DESCRI PTI ON  CURABLE FLUX, RESI ST FOR SOLDERI NG SEM CONDUCTOR PACKAGE AND

SEM CONDUCTOR DEVI CE RElI NFORCED W TH THE CURABLE FLUX AND _PROCESS FOR
PRODUCI NG THE PACKAGE AND THE DEVI CE TECHNI CAL FI ELD Th ﬂ Iwﬂﬂwmmmm ention
relates to a curable flux, a resist for soldering, a se ackage

reinforced with the curable flux, a sem conductor device refrmhinfced wth
the curable flux and processes for producing the sem conductor package and
t.he sem conductor device. Mre particularly, the present | ' | at es
to a curable flux which works aspEddrRKPYHONNG bondi ng of m’m@m&,‘mp’w@ to
a sem conduct or package and bondi ng of the sem conductor packa

printed circuit board with solder and reinforces the sol dered“f8%ti on
after being cured by heating after the soldering, a sem conductor package
and a sen coURABLEJELIGE REBSISDROR SQLDERING cSEMIGONDIXCEAR pr ocesses
for producing the sem conduct or 1%acka e and the sem conduct or devi ce.
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unctions and having lighter weights and smaller si | ec nic nenbers
are more hi ghlViE GEERAR FM#&H&%EQGE@%?QR&R@%@%@@&@E% hi gher
density. Sem conductor pac ) r and having a greater
nunber of pins. 1 Since semﬁmgﬁgéﬁﬁb&?he conventiogal ?orm

usi ng | ead

TECHNICAL FIELD

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.



frames are approaching the Iimt of inprovenent, novel forns of packages

of .the area nounting type such as the ball grid array (BGA) and the chip
scal e package (CSP) are proposed as the package having chips nounted on a
circuit substrate. In the sem conductor packages, various nethods such as
the tape automated bonding (TAB) nethod and the flip chip (FC) nethod are
practically used as the nethod for electrically connecting electrodes of a
sem conductor chip with termnals of a substrate which is constituted with

various types @,fi,awg&h%dn'a%c{miﬁéé’kgig%s%fcdﬁeaéoxweﬁ%fohﬁf f us(iﬁg%& s and

el ectrically conductive wring, 1.e., a substrate ca a printed circuit

board. Re¢gihéyardBpyrouichued YEEEnat oBiFipaset et UHiveDforkdieoffadkalghed are

proposed since these structures are advantageous for decreasing the size
of the sent chnduei aopaik@adepe Each Ao Uhei k]l BHA andy(B@ADaAad gherdheg Circuit
board, soldering wusing a bunp fornmed by solder balls is used. For the

sol der i ngscalefdackage (C8P2 drapdoposed| adethepretka ge havieg chipsasbontdd yni n
conbination. In particular, the solder ball is used because the anount of
suppl i ed gctivart substiateeadinl the seoncerductar aaekagas, yarpupurgrheds sbeh f or ned
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ceramics and electrically conductive wiring, i.e.,, a substrate called a

printed circuit 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 flux is

used and a solder paste is used occasionally in combination. In particular,

the solder ball 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 électric and

mechanical bonding between electrodes of a semiconductor chip and

terminals of a printed circuit board in the process for producing 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



that the surface tension of the solder is decreased and the nelted sol der
can wet :the surface of the netal easily. As the flux for sol dering,
heretofore, a flux prepared by adding an activator for renoving oxide filns
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 corrosion of the
printed wiring takes place due to nelting of the thernoplastic resin and
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terrperature an Rum di ty. To overcone the problem currently, the

resi dual thyxwakt gfe tsklefa%el 8€rthBImictal @RI tA(s thas AuRg forHevRN@ing, t he
washi ng has a drawback in that the detergent causes a problemin the

envi r onnemerétddoricha fhosprépiredasesdding dnoadtivatondshrengowhgpxidsfitiascri bed
above, the function of the flux is to renove oxi des on the surfaces of the
sol der ando tahthematoplgstiorgsimbastd flux swchfacwsin bas beengisedxi di zed agai n and
to inprove the wetting property with the solder. Wen the flux is present
and the surfacdlefevdre wkenlthesfloxpissteft nemainmg radterpbhe isohdervig.t Ae
surface are wetted with the solder w thout restriction fgerefore in
general , ®reblegerariges gn thatsdlackic tingulafiomds afverselyaiéeqtad sand
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sol deri ng or e er res st nmust ormed wth a great
care. problem, currently, 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 éircuits 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 portion, 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.



"3 As the seniconductor package becones smaller and has a greater nunber of
pi ns, bunps becone smaller 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 sealed and reinforced by filling the gap
bet ween a sem conductor chip and a substrate with an insulating resin
called an underfill. However, this method has a problemin that a step of

filling the gapaviché sehficomdlarthi lplackage bucdmes tsheallidend flidd aigrenagessary
and this step requires a sophisticated technol ogy. The production process
becones camphbentfpimnbunis lmesmed sroadasend thhee [ degnissimlignthatntheas an

obj ect of providing a curable flux which works as a flux during bonding of
sol der balsteengshaandvhe aetiabiliy ofpthek heredeth ponfaenlidegrasfset hd osiereaneduct or
package to a printed circuit board with solder and reinfgrces the sol dered

portion aftherradihility of ébe portipsabondedhiftidh hwepsotlyts shylied thagkitdenduct or
k i nf dwith t ble fl ux, ) duct or. devi
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sem conduct’or ~ package, nposition conprising a resin having
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property as sol dering, did not require renoving the flux after
the sol dergpig hst@ﬁ%wﬁﬂé%daa&;ﬁliéﬁea&fegr tdchaolByer IPhe Gfrodustesh Gsrddew or
e

devi ce when t
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 INVENTION

As the result of extensive studies by the present inventors to achieve
the above object, it was found that, in the mounting 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 soldering

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



4 flux was cured by heating. The present invention has been conpl eted

based om this know edge. The present invention provides: (1) A curable flux
whi ch works as a flux during soldering and as a reinforcing material for a
sol dered portion after being cured by heating; (2) A curable flux described
in (1), which conprises resin (A) having phenolic hydroxyl group and
curing agent (B) for the resin; (3) A curable flux described in (2),
wherein resin (A) having phenolic hydroxyl group is a phenol novol ak

resin, anfRiI-KWRNERJD PPVIaing eSTHe presdift! Mweditioh BASKlenNey@bBtedesi N, a
phenol aral kyl resin, a resol resin or a polyvinylphenol; (4) A curable

f-l ux descigbed ohrthiSknowhalgei n a pol yhydri c phenol constituting the
pol yhydri ¢ phenol novolak resin is catechol, resorcinol, hydroquinone,

hydr oxyhydr oquiThengresenpymegdaidnoprovidads: A curabl e fl ux described in (2),
wherein resin (A) having phenolic hydroxyl group has_a softening point of

30 to 150€D) (@) carghbleafus which desrksi bed it Auring sokdeying randy aggant ( B)
i S an epoxy. conpound or an isoc(%;gnate conpaound; .(7) A curgbl e flux
descri bed reinfproing wratenial fox aepldesad preiaen aftexheing suredRy dsatingo): (8) A

cureble I, eSS kg A LD, SN PR DG 1 (o)
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(3) A curable flux described in (2), 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;
(4) A curable flux described in (3), wherein a polyhydric phenol
constituting the polyhydric phenol novolak resin is catechol, resorcinol,
hydroquinone, hydroxyhydroquinone or pyrogallol;
(5) A curable flux described in (2), wherein resin (A) having phenolic
hydroxyl group has a softening point of 30 to 150°C;
(6) A curable flux described in (2), wherein curing agent (B) is an epoxy
compound or an isocyanate compound;
(7) A curable flux described in (2), which further comprises curable
antioxidant (C);
(8) A curable flux described in (7), wherein curable antioxidant (C) is a
compound having benzylidene structure;
(99 A curable flux described in (8), wherein the compound having

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



R6 | CGCH I R7 wherein RL, R3 and R5 each independently represent

hydr ogem atom  hydroxyl group or carboxyl group, R2 and R4 each

i ndependently represent hydrogen atomor an al kyl group, R6 and R7 each

i ndependently represent hydrogen atom nethyl group, hydroxyphenyl group
or carboxyphenyl group; (10) A curable flux described in (9), wherein the
conpound represented by general fornmula [11 is ethylidenedi phenol or

phenol phthalin; (11) A curable flux described in (7), wherein curable
antioxidant (C) is 4,4 -ethylidenebisphenyl glycidyl ether; (12) A curable
flux described in (1), mhich@o 351 ses conpound (D) having phenolic

hydr oxyl group and di sperse I ne BPystaIs and curing agent (E) for
conmpound (D); (13) A curable X destribed in (12), wherein the fine
crystals have a diameteR? of shal ler; (14) A curdhl & fl ux
described in any one of (2) , fwherein a contact angle between the
flux in a nelted condition asid aéﬁgrﬂéée of a solder is 5 to 60'; (15 A
curable flux described in any one*of (2) and (12), which has a nelt
viscosity of 0.1 nPa-s to 50 Pa-s at a tenperature during soldering; (16) A
curabl e flux describ%%ein any one of (2) and (12), which has a gel tinme of
1 to 60 nmiwhkeresn aR'.aRiepping°peach ipdependengly 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 carboxyphenyl
group;

(10) A curable flux described in (9), wherein the compound represented
by general formula [1] is ethylidenediphenol or phenolphthalin;

(11) A curable flux described in (7), wherein curable antioxidant (C) is
4,4’-ethylidenebisphenyl glycidyl ether;

(12) A curable flux described in (1), which comprises compound (D)
having phenolic hydroxyl group and dispersed as fine crystals and curing
agent (E) for compound (D);

(13) A curable flux described in (12), wherein the fine crystals have a
diameter of 50 pm or smaller; .

(14) A curable flux described in any one of (2) and (12), wherein a contact
angle between the flux in a melted condition and a surface of a solder is 5
to 60°;

(15) A curable flux described in any one of (2) and (12), which has a melt
viscosity of 0.1 mPa-s to 50 Pa's at a temperature during soldering;

(16) A curable flux described in any one of (2) and (12), which has a gel

time of 1 to 60 minutes at a melting point of a solder;



6 (17) Aresist 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; (18) A resist for soldering described in (17), which
is cured by heating into a formsuch that the cured resist reinforces a
portion soldered with the solder ball; (19) A sem conductor package which
conprises a curable flux described in any of (1) to (16) which is applied

to coat ampAX PRZL‘%\%IS? grfrf S el‘?ﬁ%g\i}flkﬁ %’%ﬁPlie(Y"% ESat3S cidchit Pat@irnIBARE! NY

during solderin sol der S an s cured by heating after Sol dering

w th the §qbﬁarfo{9%héén§%otdwtbaqlsppsr 8@ 1B hagtiag afvirt blddengWigethbal I's is
reinforced with the cured flux; (20) A sem conductor device which conprises

a cur abl e shldex bddisdy itder feflemundiw@rks da fd&pt fdvithle dirwd@pphitednt o coat a
printed circuit board having a land for soldering, works as a flux of v

sol deri ng(t®ir i Agresidtdferisojdeniog idescabeddnbil hewthicly iafcueed thyehsatideri ng so
that a soldered portion is reinforced wth the cured fl ux; (2.1£ A

sem condudntora fuw euchithat theeehired resiey reifiences g RAybloa foldsrediwigh theorns a

ri ng-shaped neni scus around a portion for soldering during the soldering

and is cuﬁ@]dleﬁy}’allﬂeati ng after the soldering; (22) A seniconductor device
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by heating after soldering with the solder balls so that a portion soldered

with the solder balls is reinforced with the cured flux;

(20) A semiconductor device which comprises a curable flux described in

any of (1) to (16) 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 a soldered portion is reinforced

with the cured flux;

(21) A semiconductor device described in (20), wherein the curable flux

forms a ring-shaped meniscus around a portion for soldering during the

soldering and is cured by heating after the soldering; )

(22) A semiconductor device described in (20), 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;

(23) A semiconductor device described in (20), 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 a gap



for soldering and is cured by heating after the soldering so that a gap 7
between:a sem conductor package and the printed circuit board is seal ed
with the cured flux; (24) A process for producing a sem conductor package
whi ch conprises coating an exposed surface of a circuit with a curable
flux described in any of (1) to (16), placing solder balls on the exposed
surface, bonding the solder balls to the exposed portion by reflow and
curing the curable flux by heating; (25) A process for producing a

sem condu Kk - Whi ' : t i abl e
i descPrheettt & aBiRbRir MKl (RY BRRLAGARE, S S Cer
bal I s andplRehddutdienaql der balls having the transferred curable flux on
a land portion; a step of soldering the solder balls to the |land for

pl aci ng t lie4)soAdgroched s pyodlingra sehi@ndatbrf pacliapy whictkeoompuiseni t h t he
curable flux around a portion soldered with the solder balls; and a step
of curi ngcoh@ngamadtmst sxarface dat dingnit withhatcuaabler flux deecribed whaoy t he
portion soldered with the solder balls is reinforced with the cured resin
i s const r e€{Bdo (AAN pladng sojsterdudls arothermesed syriacehanding the seldgppar at us
whi ch conprises applying. a curable flux described in any 1) to (16) to
coat a pribatledto ¢he cernospdapertion by reflasn ank cHpMiey the s‘%‘r‘?ﬁgi?nglﬁ‘é‘t BY package

havi ng sol der. balls on an el ectrode portion of a chip, bonding the sol der
bal s to &°REH& of the board by reflow and curing the curable flux by

nesti 10 T e T o R M o T ks Vil MR T
step of transferring a curable flux described in any of (1) to (16) in a
prescribed amount to solder balls and placing the solder balls having the
transferred curable 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; and
(26) A process for producing a semiconductor apparatus which comprises
applying a curable flux described in any of (1) to (16) to coat a printed
circuit board, placing on the board a semiconductor package héwing 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.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
INVENTION
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.




soldering and then as a reinforcing material after being cured by heating.
8 By using the curable flux of the present invention, substances affecting
adversely such as oxides on the surfaces of soldering and in the solder are
removed 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 fornmed. It is not necessary that the curable flux of the present
i.nvention is renoved by washing. Wien the flux is heated w thout

addi t i onalByt netgrel surable fluxofithecpresent edventionasubstaeeed affestiingal | y
crosslinked resin which works as a material reinforcing the sol dered
portion. TBdyerselmisheh fasioxidds omehesvsfaces phoeldering arthibshe snaldertareed wit h
resin (A havina phenol i ¢ hydroxyl group and curing agent (B) for the
resin. Rasmoved)sochshathghe santace cofhsaldenipr i§rpigtecieddand, theeSydexngt

invention is naqt. partj cul [imted. l f.th in, inclyd
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present inventron include phenols substituted with al kyl groups such as

cresol angyyydiged 266inC ¥Rk NEerkd) awhh Chdtpiadxpiforcinggtiesipnlddred bonded
to al kylidene groups or cycloal kylidene group such as 4,4'- isop

ropyl i dengsbirgibgnol (bi sphenol A) and 4, 4'-cycl ohexyl i denedi phenol .
Exanpl es of the pol yhydric phenol used in the present invention include

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 is
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, hydroxyhydroquinone and pyrogallol.

