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FI'ELD OF. THE | NVENTI ON - This invention relates to a |atent

cat al yst extrenely excellent in noistuye resistance reliability, 5
curability and storage stability at ordihaty tenperature, a
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nol dability, and a sem conductor, device In nmol di ng materia
i s used. BACKQRONNPDORRTHET ANKRNNEON] 5 Ther nosetting resins
have been required_to have a storage stability at ordinary tenperature
for the purposeFIELDoPFéFﬁEIFNVFHEIPHé handl i ng thereof, and various | atent

catal ysts have .been deyel.oped_ by now. _The_ | atent catal yst neans a
catal yst havi ng excelléﬁﬁscﬁpg AR EﬁgaEfﬁeEPéﬁt ag6¥isF&F%$¥5§tability
at ordinary teimenat QK I QLt i lytic activiity at an
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I n whi ch the subsfTi-tuents on~boron have~a speci ure
: thermosetting resin composition comprising the same, an

epoxy resin mélding material for encapsulating a semi-
conductor responding to insertion mounting and surface
" mounting whicﬁ'molding.material comprises the above latent
1'0. catalyst and i% excellent in moisture resistance
~ reliability, storage stability at ordinary temperature and
moldability, agd a semiconductor device in which the
" molding materiéi is used{
RELATED ART STATEMENT
15, Therm&setting resins have been required to have a
storage stability at ordinary temperature for the purpose
of simplifying tﬁg handling thereof, and various latent
catalysts have been developed by now. The latent catalyst
means a catalyst having excellent curability and excellent
20 storage stability‘at ordinary temperature for exhibiting
its catalytic activity at an appropriate temperature or
higher. For example, JP-A-8-295,721 discloses that a
tetra-substituted phosphonium tetra-substituted borate in
which the substituents on boron have a specific structure

. 25 has both excellent curability and excellent storage



25 has both excellent curability and excellent storage

-2- stability at ordinary tenperature. The tetra-substituted o
phosphoni um tetra-substituted borate exhibits its catalytic _activity
up6n di ssoci ation of the ionic bond betwezn-t he ani on portion and the
cation portion, so that the tenpera- 5 ture at which the catalytic
activity is swabiliitgd starddnary téiped@d thireiNantied deh R A at
whi‘ch the bond is di ssoci at ed. en the substituents on boronehave a

speci fic st phosphoniire tedmas-subst itwters]l borkaee exhibits MY %ﬁ:iafityﬁ:ic _

bond-strength and exhibits no activity at 10 ordinary tenperature”but is

di ssoci at ed agt ivtidyc wpiomg dissoctierpiematofr ¢hieo icaiicd ibonek betiveedc the t Y.

Ther ef or e, . excellent curability and excellent storage stability,

nanel y | at e@&ion pogdisinogad. thiee catdion iporttionh secithat the tapeira-

catal yst takes an inportant part includes an epoxy 15 resin nolding

mat eri al > ot U&ifc &fs WhdChnfhe satadytdecetivity digclexisibiced Sanobet he

i ke. As the _catal yst ich ha heretofore been used, there are

i i dazol es, V&irdfgb' éy&\ggﬁgmg i&%merﬁﬁuéﬁylaﬁha’%ﬁfh@eaquhésl i ke;

however, th . tal yst t even. at relatively | ow tenperatures, so

that 20 m)?a'%ﬁé) CHa %r *al iﬁlieil 'ecﬁ“(t?ﬁé-'é‘é:u(,eﬁ'ttgl P& i’oé'roé‘ HeyE ﬁ‘re f "

inferior in fs A a rdinary.tenperature. Ther ef or e, en
ﬁ%te%lﬂ%. Sicleutie Aty gﬂo 'Y b°51:agﬁ?gﬁ§ S‘é’nﬁl@l”zﬁ &% such

these nol ding materials are“store o _ f
{1 ow pr oper CHRACH g "o B gt renatty nd WRHiBTLE B BERVITYLRE 1o cause
conduc- 10 ordinary temperature but is dissociated at the curing
temperature to rapidly exhibit activity. Therefore,
excellent curability and excellent storage stability,
namely latency, is developed. The field in which such a
latent catalyst takes an important part includes an epoxy
15 resin molding material for encapsulating a semiconductor
such as IC, LSI or the like. As the catalyst which has
heretofore been used, there are imidazoles, diazabicyclo-
alkenes, triarylphosphines and the like; however, these
catalysts act even at relatively low temperatures, so that
20 molding materials in which these catalysts are used are
inferior in storage stability at ordinary temperature.
Therefore, when these molding materials are stored at
ordinary temperature, such troubles arise that incomplete
filling results from the lowering of flow property during
25 molding, gold wire in IC chips is broken to cause conduc-
tion failure, and the like. Therefore, it has been
essential to refrigerate the epoxy resin molding material

for encapsulating a semiconductor (referred to hereinafter



tion failure, and the |ike. Therefore, it has been essential to

refrigerate the epoxy resin nolding nateri al for encapsul ating a
sem conductor (referred to hereinafter

-3« as the encapsulating material i-h3see cases) when it is
transported and stored. Mreover, recently, the per formance required

for, 1C as { oud Rnd"Rirdlailisladind' §AEErial GR! LERE! CAded PSRBT M1 Ct more

and* nore. For exanple, - 5 JP- mentions tet stituted

phosphoni umyandpritisd Wil isiteirad . bomaLesveR, WBeEEn BENOXYe gr OUPS oOr the
| i ke are bonded to the phosphorus atom nanefy P- O- C bonds are formed,

and it di sclpsemiaicd edqudraideFoar ecehbetdi ¥Re moidbure CRésd stsdncnabl i ng
the encapsulating material to 10 develop the storage stability at ordinary

t enper at ur e;reliabdidvitwerhast besomectraigubabréuand nbespharatinetaiple,
substituted borates are easily hydrol yzed to produce phosphoric acid
and t her &5 i STE-A-€ar24h @83 mentmioasutetra-snbstitated pkdsplivdivny my be
remar kabl y det eri orat ed. 15 SUWARY OF THE | NVENTI ON Thi s
i nvention prigtinkesubstbitarted: bogiages Ravivhgch phersxy egedyp® @e|thent

moi sture resistance reliability, curability and storage stability at
ordi nary tenbdiatanee bopded to kdenpbesphagufeadtameoneely iBr<drhands ng the
same; an 20 epoxy resin nolding material for encapsulating a sem con-

duct or respdf HPERRd ndA iidn AHGAPERS BRatstiheakerates auR REFRFEHISH

nmol ding material caonprises the . abo | at ent . .
g as a catalyst enaﬁilng %ﬁe encapsulating material to

10 develop the storage stability at ordinary temperature;
however, these tetra-substituted phosphonium tetra-
substituted borates are easily hydrolyzed to produce
phosphoric acid and there is a fear that the moisture

resistance reliability may be remarkably deteriorated.

15 SUMMARY OF THE INVENTION
This invention provides a latent catalyst having

extremely excellent moisture resistance reliability,
curability and storage stability at ordinary temperature; a
thermosetting resin composition comprising the same; an

20 epoxy resin molding material for encapsulating a semicon-
ductor responding to insertion mounting and surface
mounting which molding material comprises the above latent
catalyst and has excellent moisture resistance reliability,
storage stability at ordinary temperature and moldability;

25 and a semiconductor device in which the thermosetting
molding material is used.
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cereliability is devel oped. Based on the above know e
prenNacuBdgnitbegl by cthe Theesent tinventoxsy,, thsys haweedobod
foll owi ng: | il) ) a |atent catalyst conposed of a
thathar geEtrépr 5t BIC YOk Hel e rsthhib iftadmiing Wwaterahy 8 t he

esin conposition conprising the catalyst:
proton donor from which the substituent bonded to the boron

atom results is closely connected with the moisture
resistance reliability. That is to say, it has been
clarified that when the electrical conductivity of the
éxtraction water of the proton donor which is described in
detail hereinafter is low, extremely excellent moisture
resistance reliability is developed. Based on the above
knowledge, this invention has been completed. That is to
say, this invention provides the following:

(1) a latent catalyst composed of a phosphonium
borate represented by the general formula (1) and a thermo-

setting resin composition comprising the catalyst:

R1 + X1 —
H2—|:=>——H4 x2—:s—x4 (1)
R® X

wherein R', R?, R’ and R' may be the same as or different
from one another and each is a monovalent, organic group

having an aromatic ring or a heterocyclic ring or a

dge,

I nNo-



[err] wherein R err], Rerr], Rerr] and R err] my be the sane as or
di fferent fromone another and each is a nonoval ent, organic group
having an aromatic ring or a heterocyclic ring or a

-5-» nonoval ent, aliphatic group and-i 8 bonded to the phosphorus
atomto forma P-C bond; X1, X2, X3 and X4 may be the sane as or

different frashevglane]helipnadé drAs ANE i PdiRBd TP the phbepRoras™d
whefi a proton donor havinglg? | east one profbn 5 capableebP bePnS

l'i berated ouktein tbefoBhegsubecBénd; x*,! xBeral ethdne nagtBE 8RE samd & the
others is a nono- val ent, organic group having an aromatic ring or a

het er o- ogyalif€etei Ofol SRECMIIENEr ald RiAlicasy one oFnéhedchsoh
t he above proton donors satisfies the condition that when 1 10 g of each

proton donor greupi formedtwhéh g pfoton idomsk Mmiveing at laadtt baer protbhng
m xture is subjected to pressure cooker treatnment at 125[err]C for 20
hours in & prepsbie obokeingebibérated outheofeltdet modsicudenttasti vity of the
extraction water thus obt ai ned beconmes not nore than 1,000 [err] S/ cm
15 (2) liperatedt osat broten compeach oif £hshedhiexs ism a monperat e
represented by_the general formula (2) and a therno- | setting resin
conposi ti on V8ABREsi AGIRREC c9FRUphaving an aromatic ring or a hetero-

cyclic ring or a monovalent, aliphatic group; and each of
the above proton donors satisfies the condition that when 1

10 g of each proton donor is mixed with 50 g of purified water
and the resulting mixture is subjected to pressure cooker
treatment at 125°C for 20 hours in a pressure cooker vessel,
the electrical conductivity of the extraction water thus
obtained becomes not more than 1,000 u«S/cm,

15 (2) a latent catalyst composed of a phosphonium
borate represented by the general formula (2) and a thermo-

setting resin composition comprising the catalyst:

Hs + Y1 Y4 —_—
Re l R® 7 \B/ \22 (2)
—_—p— 21
lﬂ N\ Y2/ \Ya/

wherein R°, R®, R’ and R® may be the same as or different

20 from one another and each is a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a
monovalent, aliphatic group and is bonded to the phosphorus
atom to form a P-C bond; z' is an organic group bonding to

¥' and ¥?; 2z? is an organic group bonding to Y’ and Y%; each



[err] wherein Rerr] R[err], Rerr] and R err] my be the sane as or
different 20 from one another and each is a nonoval ent, organic group

having an aromatic ring or a heterocyclic ring or a nonoval ent,
al i phatic group and is bonded to the phasphorus atomto forma P-C
bond; Z[err] is an organic group bonding to [err] ylerr]; Z[err]

ylerr] - YIGE Y1 ana Y21l AQYLET EbirALA" bhehSa FoRbPEIL e IR BRNTI NG

toYferr] andY[err]; e

of Y[err] a“éo}i&%ﬁ.ﬁ# k8bat gEeeR: fRIge e & g&’{ﬁﬁ‘g@o%”tandprt%pn'

donati ng substituent has |1 berated a proton an substituents

Y[err] and yg@bkkitiehBs ghrgnd™¥’eqHl @nar 8aReNHETeé@le are IHhdY Qb atom to
forma chelate structure; each of Y[err] and 5 Yerr] I1s a group forned -

when a nonovahenborphobhtomdesatoAl a cheFathstddriRiurtds dacdheiodt &8 angr ot on
and the substituents Y[err] and Y[err] are bonded to the boron atomto
forma chél aé is a grouptiomed [wher ambndvalentyaprbeohkdosatkngs or
different from each other and also Y[err], Y[err], Y[err] and YLerr]
may be the saubs&gtuentibBasdliberamed fa pprarmn @t Hdre sabdtiYuent Y
[err]Y[err]H and HY[err]Z[err]Y[err]H which are proton donors before
the |igands 8Rdb¥r oxre[kended &q Hl{eehdramatom toyferm] 2] ehelgtare forned
by liberation of the respective protons satisfy the condition that
when 1 g of EAEHCERTEReZprafdr” May BEnEPhS F3MA &8dO% dhiGerenbiinamifi ed
wat er and the r%su%é- 15 ifg mxtune i§ sqgjqpted &P g essure cooker
treatment at 3% © SFe?PfC? ? Yo ﬁbmrghiﬂ“ Yr 8&JuPE LHE6KEAMEa8ePT t he
el ectricgly coaguetint! ¥r8h 58 SXSLRSH) Ahd % ¢ W Sana my®2%v's which

are proton donors before the ligands of boron v'z'v? and

¥Y*z?Y* are formed by liberation of the respective protons

satisfy the condition that when 1 g of each of the proton

donors is mixed with 50 g of purified water and the result-

15 ing mixture is subjected tc pressure cooker treatment at

125°C for 20 hours in a pressure cooker vessel, the

electrical conductivity of the extraction water thus

cbtained becomes not more than 1,000 uS/cm,

(3) a latent catalyst composed of a phosphonium

20 Dborate represented by the general formula (3) and a thermo-

setting resin composition comprising the catalyst:

R® + 5
Y X°
TN
I \Ys/ \xe

R11

(3)

wherein R?, R!®, R and R'? may be the same as or different

from one another and each is a monovalent, organic group



obt ai ned becones not nore than 1,000 [err]S/cm (3) a | atent
cat al yst conposed of a phosphonlun1 20 borate represented by the general

formula (3) and a therno- setting resin conposition conprising the
catal yst: [ecr} - wherein R err], Rerr],
Rlerr] and Rlerr] nay be the sane as or different from one anot her and
each is a mﬂQVﬂ)ﬁ”&n Qf&ﬂﬂ: c 9% heterocyclic. ring or a mono-

-7-" having an aronatic rlng % heterocyc I'¢TiNg nono-

vaent. 31 phaiehrgr auppRacé sghongomd o d Heriies RO YR phosgﬁb?ﬁbto forma

P-C bond Z[err] is an organic Ing to the subStituents
Yierr] and yaeoh] toyESHh] a apde YH&Hd | ﬂmﬁsb%ntaﬁgﬁﬁﬂﬁ 8folp bordfhdfesent

from each other and each is a group forned nonhoval ent
prot on-donat the substituents heS driderfat edl éhd Yt mﬁ&obﬁntﬁédsbﬁ@ as or
substituents Y[err] and Y[err] in the same nol ecul e are bonded to the

boron at om t diffiereatchirdmt each rotdher eand®each isamd g¥oapr Formgdbeheheasane
as or different fromeach other and 10 each is a group fornmed when a

pr ot on donor mhaovagent praton-donatirey prulisiriwegmablhasofl iberageli ber at ed out
of the nol ecul e has | i berated one proton, or a nonoval ent, organic
group hHVPﬁgnaﬁndrbhﬂt sebsthpents ihetaado(;’ycim cthe rgpms nolasvie

val ent, aliphatic group; and HY[err]Z err]Y[err]H which is a proton 15
donor bef or eaFﬁebPPﬂﬁﬁdtht'b%rW% 9% rfome & ched atg, gEgugyure; X

and Xx° may be the same as or different from each other and

10 each is a group formed when a proton donor having at least
one proton capable of being liberated out of the molecule
has liberated one proton, or a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a mono-
valent, aliphatic group; and HY’Z’Y°H which is a proton

15 donor before the ligand of boron Y°z’Y® is formed by
liberation of the protons and HX’ and HX® which are proton
donors in the case where each of X’ and X°® is a group formed
when a proton donor having at least one proton capable of
being liberated out of the molecule has liberated one

20 proton satisfy the condition that when 1 g of each of the
proton donors is mixed with 50 g of purified water and the
resulting mixture is subjected to pressure cooker treatment
at 125°C for 20 hours in a pressure cooker vessel, the
electrical conductivity of the extraction water thus

25 obtained becomes not more than 1,000 uS/cm,
(4) a latent catalyst having a structure wherein a
phosphonium borate consisting of a monovalent cation

portion in which four groups are bonded to the phosphorus



| i beration of the protons and HX[err] and HX[ err] which are proton

donors in the case where each of Xferr] and Xerr] is a group forned

when a proton donor having at | east one proton capabl e of bei ng

| i berated out of the nolecule has |iberatgd-one 20 proton satisfy the
condition that when 1 g of each of the proton donors is mxed with 50

