i 21 JUNE 2004 DESCRI PTI ON CURABLE FLUX, RESI ST FOR SOLDERI NG :
SEM CONDUCTOR PACKAGE AND SEM CONDUCTOR DEVI CE REI NFORCED W 3 BLE
FLUX AND PROCESS FOR PRODUCI NG THE PACKAGE AND THE DEVI CE TECHN LD
The present invention relates to a curable flux, a resist for soldering, a
sem conduct or package reinforced wwth the curable flux, a sem conductor
device reinforced with the curable flux and processes for producing the
sem conduct or package and the sem conductor device. Mre particularly, the
present invention relates to -a PESURPTION which works as a flux during
bondi ng of solder balls to a sem conductor package and bondi ng of the

seni conduct or package to a printed circuit board with sol der and

reinforces the sol dered portion after being cured by heating after the

sol dering, &EBARaK Y& REAISAYEOFIOLIIERT Noh HIVIGC ONDIKET @8I nf or ced
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The present invention relates to a curable flux, a resist for soldering,
a semiconductor package reinforced with the curable flux, a semiconductor
device reinforced with the curable flux and processes for producing the
semiconductor package and the semiconductor device. More particularly,
the present invention relates to a curable flux which works as a flux during
bonding of solder balls to a semiconductor package and bonding of the
semiconductor package to a printed circuit board with solder and
reinforces the soldered portion after being cured by heating after the
soldering, a semiconductor package and a semiconductor device reinforced
with the curable flux and processes for producing the semiconductor

package and the semiconductor device.

BACKGROUND ART

As the electronic instruments are recently exhibiting higher
functions and having lighter weights and smaller sizes, electronic
members are more highly integrated and mounted in the instruments in a
higher density. Semiconductor packages are becoming smaller and

having a greater number of pins.




| 21 JUNE 2004 Since sem conductor packages of the conventional f6rm using
lead frames are approaching the limt of inprovenent, novel $py &?004
packages of the area nounting type.such as the ball grid array E@l and
the chip scale package (CSP) are proposed as the package having chips
nounted on a circuit substrate. In the sem conductor packages, various

met hods such as the tape automated bonding (TAB) nmethod and the flip chip
(FO nethod are practically used as the nethod for electrically connecting
el ectrodes of ay ' chip . wthtermnal s, of substrate which is
constituted wi ? ﬁﬁ%i&gﬂ%&‘@%{@g %‘Hﬁaﬁseﬁlogttﬁlﬁgcoﬁé’tegﬁogpgf%‘i?&H"Sé%g eadti cs and
ceram CS &lfin i : I i1 I ubstrate,called a
printed ci rcu% gﬁ%g?ﬁd&}alﬁgtﬁﬁl?éjygmr%ﬁg%? %Al}%{ﬂlljé%tgﬂgf" &B@mgno&ap@ggaggg ng the
FC net hodofitke pr@pasRhtShREfpd e ast LR!
decreasing the size of thg]e @Jem' condﬁg?g?agggﬁggiﬁagg?%%(?g%e §%’f and CSP
to a prinsede piackage (BSR) dre pedpdesd ag thy Padlage Dekind HKiFBIMYneglfer ball's
is used. For the soldering, a flux is used and a sol der paste is used
occasi onaRIcirci: sdrdstatet i dn the sepacariduwkar packdesseddels BrkhodSswded
because the %érmunt of supplied solder can be easily controlled and a

hi gher, bRfnfPeatife ademadedybonding (TP meetdotldendbitid fiip ehigr GC)er
anount . Th%\kgo deri n? IS requg&nt |y used for electric and mechani cal
bondi ng bBYReh Aeebfadifadlyorsed sasithe vagthet fonigeetmitallyeconmmtingof a

Gener al , deFtifer §F A stisr Ry toE Cha it BTBITP dbr mghsiByteushing it he 1 U
faced 1o ¢ Re Eu R aME R bl Bhddr AR inE Feucnh Ty auPkabesopd
ceramics and electrically conductive wiring, i.e., a substrate called a
printed circujt board. Recently, many structures of BGA and CSP using
the FC method are proposed since these structures are advantageous for
decreasing the size of the semiconductor package.
For mounting BGA and CSP to a printed circuit board, soldering
using a bump formed by solder balls is used. For the soldering, a ﬂuxris
used and a solder paste is used occasionally in-combination. In particular,
the solder ba]l is used because the amount of supplied solder can be easily
controlled and a higher bump can be formed by supplying the solder ball in
a greater amount. The soldering is frequently used for electric and
mechanical bonding between electrodes of a semiconductor chip and
terminals of a printed circuit board in the process for preducing BGA and
CSP.
In general, a flux for soldering is used in the soldering. By using
the flux, foul substances such as oxides on the surface of a metal of an
electrode faced to the surface of the solder are removed and the surface of

the metal is prevented from being oxidized again during the soldering so




the nmetal is prevented from bei ng oxidi zed agai n during the soldering so 2
21+'JUNE' 2004 that the surface tension of the solder is decre

nelted solder can wet the surface of the netal easily. As tﬂ%ﬁ?Pﬁﬂ??é@@
sol dering, heretofore, a flux prepared by adding an activator for renoving
oxide films to a thernoplastic resin-based flux such as rosin has been
used. However, when the flux is left remaining after the soldering, a
problemarises in that electric insulation is adversely affected and

{ner mopt 2aPit R Bhalt PR R0 PR Rniine BARYaolen n 1 ne

thernopl astic resin and 1solation or actiVve

conditio i u I hugl, dit.y . ercone the
pr obl em rlccaﬁ{r rvgent{.'Itg;Q %ﬁ?ﬁ?gdﬁ}gﬁ q?%l?; g%%g}. the g}%ﬁyéleu}{)r%yissoﬁ?eerﬁ%ed by

washi ng. Hdawestete, 4 hax\Wrepand hpadaitli ayhagkaid Hh %mwﬁlgd&ﬁﬁé $8p causes

a problemin the environnment and the cost increases due to t washi ng

step. As testhdineeplabioy egsihtimstd s oiclDis tden Hawbded gedl enove oxi des on
the surfaces of the solder and the netal, to prevent the surface from being -
oxi di zed agai nHaweven whpnotle fhe wetefinpmaiopeg tafter the tdedaohgen. Wen
the flux is present and the surface of the nmetal is exposed, the entire
porti ons I¥Pbiare guiseacia dhetwelectic winsthlatien sisl ddvewmielshoaffeatedt nihdt i on.
Therefore, in,general, a solder resist_is used on the surface of circuits
ina serﬁoﬁm%‘?}bt‘bé tgﬁcﬁﬁ’d’ée@rwanﬁﬁ tekes cplpeei dup oty deebingiaof tthe

i ntroduction o solder.is limtegd tq the saldering portion and the

pattern & efwgpfaeﬁ%’ggf?ﬁlﬁaqrﬂ/ i @ﬁ&‘&@t P8 i1ABS pht the ACtiaaroiedhed.
port 1 on. “SRaRdLEE R thBR v ndEh bR LD b dbeer i or at es
and the bRRHIRY P¥rblfly, the residual flux after the soldering is removed by

washing. However, the washing has a drawback in that the detergent

causes a problem in the environment and the cost increases due to the

washing step.

As described above, the function of the flux is to remove oxides on-
the surfaces of the solder and the metal, to prevent the surface from being
oxidized again and to improve the wetting property with the solder.
When the flux is present and the surface of the metal is exposed, the entire
portions of the surface are wetted with the solder without restriction.
Therefore, in general, a solder resist is used on the surface of circuits in a
semiconductor package or a printed circuit board so that the introduction
of the solder is limited to the soldering portion and the pattern of the
electrically conductive wiring pattern is protected. However, when the
solder resist is left remaining in the soldering pdrtion, problems arise in
that the reliability of the bonding deteriorates and the bonding by the
soldering fails. Therefore, the solder resist must be formed with a great

care.




soldering fails. Therefore, the solder resist nust be formed with a great
care. 3'l 21 JUNE 2004 As the sem conduct or package becones szrﬁbbg[EMhas
a greater nunber of pins, bunps becone snmaller and there is the
possibility that the strength and the reliability of the bonded portion
decrease. To increase the reliability of the portion bonded with bunps, it
Is studied that the portion bonded with bunps is seal ed and rei nforced by
filling the gap between a sem conductor chip and a substrate with an

insul ating resids tleakémdcamusbsiephiltdge bowanes snidlies 4l MAd Hasestepr Obl em
in that a step of filling the gap with the underfill and curi'ng the under
fill is nocesherof ping, buinps letepersempileresnd tlsaphs she passidiligcieltagy. The
production process = becones conplicated and the cost increases. The present
i nvent i onsHEESkR a1l tee refiabilisyiofithg kondedapdntion dscrenke.chTodnksaas a fl ux
during bo ,solder. balls to a sem cqonductor  package and bondi ng of

I ng..of .
the seni cgﬁ%lf lIBLﬂHé(C‘R tee poriop honded with fugpsddria studieds shaethand
rei nforces the sol dered.portion after. being cured b heating_after the
sol deri ng?"ﬁ“%%ﬁ?loé’giﬁ&uﬁff@’r %ﬁé’&%@% SP@ler%'f 8P e@lqurﬁeg ty Dlbpgpihe grmix, a
sem condu [ Lt ed with,the rapl e .fl ux and rocesses for
produci ngﬁ{eﬁ%e%g\r‘% %egﬁg‘ﬁ& 8?{0%a%klggéen%r?ds ﬁ%rggemwc} qie tiulatiag; s
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present 1 nventors to achieve t ove 0Dj ecC , in the

mount 'g ng %ﬁielﬁ% Fl;eégigﬁg gﬁgﬁtﬁﬁé unfREAAYHd AnIRERRS uhdBP APy A£S! N
~this step requires a sophisticated technology. The production process
becomes complicated and the cost increases.

The present invention has an object of providing a curable flux
which works as a flux during bonding of solder balls to a semiconductor
package and bonding of the semiconductor package to a printed circuit
board with solder and reinforces the soldered portion after being cured by
heating after the soldering, a semiconductor package reinforced with the
curable flux, a semiconductor device reinforced with the curable flux and

processes for producing the semiconductor package and the semiconductor

device.

DISCLOSURE OF THE NTION

As the result of extensive studies by the present inventors to achieve
the above object, it was found that, in the mouﬁting of a semiconductor
package, a composition comprising a resin having a phenolic hydroxyl
group and a curing agent for the resin exhibited an excellent property as
the flux for soldering, did not require removing the flux after the soidering

and worked as a reinforcing material of a semiconductor device when the



group and a curing agent for the resin exhibited an excellent property as
the flux'for soldering, did not require renoving the flux aft b 004
soldering and worked as a reinforcing material of a sem con uc#or devi ce
when the 4 21 JUNE 2004 flux was cured by heating. The present invention
has been conpleted based on this know edge. The present invention
provides: (1) A curable flux which works as a flux during soldering and as
a reinfgrcing mteri IlIor.a S ered portion after heing cured by heating
2nd’ CconfrroRes RURH Bk hoRtitng bEROrTEBITR Bhetsene BRIt agent

B) for {1, urable flux described in (1), wherein resin (A
havi ng pherg) bR S AeE ot o

havi ng p F OX giroup is a phenol novol ak resin, an al kyl phenol

novol ak resi nyyy; G ovol ak resin, a phenol aralkyl resin,
2 pregéﬂéﬁ?fweh&op;@ggg&

a resol resin or ‘a. polyviny . (3) Acurable flux described in (2),

wher ei n @)pohybyeitils MRLNPhiche Wil t 4 Iangluhaupigl yQé{ﬂ%& rgo%ﬁ%s npvol ak
resin is catechol, resorcinol, hydroquinone, hydroxyhydroqui none or

pyrogal | pdinfdrding’maeribl forfd slddrsThodRe dffer(HdingWiSEE LY Hedginy 4/ havi ng
phenolic hydroxyl group has a softening point o? 30 to 150C;, (5) A curable
f1ux descomhpedes megih) (Avihevieignpleandlivghpdreny] £B)up andreapexeespBPUND or an
i socyanat e conpound; (6) A curable flux described in (1), which further
conpri sefordbeaspdy’ anti oxi dant (C); (7) A curable flux described in (6),
wherein l)lr %I e a {i ?f(i dant (O .i.s &) conmpound havj ng benzylidene

struct ur'® curable flux described in wherein resin (A) having phenolic

hydroxyl group is a phenol novolak resin, an alkylphenol novolak resin, a

polyhydric phenol novolak resin, a phenol_ aralkyl resin, a resol resin or a.

polyvinylphenol;

(3) A curable flux described in (2), wherein a polyhydric phenol

constituting the polyhydric phenol novolak resin is catechol, resorcinol,

hydroquinone, hydroxyhydroquinone or pyrogallol;

(4) A curable flux described in (1), wherein resin (A) having phenolic
~ hydroxyl group has a softening point of 30 to 150°C;

(5) A curable flux described in (1), wherein curing agent (B) is an epoxy

compound or an isocyanate compound;

(6) A curable flux described in (1), which further comprises curable

antioxidant (C);

(1) A curable flux described in (6), wherein curable antioxidant (C) is a

compound having benzylidene structure;

(8) A curable flux described in (7), wherein the compound having

"benzylidene structure is a compound represented by general formula {1]:




(8) A curable flux described in (7), wherein the conpound having

benzyl i déne 'structure is a conpound represented by general (# %'45
21 JUNE 2004 R6 | C- 11 | R7 wherein R1, R3 and R5 each |ndepen en ?y
represent hydrogen atom - hydroxyl group or carboxyl group, R2 and R4 each
i ndependently represent hydrogen atomor an al kyl group, R6 and R7 each
i ndependent|y represent hydrogen atom methyl group, hydroxyphenyl group
or carboxyphenyl group; (R ARuraple flux described in (8), wherein the
conmpound represented by g€ | fokmul a [1] is ethylidenedi phenol or
phenol pht hal i n; (10) qu'accordlng to Caim6, wherein curable
antioxidant (C is 4,%"¢ endbisbhenyl gl ycidyl ethdrl (11) A curable
flux described in (1), whic rks hs a flux during soldering and as a
reinforcing material for portion after being cured by heating
and conprises conpound (D) having phenolic hydroxyl group and dispersed as
fine crystals and curing agent (E) for conpound (D); (12) A curable flux

amal 1 er s Vs AR REFLR S Wch BRopEHALALD RIS ITRLER Blos Ther i n
a cont achydang/erbeh WeeRridig 1 ikbbtp, i 12 §nm4@£hcﬂa@bﬁzh95hﬂﬂ?geﬁre§gﬁg ace of a

solder is 5
hydrogen atom or an alkyl group, R® and R7 each independently represent

hydrogen atom, methy! group, hydroxyphenyl group or carboxyphenyl

group:;

(9) A curable flux described in (8), wherein the compound represented by

general formula [1] is ethylidenediphenol or phenolphthalin;

(10) A curable flux according to Claim 6, wherein curable antioxidaﬁt (C)

1s 4,4 -ethylidenebisphenyl glycidyl ether;

(11) A curable flux described in (1), which works as a flux during
. soldering and as a reinforcing material for a soldered portion after being

cured by heating and comprises compound (D) having phenolic hydroxyl

group and dispersed as fine crystals and curing agent (E) for compound

(D);

(12) A curable flux described in (11), wherein the fine cry'étals have a

diameter of 50 pm or smaller;

(13) A curable flux described in any one of (1) and (11), wherein a contact

angle .between the flux in a melted condition and a surface of a solder is 5

to 60°%

(14) A curable flux described in any one of (1) and (11), which has a melt

viscosity of 0.1 mPa-s to 50 Pa-s at a temperature during soldering;

(15) A curable flux described in any one of (1) and (11), which has a gel .




to 600; (14) A curable'flux described in any one of (1) and (11), which has

a melt " viscosity of 0.1 nPa-s to 50 Pa-s at a tenperature dugq E 2
sol dering; (15) A curable flux described in any one of (1) and ?%% %ﬁch
has a gel 6 21 JUNE 2004 tine of 1 to 60 mnutes at a nelting point of a
solder; (16) A resist for soldering which is applied to coat a circuit
pattern having a land for placing solder balls, is cured by heating after
sol deri na with the solder balls_ by solder reflow and works as a resist for
the circhife phl te AR, mimytes gt aemieling ppinfoifdesdlder;descri bed in (16), which
forns a yiRng-shaped,. nmeniscus ground a portion for soldering and is cured
into a f% s‘géﬁglﬁﬁﬁftf 50? 1% 81?é%?léﬁh?%f’%‘f%t@e@ﬂaﬂ!i@Ia‘é!‘@mdlaﬁmgi on; (18)
A sen co kage i ch,conpris a, curabl e flux describhed in any of
(1) to (g%ﬂﬁ% r B g%l}éfég%apg, hso%‘{regﬁ’ye%%%’é%i afierrogldeTane with Hoa t,
wor ks asgfq&t yxeh ' i l.der i i t hy sol der. balls, forms a
ri ng-sha%eg rrgﬁli gfggs%%zg(?egﬁﬂr? gﬂ%%friﬁ%orﬁg %ra Eéﬁ%%rﬁae&ffﬂlﬁgpaz%‘?‘a’éri ng and

s curediy heakiag i SRR LD (10e Pablab:hal ) sysecifials a portion

soldered with the solder balls is reinforced wt e cure (19) A
seni condmehfscuderband W eGP doddsring audablcardd Witodegiht BRE, kRat any of

(1) to (15) which is applied to coat a printed circuit board having a |and
f or sol didre qgedweslss remfardek uxsalfleredl wtationg duri ng sol dering, forns a

ri ng- shaped nmeni scus around a portion for soldering during soldering and

i s curedlfy Heaemepraiucser packags whi¢ngompriseata ausdilddheddpsyribean i s

rei nforced w tgﬁéhe cured. flux; (20) A sem conductor device described in

(19), wh@amnot (ld tedlabrhieh pappliedisproatcn exeased samfantdfrecisanitace of the
printed v%xrkcsu!ag ab?laurxdop g(\)/lldgginag during soldering with solder balls, forms a

ring-shaped meniscus around a portion for soldering during soldering and
is cured by heating after soldering with the solder balls so that a portion
soldered with the solder balls is reinforced with the cured flux;

(19) A semiconductor device which comprises a curable flux described in
any of (1) to (15) which is applied to coat a printed circuit board having a
land for soldering, works as a flux of soldering during soldering, forms a
ring-shaped meniscus around a portion for soldering during soldering and
1s cured by heating after the soldering so that a soldered portion is
reinforced with the cured flux;

(20) A semiconductor device deseribed in (19), wherein the curable flux
1s applied to coat an entire surface of the printed circuit board having a
land for soldering and is cured by heating after the soldering so that the
cured flux works as a resist for the printed circuit board;

2D A process for producing a semiconductor package which comprises
coating an exposed surface of a circuit with a curable flux described in any

of (1) to (15), placing solder balls on the exposed surface, bonding the solder



l.and’ for soldering and is cured by heating after the soldering so that the

cured flux works as a resist for the printed circuit board; (ZLIUNEPS O£ S S
for producing a sem conductor package which conprises coating an exposed
surface of a circuit with a curable flux described in any of (1) to (15),
pl aci ng sol der balls on the exposed surface, bonding the solder 7 21 JUNE
2004 balls to the exposed portion by reflow and, after formng a

1o by Ralei QU §3p8%% PRl B ctime Gl ity Lifhingruustiophaekage
whi ch ' f f ' ble f d i bed i f
(D) “Co” (LBFRouT udhEl, 8, phFART BF " 10¥efnl  Buly o e BRI B e Sof dor

bal | s havipgtihBe transferred curable flux on a |and portion; a step of
soldering the solder balls to the land for placing the solder balls by

sol der refdDw ARG oo Qréduﬁﬁgias&ﬁﬁic%ﬁﬁcﬁog%a%ﬁﬁgg léhibh lt’:ﬁmgjrx'fsilé'g qa

portion soldered with the solder balls; and a step of curin e ‘curabl e
flux by hempi ofj temdfenting 5 tcuvabler fuk ndesehibell fhanpost (DNt elsered with the
solder balls is reinforced with the cured resin is constructed; and (23) A
process fprespribédcimguat sesblendudiscandpparing the wolddr sAlPhhseg t1RPP! yi ng a
curable flux described in any of (1) to (15) to coat a printed circuit
board, plHénstersed chsablgaflux pnsatnndmiwtivoi apsiekagfesdldening thel sbéder bal | s on

boar d by el Bt i alarhg warate tllhbgollenss ey AeaprEnginal od
(25) Hi mﬁ%%%s%%s v(rﬁtg)th%l (i:unxja% é[ %%x around a portion soldered with the solder
balls; and a step of curing the curable flux by heating so that a structure in
which the portion soldered with the solder balls is reinforced with the
cured resin is constructed; and
(23) A process for producing a semiconductor apparatus which comprises
applying a curable flux described in any of (1) to (15) to coat a printed
circuit board, placing on the board a semiconductor package having solder
balls on an electrode portion of a chip, bonding the solder balls to a land of
the board by reflow and curing the curable flux by heating.
(24) Eliminated
(25) Eliminated

(26) Eliminated

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
' INVENTI |
The curable flux of the present invention works as a flux during the

soldering and then as a reinforcing material after being cured by heating.



