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Curability, storage stability and fluidity and is suitable for
resin materials for electric and electronic parts or devices,
and a semiconductor device having excellent solder cracking
resistance and moisture resistance reliability.
PRIOR ART
As for a method for encapsulating semiconductor elements
such as IC, LSI or the like to manufacture semiconductor'devices,
transfer molding using epoxy resin compositions is widely used
on the ground that such a molding method is suited to low-cost
mass production. Further, in order to improve properties and

reliability of the semiconductor devices, epoxy resins and

phenolic resins which serve as 1 curing agent are also required

to be improved.

Meanwhile, in recent years, in the field of electronic
equipment, a trend that requires compact design, light weight
and high performance is still continued. In accordance with
such a trend, degree of integration of semiconductor elements

is increased year-by-year, and surface mounting technique for
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is increased year-by-year, and surface nounting technique for * 3000Q2* $
b SEP 2006 sem conductor devices is also inproved. In such aqﬁ(’%?g,m
requi renents for the epoxy resin conpositions used for encapsulating

sem conductor elenents are becomng increasingly rigorous. Therefore, a

pr obl em ari ' t . conventional epoxy resin_conpositions can not
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resins. Howegvebusi resudremetiid Ng accel erator, a tenperature region that
exhibits an effect of pronoting the curing reaction extends to a '
relatively | ow tenperature. Therefore, even when an uncured epoxy resin
and ot her conpopents_are.sinply mxed _to prepare an epoxy resin
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further prapéddSumthEitbefepox&a&@&&ﬁgCQQBaﬁhgﬁg@t&sggghggas well as
improved storage stability for making handling easy in

transport and storage.

In general, to the epoxy resin composition for use as a
resin material for electric or electronic parts or devices, an
adduct of tertiary phosphine with quinones (see, e.g.
JP-A-10-25335) is added as a curing accelerator for the purpose

of promoting the curing reaction of resins.

However, in such a curing accelerator, a temperature
region that exhibits an effect of promoting the curing reaction
extends to a relatively low temperature. Therefore, even when
an uncured epoxy resin and other components are simply mixed
to prepare an epoxy resin composition, the curing reaction of
the epoxy resin composition partially proceeds due to heat
generated in the system or heat added from an external source.
Also, even after mixing is completed, the curing reaction
further proceeds while the €poxy resin composition is being

stored at room temperature.
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stored at roomtenperature. 2 0.5 SEP 2006 Such partial procee _
curing leads to increased viscosity or lowered fluidity of thesepexyggesi n
conposition in a case where the epoxy resin conpositionis in a liquid
form and in a case where the epoxy resin conposition is in a solid form
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Further, when such a partially cured epoxy resin
composition is molded by curing it at high temperature (the word
"mold” also includes the meaning of the word “form”, and
hereinafter “mold” is used in such a sense), troubles occur in
the molding process due to its lowered fluidity, and as a result,

a molded product has lowered mechanical, electrical or chemical

properties.

Therefore, in a case where a curing accelerator having
the possibility of lowering the storage stability of the epoxy
resin composition is used, strict control of molding conditions
as well as strict quality control in mixing components, and
storage and transport at low temperature must be carried out.
That is, handling of the €poxy resin composition containing such

& curing accelerator is very delicate.

Further, another problem arises in that the solder
cracking resistance of a semiconductor device encapsulatedwith
such an epoxy resin composition is not sufficient to withstand

surface mount soldering so that the moisture resistance
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such an epoxy resin conposition is not sufficient to wthstand_ sur e
nmount sol 8eri ng so that the noisture resistance 3 0.5 SEP 20N5 §t8 ility
thereof is lowered. The reason is as follows. Specifically, since the
sem conductor device is suddenly exposed to high tenperature of 200C or

mor e whenref ibbiilingr seerddf sod debwereaubj eated Ladhe Jefl O%’ofi’%ﬁgf' ng
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on curinglac $ lgynductorf device and lower the moisture resistance
reliability of the semiconductor device. Further, if the epoxy
resin composition contains volatile components, cracking
becomes liable to occur in the semiconductor device due to
stress to be generated when the volatile components are

explosively vaporized.

However, at the present, semiconductor devices
manufactured by encapsulating semiconductor elements or the
like with a cured product of the époxy resin composition
containing the curing accelerator described above (an adduct
of tertiary phosphine with quinones) do not have sufficient
solder cracking resistance and moisture resistance

reliability.

Further, to improve the storage stability of the epoxy
resin composition, researches on curing accelerators
(so-called latent curing accelerators) which suppress changes
with age in the viscosity and fluidity of the epoxy resin
composition at low temperature and promotevcuring reaction only

when heat is applied during forming or molding have been



(so-called latent curing accelerators) which suppress changes wth age in
the viscosity and fluidity of the epoxy resin conposition at §J508€P 200
tenperature and pronote curing reaction only when heat is applied during
form ng or nolding have been 4 0.5 SEP 2006 actively made. Through the
researches, it is found that such a |l atent curing accel erator can be

obt ai ned, I t i i Si u | er at or
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structure of phosphoni um bet ai ne salt have been proposed (see,

Pat. Noknddd142€0e( pages 2P+m-200)so0hbeh(paegei ff ended to enable

sem conduct or devices to have sufficient solder cracking resistance and
noi sture resi stance reliability that can wthstand surface nount

sol deri ng. Fbwgver apo i.sts with a_l.atent curlng
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epoxy resins and phenol aral kyl resins which serve as a curing agent.
SUMVARY €©kEff Tefteh AN e@Ncracking resistance and moisture resistance

reliability that can withstand surface mount soldering.

Also, as another type of the latent curing accelerator,
various latent curing accelerators having a structure of
phosphonium~-betaine salt have been proposed (see, e.g. U.S. Pat.
No. 4171420 (pages 2 to 4)), which are intended to enable
semiconductor devices to have sufficient solder cracking
resistance and moisture resistance reliability that can
withstand surface mount soldering. However, a problem also
exists with such a latent curing accelerator in that it can not
sufficiently cure a semiconductor encapsulating material
currently used which contains lowmolecular weight epoxy resins

and phenol aralkyl resins which serve as a curing agent.

SUMMARY OF THE INVENTION

In a first specific expression of the present
invention, there is provided a curing accelerator to be mixed
into a curable resin composition for promoting the curing
reaction of the curable resin composition, wherein the curing
accelerator is represented by the following general formula

(1):



In a first specific expression of the present invention, there is provided
a curing accelerator to be mixed into a curable resin conposi 0503EF 3606
pronoting the curing reaction of the curable resin conposition, wherein
the curing accelerator is represented by the foll ow ng general fornula

(1) : 50.5 SEP 2006 R~ 1 (DO R2 P-Ar-O13 (1) Ror a salt thereof,
wherein R1, 1and R3 may be the sanme as or different fromone another,
and each repfgg ts an omatic ring, which may be further substituted by
at |east_gne dﬁgtitue ot her than a hydroxyl group or an al kyl group,

whi ch mR“be—Rmrti#dr—Qubstituted by at |east one substituent; and Ar
represents an | unsubstituted divalyent aromatic group or a divalent aromatic
group in mhictQ%u | east one hydrogen atomis substituted with a
substituent other than a hydroxyl group. Further, it is also preferred that
the trisubstituted phosphoni ophenolate is one represented by the follow ng

general fpraula { pefePdsd SEP 2006 Art

wherein R!, R? and R3nmy be the same as or different from one
another, and each represents an aromatic ring, which may be
further substituted by at least one substituent other than a
hydroxyl group or an alkyl group, which may be further
substituted by at least one substituent; and Ar represents an
unsubstituted divalent aromatic group or a divalent aromatic
group in which at least one hydrogen atom is substituted with

a substituent other than a hydroxyl group.

