er) (of
which l iquidus curve temperature is about 220 C) may
be used for the solder compositi on accord ing to the
pre sen t inventi on. On the other han d, whe n the
heati ng temperatu re is req uired to beas low as
possi ble, for example, parti cles of a solder materi
al based on Sn (ti n)-B i (bismuth ) (of which
liquidus curve temperature is about 139 C) may be used
for the sol der com position accord ing to the present
invention . It is noted that the meta l materi al may
include, in additi on to the solder parti cles , meta
l powd er of for example Ag (silver) , Pd (palladium)
and/or Au (gold). Such meta l powd er may preferab ly
be in the form of f lakes or parti cles, and the metal
powder may be particu larly in the 



form of fine foi l elements (or f ine f lake elements)
. Such meta l powd er may be contai ned in an amount
of 0.5 to 10 % by weight , and prefera bly 0.5 to 5 %
by weight bas ed on the tota l wei ght of the meta l
materi al of t he solder compositi on so that connecti
ng with solderi ng is improved . The above mentioned
metals for such metal powder have a melting point
which is hig her than the used solder materi al , are
unlikely to form an oxi de f i lm in t he atm osphere
, and help the molten solder materi al in its f lowab
le state f low over the metal powder , so that the
meta l powde r provi des nucl ei arou nd which molten
solder parti cles gather, whereby the wetti ng pro
perty of the solder material is improved . When using
the Sn-Bi solder materi al, 1 to 3 % by weig ht of Ag
(si lver) (wh ich is preferab ly in the form of
particl es) may be incl uded by the meta l materi al
based on the tota l wei ght of the metal materi al ,
and such incl usion of silve r is able toimprove t he
bond ing stren gth of the solder connecti on porti on
. The thermosetti ng res in which forms the solder
compos iti on accord ing to the prese nt inventi on
may be any appro pri ate one as descri bed above. Thus
, those ski lled in the art are able to sel ect an
appropri ate therm osetti ng res in based on the
disclosu re of the pres ent specifi cati on, and no
additi ona l exp lanati on is req uired . In one
example where in 



an epoxy res in is used as the main agent, t he
followi ng main agent, cur ing agent and cur ing acce
lerator may be used to obta in a thermosetti ng f lux
materi al. It is noted that the unit "% by weig ht" is
based on the total weight of the the rmosetti ng f lux
mate r ial. Main Agent (fo r example 30 to 40 % by
weig ht) : hyd rogenated bisphen ol A epoxy res in (3
, 4-e poxycycl ohexyl )methy l 3' , 4'-epoxycycl
ohexyl - carboxyl ate (commerci al ly ava ilable as
CELLOXIDE 202 1P fro m Daicel Chemical Ind ustri es ,
Ltd .) bisphenol F epoxy res in bisphen ol A epoxy res
in Cur ing Agent (for examp le 30 to 40 % by weig ht)
: methyl cycl ohexene-d icarboxyl ic anhyd r ide
(tetra hyd romethyl phth alic anhyd r ide) methyl hexa
hyd rophtha lic anhyd r ide Cur ing Acce lerator (for
example 1 to 2 % by weight) :2-phenyl -4-m ethyl
-5-hyroxym eth yl imidazo le 2-ph eny l-4 , 5-d
ihyroxy methyl imidazo le In add iti on to the above t
hree components , the therm osetti ng res in or the
therm osetti ng f lux materi al may conta in the acti
vato r (for example 3 to 10 % by weight) , the solvent
(for example up to 5 % by weight) or the like . Thus ,
those ski l led in the art are able to prepa re an 



appro pri ate the rmosetti ng f lux materi al which
forms the solder compositi on accord ing to the prese
nt inventi on based on the disclosure of the pres ent
specifi cati on, and no additi onal exp lanati on is
requ ired . In one example where in the epoxy res in
is used , the followi ng form ulation may be used for
the therm osetti ng f lux materi al. It is noted that
the unit "% by wei ght" is based on t he tota l wei
ght of the therm osetti ng f lux materi al . Main
Agent (fo r example 30 to 40 % by weight) : hyd
rogenated bispheno l A epoxy res in Cur ing Agent (fo
r example 30 to 40 % by weight) : tetra hyd romethyl
phth alic anhyd rid e Cur ing Acce lerator (for
example 1 to 2 % by weight) : 2-phenyl -4-methyl
-5-hyroxy methyl imidazo le Activato r (for example 3
to 10 % by weight) : m-hydroxybenzo ic aci d Solvent
(fo r example up to 5 % by weight) butyl carb ito
lSolid Res in (for example 3 to 20 % by weight) :
alkyl phen ol modifi ed xyl ene resi n The above therm
osetti ng res in has a cur ing initi ati on temperatu
re above 70 C when blended accord ing to the above
formulati on. Therefo re, whe n an alkyl phenol modifi
ed xyl ene res in havi ng a soften ing temperatu re of