9 0F Puri ] edebt Sha2d pbyatent 7 CE0H WP i BUBRE! §ohBePr essur e

cooKer treat nent err ours In a pressure-coo

vessel, the are bshseartsatheqa&f@ﬁlyﬁw £ e RGP I, che hus | 25

obtalned beconmes not nore than 1,000 [err]S/cm | at ent

catal yst havisgse ﬁﬁbuéfuﬁﬁléﬁeéféfbéhnectedﬂﬂﬁiﬂﬂaﬂl&ﬁ Q%%%Eeoﬁ%n§ESt'ng of
a nonoval ent cation portion in which four groups are bonded to the

phosphorus the four groups bondin? to the boron atm (thist @ffpandfa
nonoval ent anion portion in which four groups are bonded to the boron
atomis the dletenti ogtahyst #$5 hereimmfter wefiHrndd do dne someneased tbrough
at | east one of the four groups bonding to the boron atom (this type of
5 | atent cat &hpsintermeiecniar creaction etype latedneatadystysand a t he
internol ecul ar reaction type |atent catalyst) and a t her nosetting
resin conpothﬁ§ﬁ°§§ﬁ§#P§|ﬁgsiheCQmRﬂﬁﬂtlon amROiping Fheviadewet hat t he
group through which the rec units are connected is a group
formed when SﬁéaﬁYﬁFonprﬁﬁlﬁ%ﬁthﬁ%sth¢tﬂﬁ%ﬁ&u?ﬂﬁ?qqga§ﬁlpﬂotﬁﬁoFGﬁBrand t he

d of th ki nd ff ki nd
Bonding 1o t Fen8nBERRE: SEC o O HEySRoLd i SEAHP orgied. WhelORRL PEREST om

one anot Bgr ARd,aflsthergRl Ls & POt two protons and the group may

be composed of the same kind or different kinds; the groups
bonding to the phosphorus atom may be the same as or
different from one another and each thereof is a mono-
valent, organic group having an aromatic ring or a

15 heterocyclic ring or a monovalent, aliphatic group and is
bonded to the phosphorus atom to form a P-C bond; each of
the groups which are bonded to the boron atoms but do not
participate in the connection of the recurring units is a
group formed when a proton donor having at least one proton

20 capable of being liberated out of the molecule has
liberated one proton, or a monovalent, organic group having
an aromatic ring or a heterocyclic ring or a monovalent,
aliphatic group and the above groups may be the same as or
different from one another; and the proton donors from

25 which the groups bonding to the boron atom result satisfy
the condition that when 1 g of each of the proton donors is
mixed with 50 g of purified water and the resulting mixture

is subjected to pressure cooker treatment at 125°C for 20



val ent, organic group having an aromatic ring or a 15 heterocyclic ring or

a nonoval ent, aliphatic group and is bonded to the phosphorus atomto
forma P-C bond; each of t he groups which are bonded to the boron atons
but “do not participate in the conneetbPoa of the recurring units is a

group formed when a proton donor having at | east one proton 20 capable of
bei ng |iberahgdrguinoh ﬁ?ésgﬁfécéé@kéﬁsvesseﬂ'Qﬁk@%ﬂ%é%&%c&ﬁOEBBduEL a

mondval ent, organi ¢ group having an aronatic ring of a heterocyclic

ring or a WDﬂQVii:?nbf the @ktPa@tién Qiater althd ibtAIOA BeeuResMApLbe the
sane as or ferent fromone another; and the proton donors from 25

whi ch the grmope bhafi Dg000 pIS/dMOr @mdatomresult satisfy the condition
that when 1 g of each of the proton donors is m xed with 50 g of
purified wat €b)and t heAneepoky npesintmokiing matenikileconpriie ipgeasuthe
cooker treatnent at 125[err]C for 20

-9- Bouessentaapr comporentboker) vams sepqxyt resdlmct(B)cal phendlde

tivity of the extraction water thus obtai ned beconmes not nore t han
1,000 [err] SreminandC) at lejst one latenﬁ»q&t&*mstnaﬁhﬁcmgdnﬁtemnahe

conpri si ng as the 5 essential conponents (A) an epoxy resin, %

phenol i c lafgatncate)yats| definemeln a@@\tah%{%llﬂiﬁﬂssdllécft@d r)oﬁfltihe

| at ent catalysts defined in the above itenpg to (4) _.and (D) an

i norganic fil PéranmﬁBPE?ﬁn%ﬁeféhh¢VaJ%ﬁﬁr?%& Qﬁe equ iyad®i@&n TakdOepoxy group
henoli 6O osPEERESs  ERE B8Ry | §foup oGS LSt dl YRy LsIWP a8k Lhe o
10 phenolic hydroxyl group of the total phenolic resin is 0.5
to 2 apd the amount of the inorganic filler (D) compounded
is 200 to 2,400 parts by weight per 100 parts by weight of
a total amount of the total epoxy resin and the total

phenolic resin; and a semiconductor device in which the

15 epoxy resin molding material is used.

DETATLED DESCRIPTION OF THE INVENTION
R', R?, R? and R* in the general formula (1); R®,
R°, R’ and R? in the general formula (2); R’, R!, R'! and R'?
in the general formula (3); and the groups bonding to the
20 phosphorus atom in the intermolecular reaction type latent
cétalyst defined in the above item (4) may be the same as
or different from one another and each thereof is a mono-
valent, organic group having an aromatic ring or a
heterocyclic ring or a monovalent, aliphatic group and is
25 bonded to the phosphorus atom to form a P-C bond. Such

phosphonium groups include tetraphenylphosphonium group,

tetratolylphosphonium group, tetraethylphenylphosphcnium



to 2 and the anount of the inorganic filler (D) conpounded . s 200 to

2,400 parts by weight per 100 parts by wei ght of a total anount of the
t ot al epoxy resin and the total phenolic resin; and a sem conduct or
device in which the 15 epoxy resin noldiijng-material is used.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [err] [err] [err]

gﬁézgeneral rou ?Eﬁamethoxypq%gy%éﬁoﬁﬁggnlfmaﬁ§o§FéFFft?ﬁnaﬁgﬂg neral

formula (2); ﬁ% ﬁ&m th €§Fdup, & Fdp rol:e general fornula
(3); and the gr%%ps %ong?ndu o the 20 ph sphghﬁglgpoglﬁngthe

i nt er nol eculéthymﬁipmnyméﬂmum gro tai—mttdefru%a@nym -the above item
(4) may be the same as different from one anot and each t her eof

i's a nono-  phospghbRitm g&@uyucaényuxbﬂyﬁunylﬁyipa@@ya hesphbgiam a
heterocyclic ring or a nonoval ent, aliphatic group and is 25 bonded to the

phosphor us agepoupp tntmeahi&ﬁhényﬁbhdﬁpﬂbnlum gricappheetthyldiethgli-ncl ude
t et raphenyl phosphoni um gr oup, t etrat ol yl phosphoni um group,

t et r aet hyl phphehphpbpsphéninm group, methyldiallylphenylphosphonium - 10 -
group, tetranethoxyghenylphosphonlun1group, t et ranapht hyl - : phosphoni um
group, tetra§§ﬁ29bp 5 pRoRT oM Xk Ehﬂﬁphonlumﬂgﬁﬂwmwapﬁeﬁ@ﬁpﬂékﬁhohpﬁnﬂﬁﬁoup
n-butyl triphen phosphoni um gr oup,
2- hydroxyeth?P%r@bﬂéﬁ?@pﬁ@%ﬁﬁHﬁ1un1 5 group, trinethyl phenyl phosphoni um
?nre?ﬁsl dlmzilt Ihgl SL:;CYLhOE}[S?ICﬁf%hE#X %}fﬁr)]?fglé#"t é‘g{é ptl?l?t FERHBSPABAI um gr oup.
and the EbkellEHBdS on boron resuf% (¥1§¥§(¥he condition that when 1 g
of each of the proton donors is mixed with 50 g of purified
water and the resulting mixture is subjected to pressure
cooker treatment at 125°C for 20 hours in a pressure cooker
vessel, the electrical conductivity of the extraction water
15 +thus obtained becomes not more than 1,000 uS/cm. The
groups and ligands on boron referred to above mean x', %%,
x* and X! in the general formula (1); x> and X° in the
general formula (3); the groups which do not participate in
the connection of the recurring units of the intermolecular
20 reaction type phosphonium borate and which are formed when
a proton donor has liberated one proton; v'z'v? and ¥z%v? in
the general formula (2); Y°2’Y® in the general formula (3);
and the groups participating in the connection of the
recurring units of the intermolecular reaction type latent
25 catalyst. In addition, each of the groups and ligands on
boron has the structural characteristics as stated below.

At least one of X!, %2, x° and x! in the general

formula (1) is a group formed when a proton donor having at



The proton donors from which the groups and 10 |ligands on boron result

satisfy the condition that when 1 g of each of the proton donors is

m xed with 50 g of purified water and the resulting m xture is
subjected to pressure cooker treat-ndit -at 125[err]C for 20 hours in a
pressure cooker vessel, the electrical conductivity of the extraction

water 15 tméﬁsebéﬁéngﬁoééﬁo EBSabd 6¥”€ﬁfqyﬂlibé¥%xehebhk5/ Mg pheThe

groups and |igands on boron referred to [err], Xerr],

Xerr] and Xheletuld hhs UEREFated Wra! d%rc(tjan AL daeradE Xher bthBst he

general formula (3); the groups which not participate in

connection o& mbRovaldnt| Ngrymmis @fodpendvitry e %&tdnartchqua@&I an type
phosphoni um borate and which are formed when a proton donor has

| i ber at ed ontepembopclyferihgZderd \ndmsvdlentd, \Wldiphatlier igryluer,r hndn
the general fornmula (2); y[err]Z[err]y[err] in the general fornmula (3);

and the gboupbepamaychbpathagsame tde momdictfermntoffrore one ano&herrni ng units
of the internol ecul ar reactlon type latent 25 catalyst. In addition, each
of the groupEaghdofi ¥arand off in thpogenehat fommsia ufl yrand dtes agdtamst i cs
as stated bel ow At | east one of Xerr], Xerr], Xerr] and
Xerr] in théoﬁeﬁéFEFClPatllli%rml%h? 1gonnect igivo ftéxerrmcmmns BRéten
donor having a | east
one proton CQSaEFQ éptﬁﬁmﬂbe¢¢%%¥a§%ﬁF¥&Rn(ﬁYRQuiatentnﬁﬁéééﬁéthé§ Ri ber at ed
one proton and eac? of the others is noval ent, ani c gr havi ng

ou
an aromatic PFAYPofOLME WE%?e?oE@Qﬁ?Q:qqqﬂf W%QHbﬁGV&F@ °§P|BF8§P
group. aqg cgpggfg g?ybelnéhflber & 5Ht g %F%El%%% e %? anot her.

liberated cone proton or a monovalent, organic group having
an aromatic ring or a heterocyclic ring or a monovalent
aliphatic group and they may be the same as or different
from one another. Such proton donors from which X!, x?, x*

15 and X' in the general formula (1), X° and X° in the general
formula (3) and the groups not participating in the connec-
tion of the recurring units of the intermolecular reaction
type phosphonium borate result satisfy the condition that
the electrical conductivity of the extraction water as

20 defined herein becomes not more than 1,000 u4S/cm. They
include organic acids such as carboxylic acids, phenolic
compounds and the like; isocyanuric acids; and benzo-
triazoles and also include alcohols. BHere, the phenolic
compounds in this invention mean those in which at least

25 one hydrogen bonded to the aromatic ring has been replaced
with a hydroxyl group and include also hydroxyl group-
substituted naphthalene and hydroxyl group-substituted

other condensed polycyclic aromatics.



Each of Xl err] and X err] in the general fornula (3) and the groups

not participating in the connection of the recurring units of the

i nternol ecul ar reaction type latent catalyst is a group formed when a
proton donor having at |east one proton 120-capable of being |iberated out
of the nol ecul e has | i berat ed one proton or a nonoval ent, organic
group having an AOMEAE At i R ORYECC alenBrateaBRYOVAl ent
al i phatic group and they nay be the sane as or different ?ro one

another. SufénpPiehéd SPOREEid ' @RydEN Xhei¥s RS whienaRdoXb8EbbxyD the

general formula (1), X err] and X[ err] in the general formula (3) and
the groups ngtoiipstogi atafifoxyl o HIRT -a phendliien h§drbkelr gebapi ng
units of the internolecular reaction t ype phosphoni um borate result

sati sfy the evednbtopréeseant in thdenwiwlly eadjacendupoisiittipnsf, ahd
extraction water as 20 defined herein becones not nore than 1,000
[err] S/cmb Exemples theréofleinelede dendals andd an-bydroxybeszadcds,
phenol i c conpounds and the |ike;, isocyanuric acids, and benzo-
triazol es andcafisolrnephitko it catid 5.2 Hernaphthalsmaddicagboxyligoagddnds in
this invention _nean those in which at | east 25 one hydrogen_bonded to the
aromatic ring"AathBebhkeepl Bocthis cagen tHheahamanicyCaFpoxydirnardde al so
hydr oxyl grouyp- substit ut ed napht hal.ene and hydroxyl group-substituted
ot her conden%gﬂlﬁg?yeyﬁ?iEh%ﬁ%ﬁ%ﬁY g other destltuen s t%an gargoxyi
- 12 - As the carboxylic acids,,th are .preferab
ment i oned ar GRAFPCSREPLBR TRV SRPRBSNEQHT ARt R iR BPYEFETer a
Carboxyl1grOBQr@EQufaPT?ngkéfepxgigxggegHﬁﬁH%ituted or unsubstituted
benzoic acids and substituted or unsubstituted naphthoic
acids. As the phenolic compounds, there are mentioned
phenol, naphthol, p-phenylphenol, resorcin, 1,6-dihydroxy-
naphthalene, bisphenol A and the like. Hoﬁever,

15 particularly preferable are substituted or unsubstituted
phenols and substituted or unsubstituted naphthols. As the
alcohols, there can be mentioned, for example, methanol,
butanol, 2-propen-l1-ol and the like. Moreover, diverse
proton donors, for example, carboxylic acid and alcohol or

20 phenol compound and isocyanuric acid, may be bonded to the
same boron atom.

In the general formula (2), z' is an organic group
bonding to the substituents Y' and Y?. Each of Y' and Y? is
a group formed when a monovalent proton-donating

25 substituent has liberated a proton and the substituents y?

and Y? in the same molecule are bonded to the boron atom to

form a chelate structure. 22 is an organic group bonding to

the substituents Y’ and ¥!'. Each of ¥’ and ¥* is a group



are not present in the nutually adjacent positions, and 5 exanples thereof
I ncl ude benzoic acid, m hydroxybenzoic aci d, 1-naphthoic acid,

2, 6- napht hal enedi car boxylic acid and the like. In this case, the
arormati c carboxylic acids i ncl ude -allso 4 hose havi ng ot her substituents
t han car boxyl group such as m hydroxybenzoic acid and the |ike.

However, 10fpgmblCWheh! ¥ RORGGAPENE, B fotBNUdratig FubsrIthehi! Hhgd
benzoi c acids and substituted or unsubstituted napht’hoic acids. As the

phenol i ¢ conpeyedstedhar protén "BRd | e bubst it v’napdt #dlin the
p- phenyl phenol , resorcin, 1,6-dihydroxy- napht hal ene, bi sphenol A and

the |ike. Hoeamermolébuper&reubondyd preftialborar atdiabiio tfetred aor

unsubsti t ut ed phenol s and substituted or unsubstituted naphthols. As
t he al cohellstet herectanebe DemnidZédmafobe exhepsame nas hanol |

butanol, 2-propen-1-ol and the |ike. Mor eover, div;rse . prot on donors,
for exanplBe, dd5fBoRyti rani eachdothenhand of', X0, phermaid dOnpaynbeahte

i socyanuric acid, nmay be bonded to the same boron atom

I n the gener §RMEoRRUPE d2fferent from ene anpiliar .gr dip the gesedeAg to the
substituents Yk@rr% and y%@r&%, Each of Y[err] and y[err] is a group
formed when £OKBH&Galdht fr O RHORIANG Iroup bepdingntontie) FpRFhity-a
proton and the_ _sulstituends err s and vderr] in the_sane no#ecule are
bonded to t h&H8r gn %R%nﬁ‘o ﬁgcrhf %mea %’Pfglgt &8s JECHP IOTHEG, WieRsa
organi c grou | t th bstituents Y/ err] _and rrl. . Each of
Y[err] and Y 8?@?§P§ﬁg éFSE%n dgngglﬁéléﬁbékf%u%ﬁ% ﬂas Q1ﬁgf%t a - 13 -
formed when 2.-BRBAYALER' cnl" Oh0E AONGIL S %S YAY YFUER! £ 8% ame molecule

are bonded to the boron atom to form a chelate structure.
The group through which the recurring units of the inter-
molecular reaction type latent catalyst are connected is a
group formed when one proton donor has liberated two or

15 more proténs and the group may be composed of the same kind
or different kinds.

Examples of the proton donors from which Y'z'y?
and Y°z?v* in the general formula (2), ¥Y°z2*Y® in the general
formula (3) and the group through which the recurring units

20 of the intermolecular reaction type latent catalyst are
connected result, include organic acids such as carboxylic
acids, phenolic compounds and the like and also include
polyhydric alcohols and the like.