Among these polyhydric phenols, catechol and resorcinol are preferable.



catechol, resorcinol, hydroqui none, hydroxyhydroqui none and pyrogall ol .
Anmong t hese pol yhydric phenols, catechol and resorcinol are preferable. 9
The phenol aral kyl resin can be obtained by the reaction of renoving

met hanol from ct, cc' -di net hoxy-p-xyl ene and phenol in the presence of an
acidic catalyst. The resol resin can be obtained by the reaction of phenol
and fornmal dehyde in the presence of an alkaline catalyst. It is preferable
that resin (A) having phenolic hydroxyl group which is used in the present

'nvent'Oml‘}i@?)h%nﬁpf:ﬁﬁ[lﬁﬂgl&?hr@arpfbe?’gbtta(?néc'i_’(byctﬁé‘Q*ea@HBﬁ o sdRbehly 40 to

110*C. When the resin Has a softening point I'ower than 30'C, the nol ecul ar

wei ght  of i Fedmi &,of Aimatiioxtyhp ;gléxse hihd pliasdliibi tHd yrddeate tofiersol deri ng
i s adversely affected due to | oss the effect of the flux by

vapor i zatdcidichatalyet.or THaresg reefd can dedldtamddbyleheactastion bbpliengl caused
by formation of voids. A resin having a | ow nol ecular weight further has
t he possidid farynallehydeiid tlé prdseply of aalalpabpercataystas the cured resin

reinforcing the soldered portion cannot be obtained. Wen the softening
poi nt of the rléds preferablesthpsgesin (Achaving nheémb@s@dapxylt &rommawhlqhqe
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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 the 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,

10



phenol i c hydroxyl group has a weight-average nol ecul ar wei ght of 20,000 or
smal l er, nore preferably 10,000 or smaller and nost preferably 5,000 or
smal | er. Wien t he wei ght -average nol ecul ar wei ght exceeds 20,000, 10 there
is the possibility that fluidity of the curable flux decreases during the
soldering and the soldering is adversely affected. In the curable flux of
the present invention, it is preferable that the content of resin (A
havi ng phenolic hydroxyl group is 20 to 80% by weight and nore preferably

25 to 60%hyrenithBtpokibilisy satiflddtyrofbhe cikable Mhedecrehsescdmtiagthef resin
(A) is smaller than 20% by weight, there is the possibility that the
f-uncti on ebldeeinpvand thewbldevigt snckversaly mffesteaki des on the surface of the
sol der and the netal decreases and the bonding with the solder is
adversel y af f edhetie cuirablet fiex ob bhe preseit invemti¢n) it ax peelgsalgodhay theei ght

there is the possibiJit% that a cured_product having a sufficient physical
proper t i esontenict rpeingldYharang ahenehe hydrexigiaronp is 20 oW Ry Heightt he

l'iabili d i h h lic h | i i A) havi
L e TSR LR ob SO bR B ) 2
f oul b . OXi f f th I d.th I
Lo PSRBT BRI SRABE PU B RRR0L T e, ot
effechi . N i i t hat
oroup. onEBHEFUINA, BReblE S bingP e th Bt EpRihanable et

that the .y @ﬁ&fa%ﬁ ofthé pgnkdfek Whdl @ﬁ;@@taiqie@?éaga@ Al HBAERHe withGBet he

pol yhydric  phenol novo resin has two or nore phenolic hydroxyl groups
on one DbQRFERAGs hidPBrselPABAUNY Whén PRE BGhteRO VO réin €N eRédedsBOUL BRI kabl y

i nproved property as the flux for soldering fromthat of nonohydric phenol
weight, 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 group 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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novol ak resins. In the present invention, exanples of curing agent (B) for
resin (A having phenolic hydroxyl group include epoxy conpounds and

i socyanate conpounds. Exanpl es of the epoxy conpound and the isocyanate 11
conmpound i ncl ude phenol - based epoxy conpounds and phenol -based i socyanate
conpounds such as bi sphenol - based conpounds, phenol novol ak-based
conpounds, al kyl phenol novol ak- based conpounds, bi sphenol - based conpounds,
napht hol - based conmpounds and resorcinol - based conpounds; and nodified

ePOXy COPRNHEENFhAREN | hRhdINAREANABxy C LFRPUNSAS Wihah pcRorBALdd ed based

on the skel eton structure of aliphatiC Structures, alicyclic structures
and unsatjgbatathtal idhaidundst rdichurLs. bisphbAsl-PARIE Ndorh PH@Idd, Opheinbl | S
preferable that the content of curing agent (B) is such that the anount by
equi val enhowflakimsedactonipolindst i atlatlphgnolup mwohakabasdie epmpougrdsup and

i socyanate group in the curing agent is 0.5 to 1.5 tinmes and nore

pr ef er abl jisphénolobdsed tommpsunte, anpboholbyasedqadmabends afindhres@icinolhydr oxyl
group in resin (A). Wen the anpunt by equivalent of the reactive

funct i onavaspdamperndse andrmadifiageenoiyscomereundrmand malifieddsoqypaatéount by

i val ent of ph liic hyd _ th is th ibility that
CaU el o PR, Do Sty LhEr S he OSSR 2
d the baondi t h d.th iabi]it ) I ffected d t
and Lhe_bandag. S SSRAE SrLAS, 00 Al SLp Al et d due 1o
ti f t{ | T | f .5 ti
(gactive funct) oual LG IRhiBecH LB aBEe (IETEUR IR o 1 ™

removi ng foul; GRSIARASHATUED ARoRK BFSqAvalbREoP S B8R AlRtRAWAer and
Howe

the netal Uecreases and there |
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 hydroxy! 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 oxides 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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possibility that the bonding property of the sol der 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
excel |l ent physical properties can be fornmed by the reaction of resin (A
havi ng phenolic hydroxyl group and curing agent (B). The sol dered 12
portion is protected by the cured product and the electric insulation is
mai nt ai ned under the condition of a high tenperature and a high humdity.

Th f , | deri i piti hi gh b i t th. ] t
Tol 1 abi 1§ REIGR. b PRt By ke Cetiratiet, BRar i BB M SR B
ohioh wor i8aimtafne® ThABELREHnditiby cFach W @RLR AR XA A igh huinfHROLTE,

agent (B) 'T?thﬁ??%[%’ga&égﬁ;&%bmé £ORhI BEAdInE shenguhakh& dilcdlehs not

particul ar ounds havi ng benzylidene structure are

preferabl e%eé}ﬁ(i)ﬂiﬁpgg}pggg@h{@@aesent ed by general formula [11 and 4, 4' -
et hyl i denebi sgl ycidyl ether are nore preferable. R6 | CG11 | R 7 In the

above general fohsuharabld IRl of RBeaprbsBht eavhntindeperyd eompyiser eyraddent
hydr ogen atom hydr ogl group or carboxyl group, R2 and R4 each
i ndependenahyioxidlanedEht Therovgehleagniiyidaat iglagemppvng wikshawerksragach
i ndependently represent hydro%en ato met hyl (t:],roup,, X
an antioxidant and can be cured by the reaction with curing agent (B).
The curable antioxidant comprised in the curable flux is not particularly
limited. Cdmpounds having benzylidene structure are preferable and
compounds represented by general formula [1] and 4,4

ethylidenebisglycidyl ether are more preferable.
R? R!
R3 C—H - [1]

RY RS

In the above general formula [1], R, R3 and R5 each independently
represent hydrogen atom, hydroxyl group or carboxyl group, R2 and R4
each independently represent hydrogen atom or an alkyl groi;.p, 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
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hydr oxyphenyl 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 nmay be used singly or in
conmbi nation of two or nore. Anobng the above conpounds, ethylidenedi phenol
and phenol phthalin are 13 preferable. 1In the curable flux of the present
i.nvention, it is preferable that the content of curable antioxidant (C) is
0.5 to 3@%efoyablei ght and nore preferably 1 to 20% by weight of the entire
amount of the curable flux. Wen the content of the curable antioxidant is
smal | er than GnS¥etprabls fiuk of thepeesenttinveptioni Hiisinrgfarhble thas thencti on of
the antioxidant at the ordinary t? erature and the function of renoving
foul SubspRusObsable ABYHKARSN(Ehas dpfecB0H MShaveighdandamptcne met al

decrease and the bondin property ,of the solder is t sufficigntly
exhi bi t e@TeipraRISt heloc BTk hy TBIIENE i€ or SiiEe AMIWH: ehie SREUdesTEwo; by

proper ty WieF s sefufiolt PheritebBarsi Rl Syl BHE o v o
For mod. by S Bt sh s, o Pl e S fiherkoll 01 10 UALMRERLE R, Toch ool

oxi dati OQrdﬂx{’%\{gr}@n&ﬁr}H%J%téﬁ&tﬁ@mm%oS*M 1a%hoviflg fSQ AffstAfeesidifehRNZY!| i dene

structure wo as ‘a reducing agent rel easi ng hydrogen radical and
renoves fQilesSHPEAABGRRACS BE ThéSolaxt dad te mbha dudréaeeand thdBoadinger and

the nmetal. The curable flux of the present invention nmay conprise conpound
property of the solder is not sufficiently exhibited. When the content of
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 hydroxy! 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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(D) having phenolic hydroxyl group and dispersed as fine crystals and
curing ¢(E) agent for conpound (D). Anong the conpounds having phenolic
hydr oxyl group, conpounds having very strong reducing ability and
exhibiting a very strong effect as the reflux occasionally exhibit

undesi rabl e effects. When such a conmpound is dissolved in the curable fl ux
as a conponent, problens occasionally arise in that thermal stability of
t.he curable flux decreases and the period of tinme which can be used (the 14

life) decngasasc@aded Aald (e INONBSEORLPIPHEBSIY JIf tHheusallabliex fisux is

enhanced and foam ng takes place by vaporization of absorbed water during
t-he sol deenhhgncdhest] dooliegstakes Selasé nee viaperizasioaudtl dbsorlsid sedteed and
phenol i ¢ hydroxyl group is in a relatively free condition. Wen the
conpound Wdaving thleesoldecingy dr Bhgte grwbterms drispesined Hwe fdomgpowrdyssal s, the
movenment of hydroxyl group is restricted due to interactions between

mol ecul es digs@ltade angddpberalihbidroxylt gnoupr isstmld irplativedy dremdondigionabove
probl ens ¢ be. m ni m zed, . Moreover, when the_conpound, havin phenol i c
hydr oxyl éfYaﬁ% the compmmdehaymg pheneliq bydroxyligraupds Jippesse¢ ashfine

Phenol RIS oM CO0! SFh ST SUL0 00 SREDlf B oh St 00
[t T pr oPERBHE ARt bR En e Ry ok bonr th R GRSIRE RO bRl o
TG0y G500 ATBL Bt OGS R AT O
e 115, el ISR RN L il A sty s, peantngiogs (1]
of conpouptehblic T3MrogyIPBRARY conthcts iYh @irdwP agBft (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 um 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,ﬂ biphenols,
naphthols, hydroquinone, resorcinol, catechol, methylidenediphenol,
ethylidenediphenol, isopropylidenediphenol,  hydroxybenzoic 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
isocyanate resins such as bisphenol-based resins, phenol novolak-based

resins, alkylphenol novolak-based resins, biphenol-based resins, naphthol-
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di spersed as fine crystals include phenol, alkyl phenols, biphenols,

napht hol's, hydroqui none, resorcinol, catechol, nethylidenedi phenol,

et hyl i denedi phenol , isopropylidenedi phenol, hydroxybenzoic: acid,

di hydr oxybenzoi c acid and phenol phthalin. Exanples of curing agent (E) for
conmpound (D) having phenolic hydroxyl group include phenol-based epoxy
resins and phenol -based isocyanate resins such as bisphenol -based resins,
phenol novol ak-based resins, alkylphenol novol ak-based resins,

bi phenol 1aasgdetREI Afd R8PRINGIHDddedbrseas;:r &sd todifiddr gsoxycresihs hasled

resins; and nodified epoxy resins and nodified isocyanate resins which are
rodi fi ed hedié@doisochenateeiresion witichicarer enafifialli basetd onsthecsheleton
alicyclic structures and unsaturated aliphatic structures. A conventional
curing agemctosy dfe alipbdticospuotrtes, atlicercﬁmﬁstmgctt@@?erm(@)tuﬁ&mdng
phenolic hydroxyl group and dispersed as.fine crystals be di spersed in
curing agéimhati) straesfinsesndA(OpvARUPAY cyRBa 3BRRE w%&yﬁé@%wr&% be

di spersed_as fine crystals by dissolving conpound (D) having phenolic

hydr oxyl thestsinthto a pol ar sol vent exhibiting a great solubility such a

ket , foll db i ddi h ] i

amount.” of °at goE‘imggvgg%@i’%v?%i’ﬂg?@é&w@r%g& RQlp SRU RGBS el P2 e
curing agen S : | t: i i i i
Furt hor - ERkAE ey Gndidhifod JHocQhE' fhe BEPRSEBuRRNTASHSAL, 1 L 10!

m xed wit | HE & LBe i ign kf Bol
g e L
is mxed cﬁ&gn i i @) MNaS8ng OpheMBREhyRIrokPE drokp iRRPal aidlar t sollentn the

desired sl on.