70 C is used as the sol id resi n, the softe ning
temperatu re of the sol id res in is lower than the
cur ing initi ati on temperatu re. The followi ng are
to be noted : In place of the hydro genated bisphe nol
A epoxy res in, (3, 4-epoxycycl ohexyl) methyl 3' ,
4'-e poxycycl ohexyl - carb oxyl ate , a bispheno l F
epoxy res in or a bispheno l A epoxy res in may be
used as the main agent . In place of tetrahydro methyl
phthal ic anhydride , meth ylhexahyd rop hth alic
anhyd r ide may be used as t he curi ng agent. In
place of 2-p henyl -4-m ethyl -5-hyroxym et hyl
imidazo le, 2-ph enyl -4, 5-d ihyroxym ethyl imidazo
le may be used as the curi ng agent . In place of m-h
ydroxybenzo ic aci d, measa con ic aci d may be used
as the activator. In place of the alkyl phe nol modifi
ed xyl ene res in, a fatty aci d amide or a highly
polym erized ros in may be used as the solid resin .In
place of butyl carbitol , methyl carb itol may be used
as the solvent . Amounts of the above alternatively
usa ble com ponents may be the same as those of the
components to be repl aced . When an acid anhyd ride
is used as the curi ng agent , the 



add iti on of the activator may be omitted since t he
aci d anhyd r ide has an activity to remove a solder
oxi de f ilm. When t he sol der compos it ion accord
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 recommendable as one examples of the
therm osetti ng f lux materi al: In the case wherein
the Sn-Ag-C u solder materi al (liquidus curve
temperat ure: 220 C) is used , Wei ght Rati o of metal
materi al (whol e of which may be the solder
particles) to thermosetti ng f lux material = 8: 1 Mai
n Agent: hydrogen ated bisphen ol A epoxy resi n (38 %
by weig ht) Curi ng Agent: tetra hyd romethyl phthal
ic anhydride (38 % by weight) Cur ing Acce lerator:
2-phe nyl -4-m ethyl -5-hyroxym eth yl imidazo le (1 %
by wei ght) Curi ng Initi ati on Temperatu re of Therm
osetti ng Resin: 151 C Activator: m-hyd roxybenzo ic
aci d (10 % by weight)Sol id Res in: highly polym
erized rosin (soften ing temperatu re: 140 C) (13 % by
weight) Note : The unit "% by weight" is based on the
tota l wei ght of t he therm osetti ng f lux materi
al. In the case where in the Sn-B i solder materi al
(liquidus 



curve tem perat ure: 139C) is used , Weight Rati o of
meta l materi al (who le of which may be the solder
particles) to thermosetti ng f lux material = 8: 1
Main Agent: hyd rog enate d bisph enol A epoxy res in
(38 % by weight) Cur ing Agent: tetra hyd romethyl
phth alic anhyd r ide (38 % by weight) Curi ng Acce
lerator: 2-phe ny l-4-m ethy l-5-hyroxym ethyl imidazo
le (1 % by weight) Cur ing Initi ati on Temperatu re
of Therm osetti ng Res in: 151C Activato r : m-hyd
roxybenzo ic acid (10 % by weight) Solid Res in: alkyl
phenol modifi ed xyl ene res in (soften ing temperatu
re: 120 C) (13 % by weight) Note : The unit "% by
weight" is based on the tota l wei ght of the therm
osetti ng f lux materi al. Next, the pres ent inve nti
on wi ll be exp lained with referen ce to the drawi
ngs by means of one example where inan electro nic
part is connected to a circu it substrate , and parti
cularly the electron ic part is mounted onto the circu
it substrate by con necti ng a con necti on electrod e
of the electron ic part to a circu it electrod e of t
he substrate . Fig. 1 schemati cally shows the ste ps
of a proces s of mounti ng an electron ic part by
means of t he con necti ng 