As such carboxylic acids and phenolic compounds,

25 preferable are aromatic carboxylic acids and phenolic
compounds which have at least two substituents selected
from the group consisting of carboxyl group and phenolic

hydroxyl group and in which two carboxyl groups or a



| i berated a proton and the substituents Y[err] and Y[err] in the sane

nol ecul e are bonded to the boron atomto forma chel ate structure.
Z[err] and Zerr] may be the same as or 5 different from each other and
Y[err] , Y[err] Y[err] and Y[err] nmay he ftshe sane as or different from
one another. In the general formula (3), Z3 is an organic group

bondi ng to tESrEHQ?%Lﬁg%uah%ndggtﬁhéﬁéifd o oup E3eNngk Ylerr] and

rr
Y[err] is a group n nonoval ent pré%%n-donatlng substi t uent

nas 11 ber at ofraseD i Phelmuesh 1 Ca Py YRME A bt dukhBE 11 the

sane nol ecul e are bonded to tthe boron atomto forma chel a

structure. therdf€ ShHEVRAE hONPHrayKdnddlie IRGY," i3GhydHoky-aL the inter-
nol ecul ar reaction type |atent catal’yst are connected’is a group

formed when aaphphotionadapriseshthdEi@tfsid Wi ,F-nabhtialeneot ons and t he
group may be conposed of the sanme kind or different kinds.

Exanpl es 6f gheapbokphidoacid, feavectimh ré¢soyndif] er2,3ddhydroxy- and
ylerr]Z[err]y[err] in the general formula (2), Y[err] Z[err]Y[err] in the
gener al ntphtbeiens) an2d’ +hiphenrab, thisphgnaihiAch bilspheaodr Si,ng(drit s
20 of the internol ecular reaction type |atent catal yst are connect ed
resul t, incl meshplgarrbliactdsethyipkenehy And/the like.acidtongphbenl i c
conmpounds and the |Iike_and also include pol yhydric al cohols and the

li ke. Part1°“1aF&YsBEﬁfﬁﬁﬁk%&yqf% Q&ﬂiﬂ?QﬁﬁPQﬂiﬁﬂﬂri@iéﬁﬁﬁeﬁﬁds, 25
Pave at | cashapREnaLERE Y ( Aenpdceeacid biphedtion « A6 s BoLgRTHE Eng of |
carboxy! 191 O4RcBRG1B)ERLES can OYHLAKnH 4P Wb ichlnEhibS §35000Y!
propanediol and the like. Furthermore, divergent proton
donors, for example, a carboxylic acid and an alcohol, may
be bonded to the same boron atom.
The intermolecular reaction type latent catalyst
15 in the above item (4) is a polymolecular type phosphonium
borate in which the number of moles of the phosphorus atom
of the phosphonium group on the cationic side is equal to
the number of moles of the boron atom of the borate on the
anionic side.
20 The cationic side is composed of a phosphonium,
each of the substituents of which is a monovalent, organic
group having an aromatic ring or a heterocyclic ring or a
monovalent, aliphatic group and in which the phosphorus
atom and each substituent form a P-C bond, and every
25 phosphonium group thereof forms an ionic pair with the
boron anion (borate) on the anionic side. On the anionic
side, at least one of the four groups on boron is bonded to

at least one other boron through the conjugate base of a



- 14 - car boxyl group and a phenolic hydroxyl group are not pr esent
in the nmutual |y adj acent positions, and exanpl es t hereof i nclude

m hydr oxybenzoi ¢ aci d, 3-hydroxy-1- napht hoi ¢ acid, isophthalic acid,
1, 62 napht hal ene- 5 di carboxylic acid,- d& echol, resorcin, 2,3-dihydroxy-
napht hal ene, 2, 2'-bi phenol, bisphenol A, bisphenol S 2,2'-

net hyl ene- b'aiéaBEﬁBY6Phﬁ8?é)mﬁq%&ﬁiﬁéﬂﬂIﬁ%oﬂﬂﬂ”&bnbﬂe”hhereb?aét'CU|ar|y

preferabl e are di hydroxybenzene, di hydroxy- naphtha ene, “bi sphenol s and

bi phenol's. Astitietppéybidihich 18t al 80| tSwo Gy @ iFeNwhaBAdhave
1, 2-cycl ohexanedi ol , 1, 2- propanedi ol and the |ike. Furthernore,

di vergent prbéeen subjdotedstof hitexmsideulfr eadderiyn onathe andoadcal cohol,
may be bonded to the sanme boron atom The internol ecul ar
reaction typeitiet ane cannegsed, 1is i fornmd ab@ie inumbeirdpfi $he mebymoliagul ar
type phosphoni um borate in which the nunber of noles of the phosphorus
at om &f unétphdsphohi Limitedp and tthe canimgatesbaseiss odqtthke t o t he
nunber of nDIes of t he boron atom of the borate on the ani oni ¢ si de.

20 divalenti 6ﬁ|@°§¢d@ul%l‘éﬁ)¥%duf<2ﬁ°fa demegishuliigm have each of

t he substituents,of which is a nonoval ent, organic group having an
aromati c ringaskiginatedoipcihe ?QFEFQﬁlQP may Rsnde &afe aFi PRatic group

d whi ch ,t d h s It t f P- C bond,
and every 281 BREERRENFENGPRE Py AL S U SCOREE! O PRTPR
b t t d t | t
one_of et SHECR! & 885 PEEfIARLfe S Geng botetlonlot the, BeffiErShey on
through e GRALLIPLE,PFE6uP  £8rmed when a proton donor having at least

one proton capable of being liberated out of the molecule
has liberated one proton or a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a mono-
valent, aliphatic group, and they may be the same as or

15 different from one another. The recurring unit means a
pair of tetra-substituted phosphonium tetra-substituted
borate,

The pressure cooker vessel used in this invention

is a vessel having an internal volume of about 70 cc and

20 having a double structure in which the inside is made of
Teflon and the outside is of stainless steel, which vessel
can maintain the content in the pressurized state in order
to keep excellent closeness during the pressure cooker
treatment and in which vessel substantialiy no impurity is

25 dissolved out of the internal Teflon vessel during the
pressure cooker treatment. The electrical conductivity of
pure water used in this invention is not more than 5 uS/cm.

Moreover, the electrical conductivity of the



- 15 - di valent or nore multival ent proton donor, whereby a

structure in which at least two recurring units which have been

subj ected to internol ecul ar reaction on the anionic si de are connect ed,
is formed. The nunber of the recurring- B units is not limted, and the
conj ugat e bases of the di val ent or nore nultival ent proton donors
which have extrRatiofi Rateg il tHes CONPEREIiAN 18)a R The o ks
different from one another. Each of the groups on boron whi ch do not
participate itakihg oamnehki 66nbént hef r ExeIrprésurdd dotler ivessedr afftefror ned
when a proton donor having at | east one proton capabl e of being

| i ber at ed outhef preesnweecabker tredatment bet al25fCoferpl0t houovs, a

nonoval ent, organic group having an aromatic ring or a heterocyclic
ring or a nosubjectingalitnte aenphifugayiompandmeasumingythee t he sanme as
or 15 different fromone another. The recurring unit nmeans a pai r of

t etra- subst i elesgraradprontuativity- efibthe textrpctiommwastex, thus

The pressure cooker vessel used in this invention is a vessel having an

i nternal vol @k&adPedpbyt a760REUGhEVIDY ReleRg(NPRMR% 14 mamufastiureghi ch
t he inside i% nﬁ%@ %f Tefl on and the outside is of stainless steel,
whi ch vessel 7Y AR*mafhPaln the content in the pressurized state in order

k N | ' h . cogker . d i
uhi ch vessel substant | APFy LABCThpUPFEeYFG SBot T AT i S5 SHEY nt o7 nal
Tefl on vessele Ayrkfd 408up coREESEYRS SPOURE T4 R ra1llg Sl ectrical

conductivity o0
10 represented by the general formulas (1), (2) and (3) and

the intermolecular reaction type latent catalyst defined in
the above item (4) has a possibility of gradually generat-
ing a proton donor by contact of the group and ligand on
boron with water when the moisture resistance reliability

15 is evaluated. 1In addition, there is a fear that this
proton donor adversely affects the resin-encapsulated
electric and electronic parts when the moisture resistance
reliability is evaluated. However, the present inventors
have found that the proton donor which can be generated

20 from the latent catalyst of this invention, that is, the
proton donor satisfying the condition that the electrical
conductivity of the extraction water obtained under the
above-mentioned conditions is not more than 1,000 uS/cm,
does not have such an adverse effect, and the latent

25 catalyst of this invention is extremely excellent in
moisture resistance reliability.

The detailed reason why the proton donor having

the electrical conductivity of the extraction water not



pure water used in this invention is not nore than 5 [err]S/cm

Moreover, the electrical conductivity of the

- 16 - extraction water in this invention is a val ue obtained by

takirng out the content of the pressure €doker vessel after the pressure
cooker treatnent at 125[err]C for 20 hours, subjecting it to
centrifugati geranghBRaguspagifhe val e eddésd Gidt GIVHEIEd1Y Af feltt he

extraction water thus obtai ned by a conductivity méter (Mdel ES-14
manuf act ur edmoistulbe HERiBPantdDr@liability as discubied abeRle eakahpst of
this invention sel ected fromthe group consisting of the |atent

catal ysts 1Beeapctashfeddbybtbetiiensl édtfivallamdubtivity afdthd) and

the internol ecul ar reaction type |latent catal yst defined in t he above
item (4) hasextpastibnl wayeof dgpenids| denepaichyatupon the mplabildtgnodonor by
contact of the group and |igand on boron with water when the noisture
resi stanc® r gheaprptoy degori tnewatemi cthe pia afditthepratiear donoraandar
that this proton_donor adversely affects the resin-encapsul ated

el ectric andt8reBEPaALEYpaft Ehahdhsoriakrd iRratoedonomda waterepnghi |ty
I s eval uated. However, the present inventors have found that the proton
donor whi ch E&ﬁlﬁétﬁeﬁgﬁaPégaVQErf?%rﬁ?%é’#%‘i%td‘{f&ral_%tth@f evjglyation

i nventi on, roton donor satisfying the conditiog t hat the

that _is,_th f
electrical ot 5b§dﬂ€ﬂ§$??9_g?s%ﬁga%&?r%. %QPF%%%%# dth SaRe@L504E€ t he
above-nentlog ggg%gg%g#ﬁg%t?gﬁﬁgtyﬁgﬁfaiéfgk:hé§§é[éﬂgg:%ﬁgnprotondoes not

have such an
10 donor tends to have some chemical action on the internal

electric and electronic parts. The present inventors have
examined the correlation between the electrical conduc-
tivity of the extraction water of the proton donor obtained
under the above-mentioned conditions and the moisture

15 resistance reliability to find that when the electrical
conductivity of the extraction water is not more than 1,000
uS/cm, excellent moisture resistance reliability is
developed and further to find a proton donor which develops
a good moisture resistance reliability.

20 The total amount of the latent catalysts of this
invention to be added to a thermosetting resin is 0.4 to 20
parts by weight per 100 parts by weight of the thermo-
setting resin. When the amount is less than 0.4 part by
weight, it is too small to exert a sufficient catalytic

25 effect, and when the amount exceeds 20 parts by weight,
such inconveniences that the flow property is lowered and
the like are caused in some cases.

The thermosetting resin to be contained in the



25 catalyst of this invention is extrenely excellent in nmoi sture

resistance reliability. The detailed reason why the proton
donor havi ng the electrical conductivity of the extraction water not
- 17 - nore than a specific val ue dees8 not adversely affect the
noi sture resistance reliability as discussed above has not been

clarified, buhdri®seiteing %Elﬁoeghl?&itwnoéftmls invvarhe 26 1101k RS

depends generally upon the sol ubil he proton donor 1 n water, the
pKa of the prepioxy FeRAhsaBAd malemedaoiaeéiﬁy Odnd Ne1 8 SEREIhRIE SHcH on
donor in water and reflects the behavior of the proton donor in the
eval uation resiols tthaththet teactesesioncRers! avdidydnatdd, ciiodismates

said that this value being |arge nmeans that the proton 10 donor tends to
have sone chem @arydettiesn adlkehgli mesinal and akkimyl i wessimb £l et rdmiisc
parts. The present inventors have exam ned the correlati on between the
el ectrical5 camwention, theviteymof theemesethingoresvn trshuldeer ot on donor
obt ai ned . under the above-nentioned conditions and the noisture 15
resi stance r diftgspreted: §of meant Bal WABAN( ﬁﬁs‘@mwh@%@ thermaglo miusinavi t y
of the extraction water .is not nore than 1, 000 éliS/cm excel | ent

noi sture resiC&Mahee apgplglglartﬁiybysuse °deb§I%%%%mérfEPtf ¥Herok Fhisd a

pr ot on donor mhlc devel d nD| ure_r ce reliagbility.
50 A5, chefe DERFBORE BEEETyRLe qiemepetting
I nvention to add d to a_thernmosetti Sln paQ}s by

wei ght per 1005 218, SREFSnE e5AnEAnH IR fE!

10 is not objectionable to use the above-mentioned various

ée res41ns H Zluowever

thermosetting resins alone or in combination of two or
more. Specific examples of the epoxy resins and maleimide
resins are mentioned below.
As the epoxy resin in this invention, there can

15 be mentioned bisphenol A type epoxy resins, bisphenol F
type epoxy resins, brominated bisphenol type epoxy resins,
biphenyl type epoxy resins, phenolic novolac type epoxy
resins, cresol novolac type epoxy resins, alicyclic epoxy
resins, glycidyl ester type epoxy resins, glycidylamine

20 type epoxy resins, naphthalene type epoxy resins, glycidyl
ether compounds of resins synthesized by condensation of
naphthol or the like with a carbonyl compound, stilbene
type epoxy.resins, 4,4'-bis(1,2-epoxyethyl)diphenyl ether,
4,4'-bis(1,2-epoxyethyl)biphenyl, glycidyl ether compounds

25 of phenolic resins obtained by reacting dicyclopentadiene
with a phenol, and further, glycidyl ether compounds of
monocyclic resorcin, catechol and the like; etc. These can

be used alone or in combination of two or more.



setting resin. Wien the anount is less than 0.4 part by weight, it is
too small to exert a sufficient catalytic 25 effect, and when the anopunt
exceeds 20 parts by wei ght, such inconveni ences that the flow property
is Fowered and the Ii ke are caused- iI® sone cases. The
thernosetting resin to be contained in the

- 18 - thernosettifg £R$sNiAPEPOSSA] HhPlcddling IdG9eeR! WAl chneandes
epoXy resins and mal ei mde resins, and al so i ncl udes “such resins that

the reacti Veré@ﬁ@”ﬁﬁ.’éhatﬁe(?&?@ﬁ% e§xrohS OfY BEURS curin®y rddotlidhesanabkeny!
resins; and alkinyl resins. ITn this 5 invention, the term"thernosetting

resin” shoul dsk&, if neoéssarel edspéciEidaEly, rRSidrQSedE aniase ahar nal
curing can be accel erated by use of the latent catalyst of this

i nvention. Apodyamhees,thheresarereért kined tdiarainged tohagn alipheasiins are
epoxy resins and mal ei mde resins; however, it 10 is not objectionable to
use t he aBovemipesi enell aardbethyleneteiamives tandy trdsthy l@netetoanine;
conbi nation of two or . nhore. Specific exanples of the epoxy resins and
mal ei mide  aliphpkicapmipept fupkdapdivaminoethylpiperazine wnd da6xX¢-resin
in this invention, there can 15 be nentioned bi sphenol A type epoxy
resins, bispREAgPCEclohexylimapbhane; caaroratis FMinaseFUshs @fefol type epoxy

oLl TR TR A T TR PR R
oot 01 oot ot XBER 2R Yok PELSpo M G0 AP mfh HURP LRGSR,
10 As examples of acid anhydrides, there are phthalic
anhydride, trimellitic anhydride, tetrahydrophthalic
anhydride and the like. Moreover, examples of phenols
include phenolic resins and bisphenols which are co-
condensation products of phenols with aldehydes or ketones;

15 and phenolaralkyl resins which are co-condensation products
of phenols with dimethoxy-p-xylene. Monocyclic resorcin,
catechol and the like can be also used if they cause curing
reaction. Since the definition of "phenol" is generally an
aromatic compound in which the hydrogen atom bonded to the

20 aromatic ring has been replaced by a hydroxyl group, the
phenols include also co-condensation products of carbonyl
compounds with hydroxyl group-containing compounds result-
ing from condensed polycyclic aromatics such as naphthol,
and the like.