Further, it is also preferred that the trisubstituted
phosphoniophenolate 1is one represented by the following

general formula (2):



Are P- Ar-Ca (2) Ara wherein Arl, Ar 2 and Ar 3 may be the same as or
different from one another, and each represents a substituted gg sep g6
unsubstituted nonoval ent aromatic group; and Ar represents an
unsubstituted divalent aromatic group or a divalent aromatic group in

whi ch at Ieast e hydrogen atomis substituted with a substituent other
than a hydroxyl oup. Myreover, it is also preferred that the

trlsubstlt égéb hon henolate is one represented by the foll ow ng
gener al R5/ (3) (%R6 wherein R4, R5 and R6 may be the
sanme as or dlffe nt fron1one anot her, and each is selected froma group
consi sting of aAMydrogen atom a nethyl group, a nethoxy group and a
hydroxyl group. In this case, in the general formula (3), the oxyanion 7
0.5 SEP 2006 is preferably located in ortho position or neta position to

the ~phospheresrahom Af e RLESEAL LAVERL Bnel Lol SrPACEELLEd!t Babyt he

salt of trisubstituted phosphoni ophenol ate 1's one represente y t

f ol | owi ngogenarathé¢or muldacédh . reRfretser$t RB slssOH A or unsubstituted
monovalent aromatic group; and Ar represents an unsubstituted
divalent aromatic group or a divalent aromatic group in which

at least one hydrogen atom is substituted with a substituent

other than a hydroxyl group.

Moreover, it is also preferred that the trisubstituted

phosphoniophenolate is one represented by the following general

formula (3):

R6

wherein R*, R® and R61nay be the same as or different from one
another, and each is selected from a group consisting of a
hydrogen atom, a methyl group, a methoxy group and a hydroxyl
group.

In this case, in the general formula (3), the oxyanion



+OH ) p-i AfOH) pq ( 4 ) P9 wherein R7, R8 and RO may be the sane as or
different fromone another, and each represents a substituted ®b SEP 2006
unsubstituted nonoval ent aromatic group or a substituted or unsubstituted
nonoval ent al kyl group; Ar represents an unsubstituted divalent aromatic

group or #sdneaferdbhy drridtedtauprt o Wsah iadn beaséta g iidipgen-igg om i s
substituted with a substituent other than a hydroxyl group; A represents a
p-val ent BRg§&RNETrYE0BHCMeoNnt ai ning at | east one aromatic ring and/or at

| east one heterocycle; and pis an integer of 2 to 8 and qis 0 to 2.
Further, it is also preferred that the salt of trisubstituted

pRospROT! ophenot Aliend ANt eRasanlanh by d e, oLaldowipd-geseral Lol a

(5): 8 0 5 SEP 2006 05) ?-OXOH O A

wher ei n ROf tR'1suis Rty phesphens apieas 1@k <0 § belerdp & 98h 08€ bR her
and each is_selected froma group consisting of a hydrogen atom a nethyl
group, a PetheXylgreapeand &CKPdLExyI4) group; A represents a p-val ent
organi c group containing at least one aromatic ring and/or at |east one
het erocycle; and p is an

R’ i | '

RB—-—-II::g—Ar—OH {O—A—HJH)ID_1 } { A-{-0H) : }q (4)
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wherein R’, R® and R® may be the same as or different from one

another, and each represents a substituted or unsubstituted
monovalent aromatic group or a substituted or unsubstituted
monovalent alkyl group; Ar represents an unsubstituted divalent
aromatic group or a divalent aromatic group in which at least
one hydrogen atom is substituted with a substituent other than
a hydroxyl group; A represents a p-valent organic group
containing at least one aromatic ring and/or at least one

heterocycle; and p is an integer of 2 to 8 and g is 0 to 2.

Further, it 1is also preferred that the salt of
trisubstituted phosphoniophenolate is one represented by the

following general formula (5):



integer of 2 to 8 and gqis O to 2. Furthernore, it is also preferred that
the salt of trisubstituted phosphoni ophenolate is one represe9§ Y006 he
foll owi ng general formula (6) or (7): R13 R16 R18 R18 R16 R16RI8 R18R16 CH
Oh\ OH X (HO=CH) 14 RR7 R19 RIi9R17 R 7819 R1I9R17 Rls (6) 9 $ 5 SEP
2006 RI3 OHC'- Oi C3 OHHOM Rl14~ x q (7) 15 wherein R13, R14 and R15

may be the sanme ag'or different fromone another, and each is selected
froma grjoup consi stsxng of a |hydrogen atom a nethyl group, a nethoxy
group and a hydro group; RE6, R17, R18 and R19 may be the pe as or
different| from o ot her, and each is selected froma group gonsisting
of a hydroge om[ a /@H tom and a m) ov I ga i cgr up, paw ng
1to 6 carbo@%p r epfesd Q'a—sA @Hb F gr}o : a sul f one
group, a ﬁ.‘uhf/ up,\ arhguyl group or ‘p. q

L R12 o

wherein R!®, R! and Rr!? may be the same as or different from one
another, and each is selected from a group consisting of a
hydrogen atom, a methyl group, a methoxy group and a hydroxyl
group; A represents a p-valent organic group containing at least
one aromatic ring and/or at least one heterocycle; and p is an

integer of 2 to 8 and g is 0 to 2.

Furthermore, it is also preferred that the salt of
trisubstituted phosphoniophenolate is one represented by the

following general formula (6) or (7):

— R13 —'+
R16 R18 R18 R R16R18 R18R16
@P —\ OH o <\ />_ = /\ oH\ /Ho./ /\ >_ 4<\—/\ \ OH
. \_/ /17\R19 /19\ . 17 0
q
15 -
L R )



a divalent organic group having 1 to 13 carbon atons; and g is 0 to 2. In
the salt of trisubstituted phosphoni ophenol ate described above, 5@¥E 2006
hydroxyl group in the cation conponent is preferably located in ortho
position or neta position to the phosphorus atom Another aspect of the
present invention is directed to .an epoxy resin conposition conprising a
conpound Raving twgsor nore epoxy groups in one nolecule, a conmpound
having twp or nor pnhenol i ¢ hydroxyl groups in one nol ecule, and the
curing agcelerat above. 10 0.5 SEP 2006 |In the epoxy resin

conpositipon of the entipon, it is preferred that the conpou'd
$| n ope~hgledyl e toNt ai n&Q JTai N
DXY| r@ eB@Ht| e . n
0 RN J# H 2CH
S

having twb or Ry

i ngredi en a

eneral for,pX

i R21, R22 and may as or

jae (8) RO R e !
diffeﬁe%t from o , apd each is selected froma group consisting

o . . bon
of a hydfogen atowg @ linear or cyclic alkyl group having 1 to 6(y¢ar
at ons, g bhenyl groupprddd a hal ogen atom and H2G- CHCH2 H2COHC \2 O O

wherein RY’, R' and R!® may be the same as or different from one
another, and each 1s selected from a group consisting of a
hydrogen atom, a methyl group, a methoxy group-and a hydroxyl
group; R'®, R, R' and R'® may be the same as or different from
one another, and each is selected from a group consisting of
a hydrogen atom, a halogen atom and a monovalent organic group
having 1 to 6 carbon atoms; X represents a single bond, an ether
group, a sulfone group, a sulfide group, a carbonyl group or

a divalent organic group having 1 to 13 carbon atoms; and q is

0 to 2.

In the salt of trisubstituted phosphoniophenoclate
described above, the hydroxyl group in the cation component is
preferably located in ortho position or meta position to the

phosphorus atom.

Another aspect of the present invention is directed to
'an epoxy resin composition comprising a compound having two or
more epoxy groups in one molecule, a compound having two or more
“phenolic hydroxyl groups in one molecule, and the curing

accelerator described above.