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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In the curable flux of the present invention, it is preferable that the
content 'of conpound (D) having phenolic hydroxyl group and di spersed as
fine crystals is such that the anbunt by equival ent of hydroxyl group is
0.5 to 1.1 tinmes and nore preferably 0.7 to 1 tinme the anount by

equi val ent of the functional group in curing agent (E). Wen the anount by
equi val ent of hydroxyl group in the conpound havi ng phenolic hydroxyl
group is less than 0.5 tinmes the anount by equival ent of the functional
group in ideereadus idigl 85€Mondingrobthimeldhby phessdldbiing ishast shéfidiendyi on of
removi ng foul substances such as oxides on the surface of the sol der and
t-he net al ihprdeat.caB@erntet dmaobondisngqobtaent dfbyydivays @drdepi ng the not
sufficiently inproved. Wen the anount by equival ent of hydroxyl group in
the conpoompohad havipigepldndichhyidioryl gyeempxesetsethe apwuatolhttimes times

t he amount by equi val ent of the functional group ip the curing agent, there
i s the posheisimount hnequiyatantad the danetional\aragp andhe Gring agemtytiese cal

properties cannot be obtajned and the hondi.ng.strength.and the reliability
are adver 32| eaPP%i‘gél&y ?]It‘a‘i & ﬁf‘é‘?%rpaﬂ? uct g lPﬁeﬁb%rSéfGﬁcéeﬁ Jﬁly&‘fcatlhe
present invention has cqnt act, angl e i . ed
condi ti on PARBCTHE %ﬁﬁl’f"ié’g (g)fr%a”ﬁ%iea%(gItg%?’ggws%?géﬂegﬁgrt,ﬂe 1;lng)lr?%g%%rtgf erably
10* or greater;.an referably 15 or greater. Wen the contact angle
i s snalleral%fe?éir‘l’gg%w%?%g?e@'is the possibilities that the thickness of the

meni scus formeqy Q%9‘1‘%1‘&51@?&&@ltﬂ@_rd-d}gbfé_oﬂ_{ﬂ(QJ@ th8 éﬁ'@@éﬂt AEnt@ has a
wth'the

r ei nf or cenent \ resin is insufficient and that the entire surface
of the solggtadtSartAy VebRelh tthe ek i1t YhE GnéltatlUehdidfont H6d GHE *hlrfacklafx due to

the property excessively wetting the solder and the property for the

secondary theugsldeg dfebked 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 meniscus formed around
the soldering portion is small and the reinforcement with the resin is
insufficient and that the entire surface of the solder is 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 that the contact angle
is 15° or greater. The upper limit of the contact angle cannot be generally
decided since the reinforcing effect of the resin is different depending on
the amount of the curable flux. In general, it is preferable that the
contact angle is 60° or smaller. When the contact 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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deteriorates. For exanple, to surely obtain a bonding strength in a
sol.dered portion having a dianeter of a land of 0.3 mmwhich is twice the
strength in other portions or greater, it is preferable that the contact
angle is 15* or greater. The upper |imt of the contact angle cannot be
generally decided since the reinforcing effect of the resin is different
depending on the anount of the curable flux. In general, it is preferable
that the contact angle is 60* or smaller. Wen the contact angl e exceeds
60", therfhe inenidomspoesndthé tyratiafluximerhet dondationsuchithahthe oredtsdde flux is
smal |, the Le&;ﬁ?ht of the meniscus is insufficient due to the insufficient
proper t y cafableeflox syrdmdsothesolderingmortionninod comerhape epdiwets & n i s
insufficient. 17 The neni scus neans the curable flux in ttB ﬁ g’lti on such
that the smefacecf thersobller 85 @ProtFyIemas inHbeoNdition §uph thabhe flux i ng
shape and wets the syrface of the solder as a protrusion or in the

condi ti oﬂn§b€rﬂt{0ﬁ8t‘30fl B19n cureq- the above condition is cured. It is

f ble that .th | | t o] t act
Bnal o botween It e FPEAPR (i Sher CanRE A Sor <ok ERe Al Bap WP 0"
substrat eo%{a(#S%Q b rIWeeﬁrtheVi*il&)'(ﬂ' %Qﬁﬁéﬂ@ft@ﬁtcoﬁﬂﬂﬁ@n BelgRNsditgcd bx  and

the surface s BStrate excee ere Is the possibility that

the flux KAanGARAS drusk e FRhN&d W’h@htt'h‘érbo‘ﬁ‘ﬂéétnegn ll@%e%%dﬁrth@mlﬁﬂd the
formatlon of a unitormresist layer becones difficult. To make the fl ux

function a5 the sRERlceUrithe dutstfdtedxcBeds U6 theﬂ@hb&h@,pdsbﬁnw thag
property and the surface tension between the curable flux and the surface

of the sWesflnRtayirOgdiesdaafirdmaited édirlitivnabimnglte soideringantdathe By
decreasing the surface tension by adding a |leveling agent to the curable

flux, theformanioacdf anghiomitiesistdager bacemes diffedtubsToe aneke dhe fbuxmdj ust ed
and a function 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 forﬁed.

It 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 mPas or greater at the temperature of the soldering.
When the melt viscosity at the temperature 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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uniformresist layer can be fornmed. It is preferable that the curable fl ux
of .the present invention has a nelting point of 1000C or | ower. Wen the
resin contained in the curable flux has a high nol ecul ar wei ght and the
mel ting point exceeds 100'C, there is the possibility that fluidity of the
curabl e flux decreases during the soldering and the soldering is adversely
affected. It is preferable that the curable flux of the present invention
has a nelt viscosity of 0.1 nPa-s or greater at the tenperature of the

sol deri ngef ré@hﬁﬁcix%tﬁ@bbnainsgc&%ﬁ t1AledBBsd£ IR &b Wkbredhe LA, Bkering is
smaller than 0.1 nPa-s, there is the possibility that the reinforcing

struct ur ejs flavpokibiliey l’tilaﬂ thé apealde dlindist Ve osddededs figwp ot iduring tlseral | and
the effect 18 of reinforcing the bonding strength decreases. In an extrene
case, thesddeiingt hdt popsefeirhblieythaltahet vverable Hokeoff thexpreseutpovémtécsh or 1 ows
out during the soldering. It is preferable that the curable flux of the
present i haeatinel vibeosity ofdil Pasorsmalleroimae praferably & lard e smaler
preferably 5 Pa-s or snaller_ and nost preferably 0.5 P%-s or_ snmaller at
the tenpepatdapestgirefarabbof dfargr smaley atrige tempeyaapgsitthe soldepme.
tenperatu of the soldering exceeds 50 a-s,.there js.the possibility
that fl ui W hen 6#16 trﬁéﬁcﬂF%‘bﬁl At Gﬁeot@&f?égg eaﬂ%%h? seldeging £x %iss&i\dver sely
af fected. ;Wen, the. nel t_vi s§cosi ap t eratyre, of ;the soldering is 5
Pa-s or shalY &Pere Wg&fu?%?ﬁ?t@?‘ﬁ Elﬁa%gﬁuﬁgy O%glbrqof:%%atﬂ%%élxs ?Cﬁg?geg’ra%é surface
which is .0Xxi Qi or ti p -;MQ&n e nmelt
viscositygggK%ﬁ%%%ggp%ré?g?gkgg%ﬁﬁgmggol§%¥§%ga?§l%%@ gg%ﬂtr snE#?er, t he
property %m?léfz{]t'lﬁ'?%@tthéeéoidéiliﬁgrﬂér%nlba-gfor siphes, thal durabRNfllg @wPBSt ed and
the effect of the flux can be extended to a wi de range of the bonding area
by utilizipgliblw Pkoldes ovel t&Efas@eith is markedly oxidized or has a poor

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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It is preferable that the gel tinme of the curable flux of the present

i nvention at the nelting point of the solder is 1 mnute or |onger, nore
preferably 2 mnutes or |onger and nost preferably 5 mi nutes or |onger.
When the gel tine at the nelting point of the solder is shorter than 1

m nute, there is the possibility that the curable flux is cured before the
sol der and the netal for the bonding are bonded to each other due to the
curing reaction taking place during the reflow of the solder and the

sol der i nghbeR AVl &%gt/peétte%t?dzo WIBNLdSr Siedrild TEWRent fhe #BItlhBGtPOI Nt of
the solder is 5 mnutes or longer, fluidity of the curable flux at the

t-enper at yhe n@élttdgep@l@t@erth@gonﬁm dx@eSdH 60 ¥nitRitBs ahieed iabkke pbadibaitysol dering
can be achi eved. is preferable that the gel tine at the nelting point

of the sohdethé suﬁﬁhgnbmhte&angrdc&bmdtqrr,ocemi sufficiéeripland AR mﬁﬁmeﬁﬁt or 19
shorter and nost preferably 20 minutes or shorter. Wen the ? tinme at
the mel tirepfpoiing effecthef $he deldeedepdsti®® aainmot g acheevedi glthoagh
possibility that the curing by heating does not proceed sufficiently and
t he suf f istaldatsoldaxing by dhagoldaraieflont cambe sshirsiedd Y¥hen dhe cutivng ishe

achi eved al t hough stabgu sol dering by the solder refl ow can be achi eved.
When t he CeBEegd &t a ferapeTature o dpake Ahe carine reartipk B0 Preceedr i ng
reaction t suf f i ci ent re is,the po ility.that toughness
in fractﬁP ?ntﬁeaﬁﬂﬁéﬁth ﬁ%%hH%@Fgé?@§hB§ %E?gﬁt? thengiredr abl e
flux and act 4L &sl ta der tin C af untlng The
curabl e fpl 8 ?%Sa%?s ggn(tx”ia%i/ toll?g eccé% agge lg}glg lmtp\%Lar ni %ﬁ{m

curabl e f %%P@ﬂt%o@%lg% the\/@o'uﬂt ferabl e that sol vent (F) has a

boi I'i ng p0|n |g er b0|I|ng poi nt of the solvent is

Loper than 100fHe clia®le fluk detRe PISKIR invbtibARanYhidd 4aVarhith G0at 1 N9
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

20



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

wor kabi lity and an uneven distribution of the coated varnish. It is
preferable that the boiling point of the solvent is 300'C or | ower and nore
preferably 270*C or | ower under the condition that a cocrystalline sol der
i.s wused and the peak tenperature is 240'Cin the reflow al though the
preferabI@x@@gkkgg paitiimbanelbf fler eridwdpendintg on the condition of the
reflow which is i?ferent dependi ng on the conposition of the solder. From
t-he st andpoi nt Itofs grieferabbuttiatofolvdre (F diad sagresslabdity, ofi dissdvipgefesitabl e

that the solvent has a | ow vapor pressure. Wien the solvent has a boiling
poi nt  excedhayingoplpamolicheydroxy] gipasdicviring ggena(B)tfoe thelraein @Y. i s
adversely affected and the reliability of the sol dering decreases due to an
20 excessBwamplgs @ftthgnenirenioinglnde cesvemdpnalpolyants pich aspalepbplspl e t hat