25 As the maleimide resins in this invention, there
can be mentioned, for example, maleimides such as N,N’-m-
phenylenebismaleimide, N,N’-m-toluylenebismaleimide, N,N’-

4,4’'-biphenylenebismaleimide, N,N’-4,4’-{3,3’-dimethyl-



et her conpounds of resins synthesized by condensation of napht hol or
the like with a carbonyl conpound, stil bene type epoxy resins,

4, 4" -bi s(1, 2- epoxyet hyl ) di phenyl et her,

4, 4%-bi s(1, 2- epoxyet hyl ) bi phenyl, gl yci-d@l0 et her conpounds 25 of phenolic
resins obtained by reacting dicycl opentadi ene wi th a phenol, and

further, glysigyéngldes | Sosmoredsidd n,NNQA0YEHI, 8 LaspeehPiasphesppl and
.

the“like; etc. These can be used al’one or in combination of two o

nor e. methane]bismaleimide, N,N’-4,4’'-diphenylmethane- In this

I nvention, any curing agent which can react wth the epoxy group to
cause curingbizmzleimiden MAV’ -4, drsaliphdnyletherbigmadpenifecal, N/ -as
organi ¢ di am nes and pol yam nes, there are nentioned strai ght chain
aliphatic &,éhmdeshenyhswkfahiehispadresiidayi 29 2abd st{di-¢dhphdadnédoan ne;
al i phati c am nes such as N am noet hyl pi perazi ne and bi s(4-

am nocycl 8heRhepeEy hpkeny b prapane ar rfedisdir (dsmaleimidopheaasiti ani ne and
di am nodi phenyl et hane; di cyandi am de; _guani di nes;, various pol yam des;
and nodi f i edP%%PX/hHlﬁ%%f.luqm%ORﬂQﬁvpl%s? -$fisddi~d 4afByeimddephenekrE) ar e

pht hal i c anhydride, trinellitic anhydride, tetrahydrophthalic,

anhydri de anBReREL)FREIONR R drhe Sddkfyl erasuchgepbrained byngeagbipdenoclic

W th al denydEG0F ReToHALIE Sl Fninas, 5 MlEpecloaRLE sRhenPEPRRCES | °

c0,Sondensat L0 08 ey O WGt SRR By B9, Morocyel i

|
resorcin, ca e al'so y cause curing

reactions oSi igeelffadei il I Ak Uns A ed bon%CRE @hk¥tdPated group-

containing compounds; and the like. These can be used
alone or in combination of two or more. In addition, these
can contain alkenylphenols, if necessary.
The thermosetting resin composition of this
15 invention can, if necessary, contain inorganic fillers such
as alumina, fused silica, crystalline silica, clay, talc
and the like; various reinforcing agents such as glass
cloth and the like; and additives such as releasing agents,
flame retardants, coupling agents, coloring agents,
20 antioxidants, surface active agents, conventionally known
curing catalysts and the like.
In the epoxy resin molding material of this
invention, the epoxy resin contained as the component (A)
in addition to the latent catalyst of this invention which
25 is the component (C), refers to all those monomers,
oligomers and polymers which have at least two epoxy groups
in one molecule. There are mentioned, for example,

biphenyl type epoxy resins, bisphenol type epoxy resins,



aromati c conmpound in which the hydrogen atom bonded to the 20 aromatic

ring has been replaced by a hydroxyl group, the phenol s include al so
co-condensati on products of carbonyl conmpounds wi t h hydroxyl

gr oup- cont ai ni ng conpounds result- -i 23 #rom condensed pol ycyclic
aromati cs such as napht hol, and the like. 25 As the
mal ei m de regt ifpdie [ iéb6¥¥if&binkhe%ﬂcresoﬁaﬁogglﬁﬁnﬁ' 8egpokP’
exanpl e, mal ei m des gﬁgﬁaas NN“-m phenylenebisnalei%?de,P ¥

N, N - mt ol uytesems s nphéndl fe . ndvdiac typed epoxRi PeeRYEeNeREprBhE1 L de,
N,N-4,4"-[3,3 -dinethyl - - 20 -
bi phenyl ene] heshahei type, epbty -resling,3.al kydi-medifliddpiedphenolmethane
nmet hane] bi snmal ei m de, N, N -4, 4" -di phenyl net hane- bi smal ei m de,

N, N -4, 4" - di pypayéedheribesing citribzine Mucleus-containing epoxy

4, 4" - di phenyl sul f onebi smal ei m de, 2, 2-bi s(4-(4-mal ei m do- 5

phenoxy) phenyées phs padiegy @l Opdn g di-gne~middifiiiedophenolyrype epoxy resins
phenyl ) hexaf | uor opr opane, 2,2-bis(4-§f-naleinidophenoxy)-

phenyl ) sul f odrd aklie t hike § kEheg A Poomsgdradopp pradni agmixturehese

mal ei m des with am nes by M chael addition; products obt ai ned by
addi ti on reabRPRe BReI P LRRNII YNy Frefrrabdiecpredesyatahline 8R’AY ur at ed
bond of unsaturate roup- cont ai.ning caonpounds; and the |like.. These
oo oo uang rEEEE TR 2 meln e Eh T S Sln 9P Gor PNt SR ALY hose

can, cont ol BSEEPOBPTavd TERT Ftusrore: spsboae,pyPRERkISy Moot g
L[‘g;ga{‘;r‘(gf ' LkETSLSKE bisphedst AT RN f L1199 vihe' GRe1GtYR! 8L LR BikéCR,
and have a relatively low molecular weight, and hence, show
crystallizability. The crystalline epoxy resin is a solid
which is crystallized at ordinary temperature, but rapidly
melts in a temperature zone not lower than the melting
15 point to be converted to a low viscosity liquid. The
melting point of the crystalline epoxy resin means the
temperature of the top of the endothermic peak of crystal
fusion obtained by a differential scanning calorimeter when
the temperature is elevated from ordinary temperature at a
20 temperature-elevating rate of 5°C/min.
As the crystalline epoxy resin which satisfies
the above conditions, particularly preferable is at least
one member selected from the epoxy resins represented by
the general formulas (4) and (5) or a mixture of a stilbene
25 type epoxy resin reéresented by the general formula (6)

with a stilbene type epoxy resin represented by the general

formula (7).



and the |ike; various reinforcing agents such as gl ass cloth and the
| i ke; and additives such as rel easi ng agents, flame retardants,
coupling agents, coloring agents, 20 antioxidants, surface active agents,
conventional |y known curing catalysts2and the |ike. In
the epoxy resin nolding material of this i nvention, the epoxy resin
contai ned as the conponent (A) in addltlon to the Iatent cat al yst of
this invention which 25 is tha" conmponent (COR'¥refers to all those

nononer s, ol i goners and polyners which have at | east two epoxy groups
in one nolecule. There are nent/ | e, bi phenyl type epoxy
resins, bisphenol taperRINe OCH,CHCH, (4) -
21 - stil bene t 6 ep&xy ri. novoIaC\gype epoxy

resins, phenolic nowg ac type epox L/ i phenol -O nmet hane type
epoxy resins, alkyl-nodified tg&phenolnethaneﬁﬂs type epoxy resins,
triazine nucleus contai ning epoxy 5 resins, dicyclopentadiene-nodified
phenol type epoxy resins 13 and the |like. These may be used al one or in
adm xture. Whersighgache&e eifp)@n radsimhor @ grongbselectedr fsoml thée epoxy
resins having a nelting point of 50-150C. Such crystalline epoxy
resins have FLAYN Consigtinge ofubydregsnpAtaRt Chain|RF ¥l i%hiadhEnol

skel eton, stil bene skeleton or the ||ke and have a rel atively | ow

mol ecul ar ku%ﬂﬂppﬁaﬁﬁvﬁéﬁbé tQhGMFarb°ncF§§?§rIPQ%&WllQﬁPuHTﬁPQR 491 ne

[ | i h tall d, at di t t
but Tapi iy oM AN the BT GRS SIS AGY PRwthe RARC AB REILing

different from one another.

wherein each R is a group or an atom selected from the

group comnsisting of hydrogen atom, chain or cyclic alkyl
10 groups having 1 to 6 carbon atoms, phenyl group and halogen
atoms, and the R groups or atoms may be the same as or

different from one another.

wherein each of R'® to R?? represents independently a group
15 or an atom selected from the group consisting of hydrogen

atom, chain or cyclic alkyl groups having 1 to 6 carbon



15 point to be converted to a |ow viscosity liquid. The mel ting point
of the crystalline epoxy resin neans the tenperature of the top of the
endot herm ¢ peak of crystal fusion obtained by a differential scanning
cal ori meter when the tenperature i s-déd¥wvated fromordi nary tenperature
at a 20 tenperature-elevating rate of 5[err] C/ mn. As the

crystalline gpemy 4881 RaYbyeh £66nS] | Pfovided AP RHR QRALHNANGroups
particularly preferable is at |east one nenber sel ected fromthe epoxy

resins reprepefnfied by the eAEbERLCivbon AdabES Hohd ard Gf feireatmexbhr € of
a stilbene 25 type epoxy resin represented by the general formula (6)

with a stil beaeht ppheepoxy resin represented by the general formul a
(7). - 22 -
[err] wherein each R13 iﬁg.;an %tp_@m or a gjoup sglected fromthe

group consi sting of hydrogen,atom,’ chain or
1 to 6 carbon atoms, phenyl gxaup’ and hal og

or groups may be the sane as differe

CHzC HCH20 CH=C
\ /
R25 R26 R26 R25

cycl jt al kyl groups havi ng
atons and the R err] atons

m one anot her.
OCH,CHCH, (7)

5 wherein each of R®® to R?® represents independently a group
or an atom selected from the group consisting of hydrogen
atom, chain or cyclic alkyl groups having 1 to 6 carbon
atoms and halogen atoms, provided that the two aryl groups
bonded to the carbon-carbon double bond are the same as

10 each other.

As the substituents R and R', there are
mentioned, for example, methyl group, ethyl group, propyl
group, butyl group, cyclohexyl group, phenyl group,
chlorine atom, bromine atom and the like, and particularly

15 preferable is methyl group.

As the substituents R’ to R?®, there are
mentioned, for example, hydrogen atom, methyl group, ethyl
group, propyl group, butyl group, amyl group, hexyl group
(including the respective isomers), cyclohexyl group,

20 chlorine atom, bromine atom and the like, and particularly
preferable are methyl group, ethyl group, propyl group and
butyl group when it is taken into consideration that the
melt viscosity of the epoxy resin is low.

With regard to a mixture of the stilbene type



[err] wherein each Rlerr] is a group or an atom sel ected fromthe
group consisting of hydrogen atom chain or cyclic alkyl 10 groups having

1 to 6 carbon atons, phenyl group and hal ogen atons, and the R14 groups
or atonms may be the sane as or di f ferent- from one anot her

[err] wherein each of Rlerr] to R err] represents independently a group
15 or an atogysglechednf ceﬂ%i | fe PR : 1@t

chai*n or cycFP gIE ?qargggkéﬁgﬂ?%guﬁyt %?déghf)f 10%) with the

- 23 - ab@.fﬂbéﬂé E?b@géﬂoﬁ&oﬂ’émﬂrﬁéﬂ)ﬂé‘é’eﬁi‘@é Byhetl{é"%ef%féﬂalgr oups
bonded to the carbon-carbon doubl e bond are differéent from each ot her.

[err] 5 wherreiriuaach79f, Bbehrihéosﬁi%éﬂler%@ﬁlﬁ:? ifgangndent |y a group
r

or an atom selected fromthe group consisting of ogen atom chain
or cyclic al kgprgsentednbyi thelgenefatatbnmlas eapnnuﬁwd)hahmgﬂMeatons,
provi ded that the two aryl groups bonded to the carbon-carbon double
bond are thhe thawse having various structures depending upon the kind of
substituent and the like, and each of the stilbene type
epoxy resins represented by the general formulas (6) and
(7) may be that having one kind structure or a mixture of
those having different st;uctures.
10 The mixing of the stilbene type epoxy resin
represented by the general formula (6) with the stilbene
type epoxy resin represented by the general formula (7)
aims at lowering the melting point by mixing both the
compounds and the mixing method is not limited. There are,
15 for example, a method in which stilbene type phenols which
are the starting materials of the stilbene type epoxy
resins are previously mixed before the glycidyl etherifi-
cation of them, a method in which both the stilbene type
epoxXy resins are mixed in the molten state, and the like.
20 However, in any case, the melting point is adjusted to
50-150°C.

As the stilbene type epoxy resin represented by
the general formula (6), particularly preferable are
glycidyl etherification products of 5-tertiary butyl-4,4'-

25 dihydroxy-2,3’,5'-trimethylstilbene and 3-tertiary but&l—
4,4'-dihydroxy-3’,5,5'~trimethylstilbene from the viewpoint
of easy availability, performance and starting material

cost.



10 each other. As the substituents Rerr] and Rlerr], there

are nmentioned, for exanple, nethyl group, ethyl group, propyl
group, butyl group, cycl ohexyl group, phenyl group, chl ori ne atom
bromine atomand the |ike, and particularpy -15 preferable is nethyl
gr oup. As the substituents Rerr] to Rerr] , there are

mentioned, for exaaneA'h*@%pg%a (X o tﬁg ol
propyl group, butyl gro&b, anyl é?OEETtEE %boﬂ% Eésif éf?s%ﬁng ?ﬁ%
respective i SQEifener@iC!frala qvguppar%@cuﬁfp{rlaﬁefé%wrm ne atom and
the like, and particularly pre erabi e are hyl group, ethyl group,

propyl group giiytidyl Rithdrigiedr ivheprolucgst aken, 1 nt@ikpdesier ati on t hat
t he melt viscosity of the epoxy resin is |ow Wth regard

to a mxture Hf3 1l St-tdramethydstilbene, 4,4‘-dihydroxy-3,3’- - 24
epoxy resin represented by the general fornula (6) with the

stl | bene t@peimn@ams|huhyé-ptﬁe§éﬁdemebyyﬂ.ablgbﬁaeal4 4’ ~dbhydstexy-7), both

the stil bene type epoxy resins represented by the general formulas (6)

and (7) incl i’ -Bagrdsdanyabuty ledn féud inethyl st biberpefepmgtipon t he ki nd

of substituent, and the |ike, and each of the stil bene type epoxy

resins repre§%kﬂ%ﬂ?4ﬂFtﬂ%aﬂﬁﬁ%&ﬁﬂanFGrﬁﬂﬁa§t€6ylaﬂdmaterlih)cﬁﬁy be t hat

havi ng one kind structure or a mxtur t hose havin dlffere
Structures. 10 e Bhshabitngesin Raed: AF pERE FoMRORRIOy (K bah

represented qy the<%%P%£%an%Bqﬁﬁ%g(gétgkﬁgltgﬁ tﬁiéblnventlon refers

10 to all those monomers, oligomers and polymers which have at
least two phenolic hydroxyl groups in one molecule, and
includes, for example, phenolic novolacs, cresol novolacs,
p-xylylene-modified phenolic resins, p-xylylene-m-xylylene-
modified phenolic resins, terpene-modified phenolic resins,

15 dicyclopentadiene-modified phenolic resins and the like.
These may be used alone or in admixture. These phenolic
resins can be used without being limited by molecular
weight, softening point, hydroxyl group equivalent and the
like,

20 Among these phenolic resins, particularly
preferable are phenolaralkyl resins, because the water
absorption of a molded article is small owing to little
hydroxyl group in the molecule, the reactivity in the
curing reaction is good owing to an appropriate mobility of

25 the molecule and it is possible to make the viscosity low.

The equivalent ratio between the epoxy group of
the total epoxy resin and the phenolic hydroxyl group of

the total phenolic resin used in the epoxy resin molding



type epoxy resin represented by the general formula (7) ai ns at

| owering the nelting point by m xing both the conpounds and the m xing
nmethod is not limted. There are, 15 for exanple, a nmethod in which

sti kbene type phenol s which are the-stgarding materials of the stil bene
type epoxy resins are previously m xed before the glycidyl etherifi-

cation of thagtes;get B?dthﬁls""ﬂh{;&é@ﬁ%ﬁ #é‘% & Id&%\%ver rablySRO%Y tbesi ns

are*m xed in the nolten state | ke I n“any case, the

nel ting point . ks aghéft eHet Bquival&ft 1PHL 85 ri.outside the rangeA%fthes
stil bene type epoxy resin represented by the general formila (6),

particul arl ytpref ethbl eueability gl N6ishhr&t ey it frdd AP RRUAtikeOhre
5-tertiary butyl-4,4"- 25 di hydroxy-2,3",5 -trinmethylstil bene and

3-tertiary blbyered, so4tnatdthgde@uyvéﬂeﬁtEiaﬁiosnﬁdndrﬂs thenabbrem t he
Vi ewpoi nt of easy availability, performance and starting materi al
cost . 5 range are not desirable. - 25 - As the

stil bene type epoxy resin represented by the general fornula (7),
particul arly preferabl @grkind ofl yke dimorgarniq 11 idEigr mgadodac theof

4, 4" - di hydr oxy- 3,3 ,5 5 -tetramet hyl stil bene, 4, 4'-di hydroxy-3,3'- 5
ditertiary b@PPEY6resini Reifingtmabental o4 thisinvsation is not

3,3 -diterti yl -5, 5 -dinethyl stil bepe fromthe V|emp0|nt of
per f or mance iﬁé gFgrtPHG Fﬁ?E?l%?Xc%%tused those which afe ISREXGLLY resin

Fzsgn??O;hseﬁgngoEenithéncapsulatEﬁg%Rgégilgf“j]rgué¥é“%rgﬁggkkgbn%%,thlS

10 for example, fused crushed silica powder, fused spherical
silica powder, crystalline silica powder, secondary
agglomeration silica powder, alumina, titanium white,
aluminum hydroxide, talc, clay, glass fiber and the like,
and particularly preferable is fused spherical silica

15 powder. The shape is preferably as close to true sphere as
possible, and the amount of filler packed can be made large
by mixing particles having different sizes.