10



R24 R26 RR8 R 30 \ CH2~(~~~ CH2 H (9 ) R25 R27 R29 R31 a wherein R24 to
R31 may be the sane as or different fromone another, and eﬂ;i; ?F 2@' ected
froma group consisting of a hydrogen atom an al kyl group F

carbon atons and a halogen atom and a is an integer of 1 or nore. In th|s

case, a is prefenathy s ggggh Qg‘) 9+ 1 rt is_alsp.preferred
that the conpound having ygl 0. P 3006 g{lm%g:)trherrg&ese gno?v%nﬁ g?bxyl

groups i nignies nﬁbéemlredctdm*alths cmp@uﬁalmvlm@rﬂﬁbeﬁm@t:e|e%ﬁ§$ nEuPE
phenolic resins represented by the follow ng general fornmulas {10)" and
(11): OH OF CRBIRIICYE (ADN§a1ns\Js RBFR B85 Ny netskireaitn aR32ebo tRBBaBYE be t he

sane as Ogp di.t,fe f he %f each is selected froma group
consi sti ng o%(g/ (%ﬁgllr‘oglref3 aetoslt;éﬁrr]lta&gtr}? aﬁgﬁlg LU FAFESIE TRt §oamEarB0R8 Bt ons
and a hal agegn(atem and b is an integer of 1 or nore; and OH OH R3 R38
R40R42 \ CHZV\l\-CHZ H(11) too

HoC—CHCH,0 _
oo )= pooeen
22 23 °

wherein R?°, R?, R* and R*® may be the same as or different from
one another, and each is selected from a group consisting of
a hydrogen atom, a linear or cyclic alkyl group having 1 to 6

carbon atoms, a phenyl group and a halogen atom; and

lo) 0]
24 526 R28 30
R“*R N

CHz~/ /\— >_<\“A N CHj T (9)

R25 R27 Rzg R31 J

: 24
wherein R*" to R3lmay be the same as or different from one another,
and each is selected from a group consisting of a hydrogen atom,

an alkyl group having 1 to 4 carbon atoms and a halogen atom;

and a is an integer of 1 or more.

In this case, a is preferably an integer of 1 to 10.

Further, it is also preferred that the compound having -

11




R3TR39 R41R43 C wherein R36 to R43 may be the sane as or different from
one another, and each is selected froma group consisting ofgg grpdpggen
atom an al kyl group having 1 to 4 carbon atonms and a hal ogen atom and c
is an integer of 1 or nore. In this case, b is preferably an integer of 1
to 10, andtwe drsmpref phahbyianhiyatregen gtodpkoidlon&ufd has iy ec,onttalnss al so
preferred that the content of the «curing accelerator is in the range of
0.01 to 1@%%33112111956§EP“250®¥|16W eoeerf phenicd ial ses pnefrepredariald t he
epoxy reS| n further co s an |norgan|c filler. In this
case, the &ﬁggﬁﬁii# f ?%n%¥%ieggﬁm§fﬁﬁséao )serccd11vbr eover, it is

al so preferred that the |norganic filler is in the form of granules or

particles. In this case, the a ﬁ{age particle size of the inorganic filler
is preferabl®¥'in the , gge of 100 m Mreover, it is also preferred

that the copte t of |nor ic filler is in the range of 200 to 2,400
parts by Wﬁlght of(1tohe total anount of the
conmpound é ep groups in one nolecule and the conpound
having two nor e O|IC hydr g groups in one nolecule. Still another

aspect of the preseg@S d¥ention is"directed to a senm conductor device
manuf actured by encapsul ating at |east one sem conductor elenent with a
cured product of the

532
wherein R%® to R?® may be the same as or different from one another,
and each is selected from a group consisting of a hydrogen atom,

an alkyl group having 1 to 4 carbon atoms and a halogen atom;

and b is an integer of 1 or more; and

OH B OH ]
36538 40p42
/§ R R R N
‘CH2< ) 2~CHa _—H (11)
/3 39 \
L. R o]

: 36
whereinR’® to R43may be the same as or different from one another,
and each is selected from a group consisting of a hydrogen atom,

an alkyl group having 1 to 4 carbon atoms and a halogen atom;

and ¢ is an integer of 1 or more.

In this case, b is preferably an integer of 1 to 10, and

¢ is preferably an integer of 1 to 10.

Furthermore, it is also preferred that the content of the -

curing accelerator is in the range of 0.01 to 10 wt%.
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epoxy resin conposition described above. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON To sol ve the probl ens stated above, the present inyehtseps20§ave
extensively studied, and as a result found the followng facts (1) to (3).
These findings have lead to conpletion of the present invention.
Specifically, ( the fact ,that trisubstituted 13 0.5 SEP 2016

phosphoni ophenol A2 e R4YT hg *& specftfe Saf@ned ofhat shhe epsereoresin

extrenely dsgbyliasoa eurikng acegbenatar for,  promoti nge curing reaction

of various curable resin conposi |onsg%as been %ﬂﬁﬁt the fact that by

m xing the trisubstituted phosphoni ophenolate or the salt thereof as a
curing accelerator into a curable resin conposition, especially an epoxy
resin conpositi o} Eiestdtant tepokyoresihc chipbsitivmpretardiale gxsad | ent
curabilitysifiggage stability and fluidity has been found; and (3) the
~fact that even ih a case where a sem conductor device manufactured by

- encapsul ating a sem conductor elenent with a cured product of the epoxy
resin conposition is exposed to high tenperature, defects such as

cracking, delaniMatéoveand t He bhike prefdarddthncene hasrbesnc Found. A
description will now be made with regard to preferred enbodinents of the
curing acckf etatbhe fREMepéxyrrayiles eonpesittiidesand t he sem conduct or
device of the present invention. Although the curing accelerator of the
present invention

In this case, the average particle size of the inorganic

filler is preferably in the range of 1 to 100 pm.

Moreover, it is also preferred that the content of the
inorganic filler is in the range of 200 to 2,400 parts by weight
perlOOpartsbyweightofthetotalamountofthecompoundhaving
LwO or more epoxy groups in one molecule and the compouna.having

two or more phenolic hydroxyl groups in one molecule.

Still another aspect of the present invention is directed
to a semiconductor device manufactured by encapsulating at
least one semiconductor element with a cured product of the

epoxy resin composition described above.

DETAILED DESCRIPTION OF THE INVENTION

Tosolvethepmoblemsstatedabove,thepresentinventors
have extensively studied, and as a result found the‘following

facts (1) to (3). These findings have lead to completion of

the present invention.

Specifically, (1) the fact: that trisubstituted

13



ari [ ble resin
can be-rused as a curing accelerator for various cura
conposi tions, the follow ng description will be made based ory 2088
exenpl ary case where the curing accelerator is used for an epoxy rern
conposition which is a kind of thernosetting resin conposition. The epoxy

i i ti i “includes: a conpound (A)
resin conpgsition of the present enbodi ment - inc )
havi ng tmop§PS P@%%é&%?%;@ﬁﬁxﬁ@Yﬂ%%ea|ﬁﬂ¢ﬁ&ﬁ£§ atconrpoued o1B)a hauilag two

[ [ | ecul e;
nore ph hydr oxyl 5 _SEP 2006 roups,in one no ; _
?:isubstPtE?ggbgﬁosgioﬁ%gﬁﬁéﬁb%%t%§8?u%a.%%I thefed? EOCSHATETIs A%€uri ng

oprofothegpr eentcut et o+ angd inarganjc tillen (D) Sgch an
2Sg§;eiggiﬁ conpogﬁtion has ef%ellent curagﬁqlpy, storage ;?agl!%Fﬁ di
fluidity. FErBPEBEREWS Bashbeknt fieucdnpddentsewrhktbendessyi Redihg tpEder.
<Conpound %A > The_c ound %A) has two or nore epoxy groups in one ]
nol ecul e, aﬁ%SPﬁgFétﬁge op38§ PRPHORRE e o o urte (¥ Lasthengofassi & has

i .. Exanpl es of the conpound (A)
ol Uder epory F e e Pt RBG Dy CReAB L MY FORYP Grubs TREpRERbI S

. . , , . . . | type
h I .ﬁeﬁmmreﬁapfﬁd}ﬁﬁcﬁsﬁiﬂibleplacflgg{lg{-]xgﬁlé‘bo : E*Qseﬁ g gg{lgl
gpggg :gsin e. g. , bisphenol A type epoxy resin, ﬁﬁgphenol éﬁﬁype %%oxy

resin or bf3hiHafeEBispifeHolcunasd ldpoxy stesiaye stiebbieney byper gpoxytyesin,

i | novol ak type epoxy resin,
P ha e 8 ol YR eSRANY 263" 13) CLRE Okl YL R et RSP YL LS e

semiconductor device manufactured by encapsulating a
semiconductor element with a cured product of the epoxy resin -
composition is exposed to high temperature, defects such as.

cracking, delamination and the like are hard to occur has been

found.

A description will now be made with regard to preferred
embodiments of the curing accelerator, the epoxy resin

composition and the semiconductor device of the present

invention.

Although the curing accelerator of the present invention
can be used as a curing accelerator for various curable resin
compositions, the following description will be made based on
the exemplary case where the curing accelerator is used for an

€poxXy rein composition which is a kind of thermosetting resin

composition.