THE MOST PREFERRED EMBCDI MENT TO CARRY OQUT THE | NVENTI ON The curabl e fl ux
of *'the present invention works as a flux during the solderi R@ggglgg@&as
a reinforcing material after being cured by heating. 8 21 JU y
using the curable flux of the present invention, substances affecting
adversely such as oxides on the surfaces of soldering and in the solder are
renoved so that the surface of soldering is protected and the sol dering
material is purified so that an excellent bonding having a great strength
can be foByedsingt thes cafible€bes sdrthet fr@kehd eneattadi, esiflstxn@s 4fectRigesent
invention is renoved by washing. Wen the flux is heated w t hout

addi t i onahdvematymeunils as bhslels|anxthe sexfaver tfesbldeting anidhinethediotdaisaanal | y
crosslinked resin which works as a material reinforcing the sol dered
portion. Wreoved ablhat| the sfirfape ofrseddaring iy enmoieted andoehe snklering ed wit h
resin (A) having_phenglic hydroxyl group and_curing agent (B) for the
resin. F@ﬁtﬁﬂ@g s Ravified $h e axpetlend boydimgphaseg 3 greHesipengidnt

i nvention is.no articularly limted. Exanples qf the resin include phenol
novol ak fr‘aégibﬁs,orﬁméw §héﬁd}0trfa%ﬁ%<ryr tatnthe 53@#49 WE Ogﬁbﬁdrreﬁwol ak

ins, henol aral kyl ' I ' d | yvi ins. :
The. phencit ROUBFais FEbioet: ke Hriihon B HosBF el CRcle HOMHaL THEhoBEl yhyar i c
h I ; ' ht gi Asat i f |
21y phorafiEibaf SrEpGRCAT (B8 ALERS MBI w Tl PR oalfhe 1 1

the presefegsiehkén GREA %ehichEXRAFRE 65 &f _lﬁgfergﬁkyéiﬁlhgﬂ- e Y869 d18eide

present invention include phenols substituted wt yl groups such as
cresol angpptidienol and conmpounds in which hydroxyphenol groups are

The curable flux of the present invention can be constituted with
resin (A) having phenolic hydroxyl group and curing agent (B) for the resin.
Resin (A) having phenolic hydroxyl group used in the present inventioﬁ 18
not particularly limited. Examples of the resin include phenol novolak
resins, alkylphenol novolak resins, polyhydric phenol novolak resins,
phenol aralkyl resins, resol resins and polyvinylphenol resins.

The phenol novolak resin, the alkylphenol novolak resin and the
polyhydric phenol novolak resin can be obtained by condensation of phenol,
an alkylphenol and a polyhydric phenol; respectively, with formaldehyde
in the presence of a catalyst. Examples of the alkylphenol used in the
present invention include phenqls substituted with alkyl groups such as
cresol and xylenol and compounds in which hydroxyphenol groups are
bonded to alkylidene groups or cycloalkylidene group such as 4,4~
isopropylidenediphenol (bisphenol A) and 4,4’;cyclohexylidenediphenol.
Examples of the polyhydric phenol used in the present invention include
catechol, resorcinol, hydroquinone, hydroxyhydroqﬁinone and pyrogallol.

Among these polyhydric phenols, catechol and resorcinol are preferable.



bonded to al kylidene groups or cycl oal kylidene group such as 4,4"-

i sdpropyl i denedi phenol (bi sphenol A) and 4, 4" -cycl ohexyl i denesl JiRiPLe04
Exanpl es of the pol yhydric phenol used in the present invention I nclude
cat echol, resorcinol, hydroqui none, hydroxyhydroqui none and pyrogall ol .
Among these pol yhydric phenols, catechol and resorcinol are preferable. 9
21 JUNE 2004 The phenol aral kyl resin can be obtained by the reaction of
renoving methanol froma, a'- dinethoxy-p-xylene and phenol in the

presencerst ARendlChllky? 2b8hy ha POIGHESRRL Bgsma fafbeRs QPLALARARY the

reaction of phenol and formal dehyde in the présence of an a

cat al yst melthahsl fosf e @bdiendthdky 1Pey8neAndBKEAE] RIERO 'ﬂrESé}Yc‘éwa@ Ogr oup

which 1is used in the présent invention has a softening polnt of to 150C

and nor acigicéaadpdty Ahet @sdlosin\Baarbd bbtdifsd Bylde RasabhTigeRei Nt | over
than 30C, the nol ecular weight of the resin is [ow and there’is the

possi bi | ing feimaaldehyds ohdbe iprgsécead\ear skdayinaf daealyedl due to | oss of the
effect of the flux by vaporization before or during reflow and due to
defective boHdismyeterablathnt fesimhh) bavigfgl Nlmérdﬂir:: }Aydmﬁrhgm;lt mjn;@hl ovvI

nmol ecul ar wej ght. further has the possibility that sufficient physica
proper t i’ésu%‘éf ’?qﬁéhe PLeENt IBYPAtiPR| R coflgnig Pebitdef 39 tpdBOrGrrmnnot be

: . . . ; rommdnnot be
e by noye Bk RELeR0 b 1B P W es g Hesin otk EpEomiaroint lewk of bt r ore
i d in fluidi h | bl resin
ot e R g Lﬁﬁéé%gﬁ%c?@%fﬁ%rsﬁsrﬁé%éf@‘a& s? é‘%y?ﬁg &P Al the

1z . er | al SO
ndver selS STLEP (HEE th <HRterklin oy LR, Wi Ada I8 BYGRSl e oFieBt e
sol der. Jfhaiy Fd& by %F)grﬁﬁﬁoﬁ 5abtE v "WRRb Vo8l 304t Qud 30 Qersiidd Ci ent

fluidity as the curab
bonding caused by formation of voids. A resin having a low molecular

weight further has the possibility that sufficient physical properties as the
cured resin reinforcing the soldered portion cannot be obtained. When
the softening point of the resin exceeds 150°C, there is the possibility that
the contact of the solder with the metal of the electrode is adversely
affected due to a decrease in fluidity of the curable resin during the
soldering and spreading the solder over the surface of the metal of the
solder to wet the surface during the soldering is also adversely affected.
These phenomena may cause poor bonding with the solder. When the
resin has a softening point of 30 to 150°C, sufficient fluidity as the curable
flux can be obtained at thé temperature of reflow in the soldering and the
stable property for soldering can be surely obtained.

In the present invention, it is preferable that resin (A) having
\phenolic hydroxyl group has a weight-average molecular weight of 20,000

or smaller, more preferably 10,000 or smaller and most preferably 5,000 or

~ smaller. When the weight-average molecular weight exceeds 20,000,
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flux can be obtained at the tenperature of reflowin the soldering and the
stable property for soldering can be surely obtained. In the ﬂﬁ 4
invention, it is preferable that resin (A having phenolic hydroxyl grou
has a wei ght -average nol ecul ar wei ght of 20,000 or snmaller, nore
preferably 10,000 or smaller and nost preferably 5,000 or snaller. Wen

t he wei ght - average nol ecul ar wei ght - exceeds 20, 000, 10 21 JUNE 2004 there
is the possibility that fluidity of the curable flux decreases during the

sol deri ng R ffe SREGREKEHAY AIURY SR e BhEAALMox AdLEAGCHLARL B, L | UX Of

the present invention, it is pr blle that t conten (A

havi ng ph@ﬂl@ﬂe&ﬁ;éﬁlﬁ’dQﬁyholﬂéﬁhﬁ%‘i&%d@@réﬂﬁrﬁﬁg&@ﬂ-Wei ght and nore preferably
25 to 60% by weight of the entire curable flux. Wien the content of resin

(A) is smaller Intthe c20dbleyfhebOtie ptdiene inverdtheh, DS pidibtdBlY thh@tnd he
function of renoving foul substances such as oxides on the surface of the

sol der andonteatwftresindée heases phadolihhydengl pyoup G420 te 80%0byleveipbt
adversely affected. Wien the content of resin (A) exceeds 80% by weight,
there i s &Ré mpewspisferaby hao 69% by aceighbaiidte ¢nbireneprabluflikci Bien physi cal
properties cannot be_obt ai 2&? .and the strength of the bonding and the
reliabilithe seatantsel repmc Al He gnaler ithany dP¥x Py wieaghs. i theresisntlied) havi ng
phenolic hyd I which is used in the present invention renoves
Poul . subBYSHEREY dhah the fagatiam obreraneing Pgé%g%ﬁﬁnf%sg aepxigles amhe net al
by the rgdugi abp i t f th roup, yr,esin (A hayi henol i c _hydr oxyl
group wor egg%%-’}?%%%‘ t}é %Ol(g%r Fl“ﬁ‘g tﬁ? ﬁ&&'b# d%ﬁ%@é? %BQ q{‘f’ %BE‘HH}%W%@% t hat
resin (A gohavi j r I ecdy.on donat group so
oot (el ORISR T Woen R LA SR, 1
pol yhydri geight, there is the possibility that a cured product having a sufficient
physical properties cannot be obtained and the strength of the bonding and
the reliability decrease.
Since the phenolic hydroxyl group in resin (A) having phenolic
hydroxyl group which is used in the present invention removes foul
substances such as oxides on the surface of the solder and the metal by the
reducing ability of the group, resin (A) having phenolic hydroxyl group
-works effectively as the flux of soldering. It is preferable that resin (A)
having phenolic hydroxyl grbup has an electron donating group so that the
function as the flux in the soldering is enhanced. Since the polyhydric
phenol novolak resin has two or more phenolic hydroxyl groups on one
benzene ring, the polyhydric phenol novolak exhibits a remarkably
improved property as the flux for soldering from that of monohydric phenol
novolak resins.
In the present invention, examples of curing agent (B) for resin (A)

having phenolic hydroxyl group include epoxy compounds and isocyanate

compounds. Examples of the epoxy compound and the isocyanate
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phenol novol ak resin has two or nore phenolic hydroxyl groups on one

berizene'ring, the polyhydric, phenol novolak exhibits a renar%ﬂ y %
i nproved property as the flux for soldering fromthat of inono ric phenol
novol ak resins. In the present invention, exanples of curing agent (B) for
resin (A) having phenolic hydroxyl group include epoxy conpounds and

| socyanate conpounds. Exanpl es of the epoxy conpound and the isocyanate 11
21 JUNE 2004 compound i ncl ude phenol - based epoxy conmpounds and phenol - based

i d
oo R U PO SRy A
bi sphenolisdpaadic opmRAPPESds n@ﬂ&ﬁ hgk- %@ﬁ%ﬂ@?@%&@d% ﬁﬁluhﬁgor }'1”0' based

conpounds; and nodi fied epoxy conpou soc an conpounds

whi ch ar eowoldikf bestdoasethpdundee SHRVBIHRMoS! rHGIILE- b%ge&il ' &ﬂﬁ]%élf’nd
structures, alicyclic structures and unsaturated aliphatic structures. In

t he presbm;phembbasm\ ,contpdunde efapighbbbabal cbhpoe@idbenhd Ofes6riiheld agent
(B) is such that the anobunt by equival ent of the reactive functional group

such as bﬂéeﬂbmyognd@rar@qusﬁe@apa:kjecgnpupndnahﬂencdmﬁeﬂgsag@miates 0.5 to
1.5 tinmes and nore preferabl to 1.2 tinmes the amount by equival ent of

phenol i CC‘H?BPB%L? viHelgre ﬁﬁ(réﬁﬁﬂ baapd onfide skedetanstmctioye obaliphatient of the
reactive fun in the cyring agent is_ less than 0.5 tines the
amount  b§trEg li?é# a\@g c@‘l" SSRetoree ang drsRinrajed @dirhatisrdraguress  possibility
obt ai ned and TATBIRENTY SVEBRGEN AIPIIENFOr CBE Che FORMER oigveingly
1S 0, RS o B LR S i e
group such as the epoxy group and isocyanate group in the curing agent is
- 0.5 to 1.5 times and more preferably 0.8 to 1.2 times the amount by
equivalent of phenolic hydroxyl group in resin (A). When the amount by
equivalent of the reactive functional group in the curing agent is less than
0.5 times the amount by equivalent of phenolic hydroxyl group, there is the
possibility that a cured product having the sufficient physical properties
cannot be obtained and the bonding strength and the reliability are
adversely affected due to a decrease in the reinforcing effect. When the
amount by equivalent of the reactive functional group in the curing agent
exceeds the amount 1.5 times the amount by equivalent of phenolic
hydroxyl group, the function of removing foul substances such as oﬁides on
the surface of the solder and the metal decreases and there is the
possibility that the bonding property of the solder becomes insufficient.
It is not necessary that the curable flux of the present invention is
\removed by washing after the soldering since a cured product having

excellent physical properties can be formed by the reaction of resin (A)

having phenolic hydroxyl group and curing agent (B). The soldered
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exceeds the anpbunt 1.5 tines the anount by equival ent of phenolic hydroxyl
group, the function of renoving foul substances such as oxi degy QGNEtf\zO
surface of the solder and the netal decreases and there is the possi |ﬁity
that the bonding property of the solder becones insufficient. It is not
necessary that the curable flux of the present invention is renoved by
washing after the soldering since a cured product having excellent

physi cal properties can be forned by the reaction of resin (A having

phenol i c hydroxyl grou d curin ent . Jhe sqldered 1 1 JUNE 2004
Pt on_i BoEeR decdtbireansy dhetksoathdte ind e efletieie tnsiflafibaiionn Lo
mai nt ai ned under the condition..of  a.hi emperature_and, a.h oh.hum di ty.
Ther ot or cdiBr Gmein e pRRifShn At 3 h9ph HETREF ML SoB Rl gl o 0
reliabili e Lev ] a f - - Of Nnt..J tion m
conpri se t(:lﬁlre g 5Q’ gﬁﬁ&or%gggﬁl -llﬂ(lg)n%u%hghg?brﬂab éngnstt}f%g a(rgllt§l a| tgXJfatéﬂnéegﬂrrpound d

whi ch wor kgj; asilitfkadMd £etif@ed. and can be cured by the reaction with curing
agent (B). The curable antioxidant conprised in the curable flux is not

particularly Hibd teehblEofieusTdehd Presentb envatticie ieays tdouinise caksble
preferable and conpounds represented by general fornmula [11 and 4,4 -
et hyl i denahtiosidatti (Yl &teecumbde mmtwxpdaiteisablcempRindl wBidh wieFks mst he
above general formula [1], Rl, R3 and R5 each independently represent
hydr ogen anommtihyidlamtydndycanpbocured hoxihe geatiion Rithsarivg agent (B).

The curable antioxidant comprised in the curable flux i1s not particularly
limited. Compounds having benzylidene structure are preferable and
corﬁpounds represented by general formula [1] and 44

ethylidenebisglycidyl ether are more preferable.

R?2 R! RS
;
|

R4 RS R7

" In the above general formula {1], R1, R3 and R® each independently
represent hydrogen atom, hydroxyl group or carboxyl group, R? and R4
each independently represent hydrogen atom or an alkyl gro{lp, R6 and R7
each independently represent hydrogen atom, methyl group,
hydroxyphenyl group or carboxyphenyl group.

Examples of the compound represented by general formula [1]
include ethylidenediphenol, 2,2 -ethylidenebis(4,6-di-t-butylphenol),
phenolphthalin and polymers derived from these compounds. The above
compounds may be used singly or in combination of two or more. Among

the above compounds, ethylidenediphenol and phenolphthalin are

13



each independently represent hydrogen atom or an al kyl group, R6 and R7
each independently represent hydrogen atom nethyl group, hyﬁqgnxﬁggﬂua
group or carboxyphenyl group. Exanples of the conpound represented by
general formula [11 include ethylidenedi phenol,

2,2 -ethylidenebis(4,6-di-t-butyl phenol), phenol phthalin and pol yners
derived fromthese conpounds. The above conpounds may be used singly or in
conbi nati on of two or nore. Anong the above conpounds, ethylidenedi phenol
and phengdebidiabin are 13 21 JUNE 2004 preferable. In the curable flux of
the present invention, it is preferable that the content of curable

anti oxi dant (I3 theclrdblé A1u3006 e preieht iRt 6t i%@‘f@f:ﬁﬁé Yhdt e 20% by

wei ght of the entire anount of the curable fl ux. en the content of the
cur abl e camtéwikiodantrabde smidedanhd46) As50Ebyo 308 gby , weikbteand hbee
possibility that the function of the antioxidant at the ordinary

t enper atrpeéerahdy tlhto 20k biyoweightreinthd rgtifedmeubs pfitheswsable Asx. oxi des on
the surface of the solder and the netal decrease and the bonding property
of the s‘% By they crgteny pf ithpesinaple antirtidant wWesmaler dbarefH% by t he

el bl (TEG: A8 P amEeRHaLR itk B3 BrietiofoobshamngostPargnine

d i T lid ff i vel k

ant | oxi daapp AP ERER FE T g R fBm ainedul soliRedy o a1 on and
xi fFS' e AAPEPY. 1 t

ool on Sorrec FhE STHARR PR Lollf aROR, MLl Ut Rind Byt REBEERT Salcng

agent bprop@gast tie BUHEPIE hot AAEEALnAPLLABRYAS WPHin SHESLADGRS,FUC as

oxi des 0On
the curable antioxidant exceeds 30% by weight, there is the possibility that

| reliability of the insulating property and the bonding strength
deteriorates.