The amount of the inorganic filler compounded is

200 to 2,400 parts by weight per 100 parts by weight of a

20 total amount of the total epoxy resin and the total
phenolic resin. When the amount is less than 200 parts by
weight, there is a fear that the reinforcing effect of the
inorganic filler may not be sufficiently developed, and
when the amount exceeds 2,400 parts by weight, there is a

25 fear that the flow property of the resin composition may be
deteriorated and incomplete filling and the like may be
caused during molding, so that the amounts outside the

above range are not desirable. 1In particular, when the



10 to all those nononers, oligoners and pol yners whi ch have at | east
two phenolic hydroxyl groups in one nol ecule, and I ncl udes, for
exanpl e, phenolic novol acs, cresol novol acs, p- xyl yl ene- nodi fi ed
phenolic resins, p-xylylene-mxylylene-- 27 nodified phenolic resins,

t erpene-nodi fied phenolic resins, 15 dicycl opentadi ene-nodified phenolic

resins and tgg.lihKCos th%TE§§f%§€Mi’c€ Ef;%ﬁ%gic%n&{bﬁﬁﬁegarlg;qgoka q. abgese

pheriol i ¢ resins can be use ng ol ecul &r

wei ght, sof t gai-ag _B9iwéigﬁf%gfyio@rgﬁ%wwp@ger d Motal ahbl@t 20

Anong these phenoliT resins, particul a abl e are phenol ar al kyl

resins, becapgethBet¥BAEr epoxy 2PEOIRtARY Be asTHI0GheNA1i@ @esinsMohk OW Ng
to little hydroxyl group 1n the nolecule, the reactivity in the

curing react meisitargoabsoypdoh OofNtve nwied Prodad loft hef redint he

nol ecule and it is possible to make the viscosity | ow The
equi val en5 r abmpobétiernbebemepokyw grand idie solddre draickl camobe resin and
t he phenolic hydroxyl group of the total phenolic resin used in the
epoxy resin pseyenged from being caused, and further, the viGcosity pdteri al
of this inventionis 0.5to 2, preferably 0.7 to 1.5. Wen the
equi val ent r &hEoresipucempes i hioR aygen greltesl becamesp lomhe seuitdibit! ity

noi sture resi stance and the like are | owered, so that_ the equival ent
rati os outsi &8eFRelfbBPelear thabewire FHRCRISAN 41 €aused in the  Tpe

kind of the i.norganic filler used.in the ) epo resin nol ding materi al
of this inveﬁpgﬁ ﬁpg ﬂgta semgconductor dev1ce.r)f%grefore, sgid mount

10 range is more preferable. Furthermore, it is preferable

that the inorganic filler is previously mixed sufficiently.
The epoxy resin molding material of this

invention can be compounded with, if necessary, various

additives, for example, coupling agents such as g-

15 glycidoxypropyltrimethoxysilane and the like; coloring
agents such as carbon black and the like; flame retardants
such as brominated epoxy resins, antimony oxide, phosphorus
compounds and the like; low stress components such as
silicone oil, silicone rubber and the like; releasing

20 agents such as natural wax, synthetic waxes, higher fatty
acids, metal salts of higher fatty acids, paraffins and the
like; antioxidants; etc., in addition to the components (A)
to (D), and no troubles are caused even when the above
additives are used in combination with other known

25 catalysts such as triphenylphosphine, 1,8-diazabicyclo-
(5,4,0)undecene-7, 2-methylimidazole and the like in such
an amount that the characteristics of the latent catalyst

of this invention are not deteriorated.



limted, and there can be used those which are generally used in the
encapsul ating materials. There are nentioned, 10 for exanple, fused
crushed silica powder, fused spherical silica powder, crystalline
silica powder, secondary aggl oner at gén-sil i ca powder, al um na,
titaniumwhite, al um num hydroxi de, talc, clay, glass fiber and the

i ke, and particqhg#gﬁgﬁﬁe&%%g lﬁoﬁﬁiﬁﬁsﬁgtéfﬁﬁiiSELEﬁiéiCa 15

powder. The shape is pr y as close to’true sphere possi bl e,

and the amuidvéit{dd | & ARABEL Y Hixqﬁgethérgggyo?ﬁgfs”iésngop@ﬁ}iC|eS

havi ng different sizes. The "anmount Inorganic filler

conpounded ithe abc¥-mentioh¥d RAIdit iesWanghtheel ik80apastaiyryei ght of a
20 total amount of the total epoxy resin and the total phenolic resin.

Wien the anouetpésatwess ddiarg 206hip@r,s kigadingWehehkestbeingi migtdear that
the reinforcing effect of the inorganic filler may not be sufficiently
devel oped5 amml a knewdsr thehrsud reideeadn 2x400dpar os bhewkikéti, there is
a 25 fear that the flow property of the resin conposition may be

det eri or at edce@bing gl knea ad|miﬂ}u;WdamﬁetMEnengyebézing thesgamelur i ng

nol di ng, so that the anounts outside the above range are not desirable.
In particul ar, when theEd order to encapsulate an electronic parpysuch

anount of the inorganic filler conmpounded is 250 to 1,400 , parts.b
vei ght per 139 $HFTRIIRNAUGIRR o the dilke ¥ishnthe epgry: FesiptBPleiRdy
resin and the total phenglic resin,. th | sture absorption of the
cured producfabFridk ¢ s'c}hl's VRIS %Ooﬁrﬁggfiﬁe? Fﬁwcaﬂgu?ﬁﬁrsol der
crack CaTObeHevice, it is sufficient to cure and mold the molding
material by a molding methoed such as transfer molding,

compression molding, injection molding or the like.

DESCRIPTION OF PREFERRED EMBODIMENTS
Examples are shown below to explain this inven-
15 tion in more detail; however, this invention should not be

construed to be limited to the Examples.

1. Examples relating to latent catalysts and thermo-
setting resin compositions comprising the catalysts
Compounds 1 to 4 and 7 to 14

20 The structures of Compounds 1 to 4 and 7 to 14
used as catalysts (curing accelerators) in the Examples and
Comparative Examples are shown below by chemical structural

formulas.



prevented from bei ng caused, and further,
conposition when nelted becones |ow, so that
sweep can be caused in the interior
Therefore, said anpbunt 10 range is nore @2%f-erabl e.
preferable

the viscosity of
there is no fear that wire
of a sem conduct or
Furt her nor e,
that the inorganic filler is previously m xed sufficiently.

the resin

devi ce.

it is

The epoxy resCompoundny material of this i nvention can be conpounded
with, if necessary, various additives, for exanple, coupling agents
such as g- 15 gl yci doxypropyltrinmethoxysilane and the |ike; coloring
agents such as carbon plack and.th€] i Ke; I ane retardagts* — such as
brom nat ed epoxy resing, ny oii de, phosphory cgnpounds and the
i ke; | ow stress conpohen RS B -Sfid-qpné ) qi |l ijlcone rubber and
the like; releasing 2p|a sjuch| as| natjur al| we nt{het|i c waxes, higher
fatty acids, metallsalts of “M gher| fatlfty axi dg (redfins and the

| i ke; antioxidants; etc., in addition to tlhe conyg s|(A) to (D), and
no troubl es are caused even when the abov eg arle used in

conmbi nation with other known 25 cata?&sts such as trip%énjlphosphine,

1, 8-di azabi cycl o-

(5,4, Oundecene-7, 2-nethylimdazole and the like in

such an anount that the characteristics of the |atent catal yst of
this inventi gy, 1pt, deteriorated.
-28 - i ]ﬂ#ﬁ% epoxy resin nolding material of this i nvention
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tenperature using a mxer, kneading the resulting m xture
such as a roll, an extruder or the like,

and then pul verizing the sane.

device, it iscamddid ent to cure and nold the nol ding

mol di ng met hod such as transfer nolding,

nol di ng or the I|ike.

however, this inventi on shoul d Rot

Exanpl es. 1. Exgnpl|les
setting resin conposilt | s drprli S
and 7 to 14 20 tr
used as catalysts (¢uring ra
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al
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cooling the kneaded m xture

In order to encapsul ate an
el ectronic part such as a sem conduet@p or the like with the epoxy
resin nol di ng material of this invention to produce a sem conductor 10

material by a

conpressi on nol ding, injection

in the Ex
uct ur al
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Exanpl es are shown below to explain this inven- 15 tion in nore detail;

to be |limtedijto the

minds |1 to 4

and |7 to 14
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5 Conpound 9 [err] Conpound 10 - 31 -

Conmpound 11 [err] Compound 12

[-err]
- - 32 -~

Compounds 5 and 6
Compounds 5 and 6 are intermolecular reaction
type latent catalysts corresponding to the above item (4).
That is to say, they are polymolecular type phosphonium
5 borates in which the number of moles of phosphorus atom of
the phosphonium group on the cationic side is equal to the
number of moles of boron atom of the borate on the anionic

side.

a) Compound 5
10 The cationic side is a tetraphenylphosphonium
group and each of the phosphonium groups forms an ionic
pair with the boron anion on the anionic side. The anionic
side has a recurring structure in which each of the four
groups on boron is substituted by one of the two
15 carboxylates of the conjugate base of isophthalic acid
(isophthalate) and is further bonded to the boron atom of
another molecule through the other carboxylate of the
conjugate base of isophthalic acid. 1In this case, the
recurring structure becomes a structure in which the boron
20 atom is reacted with the isophthalate in a molar ratio of
1 : 2 on average.
b) Compound 6
The cationic side is a tetraphenylphosphonium
group and each of the phosphonium groups forms an ionic
25 pair with the boron anion on the anionic side. The anionic
side has a recurring structure in which each of the four

groups on boron is bonded to one of the two phenoxides of



5 Conpound 13 [err] Conpound 14

[err] - 32 - Conmpounds 5 and 6
Compounds 5 and 6 are internolecular reaction type latent catal ysts
corresponding to the above item (4). = 3Mat is to say, they are

pol ynol ecul ar type phosphonium 5 borates in which the nunber of noles of

phosphorus atae ebn?ugataebabewbomsméﬁ@ym Qthd R&r FthlY phendkigesequal
to t'he nunmber of noles of boron atom of the borate on the anionic

si de. on avefrag€ogpeubdnded 1o the boron BE Liafth@i toliedlies ain
t et raphenyl phosphoni um _
this case, the recurring structure becomes a structure in
which the boron atom is reacted with the bisphenol A in a
5 molar ratio of 1 : 3 on average.

The names of proton donors from which the groups
and ligands on boron result and the electrical conduc-
tivities of the extraction water obtained by mixing 1 g of
one of the proton donors with 50 g of purified water and

10 then subjecting the resulting mixture to pressure cooker
treatment at 125°C for 20 hours in a pressure cooker vessel
are collectively shown in Table 1. The proton donor corre-
sponding to Compound 13 is an aromatic carboxylic acid
having one carboxyl group in one molecule and one hydroxyl

15 group in a position adjacent thereto, and the proton donor
corresponding to Compound 14 is an aromatic carboxylic acid

having two carboxyl groups in the mutually adjacent

positions in the molecule.

(1) Evaluation with epoxy/(maleimide)/phenolic resin
20 curing system
One of the various catalysts was incorporated
into a thermosetting resin composition as shown in Table 2
and flow property, curability, storage stability and
moisture resistance reliability were evaluated by the
25 procedures stated below.

Specific evaluation methods are described below.



group and each of the phosphoni um groups forns an ionic pair with the

boron anion on the anionic side. The anionic side has a recurring
structure in which each of the four groups on boron is substituted by
one-of the two 15 carboxylates of the €034 ugate base of isophthalic acid
(i sophthal ate) and is further bonded to the boron atom of anot her

mol ecul e thrqygh the okheragakhgyyl ate of the conj ugate base of

i sophthalic acid. In this case, the recurring structure becones a
structure in which theygghgna AB1at 887 ReaS@F1RG M4 £ #1RPHdREL in a
nolar ratio of 1 : 2 on average. b npound 6

The cationi c isigdeo EMuIt-gt-638phRaYERPERERENVAE ef fedisdimtand ieAch of the
phosphoni um groups forns an ionic 25 pair with the boron anion on the

ani oni ¢ si de tefiperatuaei of 175% et has inJeatifion presisnuet oife 70nkeghiemh each
of the four groups on boron is bonded to one of the tw phenoxi des of
- 33 - 5 t Hercencuging bame of Bi mphehes. A Bmel spirak hErowhenaxi des

on average are bonded to the boron of another nolecule. In thi s case,

t he recurrinPahangtes efhddoweprapsrivicandethe largemitdhe twalusr deatomi s
reacted with the bisphenol Aina 5 molar ratio of 1 : 3 on average.

The nanes of B&tdEdn tdenSAYiALENH whi ch t he groups and |igands on boron
result and the electrical ,conduc- tivities of the extraction water
obt ai ned by rfitdi)ng 1 gC¥FLng toggEeof the proton donors with 50 g of

rifi ran :
pu ed water and Using a curelastometer (JSR CURELASTOMETER Model

10 IVPS manufactured by Orientech Co., Ltd.), the torque after
90 seconds at 175°C was determined. The torque in the
curelastometer is a parameter of curability and the larger
the value, the better the curability.

(iii) Residual flow percentage

15 A sample was preserved at 25°C for 30 days and
thereafter subjected again to measurement of spiral flow,
after which the percentage of the value obtained based on
the initial spiral flow just after the preparation of the
sample was determined by the following equation:

20 Residual flow percentage (%) = (spiral flow value after
storage/initial spiral flow value) X 100
The larger the residual flow percentage, the better the
storage stability.

(iv) Moisture resistance reliability

25 A 16-pin-DIP was encapsulated with a resin
composition obtained by mixing and kneading various
components, and thereto was applied a voltage of 20 V in

water vapor at 125°C at a relative humidity of 100% for the



10 then subjecting the resulting m xture to pressure cooker t reat ment

at 125[err]C for 20 hours in a pressure cooker vessel are collectively
shown in Table 1. The proton donor corre- spondi ng to Conpound 13 is an
arormtic carboxylic acid havi ng one- ¢ boxyl group in one nol ecul e and

one hydroxyl 15 group in a position adjacent thereto, and the proton donor

correspondi ngrb@etorRoned périsdafs f ONd | Loty RMOEH Codduétion having two
carboxyl groups in the nutually adjacent positions in the nolecule.

(1) Evakdaiipe whshcreskyd ( maties nt Ol /dienoline MRSilfire?@ oot plgdcayst em
One of the various catal ysts was incorporated into a thernosetting

resin conpostihi anha3fs8éWbhenpdékaged evalwpdted il @erReminedcdsali lity,
storage stability and noi sture resistance reliability were eval uated by
the 25 procedBTefasiaredtibméow Incidentally, theSpyalfuatienaltime easnet hods
are described bel ow. -34 - (1)
Spiral fl&w 500 hours at longésy andoim the gsseswhang &hspinuabefr] oW accor d-
ing to EMM -1-66, neasurenment was effected at a nold t enper at ure of
175[ err] C at fanledj packagepratsthat otim® wag cigss Whanpmad foutiheg time of 2
m nutes. The spiral flowis a paranmeter of flow property and the |arger
the val ue, tKailurepgiperwapeshoyn@g " more ghan 500 howxsiy t Fh§ue

longer this time, the better the moisture resistance

reliability.

10 Example 1
67 Parts by weight (hereinafter abbreviated to

parts) of o~-cresol novolac type epoxy (EOCN-1020-65
manufactured by NIPPON KAYAKU CO., LTD.), 33 parts of a
phenolic novolac (PR-51470 manufactured by SUMITOMO DUREZ

15 co., LTD.), 4.3 parts of Compound 1 as a catalyst, 300
parts of fused silica and 2 parts of carnauba wax were
mixed and then roll-milled at 90°C for 8 minutes to obtain a
molding material. The spiral flow of this molding material
was 70 cm and the curing torque thereof was 78 kgf-cm. The

20 residual flow percentage after 30 days at 25°C was 99%.

Also, the PCBT failure time was more than 500 hours.

Example 2
52 Parts of a biphenol type glycidyl ether epoxy
(YX-4000H manufactured by Yuka Shell Epoxy Co., Ltd.), 48
25 parts of a p-xylene type phenolic resin (XL-225 manufac-

tured by Mitsui Toatsu Chemicals, Inc.), 2.9 parts of



Using a curel astometer (JSR CURELASTOVETER Model 10 | VPS manufactured by
Oientech Co., Ltd.), the torque after 90 seconds at 175[err] C was
determ ned. The torque in the curel astonmeter is a paraneter of
curability and the | arger the val ue,3& he better the curability.

(i) Resi dual flow percentage 15 A sanmpl e was preserved at

25[err] C for cafp@ans ands a cABELFH | oo YRiAY o 39ada k3 1TeaSHRaMENt of

spi ral flow, after which the percentage of the val ue obtai ned based on

the initial partslofl edrhathaafiLIwele WIARPIAId Thed roQ-milleamake was
determ ned by the follow ng equation: 20 Residual flow percentage (% =

(spiral flowso¥ uborfg alinutesstiw agA/ain & aloldingamateonayal uehe XspgHbal

The |l arger the residual flow percentage, the better the st orage
stability. flogi of thisMpolding masesiahoms &0 am landy the25 curing A
16-pin-DI P was encapsulated with a resin conposi ti on obtai ned by m xing
and kneadBngtezareuthereofoupdn®htkgf gm. t thetspined fdoW a@sdduel t age of
20 Vin wat er vapor at 125%%£r]c at a relative hunidité of 100% for the
- 35 - pRrEGBTeA M Aauspati 38 oWas P8% .af MOrepNEEn EBRJBEBYoRailuresj|ure
was checked. The tine until the failure took place in a half of the
packages evaltdBfeWafaBoU8t ERAN NP0 JBOUrS.  pCBT failure tine. Incidentally,

the evaluation tine was 5 500 hours at longest and in the case where the
nunber of fail ed packages at that tine was |less than half, the

Examples 3 to 11 and Comparative Examples 1 and 2
According to the composition shown in Table 2,

10 the components were mixed and a molding mixture was
prepared and evaluated in the same manner as in Examples 1
and 2. The results obtained are collectively shown in
Table 2, provided that in Examples 5 and 9, 70 parts of
2,2-bis(4-(4-maleimidophenoxy)phenyl )propane (Bismaleimide

15 MB-8000 manufactured by Mitsubishi Yuka K. K.) was further
mixed as a resin component in addition to EOCN-1020-65 and
PR-51470 according to the composition shown in Table 2 and
a molding material was prepared and evaluated in the same
manner as in Example 1.