The epoxy resin composition of the present embodiment
includes: a compound (A) having two or more €pPOoXy groups in one

molecule; a compound (B) having two or more phenolic hydroxyl

14



di cycl opent adi ene type epoxy resin or di hydroxy benzene type epoxy resin,;
epoxy conpounds; epoxy resins obtained by oxidizing olefin gpgtpqmﬁeracid
for epoxidation, such as cycloaliphatic epoxy resin; glycidyl ester type
epoxy resin; and glycidyl am ne type epoxy resin, and they can be used

al one orgraupeni kall A1eEul Wo ©Fi BBK6+1ATPRd tHeMniRe (
preferably contains as a nmain ing%edien%-one oé b%%h ofogﬁgﬁg%§?ef§%e

epoxy res® fFepitasarrdd (C L5110l &h $BEPa 20061 ndy dded egenerabo ff ohaw e ddht and
bi phenyl aral kyl type epoxy, resin ,regresented by the general fornula (9)
Wien such™3VeB 86ndan§A§nian%%aFﬁe 1{herhéDepox§uclesith asmposiadion, the

epoxy res} Lt L bi e I L fluidity during .noldin e.g.,
e S
sem conduttoiddeyi ce manufactured using such an epoxy resin conposition
can have further inproved solder cracking resistance. In this regard, it
is to be noted here that "inprovenent in solder cracking resistance" neans

that even in a case. v@e{e an qgbt %i ned sem conductor device is exposed to
hi gh t enper at ur ety Eache SBUCi FPRARRRt D dippeciecE HotRe T ef | ow

sol deri ngypgosess or the |like, defects such as cracking, delamnation and
the like are hard to occur. R20 R21 H2C / CHCH20O OCH2CH /CH2 (8) O R22 R23

<Cémpound (A)>
The compound (A) has two or more EpOXYy groups in one
molecule, and there is no restraint on the compound (A) as long

as 1t has two or more epoxy groups in one molecule.

Examples of the compound (&) include: epoxy resins
obtained by reacting hydroxyl groups in phenols, phenolic
resins or naphthols and epichlorohydrin, such as bisphenol type
epoxyresine.g.,bisphenolZ&typeepoxyresin,bisphenol]?type
epoxy resin or brominated bisphenol type epoxy resin, stilbene
type epoxy resin, phenol novolak type epoxy resin, cresol
novolak type epoxy resin, naphthalene type epoxy resin,
dicyclopentadiene type epoxy resin or dihydroxy benzene type
epoxy resin; epoxy compounds; epoxy resins obtained by
oxidizing olefiﬂs using peracid for epoxidation, such as
cycloaliphatic epoxy resin; glycidyl ester type epoxy resin;
and glycidyl amine type epoxy resin, and they can be used alone

or in combination of two or more.

Among them, the compound (A) preferably contains as a main

ingredient one or both of biphenyl type €poxXy resin represented

15



H2C- CHCH2 H2CCHCH2 O 0 OJ R24 R26 R28 R30 CH2 -1 ) CH2 \ H (9) R25 R27
R29 R31 a The substituents R20 to R 23 in bi phenyl type epox\.Y 8EP 2006
represented by the general formula (8) nmay be the same as or different
from one anot her, and specific exanples of these 16 0.5 SEP 206

Ut yl g ousy HGAORTAE BY O ARC S BRO e o kit cAMGG. CYPEIRCCEEE YR
group is paebiredeakky Bﬁlefﬁéat?éf%ré(‘{‘ ﬁﬁuigagé) 0 of- the substi tuegts
e |

R20 to R 23 is a nethyl group; e VI Scosity "oft R&EpoxyOTrReHR
conposi ti oriA) sizslecneaseed andhe Japbﬁ/(}:re%ihﬁ@@hlip@%iinotnhetl?Q%)f%}Jf?éQin
conposi tion becones easy in, for exanple, manufacturing sem conductor
devi ces. FGPIPREFITIGNCBFRHPHFEBoRREE bien hef lapokit y eBim repnpasiibigope hgs,
reduced [,sture rption so that it is possible to effectively prevent
deteri or a??gga\%{mgtrﬁ%gggagﬁuﬁgr?g (S ONYCT F SHRELHS) br dakageiohoniras) in

an obt ai nedefefbeaneHEr0HI8 LG, & " isture resistance
~reliability of the obtained sem con uc?ﬁ%xgoge%%{gﬁg ings)15 ur ThetP9iprovet? The

substi t uenESTR2AItdoR31CcRN bihplveny|fuartaldey| frypeoRROXYsol&SEN &LPLLSENt ed
by the general formula (9) may be the sane as or different from one
anot her, ah@°3pB&ePFPc exanpl es of these substituents include: a hydrogen
atom a nethyl group, an ethyl
In this regard, it is to be noted here that “improvement

in solder cracking resistance” means that even in a case where

an obtained semiconductor device is exposed to high temperature

when it is immersed in solder or subjected to the reflow

soldering process or the like, defects such as cracking,

delamination and the like are hard to occur.

R20 R21
HZC\O—/CHCHZO Q O OCHZCI\-\I—/CHZ (8)
R22 R23 ©

- H>C-CHCH
H2C\éCHCH\2 B 2 \CI) \2 _
'e) O ,
R24 R26 R28 g30

CHh[H\ \=A/CH \-—-—H (9)
(I

L Jda

The substituents R?*® to R 23 in biphenyl type epoxy resin
represented by the general formula (8) may be the same as or

different from one another, and specific examples of these
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‘a propyl group, a butyl group, a chlorine atomand a bromne atom
%ngg1tﬁeﬁ1 gyhygroggn aton1gr a nethyl group is_partlcuIarIy0§r$ﬁﬂaﬂB&Ie.
When at |east one of the substituents R 24 to Rai is a hydrogen atomor a
met hyl group, the nelt viscosity of the epoxy resin conposition |;
decreased, __and. hergfore ragd[lnﬁﬁgf t he epoxy resin conposition _epgnes
easy in, forCexanpPFaCshiatidturd MG Sem G8RMEet 8 YlWkasoum aapddpybn,

[ [ Labi] | [ ' device is
the noi st ugeohgsi e §ebigbid Ly 0f ,an obtained, sem con uc{or
o er | EESHER PHETE P P IR
i ndi cat es dnemyer agehgunpesupfid bAes i bhak reRO¥Ye EESLH] UNi twr#ésn ajc7JrQa§t \
2006 repeated. Specifically, a iszgot Ilggted to any specific value "as

|l ong as it°7% @h Ght egdistoftuenss for efo bit*’iiss pr ebehahl yroop, t beerdpe of
about 1 to 10, and more preferably in the range of about 1 to 5. By _
setting the Varte $f °4 (10 K UDHVES S ARgEOMPERd tipai dist yestraamedpoxyd r esi n

Comesl ey s e Comieg L3 0SB 2

or nore phenolic hydroxyl groups in on

a curing agentfofroexamelegorpolfub ()1 96 $eiiiked AR d@%ﬁ@@é??ﬂir%ﬁ&, |

conpound (B) include phenol novolak resin, cresol nqvq!ak resin, bispheno

resin, trigphehsf Pe&spHct %Viyﬂémeem@EYfFeglnomﬁm@bﬁpesbn,}k&rgﬁnﬁnﬁgﬂlfhgd

novol ak rgsi i ent adi ene- podi fi ed phenolic resin. ey c

used alongﬁﬁéﬁﬁpgogggﬁg &gﬁQﬁs? h%EDﬁEW%SAHBﬁélP%@nFOtmiﬁﬁﬁﬁkﬁﬂkV(B)

pr ef er abl Yo £ond @t NSe 8Sr 80 PBRE Non with age of parts (e.g., occurrence of
breakage of wires) in an obtained semiconductor device.

Therefore, the moisture resistance reliability of the obtained

semiconductor device is further improved.

The substituents R** to R* in biphenyl aralkyl type epoxy
resin represented by the general formula (9) may be the same
as or different from one another, and specific examples of these
substituents include: a hydrogen atonh.alnethyl group, an ethyl
group, a propyl group, a butyl group, a chlorine atom and a
bromine atom. Among them, a hydrogen atom or a methyl group
is particularly preferable. When at least one of the
substituents R** to R is a hydrogen atom or a methyl group,
the melt viscosity of the €poxy resin composition is decreased,
and therefore handling of the epPoxXy resin composition becomes
easy in, for example, manufacturing semiconductor‘devices. In
addition, the moisture resistance reliability of an obtained

semiconductor device is further improved.