process with solderi ng acco rding to t he present
inventi on when viewi ng fro m a side of the electro
nic part . It is noted that in Fig. 1(d), only a con
necti on structu re with solderi ng is shown in its
cross-s ecti onal view. Fig. 2 schemati cally shows ,
in a cros s-s ecti onal view, a con necti on structure
wi th solderi ng as one embodiment acco rding to the
present inventi on. Fig. 3 shows an exam ple of a
defect which is cau sed throug h a connecti ng pro
cess with solder ing wherei n the conventi onal solder
paste is used . First, with referri ng to Fig. 1, t he
proces s of mounti ng the electro nic part is exp
lained which pro cess is one embodiment of the con
necti ng process with solderi ng accordi ng to t he
pre sent inventi on. The mounti ng process uses the
solder compositi on accord ing to the pre sent inve
nti on as descri bed above and below is use d as a
solder paste , and mounts the electro nic part onto
the substrate by solder-con necti ng the con necti on
electrod e of the electro nic part to the circu it
electrode which is form ed on the substrate .Referri
ng to Fig. 1(a) , the circu it electro de 2 (here
inafte r , referred to as merely "electrod e 2" ) is
form ed on t he substrate 1. The connecti on electrod
es 4 of the electron ic part 4 which is to be mounted
onto the substrate 1 are solder-con nected to the
electro des 2 respe ct ive ly. 



Pr ior to placi ng the electron ic part 4 on the
substrate , the solder paste 3 is app lied to surfaces
of the electro des 2 as shown in Fig. 1(b) . For the
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 a dispen 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, lead
s 4a as the con necti on electrodes which are pre sent
at the both end s of the electro nic part 4 are
aligned wit h the electrod es 2, and t he leads 4a are
placed down on t he solder paste 3 on the electrodes 2
as shown in Fig. 1(c) . By such placi ng down , t he
electron ic part 4 is tentative ly bonded due to the
tacki ness of the solder paste 3. Thereafte r , the
substrate 1 onto which the electron ic part 4 has been
mounted is passed to a refl ow appa ratus , in which
the substrate is heated to a temperatu re which is
equal to or above t he l iquidus curve tem peratu re
of the solder materi al forming the solder parti cles
in the solder paste 3. By means of such heati ng , the
solder parti cles in the solder paste 3 aremelted and
moved so as to gathe r togethe r and thereby a solder
connection portion is form ed as shown in Fig . 1(d)
while the solid res in is changed to be in the
liquid-l ike state followed by the cur ing of the the
rmosetti ng res in, whereby a 



reinfo rci ng res in porti on is formed. Thereafter,
the substrate 1 is removed out from the refl ow
apparatu s so as to retu rn it to be in norm al
temperature , and thereby the solid resi n which has
been chan ged into its liquid-l ike state and the
molten solder mate ria l whi ch 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
formed in the form of an approp r iate f illet which
con nects the electrode 2 and the lead 4a (see Fig.
2). Thus, using the solder paste 3, the con necti on
stru ctu re with solderi ng 5 is formed wherei n the
lead 4a as the conn ecti on electrode of the electron
ic part 4 and the electrode 2 of the substrate 1 are
con nected with solderi ng . Since t he solid resi n
of the therm osetti ng f lux mate r ial contained in
the solder com position 3 changes to its liquidlike
state when t he solder particl es are melted as descri
bed above , t he therm osetti ng f lux materi al
prevents the f lowab ility of the molten solder parti
cles not so severe ly even tho ugh it is heate d to
such a temperatu re that the solder particles are
melted . As a resu lt, the prevention of the self-a
lignment effect of the molten solder materi al
issuppressed , so that an appropriate solder
connection portion is form ed. After the com pletion
of such connecting with solderin g, by means of the
com pletion of curing of the 