The benzylidene structure effectively works as the antioxidant since
this structure catches radicals formed by oxidation and contributes to
termination of the chain of oxidation. In the temperature region during
the soldering, the benzylidene structure works as a reducing agent by
releasing hydrogen radical and removes foul substances such as oxides on
the surface of the solder and the metal. |

The curable flux of the present invention may comprise compound
(D) having phenolic hydroxyl group and dispersed as fine crystals and
curing (E) agent for compound (D). Among the compounds having
phenolic hydroxyl group, compounds having very strong reducing ability
and exhibiting a very strong effect as the reflux occasionally exhibit
\undesirable effects. When such a compound is dissolved in the curable

flux as a component, problems occasionally arise in that thermal stability

of the curable flux decreases and the period of time which can be used (the
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the surface of the solder and the netal. The curable flux of the present'

i nvention may conprise conmpound (D) having phenolic hydroxyloQjONgE Sodh

.di spersed as fine crystals and curing (E) agent for corrpound2 f)? Anong

t he conpounds havi ng phenolic hydroxyl group, conpounds haV|ng very strong
reducing ability and exhibiting a very strong effect as the reflux
occasionally exhibit undesirable effects. Wien such a conpound is dissol ved
in the curable flux as a conponent, problens occasionally arise in that

whi eh carifd didilasdd ahd 35" B ByitontipoRREs: B 3n6 "Guibld s, ™
hygr 0scopiehPERRELhY ﬂa‘axﬁﬂ% eakabL e, {d Wy ’v§ pe n%@ﬁ& Bgiorfoga%%lgegt akes

pl ace by vaporization of absorbed water g the so der| ng

probl ens @hing ShéC&1INENEONPIIMG b&obl@h%SCHrYs%d SR Qhen%mﬁoaﬂ@rgxyl group

Isin arelatively free condition. Wen the conpound having phenolic

hydroxyl disselped saxhi gienshd lasdibkpk groviySkansa tdigtivelyeffestconditidyy dr oxyl
group is restricted due to interactions between nolecul es and the hydrogen

bond in tWeeor thst abthpnend tlatving phetiodic lghhosybgohieisdizperde a3 fingi zed.
Moreover, when the conpound having phenolic hydroxyl group is dlspersed as
fine cryswrapealstthe posemsntiof\hydmexy! giespoisirestyetedydie tr ouprasivnact s wi t h
curing agent (E) and | ost b{ the  reaction decreases, Therefore, a major
portion etm?@ﬁdPPECHm@@ hfghadﬁog%m%n tihe ﬁ@fﬁééﬁl%%ﬁatt%éndfﬂl@ct of the
flux int soldﬁgﬁ?g reases.. | referable that the fine crystals
of the ¢ GAge GEBREMBIRRIZ @y Ongﬁro‘EY eﬁéélezfoﬂ? porndshaypgsy pm or
smal | er. en,t langter o st al xceeds re is the
ossi bi | 5 TedraRRE ot g déspeﬁ%%ff i taetelfy 77 oy DR e e "sur f ace
of a coatyyigdile! BddxPlerSHE Wolltacts with curing agent (E) and lost by the

reaction decreases. Therefore, a major portion of phenolic hydroxyl group

remains unchanged and the effect of the flux in the soldering increases.

It is preferable that the fine crystals of the compound having phenolic

hydroxyl group has a diameter of 50 pm or smaller. When the diameter of

the fine crystals exceeds 50 um, there is the possibility that the activity is

not exhibited uniformly since the surface of a coating film is not smooth

and the fine crystals are not uniformly distributed.

Examples of compound (D) having phenolic hydroxyl group and

dispersed as fine crystals include phenol, alkylphenols," biphenols,

naphthols, hydroquinone, resorcinol, catechol, methylidenediphenol,

ethylidenediphenol, isopropylidenediphenol, hjrdroxybenzoic acid,

dihydroxybenzoic acid and phenolphthalin. |

Examples of curing agent (E) for compound (D) having phenolic
hydroxyl group include phenol-based epoxy resins and phenol-based

1socyanate resins such as bisphenol-based resins, phenol novolak-based

resins, alkylphenol novolak-based resins, biphenol-based resins, naphthol-
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and the fine crystals are not uniformy distributed. Exanples of conpound’

(D)* havi'ng phenolic hydroxyl group and di spersed as fine cry I hﬁ??é e
phenol , al kyl phenol s, bi phenols, naphthols, hydroqui none, rzgﬁfglno,o#j
cat echol, nethylidenedi phenol, ethylidenedi phenol, isopropylidenedi phenol,
hydr oxybenzoi ¢ acid, dihydroxybenzoic acid and phenol pht hal i n. Exanpl es of
curing agent (E) for conpound (D) having phenolic hydroxyl group include
phenol - based epoxy resins and phenol -based isocyanate resins such as

D e ohatas FE S re ARENRA AR | BTRASGH nloBSHOR coBll YLOHEN

nov_ol ak- based resins, eno -_base resins, na : @%004 _bafsed
resins appdifsdBbaRludasALiAeSkReh apd MBdifdLP-800%Yn 4l RcRRG, nodified

i socyanate resins which are nodified based on the skeleton structure of

al i phat i strattutet of edlipledti€ ythidtusés, Usiey @R BnGickisal dhdl edsafllpb@tic
structures. A conventional curing agent may be used to pronote the curing.

ConpoundaliphatiaetngtptesnolA colweditivngl corimga gend mlig bensed taprbineee crystal s
may be dispersed in curing agent W Conpound (D) having phenolic hydroxyl
group cath@ewmdngpersed as fine crystals by dissolving conpound (D) having
phenolic hydroxyl group.into a polar solvent exhibiting a great solubility
such a ket oneﬁomﬂqu(s\de@)&ya\aug ®hepolig hyagonHeronp emd digpersetutsifome i nt o a
Ut okl . CRAEHS ciarhGE AUBRereptyin SuBing grlt (Bhe CprapHed UD) 99aies on can be
di sper si BRET e RSO ool BBrAaY (Y dFEBin Phgliseding agent
(B) 11t 0o SALYE D 138 2pROAM S DB YrohpO5nb 4V SHISE solvent
exhibiting a great solubility such a ketone, followed by quickly adding the
resultant solution into a great amount of a poor solvent so that crystals are
separated very quickly. When curing agent (E) is a liquid, the obtained
dispersion can be used without further treatments. When curing agent
(E) is a solid, the dispersion is mixed with a solution obtained by dissolving
curing agent (E) into a solvent Having a boiling point of 150°C or higher
and the obtained mixture is mixed by using a three-roll mixer or the like
apparatus to form the desired dispersion.
In the curable flux of the present invention, it is preferable that the
content of compound (D) having phenolic hydroxyl group and dispersed as
fine crystals is such that the amount by equivalent of hydroxyl group is 0.5
to 1.1 times and more preferably 0.7 to 1 time the amount by equivalent of
the functional group in curing agent (E). When the amount by equivalent
of hydroxyl group in the compound having phenolic hydroxyl group is less
‘than 0.5 times the amount by equivalent of the functional group in the

curing agent, there is the possibility that the function of removing foul

substances such as oxides on the surface of the solder and the metal
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and the obtained mxture is mxed by using a three-roll mxer or the |ike"-
apparatus to formthe desired dispersion. In the curable fluxepf; 5?@)004
present invention, it is preferable that the content of conpoung ?
havi ng phenolic hydroxyl group and dispersed as fine crystals is such that
t he amount by equival ent of hydroxyl group is 0.5 to 1.1 times and nore
preferably 0.7 to | tinme the anmount by equivalent of the functional group
in curing agent (E). Wen the anount by equival ent of hydroxyl group in

the conpogseehaed agldpﬂ?émbhair@/%%ﬁbg%ﬂﬂg | ®14&55g ik mngufglgﬁeh’{ﬁs the

anount by equival ent of the functional dgroup in the” curi ent,” there is
the possi hinprdved. haWhehetHdingho it of & 18 bPWydrd S%%\%? S as
oxi des on the surface of the sol derfyan t he et al ylg 55)? UN 280%%%ecreases
and the bondpogndlitaiing pheyolibaysiebder prmp exdeds shkfdwbent 1y! iy oved.
When the anount by equival ent of hydroxyl group in the conpound having
phenol i ¢ Hamepnt hyeguiedertdbtheinabional ghodp i thascuring agemy Bheky

equi val ent of the functional group in the curing agent, there is the

possi bi | i 18y theaposgikilite that od uatreHaptodpathbaving ithe esuffictepsi physicgl operti es
cannot be obtaj.ned and the bonding strength and the reliability are

adver sel yPEAPPERER §anRt heobtained &Bﬂéﬁlﬁﬂ&nqlﬁé stignghli &nd) the WﬂIBX)H@Ypr esent

i nvention IQaas & %&natstgc (fngl e between the flux in the nelted condition and
the surfa®s afverp 1%4et of 50 or greater, nore preferably 100 or greater

d far: . | e.i |1 h
50. "there'is (s SEERBIP AR fleanfd M CROD Epe FREPiAR LTS formed
around thgsel Qﬁél'e%tﬁu%h't%@ f5x SRRk ;ﬁggea QsPaﬁﬁm BhASHE Lurdd hdhe resin

is insufficient and that the entire surface o e SO SvEred with
t he the solder of 5° or greater, more preferably 10° or greater and most

preferably 15° or greater. When the contact angle is smaller than 5°,
there is the possibilities that the thickness of the meﬁiscus formed around
the soldering portion is small and the reinforcement with the resin is
insufficient and that the entire surface of the solder 1s covered with the
cured product of the curable flux due to the property excessively wetting
the solder and the property for the secondary mounting .markedly
deteriorates. For example, to surely obtain a bonding strength in a
soldered portion having a diameter of a land of 0.3 mm which is twice the
strength in other portions or greater, it is preferable fhat the contact angle
1s 15° or greater. The upper limit of the contact angle cannot be generally
decided since the _I'einforcing effect of the resin is different depending on
the amount of the curable flux. In general, it is preferable tﬁat the
contact angle is 60° or smaller. When the cont‘;act angle exceeds 60°, there
is the possibility that, when the amount of the curable flux is small, the
height of the meniscus is insufficient due to the insufficient property of

wetting the solder and the reinforcement with the resin is insufficient.
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cured product of the curable flux due to the property excessively wetting
the solder and the property for the secondary mounting. narkes YyyNE 2004
deteriorates. For exanple, to surely obtain a bonding strength rn a

sol dered portion having a dianmeter of a land of 0.3 mnmwhich is tw ce the
strength in other portions or greater, it is preferable that the contact
angle 1is 15 or greater. The upper limt of the contact angle cannot be
generally decided since the reinforcing effect of the resin is different

dependi nFhennehizeuamuiiis e diablafiaklia the wsnditibroendl Mat tHe sslgef er abl e
that the contact angle is 60 or smaller. When the contact angl e exceeds

60, thereurabde the possiubilbithy sohddringvpentiti én anpimat stofpet ied eustahhe flux is
‘smal |, the height of the neniscus is insufficient due to the insufficient
propert ySI@ffaC@/\e? thegoldier asol geetrasibnt trein thatondidiensucki thmit the flasin is
insufficient. 17 21 JUNE 2004 The neni scus neans the curable flux in the
condi ti ot hfcabevaeondiBiopdscared.cur abl e f1 ux surrounds the sol dering

portion in a fing shape.and wets th surface of the solder, as a protrusion
or in the coniﬁ 15| f? e that tﬁ“ﬁéu’r""ll W Of Hae REeRrRtdsNantiPBhassacured. |t

i X i f - .
ool e bekaft hgle beivear Rk fnen huRt miedfed bRl et s B %*3}0? t ﬁgr';aCt
b J : |

subst r at ﬁleoéulfs%{% cgf'l;%és tcr?xr %m\é\ﬁgﬂ t%eﬁﬁ?ﬁe[a%nt%@gggg%g}gmgpbﬁ%i ux an

t he surface o at e exceeds erers poSssS 131/Xthat t he

flux agossdaheSurtydher {11 geﬁstf%déi'e%as%oi gg?ﬁ{erlgu t'ﬂ%‘iﬁr}gﬁg@gﬁwe

formation of a unitormresist |[ayer becones e flux

functi onglasfitiR e giirebfds! ethie te P bordditionCaitinBaHeesd)detilE MRT thed
property and the surface tension between the curable flux and the surface

of the foubsitical ef houhHopaateiktWalyar tHeosies atiffedlt.UxTantakoRbet gt . By
decreast f?l?lction as the protective resist of a circuit pattern, the wetting property
and the surface tension between the curable flux and the surface of the
substrate to be coated with the curable flux are important. By decreasing
the surface tension by adding a leveling agent to the curable flux, the
contact angle with the surface of the substrate can be adjusted and a
uniform resist layer can be forlgned.
1t is preferable that the curable flux of the present invention has a
melting point of 100°C or lower. When the resin contained in the curable
flux has a high molecular weight and the melting point exceeds 100°C,
there is the possibility that fluidity of the curable flux decreases during the
soldering and the soldering is adversely affected.
It is preferable that the curable flux of the present invention has a
melt viscosity of 0.1 mPa-s or greater at the temperature of the soldering.
\ When the melt viscosity at the temperaturé of the soldering is smaller

than 0.1 mPa-s, there is the possibility that the reinforcing structure

having the ring shape around the soldering portion is small and the effect
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t he Surface-tension by adding a |l eveling agent to the curable flux, the
contact ‘angle with the surface of the substrate can be adj ustf,pJgﬂ%QO%
uniformresist layer can be forned. It is preferable that the curable u
of the present invention has a nelting point of 100C or |ower. Wien the
resin contained in the curable flux has a high nolecular weight and the
nmel ting point exceeds 100C, there is the possibility that fluidity of the
curabl e flux decreases during the soldering and the soldering is adversely
af fected.  J f . C fl f resent, i nvention
has a rre?ﬁtlte\llill%(l:n%gl %tg{eﬁéﬁl%gﬁ%gé@%gr&%%% S gﬁ atqh%h{%gnrr%e? St%u&%erc?f é he

sol der i ngg thbipodBitPEndBIHe MLSSRSHLY i8%abbRi-b 8 PRHATLLE: Qhriigg0! dering
is snall erS tk?e(l)n 0.11$7Pas, tehere 'S the1 pggsi gi?i tyot%%at t_ﬁenr_gletrl?f%orm ng
struct ur esold@vngg Ithe pidigrap)eRRantReBdrille Het dethoHresddi RRehsion™! | and
the effect 18 21 JUNE 2004 of reinforcing the bonding strength decreases.

In an exthan®e nods eiscosiey of 50 Patder paatiehihbie/pidfaiallp & Ratkablendllegx i s
vaporized or flows out during the soldering. It is preferable that the
curabl e fankmest phefepaldséhb Parserdmalier datheatemepdraviiscobiteysobdersle Pa- s or
smal ler, nore preferably 5 Pa-s or snaller and nost preferably 0.5 Pa-s or
smal | er 2t hepetheemedt Aisepaitprats the temperatnye of Whersaldering| axceeds 5] tybfi]t.
the tenperature of the soldering exceeds 50, Pa-s, there is the possibility
that fl u%ﬁ'%’fhé’reﬂ% %BP%*Hgﬁltm t@é\é&%@é@&ﬁmaﬂeeﬂ%ﬂa@ﬁeﬁﬁgﬁ padadver sel y
affected.,\Wen the nelt viscqgsit t.th tenperatuye of the soldering is 5
Pa-s or SHEI F@fi?r%ef%}ﬂdé’ﬁrﬁeqf I ﬁﬁegﬁﬂ‘ be ﬁBp.%dnf’{f ¥lCeP¥erabthg surface
whi ch 1S Rigelae0f o2 edadlinh3s PPRY%: sMGhbl MhPEARRBIS frux NGNS e eIt
viscosity a e tenpera he

uré o
applied to a solder or a surface which is markedly oxidized or has a poor

X

wetting property. When the melt viscosity at the temperature of the
soldering is 0.5 Pa-s or smaller, the property of sufficient self alignment of
solder balls can be expected and the effect of the flux can be extended to a
wide range of the bonding area by utilizing flow of the melted solder.

It is preferable that the gel time of the curable flux of the present
invention at the melting point of the solder is 1 minute or longer, more
preferably 2 minutes or longer and most preferably 5 minutes or longer.
When the gel time at the melting point of the solder is shorter than 1
minute, there is the possibility that the curable flux is cured before the
solder and the metal for the bonding are bonded to each other due to the
curing reaction taking place during the reflow of the solder and the
soldering is adversely affected. When the gel time at the melting point of
the solder is 5 minutes or longer, fluidity of the curable flux at the
temperature of the soldering can be surely maintained and stable
soldering can be achieved. It is preferable that the gel time at the melting

point of the solder is 60 minutes or shorter, more preferably 30 minutes or
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soldering is 0.5 Pa-s or smaller, the property of sufficient self alignnent
of * sol der balls can be expected and the effect of the flux ded
to a wde range of the bonding area by utilizing flow of ,thmpﬁeééééﬁﬁ
solder. It is preferable that the gel time of the curable flux of the
present invention at the nelting point of the solder is 1 mnute or

| onger, nore preferably 2 mnutes or | onger and nost preferably 5 m nutes
or longer. Wen the gel tine at the nelting point of the solder is shorter

2, AR P s SRR e e
and the Teorae R PRI NRARY OReBUPED SRS HRsaF AR el g

poi nt  ofthalthBesird@s by NSRS prRBEE surfitidhelyt o PEhd Qﬁf&féﬂé le flux
at the tenperature of the soldering can be surely maintal ned and stable

sol deri ngicfencing affbitevedhel solidsradk pbetiah! et b hectgeted iaEhAleH he
melting point of the solder is 60 mnutes or shorter, nore preferably 30

m nut es sbabledsdidedtiby20@4scddear tedlovanahn estchiewfder AWhyn2heruritess or
shorter. Wien the gel time at the nelting point of the sol der exceeds 60
ni nut es,condacted at ahbigiotampetatuye to maake tibe omrimgy reyctiveato pyocteds not
proceed S;gﬁf,i cient]y and the sufficient reinforcing effect of the sol dered
portion Fgttlye thene 1\idg nassialighthat tomghness de frasgurs of the wwleder ref | ow
can be achi eveg. \When bhe cyr i.ng i.s condgiqt d at 3\ .high tenperature to
make t h@TRHPFhGerreases 5% adatior of fhesgira | §nd dppast resistanggossi bi l ity
that to ess. i.n fracture the cured. product decreases by oxidation of
the cur %r%eﬁl%@eqr%%e&%@é%]élﬁbl@%r{gﬁ_der heating decreases after the
\r,n;lrjﬂ.t !sﬂgb ‘ Thepgurabhge uWorthe E)Qgseq{telﬁggrtltibﬂ\égpltbleolgsecdaarl]s DSavsed & @

the curable flux by adding solvent (F). It is preferable that solvent (F) has

a boiling point of 100°C or higher. When the boiling point of the solvent is

lower than 100°C, there is the possibility that stability of the coating film

is insufficient during coating of the curable flux since the change in the

viscosity is great when the varnish is left standing at the ordinary

temperature and the soldering becomes incomplete due to a decrease in

workability and an uneven distribution of the coated varnish. It is

preferable that the boiling point of the solvent is 300°C or lower and more

preferably 270°C or lower under the condition that a cocrystalline solder is

used and the peak temperature is 240°C in the reflow although the

preferable boiling point is different depending on the condition of the

reflow which is different depending on the composition of the solder.

From the standpoint of the amount of the residual solvent, it is preferable

that the solvent has a low vapor pressure. When the solvent has a boiling

point exceeding 300°C, there is the possibility that the soldering is

adversely affected and the reliability of the soldering decreases due to an
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the curable flux by adding solvent M It is preferable that solvent (F) has
a boiling point of 100C or higher. Wen the boiling point of i's
| ower than 100C, there is the possibility that stability of t%ﬂggg@t?ﬁ%{
film is insufficient during coating of the curable flux since the change
in the viscosity is great when the varnish is left standing at the
ordinary tenperature and the sol dering becones inconplete due to a
decrease in vvorkabi lity and an uneven distribution of the coated varni sh.