It is to be noted that a in the general formula (9)

indicates an average number of times that €poxXy resin unit is
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i ngredi ent one or both of phenol aralkyl resin represented by the general
formula (10) and bi phenyl aral kyl type phenolic resin rgpres§§t9ﬂ,gﬁ5the
general formula (11). Wen such a conpound (B) is contained I e epoxy
resin conpBBFEF8A; twcb%b%?llési%l@oﬁ@bslﬂmmcbkhlao)lmff §p@>cceﬂll_cema)lﬁeu: dity
durin dj e. g.., .durin nufacture of sem conductor devices), In
addit?on?gé %@%9%%%gﬁtﬁgra8egP 8gﬁﬁnﬁ%a£ﬁﬂ?§5”ﬁ§iz@{ dChPaR eéaéiy tBsin
conposi ti pReCAAnHAVELfabbher: i pproyed.sal dere Gragking)yeshstApce A
nnrgture ?egistaﬁce reliability. OH OH FB§ EB% ~%§§~f9F?%1E_€ g €§3 R35
18 0.5 SEPf2066Gut QHLOH . RIBRIR tRAGRAZ He GHA uk~o W £HD Hbe abbve fahdd)
R3TR39 R41RA3 C The substituents R32 to R35. in phenol aralkyl resin

r epr esent 8BS By 1itE [geRé e ¢RI e LD oMy sBé 1ohel s dv the rokmp o Té@r ent
fromone another, and the substituents R36 to R43 in biphenyl aral kyl type
phenolic resin represented by the general fornula (11) may also be the

sane as or diffecembofih@mens another. Specific exanples of these

substituents include a hydrogen atom
The compound (B) has two or more phenolic hydroxyl groups

in one molecule, and acts (functions) as a curing agent for the

compound (A) described above.

Examples of the compound (B) include phenol novolak resin,
cresol novolak res.in, bisphenol resin, trisphenol resin,
rylylene-modified novolak resin, terpene-modified novolak
resin and dicyclopentadiene-modified phenolic resin. They can

be used alone or in combination of two or more.

Among them, the compound (B) preferably contains as amain
ingredient one or both of phenol aralkyl resin represented by
the general formula (10) and biphenyl aralkyl type phenolic
resin represented by the general formula (11). When such a
compound (B) is contained in the epoxy resin composition, the
epoxy resin composit‘ion exhibits excellent fluidity during
molding (e.g., during manufacture of semiconductor devices).
In addition, a semiconductor device manufactured using such an
-epoxy resin composition can have further improved solder
cracking resistance and moisture resistance reliability.

OH
CH #sii/l;34CH @ H (10)
2 2
\/=Y7 ~ b
18
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R33 R35



~a methyl group, an ethyl group, a propyl group, a butyl group, a chlorine
atom and a brom ne atom Anpbng them a hydrogen atom or n&ﬁﬁé gwp i's
particularly preferable. Such a phenolic resin itself has |Io EF
viscosity so that even in a case where the phenolic resin is contained in
t he epoxy resin conposition, it is possible to keep the nelt viscosity of
the epoxy resin conposition low. As a result, handling of the epoxy resin
conposition b es easy during, for exagpple, manufacture of sem conductor
devi ces. I n additl|i on, qsy;ed ngguct off the epoxy resin conposition has
reduced wat e~sQsor pti on( noi \g? t on) so that the noisture
resi stance r b ""BQCH@ ﬁ?i stance of an obtai ned
Furt

sem conduct @ heé?lnp is to be noted here
gyu /410) and c ih the general formula (11)
erd

that b in the gereral

respectively |no|caté?aR av 3hunber OU i mes that phenolic resin unit
is repeated. Specifically, each of b and ¢c71S not limted to 19 0.5 SEP
2006 any specific value as long as it is an integer of 1 or nore, but is

preferably in th a f. about 1 o 10 nore preferably in the range
of about 1 to S. ﬁ%%/ s%qttslocnlg He-SYaRue Tof %acﬁnofp}be%%l @reg ke bove

range, it ksppesshbka by PHEV 91 SLPRLESS, ?&%,'n n the fluidity of
t he epoxy resin conpos?tlon §€%$fsubst?ﬁu§§d %%os nf%ﬁh@nﬁ?ﬁ?eaﬁrogalt
t her eof (oﬁlféarsng éceml@mat@mobhetheapﬁeﬁﬁétsmE@%H%&éMEeT@@1x)Eg3 in

trlsubstltgteg g 0s haoni ophenol ate or the salt
iphenyl aralkyl type phenolic resin represented by the general

formula(11)mayalsokxethesameas<n:d1fferentfromoneanother.
Specific examples of these substituents include a hydrogen atom,
a methyl group, an ethyl group, a propyl group, a butyl group,
a chlorine atom, and a bromine atom. Among them, a hydrogen
atom or a methyl group is particularly preferable. Such a
phenolic resin itself has low melt viscosity so that even in
a case where the phenolic resin is contained in the epoxy resin
composition, it is possible to keep the melt viscosity of the
epoxy resin composition low. As a result, handling of the epoxy
resin composition becomes easy during, for example, manufacture
of semiconductor devices. 1In addition, a cured product of the
epoxy resin composition has reduced water absorption (moisture
absorption) so that the moisture resistance.reliabilitgrand'the

solder cracking resistance of an obtained semiconductor device

are further improved.

Further, it is to be noted here that b in the general
formula (10) and c in the general formula (11) respectively
indicate an average number of times that phenolic resin unit

is repeated. Specifically, each of b and ¢ is not limited to
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thereof (C) is one having the effect (function) of pronoting the curing
reaction of the epoxy resin conposition. As for the tri substl(gt%&@?hzg]s
phosphoni ophenol at e (phosphoni uminner salt), one represente

general formula (1) is preferable, one represented by the general formula

i ; ' t h eneral .fornula (3) is
Cuen. oo oA R A BORE BN 1) TR 1 CAPE PP A LS E 2RO RAr & 20

0.5 SEP 2008 iR4 @refe{&)1lyRbnREhel raie: genessbufonma 1(dl) , affenore
substituents Rl, R2 and R3 bonded to the phosphorus atom nmay be the sane

as or di f PERERE PN ORRE afR YRl @l WpEcEDi G- emle¢$imﬁfghtlhesealue

i i roup, an et roup, an
substit ueg%sea&lqcc!fj%eagdbgnc%ylchgrafwg\}e 8:lraqlegteh,ylitgis ppossible t></> pgevegt
or suppress a lowering in the fluidity of the epoxy resin

composition.

<Trisubstitutedphosphoniophenolateorsaltthereof(C):

curing accelerator of the present invention>

The trisubstituted phosphoniophenolate or the salt
thereof (C) is one having the effect (function) of promoting
the curing reaction of the epoxy resin composition. As for the
trisubstituted phosphoniophenolate (phosphonium inner salt),
one represented by the general formula (1) is preferable, one
represented by the general formula (2) is more preferable, and

one represented by the general formula (3) is even more

preferable.

R1
R?*—P—Ar—0

| (1)
R3
Ar'!