thermosetting resi n and the sol idification of the
sol id resin by bei ng cool ed to norm al temperatu re
which resi n has once been in the liquid-l ike state
in the therm osetti ng f lux materi al , the cured
thermosetti ng res in and thus sol idifi ed solid res
in become in a suffi cie ntly r igid state , which
function s as the reinforci ng res in porti on 5b
which covers at least a porti on of a surface of the
solder connect ion portion 5a and rei nforces the
solder connectio n portion 5a. Such con nection
structure with soldering 5 is formed by placi ng the
solder paste 3 between the electrode 2 and the lead 4a
fol lowed by heating the substrate 1 so as to me lt
the solder particles , and then cool ing the substrate
. The structure incl udes as shown in Fig . 2 the
solder con necti on porti on 5a which is formed betwe
en the electrode 2 and the lead 4a, and the rei nforci
ng resi n portion 5b which is form ed of the therm
osetti ng res in cured by be ing heate d and the solid
res in solidified by being coo led . The rei nforci ng
res in portio n 5b covers at least a portion of,
preferably most of, and more preferably substantial ly
all of the surface of the solder connection portion .
The connecting process with soldering as
describedabove compr ises the step of placi ng t he
solder paste 3 havi ng the above descri bed compositi
on between the 



electrode 2 and the terminal 4a, the step of heati ng
the substrate 1 so as to melt the solder parti cles
where in the curi ng rea cti on of t he therm osetti
ng res in is made proceed whi le the sol id res in is
cha nged into its liquid-l ike state , and the step of
sol idifyi ng thus changed sol id resin and the molten
solder materi al by cool ing the substrate 1 to norm
al temperature . In the above heati ng step , it is
parti cularly prefe rabl e that the change of the
solid res in into its liquidlike state occu rs pri or
to the melt ing of the solder parti cles and the cur
ing initi ati on of the t herm osetti ng res in. In
this parti cularly prefera ble embodiment, it is more
prefera ble that the melting of the solde r particles
precede s the cur ing initiation of the thermosetti ng
resi n. That is, it is most preferable that the change
of the sol id resi n into its liqu idlike state occurs
f irst, the melt ing of the solder parti cles occu rs
second , and t he curi ng initi ati on of the therm
osetti ng resi n occu rs last . It is noted that t he
pres ent inventi on, in its bro adest sense, resides
in that , not only the pres ence of t he solid res in
in the solder compos iti on, but also the occu rrence
of its change to be in its liquid-l ike state at a tem
peratu re which is lower than the curing initiation
tem perature of the therm osetti ng resin provi des
the app ropri ate solderconnect ion porti on covered
with the reinforci ng res in 



porti on in t he con nection structu re with solderi
ng. Using the above descri bed con necti ng process wi
th solderi ng accord ing to the prese nt inventi on
suppres ses the occu rren ce of the insuffici ent
connectio n which is likely to be form ed when us ing
the conventional solder paste for mounting a similar
electron ic part 14. For example , Fig . 3 sch emati
cal ly shows , in a cross-sectional view, an exam ple
of the electri c conduction fau lt in the connection
structures with solderi ng formed when a lead 14a of
the electron ic part 14 is con nected to an electrode
12 by usi ng the con ventiona l solder paste wherei n
solder particl es of an Sn-Bi lead-free sold er materi
al are contai ned while no sol id res in as descri bed
above is conta ined therei n and the cur ing of the
therm osetti ng res in tend s to start excess ivel y
ear l ier than the melti ng of the solder particl es .
Referri ng to Fig. 3(a) , the conventiona l solder
paste 13 is supplied onto the electrod e 12 on the
substrate 11, and a lead 14a of the electro nic part
14 to be mounte d is placed on such solder paste 13.
In the refl ow step , the solder parti cles conta ined
in the solder paste 13 are melted by being heated
while the cur ing of t he therm osetti ng res in
proceed s. When the cur ing init iatio n of the therm
osetti ng res in is exce ssively earl ier t han the
melt ing of the solder 



parti cles, the solder parti cles are melted in
thetherm osetti ng resin which has already started its
gelat ion and is under gelling. Thus , the free
movement of the molten solder parti cles is prevented
, so that the molten solder particles do not gath er
and grow suffici ently to wet surfa ces of both of t
he electrode 12 and t he lead 14a. As a resu lt ,
altho ugh a porti on of the molten solder parti cles
13a gath er and spre ad over the surface of the
electrode 12, the rem aining portion of the mo lten
solder particles are kept dis persed in the f lux
materi al 13b in the form of smal l solder bal ls 13a
or in the form of agg lomerates 13a of some small
solder balls as shown in Fig. 3(b) . In such situ
ation , since t he lead 14a is supported by the f lux
materi al 13b which is gel ling, there is no going
down of t hus supported lead 14a toward the electrode
12 which is requ ired for the formati on of a norm al
con necti on with solderi ng . Thereafter, when such
refl ow step is conti nued , no normal con necti on
with solderi ng which encloses the lead 14a is formed
althou gh a porti on of the molten solder part icles
gath er to form a solder materi al porti on 13a over a
surface of the electrod e 12, so that there may occur
the electric condu ction fau lt in which the electrode
12 and the lead 14a are not con nected at all. 