It is prgh gg @#QEE}E}% thQ%Q‘&' gi @ﬁe}lpe solvent is 300C or | ower

and nore pre ower un € condition that a cocrystalline
sol der is usedq;and fgp@‘)l@%ﬁgt & hough t he
pref erabl e boil |1ng %m nt is d%(??grEent epe ga@g)ﬂl hgﬁbs(%ﬁy ﬁ%vo%méf t he

reflow whiag mavsngmeﬁaﬁ@hya%sﬂcgreg pGQhd E'@nﬁ@ré%@ﬁ't (BPRorOfhed ﬂe%légAﬂ From

t he standpoi nt t he amount of the residual solvent, 1t is prefe abl e that
the sol véixaihpkesaof oh¢ kahent AheRsler @onv\é‘ﬁﬁibn'faﬂl%o&fdﬂtgﬂiuchaés aldyblold, Ny poi nt

exceeding 300C, there is the possibility that the soldering is adver sel y
af f ect ed ekhers, hacatals, akétbnty, ebterbe adalluérésigryekeasealaheld, cetdar20 21
JUNE 2004 excessively great anmount of the residual solvent. It is
prefer ab|aécqhﬂi$, ketpue athqs) ketenepsgersaandipster eyhers. diWbetevnegssagi,n (A
havi ng ppg_{e C hydroxyl O{gqroup and curing agent (B) for the resin (A,
Exanpl es gt oy Py erén@@aeﬂén@%H@mn@%ma@ntb@ awedh- adnafthehol s,
et hers, acet eqfo&)ses est al.cohaol E ]%‘i'é . ket one al ¢cohol s, et her
al cohol s CUE@ n@uﬁt PIGSEB én?é%‘t‘fé?’%’ Hoykakylity 1o the stepppkbreatingessary,
phenol s n n|tr gen co can used. t he urabl e
PhenoL S BB E S TnRREAR  BBRut B8 o e, e
curabl e fﬂlﬁ?,( SR cOErbIBF %Sdaﬁ'aﬂnmﬁ“ é&a‘%‘&ké 'azn%lt 'tﬂ@ S?Lb]]ﬂ%tl%%r gfj the
soldering can be achieved by using the curable flux aé the varnish by
adding solvent (F).
The curable flux of the present invention may comprise a curing
catalyst to promote curing of the flux. Examples of the curing catalyst
include  2-methylimidazole, 2-phenylimidazole, 2-phenyl-4-methyl-
imidazole, bis(2-ethyl-4-methylimidazole), 2-phenyl-4-methyl-5-
hydroxymethylimidazole, 2-phenyl-4,5-dihydroxymethylimidazole, 2-
ethyl-4-methylimidazole, 2-undecylimidazole, 1-cyanoethyl-2-methyl-
1midazole, 1-cyanoethyl-2-phenylimidazole, 1-cyanoeth§l-2-ethy1-4-
methyl-imidazole, 1-aminoethyl-2-methylimidazole, I1-(cyanoethylamino-
ethyD)-2-methylimidazole, 1-cyanoethyl-2-phenyl-4,5-bis(cyanoethoxy-
methylimidazole) and imidazoles of the triazine addition type. Catalyéts
formed into adducts of epoxy compounds to the above imidazoles and
catalysts formed into microcapsules can also be used. The catalyst may

be used singly or in combination of two or more.

The curable flux of the present invention may further comprise

21



flux, the control of the anpbunt of coating and the stabilization of the
sol'derimg can be achi eved by using the curable flux as the vagnijgRE¥004
addi ng solvent M The curable flux of the present invention nmay conprise a
curing catalyst to pronote curing of the flux. Exanples of the curing
catal yst include 2-nethyhm dazol e, 2-phenylim dazole, 2-phenyl-4-nethyl -

I m dazol e, bis(2-ethyl-4-nethylimdazole), 2-phenyl-4-nethyl-5-

hydr oxynet hyl i mi dazol e, 2-phenyl -4, 5-di hydr oxynet hyhm dazol e, 2- ethyl -

4- met hyl imhgaze Elin%' HRAasYlde indRliee akteX AR ahiY nofstiiet ¥kisthRidlazol e,

1- cyanoet hyl - 2- phenyl i m dazol e, 1 - cyanoet hyl -2- ethyl- 4- _

et hyl - i géfdaadng, aderits {00 @irByéntingEbRuhtiohddz@ids ahd( Gyaiost Pylva.no-

et hyl)-2-met hyl i m dazol e, 1-cyanoet hyl -2-phenyl -4, 5- bi s(eyanoet hoxy-

met hyl i nfldamoteghrdmaksi m dazol es of the triazine addition type. Catal ysts
formed into adducts of epoxy conpounds to the above i m dazol es and

cat al ysts forhbd semisoniluctot gpelthes of dhe gireseeinieadionTempeisas yhe may be
used singly or in conbination of two or nore. The curable flux of the
present ¢wipdie flowr deagribgdtahave sohishiis appliedtongrkapgowosed sneface vl i ng
agents for_ inprovipng adhesi on and noi sture resi stance, ef oam ng_agents

- for prevaSiEHY ROE R ERGHIBE Of 57 d8TiAg yripg seldsringoupbysolderhalls 28 dant s.

e S ConLeor BACKats, O 11 B SSANL.] INGDL |0, SOTRLL 65 g, cur 1o
L B SRRl AR TP RO, Bt 0 185, 025,
_F?_ﬁret ion pﬁﬁlege.erf&d p%ﬁﬂci%@etﬁé)lsgﬁ{ic&%ﬁ&of %)arcﬁhgé 0&?&9;1&\4& Qoéﬁﬁg%ﬁ’ed flux.
exposed surface of a circuit with the curable flux described above, placing
solder balls on the exposed surface, bonding the solder balls to the exposed
portion by reflow and curing the curable flux by heating. The process for
producing the semiconductor package may further comprises a step of
transferring the curable flux described above in the prescribed amount to
solder balls and placing the solder balls having the transferred curable flux
on a land i)ortion; a step of soldering the solder balls to the land for placing
the solder balls by solder reflow and forming a meniscus with the curable
flux around the portion soldered with the solder balls; and a step of curing
the curable flux by heating so that the structure in which the portion
soldered with the solder balls is reinforced with the cured resin is
constructed.
When the curable flux of the present invention is applied to a
‘semiconductor package having a solder resist, the land portion for placing
\ solder balls is coated with a prescribed amount of the curable flux in

advance and the solder balls can be placed on the curable flux on the land

portion. In another method, a prescribed amount of the curable flux is
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process for producing the sem conductor package conprises coating an -
exposed*surface of a circuit with the curable flux descri bed i ng
sol der balls on the exposed surface, bonding the sol der ball sﬂt)'gwﬁﬁeﬂ@&
exposed portion by reflow and curing the curable flux by heating. The
process for producing the sem conductor package may further conprises a
step of transferring the curable flux described above in the prescribed
anount to solder balls and placing the solder balls having the transferred
curabl e fikasfePRbd th HORIROBAIO Nind thb &1 @r ﬁahgemma?tﬁ?e $PA el | s to
the land for placing the solder balls by solder reflow and formng a

meni scus cairhblet fiax @ahad gladetin aho e pbetiper t Aentibhastlag Wetkod, he sol der
balls; and a step of curing the curable flux by heating so that the

st r uct ur eéhknenititec Isutfaee pefr theonircad pattedn bt plhbimgsedlder Hedld & ithe
reinforced with the cured resin is constructed. Wen the curable flux of

t he pressamitenduntpoparkagpplaycee cented wishitherrebler flpacdkageotiamicag a

sol der resjist, the land portion for placing solder balls is coated with a
prescri badthibericresn printeng gb|thefsnin doptingvndcaftenthe seatad fluk ibal | s can
be placed on the cyraple flux. on the |and ortion. In_.another nethod, a
prescrib 1‘“’21:’(68%9]’ aqi)sr@rb ¢ Rbreedrqn the garE?QPOZlPI\?Fj’(E sqider paHpardheed to

sol der balls.and the sglder balls.having.the transferred curable flux can-
be pl ace§TEHE RattPENq ﬁ}obrelni b cuga ?id‘?xg %Bﬁﬁ‘iﬁ%?ﬁ&éﬁ’ regist Bhithte surface

f th i i f . pl i der. L | h i
ks R Sl SRS e el Lo
R e S e RN

pat t er n. THaegaftbe thH'BE HdlldarieShdisRd 13138 1a8didetibAYySLolA&Y rdthify

and, at the same time, a meniscus is formed around the portion for the

soldering. The curable flux is cured by heating and the soldered portion is
reinforced with the resin.

The semiconductor device of the present invention comprises the
curable flux described above which is applied to ‘coat a printed circuit
board having a land for soldering, works as a flux of soldering during
soldering and is cured by heating after the soldering so that the soldered
‘portion is reinforced with the cured flux. The process for producing .a
semiconductor apparatus of the present invention comprises éfpplying the
curable flux described above to coat a printed circuit board, placing on the
board a semiconductor package having solder balls on an electrode portion
of a chip, bonding the solder balls to a land of the board by reflow and
curing the curable flux by heating.

In the first embodiment of the semiconductor device of the present
invention, the curable flux forms a ring-shaped meniscus around the

portion for soldering during the soldering and is cured by heating after the
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circuit pattern, the entire surface of the circuit pattern is coated with’

the curable flux without formng a sol der resist on the semfpggw‘g%%
package. Thereafter, the solder balls are bonded to the | and portion
solder reflow and, at the sane tine, a neniscus is forned around the
portion for the soldering. The curable flux is cured by heating and the
sol dered portion is reinforced with the resin. The sem conductor device of
the present innvention conprises the. curable flux described above which is

appl ed sadeagl o ALABICTR sl a9 fo 1AM Nkifdie el BALAETL N9, vorks

as a flux of soldering during so ring and 1s cure after the

sol der i ngnsofdrhafidétiags olfther e tingoflik GRoSs £€itHE Aeehibdietiie L ed flux.
The process for producing a sem conductor apparatus of the present

i nvent i oforosnprimeshapal yiongsdusearotmdatHecpbitivn st K2deahe\®irig coat a
printed circuit board, placing on the board a sem conductor package havi ng

sol der biiel soldering. elfbetaupdelepint istherofumddiy heatingdindgwbiles sotiger ball's
to a land of the board by reflow and curing the curable flux by heating.
In the fyeisiorgmgonatanal or thasoldempd podiionor devi ce of the present

i nvention, t urable flux forms a ring-shaped neniscus around the
portion for 2@1fﬁﬁ'???@né&mh%dlmﬁ?ts(tﬁfbérnl‘ﬁgelaﬁﬁl"iegtms &he pyraldatfluyy after

e 2 2 R B RSB S e SRS e e
I e L R A N
et 00 ABRILR e SSHOREINE AU Al R o 1
flux is applied to coat the entire surface of the circuit pattern having a land
for soldering. The coating flux works as the flux for soldering during the
soldering. The curable flux is then cured by heating and works as the
resist for the circuit pattern.
In the third embodiment of the present invention, the curable flux is
applied to coat the entire surface of the printed circuit board having a land
for soldering and i1s cured by heating after the soldering so that a gap
between a semiconductor package and the printed circuit board is sealed
with the cured flux. The curable flux is applied to coat the entire surface
of the circuit pattern having the land portion for soldering so that a film
having a thickness about the same as that of the solder balls is formed.
The curable flux works as the flux for soldering during the soldering. The
flux is then cured by heating and works as the sealant. |
| In accordance with the present invention, formation of a solder
‘I;esist, removal of the residual flux after the soldering and filling with an

underfill are not necessary and the soldering which maintains the electric

insulating property under the atmosphere of a high temperature and a
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is applied to coat the entire surface of the printed circuit board having a

| and for' soldering and is cured by heating after the sol deri NE'2 he
cured flux works as the resist for the printed circuit board.nﬂ‘ll'ag curg {e

flux is applied to coat the entire surface of the circuit pattern having a
| and for soldering. The coating flux works as the flux for sol dering
during the soldering. The curable flux is then cured by heating and works
as the resist for the circuit pattern. In the third enbodi ment of the
present i Re@NtHBRiditPEarsd T dliBith! YX o ' , t t entire surface
of the printed ci rcusiht board havi nggg&ftaz)gﬁh;rgéi gstg?lgét}%i r‘?‘gnra:rﬁfc?ge%%r ed by

heati ng afdigbikfiecaobdachit@ego that a gap between a sem conductor package
and the printed circuit board is sealed wth the cured flux. The curable

flux is appli€bh¢ curable e efit iHee pselendCivedltidd @xRibiEHisdy RabLELL havi ng
the land portion for soldering so that a film having a thickness about the

same as thrdanes in ble suiltieiscosity,sheprbpertpdo refitvrecixiadt) nd kHX cBHs as t he
flux for soldering during the soldering. The flux is then cured by heating
and wor kPraBertye waksant the flur dowttentlee wolderite apdesantbei avedt ira,

formation of a solﬁe resist, renoval of the residual flux after the
sol der i nd“anaey ishe rf%l%‘& seldexpsypprtion igreinforcedeveasting ahabd by

2t oS phe i 5% ol BERRURD TRETare, fecboding ssawetboua ko reHamildyt y and
exhibits [ .stren and .excel,l ent eliahility can be
achi eved.cg?gég?&?]g%}glbw a% p&f’v‘%?]gr%?ets}ﬁte ohipanrd E?ﬁ' %@ﬁ?ﬁingguﬁlﬁlgeﬁcel | ent

bal ance icgn{,mig@gﬂtﬂﬁj{_scosi ty, the property to renove oxi des and the curing
property, works as the flux during the soldering and can be cured.in a

By using the curable flux of the present invention, the bonding by
soldering and the reinforcement with the resin can be simultaneously
achieved in the production of a semiconductor package having solder balls
for mechanically and electrically bonding a package with a printed circuit
board and a semiconductor package exhibiting excellent properties can be
obtained. When members having a solder bump for mechanical and
electric bonding are mounted on a printed circuit board, the solder bump
can be bonded with a great shear strength of the solder balls and the
excellent resistance to temperature cycles and the excellent msulating

. property can be provided by the reinforcement with the resin.

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

Y

Example 1

Into 60 g of cyclohexanone, 100 g of a m,p-cresol novolak resin

25



manner such that the soldered portion is reinforced in a ring shape by
forrm ng'a meni scus. Therefore, the bonding strength and the &1 JENE 24
can be remarkably inproved fromthose obtai ned by soldering using a
conventional flux. By using the curable flux of the present invention, the
bondi ng by soldering and the reinforcenent with the resin can be

simul taneously achieved in the production of a sem conductor package
havi ng sol der balls for mechanically and electrically bonding a package

with a phhahath&iredidy DOBPFRON K AYRGUCoRAUTAT; P@S(@Q%h@xmr@f&égﬁlg
excel l ent properties can be obtained. Wen nenbers having a sol der bunp

for nmechagiicalerandl 208! £ed ri4n Robliang epbey Meuii of 3R BiPheRbET ¢ipsui t
board, the solder bunp can be bonded with a great shear strength of the
sol der bhhhsufautiutdie byeXSHPON KAYAKHNGD.! dtdemRE-d04Be thyckpsxy@nd t he
excellent insulatin property can be provided by the reinforcenment with
t he resi¢auivhtengr d&dmtwerey disobredwi [To blee deseltabé dolmtienspecigf ofcat |y with
reference to exanples in the fol] ow ng. However, the present invention is
not i ni P%@X%@F@h&w%@h@@#ﬁw%aﬁ nthe epring eatalystl vwexaddedk, 100 g
of a mp-c&esol n vo@k resin, 25 21 JUNE 2004 [ manufactured by N PPON
KAYAKU CoR¢ 2 ¥3fistbaca furg FERPArePREft- val ent: 120] and 140 g of an

oPOXY 28t e ROk kB rhERRHLE 5 e TRV o
20 1 Srv gl BENRERAG AP, A RN LBl
a land having a diameter of 400 pm and a pitch of I mm was formed. A
lead frame of the circuit was seaied by molding with a sealing material for |
semiconductors [manufactured by SUMITOMO BAKELITE Co. Ltd.;
EME-7372]. One face of the test circuit board was polished so that the
test circuit was exposed and a test package of 20 mm square was prepared.
For the polishing, a water-resistant polishing paper No. 1000 in
accordance with Japanese Industrial Standard R 6253 was used. The test
package was cleaned with isopropyl alcohol, dried at 80°C for 30 minutes
and used as the test package for evaluation of soldering.
The surface of the test package for evaluation of soldering having
the exposed test circuit was entirely coated with the varnish of a curable
flux prepared above. The coating flux was dried at 80°C for 10 minutes
and a film of the curable flux having a thickness of 20 pm was formed. On
the land of the circuit of the test package for evaluation of soldering, 60
solder balls having a diameter of 500 pm [manufactured By SENJU
'KINZOKU KOGYO Co., Ltd; an Sn-Pb-based cocrystalline solder] were

‘placed. The solder balls were bonded to the test package for evaluation of

soldering by passing through a reflow oven in which the peak temperature
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Usi ng a copper plate having a th| ckness of 125 [im [manufactured by
FURUKAWA DENKI KOGYO Co., Ltd.; EFTEC64T], a test circuit hav ? I\%?
havi ng a di aneter of 400’ pm and a pitch of 1 mm was for med. ea rane
of the circuit was sealed by nolding with a sealing material for

sem conductors [manufactured by SUM TOMO BAKELI TE Co., Ltd.; EME-7372].
One face of the test circuit board was polished so that the test circuit
was exposed and a test package of 20 nm square was prepared. For the

pol i shi NGva@s¥PdEL40Es| STREH, tBeldushbRITRARAE Need ?Qﬂei}ﬂeat% Lflgce with
Japanese | ndustrial St andard R 6253 was used. The test package was cl eaned

wi t h i soptopy0°(CafeobdImirliteedndt tHOS&returdlrdthfwtal witidht Se6ird§ak;he test
package for evaluation of soldering. The surface of the test package for
eval uat i eongfletzol. dek irng-Slaatietgmenireusiposeg attedghicof 130 to 266 panivhsel y
coated with the varnish of a curable flux prepared above. The coating fl ux
was dri edormeg@connd the snldeuecéportam a filmof the curable flux having a

t hi ckness of 20 pmwas fo the |and of the circuit of the test

package for e\ﬂa}%ﬁh?fﬁ‘nsﬁﬁng@l G%FhﬁhQOIdGO badls| igethepelithindthiesipackdganet er of
500 pm [ ianuf act ur ed ENJU Kl NZOKU Ltd an Sn- Pb- based
cocryst alqﬁ’lr ﬁ‘églé'& ’d’é‘r‘iib%é‘?%rm%l“éa@e‘&i‘ea ﬁsﬁb‘é@ﬁoﬁl‘!‘%"%ﬁb %@déﬁero t he
test pac e for ev sol derj Si t hr ou a ref | ow oven
nwny on (PREEERRE B2 LTS Aa00p 1Ry NECTMAas e: axBrakin eluernen, t he
curabl e fb%n@@%%g@n%& {]ﬁngﬁ w&éﬁalt(ﬂ? t at 150'C for 60 mnutes and

the structure rei € resih conpl eted. A ring-shaped

meni Sous havi MtheA shlcOst Arad SRpHRcR0 YLD YoM st (BE IR 1RLANDY, 116y SO der ed

portion. The shear strength of the so est
package having a diameter of 30 pm and a pitch of 0.8 pm and the average value of

the shear strength of the solder balis was 1,000 g.