Pyl oxyl 6HBIp. AR0r SHIOBTARSIEE) RBPIPhshas; ket Sthald GARBY 11
Xy » T | n p | . e

| t in¢clud ' | | h hol h l's,
iSL ones, LQEPEPES; KR heRE eand BRiehn M) R PUREET nBymerdl iRt ® et one
t ' A 1 " . h | d
non- pr ot oRPEnar: PafeRoRdoRkEL nBLIRE coBIT AT ERA B s P oM P8 e

present i pyeHIL Gux g@rth@bl%lleiséﬂt v ddtors L wBri{bififRth e ¥ebhof BSateny abl e

flux can be Inproved and the stabilization of the cured | ux, the control
of the amaytt tRE &RFbleNBuAndnt He idpabvdd aati e sdabildmatiGPbfiehé Raré@n be

achi eved by using the curable flux as the varnish by adding solvent M
flux, the control of the amount of coating and the stabilization of the
soldering can be achieved by using the curable flux as 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-
imidazole, 1-cyanoethyl-2-phenylimidazole, 1'cyanoeth$;1-2-ethyl-4-
methyl-imidazole, 1-aminoethyl-2-methylimidazole, 1-(cyanoethylamino-
ethyl)-2-methylimidazole, 1-cyanoethyl-2-phenyl-4,5-bis(cyanoethoxy-
methylimidazole) and imidazoles of the triazine addition type. Catalysts
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
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The curable flux of the present invention may conprise a curing catalyst
to.pronote curing of the flux. Exanples of the curing catalyst include
2-met hyl i m dazol e, 2-phenyli m dazol e, 2-phenyl-4-nethyl- imdazole, bis(2
-ethyl- 4- nmethylimdazole), 2-phenyl-4-nethyl-5- hydroxynethylim dazol e,
2- phenyl - 4, 5-di hydr oxynet hyl i m dazol e, 2- ethyl- 4-nethylim dazol e,
2-undecyl i m dazol e, 1-cyanoet hyl -2-nethyl - i m dazol e,

1- cyanoet hyl - 2- phenyl i m dazol e, 1-cyanoethyl -2-ethyl -4 methyl -in dazol e,
1- ami noetsfiphne2eotmiling agedes fbreimpréngnadhdésidmrdntb mestye) resistance,

- 2-net hyl i mi dazol e, 1-cyanoethyl - 2-phenyl -4, 5-bi s(cyanoet hoxy-

ret hyl i nidédzohe)g agentsiatapeivestiol fonmatidmef neidsdand ilisiid yyepowdenl yst s
formed i nto adducts of epoxy conpounds to the above i m dazol es and

cat al yst ldme pethndanss.mi cr ocapsul es can al so be used. The catal yst may be

used singly or _in conbination of two fgr rmre.é);{he cur.able flux o
Qlat e

present invgntT%smzqqﬂ*{cﬁ@rP%‘é}F&ﬁq be) PL4Y e‘n(YSH'PPerngbréﬁetSsh?eg?e

i mprovi ng adhesj, 0 0I ' def '

pr event g@treEvagﬁgwfe%ﬁb§5§w&?1 R Y S S
sem conduct.or .pac e o ] I : i

doscr i bed: SE0vE TiPEeT e hoiefiiihe N KA SATRIAR SPU R RUIRE, P i 1

c | ! . N . . :
works as ectalgé%bg% l}esaﬂ %{tggsﬁﬁék%%tﬁﬁﬂxdﬁ{e' SRR 5@1@'@& ¢RAt bRl psrtasrl i S

cured by ing after erin the sol der balls so that the portion

sol der ed i idvelih&igP!tfier sdlabt Sdlk i€irbinfoeRd With thRecersdediuk. uxThdhe
process for producing the sem conductor package conprises coating an

exposed Sykase f&f pRo®idifgi thevstmitdirluntsn paekéencottgmisdshechtag\an pl aci ng

sol der balls on the exposed surface, bonding the solder balls to the

exposed 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 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 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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portion by reflow and curing the curable flux by heating. The process for
produci ng the sem conduct or package may further conprises a step of
transferring the curable flux described above in the prescribed anount to
sol der balls and placing the solder balls having the transferred curable
flux on a land portion; a step of soldering the solder balls to the | and
for placing the solder balls by solder reflow and form ng a neniscus with
the curable flux around the portion soldered with the solder balls; and a
step of curdmerredetocssldbl ebdllsunndythreadidey lsalld havinhehst traasfereed n whi ch
the portion soldered with the solder balls is reinforced with the cured
resin is ceoride flict ean bahelacedenciiealaind poutiorof Ahetifr agether imetded; on i s
applied to a semn conductor package having a solder resist, the |and
portion fthe singengurfaes @érthsasivenit patdennedosnpiaring praddes PBHE Wbt of the
curable flux in advance and the sol de bﬁ%'ﬁ can Q@aflaced on ,the curable
flux on t Femicanduckyr Raciee) Hagms: ateddyhl dhe suprlledivn Ly ageidarcer tne

bl fl i 22 t f d ld |1 th | | I.s havi
Che Cr Snorih the SertempEnEing ok she sovh carBRe g i S ERAS g o) 1
th t had th ti f t i L1 3 . i
e TR ko B ARl D L Wb Ao A8 10,
flux in a ﬁ-g{lﬁgwerm F\hréfe*aet CLEEDHIP UYL lnesdt apébeamh@ eeRtIpetREd, after

the coate s~ dried, solder ball's can be placed on the I'and for
placi ng seidgft Hakdsh, itheldiRireCddiFadd oPfHd Suit \Yieterni® @atédkath khx is used

also as the resist for the <circuit pattern, the entire surface of the
circuit pahi£sle fivk wHoed fyérhing H8oldedrabilseohlthy sehdibendudtor pacigage. sol der

resi st on the sem conductor package. Thereafter, the solder balls are

bonded t o Theeecafaen thorsblder Heplssadedsondedf loabhie land portion by solder reflow
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 1s
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 :;pplying 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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and, at the same tinme, a neniscus is fornmed around the portion for the
sol:dering. The curable flux is cured by heating and the sol dered portion is
reinforced with the resin. The sem conductor device of the present
invention conprises 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 sol dering
so that the soldered portionis reinforced with the cured flux. The
process &oldepin@duciig caraldefiwondupphied appmaataisirohitt ftterrehaning avent i on
conprises applying the curable flux described above to coat a printed
circuit boad dor pdldermg. oTheheoathma fliixawoeks asrdecflux fpnekblpeidgmaindg sol der
balls on an el ectrode portion of a Chlﬁ bondi ng the solder balls to a

| and of fernpearvgishaped menignds acenihghe m@r@gnefm the soldepinendaringg. In the
first enbodi nent, of the sem conductor device of the present_  inv ntlon, t he
curabl e thegoldsring. a Thegux ?)@(H‘Xriér‘ih%&é“%&%ﬁtfat“ﬁ@ a’b@ﬁ"‘fqlgﬁ apdfesol deri ng

during the solderin i s, cur by, heating after the 23 sol dering. The
cur abl e fFEROIEANG eéﬁ’f@'@ﬁh?ﬁg E%#@ﬂfF“battern haV|ng a land for

f?LSeéhzgédTﬂiﬂﬁﬁ‘é‘&%@@% HipoERRERs BF A Brene b Paifar e MaBRegoiThe”
sol deri ng, Eﬁg §45 tfnle th% DY mei;unnsgtal leﬂgawgﬁ%ggggat he

relnforC|ng eria e so éred secon i ment of

the pres iV f tire
surface g (%ﬁ(g& %Elfd!re]?lglg %{F‘?éﬁ:égl ?%%)g?’ ﬁé’%\l/lll %ft%@&hlgﬁ%lg%rlﬁggbdﬁe{a?rgl@and i's

cured by ciga] NG RbEES ab hﬁe%bﬁerfbp%§$ri&aa difGit GBARE fTHX cweilkde as the
resist for the printed circuit board he curabl e
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 is 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
resist, 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

24



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 nent 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 is cured by
heating after the soldering so that a gap between a sem conductor package
and t he phigh gduidiepi andoetkibits searest banding hetrenged dddiXexcélieneur abl e
flux is applied to coat the entire surface of the circuit pattern having
the | and padighibity €am bsactérviedg so that a film having a thickness about the
same as that of the solder balls is forned. The curable flux works as the
flux for sol deThagcwable fluhefsthal@resgnt Theention)exhdbithean cancetehy heat i ng
and works_as the sealant. |In accordance with the present invention,

f or mat i onb@lRnge 4B[themelf ¥sscepity r BroREAPCstY theeRewq eides pndithefquging he

| deri d filli ith derfill t d th
S0 ! O Lo o BSSHE, 00% AEPESSY TS
t h f hi gh t d 24. hi gh.hum di t d hi bi t
o oSt e Nt CREE S R B B L B
ble f - trod [ 1l Iyl |nt : inth
cur L ki | REAREET AU o0, SURL AL FulsPRgtl o soihgtee, 1

works as te el FmdvkaNg fhfr&RMdBLIhasd BRRinkE 5%' ;sgﬂeidéb@né‘ f%s:’% ner such

that the soldered portion is reinforced in aring s ng a
meni scus. coif\emefoNag fluxhe bonding strength and the reliability can be
remar kably i nproved fromthose obtai ned by soldering using 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 insulating

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.

Example 1

Into 60 g of cyclohexanone, 100 g of a m,p-cresol novolak resin
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conventional flux. By using the curable flux of the present invention, the
bondi ng'by soldering and the reinforcement with the resin can be

si mul t aneously achieved in the production of a sem conductor package
having sol der balls for mechanically and electrically bonding a package
with a printed circuit board and a sem conductor package exhibiting
excel l ent properties can be obtained. Wien nenbers having a sol der bunp
for nmechanical and electric bonding are nounted on a printed circuit
board, t lasaifderurbdnby NEARPON bEAMAKW tCo.a IgrdeatP ASrdarthst herlgoylof t he
sol der balls and the excellent resistance to tenperature cycles and the
excel | entequinalbat:i h30] pndpdd0ys cdnanegoxyvicied ofy thhdisehorndr Eemet with
the resin. The present invention will be described nore specifically with

r ef er encdmanudreivmpedsby nNIREAN| KW AKU Hoaevbd.: t RE-HiEsethe | Rt i on i s

not limted to the exanples, Exanple 1 Into 6 of cycl ohexanone, 100 g of
a m p- cr eSyiVHeRb| éﬁgfé‘@rﬂ dissolyanyf getWeHeﬁat%ftPW% &8 21t d. °

PAS-1; the hy ro%(_yl. ui val ent.: .120], and 140 g.of a XY esi{n. of the
bi sphenolp%ntyg'ﬁe df%&&%ﬁ%ﬁnﬁéaﬁlﬁﬂtﬁﬂﬁ‘%@%&% aﬁy{%g_ ; aIE-QI':Zi L?S; th
epoxy ecLui valent: 1 JRqt he resultant solution, 0.2 S of

1 .

2-dpheny| %1 %Y&Fﬂgﬁ @fgy%f%%?@ﬁé%ﬁge%s the curing catal yst was added

and a var ni sh @©f. - .
ik £ Plotd HaVis PURERRAG o RO SRR ey havi na @

t hi ckness of _ _ ure URUKAWA DENKI KOGYO Co., Ltd.;
EFTEC64T'FiURUKﬁWR‘DEN§(I iAI@)GYe) C8., 1309 ERYECS 4] dh 868t @Fcudf h4dfhgm and a

pitch of mm was for ned.

a land having a diameter of 400 um and a pitch of 1 mm was formed. A
lead frame of the circuit was sealed 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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| ead frame of the circuit was sealed by nolding with a sealing material for
sem conduct ors [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
polishing, a water-resistant polishing paper No. 1000 in accordance with
Japanese Industrial Standard R 6253 was used. The test package was cl eaned
wi th isopropyl alcohol, dried at 80C for 30 minutes and used as the test
package f@fasesahtaudod. oThen| tey éwn@bleflaxsund aceddy thehésstrepankage f or
eval uati on of soldering having the exposed test circuit was entirely

coat ed wi it 160eC far B0sminites @ud abé etrddtuxe peiafarced withvehe Tdwnovat i ng f 1 ux
was dried at 80C for 10 mnutes and a filmof the curable flux having a

t hi cknesscafipRoedn wAsringsheded @reniseies hanidgor heightof 160ite 290 pmevasest
package for evaluation of soldering, 60 solder balls having a dianmeter of
500 pm [ nforofescaravedl the sedpgted pamPOKU KOGYO Co., Ltd.; an Sn- Pb- based

c talli | d | d. d lls ) bond to th
;E%; ;ggkalﬁgefi‘ E tr}aﬁ\i\aﬁﬁ}r'qei’rgtgfozzti’ﬁl %Pl&@et'{lég?yzéég%qb%ﬁﬁgw&ﬁgﬁ @ﬁ ow lgven
i i e peak .t enmperaf ure was se "C. Then e curabl e

was ](c:ur ed£%f"%ﬁ%aﬂ8’ét%? tsf’@gft'}%‘fvas %eﬁ%ﬁe@%@g@ a}nuﬁh\{eggalzﬁ%n(f E%S%%]f ruct 3)r(e
rei nforce i [ d. {dAg- sh d j i

et ght of (bt AR TDARSY, KR ELEC Db ddng: ShERE A VEHLRT BINE T 2
strengt h gf Li0ed 30 ﬁgé%éreirﬁbﬁtg%v&biﬁbﬁe@ test package for evaluation

of sol dering was neasure y using a universal bond tester [nanufactured
by DAI SY Conpampe £R40RLE WA caHhA8a Maingea tBt Finest haemEG Magur enents

was 1,100 g.
having a diameter of 30 um and a pitch of 0.8 um 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 temperature cycles
were coated with a commercial flux [manufactured by KYUSHU
MATSUSHITA DENKI Co., Ltd.; MSP511]. 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 substrates mounted with the test
package had a circuit designed in a manner such that 60 bond.i.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, each
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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The sanme test was conducted using a test circuit having a land having a