Contrary to the above , using the solder compositi on
in which the solid res in is conta ined in t he
thermosett ing f luxmateri al and the softe ning
temperatu re of the sol id res in is lower than the
curing initiation tem perature of the therm osetti ng
res in accord ing to the pres ent inventi on provides
the followi ng effects: In the refl ow step , even
when the liquidus curve tem peratu re of the solder
materi al for the solder parti cles is highe r than
the cur ing initi ati on tem perat ure of the therm
osetti ng resi n, the effect of the therm osetti ng
res in which has already started its cur ing and is
under curing may be alleviated by the sol id resin
which was already in the liquid-l ike state since the
soften ing (and thus the change into the liqu id-l ike
state) of the sol id resin occurs before the cur ing
initi ati on of the therm osett ing res in, Therefore
, when the liquidus curve temperatu re of the solder
materia l for the solder parti cles is lower than the
curing initiation tem perature , no solder particles
of such solder materi al are not melted in the the
rmosetti ng res in which has started its curi ng and
is in under gel l ing , or when t he liquidus curve
tem perat ure of the solder materi al for the solder
particl es is higher than the cur ing initi atio n
temperatu re, the deg radati on of the self-al ignme
nt effect due to the preventi on of the movem ent of
the molten solder 



particles by means of the gel ling thermosetti ng
resin is supp res sed . Thus, t he occu rre nce of the
defects such as the electric conductive fault may be
prevented which iscaused by the molten solder material
which has not suffici ently extended between the
electrodes so that the objects to be connected have
not been electrical ly conn ected followed by the
solidifi cati on of such solder materi al. Furthe r ,
after the refl ow step , the solder con necti on porti
on is covered by t he reinfo rci ng resi n porti on
which is form ed by solidify ing the cha nged solid
res in t hrou gh coo ling which solid resin remains
compati bilized with the cured therm osetti ng res in,
so that a br i ttl e solder conn ecti on porti on havi
ng a less bon ding stre ngth is rei nforced which
porti on is formed by using a lead-free solder materi
al havi ng a lower melt ing point , whereby connection
reliabi lity of the solder connection portio n is able
to be ensured . Accord ing to the connecting process
with solderi ng of the present inventi on, in the
connecti ng process so-cal led "resi n pre-appl
ication" which beforehand appl ies , to an object to
be connected , a con necti on mate r ial contai ning a
therm osetti ng res in for the formati on of t he
reinfo rci ng resin porti on, the solder compositi on
is used as descri bed 



above which compr ises the meta l mate r ial conta
ining the solder parti cles and the therm osetti ng f
lux materi al conta ining the solid res in havi ng a
temperatu re at which it chan ges to be in t he
liquid-l ike state (prefera bly thesoften ing
temperatu re of the sol id res in) is lower than the
curi ng initi ati on temperature of the t herm osetti
ng res in. Thus , t he occurre nce of the defects such
as the electri c cond uctive fau lt may be prevented .
Such fault occurs when the therm osetti ng res in has
started to cure excess ively earl ier than the melti
ng of the solder particles and such molten solder
materi al has not suffi cientl y exten ded between the
electrodes as the objects to be con nected , followed
by the solidifi cat ion of such solder mate ria l
while they have remain ed electrical ly unconnected .
Examples Production of Solder Paste Vari ous sold er
composition s as the solder pastes were prepared by
mixi ng components in vari ous formulati ons as shown
in Tabl e 1 below. It is noted that each compone nt of
the form ulations is ind icated in a unit of "parts by
weight" in Tabl e 1. The followi ng are to be noted :
As the main agent, a hydrogen ated bisph enol A epoxy
res in was used . As the curin g agent, tetrahyd
romethylphth al ic 