Ten test printed circuit boards for the test of temperature cycles
were coated with a commercial flux [manufactured by KYUSHU
MATSUSHITA DENKI Co., Ltd; MSP511l. After the test packages
having solder balls prepared as described above were mounted, the
resultant combinations were passed through a reflow oven in which the
peak temperature was set at 240°C and 10 substrates mounted with the
test package were prepared. The substrétes mounted with the test
package had a circuit designed in a manner such that 60 bondi:ng portions
with the solder balls were connected in series via the test package and the -
test printed circuit board.

After it was confirmed that electric current passed through the
substrates mounted with the test package obtained above, the test of
temperature cycles was conducted. In the test of temperature cycles, eacﬁ
cycle was composed of a treatment at —50°C for 10 minutes and a

treatment at 125°C for 10 minutes. After 1,000 cycles of the test of
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for evaluation of soldering was neasured by using a universal bond tester
[ menuf act ured by DAl SY Conpany; PC2400, T]. The average val ue 2Pt 8604 r om
t

60 neasurenments was 1, 100 g. The sanme test was conducted using a tes
circuit having a land having a diameter of 30 gmand a pitch of 0.8 gm and
the average value of the shear strength of the solder balls was 1,000 g.
Ten test printed circuit boards for the test of tenperature cycles were
coated with a commercial flux [manufactured by KYUSHU MATSUSH TA DENKI

Co., Lt dtempbidthid cyScsemd efdeestof tpokagewiriigvivege SoLdgridahbs1¢r epar ed
as descri bed above were nounted, the resultant conbinations were passed

t hr ough sulistfdtew mventedwithi the tebepagegie. t enperature was set at 240' C and
10 substrates mounted with the test package were prepared. The substrates
mount ed wi t h Altest peintegaickagdoaad wehich e heedegliaged érithn aaohdanaid such t hat
60 bonding portions wth the solder balls were connected in series via the
t est pachade? apattete oft estcoprhi mbadeciharing dodisthncaf between walscoonf i r med
that electrjc current passed through the substrates nounted with the test

package GBYACHIE abdwd Hoheveesabtd withpEhariareidy ofea sursblodbucted. In
(ne.Leet, e by VELes, Bachn SYEL S8R ATMASEY 3, set ot ot
cveLes had Recks fly R UG LTRBERLA 5 AV bfcL ©
package e LaeigBl A ELLEU e ol ROt AR LRG0 MBHT? o0 O

which the peak temperature was set at 240°C. Then, the curable flux was

cured by the heat treatment at 150°C for 60 minutes and a test printed

circuit board for the test of reliability of insulation was obtained.

The insulation resistance between the patterns of a comb shape

haﬁng a distance between electric conductors of 150 pm in the printed

circuit board was measured using an automatic ultra insulation-resistance

tester [manufactured by ADVANTEST Company] by applying a voltage of

100 V for 1 minute. The resistance was 4X 102 Q. Then, a direct

current voltage of 50 V was applied under the atmosphere of 85V and 85%

RH. After the test printed circuit was kept in this condition for 1,000

hours, the insulai;ion resistance was measured in accordance with the

same method. No change in the insulation resistance was found and the

insulation resistance was 4X 1012 Q.

The melt viscosity of the curable flux was measured using a
viscometer [manufactured by RHEOMETRICS Corp.] while the
‘temperature was elevated by heating. The melt viscosity at the

temperature of the soldering of 240°C was 0.02 Pa-s. The contact angle

between the curable flux in the melted condition and the surface of the
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conductors of 150 pmwas coated with the varnish of a curable flux "
prepared above. The coating varnish was dried at 80C for 10 m a
filmof the curable flux having a thickness of 20 m was forngjfubﬁezw
obtained printed circuit board was passed through a reflow oven in which
the peak tenperature was set at 240C. Then, the curable flux was cured by
the heat treatnent at 150C for 60 mnutes and a test printed circuit board
for the test of reliability of insulation was obtained. The insulation

resi st ancg st weenskhe patterns of a conb shape having a di stance between
el ectric conductors of 150 min the printed circuit board was neasured
using an automatic ultra insulation-resistance tester [manufactured by

ADVANTEST Conpany] by applying a voltage of 100 V for 1 mnute. The

resi st andéexavapled2X 1012 0. Then, a direct current voltage of 50 V was
appl i ed under the atnosphere of 85V and 85% RH. After the test printed
circuit was kept varnishi sf concitdbde flox #2B0Qrep@tsds  ardd)eevalsstedt ;AN

resi stance was measured in accordance with the same nethod. No change in
t he i nsulagepxskancesiviihatlee same poweduaesd ashidose nendaticdnin diahpkce was 4 X
1012 O The nelt_ viscosity of the curable flux was neasured using a

vi sconet é’rxc?%ﬁbﬁéc]c(m 53| %'yaRPEQbEIFP% ds woiolall xesin dmanufacenpedr byur e was
col dor i nd SPNEABENINIO TeAB AR O Lt bt o e i chy diorubernuitvadonsir abl e
wes 25 Senas S e R AP0 lPaite- Frou NeiolSk Spified ana eval uated | n
The average value of the shear strength of the solder balls was 1,000
g when the land had a diameter of 400 pm and 950 g when the land had a
diameter of 300 pm. No defects were found in the test of temperature
cycles. In the test of insulation resistance, the insulation resistance was 5
X 1012 Q before the test and 4X 1012 Q after the test.
The 'melt viscosity of the curable flux at the temperature of the
soldering was 0.05‘ Pa-s and the contact angle between the curable flux in

the melted condition and the surface of the solder was 25°.

Example 3

A varnish of a curable flux was prepared and e‘;aluated in
accordance with the same procedures as those conducted in Example 1
except that 100 g of a polyvinylphenol [manufactured by MARUZEN
SEKIYU KAGARU Co., Ltd.; MARUKALINKER M; the hydroxyl
equivalent: 120} was used in place of 100 g of the m,p-cresol novolak resin.

The average value of the shear strength of the solder balls was 1,050
g when the land had a diameter of 400 pm and 900 g when the land had a

diameter of 300 um. No defects were found in the test of temperature
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accordance with the same procedures as those conducted in Exanple 1 except
that 100 g of a bisphenol A novol ak resin [manufactured by %%W?NK
KAGAKU Co., Ltd.; LF4781; the hydroxyl equivalent: 120] was used I n place
of 100 g of the mp-cresol novol ak resin. The average val ue of the shear
strength of the solder balls was 1,000 g when the | and had a di aneter of
400 mand 950 g when the land had a dianmeter of 300 pm No defects were
found in the test of tenperature cycles. In the test of insulation

resi st anegelesheln theltattiofinsidatidhareRstiace, The Xndlh2ioR Refsfcd Washest and
4X 1012 S after the test. The nelt viscosity of the curable flux at the

t enper at uf @08 Ottiedoresdiediest ngdwlx 10198 #fisr theltédte contact angl e bet ween
the curable flux in the nelted condition and the surface of the sol der was
25. Exanpl e 3 Thevaralt shswkita oflithdlcirhiblex fwxs aprthpateaiip andusy alf uhked in
accordance wth the sanme procedures as those conducted in Exanple 1 except
that 100S5gldsring wapy/PdHahand thementaetcangledbaty ennRbBRNraBRK k) iKAGAKU

Co., Ltd.; MARUKALINKER M the hydroxyl . equivalent: 1201 was used in place
of 100 gth¢ mefte %ng;lé§d’rn‘i1@%ﬁ‘o$‘%ﬂfa?%§f the soldenwesZ4E. val ue of the shear
strength of the solder balls was 1,050 g when the | and had a di aneter of
400 mand 900 g when the land had a dianmeter of 300 m No defects were

f ound inm%e@gs of tenperature 29 21 JUNE 2004 cycles. In the test of
insulation réesi'stance, the insulation resistance was 5 x 1012 0 before the

58 a0 L2 MBSl I o L Bhetd, R
between fhHgnadl&l by SUMITOMO DUREZ Co., Ltd.; PR-51470; the hydroxyl
equivalent: 105} and 210 g of an epoxy resin of the diallylbisphenol A type
[manufactured by NIPPON KAYAKU Co., Ltd; RE-810NM; the epoxy
equivalent: 220] were dissolved and 0.3 g of 2-phenyl-4,5-dihydroxy-
methylimidazole was added as the curing catalyst. A varnish of a curable
flux was prepared and evaluated in accordance with the same procedures
as those conducted in Example 1.
The average value of the shear strength of the solder balls was 1,000
g when the land had a diameter of 400 pm and 850 g when the land had a
diameter of 300 pm. No defects were found in the test of temperature
cycles. In the test of insulation resistance, the insulation resistance was 4
X 1012 Q before the test and 3 X 1012 Q after the test. |
The melt viscosity of the curable flux at fhe temperature of the
soldering was 0.02 Pa-s and the contact angle between the curable flux in
the melted condition and the surface of the solder was 20°.

Comparative Example 1

The surface of a test package for evaluation of soldering having the
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the nelted condition and the surface of the solder was 20. Exanple 4 Into-

80 g of ‘cycl ohexanone, 100 g of a phenol novolak resin [mnupagiNEdosy
SUM TOMO DUREZ Co., Ltd.; PR-51470; the hydroxyl equivalent: 1051 and 210
g of an epoxy resin of the diallylbisphenol A type [manufactured by N PPON
KAYAKU Co., Ltd.; RE-81ONM the epoxy equivalent: 2201 were dissol ved and
0.3 g of 2-phenyl -4,5-di hydroxy- nethylim dazole was added as the curing
catalyst. A varnish of a curable flux was prepared and evaluated in

accor dancgxpiskl diR@it B PHRGaH Sne as g:h&?ﬁg?&%‘%%}rﬁge%w%%gg{y% L. The

average value of the shear strength o e sol der S g when

the |and Wwith a cicamicediadf {1490 [AhAnthBE: D meamfi%igsm‘i“ anet er of
e cycles:

300 m No defects were found in the test of “tenperatur . Tn the
test of iDENELiGm, dediSMERH,1]tRhons Ubahin o 86ldst ARERIWeTHe, %01012 SZ
before the test and 3 X 1012 Q after the test. The nelt viscosity of the
curabl e fioltemballsewernpdactdinadothd eldesobalks ivagrewbsnded2oPeres tatd t he
contact angle between the curable flux in the nelted condition and the
surface dtackpgeder saplyaidonof schipymablyvenEiegpheoughThereflonf acendh a t est

ackage foy. evagluation of soldering havin ! he 30 21 JUNE 2004 exposed
(F:)i rcuigt vbﬁfll'cﬁ‘ e tepRerajyTe Feas sebet 24(39 Exarthefluxwass comveed byi t h a

er ci al _ fil.ux nuf act ur.ed, by KYUYSHU MATSUSH TA DENKI Co., Ltd.;
K/(égg?rlcl:l w EHEne {"g&hfsr?é’rgp%loF‘%f@?‘ofe:gsg?m%ﬁ?esote%o%@a%alh%‘-’lmr e pl aced

SR CLLIT R N i T S B
measured in accordance with the same method as that used in Example 1.
The éverage value of the shear strength of 60 solder balls was 550 g when
the land had a diameter of 400 pm and 350 g when the land had a diameter
of 350 pm.

Ten test printed circuit i)oards for the test of temperature cycles
were coated with the commercial flux described above without forming a
solder resist. After the test packages having solder balls described above
were mounted, the resultant combinations were passed through a reflow
oven in which the peak temperature was set at 240°C. The flux was
removed by washing with isopropyl alcohol and substrates mounted with
the test package were prepared. The test of temperature“cycles was
conducted using the obtained substrates mounted with the test package in
accordance with the same method as that used in Example 1. Defects of

broken wiring were found in all of 10 substrates mounted with the test

package.

Comparative Example 2

Test packages having solder balls and substrates mounted with the
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whi ch the peak tenperature was set at 240C. The flux was renoved by

washing'with isopropyl alcohol. In this manner, test package i
sol der balls were prepared. The shear strength of the sol derszbglqpyy\i\/%%m

measured in accordance with the same nethod as that used in Exanple 1. The
average val ue of the shear strength of 60 solder balls was 550 g when the
| and had a dianmeter of 400 mand 350 g when the | and had a di anmeter of 350
m Ten test printed circuit boards for the test of tenperature cycles were

coated w p.al uxed i b Wi ut__form a, sol der
resist. Wﬁfh?eﬁr’ﬁ?{ﬁe%%tngg C‘%lgc &%%e?fhge\éﬁ%%&ggf%e&gﬁ Ivggr%egg ¥ %Iéeép gﬂf’o‘*/e wer e

nmount ed, eviall@atedSiHl hadirdaARD W itRB SRS gr&%ﬂ%%gs %Frtﬁ%gg' c@nflﬁ&eﬂv%l g;en in

whi ch the peak tenperature was set at 240C. The ux was renove _
washi ng @érmpaisitps Bxuimplbcobalepd a4 aBldét RSidTOMAS Bskdd Bntthe (h&st package
were prepared. The test of tenperature cycles was conducted using the
obt ai nedaskbges retheewinationi dfisolderite ahdpdekagatddcirasis Yodads M t h t he
same nethod as that used in Exanple 1. Defects.of broken wiring were found
in all dhelestkeliemperasurmeydled with the test package. Conparative Exanpl e
2 Test packages having sol der balls and substrates nounted with the 31 21
JUNE 2004 t eskhaveunge vedie phthe shaargitrengtharfdhaseldeydizdls wes 65pepar ed and
eval uat e inéc orget_ln?ce \é\g’é,th t he fsama procedures as those conducted in
Conpar atV %ﬁri'ﬂ‘ dog dagmeterset 40Q gy @nds 409 gt whan therland kad ahe t est
Packagehidploptl S Y 1B oD Bt S IToIaH Sllng GeRl 'BhaY 5! Bk foPoBros Tor
substrates mounted with the test package in the test of temperature

cycles.

Comparative Example 3

Substrates mounted with the test package for the test of
temperature cycles were prepared and evaluated in accordance with the
same procedures as those conducted in Comparative Example 1 except
that a solder resist was formed on the test packages for evaluation of
soldering and the printed circuit boards for the test of temperature cycles
and an underfill was applied after the flux was removed by washing. |

Defects of broken wiring were found in 1 of 10 substrates mounted

with the test package in the test of temperature cycles.

Comparative Example 4

A test printed circuit board having the same shape and pattern as
;;hose in Example 1 was coated with the above commercial flux. The
coated board was passed through a reflow oven in which the peak

temperature was set at 240°C and a test printed circuit board for the test
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The average val ue of the shear strength of the solder balls was 650 g when
the' land had a diameter of 400 mand 400 g when the | and had & joNE®dRf Of
300 m Defects of broken wiring were found in 8 of 10 substrates nounted
with the test package in the test of tenperature cycles. Conparative
Exanpl e 3 Substrates nmounted with the test package for the test of
tenperature cycles were prepared and evaluated in accordance wth the sane
procedures as those conducted in Conparative Exanple 1 except that a

sol der refiis§uls@idnf Didresligbility X gsvbpRackages for eval uation of sol dering
and the printed circuit boards for the test of tenperature cycles and an
underfill was Bpplteed off ireuldtien fledictunge readveddaytomeshing theetagt s of
broken wiring were found in 1 of 10 substrates nounted wth the test
package iprintied digsiit bbatdepperatdrabovy dhescoitimma rvaithwhe Deand e thod t est
printed circuit board having the sanme shape and pattern as those in Exanple
1 was co&fethadi tused hin dbvamapbonirer Thal tefst uprintérk odoatie hdavdr Hatvasn passed
through a reflow oven in gni ch tlﬁe Beak t enperature was set at 240C and a
test priAREYaEOPRIGsIStRCH of 6 6ri0 h&> betere she past apdethrpshprscitcnstuvasi on and
reliabilit Sl red. The test of insulation resistance was conducted
usi ng théo%éi\? eEFﬁ%?%’%-ci rcuit board prepared above in accordance with the
same nethod as that used in Exanple 1. The test printed circuit board had
an insulation resistance of 6 X 1010 SZ before the test and the short

circuit was U@tk §h EEmpRE to 4 and Comparative Example 1 to 4 are

shown in Table 1.

Table 1
Shear strength Test of Insulation Contact Melt
of solder balls temperature resistance angle viscosity

- 400 pm 300 pm cycles before test after test

(g) (g (defect/total) (e} (9)] ) (Pa-s)

Example 1 - 1100 1000 0/10 4x1012 4x1012 25 0.02
Example 2 1000 950 0/10 5xX1012 4xX1012 25 0.05
Example 3 1050 200 0/10 5X1012 4X 1012 20 0.03
Example 4 1000 850 0/i0 4X1012 3x1012 20 0.02
Comparative 550 350 10/10 - - - -

Example 1
Comparative 650 400 8/10 - - - -

Example 2
Comparative - - 1/10 - - -

Example 3
Comparative - - - 6X 1010 short circuit -

Example 4

[Notel In shear strength of solder balls, 400 pm and 300 pm show the diameter of the
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The results in Exanples 1 to 4 and Conparative Exanple 1 to 4 are shown in
Table 1. Table 1 Shear strength Test of I|nsulation Contact I\/BﬁJngEszgl@r
ball s tenperature resistance angle viscosity 400 pnB00 pntycles ore test
after test (g)(g)(defect/total) (0) (92) ()(Pa-s) Exanple 1110010000/104 X
10124 X 1012250. 02 Exanpl e 210009500/ 105 X 10124 X 1012250. 05 Exanpl e
310509000/ 105 X 10124X1012200. 03 Exanpl e 410008500/ 104 X 10123 X 1012200. 02
Conpar at i ve55035010/ 10---- Exanple 1 6504008110 Conparative Exanple 2

\ . P : le
- -1/ 10- - Jafdgi¥pddrat i ve Exanple 3 6 X 1010short circuit- Conparative Exanp
4 [ Not e] alln shear strength of solder balls, 400 pmand 300 pm show the
di ameter of the 33 21 JUNE 2004 | and portion. As shown in Table 1, in
Exanpl es in which the curable flux of the
As shown in Table 1, in Examples in which the curable flux of the

present invention was used, the shear strength of solder balls was as high

as 1.5 to 1.8 times the values obtained by using the conventional flux. In

the test of temperature cycles, no defects of broken wiring were found. In

the test of insulation resistance, the resistance showed almost no decrease.

It is apparent that the flux of the present invention exhibited the excellent

effects.

Example 5
Into 80 g of cyclohexanone, 100 g of a resorcinol novolak resin
- [manufactured by NIPPON KAYAKU Co., Ltd.; KAYAHARD RCN; the
hydroxyl equivalent: 58] and 280 g of an epoxy resin of the bisphenol F
type lmanufactured by NIPPON KAYAKU Co., Ltd.; RE-404S; the epoxy
equivalent: 165] were dissolved. To the resultant solution, 0.2 g of 2-
phenyl-4,5-dihydroxymethylimidazole was added as the curing catalyst
and a varnish of a curable flux was prepared. The prepared varnish was
evaluated in accordance with the same procedures as those conducted in
Example 1. | |
The average value of the shear strength of the solder balls was 1,050
g when the land had a diameter of 400 pm and 800 g when the land had a
diameter of 300 pm. No defects were found in the test of temperature
\cycles. In the test of insulation resistance, the insulation resistance was 3
X 1012 ) before the test and 3xX 1012 Q after the test.