di aneter of 30 ~tmand a pitch of 0.8 ~tm and the average val ue 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 commerci al
flux [manufactured by KYUSHU MATSUSH TA DENKI Co., Ltd.; MSP5111. After
the test packages having solder balls prepared as descri bed above were
nount ed, the resultant conbi nati ons were passed through a reflow oven in
whi ch t heempesakturenpeied, une desctsedf dirolddD varangl wWidres fihatd ahethendOnt ed wit h
the test package were prepared. The substrates nounted with the test
package Balstrates oounteidsiitinéle testpackager such that 60 bondi ng portions
with the solder balls were connected in series via the test package and the
test printed & testiprimedraircusf beard whighshadbepnmiatadnwither selder @ndur r ent
passed through the substrates npunted with tgﬁ t est gackage qbt aj ned
above, tHhad; éspadtern ohpar samPeshyRe cRAVIRG QoMaRfeRes. Petvedte sledticor

t enperature cycl es, h cycle was conposed of a. treatnment 00" C for 10
ni nut es éﬁﬂd'égtof? i &rgﬁt“%?t x‘i%'ce?tfe&r Wi rﬁﬁ’r‘?utv%r.ns 02 LUsBblec{M*es of t he
test of 27 tenperature cles.. no defac of...nroke hId I und in
the 10 4B 88°Woun %C\(/{ﬂlﬂgt‘f%ntl%swapsaéﬁlggegt goﬁxjas pgro i nug‘d{e% rcuit

board whi,Gly Qat?léx?%?rth@ a1k F%§ﬁirgd§rtlﬁ5ﬂ1de§|§taé§r§0§?ﬁtﬁﬁé‘f mé&d.conb

shape having a di stance between el ectri con 150 Vin was coated
Wi th themgr abgdgnea ﬁi&ﬂé‘&a&%&ift|H&érd%§§%"a%§e@@ﬁ¥&1ghTBer&Pﬁ$ lod@n\iar ni sh was

dried at 80" Cfor 10 mnutes and a filmof the curable flux having a

t hi cknessyRith3fe PJedkvRmpfcrbt®é 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
having 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 4 X102 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 insulation resistance was measured in accordance with the
same method. No change in the insulation resistance was found and the
insulation resistance was 4 X 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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The obtained printed circuit board was passed through a reflow oven in
whi-ch the peak tenperature was set at 240'C. Then, the curable flux was
cured by the heat treatnent at 150*C for 60 minutes and a test printed
circuit board for the test of reliability of insulation was obtai ned. The
i nsul ation resi stance between the patterns of a conb shape having a

di stance between electric conductors of 150 ~tmin the printed circuit
board was measured using an automatic ultra insulation- resistance tester
[ manuf act 4186 BusABYANTEST Conpany] by applying a voltage of 100 V for 1
m nute. The resistance was 4 X 1012 0. Then, a direct current voltage of
50 V was applied under the atnosphere of 85V and 85% RE After the test
printed circuit was kept in this condition for 1,000 hours, the insulation
resi st ancExsmple@asured in accordance with the sane nethod. No change in
the insul ation resistance was found and the insulation resistance was 4 X
1012 0. The neAt vairssbsidfy aofcutdldec diuablvead |prepased nand ueead vaséhgin

vi sconeter [manufactured by RHEOVETRICS Corp.] while the tenperature was
el evat ed #§condamienyyitiriihe marpe \areeesdiirey an thepe condirdeditinr BExampled
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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 um. 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§éluated in
accordance with the same procedures as those conducted in Example 1
except that 100 g of a polyvinylphenol [manufactured by MARUZEN
SEKIYU KAGAKU 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 pum 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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1201 was used in place of 100 g of the mp-cresol novol ak resin. The

aver age'val ue of the shear strength of the solder balls was 1,000 g when
the |l and had a diameter of 400 ~tin and 950 g when the land had a dianeter
of 300 [tm No defects were found in the test of tenperature cycles. In
the test of insulation resistance, the insulation resistance was 5 X 10 12
O before the te st and 4 X 10 12 Q after the te st. The nelt viscosity of
the curable flux at the tenperature of the soldering was 0.05 Pa-s and the
cont act acxles. bdinvderteshef mpuddiien Fe¢sigtance, theeinsulateen cenigiancorwamd t he
surface of thg sol der was 250. Exa QF 3 A varnish of a curable flux was
prepared &kl @Ib@&l‘édhpﬁesh%ﬁéﬁdég@ Qiatterithe tesbe procedures as those
conducted in Exanple 1  except that 100 g of a po] yvi nyl phenol

[ manuf act ur ed Bire MRRIZEMNCOSEK| qfuh@\emjﬂeoﬁslx Latg the Napinesp et thet he

hydr oxyl ui.val ent: 1 was ed i | ac f 100 q,of t p-cresol
novol ak r%‘gﬁﬁ?m?h‘@a%\%ﬂégé's\/%’i’%Eﬁ‘c’)fco’tl sarﬂfgg? %g{yg%ghe&pr:?ﬁlgn@% §8r balls
was 1, 050 en the.l.and a di.aneten of 1400 ~tni.cand 900 g when the

| and had glegm\%gtr?@t“é)rn%&m%@@ q’rﬁs%éaqfe?fgt&es%l erlew]a%{?'rqd. in the test of
tenperature 29 cycles. In the test of insulation resistance, the insulation
resistance was 5 X 1012 O before the test and 4 X 1012 O after the test.

The nelt E&gﬁgﬁgt@/ of the curable flux at the tenperature of the soldering
was 0.03 nd the contact angle between the curable flux in the nelted

condition and /@ I fAGE efcléhekainder 10@sg 2810.a Phampl endvdlik Ordidng of
cycl ohexanone, 100 g of a phenol novol ak resin
[manufactured 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 um and 850 g when the land had a
diameter of 300 um. 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 the 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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[ manuf actured by SUM TOMO DUREZ Co., Ltd.; PR-51470; the hydroxyl

equi val ent: 105] and 210 g of an epoxy resin of the diallylbisphenol A type
[ manuf act ured by NI PPON KAYAKU Co., Ltd.; RE-81ONM the epoxy equivalent:
220] were dissolved and 0.3 g of 2-phenyl -4, 5-di hydroxy- nethylim dazol e
was added as the curing catalyst. A varnish of a curable flux was prepared
and evaluated in accordance with the sane procedures as those conducted in
Exanpl e 1. The average val ue of the shear strength of the solder balls was
1,000 g uwksssetdhgrduand Meld waasdihaneinees asfth40Qsad andE-Bofiple Whers doaeed and had
a dianmeter of 300 m No defects were found in the test of tenperature

cycl es. | withhea t eshnufrciahs luat boanuésitsrechcey KVEJSHIUI BIABSUSEETSt ance was
4 X 1012 c before the test and 3 X 1012 Q after the test. The nelt

vi scosi t yDENKheCeurlaidl. e MSR&1 Ht without cfopaying ua sobdert tesists o/ Then, B0 was 0. 02
Pas and the contact angle between the curable flux in the nelted condition

and the steldaedadls meaesploged amd tho satdes ballsi werebonded o the teskface of
a test package for evagluation, of sal dering havi the 30 gxposed circuit
ca 5i 3

Whi ch wasPERRAES Y SaliAGen RlctPIARTIRG h, PAST et oBRE dl P I PHOE T mer ci al
flux [manufact ured by KYUSHU NMATSUSHI TA I ekl d. s MBPS1 i t hout
form Lg awé’é‘rgkbgﬁe ngtéstf}?np]eﬁ%‘fre@ﬁas §8‘f %?Qggﬁ sﬁ;\?/\lgr%u)blw Ced "ahd ]W\(,am sol ger
bal I s wer 10 : . t Kk t f i,ag. b
passi ng. t WPSRE ik ROErfT Lo G i dRUBMECRE SRR Tl Y

210G, eGS0 KSR, ol Ot Lkchpop At gl gud
str engi h gfeastiged oh d8Eordahts willS the same method as that used i'n Example 1.
The average value of the shear strength of 60 solder balls was 550 g when
the land had a diameter of 400 um and 350 g when the land had a diameter
of 350 pm.
Ten test printed circuit boards 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 temperatureu 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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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 di ameter of 400 gm and 350 g when the | and had a dianmeter of
350 gm Ten test printed circuit boards for the test of tenperature cycles
were coated with the comercial flux described above wthout formng a

sol der resist. After the test packages having sol der balls described above
were nmounted, the resultant conbi nations were passed through a reflow oven
i n whi chtddie ppekkgd efopetiod utegt VoIS tefipedhtdé0CyclEBewldreXpy@mredeamded by
washing with isopropyl alcohol and substrates nmounted with the test
package eeakmapedparadordireetwtth tfe sampepwmicaderesyas ¢boswmeondortddiahed usi ng
t he obtai ned substrates nounted with the test package in accordance with

t he saneComprdtive Exampls éexceptEikatp eolder Desist wasoformedoke thaedtng wer e
found in all of 10 substrates nmpunted with the test . package. Conparative
Exanpl e Paglsagesplor kheeyahuafion of splderingapnd the prinfedt qleguat baprdt 8 with the
31 r test. package for the tesi of tenperature cycles were prepared and

eval uat eth¢ FP%&%&?H’&WE@W@(C %%e sane procedures as those conducted in

Co ti le 1 t t | d i, St f d he test
packages Tor AR BUATESERON orhEctar mH aia of FBC PR CLRT0Po0 Boar s f or
t he test t C T th of
the sor adtogh P REL HAE 5 HEd e PPa0Y BREIRIA'E, Fheb BB REFRRE B 2nd Goo
g when tRehand Bpdod pm. Defects of broken wiring were found in 8 of 10

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
those 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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di aneter of 300 ~tm Defects of broken wiring were found in 8 of 10
substrates nounted with the test package in the test of tenperature

cycles. Conparative Exanple 3 Substrates nounted with the test package for
the test of tenperature cycles were prepared and eval uated in accordance
with the same procedures as those conducted in Conparative Exanple 1
except that a solder resist was fornmed on the test packages for eval uation
of soldering and the printed circuit boards for the test of tenperature
cycles apflirdmlatieeahdl deliobditdPphs plepddedr the flux was renoved by washing.
Def ects of broken wiring were found in 1 of 10 substrates nmounted wth the
t-est package i fThehecdtest 1afukativme ragivtancey etass cofibugtad atising Ekangelse 4 A
test printed circuit board having the sane shape and pattern as those in
Exanpl e lpwaded catced heard piepaabdabovomraccirdanté wwth The savamedhddar d was
passed through a reflow oven in which the peak tenperature was set at

240' C andaa thadt uped nimedixsimplei t- bobhel test rmBbtedesircyit bpardshadtamn and
reliabilit S prepared. T of Jnsulation resistance. was conduct ed
st hg 1 hevtadRRoB i ARk ol 1638 o e ro the s s e HRHE St wi bt he
sanme net hod s.that used in Exanple 1. The test printed circuit board had
an insul gﬁ‘}%ﬁaﬁt%?}é‘? g’ﬁgg'e of 6 X 1010 ) before the test and the short
circuit was found after the test. The results in Exanples 1 to 4 and
Conparative Exanple 1 to 4 are shown in Table 1.

The results in Examples 1 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 ym 300 pm cycles before test after test

(g (g  (defect/total) @ (9)] ) (Pa-s)

Example 1 1100 1000 0/10 4X1012  4x1012 25 0.02
Example 2 1000 950 0/10 5X1012  4X1012 25 0.05
Example 3 1050 900 0/10 5X1012 4x1012 20 0.03
Example 4 1000 850 0/10 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 - . - 6x1010 ghort circuit

Example 4

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

33



Tabl e 1 Shear strength Test of Insulation Contact Melt of sol der
bal!l stenperature resi stance angle viscosity 400 nB00 ntycl es before test
after test (g)(g)(defect/total) (S2) (Q ()(Pas) Exanple 1110010000/10 4 X
1012 4 X 1012 250. 02 Exanple 210009500/10 5 X 1012 4 X 1012 250. 05 Exanpl e
310509000/10 5 X 1012 4 X 1012 200. 03 Exanple 410008500/ 10 4 X 1012 3 X
1012 200. 02 Conpar ative55035010/10 - - -- Exanmple 1 6504008/10 - - --
Conparative Exanple 2 --1/10 - - -- Conparative Exanple 3 --- 6 X 1010
short ci righd portion.Conpar ati ve Exanple 4 [Note] In shear strength of sol der
balls, 400 mand 300 pm show the dianeter of the 33 |land portion. As shown
I-n Table 1, in Exanples in which the curable flux of the present invention
was used, the shear strength of solder balls was as high
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 [manufactured 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 um and 800 g when the land had a
diameter of 300 um. 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 contact angle between the curable flux in the melted condition
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as 1.5 to 1.8 tinmes the val ues obtai ned by using the conventional flux. In
the test of tenperature cycles, no defects of broken wiring were found. In
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 [nmanufactured by N PPON KAYAKU Co., Ltd.;
KAYAHARD RCN; the hydroxyl equivalent: 581 and 280 g of an epoxy resin of
t he bi sphandlthE sutrfaee dfthagbRRrwed15y N PPON KAYAKU Co., Ltd.; RE-404S;

t he epoxy equivalent: 1651 were dissolved. To the resultant solution, 0.2
g of 2- phenyl Adcsppati plateokywvizighyl thnicknesd of viXs adddthamufatairedrbyg
catalyst and a varnish of a curable flux was prepared. The prepared