anhyd r ide was used . As the cur ing accelerator,
2-phenyl -4-m ethyl -5- hyroxym ethyl imidazo le was
used . As the activator, m-hydroxybenzoi c acid was
used .As t he solid res in, an alkyl phenol modifi ed
xyl ene res in (commerci ally ava ilable from Fudow
Co., Ltd ., trade name: Nikanol HP-70 , soften ing tem
perature: 70 C) in Examples 1 to 3, while an alkyl
phenol modifi ed xyl ene res in (commerci al ly ava
ilable from Fudow Co., Ltd ., trade name: Nikano l
HP-150, soften ing temperatu re: 150 C) in Comparative
Examples 1 to 3 Fi rst, the sol id resin and the epoxy
resi n as the mai n agent were heated and mixed at a
temperatu re above the softeni ng tem peratu re of the
sol id resin . To thus resu lted mixtu re, the aci d
anhydri de as the cur ing age nt , the cur ing acce
lerator, the act ivato r and the solvent were blended
and knead ed togeth er at a room temperatu re to obta
in the therm osetti ng f lux materi al. A planeta ry
mixe r or rolls were used for such knead ing . The cur
ing initi ati on temperatu re of the therm osetti ng
res in was measured by a diffe renti al scan ning
calori metry (commerci ally ava ilable fro m Seiko
Instru ments Inc . , tra de nam e : DSC6220) with a
tem perature elevation rate of 10C/m in. The cur ing
init iati on temperatu re of the 



therm osetti ng res in was defi ned as a temperatu re
at which a curve sta rts to get away from a basel ine
of the curve where in the curve is a tem peratu re vs.
calori e curve obta ined by the DSC meas urement while
a sample is heated accord ing to the JIS as des cri
bed above .The 42Sn-58 Bi solder particl es (commerci
al ly avai lable fro m Mits ui Kinzoku , trad e name;
solder powder, average diameter: 0 .03 mm, melti ng
poi nt : 139C) were blended with thus obta ined therm
osetti ng f lux materi al at a room temperature with a
planetary mixer to obta in the solder paste . A weight
ratio of the solder particles to the therm osetti ng f
lux materi al was 83: 17. O: succes s in test, X: rej
ecti on in test ) The overa ll estimati on cons iders
the number of the solder balls and the bon ding stren
gth test . When theboth tests are passed , "O" is indi
cated . On the oth er hand , when at least one of the
both tests is not passed , "X" is indicated .
Connecting with Solder Paste Using a meta l mask
having a thickn ess of 100 mm and open ings (size: 0.4
mm x 0.5 mm), thus obtain ed solder paste was applied
on electrodes form ed on a substrate (FR4 substrate
havi ng a thickness of 0.6 mm) with a pri nter.
Electron ic parts (1005 chip) were placed on the pri
nted solder paste layers on the electrod es 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
parti cles, followed by coo ling the substrate to a
room temperat ure, so that the electro nic parts were
mounted onto the subst rate . Esti mation of
Connection Structure with Solderi ng (Bond ing Stren
gth Test of Connect ion Stru ctu re) Using a tool havi
ng a wed ge form edge , a force was appl ied to the
electron ic part so as to separate the part, and a
shear force when the part was sep arated (a so-ca l
led shear stren gth ) was measu red. The too l had an
edge angle of 60 , and it was moved at a speed of 100
mm/m in. Fort he measu rement , a ten sile testi ng
mach ine (commerci ally avai lable from Aiko Eng
ineeri ng Co ., Ltd ., trade nam e: 1605 HT P)
equipped with a load cell of 50 N was used. As a
Comparative Exam ple, us ing a solder paste (commerci
ally ava ilable fro m Tamura Corporati on, trade name:
LFSOLDER40 1- 11, incl udin g Sn-B i eutectic solder
materi al) in place of the solder paste accord ing to
the pres ent inventio n, the electro nic parts were
similarly mounted and the shea r strength was
similarly mea sured . The shear stren gth of the
Comparative Example was 29 N. Based on such strength ,
it was determ ined that when t he connecti on stru
cture wi th solderi ng has a shear 