The contact angle between the curable flux in the melted condition
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present invention was used, the shear strength of solder balls was as high

as 1.5 t'o 1.8 tines the val ues obtained by using the conventi I n
the test of tenperature cycles, no defects of broken wring m%fgbﬁ)éuggm‘l n

the test of insulation resistance, the resistance showed al nbst no
decrease. It is apparent that the flux of the present invention exhibited
the excellent effects. Exanple 5 Into 80 g of cycl ohexanone, 100 g of a
resorci nol novol ak resin [manufactured by N PPON KAYAKU Co., Ltd.;

KAYAHARD d#2(iNchd Berfaby of theydol@emingalignt : 581 and 280 g of an epoxy resin of
t he bi sphenol F type [manufactured by N PPON KAYAKU Co., Ltd.; RE-404S;

the epoxy equhvaippet:plabSlhareng alithieineed. ofTO26 hemr fabhtantusd wii on. 0.2
g of 2 - I‘phen | -4, 5- di hydroxymnet hylim dazol e was added as the curing

cat al yst BAYVBAENKDF KOG klog Lidix BREEQ64Phmed. tréhaedwepaped

varni sh was evaluated in accordance with the sane procedures as those

conduct edott etqungpsadution ayiachgedy by WIBPOM PEROKIDE réngtlitdof t he
colder babh5evBou1<0e BOVARD fheghand fad o 0 ayeter of 400 m and 500 o
o ST o e e Y horh ol e BB SR LR o
(e et ol 5801 R 0L G RC SRR S Lifad ST
' film having a thickness of 100 pym. On the formed film, 5 Sn-Pb-based

cocrystalline solder.balls having a diameter of 500 pm [manufactured by

NITTETSU MICROMETAL Co., Ltd.} were placed and the copper plate

having the solder balls was left standing on a hot plate set at 240°C.

After one minute, the copper plate was removed from the hot plate and the

height D (um) of the solder balls which wetted the plate and spread was

measured and the degree of spreading by wetting was calculated using the

- following equation:
Degree of spreading by wetting (%) = (500 - D)/5

The degree of spreading by wetting was found to be 80%.

Using solder balls containing no lead in place of the Sn-Pb-based
cocrystalline solder balls, the degree of spreading by Wétting was
calculated in accordance with the samre method as that in the above. The
degree of spreading by wetting of Sn-Ag-Cubased solder balls
[manufactured by NITTETSU MICROMETAL Co., Ltd.] was 70%, the
degree of spreading by wetting of Sn-Bi-based solder balls [manufactured

"by SENJU KINZOKU KOGYO Co., Ltd.] was 60% and the degree of
spreading by wetting of Sn-Zn-based solder balls was 65%.

35




A copper plate having a thickness of 125 gm [nenufactured by FURUKAVWA
DENKI KOGYO Co., Ltd.; EFTEC64T] was treated with a soft etcdy ggpg)hg(t”on
[ manuf actured by NI PPON PEROXI DE Co., Ltd.; FINE POLISHER PO TG for 2
mnutes and a test copper plate for bonding of solder balls was prepared.
The test copper plate for bonding of solder balls was coated with the
above varnish of a curable flux to forma filmhaving a thickness of 100
gm On the forned film 5 Sn-Pb-based cocrystalline solder balls having a
di anet er Espmple® gm [manufactured by N TTETSU M CROMETAL Co., Ltd.] were

pl aced and the copper, plate having the solder balls was | eft standing on a
hot plate set iatV"izfllHE)ftl‘l. ofpf efurghle vt wast heercopgenngl avalwstedr éwoved from
the hot plate and the ~height D (gm of the solder balls which wetted the
pl at e angc?ﬁﬁﬂ’éﬁe THLD thesdme Profedencs aedhewe epndweteddinnExoynnlet5i ng was

. . Con: i b .

(o 2 (et B?l%%tﬁ?h%fO%%%@g@leﬂ%\?%é ?raﬁ%%%ﬁé@%ﬁ%ﬁ%ggﬁé' 0%
i t. - R0 {1 ead | ac . - PR-.

corr St o SRS T8, D% A e il

cal cul atggh 0(ns 3¢ ERE gﬁéﬁﬁgl}“{l?lﬁg&%% %%Egrret hod as that in the above. e

degree of spreading - - Cu- based sol (;e(r) b'?lhles ce of
Sproadi ng by wer o re el e B paced o ame ik e Bk N R B °Seou
KI NZCKU (@B6D G lanid Had a1i8nfQ8 80000 i 4508 PlwhGPERAHAPHRY et LI ng of
Sn- Zn- based sol der balls was 65% 35 21 JUNE 200 np
diameter of 300 pym. No defects were found in the test of temperature
cycles. In the test of insulation resistance, the insulation resistance was 3
X 1012 Q before the test and 3 X 1012 Q after the test.
The confact angle between the curable flux in the melted condition
and the surface of the solder was 10°.
The degree of spreading by wetting of the Sn-Pb-based cocrystalline
solder balls was 80%, the degree of spreading by wetting of Sn-Ag-C-based
solder balls was 70%, the degree of spreading by wetting of Sn-Bi-based
solder balls was 65% and the degree of spreading by wetting of Sn-Zn-

based solder balls Wés 60%.

Example 7

A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as those conducted in Example 5
except that 100 g of a hydroquinone novolak resin [manufactured by
SUMITOMO DUREZ Co., Ltd; a tentative product; the hydroxyl
equivalent: 55] was used in place of 100 g of the resorcinol novolak resin.

The average value of the shear strength of the solder balls was 1,050
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A varni sh of a curable flux was prepared and evaluated in accordance wth
the same procedures as those conducted in Exanple 5 except tHpgyNgdeopf a
catechol novol ak resin [manufactured by NI PPON KAYAKU Co., Ltd.; A-1468;

t he hydroxyl equivalent: 58] was used in place of 100 g of the resorcinol
novol ak resin. The average val ue of the shear strength of the solder balls
was 1,100 g when the land had a dianeter of 800 m and 800 g when the | and
had a dianmeter of 300 m No defects. were found in the test of tenperature
cycl es. gwharethelindhadpsdiaméten of 88Dgtramad, 8380e winsnkhé lond hagdisst ance was
3 X 1012 ) before the test and 3 X 1012 O after the test. The contact

angl e befigaester if 200 amre Noudefepts: werendoundl inoei tésorof tamparhensur f ace of

t he sol der ,was ,10., The degree of spreading by wetting of the Sn-Pb-based
cocr yst a4 I?otﬂ’&étles‘o%‘ielg@u 01 )%lsqaﬁéeag@@ﬂ@é“@fu@pﬁeé%ﬂﬁ@e wpsvet ting of

Sn- Ag- C- der, bal | %, the d f ding by wetti f
on- B - bacad S PRy Fes o Bool Uik 2 AfleT ABa T of “Spr eadi ng by vetti ng of
vaspr epar od ‘oG Bk Ba SRR SEAGREST WPe o R eid Bristllings as { hose
[ manut actar ea e RaorenE s B s by R e G
hydr oxyl ' : ' : .esonrci nol
Vol ok e O e o R AR e S e b 1
was 1, 05d1@&6 Billd Wk 8004 aadwbten debeed andpRadiine HyaWetahe Al 8R40 and 800 g

when the | and had a
based solder balls was 50%.

The results of Examples 5 to 7 are shown in Table 2.

Table 2- 1
Shear strength Test of Insulation Contact
of solder balls temperature resistance ((2) angle
400 pm 300 um cycles before test  after test

(g (& (defect/total) 1(9)) @ )
Example 5 1050 800 0/10 3X1012  gx1012 15
Example 6 1100 800 0/10 3x1012 2X 1012 10
Example 7 1050 800 0/10 4X1012 3x1012

[Note] In shear strength of solder balls, 400 pm and 300 pm show the diameter of the

land portion.

37




di aneter of 300 m No defects were found in the test of tenperature

cycles. "In the test of insulation resistance, the insulation 3e50UnE was
4 X 1012 0 before the test and 3 X 1012 S2 after the test The degree o
spreading by wetting of the Sn-Pb-based cocrystalline solder balls was
80% the degree of spreading by wetting of Sn-Ag-C-based solder balls was
55% the degree of spreading by wetting of Sn-Bi-based solder balls was
60% and the degree of spreadi ng by.spedting of Sn-Zn- based sol der balls was
50% The results of Exanples 5 to 7 are shown in Table 2. Table 2_- 1 Shear
strength Test of Insulation Contact of sol.der, bal]l st eratureresistance

(i 2) aggl e 400 nBOO pntycl esbeforI%g't‘eSZé){Sé)fr?agf*ngtbé’s“fettmg&Tp

(9) (9g) (defect/total)(0)(c)d)pfxanpl gn%JgQJ;QSOOOI (1)5%3Bix 10123 >§(_Z$1?01215 Exanpl e

611008006/-103—%-10122.X-101210 Exanpl e 710508000/104 X 101 1012- [ Not €]
I n shear, strength of sol der, balls, 400, pmand 300 Pm show the dianeter of

t he Ianc’]‘alﬁgrtion. 37 21 JWME 2004 Tabl%e 2 - 2 D@&ree of sptﬁéadi ng by
wetting Egi%lpl§%- PbSn- Ag- CuSrgoBi Sn- Zn 70 85 60

Example 7 80 55 60 50

As shown in Table 2, in Example 5 to 7 in which the curable flux of
the present invention was used, the wetting property to the Sn-Ph-based
solder was excellent and the wetting property was excellent also to the

solders containing no lead.

Example 8

Into 60 g of cyclohexanone, 100 g of a phenol novolak resin
[manufactured by SUMITOMO DUREZ Co., Ltd.; LBR6; the softening
point: 41°C; the hydroxyl equivalent: 105] and 210 g of an epoxy resin of
the diallylbisphenol A type [manufactured by NIPPON KAYAKU Co., Ltd.;
RE-810NM; the epoxy equivalent: 225] were dissolved. To the resultant
solution; 0.2 g of 2'phenyl'4,5'dihydroxymethylimidazole [manufactured:
by SHIKOKU KASEI Co., Ltd.; 2PHZ] as the curing catalyst was added
and a varnish of a curable flux was prepared. Then, the prepared varnish
was evaluated.

The average value of the shear strength of the solder balls was 900 g
when the land had a diameter of 300 pm. No defects were found in the

test of temperature cycles. In the test of insulation resistance, the
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Exanpl e 580706065 Exanpl e 680706560 Exanpl e 780556050 As shown in Table 2,

in Exanpgle 5 to 7 in which the curable flux of the present isygUNPRONRS
used, the wetting property to the Sn-Pb-based solder was excellent and the

wetting property was excellent also to the solders containing no |ead.
Exanple 8 Into 60 g of cycl ohexanone, 100 g of a phenol novol ak resin

[ manuf actured by SUM TOMO DUREZ Co., Ltd.; LBR-6; the softening point:
41C; the hydroxyl equivalent: 105] and 210 g of an epoxy resin of the
di al | yl bi 5pnéapn sesigiance vaamit 2ck0lP S befprait PRGN tiomdnky 1032 O hftdr the

RE-810NM the epoxy equival ent: 225] were dissolved. To the resul tant

sol uti on, t&8t2 @%J@%@hwmaﬂmmbﬁmt@m@ﬁﬂhﬂ SnmlPdabmeei ¢amgyéatgﬁmm(rj ed- by
SHI KOKU KASEI , ktd.; 2PHZ] as the curing catal yst was added and a

var ni sh o%°§58%§3§5|[€1%w§cw§ &Ye&mﬁTﬁﬂeﬁ,Icm%br%, Laddiveds  was
eval uat ed O)The average value of the shear strength of the solder balls was
900 ¢ Wn%%"the | and had a diameter of 300 m. No defects were found in the

. - he,t est i nsul ation resistance, the 38 21
JONE 2004° 1 ety Bt Bl ine 1A bR hayiy %?P?o‘?&tﬁfﬁgﬁz) g 4 1012
0 af ; 1} S Y . 0 - Pb-
02t ier aoucheat o st dogs sfusla sPLAZCLORMIPSIALE BlablEuRRY DooE
was  80% toft fpaskagd FoutdstiiaY bR nAPR ALY AN LBV HeAwliIANES §hndf 300 gm

and ,
procedures as those conducted in Example 1 was coated with the varnish of

a curable flux and a film of the curable flux having a thickness of 50 pm
was formed. On the land portion of the circuit of the test package for
evaluation of soldering, solder balls having a diameter of 500 pm
[manufactured by SENJU KINZOKU KOGYO Co., Ltd.; an Sn-Ph-based
cocrystalline solder] were placed and bonded to the test package for
evaluation of soldering by passing through a reflow oven in which the peak
temperature was set at 240°C. Using 800 solder balls in 10 packages
prepared as described above, the resistaﬁce to electric current between the
solder balls and the circuit of the test package was measured by a millichm
meter [manufactured by ADIRENT TECHNOLOGY Company; CABLE
TESTER]. The resistance to electric current was 5 mQ or smaller for all

solder balls.

Example 9

A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as those conducted in Example 8
except that 100 g of a phenol novolak resin [manufactured by SUMITOMO
DUREZ Co., Ltd; PR-HF-3; the softening point: 82°C; the hydroxyl
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a pitch of 0.8 mmwas forned. The surface for placing solder balls of a
test package for testing soldering prepared in accordance w tgy YORE
procedures as those conducted in Exanple 1 was.coated with the varnis of
a curable flux and a filmof the curable flux having a thickness of 50 gm
was formed. On the |land portion of the circuit of the test package for
eval uation of soldering, solder balls having a di aneter of 500 gm
[ manuf actured by SENJU KI NZOKU KOGYO Co., Ltd.; an Sn-Pb-based
~ cocr yst atquinalendt dOp] weesr gs‘rad aoeplage ebf blm}ﬁ)dgd)ftmet pRetashopdakageir or

eval uation of sol der| n assing through a refl ow oven in which the peak
t enper at EFOMO URIEY. €ol.ded.;HaBRs6li n 10 packages
pr epar ed as dﬁﬁcribed ab ve, %ﬂe resistance to electric current between the
sol der bal | s ={alavREARS Yalyeof eﬁh%alt%@@n é@@aﬂ&brd@dhwea%g)ga mlliohm
nmet er nuf act.ured by AD CABLE TESTER]. The
resi st a ‘ige%tlse‘g?ﬁ ¥ m{‘emg‘ss Hﬁrag 3éﬁ'rlesf orlngfhe teg @I%r bal | s.

Exanpl e lﬁsﬁla\{;tf’c{]ﬁkﬁﬁsfgnc@ %fé FRL QbW es%sﬁglgl are éal@g Eiﬁgiat

accordance w sanme’ procedures a

that 10 |
1 S i oy o A A

equi val ehb: sdiA5F Mals Usgs TavP! age Rk tJe P liePyol gk resin |
[ manuf act ured by SUM TOVO DUREZ Co % % %ff%’??y %ﬁgg(glve?% e %g’l ue of the
shear streeiagsiceofo élh&r@éﬂ&émbﬂds%%o@@ﬁwﬁler HP afebffdrb ey e found in the
test of tenperature cycles. In the test of insulation resistance, the

i nsul ation resistance was 5 X 1012 S2 before the

except

Example 10

A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as those conducted in Example 8
except that 100 g of a phenol novolak resin [manufactured by SUMITOMO
DUREZ Co., Ltd; PR-51714; the softening painti 92°C; the hydroxyl
equivalent: 105] was used in place of 100 g of the phenol novolak resin
[manufactured by SUMITOMO DUREZ Co., Ltd.; LBR-6].

The.average value of the shear strength of the solder balls was 850 g.
No defe_cts were found in the test of temperature cycles. In the test of
insulation resistance, the insulation resistance was 5X 1012 Q before the
test and 4X 1012 O after the test. The degree of spreading by wetting of
the solder balls was 75%. In the test of stability of soldering, the

resistance to electric current was 5 mQ or smaller for all solder balls.
\Example i1

A varnish of a curable flux was prepared and evaluated in

accordance with the same procedures as those conducted in Example 8
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test and 4 X 1012 Q after the test. The degree of spreading by wetting of -

the*solder balls was 75% In the test of stability of solderi@fj UN%Z 4
resi stance to electric current was 5 nS2 or snaller for all so ger a??s.

Exanpl e 10 A varnish of a curable flux was prepared and eval uated in
accordance wth the same procedures as those conducted in Exanple 8 except
that 100 g of a phenol novol ak resin [manufactured by SUM TOMO DUREZ Co. ,

Ltd.; PR-51714; the softening point: 92C;, the hydroxyl equivalent: 1051

was used éxtept tite DI0 P agplnfndl hevelhaene@siniehakadkesddb ﬁmﬁéﬁﬁf ed by
SUM TOMO DUREZ Co., Ltd.; LBR-6]. The average val ue of j{ e shear Strength
of the sdPHEEDLo.s Mds BRO5HA70;Nchalebftehingw@iotnt: OLOBPC; NtHe diyligsity10f
tenperature cycles. In the test of insulation resistance, tf){e I nsul ati on

r esi st anCgUERleBtx1a%1 wasudeds by pladeeof 108t afthd phehdl DokoRfid fss;hhe test . .
The degr wetting of the solder balls was 75% 1In the

f .
t est of gﬁﬁ%qugtg}'&g‘glbg’%ﬁﬁﬂwq A REEG st btdelBR6l.ectric current was 5

m® or smalleryfor all solder,balls. Exanple 11 A varnish of a curable flux
was prepar ed AN BAAPEEYE qqt%ﬁ@h’@?&éﬂ@@%@?ﬁth%@ldah’@ah veeddles as those

conduct eqy/d 40 .21 JUNE 2004 except that 100 g of a phenol

novol ak ?gdsiaﬁ%&% 8¢ OBPgdmmg/h%%URﬁsz%m regyclegy d?n thr- B3t p6; t he
sof t eni ngnddhfibi ‘ yidir: Lyval ent : sed in place of
100 g of he” ppa A Rtank P apeEkAttien SAHERE e AR lNT S Bt oo,

Ltd.; LBRsilandBe BYCr@agtsainetat, t Pgo (Fn byt D8S0L dpr bal I's
was 800 g. No defects were found in tﬁe t%iléééet 8%%&%#6%?%%?8“&%@5. In the
.t est of the solder balls was 70%. In the test of stability of soldering, the

resistance to electric current was 5 mQ or smaller for all solder balls.