AP—2 a5 (2)
Ar®
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n-butyl group, an n-octyl group, and a cycl ohexyl group. Preferably, each
of the substituents RL to R3 is a substituted or unsubstitutﬁg poiﬂtent
aromatic group such as a naphthyl group, a p-tertiary-butylp E&ﬁ g p or
a 2, 6-dinmethoxyphenyl group, as respectively represented by Arl, Ar 2 and
Ar 3 in the general formula (2), and Is nore preferably a phenyl group,

one of the isoners of a nethyl phenyl group, one of the isoners of a

met hoxyphenyl group or,one of the isoners of a hydroxyphenyl group, as
represented by the géleral fornula (3). In the general formulas (1) and

(2), each Ar represe an unsubstituted divalent aromatic group or a
divalent aromatic gr inh which at | east one hydrogen atomis substituted
with a substituent han a hydroxyl group. Specific exanples of the
substituent Ar | i 1.5 SEP 2006 groups such as a

phenyl ene grou oup, a naphthylene group and each of them
in which at | atomis substituted with a substituent

ot her than qab fch as a hal ogen atom a nitro group, a
cyano group, or al koxy group having 1 to 12 carbon atons. Mbore
specifically, as for [the gubstituents R, R2, R3 and Ar in the general
formula (1), it is p bl e that each of the substituents Rl, R2 and R3
is a phenyl group and ubstituent Ar is a phenylene group. That is,
trisubstituted phosphonidﬁ?enolate represented by the general fornula (3)
in which each of the substituents R4, R5 and R6 is a hydrogen atom is
preferable. Such trisubstituted phosphoni ophenol ate has

In the general formula (1) , the substituents Rl, R? and

R3 bonded to the phosphorué atom may be the same as or different
from one another, and specific examples of these substituents
include a benzyl group, a methyl group, an ethyl group, an
n-butyl group, an n-octyl group, and a cyclohexyl group.
Preferably, each of the substituents R' to R® is a substituted
or unsubstituted monovalent aromatic group such as a naphthyl
group, a p-tertiary-butylphenyl group or a 2, 6—dimethoxyphenyl
group, as respectively represented by Ar!, Ar? and Ar® in the
general formula (2), and is more preferably a phenyl group, one
of the isomers of a methylphenyl group, one of the isomers of
a methoxyphenyl group or one of the isomers of a hydroxyphenyl

group, as represented by the general formula (3).

In the general formulas (1) and (2), each Ar represents
an unsubstituted divalent aromatic group or a divalent aromatic
group in which at least one hydrogen atom is substituted with

a substituent other than a hydroxyl group.

Specific examples of the substituent Ar include aromatic
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especj,al Iy excellent heat stability and effect of pronmpting curing
regct"i‘ﬁon, yand can be produced at |ow cost. Further, trisubstit#beSEP 2006
phosphoni ophenol ate represented by the general fornula (3) in which the
oxyanion (dissociated froma phenolic hydroxyl group) is located in ortho
position or neta position to the phosphorus atomis preferable. Wen the
epoxy resid SBithodith ofScéht BNREYASNE IFTHYy AcddiRdiativrensicroup, a

i substi QsRhenLephene i iLC 0 nion is Located in
E):Itﬁo or trrrll&tpgﬁgggi t oﬁg?gﬁt he le%tﬁgls% S ugngrtlgtlr#%ﬁln%%ﬁﬁs?%fo%? g’é’tdlrcf"l‘-qtef/1 of
the epoxy atesi is compaditiiten didiMe kealdtiddend Wiher dreduced,y@$campared
with the case where trisubstituted phosphoni ophenolate in which the
oxyani on i qrateFi &Spar éaég@ietﬁ @rt_qnbl tatl_éllrtm%@‘rmu_ andftc??ramfl emm@nent s’a\?vi ?h
i rataor, -Further encapsul ati ng, sem ¢ _
gﬂ(r:lhngnag%?x%nr @sﬁrﬁc@r?po%%?’b% gﬁ%\}ﬁnlﬁa?’éaﬁcédtﬁn&al G8T8PrePESTSei ty, an
obt ai ned sem conductor 22 0.5 SEP 2006 device can have inproved sol der
cracking resistance. On the other hand, as for the salt of trisubstituted

phosphoni ophenoMatre §phosphonilum, maketsit athe epe#nduer@Re R’ I @B egentgd by
the general formula (4) is preferable, one represented by the general
fornul a (%Y il& e IpReratabioamudiad (1one irttepsepentfedabi o hdagereral offor nul a

(6) or (7)thies gyg&{@ﬁgntgr%ﬁ?r%@ eéndR7R§4%.s %{pﬁggﬁ group and the
substituent Ar is a phenylene group. That is, trisubstituted
phosphoniophenolate represented by the general formula (3) in
which each of the substituents R!, R® and R® is a hydrogen atom
is preferable. Such trisubstituted phosphoniophenolate has
especially excellent heat stability and effect of promoting

curing reaction, and can be produced at low cost.

Further, trisubstituted phosphoniophenclate
represented by the general formula (3) in which the oxyanion
(dissociated from a phenolic hydroxyl group) is located in ortho
position or meta position to the phosphorus atom is preferable.
When the epoxy resin composition contains as a curing
accelerator such trisubstituted phosphoniophenolate in which
the oxyanion is located in ortho or meta position to the
phosphorus atom, modulus of elasticity of the epoxy resin
composition during heating is further reduced, as compared with
the case where trisubstituted phosphoniophenolate in which the
oxyanion is located in para position to the phosphorus atom is
used as a curing accelerator. Further, by encapsulating
semiconductor elements with such an epoxy resin composition

having reduced modulus of elasticity, an obtained semiconductor
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Pq RoPHI[{oAtoH1 { AtOH} (5 ) P g R12 R13 R16 R18 R18$351§%8
R18R16 - P/OHO 14 (I) RRRRRRRL7 R15 (6) 23 0.5 SeP 8508

P/ (OOH) (HOOH) R14/- / / L j | R15 (7) The substituents R7, R8 and R9
whi ch are bonded to the phosphorus atomin the general fornmula (4) nay be
the same asviee gihfaeeBl ifomvale AN AN 3 ﬁefééi& ples of these
substituents include a benzyl group, a nethyl group, an et group, an

n- butyl group, an n- octyl group, and a cycl ohexyl group. Preferably, each
of the substituents R7, R8 and is a substituted or unsubstituted
nonoval ent ar on8®i EN§r SGG%UC,*}?H% s nﬁ@ﬁt ffyle gradup,ofa trisubstituted

p-terti ar%hBEbMEHESBX ngrl%'ﬂ% Orphosphonlum molecular compound), one

represented by the general formula (4) is preferable, one
represented by the general formula (5) is more preferable, and

one represented by the general formula (6) or (7) is even more

preferable.
R7 + _
|
R®*——P-—Ar—OH {O—A+OH) }[A+OH) } e
+
B R10 ]
LT | forbom, Jlaton | |
R11/ \__/ p-1 p 'q
L R12 _
B R13 ~"

© R16 R18 R18 R16 R1e 18 R18R16
O [ -

[:f;g RY R1® 17R19 19R17
q

L RS - . (6)
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2,6-diﬁethoxypheny| group, and is nore preferably a phenyl group, one of

the isonmers of a nethyl phenyl group, one of the isoners of aogeégp?%é)henyl
n e

group or

general formulas (5) to (7). Further, in the general fornmula (4), the
substituent Ar represents an unsubstituted divalent aromatic group or a
aromatic g&pup in whigh at | east one hydrogen atomis substituted

ot her than al hydroxyl group. Specific exanples of the

di val ent

with a substituent
substituent Ar inc
bi phenyl ene group,

one 24 p.~ SER_2008
than a hyldro QI O
group, or jan n 0

speci fi cal Ry* @S fq
formula (4), it is

one of the isoners of a hydroxyphenyl group, as shown 1

+

aromatic| groups such as a phenyl ene group, a
apht hyl e

itlueNts R7, R8 and and
lerabl e t

is a phenyl group, d’the substituent Ar is a phenyl ene group. That

salt of

formula (5) in which each of the R1IO to R12 is a hydrogen atom or a salt
of trisubstituted phosphoni ophenol ate represented by the general formula

tici substi t ut egd1phosphani ophenol ate represented by the genéﬂél

(6) or (7) in wahghsg

pr ef er abl
especi al |
reaction,

ch,of the Ri3 te bs .a. hydrogen qéo is
e. Such a sa?t o? trI$Ungl utgag Bho¥ph |%H%§ﬁ%? ?Q]F%sthe
phexpablrest abheat i At ebe | ddverande &€ 0f) IR RYCULHAY, 5
and can be produced
or different from one another, and specific examples of these
substituents include a benzyl group, a methyl group, an ethyl
group, an n-butyl group, an n-octyl group, and a cyclohexyl
group. Preferably, each of the substituents R’, R® and R® is
a substituted or unsubstituted monovalent aromatic group such
as a naphthyl group, a p-tertiary-butylphenyl group or a
2,6-dimethoxyphenyl group, and is more preferably a phenyl
group, one of the isomers of a methylphenyl group, one of the

isomers of a methoxyphenyl group or one of the isomers of a

hydroxyphenyl group, as shown in the general formulas (5) to

(7).