stre ngth which is as at lea st 1.5 t imes as that of
the Comparative Example, such stru cture passes this
bon ding strength test. The shear stren gth s of the
connection structu res with solderi ng - form ed by
using the solder com position s accord ing to the
present inve ntion were measured , and all of the stru
ctures passed the bonding strength test as shown in
above Table 1. That is, the shear strength was not
smaller tha n 44 N in each of the Examples . Thus , it
has been found that the con nection stru ct ure with
solderi ng obtai ned by using the solder paste accordi
ng to the pre sent invention has a sufficient bonding
strength .(Solder Bal l Number Test) Using a micro
scope , the balls of t he form ed conn ecti on stru
ctu re with solderi ng aro und the electron ic part
con nected as descri bed above were cou nted . It was
determ ined that when the number is not larg er than
two, the con necti on stru ctu re passe s the solder
ball number test. The results are shown in above Table
1. Indu stri al App licability of the Inventi on The
solder compos iti on and the connecti ng process with
solder ing accord ing to the prese nt inventi on
ensure t he suffi cient bonding stren gth while
suppres sing the occu rre nce of the defects such as
electri c con ducti on fau lt , 



and therefo re, they and also the con necti on stru
ctu re with solderi ng accord ing to the present
inventi on can be used for the applicati ons where in
an electro nic part is mounted onto a substrate with
solderi ng. Parti cularly , by using , in the prese nt
inventi on, a leadfree solder mate r ial havi ng a
lower melt ing point, esp eci ally an Sn-Bi solder
materia l as t he solder materi al for t he solder
parti cles , the followi ng adva ntag es may be provi
ded. Recently , acco rding to the req uests as to the
envi ron menta l protecti on, the lead-fre e solder
materi al has mainly been used in the electron ic
industri al f ields . An Sn- Ag-Cu solder materi al
which is gen era lly used has aliqu idus curve
temperature of 22O C which is rather higher when
compared with that of the conventional Sn-P b eutectic
solder material . Therefore , it is diffi cult to
apply such lead -free solder material to a substrate
or an electron ic part of which allowable tem perature
limit is low. To the contrary, an Sn-B i sold er
materi al has a l iquidus curve temperatu re of 139C,
and thus it is expe cted that such sol der material is
app licab le to an electron ic part of which allowa
ble temperature limit is low (such as a CCD, an
aluminum electro lyti c capacito r or the like) . On
the other hand, the Sn-Bi solder materia l is
relatively mechan ical ly brittl e, and also it is
difficult for 



such solder material to form a solder connection
portion havi ng an appropriate form through the reflow
step when usi ng with the convention al solder paste
as described above , so that the con nection reliabi l
ity is not sufficient and therefore the field to which
the Sn-B i solder materi al is appl icabl e has been
limited . When such Sn-B i solder materi al havi ng
the above menti oned features is used in the form of
the solder paste in which the therm osetti ng f lux
materi al incl ud ing the solid res in is mixed accord
ing to the pre sent inventi on, the fie ld to which
the Sn-B i solder material is appl icable is greatly
broadened . With the solder compos ition , for exam
ple the solder paste according to the present
invention , the2 44 red uction of the flowabi lity of
the the rmosetti ng f lux materi al due to the curi ng
of the therm osetti ng resi n in the refl ow step can
be compensated by the sol id resi n which has been cha
nged to its l iquid-l ike state and functi ons as a
plasticizer. Particularly, by appropriately setting
the relative relationsh ip between the curing
initiation tem perature of the thermosetting resin and
the soften ing temperature of the sol id resin as the
plasticizer, the flowabi l ity of the molten solder
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 mo lten solder
particles is prevented by the therm osetting f lux
material is lowered , so that the solder conn ection
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 therm
osetting resin and the sol idified sol id resin ,
which com pensates the ins ufficient bonding strength
of the Sn-B i solder material , so that the connection
rel iabi lity is improved . The present invention thus
provides a connecting process in which the Sn-Bi
solder material as a low melting point solder material
is industrial ly appl ied, so that such process expan
ds its appl icab le f ield to the substrates ,
theelectron ic parts and the like of which allowab le
tem peratu re is low as descri bed above . Simu
ltaneously , an add itional adva nta ge is expected in
t hat the heat ing temperatu re of the reflow step can
be set at a lower temperature so that for example the
number of pre heati ng stages may be redu ced , the
reflow apparatus may be more com pact, and/or t he
elect r ic power consumpti on may be decre ased .
Further, there is no need of a costly conventional 