Example 12
Into 80 g of cyclohexanone, 100 g of a polyvinylphenol
[manufactured by MARUZEN SEKIYU KAGAKU Co., Litd;
MARUKALINKER M10819401; the softening point: 145°C; the hydroxyl
equivalent: 120] and 190 g of an epoxy resin of the diallyibisphenol A type
[manufactured by NIPPON KAYARU Co., Ltd.; RE-810NM; the epoxy
equivalent: 220] were dissolved. To the resultant solution, 0.3 g of 2-
phenyl-4,5-dihydroxymethylimidazole as the curing catalyst .Qvas added
and a varnish of a curable flux was prepared. Then, the varnish was
evaluated.
The average value of the shear strength of the solder balls was 800 g.
No defects were found in the test of temperature cycles. In the test of
‘insulation resistance, the insulation resistance was 4X 1012 O before the
test and 3X 1012 Q) after the test. The degree of spreading by wetting of

the solder balls was 60%. In the test of stability of soldering, the
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i nsul ation resistance, the insulation resistance was 4 X 1012 SZ before the
test and 3 X 1012 Q after the test. The degree of spreading by4 Wl*E BeoRf
the solder balls was 70% In the test of stability of soldering, the
resistance to electric current was 5 nfg or smaller for all solder balls.
Example 12 Into 80 g of cycl ohexanone, 100 g of a pol yvi nyl phenol _

[ manuf act ured by MARUZEN SEKI YU KAGAKU Co., Ltd.; MARUKALINKER ML0819401,;

t he softening point: 145C, the hydroxyl equivalent: 120] and 190 g of an.
epoxy r agiststance treeldictric givbienpleeeomided i upe fof smnekakieyhatisby NI PPON KAYAKU
Co., Ltd.; RE-810ONM the epoxy equivalent: 2201 were dissolved. To the
resultant solution, 0.3 g of 2- phenyl-4, 5-dihydroxynethylim dazole as the
curing catal yst .was, added _ and a varnish of a curable flux was prepared.
Then, t OIQ}‘H%FF?*%Y]Q mped} yated. The average val ue of the shear strength
of the solder, balls was_.800 g. . No_defects were found in the test of

t enper at ur e &cV%@lsﬁﬁofh‘é ‘E‘g‘éatbl%f flug s mreparess andinesaluated jimsul ati on

ST AR i T S i

current ex%gde%ieagﬁgbf n%gf%?%g?rgb%‘%}g%ﬁﬁlgﬁo f ﬁ‘?ﬂa&BE&CgP’é%‘fé%igﬁﬁWé& A

e sare b pood e acR U e L S RLERURAL AR EIE! BEIONBHE RS 00 o o

anot her spiibuidghpbienobe ek ARiony Pl MAVAE) walhold HAGRIY o+ LUd.
100 g of the polyvinylpheno! [manufactured by MARUZEN SEKIYU

KAGAKU Co., Ltd.; MARUKALINKER M10819401].

The average value of the shear strength of the solder balls was 750 .
In the test of temperature cycles, defects of broken wiring were not found
in 4 substrates amoﬁg 10 substrates mounted with the test package. In
the test of insulation resistance, the insulation resistance was 3X1012 o
before the test and 83X 1012 O after the test. The degree of spreading by
wetting of the solder balls was 50% or smaller. In the test of stability of

soldering, solder balls having poor bonding were found.

Comparative Example 6

A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as those conducted in Example 12
except that 100 g of another polyvinylphenol Imanufactured by MARUZEN
SEKIYU KAGAKU Co., Ltd; MARUKALINKER M16917851; the
éoftening point® 205°C; the hydroxyl equivalent: 120] was used in place of
100 g of the polyvinylphenol [manufactured by MARUZEN SEKIYU
KAGAKU Co., Ltd.;VMARUKALINKER M10819401].
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softeni ng point: 195C, the hydroxyl equivalent: 120] was used in place of"
100° g of the pol yvinyl phenol [manufactured by MARUZEN SEKI YU 2%@?@4,

Ltd.; MARUKALI NKER ML0819401]. The average val ue of the shear streng of

the solder balls was 750 g. In the test of tenperature cycles, defects of
broken wiring were not found in 4 substrates anong 10 substrates nounted
with the test package. In the test of insulation resistance, the

i nsul ation resistance was 3 X 1012 n before the test and 3 X 1012 0 after
the test. The egreerage vepueatithegshepar siwsmgthgf okhe sbldes batlewhal0Ggwas 50%
or small ﬁ;l In the test of stability of soldering, solder balls having

poor bondPrigedeskof tRmBeratyrp sy dles defestargd| hyokem wazing whrefoundin &bl e f 1 ux
Conduct oaUERURISHEIDED L6 SHbaR e AORBSI IR ot DagbRge: nh thenol
e sor ot L WAL e BRIl 8 B Bon - Pituhpt® b AAA0L2A 1 n of ace
o e R e T R Y IR R B B B R b e or

the sh - l 0 it
es eaveve%hh%rtlﬁtﬂhe%la&ebmé defs 5’(%‘6 o $asNdPO G tl}éof,]bﬁs *hﬁ‘nsttgﬁﬁ%gggt Cat es

tenperature cycles, defects of broken wring were

among 10 ssldesinpg bekleiMallsathwhg BobPBoh&ils RerkRGd. | N the test of
i nsul ation resistance, the insulation resistance was 5 X 1012 S2 before the

test and 3 X 1012 t1 after the test. The degree of spreading by wetting of
the solder balls was 50% or smaller. In the test of stability of
sol deri ng, solfherresultsofHaxdmglesod to dd@nathdCosep ratbrenBxamples 5 to 6

are shown in Table 3.

Table 3
Soften- Shear Test of Insulation Degree Stability
ing strength temperature resistance of spread- of
_ of ing soldering
point solder balls  cycles before test after test by
wetting
C) (g)  (defect/total) @ @ (%)
Example 8 41 900 0/10 4X1012  4Xx1012 g0 good
Example 9 82 800 0/10 5X1012 4X1012 75 good
Example 10 92 850 0/10 5xX1012 4x1012 75 good
Example 11 109 800 0/10 4X1012 3x1012 70 good
Example 12 145 800 0/10 4x1012 3x1012 60 fair
Comparative 195 750 410 3x1012  3x1012 <50 poor
Example 5
. Comparative 205 700 5/10 5X1012 3x1012 <KD poor
Example 6

[Note] In shear strength of solder balls, the diameter of the land portion was 300 pm.
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The results of Exanples 8 to 12 'and Conparative Exanples 5 to 6 are shown

in Table 3. Table 3 Soften- Shear Test oflnsul ationDegree Stagf LjiuNE QP@“
strength tenperatureresistanceof spread- of ofl ingso dering polint solder
ball s cycl esbefore testafter test by wetting (C) (g)(defect/total)(S2)(c)(%
Exanpl e 8419000/ 104 X 10124 X 101280good Exanpl e 9828000/ 105 x 10124 X
101275good Exanpl e 10928500/ 105 X 10124X 101275good Exanpl e 111098000/ 104 X

10123 X 10127QAgqpmvix fladld 814D SAMNRE %0101 23 whikh A2 §QabIe 11
Conpar at i ve1957504/ 103 X 10123 X 1012<50poor Exanple b5 2057005/ 105 X 10123

X 1012<5@pnainiGenpaisd hyeidpxphphalichjdeike] gtéus hadra séhepaidpsiht 9@ der
balls, the dianeter of the land portion was 300 gm 43 21 E 2004 As

shown i ndTabl B4FC iwansExaeh| tse 8htar bPrangthhifcévlibe ballsawhe drebwk neont ai ni ng
resins having phenolic hydroxyl group and a softening point of 41 to 145C
was useddefepis shbrokest wirigetwoas fowhdien thaltest whsempermituraaycles, the |

insulation resistance was high, the stability was excellent and the solder

balls exhibited the excellent wetting property and excellent stability of

bonding.

In contrast, in Comparative Examples 5 and 6 in which resins
having an excessively high softening point was ﬁsed for the curable flux,
the properties were inferior in all cases, many defects of broken wiring

were found in the test of temperature cycles and solder balls having poor

bdnding were found in the test of stability of soldering.

Example 13

A solution prepared by dissolving hydroquinone [manufactured by
ALDRICH Company] into acetone was mixed with n-hexane which was a
poor solyent and fine crystals of hydroquinone having an average diameter
of 10 pm were formed. The fine crystals of hydroquinone in an amount of
100 g was dispersed into 300 g of an epoxy resin of the bisphenocl F type
[manufactured by NIPPON KAYAKU Co., Ltd; RE-404S; the epoxy
equivalent: 165]. To the resultant dispersion, 0.2 g of 2-phenyl-4,5-
dihydroxymethylimidazole as the curing catalyst was added and a curable
flux was prepared. Then, the prepared curable flux was evaluated. As
the package, a test package having a circuit in which the land portion had
a diameter of 300 pym and a pitch of 0.8 mm was used. |

The average value of the shear strength of the solder balls was 800 g.
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defects of broken wiring was found in the test of tenperature cycles, the

i nsul ati‘on resi stance was high, the stability was excell ent er
bal | s exhibited the excellent wetting property and excell ent a%]fggrﬁ ??/mgf
bonding. In contrast, in Conparative Exanples 5 and 6 in which resins
havi ng an excessively high softening point was used for the curable flux,
the properties were inferior in all cases, many defects of broken wring
were found in the test of tenperature cycles and sol der balls having poor
bondi ng wé¥e diefretisl waret fomnidest thé tesiabf téempepdtiuzol geldsng In Bhanplse of3 A
solution prepared by, dissolving hydroquinone [ manufactured by ALDRI CH
Conpany] ilﬂ%‘blaél@@t@ﬁ@tﬁage,rﬁh@e@swﬁaﬂﬁomrﬁ@ﬁmevmer?mgl?aﬂ before ¢hevent and

fine crystals o i none, havi ng an average di aneter of 10 mwere

f or med. Tﬁ%s?ﬁqélgﬁi@ggé?w the d#¥qui none in an anount of 100 g was

di spersed into 300 g.of an epoxy resin of the bisphenol F type

[ mnufactured by N PPON KAYAKU Co., Ltd.; RE-404S; the epoxy equivalent:

165] . To-tff%%ﬁﬁ LM ant dispersion, 0.2 g of 2-phenyl-4,5-
di hydr oxyme I'm dazol e as the curing catal yst was added and a curabl e

package, & ¢ ot pyapaEduphOal ERI IR b, MLRRIEE, Gifra8sTiont hao o
Shear ot romathlan S Boft aitplhy SR SR ERGHRECIBOE I cors
o5t stance. The | meurar on foRceeoRoenEel S8 ynd B ThER o The TS and 1
X 1013 t 2curfstals dihethiybiglienediphenol in an amount of 100 g was dispersed into

200 g of an epoxy resin of the bisphenol F type [manufactured by NIPPON

KAYAKU Co., Ltd.; RE-404S; the epoxy equivalent: 165]. To the

resultant dispersion, 0.2 g of 2-phenyl-4,5-dihydroxymethylimidazole as

the curing catalyst was added and a curable flux was prepared. The

prepared curable flux was evaluated in accordance with the same method

as that used in Example 13.

The average value of the shear strength of the solder balls was 900 g.
No defects were found in the test of temperature cycles. In the test of

insulation resistance, the insulation resistance was 6X 1013 Q before the

test and 3 X 1013 Q after the test.

Example 15

Isopropylidénediphenol [manufactured by ALDRICH Company] was
treated m the same manner as that treated in Example 13 and fine
crystals having an average diameter of 12 um were formed.‘ The fine
crystals of isopropylidenediphenol in an amount of 100 g was dispersed

into 200 g of an epoxy resin of the bisphenol F type [manufactured by
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Exanpl e 14 Et hyli denedi phenol [manufactured by ALDRI CH Conpany] was

treated in the same manner as that treated in Exanple 13 and 44 99N§:2“§4 al's
havi ng an average dianeter of 8 mwere forned. The fine <crystals o

et hyl i denedi phenol in an anmount of 100 g was dispersed into 200 g of an
epoxy resin of the bisphenol F type [manufactured by N PPON KAYAKU Co.,
Ltd.; RE-404S; the epoxy equivalent: 1651. To the resultant dispersion,
0.2 g of 2-phenyl-4, 5-di hydroxynethylim dazole as the curing catal yst was
added and BH%&Q bKAYAKX s, piepaRBdlodMethepempar equisdlalt g 65l uxTyas

eval uated jn accordance with the same nethod as that used in Exanple 13.
The avera@iée vaswéant dispersiona0.8tg ehgtthestyl i dsloy diexy hmithglivdda £ g. No
defects were, found in tfie test of tenperature cycles. In the test of

i nsul at i of® 8BS L Eatalke Wrsaddadonnd e purable dlumwas peepetsl.0 Beéore the

test and 1013 t2, after the test. Exanple 15 |sopropyli denedi phenol
[ manuf act ﬁ’r"ge%aarﬁ Cxﬁﬁhﬁcﬁ%ﬁw Upkiad {7 aserdange pbh Shéreammmethad t hat

treated iRg By : fy crystal s having an average di aneter of 12 m
were for rresd. g}ﬂgé%#é]ﬁg%})s}%gﬁs of isopropylidenedi phenol in an anount of

100 g was di spe ' f iin of .t he 'bi sphenal F type
-[ manuf act ur ed b&é}%ﬁ@%ﬁ%@%&@g@&ﬁq %ﬁ@ﬁf %—S;Ofl(llﬁrg? a}ﬁﬁgﬁggg;g't he
epoxy equiNealefatts webd fodRd ik | $fegdm ol | 0. f

2-phenyl - 4, 5-di h;dr oxyrr?st hylli rr}lﬁlcf;%ﬂeé as %@%ﬁeﬂ:ﬁé&e%m%} ?}}sl'? t\‘/a\l?ﬂtsogdded and
a cur abl einfsulatiomsepistnmee the Theulapioepadsistanus apd£5H LN3VE gy tat ed in

accordance with the sane net hod
test and 3 X 1013 O after the test.

Example 16
\ Dihydroxybenzoic acid [manufactured by ALDRICH Company] was
treated in the same manner as that treated in Example 13 and fine
crystals having an average diameter of 4 pm were formed. The fine
crystals of dihydroxybenzoic acid in an amount of 100 g was dispersed into
330 g of an epoxy resin of the bisphenol F type [manufactured by NIPPON
KAYAKU Co., Ltd.; RE-404S; the epoxy equivalent: 165]. To the
resultant dispersion, 0.2 g of 2-phenyl-4,5-dihydroxymethylimidazole as
the curing catalyst was added and a curable flux was prepared. The
prepared curable flux was evaluated in accordance with the same method
as that used in Example 13.
The average value of the shear strength of the solder balls was 750 g.
No defects were found in the test of temperature cycles. In the test of
insulation resistancg, the insulation resistance was 2X 1018 Q before the

test and 8 X 1012 Q after the test.
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as that used in Exanple 13. The average val ue of the shear strength of the
sol der balls was 900 g. No defects were found in the test of24 gung eboy e
cycles. In the test of insulation resistance, the insulation resistance
was 5 X 1013 S2 before the test and 3 x 1013 Q after the test. Exanple 16
D hydr oxybenzoi ¢ acid [ manufactured by ALDRI CH Conpany] was treated in the
sane manner as that treated in Exanple 13 and fine <crystals having an
average digmeter of 4 gmwere formed. The fine crystals of
di hydr oxybexasideddi d in an amount of 100 g was di spersed into 330 g of an

epoxy resin of %ﬂe g%gpgenol F type [manufactured by NI PPON KAYAKU Co.
Ltd.: RE-404S: tPhenelpbibalipimasudaeturadby AFQRIGH Coemarydwasirsptrdsi on,
5-di h the curing catal yst was

3 S I L L S P
el 2 48 SRR, TR el U BT 5
0L, M PP BT o e
o, O 0 s R LR o e

Phenol pht hal i n [ manuf actured by A
manner as Lithat REr 04 $5dtheneposainph fivh3ey?d g5 ners rpst ﬁalsﬁltf?;\%\fi difperdiogy €7 09¢
phenol pht Brien

diameter of 7 mwere formed. The fine crystals of n I’'n an
anount of 013§ of Imbenykpérdidgdiatymedylgnidazale £PEHY curing catalyst was
added and a curable flux was prepared. The prepared curable flux was
evaluated in accordance with the same method as that used in Example
13.
The average value of the shear strength of the solder balls was 850 g.
No defects were found in the test of temperature cycles. In the test of

insulation resistance, the insulation resistance was 3X 1013 O before the

test and 1 X 1013 ¢ after the test.

The results of Examples 13 to 17 are shown in Table 4.
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resin of the bisphenol F type [manufactured by NI PPON KAYAKU Co., Ltd.; ~
RE-404s; the epoxy equivalent: 165]. To the resultant di spersi,p‘r]UN(lj-:Ozé’P‘g of
2- phenyl - 4, 5- di hydr oxynet hyhm dazol e as the curing catal yst was added and
a curable flux was prepared. The prepared curable flux was evaluated in
accordance with the same nethod as that used in Exanple 13. The average

val ue of the shear strength of the solder balls was 850 g. No defects were
found in the test of tenperature cythis4 In the test of insulation
resistance, the_ jnsulation resistance was 3 X 1013 S) before the test and
1 X 1013 0 after the tesky.the resul tyg Exanples 13 tp. 17 are shown in

Table 4. 47 21 JUNE 20Q4,.iahl.e 4 St}gﬁ{,:jdﬁfﬁg of | nsul iﬁsisg (f§trength
a

of t enper at ur eresi stance solder balls cycles before test er test

(g) (defect(total)(f))(Qpabxanmpl e 138098102 X 10§edke %1013 JExaap! €

149000/ 106 X 10133 X 1013 (gxanpl e X&g6He4:di05 X 101&3 X 1013 Eypanpl e
167500/ 102 X 10138 X 1012

Example 13 800 0/10 2X1013 1X1013
Example 14 900 0/10 6X1013 3x1013
Example 15 900 | 0/10 5X 1013 3Xx 1018
Example 16 750 0/10 ' 2x1013 8x1012
* Example 17 850 0/10 3X1013 1xX1013

[Note] In shear strength of solder balls, the diameter of the land portion was 300 ym.

As shown in Table 4, in Examples 13 to 17 in which the curable flux
contained the compound having phenolic hydroxyl group and dispersed as
fine crystals and the epoxy resins of the bisphenol F type as the curing
agent for the compound, the shear strength of the solder balls was great,
no defgcts of brpken wiring was found in the test of temperature cycles and

the insulation resistance was remarkably high.

Example 18
Into 60 g of ethyl acetoacetéte, 100 g of a phenol novolak resin
[manufactured by SUMITOMO DUREZ Co., Ltd.; PR-51470; the hydroxyl
equivalent: 105], 20 g of ethylidenediphenoi [manufactured by ALDRICH
Company] and 300 g of an epoxy resin of the bispheno! F type
Imanufactured by NIPPON KAYAKU Co., Lid.; RE-404S; the epoxy
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Exanpl e 178500/ 103 X 10131 X 1013 [Note] In shear strength of solder balls,
the'diameter of the land portion was 300 pm As shown in Tabl epf jj 004
Exanples 13 to 17 in which the curable flux contained the conpoun avi ng
phenolic hydroxyl group and dispersed as fine crystals and the epoxy
resins of the bisphenol F type as the curing agent for the conpound, the
shear strength of the solder balls was great, no defects of broken wiring
was found in_the test of tegyerature cycles and the insulation resistance

was remar 4BEYalapth 165k miepe ediseolved.o T theofemtlbwit adetivacalate of 90 g of a

henol novql ak, resi manuf act ured by SUM TOMO DUREZ Co., Ltd.; PR-51470;
lto he hydroﬂ%enylé&f'dg\rﬁpxymﬁyhmd@z%qa ast e i cuieglicphelyst Wwammddadt ur ed by

ALDRI CH Conpany] .and .300 f .an epoxy resin of the bisphenol F type
[ manuf act (‘i‘r“giga Hél%sglﬁéﬁ ‘F&{%h 8. wag pieparpg. 410hs; varnishepegevabiazed J UNE

i : . di lved., T he resultant solution, 0.2 g of
- ohenyl 14 2E0aRbEs R rﬁwf%%%aé@mdea%gﬁaﬁgsﬁm gaea@ﬁ%agzts ves added
i [ epar ed, e vanni
Accor dance wi o A ioreyBBEVELLq bRt BRAEEM o s Pk By P Berage
val ue of Nipdshess vl bl B i ESObAEnBa RIS RA0 gy N0 defects

found in the test of tenperature cycles.

resi st ancinsulitionneuisahn@s) thesinsubiedh YWesistante Xods 2521 O o F@fﬁﬁ—‘ thd €st and
1 X 1013 S2 after the test. Exanple 19 A varnish of a curable ux was

prepared taat skl Wdi0dd Q afteachetelance with the sanme procedures as those
conducted in Exanple 18
Example 19
A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as those conducted in Example 18
except that 20 g of 4,4™-ethylidenebisphenyl cyanate [manufactured by
ASAHI CIBA Co., Ltd; AroCy L10] was used in place of 20 g of
ethylidenediphenol. |
The average. value of the shear strength of the solder balls was 950 g.
No defects were found in the test of temperature cycles. In the test of
insulation resistance, the insulation resistance was 6X 1013 Q before the

test and 6 X 1013 Q after the test.