Further, in the general formula (4), the substituent Ar
represents an unsubstituted divalent aromatic group or a
divalent aromatic group in which at least one hydrogen atom is

substituted with a substituent other than a hydroxyl group.
Specific examples of the substituent Ar include aromatic

groups such as a phenylene group, a biphenylene group, a

naphthylene group, and each of them in which at least one
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at low cost. Further, a salt of trisubstituted phosphoniophenolate in

whi ch the hydroxyl group (phenolic hydroxyl group) in the calwgﬂg oxgnent
thereof is located in ortho pasition or nmeta position to the Sphor us
atomis preferable. Wien the epoxy resin conposition contains as a curing
acceleratammmw@bﬁiéﬁﬁm iof sdﬂéﬁﬂﬂﬁﬂééLWfEhQﬁQﬁﬂﬂ&ﬂ.Q&Qﬁp%ﬂﬁé%'n ghich the
hydr oxyl grou is located in ortho or meta position to the phosp Jor Gs
atom no Cil-’@wl @lrasid,c sighok st henhapoxen rasint) @omggbtgp@ugurd Rgankeating
is further reduced, as ared wth the case where a salt of

trisubsti t%oéﬁ"pFPSs%ﬂcﬁﬁlﬁgﬁ%Pé@&Yngﬁﬁpﬁma\h@lg Hydpok§ lcagrmup aicsmisocat ed
in para position to the phosphorus atomis used as a curing accelerator.
Further, by encapsul ating sem conductor elenents with such an epoxy resin
conposition 25Mdre SERc2@QGa1hay %Q Feduced Q@Qyiyf O §l @st el Ly, An
obt ai ned sem conductor device can have inproved so %er cracking
resi st anc@&nd At ha géﬁegamef@inﬁ®amulé) 4D,(ﬂb:uy@ﬂmﬁuﬁxﬂhQﬂQhatcggggunds

henol u can be, suiqt abl sed as the anion conponent
§grn1ng thgsqg1 dﬁg %Hﬁ%ﬁ?t%Ve&{ ﬁ%%g léoh$o§)h@1ﬁa©mhlegr|§xanplaes bhesuch a

I R + h h as bisp
Fgegoblg?4 hydrox;gﬁ%gg?)5E53£n§§8h%lgg erfol° - (ZFQQEE%HY|éhe%?%Bh@ﬁO|

2, 4- net hy lteriehibephenaled pRoe2phihiy '&HHﬁﬁﬁﬁng}eth%Qqu ner
(2 2- bi s(4- hydroxyphenyl)sulfone) blspheno -ethyfl ng |spﬁenol)
blspheno|¢pggwgﬁg( ) in which each of the R to R12 is a hydrogen atom,

or(asalt<3ftrlsubstltut@dphosphonlophenolaterepresentedby
the general formula (6) or (7) in which each of the R} to RIS
is a hydrogen atom is preferable. Sucha salt of trisubstituted
phosphoniophenolate has especially excellent heat stability

and effect of promoting curing reaction, and can be produced

at low cost.

Further,zasalt<mftrisubstitutedphosphoniophenolatein
whidnthehydroxylgroup(phenolichydroxylgroup)inthecmtion
component thereof is located in ortho position or meta position
to the phosphorus atom is preferable. When the epoxXy resin
composition contains as a curing accelerator such a salt of
trisubstitutedphosphoniophenolatejjlwhrﬂ1thehydroxylgroup
is located in ortho or meta pesition to the phosphorus atom,
modulus of elasticity of the €poxy resin composition during
heating is further reduced, as compared with the case where 3
salt of trisubstituted phosphoniophenolate in which the
hydroxyl group is located in para position to the phosphorus
atomis usedas acuringaccelerator. Further, by encapsulating

semiconductor elements with such an €poxXy resin composition
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4- (9H- f 1 uor ene- 9-yl i dene) bi sphenol ), _ |
g4h-néthylidenebis(2,6-dinethylphenol) or b|s(4-hydroxypheny|hgﬁggpagm@e,
biphenols such as 4, 4-biphenol, 2,2-biphenol or 3, 3, 5i'

5-t et ramet hyl bi phenol ; hydr oqui none; resorﬁlﬂo:,ngatecho ;

-di : | 1, 4-di roxyna al ene; . _
> o d Eﬁi@%%ﬁ g c%%;“"d‘i?%?d%%gﬁﬁﬁﬁﬁé b e} @héﬁ;n$¢17mi®%ﬁ :

1, 4- di hydr auyasé heaguhaoaei npy69gal 's%gaear“%r%@{]kg\h%g!%c%ip&?t%%fa? formul as

di val ent phenol conpounds are preferable as s i form

(4) and (5) in which pis 2, and divalent phenol conpounds shown in he I
general fornul as (6% and (7) are also preferable. Fuythera di val ent p gno

conpounds showr % ntfRe 4EGal formulas (4) and (5)) j nvakielsp prero@nd g

i | as
[ i valent, phenol compounds shown in the general form
I(fSS) Oéng E?‘igﬁ‘%@‘m“ﬁ?gh‘vpﬁleﬁis“o'.%é‘ste&} §Ogg§uﬁlﬁl.sé prifls §b11é1.ab13’_péﬁﬁﬁl ﬁ?lﬂfya
2. 4ot byl encbi sphenal 3. 2- oot hyFendbi SphERaT or°bi SpTOTUP S5 Aete by
- met hyl enebi sphenol , 2-1me | _ ( _

2,4 gﬁ Cﬁm%@théh$@lﬁﬁﬁh¢£fb, tm&ampwéghgﬁs§%¥%f§pr§hﬁé%%Pﬁzﬁlﬁgggﬁaslof

i | F bi sphenol S, 4, 4-bi phenol , , 3-di hydr oxy ,
2[3P25330kvﬁagﬁfﬁglene Bt SPheRe &S pr ef epubhe. By aesi ng & isalhenefl A |
trisubstityutedypho i q8ﬁ8$a£ whi ch contains such a'phenol_cogpoun
as the anion conponegg, §%¥ a ¢ rggfgpfﬁg?n conposi ki wpherch Cu[ngit

accel er at of4, 4-+meetquy adn &b 1 £5hdn §PNMPOSi ti on canzhgyﬁﬁ%ﬁgﬁgkggﬁsp e%ol, Y,
and as a result a cured product t her eof has espéci al'ly

2, 2-methylenebisphenol) , bisphenol S
(2,2-bis (4-hydroxyphenyl) sulfone), bisphenol E
(4, 4-ethylidenebisphenol) ’ bisphenolfluorene

(4,4-( 9H—fluorene—9—ylidene) bisphenol),

4,4-methylidenebis (2, 6-dimethylphenol) or
bis(4~-hydroxyphenyl)methanone; biphenols such as 4, 4-biphenol,
2,2~-biphenol or 3,3,5, S-tetramethylbiphenol; hydroquinone;

resorcinol; catechol; 2, 6-dihydroxynaphthalene;
1,4~-dihydroxynaphthalene; 2,3~-dihydroxynaphthalene;
1,6-dihydroxynaphthalene; 1,1-bi~-2-naphthol;

l,4—dihydroxyanthraquinone; pyrogallol; and phloroglucinol.

Among them, divalent phenol compounds are preferable as
shown in the general formulas (4) and (5) in which p is 2, and
divalent phenol compounds shown in the general formulas (6) and
(7) are also preferable. Further, divalent phenol compounds
shown in the general formulas (4) and (5) in which p is 2 and
qis 0.5to0 2, anddivalent bhenol compounds shown in the general
formulas (6) and (7) in which gis 0.5 to 2 are more preferable.