con necti ng process in which connecti ng with solderi
ng at a low tem perature is req uired due to the
allowable tem peratu re upper limit of heati ng , such
as a process wherei n an Ag paste is used which
contains silver powder in a res in adh esive , or a
solderi ng proces s in which loca lly heating by means
of laser beam or Softbea m so as to conn ect ind
ividually with out heati ng a who le substrate, so
that neith er costly materi al nor 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 temperatu re of the low melt ing point
lead-free solder materi al is cons idera bly lower
than that of the Sn-Pb eutecti c sol der materi al
(189 C) , it is possib le to use a materia l havi ng a
low al lowab le tem peratu re which has been con
sidered to be unusable (for example a less expensive
material such as a paper-ph enol resi n materi al),
and there is no need of a costly material such as a BT
(bisma leimide-triazine) resin , which res ults the
redu cti on of the materi al cost.CLAIMS 1. A sol der
com pos ition which compri ses : (1) a meta l materia
l compri sing solder parti cles , and (2) a therm
osetti ng f lux materi al comprisi ng a thermosetti ng
resi n and a sol id resin which changes to be in its
liquid-l ike state whe n heated wi th a proviso that
the 



therm osetting resin is excl uded from the sol id
resin , wherein a tem perature at which the sol id
resin changes to be in the liquid-l ike state is lower
than a temperature at which the thermosetting resin
starts to cure . 2. The sold er com pos iti on accord
ing to claim 1 wherei n a tem perature at which the
sol id resi n chang es to be in the l iquid-l ike
state is a softe ning temperatu re of the solid resi
n. 3. The sold er compositi on accord ing to claim 2
wherei n the softe ning temperatu re of the solid resi
n is lower than the temperature at which the
thermosetti ng resi n starts to cure by at least 10 C.
4. The solder compos ition accordin g to any one of
claims 1 to 3 where in the temperature at which the
solid res in changes to be in the liquid-l ike state
is not highertha n a Iiquidu s curve temperatu re of a
solder materi al of the solder parti cles. 5. The
solder compos ition accord ing to any one of claims 1
to 4 where in a solder materi al which form s the
solder particl es conta ins t in and bismuth . 6. The
solder compositi on accord ing to any one of claims 1
to 5 wherei n it is in the form of a paste . 7. The
sol der compositi on accord ing to any one of claims 1
to 6 where in the therm osett ing res in compri ses : 



at least one as a main agent selected from the group
con sisti ng of an epoxy res in, an acryl ic res in, a
ureth ane resi n, a pheno l resin, a urea resi n, a
mel amine res in, an unsaturated polyester resin , an
amine resin and a si licon e resin; and at least one
curi ng age nt which cures the main age nt. 8. The
solder compositi on accord ing to any one of claims 1
to 7 wherei n the solid res in compr ises at least one
sel ected from the group consistin g of a terpen e
resi n, a xylene res in, an amorp hou s ros in, an
olefi n resin, an acry lic res in, an ami de resi n, a
polyester res in, a styren e resi n, a polyi mide res
in, a fatty acid derivative wax, ahigh ly polymerized
rosin and a fatty acid amide . 9. The solder com pos
ition accord ing to clai m 7 or 8 where in the solid
res in is compati ble with the main agent. 10. A con
necti ng pro cess with solder ing in which an
electrode as a f irst electrod e is con nected to oth
er electrode as a secon d electro de, compr ising the
steps of: locati ng the solder compos iti on accord
ing to any one of claims 1 to 9 between the f irst
electrode and the secon d electrode ; heati ng these
electro des and the solder compositi on so as to melt
the solder part icles where in the sol id res in is
changed into its liquid-l ike state while a cur ing
rea cti on of 



the therm osetting resi n is made proceed ; and sol
idifying said sol id res in and molten sol der
material . 11. The con necti ng process accord ing to
clai m 10 where in the f irst electrode is a
connection electrod e of an electro nic part, and the
second electrode is a circu it electrode form ed on a
substrate . 12. A prod ucti on pro cess of a substrate
which has an electron ic part thereo n, compris ing
the ste p of connect ing the electro nic part to the
substrate using the connecti ngproces s with solderi
ng acco rding to claim 11 13. A conn ection structu re
with soldering between an electrode and oth er
electrode which stru cture is formed by using the conn
ect ing process wi th solderi ng accord ing to clai m
10 or 11, com prising a solder connecti on porti on
con necti ng those electrodes, and a rei nfo rci ng
resi n porti on which is made of the solidifi ed sol
id res in and t he cured the rmosett ing res in. 14.
The con necti on stru ctu re with solderi ng accord
ing to claim 13 wherein t he reinfo rci ng res in
porti on covers at least partly a surface of the
solder con nection porti on. 