Example 20

A varnish of a curable flux was prepared and evaluated in
accordance with the same procedures as _those conducted in Example 18
except that 20 g of phenolphthalin [manufactured by ALDRICH Company)
was used in place of 20 g of ethylidenediphenol.

The average value of the shear strength of the solder balls was 1,000
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except that 20 g of 4,4'-ethylidenebisphenyl cyanate [manufactured by

ASAH CI'BA Co., Ltd.; AroCy L10] was used in place of 20 g of 1 JUNE 2004

et hyl i denedi phenol . The average val ue of the shear strength o ? F'He sol der
balls was 950 g. No defects were found in the test of tenperature cycles.
In the test of insulation resistance, the insulation resistance was 6 X
1013 12 before the test and 6 X 10131 after the test. Exanple 20 A varni sh
of a curable flux was prepared and evaluated in accordance with the sane
procedur e& aklotdedeets wargdernd lnrthE%aﬂmJ%teB&)erammad:ydldfmt I20the @bt of

phenol pht hal manuf cture LDRI CH Conpany ed in place of 20 g
of et hyl |W§HL%1 ERYF! ar’metgﬁ’/ég% t1ozy {?élﬁifinf’%év%%ééﬂ@r@ﬂ@tfw&)t ha he

sol der bal s 0949, 21, JUNE 2004 g. No defects were found in the test
of terrperadafsure cycl@ Ql?ft‘?’hgletle\ééf i nsul ati on resistance, the

i nsul ation resi stance was 3 X 1013 t) before the test and 3 X 1013 c after
the test. Exanple 21 A varnish of a curable flux was prepared and eval uated
in  accorgang g fh the same procedures as those conducted in Exanple 18
except that 100 g of a mp-cresol novol ak resin [manufactured by N PPON

KAYAKY Co. . LU wnBliShLor Lheodiuino Qi e Bhrod 2014 vEouIy gseqi I3 place

of 100 g of t he phenol novol ak resin an

[e {nﬁnuf actascesance kDRl (i %@Wa&@ﬁe@é@@hb% 9&@&9@9& &OEga
yl i denedi phenol . The average val ue of the shear strengt the sol der
bal | s wasxeept that 100 g of a m,p-eresol novolak resin [manufactured by NIPPON
KAYAKU Co., Ltd.; PAS-1; the hydroxy! equivalent: 120] was used in place
of 100 g of the phenol novolak resin and 20 g of phenolphthalin
[manufactured by ALDRICH Company] was used in place of 20 g of
ethylidenediphenol.
The average value of the shear strength of the solder balls was 900 g.
No defects were found in the test of temperature cycles. In the test of

insulation resistance, the insulation resistance was 4X1013 Q before the

test and 2X 1013 Q after the test.

The results of Examples 18 to 21 are shown in Table 5.

o0




No defects were found in the test of tenperature cycles. In the test of

I nsul ati'on resistance, the insulation resistance was 4X 1013 % Pﬁ%% 6o4 he
test and 2 X 1013 tl after the test. The results of Exanples are
shown in Table 5. 50 21 JUNE 2004 Table 5 Shea][ Test of IP;suI azlotn strength
ft enperat ureresi stance solder balls cycles before test after tes

?g)((r:lrgf ect/total)(cl)(0) Exanple 189000/ 102X1013I X 1013 Exanpl e 199500/ 106
X 10136 X 1013 Exanpl e 2010000/ 103 Xtigd32 X 1013 Exanpl e '

219000/ 104X10132X1013 [ Note] In shear strength of sol der ball s, t he

di aneter of the land portign was 300 S shown in irab e 5, - Exanpl es
18 to 21 in which resin E(tﬁﬁ%‘ I ng Qleﬁo I ¢ hydroxyl Jt oup; curing agent
(B) for resin (A)' and cura antloxPciran'fr (O_were HSEH % he curabl e flux
exhi bi ted the remarkabl gogexggk! ent shgaks strengtif of ; so! deafttatl I S and

i nsul ation resistance. | NDYgTRI AL ARE’&{%&A&W TY The(gurabl e X of the
present invention does not require renoval of

Example 18 960 0/10 2X1013 1X1013
Example 19 950 0/10 61013 6X1013
Example 20 1060 0/10 3X1013 2X1013
Example 21 500 0/10 ‘ 4x1013 2X1013

{Note] In shear strength of solder balls, the diameter of the land portion was 300 pm.

As shown in Table 5, in Examples 18 to 21 in which resin (A) having
phenolic hydroxyl group, curing agent (B) for resin (A) and curable
antioxidant (C) were used, the curable flux exhibited the remarkably

excellent shear strength of solder balls and insulation resistance.

INDUSTRIAL APPLICABILITY

The curable flux of the present invention does not require removal of
residual flux by washing after the soldering, maintains the electric
insulation under the atmosphere of a high temperature and a high
humidity and enables the soldering exhibiting excellent bonding strength
and excellent reliability since the curable flux is cured in a manner such
that curable flux reinforces portions around the soldered portion in a ring
shape. By using the curable flux of the present invention, the step of

mounting a semiconductor package to a printed circuit board is simplified
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residual flux by washing after the soldering, nmaintains the electric
i nsul ati‘on under the atnosphere of a high tenperature and a hi halhty
and enabl es the sol deri ng exhibiting excellent bonding streng%ﬂbugﬂ%%&4
excellent reliability since the curable flux is cured in a manner such

that curable flux reinforces portions around the soldered portion in a ring
shape. By using the curable flux of the present invention, the step of
nounting a sen conductor package to a printed circuit board is sinplified
51 21 JUNErQ Ui cegicbfpired satden ofin eatbertdsed. c Sthebefodeaheanedblethexkefore, the
curable flux of the present invention is remarkably useful for enhancing

t he rel i di5ieFeyent memityay ingemarkaldy swefdood enhancieytinerelfbiBly 3ENE 2004
CLAI M5 1. &@nended) A cur.abl qua whi ch works as a flux during sol dering
and as 2MPSIRIHY shEemdictepdericaol dered portion after being cured by
heati ng and conprises resin (A) having phenolic hydroxyl group and curing
agent (B) for the resin. 2. (Arended) A curable flux according to Caim1,
wherein resin (A having phenolic hydroxyl group is a phenol novol ak
resin, an al kyl phenol novol ak resin, a polyhydric phenol novol ak resin, a
phenol aral kyl resin, a resol resin or a polyvinylphenol. 3. (Arended) A
curable flux according to Caim?2, wherein a pol yhydric phenol constituting
t he pol yhydric phenol novolak resin is catechol, resorcinol, hydroquinone,
hydr oxyhydr oqui none or pyrogallol. 4. (Anended) A curable flux according to
Caim1l1, wherein resin (A
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havi ng phenolic hydroxyl group has a softening point of 30 to 150C. 5.

(Anmended) A curable flux according to Claim 1, wherein curi ngZ‘PQEFle éﬁ i's
an epoxy compound or an isocyanate conpound. 6. (Anmended) A curable ? ux
according to Caim1, which further conprises curable antioxidant (C. 7.
(Amended) A curable flux according to Caim®6, wherein curable 53 21 JUNE
2004 antioxidant (C) is a conpound having benzylidene structure. 8.

(Amended) A curable flux accordi nm@ﬁii m 7, wherein the conpound having
benzyl i dene structure is a conpou sented by general fornula [1] R6
CH R7 wherein R1, R3 and R5 each i ndependently represent hydrogen atom
hydroxyl group or carboxyl group, R2 and R4 each independently represent

hydr ogenjat al . independent |y represent
hydr ogenlat gégi]n%%g? E%/I Aéé%‘g’wﬁ%‘ r@lf%%%l&% %S?%l%l ﬁxo‘?ulggg%@‘fﬁﬁ%ﬁ gr oup.

9. (Anenged) wisfbaRkenfdtexiafche’ fi ¥ddRd ekﬁbﬁ,afggﬁrb%}iﬁ%f,&%dcﬂﬁpound

represented by general formula [1] Is ethylidenedi pheno
phenol phhéwtiag nand Ocorfpriead edyinA (Alredlias! bH¥nake HRirogyt ¢rihp g@fl]@, wher ei n
curable antioxidant (C) is 4,4".-ethylidenebi sphenyl glycidyl ether. 11.
( Arendedyuring agabt éBF fardthacesindi ng to Claim 1, which works as a fl ux
during soldering and as a reinforcing material for a sol dered portion

2. (Amended) A curable flux according to Claim 1, wherein resin (A)

having phenolic hydroxyl group is a phenol novolak resin, an alkylphenol

novolak resin, a polyhydric phenol novolak resin, a phenol aralkyl resin, a

resol resin or a polyvinylphenol.
3. (Amended) A curable flux according to Claim 2, wherein a polyhydric
phenol constituting the polyhydric phenol novolak resin is catechol,

resorcinol, hydroquinone, hydroxyhydroquinone or pyrogallol.

4. {(Amended) A curable flux according to Claim 1, wherein resin (A)

having phenplic hydroxyl group has a softening point of 30 to 150°C.

5. (Amended) A curable flux according to Claim 1, wherein curing agent

(B) 1s an epoxy compound or an 1socyanate compound.

6. (Amended) A curable flux according to Claim 1, which further

*comprises curable antioxidant (C).

7. (Amended) A curable flux according to Claim 6, wherein curable
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54 21 JUNE. 2004 after being cured by heating and conprises conpound (D)

havi ng phenolic hydroxyl group and dispersed as fine crystalsgq gnmg:ggb@g
agent (E) for conmpound (D). 12. (Anmended) A curable flux accarding to
Claim 11, wherein the fine crystals have a dianeter of 50 pmor smaller.
13. (Amended) A curable flux according to any one of Clains 1 and 11,
wherein a contact angle between the flux in a nelted condition and a
surface of a ;fl de(r i.s 5 to 60. é4._ (Amended) A curable flux according to
any one GRUERMIGRE L)dna compoupd bavingsbenzyl ngisgpeditg: of 0.1 nPas to 50
Pas at a tenperature during soldering. 15. (Anended) A curable fl ux
according to any one of Clains 1 and 11, which has a gel tine of 1 to 60

m nutes at a Lt poin f ol der. 16. ( ded) resist for

sol der i ng' V\hg‘%%elhggg)ppl‘%‘e ul%(%) lgogfm a*Crreis &’ggﬂf"élpn ’f\\a‘é’?‘ﬁbel& Iﬂgﬁd f or

pl aci ng ahlSin ol y L 0g:aft ering w.t he sol der
bal I's by&g&(;1 g{engrg%?lgv%l g?} \/%Dﬁ%?% g{sl%gh!rugagllita ? érppgﬁ hg %‘?P,I%ﬁ'ﬂteaa}%W ern. 17.
( Arendedgereras gbshulpf1]sol dering according to Caim 16, which forms a

ri ng- shaped meni scus around a portion for soldering and is cured into a
formsuch that the cured resist.reinforces a soldered portion. 55 21 JUNE
2004 18. (Anmended) A sem conductor package which conprises a curable flux

described in any of Clainspt tgyi5 V\Qi ch is applied to coat an exposed
surface of a circuit, worksyas/sa fll?'rx of soldering during soldering with

R* C—H = [1]
|
R4 R5 R?

wherein R1, R3 and RS each independently represent hydrogen atom,
hydroxyl group or carboxyl group, R2 and R4 each independently represent
hydrogen atom or an alkyl group, R® and R7 each independently represent
hydrogen atom, methyl group, hydroxyphenyl group or carboxyphenyi

group.
9. (Amended) A curable flux according to Claim 8, wherein the
compound represented by general formula {1] is ethylidenédiphenol or

phenolphthalein.

10. (Amended) A curable flux according to Claim 6, wherein curable

antioxidant (C) is 4,4"-ethylidenebisphenyl glycidyl ether.

11. (Amended) A curable flux according to Claim 1, which works as a

flux during soldering and as a reinforcing material for a soldered portion

54




sol der balls, forns a ring-shaped neniscus around a portion for soldering
during soldering and is cured by heating after soldering wt

balls so that a portion soldered with the solder balls is reihzn grgclz\;géhg\ﬁh
the cured flux. 19. (Anended) A sem conductor device which conprises a
,curable flux described in any of Clains 1 to 15 which is applied to coat
a printed circuit board having a |and for soldering, works as a flux of
sol derin i i - for a ring-shaped iscus arqund_a portion
for sol dgﬁgﬁ%eﬂ%ﬁ%ﬁfﬁ Ih%%};linﬁgalﬁaol?lgn@g?@ uﬁggﬁ) VéFgé’gleE’ﬁBCsol dering
so t hat p i I el C L £.h e.cured fl 20.
(Arrended)ﬁyiﬁﬁﬁg:lgglgug?grﬂggéﬁgg %%gig{ed?ﬁg\e%% %ﬁg(gicnulrilbg, 3\%8%’13@1 fgf he

curabl e §didponsddpplied to coat an entire surface of the printed circuit
board having a land for soldering and is cured by heating after the
soldering so that the cured flux works as a resist for the printed circuit-
board. 21. (Anended) A process for producing a sem conductor package which
conpr i set2.cotAmpgded) edposebls fhbaaecoollirg € Klairk Mi, thareghtall gnd | Ux
described in any of Cains 1 to 15, placing solder balls on the exposed

sur f ace, cystadp figverediahelier of 801 1smtow spivellexposed portion by reflow and,
after 56 21 JUNE 2004 form ng a ring-shaped neni scun around a portion for

soldering, curing the curable flux by heating. 22. (Amended) A process for
pr oduci a senm conductor package whic conprises a step of transferring a
cur abl e 'ux@ﬂjégléa?%ed "?’r‘r&ﬁfﬁ ggx(ﬁcﬁ‘? ng toanyieng pf §laimesdramkdlamount to
sol der -an i.,ng. the,spolder palls .having the transferred curable
fl ux onqgil{ﬂzeﬁg %OC?) ?%lﬁt; ggg%t B%P%?e%gﬁﬁeﬁ?%dn & ‘mélted condition and a

surface of a solder is 5 to 60°.

14. (Amended) A curable flux according to any one of Claims 1 and 11,
which has a melt viscosity of 0.1 mPa-s to 50 Pa-s at a temperature during

soldering.

15. (Amended) A curable flux according to any one of Claims 1 and 11,

which has a gel time of 1 to 60 minutes at a melting point of a solder.

16. (Amended) A resist for soldering which is applied to coat a circuit
pattern having a land for placing solder balls, is cured by heating after
soldering with the solder balls by solder reflow and works as a resist for

the circuit pattern.
"17. (Amended) A resist for soldering according to Claim 16, which forms

a ring-shaped meniscus around a portion for soldering and is cured into a

form such that the cured resist reinforces a soldered portion.
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the solder balls to the land for placing the solder balls by solder reflow

and formng'a neniscus with the curable flux around a porti |
with the solder balls; and a step of curing the curable fl u%?aﬁ?ﬁﬁﬁ SO

that a structure in which the portion soldered with the solder balls is
reinforced with the cured resin is constructed. 23. (Arended) A process
for producing a sem conductor apparatus which conprises applying a curable
flux described in any of Clains 1 to 16 to coat a printed circuit board,

pl aci ng on the board a sem conductor package having solder balls on an
balls to a land of the

el ect rodeqRor {} f hi. P, bonding th sol. der

board by t gf I g%vﬂfaér?gegﬁr :Anégeq?wgngf}?%glpé‘cgﬁﬁ'?(w@& fRPrIsgs azaraldeifhisnat ed

25. Eli m gais ey 7 CI A curable flux which works as
a flux duri ngg?se(;‘}z?}I%rai'%J gma%ﬁglgsg to éﬁﬁgrﬁ@} hsgaﬁﬁﬁgaitgl Cqag an gEpreidier ed
portion aghehcdifng coldtiad wyrkheat ing i sol deni ng which coats a
circuit patte?n havicng a Iancllﬁf %% d;?%%ﬁ %ES@SF%{ agglﬁgssoglgar- ¥i%ed by

heati ng a$dlder bhllsshirdar i rig-8hseed U HINGIOhroddRL ti .conduct or
device in which the curable flux is used forl~0 sol ggg?ﬁgﬂgﬂﬁsﬁﬁgr%nﬁ dered

portion i@durisgniaddeddgwinchis berdd by latheahite;solduraeesaes the'sdpigqduci ng a
sem conduh():%}ir package and a sem conductor device conprising using the
curabl e fPahs pothabn periipy salteredmitly thaeoldenhalilsesfreinfordederithNigesol deri ng

to reinforce tt}Pe sol dered portion. The
cured flux.

19. (Amended) A semiconductor device which comprises a-curable flux
described in any of Claims 1 to 15 which is applied to coat a printed circuit
board having a land for soldering, works as a flux of soldering during
soldering, forms a ring-shaped meniscus around a portion for soId;aring
during soldering and is cured by heating after the soldering so that a

soldered portion is reinforced with the cured flux.

20. (Amended) A semiconductor device according to Claim 19, wherein
the curable flux is applied to coat an entire surface of the printed circuit
board having a land for soldering and is cured by heating after the

soldering so that the cured flux works as a resist for the printed circuit

board.

21. (Amended) A process for producing a semiconductor package which
comprises coating an exposed surface of a circuit with a curable flux
described in any of Claims 1 to 15, placing solder balls on the exposed

surface, bonding the solder balls to the exposed portion by reflow and, after
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] cﬁrable flux works as a flux during bonding solder balls to the

. 1 . . . . d
sem conduct or package and sol dering the package to a printed &4 e oegar
and rei nforcespt he sol dered portion after being cured by heatThg aé?er t he

sol deri ng.

forming a ring-shaped meniscun around a portion for soldering, curing the

curable ﬂux.by heating.

22. (Amended) A process for producing a semiconductor package which
comprises a step of transferring a curable flux described in any of Claims 1
to 15 in a prescribed amount to solder balls and placing the solder balls
having the transferred éurable flux on a land portion; a step of soldering
the solder balls to the land for placing the solder balls by solder reflow and
forming a meniscus with the curable flux around a portion soldered with
the solder balls; and a step of curing the curable flux by heating so that a
structure in which the portion soldered with the solder balls is reinforced

with the cured resin is constructed.

23. (Amended) A process for producing a semiconductor apparatus
which comprises applying a curable flux described in any of Claims 1 to 16
to coat a printed circuit board, placing on the board a semiconductor
package having solder balls on an electrode portion of a chip, bbnding the

solder balls to a land of the board by reflow and curing the curable flux by

heating.
24. Eliminated
25. Elminated

26. Eliminated
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