20 The PCBT failure time in each of Examples 1 to 11
was more than 500 hours. On the other hand, the PCBT
failure time in each of Comparative Examples 1 and 2 was
much shorter than 500 hours. From this fact, it is clear
that the thermosetting resin compositions containing the

25 latent catalyst of this invention exhibit extremely
excellent moisture resistance reliability. Moreover, from

the curing‘torques and residual flow percentages in



failure time was shown as "nore than 500 hours". The | onger this tine,
the better the noisture resistance reliability. 10 Exanple 1

67 Parts by weight (hereinafter abbreviated to parts) of o-cresol
novel ac type epoxy (EOCN- 1020-65 menu7Zact ured by N PPON KAYAKU CO. ,
LTD.), 33 parts of a phenol i ¢ novol ac (PR-51470 manufactured by

SUM TOMO DUREZamp2eS0L, t6Th1) and- Gomsd £ &t Bfe GRrEMPIYE I ande 2Gatidl yst, 300
part's of fused silica and 2 parts of carnauba wax were m xed and t hen

roll-mlled ele80[ ehatCther 18tentutetalpsdicf eifis invétdiong exnti®iical . The
spiral flow of this nolding materi al was 70 cm and the curing torque
thereof was é&ckjienm cibabilityeshdustorfdqav peicidnitagataidrdind@ydays at
25[err] C was 99% Al so, the PCBT failure time was nore than 500 hours.
Exanpl e 2 temperature. 52 Parts of a bi phenol type glycidyl ether epoxy
(YX-4000H manuf actured by Yuka Shell Epoxy Co., Ltd.), 48 25 parts of a
p- xyl ene type phenolic resin (XL-225 nmanuf ac- tured by Mtsui Toatsu
Chem cals, Inc.), 2.9 parts of . ) ) - 36 -
Conpound 2 ad2a catalyEY?lBéglﬁﬁrV%t%feEQKE%ﬁ@ﬂHQ(Qﬂﬁﬂﬂﬂ'§Y5temparts of
carnauba wax_were_m xed and then roll-mlled at 90[err]C for 8 m nutes
to obtain a RSPBPA§ MAterial. The spiral flow of this nolding nmaterial

was 90 cmand the curigg 100 parts of a mixed solvent of N,N-dimethyl-

formamide and methyl ethyl ketone (1 : 1) were dissolved 95
parts of a bisphenol A type epoxy resin (EP-1001 manufac-

10 tured by Yuka Shell Epoxy K. K.), 4 parts of diamino-
diphenylmethane, 1 part of dicyandiamide and 3.3 parts of
Compound 1 to prepare a varnish. A 100-u glass cloth was
impregnated with this varnish and then dried at 150°C for 4
minutes to obtain a prepreg. Sixteen sheets of this

15 prepreg were piled one on another and a copper foil having
a thickness of 35 i was put on the outsides of the
resulting assembly, after which the resulting assembly was
sandwiched in between two sheets of a stainless steel plate
and pressed at 40 kg/cm’ at 170°C for 50 minutes to obtain a

20 double-copper-clad laminate having a thickness of 1.6 mm.
The double-copper-clad laminate obtained was subjected, if
necessary, to etching and then to measurement of glass
transition temperature at a temperature-elevating rate of
5°C/min in a dynamic viscoelasticity measuring apparatus.

25 Furthermore, the evaluation of prepreg storage stability
was conducted by removing the resin component from the

prepreg, measuring the initial gel time (abbreviated to GT)



5 torque thereof was 83 kgf-cm The spiral flow residue after 30 days
at 25[err] C was 93% Moreover, the PCBT failure time was nore than 500
hour s. Exanples 3 to 11 and Conparative Exanples 1 and 2

According to the conposition shown in Taldge <22, 10 the conponents were

m xed and a nol ding m xture was prepared and evaluated in the sane

manner as in bees . qeiN& i | e | ectineel y
shown in a%%rg %,a%?os??gﬁ%aqéﬁi ﬁ:lE“%;rgp esxogkgrl]fggg, §57',048§th@0%9’§

2, 2- bi s(4- (4rmmlfeirn7daphenoxyarbgnyhl 2t ORGNEnd Brsdmdf 1Mate pekfe?a?@00

manuf actured by M tsubishi Yuka K. K ') was further m xed as a resin
conponent i naeddirdiag to6 ERENFD2OwHhg adguatiolR- 51470 according to the
conposition shown in Table 2 and a nolding material was prepared and
eval uat ed i nRelsdduadeGT perasntagas(ih ExeEPl gsde) @Mrer 7 days atThe @CBT
failure tinme in each of Exanples 1 to 11 was nore than 500 hours. On

t he ot her Shamd, 35ReRRCBRitialf @T| gsec)) nX il¥0sach of Conparative Exanples 1
and 2 was much shorter than 500 hours. Fromthis fact, it is clear

that the thefhssderioey tasi nesddpali gebntimerpereenipgehe thEs Hefiten the
catal yst of this invention exhibit extrenely excel |l ent noisture

resi stance r &to3ige FabiditBver, from the curing torques and residual
fl ow percentages in -37 - Exanpl es
1 to 11 and Conparative Exanples 1 and 2, it is clear that the | atent

catal ysts OfE&gﬁ%lﬁgvﬁat¥8nlgxghgl&omparative Example 3

According to the composition shown in Table 3,
10 the components were mixed and a sample was prepared and
evaluated in the same manner as in Example 12. The results

obtained are shown in Table 3.

(3) Evaluation with maleimide system
Example 18

15 In 100 parts of a mixed solvent of chloroform and
N,N-dimethylformamide (1 : 1) were dissolved 100 parts of
2,2-bis(4-(4-maleimidophenoxy)phenyl )propane (BMI-80
manufactured by Keiai Kasei) and 3.1 parts of Compound 1 to
prepare a varnish, and the varnish was rapidly vacuum-dried

20 immediately after the preparation to remove the solvent,
thereby obtaining a solid contént. The initial gel time at
175°C and the gel time after storage at 40°C for 3 days of
the solid content were measured and the residual gel time
percentage was calculated by the following equation:

25 Residual gel time percentage (%) = (GT (sec) after 3 days

at 40°C/initial GT (sec)) X 100.



excellent curability and storage stability at ordinary t enper at ur e.

5 (2) Eval uation wth epoxy/am ne curing system Exanple 12

In 100 parts of a m xed sol vent of N, N-dinethyl - f ormam de and net hyl
et hyl ketone (1 : 1) were dissolved 95 - 39 parts of a bisphenol A type
epoxy resin (EP-1001 manufac- 10 tured by Yuka Shell Epoxy K K. ), 4 parts

poxy resir ( t . ! Ep f
of diaino- gne 1digReNYhECELRNRuaT HET [tegﬁﬁ d%‘féa;,@;,}f@cﬂqjﬁ LB LR PRES O

Conmpound 1 to prepafe a varnis h was

i npregnat ed wkbRahBi st¥BLNieH.and then dried at 150[err]C for 4

mnutes to obtain a prepreg. Sixteen sheets of this 15 prepreg were piled
one on anot her and a copper foil having a thickness of 35 [err] was
put on the outsides of the resulting assenbly, after which the
resulting asgsahplewnas9d to 2S8aafiM cheparat bes iResmgMD 4sheets of a stainless
steel plate and pressed at 40 kg/cnferr] at 170[err]C for 50 m nutes
to obtain a 20 doubl eAcoppding| td thei cenpodithiony shawn dind@edlef 41. 6 mMm
The doubl e-copper-clad | am nate obtai ned was subjected, if necessary,
to etching aﬁget EemPobeRtasWetaehixed ypdsy samplke Had MraPar&dangt ure at a
tenperature-el evating rate of 5[err]Cmnp in a dynam c viscoelasticity
nmeasuri ng apf¥eafgsed 25 Ehet AaRfoReNNeRhca® iR I Sl &y e FlEg TEEYLEFe
stability was cqnducted by renpvi he resin conponent fromthe
prepreg, nea?t?ftial’r&eghér?n???‘d% QEIT?‘Pﬂ% ‘iabbr eviated to GI)

-38 -



at 170[err]C and then the gel

days,
foll owi ng eq
at 40[err]C
resi dual ge

uati on:

Resi dual

5 at 35% RH initial

time percen

t age,

GTI percentage (%

Gl (sed)g X
the better the

time after storage at 40C at 35%
and cal cul ating the residua

GI' percent age

100.

Exanples 13 to 17 and Conparative Exanfieelg 1

conposition shown in Table 3,

according to the

RH f or

The | arger the

storage stability.

7

= (GT (sec) after 7 days

According to the

10 the conponents were m xed and a sanple

was prepar ed—and evattatet—tnrthe—sare—franfer—as—hi—E n T
results J obt ai ned ar¢ shown in|Table 3. 3) Eigﬁgﬁﬁa g vt h
mal ei m de syjstem Exqnpl e 18 | 5 Corresponding, loocﬁaﬁ?EtBYlEYﬁ? ed
sol vent of chl GASR&YSEang TYPR'N- (i nBYAYPRoFPRAT de | €XtraghiqR eatrE of | ed
100 parts of 2, 2- bi s(4- (4- mal e| m dophenoxy) pheny! ) peopt@epeBI4ng0
manuf act ured by Keiai Kagei) and 3]1 parts of Cbnpoynd Pbroton domoepar el a
varni sh, and the varni sh|was rapidly vacuumdried 20 inmmedi,syemy after|the
preparation [@mb8 elth= sol ent, .gbtajning a sqgl,yj;d conten
The initial GoPEoRnd & St ARG 26 2
40[err]C for gmaaygdoﬁ thé sol (Rhensdt ent wer e mpasured an@7t he resifdual
el time age s cql cul ghe TolTowng equattgn 25
gResi dual ge| Ceﬁlkgﬁggrgnnf age 04\r = }%%Qr;\ after r‘lg\]chrq %“_
40[ err] C/ i ni [CPEPORRA dec)) X B00. |2,3-Dihydroxy- 33
naphthalene
Compound 5 D Isophthalic acid 184
Compound 6 D Bisphenol A 10
Compound 7 Naphthoic acid 121
2,3-Dihydroxy- 33
naphthalene
Compound 8 A Naphthol 11
Compound 9 A Benzoic acid 470
Compound 10 B 2,2’-Biphenol 19
Compound 11 A Resorcin 9
Compound 12 A Naphthoic acid 121
Compound 13 - Salycylic acid 1356
Compound 14 - Trimellitic acid 5904
Note: 1) A: Type represented by general formula (1)

defined
defined

defined

in Claim 1.
in Claim 2.

in Claim 3.

Claim 4.

Type represented by general formula (2)
Type represented by general formula (3)

Intermolecular reaction type defined in



- 39 - The | arger the residual
storage stability.
According to the conposition shown in Tab
and-a sanpl e was prepared and

evaluate

ti me percentage,
Exanples 19 to 23 and Conparati ve Exanple 4

the better the
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2. Examples relating to epoxy resin molding material
and semiconductor device
Example 24
51 Parts of a resin comprising as the main
5 component a biphenyl type epoxy resin represented by the

formula (8) (epoxy equivalent: 185, melting point: 105°C):

ch CH3
e O/ @/a v
0 0]

HeC CHs

49 parts of a phenolic resin represented by the formula (9)

(hydroxyl group equivalent: 167, softening point: 73°C):

OH OH
10 CHy O CHg @ L? (2),

6.0 parts of Compound 1, 500 parts of fused spherical

silica (average particle size: 15 um), 2 parts of carbon
black, 2 parts of a brominated bisphenol A type epoxy resin
and 2 parts of carnauba wax were mixed and roll-milled at
15 95°C for 8 minutes using a hot roll, and thereafter, the
resulting mixture was cooled and then pulverized to obtain
a resin molding material. The resin molding material
cbtained was evaluated by the methods described below to

obtain the results shown in Table 5.



[err] - 44 - ' [err] [err]

- 45 - 2. Exanples relating to epoxy resin nolding materia
and sem conduct or device Exanpl e 24 51 Parts of a resin
conprising as the main - 46 -

Evaluation methods
(1) Spiral flow
Using a mold for spiral flow measurement accord-
ing to EMMI-I-66, measurement was conducted at a mold
5 temperature of 175°C at an injection pressure of 70 kg/cm’
for a curing time of 2 minutes. The.spiral flow is a
parameter of flow property and the larger the value, the
better the flow property. The unit is cm.
(ii") Shore D hardness
10 Molding was conducted at a mold temperature of
175°C at an injection pressure of 70 kg/cm’® for a curing
time of 2 minutes and Shore D hardness was measured after
10 seconds from the opening of the mold. The value thus
obtained was evaluated as a curability. The Shore D
15 hardness is an index of curability and the larger the
value, the better the curability.
(iii’) Storage stability at 30°C
After the storage at 30°C for one week, the spiral
flow was measured, and the percentage thereof based on the
20 spiral flow just after the preparation of the sample was
calculated. The unit is %.
(iv’) Moisture resistance reliability
A 16-pin-DIP was encapsulated with a resin mold-
ing material at a mold temperature of 175°C at a pressure of
25 70 kg/cm? for a curing time of 2 minutes and then post-cured
at 175°C for 8 hours. Thereto was applied a voltage of 20 V
in water vapor at 125°C at a relative humidity of 100%,

after which conduction failure was examined. The time



5 conponent a blphenyl type epoxy resin represented by the formula (8)
(epoxy equivalent: 185, nelting point: 105[err]O): H3C
CH3 [err] H3C CH3 49
parts of a phenolic resin represented by 4the formula (9) (hydr oxyl
group equivalent: 167, softening point: 73[err]C: OH

oH 10 until the faiPhiréd tookfﬁface in at least 8 of 15 packages.
2.5" 6.0 parts of Conmpound 1 parts of fused spherical silica

(average pargvgleatédewad ddéeéfmied 2P (faidfure@iigr. Theel agkt dsparts of
a brom nat ed bi sphenol A type epoxy resin and 2 parts of carnauba wax

were m xed ahdurol | incidedtally 1t [msddurdnintd timkUWRS BIon@oarBohtrol |,
and thereafter, the resultlng m xture was cool ed and then pul verized to

obt ai n alongeatnmhdlng thée etasé .whidre ridrd muded @E Tatidedabackages
obt ai ned was eval uated by the nethods descri bed bel ow to obtain the
resul ts showati thaabtimé. was less than 8, the failure time was showdA6as
Eval uati on net hods % Spiral_ flow . ~Using a nold
for spiral f[lBarfebBap 9|t QeEDT d- The longen Fheviiailuge timgsutBRent was

conducted at_a nold ] . .
better the moisture resistance reliability.

Examples 25 to 31 and Comparative Examples 5 to 7
According to the formulations shown in Tables 5

10 and 6, resin molding materials were prepared and evaluated
in the same manner as in Example 24. The results obtained
are shown in Tables 5 and 6.

Incidentally, the crystalline epoxy resin A used
in Example 25 was a mixture of 60% by weight of a resin

15 comprising as the main component 4,4'-bis(2,3-
epoxypropoxy)-3,3’,5,5'-tetramethylstilbene with 40% by
weight of a resin comprising as the main component 4,4'-
bis(2,3-epoxypropoxy)-5~tertiary butyl-2,3’,5'-trimethyl-
stilbene (epoxy equivalent: 209, melting point: 120°C).

20 The o-cresol novolac type epoxy resin used in
Example 26 had an epoxy equivalent of 200 and a softening
point of 65°C (EOCN-1020-65 manufactured by NIPPON KAYAKU
CO., LTD.).

The phenolic novolac resin used in Example 26 had

25 a hydroxyl group equivalent of 104 and a softening point of
105°C.