L IO Ul WAL
Lo ord e e Sl B R o
of ¢ leg?ieggiﬂ’%ﬁ@ﬁi@ﬁﬁ : %]Otf%t d?sz‘#gﬁlz? e .tcepgﬁagp aj, o
22;3&}% ?%§ OFI?Fé) %eg%a?&s[wgﬁ&r P eti)\e Te tco 2 r;Zla]u?uo)% ll) ﬁ%étlﬁg | ted
Ehi ckness SCifte ?@g“tsk‘?“g o4 @5 fih SRS aﬁ@ﬁw Bﬁ%ﬁ‘ﬁﬁ%%@%ﬁ%ﬁ'ﬁiﬁf aving @

EFTECG4T] f‘IﬂShHl‘%@ Eq:h‘l\‘!l&{és@ of SR 18 CNOROLIROF# QN Hl AR ERCPBHLaEedY NI PPON
PEROXI DE Co.

cocrystalhne 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 W;atting was
calculated in accordance with the same method as that in the above. The
degree of spreading by wetting of Sn-Ag-Cu-based 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



FINE POLI SHER PO TG for 2 mnutes and a test copper plate for bonding of
sol*der balls was prepared. The test copper plate for bonding of solder
balls was coated with the above varnish of a curable flux to forma film
having a thickness of 100 m On the fornmed film 5 Sn-Pb-based
cocrystalline solder balls having a dianmeter of 500 m [ manufactured by

NIl TTETSU M CROMETAL Co., Ltd.] were placed and the copper plate having the
sol der balls was left standing on a hot plate set at 240C. After one

m nute, themplpger plate was rempved fromthe hot plate and the height D
(m of the solder balls which wetted the plate and spread was neasured and
the degree of Aspraaaahgehby vidrabley fiess wab corerazgduaindg evaduated) 1Bwi ng

tion: De f. di b tti 9 500 - D)/ The, d f
cpr oadi na°BYdABER PHGLE FBAGPIISEBRIB005 {ORFRGUBOREE BaIPSEBIS i ni ng no
| ead i I f  t Sn-Pb- based talli I | | d f
Spr eadi nEB LA 1P Rl = eaEaPL GO Haub DG R T NBRONet hod as
that i They - i ng: tdd . -based
Lo or "o SOPLRRYY B T A50IRE L1SBEERT PRI o D,
degree ofys §@@%tﬂg IY%)@(;M{L}?,SQ%I{ B - based sol der balls [ manufactured

by SENJU KI NZ KOG was 60% and the degree of spreading by

wetting of SnyfR-Pasegde valesf thaldhivavasredath o8 bh&xaldrt BafisAvaainoph of a
curable flux was prepared and evaluated in accordance with the sane

pr ocedur gsyhsn the$end tiadug dethmbterbofe800l gmSand 8061 whisatthtdand lafd a cat echol
novol ak resin [ manufactured by N PPON

diameter of 300 um. 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 contact 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 was 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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KAYAKU Co., Ltd.; A-1468; the hydroxyl equivalent: 581 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 |and had a di aneter of
800 gin and 800 g when the land had a diameter of 300 ~tm No defects were
found in the test of tenperature cycles. In the test of insulation

resi stance, the insulation resistance was 3 X 1012 O before the test and 3
X 1012 Q after the test. The contact angle between the curable flux in the
mel t ed caomdihteinothe lamd had aslinfreter of 800 @ns ehddH00 @ wHeOtheTlmddegd @e of
spreadi ng by wetting of the Sn-Pb-based cocrystalline solder balls was
80% the degrater of sEdi Mo Hlefortst wers fﬁ imghe- mgéxﬁ tegmecxetuu@m |'s was

70% th d f j. tt Bi - | d bal |

65% and tHE e&iééﬁéh%%%%q"féﬁ%p%loﬁﬁr%é i B 1SH2 Ao O SBURG W8P bal | was

60% Exanpl h d and | uat ed

accordaﬁce lalgﬁfp(ﬁ@r ﬁr%t cf’c%gg%gjl@é ?ﬁggﬁﬁggﬁr}ig?;ﬁ i ﬁnEx:\r/rgl gaSe e;«r:]ept

t hat 100 f d Kk t TOMO DUREZ

c;f, Lo R R e e ey P R T e “used
ace o 0 e

Shear st r%O‘éi‘%’%lﬁb%? PAS ABROIE ArplSY ARG RN RIS LR

di amet er Qfid80BaI 3Rk 8%, Gh rbO&f| PR iR By V&Btﬁm%t@frsm&w&sem NO

defects were found in the test of tenperature cycles. In the test of

i nsul ati apld@sballanegs 60Pe ands thaldegfed 66 ispradtingVIRes whttinglofl8ndzZbef ore the
test and 3 X 1012 O after the test.

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 (Q) angle
400 pm 300 um cycles before test  after test
(g) (@ (defect/total) ()] Q) Q)
Example 5 1050 800 0/10 3x1012 3x1012 15
Example 6 1100 800 0/10 3x1012 2X1012 10
Example 7 1050 800 0/10 4X1012 3x1012

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

land portion.
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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 sol der
ball s was 55% the degree of spreading by wetting of Sn-Bi-based solder
ball s was 60% and t he degree of spreading by wetting 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 | st enper at ureresi stance (0)angl®&b® pnB00 ntycl esbefore testafter test
(g9)(g) (defect/total)(S2)(0)() Exanple 510508000/103 X 10123 X 101215

Exanpl e 611008000/ 103 x 10122 x _ - 210508000/ 104 X 10123 X
101I’2YP [Note] In shear strength n%gé‘rg)%gkg@%%gl}a%??wz?%lgﬁ%ﬁpand 300 pm show t he

di aneter of the | and porti @q-pr37 Tabggag-cu 2 Degkgasiof spreggizng by wetting
(99 Sn-Pb Ag—CuSA-—Bi-Sa—Zr—Exanpl-e- 580406065 -Exa 30706560 anpl e
780556059xamp1e 5 80 70 60 65

Example 6 80 70 65 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-Pb-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.; LBR-6; 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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As shown in Table 2, in Exanple 5 to 7 in which the curable flux of the
presentvinvention was 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 [manufactured by SUM TOMO DUREZ Co., Ltd.; LBR-6; the
softening point: 41C, the hydroxyl equivalent: 105] and 210 g of an epoxy
nesin of the dlaIIbelsphenoI A type [nmanufactured NIPPCN KAYAKU Co.
Ltd.: REISUOAND rhsistgmeywas i) érﬁ beﬁrzsrhwéﬁs amdséé ME4 Q g8er Hae

resul t ant solution, 0.2 g of 2-phenyl- di hydr ox nethyllnldazole

[-manuf act teséd Tbymmosméung:by W(mtulg 0f2 n#p- h%edc@nqrw?gtaélaw yst was
added and a varnish o bIe e pr epar ed

var ni sh %eé@éﬂlﬁa@é@ e?%éﬁ%ﬁgﬁoﬁlags@ﬂ%&&‘ @? eaﬁﬁﬂ ¥aSt he

sol der gb§ was 900 g when the land had a dianeter of 300 m No defects
were foun /"n the test of tenperature cycles. In the test of insulation

resistance, tha g% b hdlchIARAIAIEEA AN e X BRNRSPOPEILS Lhe { oot

and 4 X 1012 S egree spre ing of the

Sn- Pb- bassé%dg&?r{%)td@];ﬁﬁl”%as }%g bq*h'essdﬁwf&%mﬁfg QmaMBBﬁE%fa

M CROMVETA test circuit having a land portion having

a di anet egeQfy &Q{Qg@ﬁPQesﬁn?'sToﬂbﬁ)ﬁi SpAFBINES at@irdadce Wieh shef a6Ref or
pl aci ng solder balls of a test package for testing soldering prepared in

accor dancgrydelduréd gs g copdeRtdlireExampld 0 seacantod irdth the xamiphefl was

coated with the varnish of
a curable flux and a film of the curable flux having a thickness of 50 um
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-Pb-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 resistance 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 sm.aller 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 curable flux and a filmof the curable flux having a thickness of 50 m
was: formed. On the land portion of the circuit of the test package for

eval uati on of soldering, solder balls having a dianeter of 500 m

[ manuf act ured by SENJU Kl NZOKU KOGYO Co., Ltd.; an Sn-Pb-based
cocrystalline solder] were placed and bonded to the test package for

eval uation of soldering by passing through a reflow oven in which the peak
tenperature was set at 240C. Using 800 solder balls in 10 packages

pr epar ed egsividsoti bedl wasvesed: fre placs of 4082 06 the athariad wavoladntresiat ween t he
sol der balls and the circuit of the test package was neasured by a mlliohm

meter [ mam#radacivead by SOMEBGMO-OWRESSN 0 ChigadBREABLE TESTER]. The
ol o6 A vl SYeHsEe T AL AbIS Than SERESPGL4Redoldey bals va 800 Ry
cEcor o0 L 15, SRR SEIER B RGBS, CERCHART I GRgIPle B erep
wns usea TR Fod g0, B RiulhiipHaknidc AN K108 IR B Ty

SUM TOMO{DUREZ] @x 1012 & aftkBRhEltestTNeriy 8E&YR Hedpialing Bf &&%ﬁfgt strength
800 g. Nod of

of the solder balls was efects were found in the tes

tenper at yhg cNakeShalld whe 1t dh thé‘sﬁé'sﬁt6f0@ta{lﬁﬁk§tcﬁ“§§1delﬂﬂ1%, i sl ation
resistance was 5 X 1012 S before the test and 4 X 1012 S2 after the test.

The degr g@sietandy RaslebGidyuMeht WG PO bhentdldddbr Blll dotddelsall&% I n the
test of stability of soldering, the resistance to electric current was 5
nQ or smaller for all solder balls.
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 point: 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 defects 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 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 soldering, the

resistance to electric current was 5 mQ or smaller for all solder balls.
Example 11

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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Exanpl e 10 A varnish of a curable flux was prepared and evaluated in
accordance with the sane 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 in place of 100 g of the phenol novolak resin [manufactured by
SUM TOMO DUREZ Co., Ltd.; LBR-61. The average val ue of the shear strength
of the solder balls was 850 g. No defects were found in the test of

t enper at wxgeply thats100 g of hepherst novolaknssim{manufasiisedhhg SUMAFOM6uUI at i on
resistance was 5 X 1012 O before the test and 4 X 1012 0 after the test.
FThe degr daUSES freadittly RR-Adt10nthefsoftening aiadnt: bEPIE e hasboxyln t he

t est of stablllt of soldering, the resistance to electric current was 5
MR or srPél‘%%"f‘ epby 18p1 was) wead panlace gl 408 & of tha rhanalsrovelals resimabl e f1 ux

conduct e nm; el RO TR0 Lol Qﬂﬁlﬁ@i“ ﬁéﬁﬁfi‘érfés?ﬁ hose
f PR-514 t t:
105G, ?ﬁé“LSdrﬁ%?VMa&. AR gl g nﬁ&ﬁ-tﬁ étb&?l s §O0R%: he

henol n I EHH% r %ﬁ@; t R- 6] .
‘Fl)'he avercal‘égc\%’lf('rutgs‘g%ll Eue S félgﬁhgtt(r%g%gy }(')tjllf}4 }%{\&so er tﬁ_ewg%StS g ] No
def ect s Wakgldt edistalnlde, tl%‘inéﬁlah@ﬁn%l’sﬁtﬂﬁéé oGl £s. 1ollmg§m)%f&1%
insul ation resistance, the insulation resistance was 4 X 1012 0 bef ore t he
test and t3siXah@1PxA0A% CEnfteheht askt. Tre: degreecofodprepdBadbGvdtyingesst i ng of
the solder balls was 70% In the test of stability of soldering, the

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. Ltd;
MARUKALINKER M10819401; the softening point: 145°C; the hydroxyl
equivalent: 120] and 190 g of an epoxy resin of the diallylbisphenol A type
[manufactured by NIPPON KAYAKU 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 l;ivas 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 4 X 1012 Q 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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resistance to electric current was 5 nQ or smaller for all solder balls.
Exanpl e’ 12 Into 80 g of cycl ohexanone, 100 g of a pol yvinyl 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 resin of the diallylbisphenol A type [manufactured by N PPON KAYAKU
Co., Ltd.; RE-81ONM the epoxy equivalent: 2201 were dissolved. To the
resultant solution, 0.3 g of 2- phenyl -4, 5-di hydroxynet hyl i m dazol e as the
curi ng catsibtmicevaeladdedwanehtcexcaeeded b mf) forconabsddér ballwas prepar ed.
Then, the varnish was evaluated. The average val ue of the shear strength
of the solder balls was 800 g. No defects were found in the test of
tenperature cycles. In the test of insulation resistance, the insulation
resi st an&OmRaratelf1ampleéf ore the test and 3 X 1012 Q after the test.

The degree of ,spreading by wetting of the solder balls was 60% .In the
test of stabi H tYAtERskop é\fi"r‘rtj”?w%e‘?@i Pasi sreprted; gngd pated,dpent
exceeded 5

cur abl o PROIRACS SPEPaPEcr R Woat Duei Frone o BARED ity rAPHE ddme

Dol yi ny R 00 Gr A e B R B Rl e SERREEN her

cqui val et R01 Hae tegd 1 prake NGB INRHIE M RRIMD b,

[ manuf ac ket ngy pMRUZEN GEINe Y, d iR L Falent: 190] WWRARMAINEERNE0819401] .
100 g of the polyvinylphenol [manufactured by MARUZEN SEKIYU
KAGAKU Co., Ltd.; MARUKALINKER M10819401).