When triphenylphosphine was used as the catalyst



5 tenperature of 175[err]C at an injection pressure of 70 kg/cnferr]

for a curing time of 2 mnutes. The spiral flowis a paraneter of flow
property and the |larger the value, the better the flow property. The
unit is cm (ri") Shore D hardness - 10 Mol di ng was
conducted at a nold tenperature of 175[err]C at an injection pressure

of 70 Ko/ o (£t AgChkbaferator ]| Ehd et kineid B figRsBardness was

measured after seconds fromthe opening of t The val ue thus

obt ai ned wasrgyattahed A8l Palbil Py Ivdey godis HeRid? the BRb¥ages is an

i ndex of curability and the larger the val ue, the better "the
‘curability. stabifity' at 309 afaagaosiedield i(tf.atoRphestle Example 5).
After the storage at 30[err]C for one week, the spiral fl ow was
measur ed, and the percwhéageomnpeumdflbagetl Compidund 2@ ,spiheakrbltow | ust
after the preparation of the sanple was calcul ated. The unit is %
(iv") 5Mbdenore cerrespondingltabiliicaly had an electricad ¢éngdur-Dl P was
encapsul ated with a resin nold- ing material at a nold tenperature of
175[ err] C at tavpt¥sefir thef expracyioxgratgreral magie Aheady iln@ 00 kS Hem2

m nutes and then post-cured cat 175[err]C for 8 hours. Thereto was
appl i ed a voWei§eusedo@s\the curingAQqelahicry thesMOASEErst a rel ative
hum dity of 100% after. which conduction_failure was exam ned. The
time resistance reliability was lowered; (cf. COMparatiNe faj|ure t ook

place in at |east.8 of 15.packages eval uated was determ ned as a
failure ti meEX*#¥RBLER % fad 7y



hour. Incidentally, the neasurenent tinme was 500 hours at | ongest and
I n the case where the nunber of failed packages 5 at that tinme was | ess

than 8, the failure tine was shown as 4 "more than 500 hours". The
| onger the failure tine, the better4?he noisture resistance
reliability. Erafptes—25tp—3+rand ' 50—+
According to [ & flormyl at| ons shojn|in Ta i n ol di ng
mat €ri al s merewﬁrépared ahd evalugtad as ncExiane
- . [+, . B~ (=4
24. The resul ['s|ebtai ned |<| are|shown il PN i
Incidentally,/g}e crystal i he epoky|rési|n le 25 "Wag a
m xture of 60p#Ky wei ght pfja rles|n 5]ca copponerjt
4,4'-bis(2,3-{o epoXypr ppoxXy)F3[ 3|55 -1 W T h{40% Qy
wei ght of a re%iln jcongris|ng as| tpe in g
bis(2,3-epoxyoﬂqppxy)-5-tE;tiary pu yli - 33 sti| b&he
(epoxy equi val €t*| 209, nE¥{i ng| ppi nt: 120 o | The
o-cresol novo| &d tiype |epoky|res) njused ijn N epoxy
equi val ent of { 240 fand {a_sof t eni ha! pdi n 1020- 65
manuf act ur ed DY NI [PPOY KAYAKU CD | UTQ The phenolli c
novol ac resin|ysed in |Exapple 2b Haﬁ 28 g hydr gxyl grohp equijval ent_ off 104
H 1 ~ o o (=] .
and a softening |gof nt |of [o 1p5€ . o |~| VWen|&EpRary!l phasphi ne
™ n -
was used as thé& |cafal yst - 48)- A
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(curing accelerator), the failure tine in the noisture resi stance

reliability was good; however the storage stability at 30[err] C was

| owered (cf. Conparative Exanple 5). When Conpound 13 and
Conmpound 14, the proton 5 donors corresggnding to which had an el ectri cal
conduc- tivity of the extraction water of nore than 1,000 [err]S/cm
were used as the curing accelerator, tieabls 3 ure resistance reliability
was fowered (cf. Conparative Exanples 6 and 7). [err] -49 -
[err] e+

Comp.Ex. 5 | Comp.Ex. 6 | Comp.Ex. 7

Formula (8) 51 51 51
Formula (9) 49 49 49
Triphenylphosphine 1.0

Compound 13 . 2.1

Compound 14 4.9
Fused spherical 500 500 500
silica

Carbon black 2 ) 2 2
Brominated bisphenol 2 2

A type epoxy resin

Carnauba wax 2 2 2
Spiral flow 77 100 95
Shore D hardness 88 82 86
Storage stability at 52 88 87
30°C

Moisture resistance >500 - 200 250
reliability

As clear from the above Examples, the latent
catalyst of this invention and the thermosetting resin
composition of this invention comprising the above catalyst
are excellent in moisture resistance reliability,

5 curability and storage stability at ordinary temperature.
Moreover, the epoxy resin molding material of this
invention comprising the above catalyst for encapsulating a
semiconductor is extremely excellent in characteristics of
preservation at ordinary temperature and moldability, and

- 10 the semiconductor device in which the epoxy resin molding

material is used, is excellent in moisture resistance



[err] -50 -

Tabl e 6 Conmp. Ex. 5 Conp.Ex. 6 Conp. Ex. 7
Formul a (8) 51 51 51 Formul a (9)
49 . 49 49 Tri phenghphosphi ne 1.0

Conpound 13 2.1 Conpound 14

éé?bon brgz%deﬁ%qﬂi@ and uszeful a20Q dev}ce regggndin% to itg%)%rn’t{,ih%r% ::jl I ca
bi sphenol : ; 2 A type epoxy resin

Car nauba Waxmountlr?g and surfazce2 mounting. 2 > Spiral flow
77 100 95 Shore D hardness 88

82 86 Storage stability at 52 88

87 30[err]C Moi st ure resi stance >500 200

250 reliability As clear fromthe above Exanples, the
| at ent catalyst of this invention and the thernosetting resin
conposition of this invention conprising the above catal yst are
excellent in noisture resistance reliability, 5 curability and storage
stability at ordinary tenperature. Mor eover, the epoxy resin nolding
material of this i nvention conprising the above catal yst for

encapsul ating a sem conductor is extrenmely excellent in
characteristics of preservation at ordinary tenperature and

nol dability, and 10 the sem conductor device in which the epoxy resin
nmol di ng material is used, is excellent in noisture resistance



- 51 - reliability and useful as a device respondi ng to nsertlon

lrrgurc]:;t_ib‘lng'\g/Egn?S:surgfice m)un:ta\i Ingfent catal yst conposed of a Mmgbmmmm'mT

borate represented by the general formd &2 B ; wherei h R,

R3 and R4 may be the sane as or different from one another and each |s a -
monoval ent, Qfaenrs Of.R%Y@Aepha¥ing an aromatic ring or a heterocyclic ring
or a nDnovaIent al i phatic group and is bonded to the phosphorus atomto

forma P-C bend; X errj, 1¥tent] catps¢ |comsbsdEidd dphdapHdraumane as or
different fromone another and at | east one of themis a 'group forned when

a proton donborbaei pgpatstntet byetips ogemerabpfddnied (agi:ng | i berated out
of the nolecule has |iberated one proton and each of the others is a nono-

val ent, organic group having an aromatic ring or a hetero- cyclic ring or
a monoval ent aliphatie groups the-ahoy profpn dogors satisfying the

condi tion that when g of ach off the prot®n donofs is mxed with 50 g of
purified water and tlhe resulting m x{ure |s§subjec ed to pressure

R — p—R* X2 — g —x* (1)

R3 x3

wherein Rl, Rz, R® and r* may be the same as or different
from one another and each is a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a
monovalent, aliphatic group and is bonded to the phosphorus
atom to form a P-C bond; X!, X?, X and X' may be the same as
or different from one another and at least one of them is a
group formed when a proton donor having at least one proton
capable of being liberated out of the molecule has
liberated one proton and each of the others is a mono-
valent, organic group having an aromatic ring or a hetero-
cyclic ring or a monovalent aliphatic group, the above
proton donors satisfying the condition that when 1 g of
each of the proton donors is mixed with 50 g of purified
water and the resulting mixture is subjected to pressure
cooker treatment at 125°C for 20 hours in a pressure cooker
vessel, the electrical conductivity of the extraction water
thus obtained becomes not more than 1,000 4S/cm.

2. A latent catalyst composed of a phosphonium

borate represented by the general formula (2):



cooker treatnent at 125[err]C for 20 hours in a pressure cooker vessel,
the electrical conductivity of the extraction water thus-obtatned becones

not nore than 1,000 [err]S/cm 2. A latent cata a
phosphoni um borate represented by the gen&ral formula Qﬂm@mmm ﬂ
L

[err] wherein R err], Rerr], Rerr] and Rerr] may

different fromone another and each is a nonoval ent, organic group having
an daromatic ring or”a hetggfocycl he 4risg or a, nmono- al enty -al i phatic group
and is bonded to the phosphorus tomto fo¥ma P- ond; g[err] is an
organi ¢ group bonding to [err] @and Y[er/]; epf] isS\an prganic group

bonding to Y[err] an®®¥-erpl-—pic fz¥err] aBd y[errd2 ik a gr@up forned
when a nonoval ent, |proton-| donating|su titup/nt “as. L¥berpted a proton and
the substituents Y[err] al‘u_p y[er§] in the gane nol¥tll e afe bonded to the
boron atomto forma chel d#e strdcturs; each of Y[ err] an Y[err]is a
group fornmed when a nonoval ent, proton-donating substituent has |iberated
a proton and the substitugnts, Y[er;& and Y[err] are bonded to the boron

[

atomto formwhedednafe, Bir Rt @angd, Rz[Bay |berfche[sang amphdififereate as or

different from each other and also Y[err], Y[erri, Y[err] and Y[err] may
be the same 4LO% one another and each is a monovalent, organic group

having an aromatic ring or a heterocyclic ring or a mono-
valent, aliphatic group and is bonded to the phosphorus
atom to form a P-C bond; %' is an organic group bonding to
Y! and Y?; 2’ is an organic group bonding to Y’ and Y!; each
of ¥' and ¥? is a group formed when a monovalent, proton-
donating substituent has liberated a proton and the
substituents Y! and Y’ in the same molecule are bonded to
the boron atom to form a chelate structure; each of Y and
Y is a group formed when a monovalent, proton-donating
substituent has liberated a proton and the substituents Y’
and Y are bonded to the boron atom to form a chelate
structure; 2! and z? may be the same as or different from
each other and also Y, ¥?, ¥’ and Y' may be the same as or
different from one another; HY'Z'Y’H and HY’zZ?Y'H which are
the proton donors before the ligands v'z'v? and Y’z%y! of
boron are formed by liberation of the respective protons
satisfying the condition that when 1 g of each of the
proton donors is mixed with 50 g of purified water and the
resulting mixture is subjected to pressure cooker treatment
at 125°C for 20 hours in a pressure cooker vessel, the

electrical conductivity of the extraction water thus



different fromone another; HY[err]Z err]Y[err]H and }lWHI@]Wﬂm H
which are the proton donors before the ligands Y[err]

Y[err]Z[err]Y[err] of boron are forned by liberation of the respective
protons satisfying the condition that sseh -1 g of each of the proton
donors is mxed with 50 g of purified water and the resulting mxture is
subj ect ed t 0oBEg$ABECHECBIEE h6€3hEF thad 1 ﬂ?r’fdcﬁwls%ﬂror 20 hours in a

pressure cooker vessel, the electric conductiVity of the extraction

water thus 3, A latent catalyst composedbf a YPHodphemhikgcones not
nore than 1, 000 [err]S/cnr 3. Y A Iaﬁ%nt catal yst conposed of a
phosphoni um bbeageereppesented@dbPythdeggeerdnl fd@nd a A)I)

[err] (3) wherein RO, Rerr], Rerr] and Rlerr] may be the same

as or different from one another and each s a nnnovalent organi ¢ group
having an aromatic (1ng or R het eNoty |c FIQQ or g0 valent al i phatic
group and i s bonded| to the |phosphoy us 2ﬂ1 Q}I &1 bond; Z3 is an
organi ¢ group bondi g o tihe supsttit ent Y[ e nd Y[ rr] Y[err] and
Y[err] may be the sanB as-éh-—dﬂ reptZirom e other nd eacH3i)s a group
formed when a nonopal ent qroton-d nat i n sub aéeha i berated a
proton; the substityents Y['gir] a err] the S | ecul e are bonded
to the boron atomto*form & chel ate st ucture, X5 and

wherein Rg, R!?

, R and R'? may be the same as or different
from one another and each is a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a
monovalent, aliphatic group and is bonded to the phosphorus
atom to form a P-C bond; Z° is an organic group bonding to
the substituents ¥’ and Y°; Y° and Y® may be the same as or
different from each other and each is a group formed when a
monovalent proton-donating substituent has liberated a
proton; the substituents Y’ and Y° in the same molecule are
bonded to the boron atom to form a chelate structure; X’ and
x5 may be the same as or different from each other and each
is a group formed when a proton donor having at least omne
proton capable of being liberated out of the molecule has
liberated one proton, or is a monovalent, organic group
having an aromatic ring or a heterocyclic ring or a
monovalent, aliphatic group; HY’Z’Y®H which is the proton
donor before the ligand ¥°2z°Y® of boron is formed by the
liberation of the protons and HX’ and HX® which are the
proton donors in the case where each of X’ and X° is a group

formed when a proton donor having at least one proton



X[err]my be the sane as or different from each other a roup
formed when a proton donor having at | east one proton @"m

| i berated out of the nolecule has |iberated one proton, *orci

noneval ent, organic group having an arorggi< ring or a heterocycllc r|ng
or a nonoval ent, aliphatic group; HY[err]Z err]Y[err]H which is the proton
donor beforechpabhéga@dbéfiﬁ{;r1&@{-@#@ eé&ﬂ HdUet1Y TG by the

| i beration of the protons and |c are the proton donors in

the case whengbeagheafl oxbeptbtony eﬁeﬁiyiﬁg RS %afﬂdﬁ@rmem@npuoton
donor having at |east one proton

capabl e of bgi 6 kabhratetheuprotoh h@ondt£cil anhiasd withersat ed one proton
satisfying the condition that when 1 g of each of the proton donors is

m xed W th 5pugiffiedpwatéredndatke pesulting asikturmg i subjedtedsihj ect ed
to pressure cooker treatnment at 125[err]C for 20 hours in a pressure
cooker vessepreshurel eobkeratreatmient i attl2FE tfoe 26xhoursi én aater thus
obt ai ned becones not nore than 1,000 [err]S/cm 4. A | at ent

cat al yst havP&§sguser geekes Vﬂss\hlchthﬁeel¢mqalng:qndqcmsnd:Ypl¢ésﬁW@m um
borate consisting of a nonoval ent cation_portion in which four groups are
bonded to tﬁertsﬁs%ﬁarwgtairoﬁhvaﬁdohtwmanmm%ﬁuw Poxng dhan, 1,Q80ch
four groups are,bonded to the boron atomand at |least two of the recurring
unit are condé {%ﬂ through at least one of the four groups bonding to the

boron atom - rovided  4hal Lhe OLeupy LI RUON N LRSS WL e

recurring unit is a phosphonium borate consisting of a
monovalent cation portion in which four groups are bonded
to the phosphorus atom and a monovalent anion portion in
which four groups are bonded to the boron atom and at least
two of the recurring unit are connected through at least
one of the four groups bonding to the boron atom, provided
that the group through which the recurring units are
connected is a group formed when one proton donor has
liberated at least two protons and the group may be
compdsed of the same kind or different kinds; the groups
bonding to the phosphorus atom may be the same as or
different from one another and each is a monovalent,
organic group having an aromatic ring or a heterocyclic
ring or a monovalent, aliphatic group and is bonded to the
phosphorus atom to form a P-C bond; among the groups bond-
ing to the boron atom, those which do not participate in
the connection of the recurring units are each a group
formed when a proton donor having at least one proton

capable of being liberated out of the molecule has



connected is a group fornmed when one proton donor has ' t
two protons and the group nay be conposed of the sane memlim“mﬂr‘qm
ki nds; the groups bonding to the phosphorus atom may be:the Ssanm as of

di fterent from one another and each is -a 3®nroval ent, organic group having
an aromatic ring or a heterocyclic ring or a nonoval ent, aliphatic group

d is bonded; - : .
and is bondediharhbed BRESBPStYs, %Pm”%]itx{é’%ﬁé",‘ﬁé%lﬂ e "23%%% ‘h{éﬁ%%o“ps

bond- ing to the boron atom those do not ‘part’ ci pate

connection ofant Beom@eHEr rfgudtt § RECeLFEFeRi IOy JrolaRdndRleathr ot on
donor having at |east one proton capable of being |iberated out of the

mol ecul e hasaliphatic group and they may be the sdwfe ad idieidifdérent proton,
or a nonoval ent, organic group having an aromatic ring or a heterocyclic
ring or a nofiveml ene, anathphat the gpoopomndbridiesy firom hh iidhe thamgrasipsr
different from one another; the proton donors from which the groups
bondi ng to t hendéngntat bherbeubn atomsfeswbt tdatimiwing dhe doaditkien 1 g of
each of the proton donors is mxed with 50 g of purified water and the
resul ti ng ni ¥hatewhensibpeefedachoohrike proterpldanans dismarxeg: with[ 50r] C
for 20 hours in_a pressure cooker vessel, the electrical conductivity of
the extractBoREWRRELILRESVEbEE RARD BRR oFesuletngdtiature, i Godiecsded] s/ cm

5. The | atent catal yst di ng t i L, Wh th t
donor havi ng 8t BFEREEERNEORREE oRECAPRBRE O L4tTndoF B0r BOBISoNh B i ho

mol ecul e s %@e@éﬁggtﬁgoker vessel, the electrical conductivity of the

extraction water thus obtained becomes not more than 1,000
us/cm.

5. The latent catalyst according to Claim 1, wherein
the proton donor having at least one proton capable of
being liberated out of the molecule is an aromatic
carboxylic acid or a phenolic compound.

6. The latent catalyst according to Claim 2, wherein
the proton donor represented by HY'z2'Y’H or HY’z?Y'H is an
aromatic carboxylic acid or a phenolic compound.