The average value of the shear strength of the solder balls was 750 g.
In the test of temperature cycles, defects of broken wiring were not found
in 4 substrates among 10 substrates mounted with the test package. In
the test of insulation resistance, the insulation resistance was 3X 1012 Q
before the test and 3X 1012 Q 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 [manufactured by MARUZEN
SEKIYU KAGAKU Co., Ltd.; MARUKALINKER M16917851; the
softening point: 205°C; the hydroxyl equivalent: 120] was used in place of
100 g of the polyvinylphenol [manufactured by MARUZEN SEKIYU
KAGAKU Co., Ltd.; MARUKALINKER M10819401].
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The average val ue of the shear strength 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 mounted with the test package. In the
test of insulation resistance, the insulation resistance was 3 X 1012 92
before the test and 3 X 1012 0 after the test. The degree of spreadi ng by
wetting of the solder balls was 50% or smaller. In the test of stability of
sol dering, solder balls havin% oor bondi ng were found. Conparative Exanple
6 A varni sh of Theayendgavilugo \Ags sheapsiredginel theatolderhhllnwaadO6rgiance
with the sane procedures as those conducted in Exanple 12 except that 100

g of anot Hetheseshaidemmesabure istass defasteal byohwrurang vame feundassku Co. |
Ltd.; MARUKALI NKER ML6917851: the softenin oint: 205C the hydroxyl
equi val entubstsptes,graongeld F’r%b?ﬂr%@é ’G‘P“ni‘%fi) "ﬁgt}gfth?ﬁésbBF@W%ﬁzl pﬂbg}w

manuf act yr ed EN_ SEKI'Y GAK : . R LILN 8194011.
52 The avgﬁgdgbéggﬁgHép Fﬁ%§§H§%rﬁ§ Hgga “%%%%%5“%0edgéébgﬁrgﬁﬁgg97oo g.

In the tegigal thgggﬂsgﬁ&”ﬁ gy Qsaftgfagﬁg&?ﬂ(?f THOHEL W Jf g%é{\ﬂifn% l};ﬁ”“d in 5

substrat es anong strates nounted w t he test pack e test

of i nsul aliefiink &Itk 3BEfor BAIE WASWO% lRpl SRSt ARCHARS: B Xidiflligy Qg bef or e
the test and 3" X 1012 O after the test. The degree of spreading by wetting

of the soksldering! ksldenbafio Wa@ing pBbt Bénding wée forsd. of stability of
sol dering, solder balls having poor bonding were found. The results of
Exanples 8 to 12 and Conparative Exanples 5 to 6 are shown in Table 3.
Table 3

The results of Examples 8 to 12 and Comparative Examples 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) (@  (defect/total) (9) (9)) (%)
Example 8 41 9200 0/10 4x1012 4x1012 80 good
Example 9 82 800 0/10 5X1012  4X1012 75 good
Example 10 92 850 0/10 5X1012  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 4/10 3x1012 3x1012 <50 poor
Example 5
Comparative 205 700 5/10 5X1012  3X1012 <50 poor
Example 6

[Note] In shear strength of solder balls, the diameter of the land portion was 300 um.
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Sof t en- Shear Test of |l nsul ati onDegree Stability ing strength

t enper at ur er esi stanceof spread- of fild i so onger ng point solder balls
cycl esbefore testafter test by wetting (C (g)(defect/total)(S2)(0)(%
Exanpl e 8419000/ 104 X 10124 X 101280good Exanpl e 9828000/ 105 X 10124 X
101275good Exanpl e 10928500/ 105 X 10124 X 101275good Exanpl e 111098000/ 104
X 10123 X 101270good Exanple 121458000/ 104 X 10123 X 101260fair

Conpar at i vel9RZ5G¢Hwh03n FakRd 23 ix ExARsR0mPey 15X WhRhThaQRAaBR/ 108 X 10123
X 1012<50poor Conparative Exanple 6 [Note] In shear strength of sol der

bal I's, tbentHiaimt e8sifé hbhend pRenld¢ hiyAroxyA$ra30p @ a 43ftAairshpeimtiof Tabl e 3,
I-n Exanples 8 to 12 in which the curable flux containing resins having

phenol i c 4hyidr a4§1C grasmsadd the shiche ritrgngihi off saider 4hllsowbé5¢reads nosed, t he
shear strength of solder balls was great, no

defects of broken wiring was found in the test of temperature cycles, 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 used 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

bonding 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 sol_vent and fine crystals of hydroquinone having an average diameter
of 10 um were formed. The fine crystals of hydroquinone in an amount of
100 g was dispersed into 300 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. 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 um 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 excellent and the sol der
bal | s exhibited the excellent wetting property and excellent stability of
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 weNe defuotd ward Heundsh tdfe tsisabifl emyperfatsd deelesg. [IEthapkst 28 A

sol ution prepared by di ssol ving hydroqui none [ manufactured by ALDRI CH
Conpany] sy %Fé@% eﬁ%lsmscemthednwltaﬁlm FREAHABCOIY ah 2 \Ria%01§ pesderestheent and
fine crystals o ﬂ U|n havi ng an average di aneter of 10 mwere
formed. ~ Thest aRé %aQ? fka ?1 F§ui none in an amount 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 LEe reiuhtant di spersion, 0.2 g of 2-phenyl-4,5-

di hydr oxynBEAiP fildazol e as the curing catalyst was added and a curabl e

fl | f h
vackage. & ?22:9%1 SRqibhendl’ FRARGTEHIAP I, IALDRABH CARIBhGT wae 1"
di amet er of, eé%% %aﬁi 91*9 e[IO-aé PR VB e @ din %riigeaﬂ&'t;ﬁg of the

shear strength of the sol s was 800 g. 44 No cts were und in
the test o&ytsedlﬁeh@m@eaﬁysb elﬂlatrﬂ@tei’e(% 80fim iwisrdl ﬁirhma.reﬁhétme, the

insul ation resistance was 2 X 1013 92 before the test and 1 X 1013 0 after
the test. crystals of ethylidenediphenol 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 6 X 1013 Q before the

test and 3 X 1013 Q after the test.

Example 15

Isopropylidenediphenol [manufactured by ALDRICH Company] was
treated in 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 sane nmanner as that treated in Exanple 13 and fine «crystals
havi ng an average dianeter of 8 mwere forned. The fine crystals of

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: 165]. To the resultant dispersion,
0.2 g of 2-phenyl -4, 5-di hydroxymet hyl i m dazole as the curing catal yst was
added and NIRROADLEKAYAKRU V@&, frtapaREH0dethepeppey @duindlaht:e1d3]ux Twas

eval uated in accordance with the same nethod as that used in Exanple 13.
The aver agbeuakuBaot dibgersitenr0.8tg efi@ bhadfylt46-dibyderxymaéthylimaislag@ole g. No
defects were found in the test of tenperature cycles. In the test of

i nsul at i orsridisi euring eatakyst iwasupdded andes icarablecflwasvss rrawargds? Thef ore t he
test and 3 X 1013 0 after the test. Exanple 15 |sopropylidenedi phenol

[ manuf act Prep sam@%l u@oYfﬁéﬁ;}’P}‘\‘/%d 1Pr%‘§9€‘§61}“1€? VHE Dengama methods t hat
treated in §£$nple 13E?nd finf crystal s having an average dianeter of 12 m
vere forndd. FoehdSPe B Exapeieatd of i sopropyl i denedi phenol in an amount of

[ mantt et ur e Byt NPBROR! Ry s SRRk B e P ol RO a1 o B

165]. To Eﬁ%fﬁlg?ﬁé‘l\@&@ fottmiP i _%h@rte#e) of A:gm?)ferature. cr?fcles. Ilnythe test of

2- phenyl - droxymet hyl I m dazo he curing catalyst was added and

a curabl e jhéubatMasrddiGRACE dthel s ul RFi6RASTLtEREARIAE 5 kWo19as ha¥abudeed in
accordance with the sane net hod

test and 3 X 1013 Q 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 um 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 resistance, the insulation resistance was 2X 1013 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
solder balls was 900 g. No defects were found in the test of tenperature
cycles. In the test of insulation resistance, the insulation resistance
was 5 X 1013 ) 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 dianmeter of 4 mwere forned. The fine <crystals of dihydroxybenzoic
acid in anExampie 16f 100 g was dispersed into 330 g of an epoxy resin of
t he bi sphenol F_type [ nmanuf atctured by NI PPON_KAYAKU Co., Ltd.; RE-404S;
the epoxy equi vBhenelphthshn Imanufactured byt ARDRIGH &rompanylowas treated
2- phenyl - 4, 5-di hydroxynet hyl.i m dazol e th ri cat al yst was added
and a curabt &9 # e\}%%‘){?ﬁ‘é Fhat trepfed 1 a%s%%ge igf"é@%‘é“q ?‘i)’)?%/%é@aéf\‘/‘&g uat ed

i d ith th d th i nwExagpl e 13. Th
val e of Coha el MaRRTR: TR rhdund s SotREL, T OB Ccriitatlr €r s were
found in t - . fonnl ]

Fosst ancebRendiphiBalin GBS Bhdufle 88065 whDdlEdPlnBa0g ASHEEbERY g g
X 1012 t i Nﬂq{pﬁr b

ALDRI CHC Cg%sgﬁy%fh&m}gsﬁt&%ggﬁg{ﬁx% ﬁgégg%e}%ﬁ%n(gg?hggp?ﬁ[at t re%’?%[gr(?%’ Eiarrpl e
13 and fi nptd Wr-abashaue Qﬂ)ox?\r‘ecfli_{@él%ﬂ@ U65NEVES thé résWTamedesdeptizad. The

fine crystals of phenol phthalin in an amunt of 100 g was di spersed into
200 g of a0.2epokP-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 850 g.
No defects were found in the test of temperature cycles. In the test of

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

test and 1 X 1013 Q 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 N PPON KAYAKU Co., Ltd.;
RE-404S; the epoxy equivalent: 165]. To the resultant dispersion, 0.2 g of
2- phenyl - 4, 5- di hydr oxynet hyl i m dazol e as the curing catal yst was added and

a curable flux was prepared. The prepared curable flux was

val ue of the shear strength of the solder balls was 850 g.

eval uated in
accordance with the same nethod as that used in Exanple 13. The average

No defects were
f.ound in the test of tenperature cycts®k.4 In the test of insulation
resistance, the insulation resistance was 3 X 1013 Q before the

test and 1

X 1013 Q after the test. Jhe. result Q% (bxanples 13 t br.are shown in

Table 4. 47 Table 4 Shegtrl k¢ of thf%n strengt Negistanc

of t enper at ur er esi st ance sol-der baIIs cy es before test arter test

(9) (defect/total)(Q (Q sdxamphe 13800Q4df2 X 101:13fbreedi013 Exarnpe
149000/ 106 X 10133 X 1013 Fxanpl e 1528000105 X 1013@)X 1013 Exanpl e

167500/ 102 X 10138 X 1012

Example 13 800 0/10 2x1013 1x1013
Example 14 900 0/10 6Xx1013 3x1013
Example 15 900 0/10 5X 1013 3x1013
Example 16 750 0/10 2X1013 8Xx1012
Example 17 850 0/10 3x1013 1x1013

[Notel In shear strength of solder balls, the diameter of the land portion was 300 um.

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 defects of broken wiring was found in the test of temperature cycles and

the insulation resistance was remarkably high.