7. The latent catalyst according to Claim 3, wherein
the proton donor represented by HX’ or HX® in which each of
X> and X°® is a group formed when a proton donor having at
least one proton capable of being liberated out of the
molecule has liberated one proton, or represented by
HY’Z’Y®H is an aromatic carboxylic acid or a phenolic
compound.

8. The latent catalyst according to Claim 4, wherein
the proton donor which does not participate in the connec-

tion of the recurring units or the proton donor which



carboxylic acid or a phenolic conpound. 6. The [ at
according to Claim2, wherein the proton donor representlﬂﬁ[ﬁ mjmmi‘”‘m
HY[err]Z[err]Y[err]H or HY[err]Z[err]Y[err]His an aron® L .

aci d. or a phenolic compound. 7. -Tlgg Latent catal yst according to

Claim3, wherein the proton donor represented by HX[err] or HX[err] in

whi ch h of : | . d d
naving ot | R R o A R o R Hg R T8 BhERe T cu o
has |iber at edyfiga Ot b iy TRP" -Wto‘idag@g%%f EehgbbhJ(errIH is an

aromatic carboxylic acid or "a phenolic ¢ The | at ent

catal yst accogding to G Mabeth¥Rial ysthackoeieRgdeBoE1 ¥hCh, doRSr S04
participate in the connec- tion of thé recurring dnits or the proton donor

whi ch the proton donor having at 12ést Rak! pgbB8he&apabiBeogonnection
of the recurring units is an aromatic carboxylic acid or a phenolic

conmpound. 9.being libdwntiexd antt @t alhxsmodecale 4§ hA &rahatic wherein the
proton donor having at |east one proton capable of being |iberated out of
t he nol ecul e ¢arkorykionwdid arard @hgniod iacicdmpouadptthichi hasoapoleastwhi ch
has at |east one substituent selected fromthe group consisting of

car boxyl grougRerihferoient Balesbad Frem thedgrauphceohsisbingaeHoxyl
groups or a carboxyl_ group and a phenolic hydroxyl group are not present
at the nutual$3rRRFEE oUW ANG @henolig hydroxythgrpupeandcir avlieh two

according to Caim3, wherein the proton donor represented by HX[err] or
HX[ er r ] ?n VwﬁQﬁhQﬁxﬁ]qﬁoups or a cgiboxyl group ang a phenolig hy rox%l

group are not present at the mutually adjacent positions.
10. The' latent catalyst according to Claim 3, wherein
the proton donor represented by HX’ or HX® in which each of
X and X® is a group formed when a proton donor having at
least one proton capable of being liberated out of the
molecule has liberated one proton is an aromatic carboxylic
acid or a phenolic compound which has at least one
substituent selected from the group consisting of carboxyl
group and phenolic hydroxyl group and in which two carboxyl
groups or a carboxyl group and a phenolic hydroxyl group
are not present at the mutually adjacent positions.

11. The latent catalyst according to Claim 4, wherein
the proton donor which does not participate in the connec-
tion of the recurring units is an aromatic carboxylic acid
or a phenolic compound which has at least one substituent
selected from the group consisting of carboxyl group and
phenolic hydroxyl group and in which two carboxyl groups or
a carboxyl group and a phenolic hydroxyl group are not

present at the mutually adjacent positions.



X{err] and Xerr] is a group formed when a proton donor vaﬂ % at least

one proton capable of being |iberated out of the nolecul ]Mﬂlﬂﬂl’a
; S

one proton is an aromatic carboxylic acid or a phenolic !
at least one substituent selected from-tB8 group consisting of carboxyl”
group and phenolic hydroxyl group and in which two carboxyl groups or a

carboxyl group and a phﬁﬂ'—?'liactéh}ﬁjrc@ﬁé'ly%#ﬁ'é?:co?ﬁin@%opflfﬁ tzatwlgg'feirtlo

nmut ual | y adj acent positions. 11. e latent “catalyst actording

C aim4, wherghd prdtbr ddiy depresthiteld BgesyhPty2Rabl ﬁkpﬁﬂni st BR

connec- tion of the recurring units is an"aronmatic carboxylic acid or a
phenol i ¢ conparowativ dadtisxydlid ersld @€ aSphehol #8NtompehASt ¥HiéK ORAS he
group consi sting of carboxyl group and phenolic hydroxyl group and in

whi ch two cardoxlgasp dups substd tumntex glelected gpomathbegpbip Eyls Dyl
group are not present at the nutually adjacent positions.

- 58 - 12. ing offmarhuxylt gratud wsid pheaodiocghydrékel ngPouphendi tn t he
proton donor represented by HY[err]Z[err]Y[err]H or HY[err]Z[err]Y[err]H is
an aronatic VaksbxEWe cahiakwdr grovipenolri @ cempoupdl ghoup and aat | east two
substituents selected fromthe group consist- ing of carboxyl group and
phenol i ¢ hydrRR&RO D I HRKY 1 ILRNIEC RrewbosaPBBReNnt gabubbe onttuabivoxy|
group and a $$mnmﬂic h drq§yl group are not present at the nmutually

adj acent posiIJHENT POSILIONS.The | atent catal yst according to O aim 3,

wherein the pyoton dongr, nepresented by HYLerthZ Lerrld St Ghélein
the proton donor represented by HY’z’Y®H is an aromatic
carboxylic acid or a phenolic compound which has at least
two substituents selected from the group consisting of
carboxyl group and phenolic hydroxyl group and in which two
carboxyl groups or a carboxyl group and a phenolic hydroxyl
group are not present at the mutually adjacent positions.
14. The latent catalyst according to Claim 4, wherein
the proton donor which participates in the connection of
the recurring units is an aromatic carboxylic acid or a
phenolic compound which has at least two substituents
selected from the group consisting of carboxyl group and
phenolic hydroxyl group and in which two carboxyl groups or
a carboxyl group and a phenolic hydroxyl group are not
present at the mutually adjacent positions.
15. The latent catalyst according to Claim 1, wherein
the proton donor having at least one proton capable of
being liberated out of the molecule is a proton donor

selected from the group consisting of substituted or

unsubstituted benzoic acids, substituted or unsubstituted



carboxylic acid or a phenolic conpound which has at | east '

sel ected fromthe group consisting of carboxyl group andlu"mglilrmp&umﬁ
group and in which two carboxyl groups or a carboxyl group amd @ phenrol kc
hydr.oxyl group are not present at the mut9ally adjacent positions. 14.
The | atent catal yst according to Claim4, wherein the proton donor which

participates 4§ "eLdd O ; I s ' |
car boxylic ac?ip%??%f@phenoéﬁ E‘sﬁs&pﬁg{}ﬁ: f\h%#&%ggggﬁrtﬁggét BpﬁgBEg‘géﬁit uents
sel ected frongdbet DEWEEY COP Uit futed th%?hltnwl%up and phenolic hydroxyl
group and in which two carboxyl groups or carboxyl group and a phenolic
hydroxyl groupsare not Thd esfténtilcdti yBH wldoydiafdigaesnt 1894 i, ORfierein.
The | atent catal yst according to Claiml, wherein "the proton donor having
at | east one thetmrotapadmonfireprisuntddevatxd ontaxt ihemvreddcd oF a
proton donor selected fromthe group consisting of substituted or

unsubst i t ut edbemgoix® asi dsgreupsformed dwiven un pritsion Wotbr having at

-59- naphthoic acids, substituted or unsubstituted phenols and

substituted okeagtsanre ipraten maralls ©f bedng liber@hed! anenofchhal yst
according to Claim3, wherein the proton donor represented by HX[err] or
HXerr] in wiilrahts ks bahgrated@ng @rotons i§ gr puptedr #8HOKNhen a proton
donor havi ng at ot on capabl e of being liberated _out of the

| t : .
nol ecul e has ?‘?]oee‘?‘g%idﬁ%'g ’g{%tﬁ?‘%% CONSAStdRId8kopuLSELERERE PFom t he

roup consi sting.,of. substijtuted .or . . .
9 P unéhbstltuteé benzoic acids, substituted or unsubstituted

W

naphthoic acids, substituted or unsubstituted phenols and
substituted or unsubstituted naphthols.

17. The latent catalyst according to Claim 4, wherein
the proton donor which does not participate in the connec-
tion of the recurring units is a proton donor selected from
the group consisting of substituted or unsubstituted
benzoic acids, substituted or unsubstituted naphthoic
acids, substituted or unsubstituted phenols and substituted
or unsubstituted naphthols.

18. The latent catalyst according to Claim 2, wherein
the proton donor represented by HY'Z!Y’H or HY’z2?Y%H is
dihydroxybenzene, dihydroxynaphthalene, a bisphenol or a
biphenol.

19. The latent catalyst according to Claim 3, wherein
the proton donor represented by HY Z’Y®H is dihydroxy-
benzene, dihydroxynaphthalene, a bisphenol or a biphenol.
20. The latent catalyst according to Claim 4, wherein
the proton donor which participates in the connection of

the recurring units is dihydroxybenzene, dihydroxy-



unsubstituted benzoic acids, substituted or unsubstituted naphthoic acids

substituted or unsubstituted phenols and substituted or unsubstituted
napht hol s. 17, The | atent catalyst according to d allrlllﬂurmlﬂ“lﬂ:umu ml
t he proton donor which does not participage +n the connec- !} A
recurring units is a proton donor selected from the group consisting of
substituted gy Fnld, Utz g sRRRABHC ?CédﬁigﬁéﬁﬁiitUted or unsubstituted

r p

napht hoi ¢ acids, substitute unsubst it ut enols and substituted or

unsubstitut einapht hol & thk8mosettingN@ekahchbmpss ftYSh AGHOF L iy 11 ai m
2, wherein the proton donor represegted by HY[grr]Z[err]Y[err]%§QN

HY[err] Z[ err |pdrrsr [0y neiglithydr axybermosettdhyydeoxy napdthad eng, 2@ _
bi sphenol or a biphenol. 109. The | atent catal yst according to Caim

3, wherein toergs dyowedghdr ofepr datehedchyatlystesel dfeed | Sfamrghd i s
di hydroxy- benzene, di hydroxynaphthal ene, a bi sphenol or a biphenol. 20.
The | atent c&raupscasdstdingg offo tiealatentwhatalysts hacpord img domor whi ch
participates in the connection of the recurring units is dihydroxybenzene,
di hydroxy- Claims 1 to 4. 60 napht hal ene, a bi sphenol
or a biphenol. 21. A thernosetting resin conposition conprising 100
parts by wei - of a t FAEdheImPRGLEABONIaREN 0CIMPRS PoiopAGeoTdingitght of
e o S S ol Ene o8B EORS' SLA LY B A0 e

member selected from the group consisting of epoxy resins

and maleimide resins.

23. An epoxy resin molding material comprising, as

the essential components, (A) an epoxy resin, (B) a

phenolic resin, (C) the latent catalyst according to any

one of Claims 1 to 20 and (D) an inorganic filler, the

equivalent ratio between the epoxy group of the total epoxy

resin and the phenolic hydroxyl group of the total phenolic

resin being 0.5 to 2 and the amount of the inorganic filler

(D) compounded being 200 to 2,400 parts by weight per 100

parts by weight of a total amount of the total epoxy resin

and the total phenolic resin.

24. The epoxy resin molding material according to

Claim 23, wherein the epoxy resin (A) is a crystalline

epoxy resin having a melting point of 50-150°C.

25. The epoxy resin molding material according to

Claim 24, wherein the crystalline epoxy resin having a

melting point of 50-150°C is at least one member selected

from the group consisting of epoxy resins represented by

the general formulas (4) and (5):



Clainms 1 to 4. 22. The thernosetting resin conpositioenr—according to

Claim2l, wherein the thernosetting resin is at |east one | el ected
fromthe group consisting of epoxy resins and mal ei m de JHmi @ ﬂ"ﬂ
An epoxy resin nolding material conprisingl as the essenti+al ¢ COf .

(A) an epoxy resin, (B) a phenolic resin, (C) the l|atent catalyst
according to any one of Clains,1 to 20 and (D) an inorganic filler, the
equival ent ratio between the eBH&y group of tRF total epoxy resin and the
phenol i c hydroxyl group of the Yotal phenolig resin being 0.5 to 2 and the
anount of the inorganic filler \d being 200 to 2,400 parts by
wei ght per 100 par l-‘?aCkP-)CH‘@ ' PUAIOGH,OHBHS ot al (gpoxy resin
and the total phenoli'¢y resin. Zpoxy res\rnynolding materia
according to Caim@3, wherein s esin (A) iDa crystalline epoxy
resin having a nelting point of3150-150[err] C. gr125. The epoxy resin
nol ding material according to Ftlain124, wherein the crystal line epoxy
resin having a nelting pokgt of 50-150[err]Cis at |east one nenber

sel ected fromenrigeagh fonsista rgrafp eporatame sielectedr dxont dtiebgroupe

general formulas (4) and (5): - 61 -
consisting of hydrogen atom, chain or cyclic alkyl groups

having 1 to 6 carbon atoms, phenyl group and halogen atoms
and the R groups or atoms may be the same as or different

from one another, and

R14 R14

CH,CHCH,0 CHy OCH,CHCH, (5)
\ /
0
R14 R'4

wherein each R is a group or atom selected from the group
consisting of hydrogen atom, chain or cyclic alkyl groups
having 1 to 6 carbon atoms, phenyl group and halogen atoms
and the R groups or atoms may be the same as or different
from one another.
26. The epoxy resin molding material according to
Claim 24, wherein the crystalline epoxy resin having a
melting point of 50-150°C is a mixture of a stilbene type
epoxy resin represented by the general formula (6) and a
stilbene type epoxy resin represented by the general

formula (7):



[err] wherein each R13 is a group or aton1se|écted fromthe group

consi sting of hydrogen atom chain or cyclic al kyl groups
carbon atons, phenyl group and hal ogen atons and the R[er

atogs may be the same as or different < rg@m-one anot her, 4@““@‘“\\‘“““\“\

ere] §s'a
group or atom sel ected fronltge group consisting of hydrogen atom chain-

R14

R14 [err] wherein

or eyclic al kyl groups havﬁﬁg 1 R 6 car bqi®at omé° phenyl group and

hal ogen atons and the R14 gnpups/or atons Nay be the sane as or different
from one another. 26. pe—~epoxy resin/poNy ng material according to
Cl ai m 24, wher ei @szﬂcq‘.{z (@ 2P BKLCHES \ RIOBH,OBRCH), ngégqi nt of
50-150C is a m xtyre of "a st e type X )-sin repfNegented by the
general formula ( and a stytbepe type epoXy resin repr8sented by the
general formula (7): R'7 RS R22 R2! - 62-

wherein each of R to R*? represents independently a group
or atom selected from the group consisting of hydrogen
atom, chain or cyclic alkyl groups having 1 to 6 carbon
atoms and halogen atoms, provided that the two aryl groups
bonded to the carbon-carbon double bond are different from

each other.

R24 R23 Rp23 R24

CH,CHCH,0 CH=C OCHCHCH,  (7)
\ / \ /

wherein each of R*® to R%® represents independently a group
or atom selected from the group consisting of hydrogen
atom, chain or cyclic alkyl groups having 1 to 6 carbon
atoms and halogen atoms, provided that the two aryl groups
bonded toc the carbon-carbon double bond are the same as
each other.

27. The epoxy resin molding material according to

Claim 23, 24, 25 or 26, wherein the phenolic resin (B) is a

phenolaralkyl resin.

28. A semiconductor device wherein a semiconductor is

encapsulated with an epoxy resin molding material according

to Claim 23, 24, 25, 26 or 27.

h“a"yj-’n’g"‘-g:"t-ﬁ’ﬁ _____ -

an



[err] wherein each of Rlerr] to R err] represents independently a group
or atom selected fromthe group consisting of hydrogen atom chain or
cyclic alkyl groups having 1 to 6 carbon atons and hal ogen atons, provided
that the two aryl groups bonded to the carbon-carbon doubl e bond are

di fferent from each other. [err] wherei n each of
R23 to R26 represents independently a group or atom selected fromthe
grosp consisting of hydrogen atom chaxn-or cyclic alkyl groups having 1
to 6 carbon atonms and hal ogen atons, provided that the two aryl groups

bonded to %E% %ik ch&ﬁogxg@gég@R@ond are the sane as each other. = 27.
Sin nDI I

The epoxy mat er

wher ei n theLhﬁENBlemﬁkﬁﬁ?u WﬁEﬁﬂﬁﬁﬁ?rdlngﬁéﬁgigbﬁb§§§§10§4 gﬁénféxﬁé
"esi n ol di (EHRTRATAL S B3 Hn BEoT BLPHG Az RIENEYERL e {imman epoxy
CATALYST, AND SEMICONDUCTOR DEVICE
This invention provides a latent catalyst having

a struéture of phosphonium borate consisting of a
monovalent cation portion in which four specific groups are
bonded to the phosphorus atom and a monovalent anion
portion in which four specific groups are bonded to the
boron atom, and a latent catalyst having a structure
wherein the above phosphonium borate is the recurring unit
and at least two of said recurring unit are connected
through at least one of the four specific groups bonded to
the boron atom. This invention also provides a thermo-
setting resin composition comprising such a latent catalyst
and an epoxy resin molding material comprising such a
latent catalyst;and further provides a semiconductor device
in which a semiconductor is encapsulated with said epoxy

resin molding material.