Example 18

Into 60 g of ethyl acetoacetate, 100 g of a phenol novolak resin
[manufactured by SUMITOMO DUREZ Co., Ltd.; PR-51470; the hydroxyl
equivalent: 105], 20 g of ethylidenediphenol [manufactured by ALDRICH
Company]l and 300 g of an epoxy resin of the bisphenol F type
[manufactured by NIPPON KAYAKU Co., Ltd.; RE-404S; the epoxy
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Exanpl e 178500/ 103 X 10131 x 1013 [Note] In shear strength of sol der balls,
the diameter of the |and portion was 300 ~tm As shown in Table 4, in
Exanples 13 to 17 in which the curable flux contained the conpound havi ng
phenol i ¢ 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 wring
was found in the test of tenperature cycles and the insulation resistance
was remar leapliyaleigh 165k avepb edissolvado 80 theorestlbgmt selativaxed 8t 0f190 g of a
phenol noval ak resin ELRO manuf actured by SUM TOMO DUREZ Cop., Ltd.;_ PR-51470;
the hydr oxahenydhd dahedroxymeshylipgd @Z(&ﬂ % HPPl%ﬁEIl%@W@F ‘["P{ﬁrﬁﬁd@@t ured by

ALDRI CH d 300 f t he bi Ft
e m;@g%]rmi e ¢ m@a@i@@%tsg§§éeﬁféén4 @V?%'S‘ES@%%?&%@?,ZS? ent
ver e .di ssol yed. e resu en -
di hydrgryﬂf}t%ﬂ%r{fgz‘%ﬁgt § PIRe &?&F?\% zﬂ{g ug?d\}\%ii]x% 18213<'51Ir[1)d ayvarnl sht ﬁf
a curabl e flux
’Y‘ﬁéa%%{é@r\%‘f egp%ﬂ{&irsﬁi%}?ﬁ?h‘ﬁw%%r Yl s%&e@?ﬁ'@‘%gze W

t he sane net hod as use e average value o e shear

strength qtlotdb?eétglvqgfe Pﬂlﬂcﬁ 11‘{"36§e9@9t @f tehlﬂ)e(iiﬁflﬁ‘ét Sydl&d. € Ot té& the test

of terrperat ure cyc es. e test of i nsul at1 on r'esi stance,

i nsul at i onnkREtshRBeaAstdRe2the 1hdafiohefgigahbe wdse3K 118 (4 b‘éfd&lﬁld) after
the test. Exanple 19 A varnish of a curable flux was prepared and eval uat ed

i n accor destendilt>10heQsde gdreoeatdur es as t hose 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'-ethylidenebi sphenyl cyanate [nmanufactured by
ASAH CrBA Co., Ltd.; AroCy L101 was used in place of 20 g of

et hyl i denedi phenol . The average val ue of the shear strength of the 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 O before the test and 6 X 1013 S2 after the test. Exanple 20 A
varni sh of a curable flux was prepared and evaluated in accordance with
the sane gr odeddefestsawerchfmmdcionthectast of terEparaiiuge tgcleexcbpthe hegt (0 g of

phenol pht hal i n [ manuf act ured by QbPRICH Conpany S {n.place of 20
of et hyl i HesidatigRaRsistaner gemsyeation ﬁ@%%t%eévéﬁ\g?é 1§?€ ghb?f?lﬁft?lﬁhe

sol der balls 0 49 .0. defects were found in the test of
tenperatuF%“éﬁ%f%%?uﬁ%g?ﬁg%FéggtSﬁ” i nsul ation resistance, the insulation
resistance was 3 X 1013 O before the test and 3 X 1013 S2 after the test.
Exanpl e 21 A varnish of a curable flux was prepared and evaluated in

accordanch\giﬁgetﬂe sanme procedures as those conducted in Exanple 18
except th g of a mp-cresol novol ak resin [manufactured by N PPON

KAYAKU Co., Ltd ;%rﬁﬁ(%}};olt fﬁea%wyﬂuquggag?géarew%mamﬁmd Inp! ace

of 100 g of the phe novo esin and . phenol phthal i n
[ manuf act Yegstdaycd\viaigh @HeCRIRE Prbed@sred S thekePbAtRceEd 2R BxHhple 18

et hyl i denedi phenol . The average val ue of the shear strength of the sol der
bal | s was eR&Htthat 100 g of a m,p-cresol novolak resin [manufactured by NIPPON
KAYAKU Co., Ltd.; PAS-1; the hydroxyl 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 4 X 1013 Q before the

test and 2X 1013 Q after the test.

The results of Examples 18 to 21 are shown in Table 5.
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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 S2 before the
test and 2 X 1013 O after the test. The results of Exanples 18 to 21 are
shown in Table 5. 50 Table 5 Shear Test of Insulation strength

of t enper at ur eresi stance sol der balls cycles before test after test

(g) (defect/total)(f2)(c ) Exanple 189000/102X10131X1013 Exanpl e 199500/ 106
X 10136 x 1013 Exanpl e 2010000/ 103 XTipid32 X 1013 Exanpl e 219000/ 104 X
10132 X 1013 [Note] In shear strength of solder balls, the dianeter of the

| and portion was 300 m A%mggpmn in Taple, 6, in Exanplgs,18 to 21 in which
n

resin (A) having phenol jic hydiroxyl QraUM.&Uri g agenty Bl or resin (A
and curable antioxidant (C) were used, the curable flux exhibhited the
remar kably excel |l ent shemier pdllsengt h ofycrel der babdsread | NSileptdsON

resi stance. | NDUSTRI AL APPLECABI LI TY(ddaetetanabl e fl ug) of the popsent

i nvention does not require renpval of

Example 18 900 0/10 2x1013 1x1013
Example 19 950 0/10 6X1013 6x%1013
Example 20 1000 0/10 3x1013 2% 1013
Example 21 900 0/10 4X1013 2x1013

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

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, maintains the electric

i nsul at¥on under the atnosphere of a high tenperature and a high humdity
and enabl es the sol dering 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

nounting a sem conductor package to_a printed circuit board_ is sinplified
51 and t handgbe cest ofiyedection caarbepdecapesashs ekherefraeethy eurabde flaxafbl e 1 ux

of the present inventiaqgn i s remarkapl ul for enhapcin e

rel i abi | i t§e Bresepip¥eniignip PR SR CUHIBE (O AR RS 139 TENAPREY of A
curabl e fl whi ch rks_as flux, during soldering and as a reinforcing
mat eri al P%ﬁeg' éﬁ“ﬁﬁ??ﬁﬂﬂ”é@?@%wbeing cured by heating. 2. A curable
flux according to Caim1l, which conprises resin (A having phenolic

hydr oxyl group and curing agent (B) for the resin. 3. A curable flux
according to Claim?2, 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 aralkyl resin, a resol resin or a polyvinylphenol.
4. A curable flux according to Caim3, wherein a pol yhydric phenol
constituting the pol yhydric phenol novolak resin is catechol, resorcinol,
hydr oqui none, hydr oxyhydroqui none or pyrogallol. 5. A curable flux
according to Claim2, wherein resin (A) having phenolic hydroxyl group has
a softening point of 30 to 150C
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6. A curable flux according to Claim2, wherein curing agent (B) is an
epoxy conpound or an isocyanate conpound. 7. A curable flux according to
Claim 2, which further conprises curable antioxidant (C). 53 8. A curable
flux according to Claim?7, wherein curable antioxidant (C) is a conpound
havi ng benzylidene structure. 9. -A curable flux according to C aim 8,
wherei n the conmpound havi ng benzylidene structure is a conpound
represented by general formula [1] -FI ... [1l] R7 wherein Rl, R3
and R5 each independently represent en atom hydroxyl group or
carboxyl group, R2 and R4 each independently represent hydrogen atom or an
al kyl group, R6 and R7 each independently represent hydrogen atom nethyl

gr oup. . 1y o OxypReRYlLe SN AUPRTcHE HARE RO Yhux AR dildofingUEAR! & f UX

according to alm erei n the conpoun represente gener ormul a
[1] is ethyhhfieniadi RAEIPA] BF a HNENRURIYrbidhi dfterlBeind Gitb@Blyenddting. accordi ng
to daim?7, wherein curable antioxidant (C is 4, 4'-ethylidenebi sphenyl
glycidyl ether. 12. A curable flux according to Claim1l, which conprises
conpound (D) having phenolic hydroxyl group and dispersed as fine crystals
and curing. afyeurabl)flanaccodpogine Ql@m 1, which comprises resin (A) having

phenolic hydroxyl group and curing agent (B) for the resin.

3. A curable flux according to Claim 2, 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.
4. A curable flux according to Claim 3, wherein a polyhydric phenol
constituting the polyhydric phenol novolak resin is catechol, resorcinol,

hydroquinone, hydroxyhydroquinone or pyrogallol.

5. A curable flux according to Claim 2, wherein resin (A) having phenolic

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

6. A curable flux according to Claim 2, wherein curing agent (B) is an

epoxy compound or an isocyanate compound.

7. A curable flux according to Claim 2, which further comprises curable

antioxidant (C).
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54 13. A curable flux according to Claim12, wherein the fine crystals have
a diaméter of 50 mor smaller. 14. A curable flux according to any one of
Clainms 2 and 12, wherein a contact angle between the flux in a nelted
condition and a surface of a solder is 5 to 60. 15. A curable fl ux
according to any one of Clains 2 and 12, which has a nelt viscosity of 0.1
nmPas to 50 Pass at a tenperature during soldering. 16. A curable fl ux
accordi ng éo ny og f Claing 2 and 12, which has a gel time of 1 to 60
m nutes at®a fietWR gﬁgaﬁr@tccwfdlag%l(‘dékm ‘h whovei gprable @ntiyident Y ishi ch i s
applied to coat a circuit pattern havin a land for placing solder balls,
i's cured b@cﬂ@é’toiuﬁa %Y‘BE@S’IZH APRG SEUNUhe sol der bal l's by sol der reflow
and works as a resist for the circuit pattern. 18. A resist for sol dering
according to Claim17, which is cured by heating into a formsuch that the
cured resigt pej i: (o] | .he, s r balls.. 19. A
sem conduc?'orhpgc ag’ggq%’?ﬁ&géf#g i@eggaghgg;r’ %&%#F&l edge)(lsxgg?ggg l??‘nvm§ny of
Gainms 1 teedfylideinestirSctaRPhié 8EohfpARRT réiteSePRASY éé&‘i{}%@? H{I B[gireut,
wor ks as a flux of soldering during soldering with Sol der %a P's'and is
cured by heating after soldering wiwth the solder balls so that a portion 55
Y soldered with the solder IRkls gs reinforced with the cured flux. 20. A
sem conduct or devi ce which cogprises B curable flux described in any of

Claims 1 to 16 which is ap3p|l 0 coht a printed circuit board having a
| and for sol dering, wor kK a X oﬁ‘l:—sbﬁ dering during solloks | ng

R7

wherein RI, R3 and R5 each independently represent hydrogen atom,
hydroxyl group or carboxyl group, R2 and R4 each independently represent
hydrogen atom or an alkyl group, R6 and R7 each independently represent
hydrogen atom, methyl group, hydroxyphenyl group or carboxyphenyl

group.

10. A curable flux according to Claim 9, wherein the compound

represented by general formula [1] is ethylidenediphenol or

phenolphthalin.

11. A curable flux according to Claim 7, wherein curable antioxidant (C)

1s 4,4’-ethylidenebisphenyl glycidyl ether.
12. A curable flux according to Claim 1, which comprises compound (D)

having phenolic hydroxyl group and dispersed as fine crystals and curing

agent (E) for compound (D).
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and is cured by heating after the soldering so that a soldered portion is
reinforted wwth the cured flux. 21. A sem conductor device according to
Claim 20, wherein the curable flux fornms a ring-shaped nmeniscus around a
portion for soldering during the soldering and is cured by heating after
t he soldering. 22. A sem conductor device according to Caim 20, wherein
the curable flux is applied to coat an entire surface of the printed
eircuit 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. 23. A sem conductor device according to Caim 20, wherein
the curabl¥8. fAgurildedhpt aevrdingtvatlaam tatwhereinthedmegirystads pravataed
circuit board havin a land for soldering and is cured by heating after
t he sol derdipggeder Pﬁg@ pan ogsmalletween a seni conduct or package and the
printed circuit board is sealed with the cured flux. 24. A process for
produci ng a sem conduct or package whi ch conpri ses coati ng an exposed
surface of r cui a cur.able flux desgcr bed of Clains 1 to
76 bl act i sob daita bl T bepHlRg ol et FRCLTER A o BB Fer
balls to t p n fo ukd e r.a by
heati ng. fg’%tiép%gggsg%ée% F}gydlf}g?(n \glg%%e?oéndﬂﬁ PBH arg&lkaplé v# %ﬁ
conpri ses aygstels &f gbs ansferring a curable flux descrl bed in any of dains
1to 16 in a prescribed anobunt to solder balls and placing the sol der
balls having the transferred curable flux on a |land portion; a step of
soldering the solder balls to the land for placing the solder balls by
sol der refifmw Ardriblenflig adcording $6 whyvworidiof Diaieny abial 1R uwhaclohad aa
portion soldered with the sol der

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

16. A curable flux according to any one of Claims 2 and 12, which has a

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

17. 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.

18. A resist for soldering according to Claim 17, which is cured by heating
into a form such that the cured resist reinforces a portion soldered with the

solder balls.

19. A semiconductor package which comprises a curable flux described in
any of Claims 1 to 16 which is applied to coat an exposed surface of a
circuit, works as a flux of soldering during soldering with solder balls and

is cured by heating after soldering with the solder balls so that a portion
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balls; and a step of curing the curable flux by heating so that a structure
in *whi¢h the portion soldered with the solder balls is reinforced with the
cured resin is constructed. 26. A process for producing a sem conductor
apparatus which conprises applying a curable flux described in any of
Clainms 1 to 16 to coat a printed circuit board, placing on the board a
sem conduct or package having solder balls on an electrode portion of a
chi p, bonding the solder balls to a |land of the board by reflow and curing
t.he cur abkeldekrek whyh bleasolddgr balls is reinforced with the cured flux.

20. A semiconductor device Which comprises a curable flux described in
any of Claims 1 to 16 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 a soldered portion is

reinforced with the cured flux.

21. A semiconductor device according to Claim 20, wherein the curable
flux forms a ring-shaped meniscus around a portion for soldering during

the soldering and is cured by heating after the soldering.

22. A semiconductor device according to Claim 20, 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.

23. A semiconductor device according to Claim 20, 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 a
gap between a semiconductor package and the printed circuit board is

sealed with the cured flux.
24. 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 16, placing solder balls on the exposed surface, bonding the
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solder balls to the exposed portion by reflow and curing the curable flux by

heating.

25. A process for producing a semiconductor package which comprises a
step of transferring a curable flux described in any of Claims 1 to 16 in a
prescribed amount to solder balls and placing the solder balls having the
transferred curable 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.

26. 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, bonding the solder balls to a land of

the board by reflow and curing the curable flux by heating.

57