Specifically, bisphenol A, bisphenol F
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s . ) . . . . he
excel l ent physical properties. In this regard, it is to be noteg t hat t
salt of trisubstituted phosphoni ophenolate to be used in the % SEBNT

invention may be forned as a nol ecul ar conmpound, a clathrate conpound, a
conpl ex conpound or the like, instead of an ionic conpound conposed of a

cation par n nigp.part as usual. In the epoxy resin conposition of

t he pregeﬁ%’?ﬁ@%ﬁﬁygﬁ?gg%%gkggﬁ éBt (b#igging %m%?EJ§h¥ij@?fifpg;§%§égzr;?2
hosphoni pphenet Bl ecaept Bensalti P8k edhd@1 FSp HIHRE O y@Y o

5alug, butpis pre?e?ably ?n tﬁé ranéegbf about 3&6& ?L %% Wt~ 0, nore

pr ef er abl yYNPHSTRE FAnge 1D .gbottiich idsta hiwtuee aNtHES Heierabby in

the range of about 0.1 to 1 w% By setting the content of the _
trisubs?i?b?@geﬁﬂ6sphoni%bhenolat%lSBheﬂﬁé salt £hereof 404 thiplabove, range,

it is possiblg. ' Xy _resi 0 si.tion having an excellent
balancg o?’9c§%§gFP??§?g§FS§§é§%%ta%P itgfgfHEBHFFQXXHapBFHg}eBFop%F?|es.
The bIendhagerapkef@&abm@_conpgyndugghdx)gfuggfmpqypd-tgﬁ%9§§F§?99§d (B)
is not limted to any specific value, but they are preferably ended such
t hat abouPh9$pBOEéOQhﬂﬁDlaﬁﬁneWbiehemahtgiabOchmfﬂphbﬂoli5o?pbuﬁa #benolic
hydr oxyl group .in the conpoun B) is available per 1 mol of epoxy group
i% theycoﬁg%tﬂgﬁo(nAfopfﬁngBﬁakg Pt CWH3IBLBIEE 0! FompPREL tiaprave arious

pLover L oreok L becospous s comesl] L oR WIS deeling.on excellont, |

bal ance of the propertie rei nbelow, esc _ i
regard toflandexaprel ob areeuheds o gdualRg dierddé auRstd gt edh 1y,

excellent physical properties.

In this regard, it is to be noted that the salt of
trisubstituted phosphoniophenolate to be used in the present
invehtion may be formed as a molecular compound, a clathrate
compound, a complex compound or the like, instead of an ionic

compound composed of a cation part and an anion part as usual.

In the epoxy resin composition of the present invention,
the content (blending amount) of the trisubstituted
phosphoniophenolate or the salt thereof (C) is not limited to
any specific value, but is preferably in the range of about 0.01
to 10 wt%, more preferably in the range of about 0.1 to 5 wt%,
and most preferably in the range of about 0.1 to 1 wt%. By
setting the content of the trisubstituted phosphoniophenolate
or the salt thereof to the above range, it is possible to provide
an epoxy resin composition having an excellent balance of

curability, storage stability, fluidity and other properties.

The blending ratio of the compound (A) to the compound
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[ [ [ [ tor of
hosphoni ophenol ate or the salt thereof which is a curing accelera _
ltohe Bresenlto I nvention, with reference to the follow ng equatlor\']KISE?.zm'6
Tertiary Diazotization phosphine reagent e e [1] e RO-Ar - NH2 ROAr- N
= NX R3 zZ P-Ar - ORX + Nzt Deprotection [2] e (r) e R3P-Ar - OR X -~

P
) -Ar - OH X - R3P-Ar - O (r) e
R3H>P( '[ArR?,P g@g#ébt[%ﬁl%cﬁ%ré%%?[@k R35P[lg @mheympge%:rgbfﬁs:nt s
a hydr ogenpatagear sack esiAUaRRRI 0Pk @t el %ol,%ﬁ?ﬁ%j%es%%%taga&u}r QrTZt i c

hal ogen atom (Process 1) First, for exanple, _ da
am ng is F@aégédmwﬂthfapUEathbzaydmnx@eage@hpsmﬁhtaé seflbyOhAl tBht &g
under acid_conditions to forma diazoniumsalt. Exanples of the
al koxy- sub@f’?f‘gf"g CaPBiat i BOAR heeR P D ierl fithdhedeompomeichd®yani Thie,

m met hoxyagtLLoe; + ps ! I lj.0 28 0.5 SEP 2006 ,
2- et hoxy-lg%lr(rétghﬁ %n%%l@%%g) %Hg%flle,ge_lmprove various properties of the

epoxy resin composition while keeping an excellent balance of

the properties.

Hereinbelow, a description will be made with regard to
an example of a method for producing the trisubstituted
phosphoniophenolate or the salt thereof which is a curing

accelerator of the present invention, with reference to the

following equation (12):

Tertiary
Diazotization phosphine
reagent oY) ® e
[1] RO —Ar—NH, ——> RO—Ar—N=NX — R;P—Ar—ORX + N,t

Deprotection

O © ® e

[2] RP—Ar—OR X ™ R pP—Ar—OHX

‘ (12)
@ © .HX ) e

Bal] RP—Ar—OHX —— R,P—Ar—0

® e HX °
Bb] RP—Ar—OHX * HO—A—OH — [RsP—Ar—OH [o —A-—-OHJ

wherein R represents a hydrogen atom or a residue appropriately

selected, and X represents a halogen atom.

(Process 1)

First, for example, alkoxy-substituted aromatic amine is
reacted with a diazotization reagent such as sodium nitrite
under acid conditions to form a diazonium salt. Examples of
the alkoxy-substituted aromatic amine to be used include

o-methoxyaniline, m-methoxyaniline, p-methoxyaniline,
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Next, the obtained diazoniumsalt is brought into contact wth tertiary
phosphines. By doing so, N2 is elimnated and the al koxy-substituted
aromatic group i s bonded to the phosphorus atomin the tertiar§5Btfspib ne
to generate a quaternary phosphoniumsalt. Nanely, in the process (1),

substi t uti enp@f HRE -di i roup.in the diazoniumsalt for the tertiary
c &E{x% %@lyg?rgrghlel%?%r?ril%r@‘e pﬂjo

phosphi ne occurs. anpl es %%hines to be used include
tri phenyl phosphine, tri-p-tolylphosphine, tri(4-methoxyphenyl)phosphi ne
and the |I|ike. Such substitution reaction is preferably perforned in the
presence of al kaNPxtBychprhgadmed Heagubstintsdion srieastiypn iwfd behentty
pr oceeds. %Q%hakk%%ﬁ which is ysed in the reaction is not limted to a
speci fic one, ‘and examyl BECSPIRE S kBYI doilngl se: NendFgahivibasedsant as

sodi um hydegxi dg1 xRy asshy OXi al.ci um hydroxi de, sodi um
carbonate, potassi un%] car bg}lgpé,gasoéggnrﬁaﬁflﬁr ogen arlb%nioél,deéjoditﬁm Rhari de,
l'ithium hpdprsgboroal ctom hydr i €eeoredidhim ?hg%pﬂ:ﬁlehyggi Qfe;ne o oarlgani c

base such as triethylamne, tripropyl an ne, ri butyl am ne, “pyridine,

pi peri di nedUBF&RTABEL RARSPhATliam neplbpaneélandilayi nobutare, ph &E Hopent ane,
di am nohexgggs' giu%ménoogtﬂlgoéxr tri ethanol am ne. These alkalis can be used
i f

al one or iR CobIRALBN° T2 e I dhet diperatiuresihtt er

substituti gRer 6RGIHQT SpnBQbLL LA t any _speci.fic value, but is
preferably in the r angye P of Efflbout -&gm{‘%s IOC,Eigﬁlé)lr%sr eogr &?‘@r abf 1Y he
range of abbosph28ed 5 BEP 26@5 used  include triphenylphosphine,

tri-p-tolylphosphine, tri(4-methoxyphenyl)phosphine and the
like.

Suchsubstitutionreactimnispreferablyperformedinthe
presence of alkali. By doing so, the substitution reaction
efficiently proceeds. The alkali which is used in the reaction
is not limited to a specific one, and examples of the alkali
include: inorganic base such as sodium hydroxide, potassium
hydroxide, calcium hydroxide, sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, sodium hydride, lithium
hydride, calcium hydride or lithium aluminum hydride; and
organic base such as triethylamine, tripropylamine,
tributylamine, pyridine, piperidine, diaminoethane,
diaminopropane, diaminobutane, diaminopentane, diaminohexane,
diaminooctane or triethanolamine. These alkalis can be used

alone or in combination of two or more.
A reaction temperature in the substitution reaction is

notlimitedix>anyspecificvalue,knﬂ:ispreferablyjjltherange

of about -10 to 10°C, and more preferably in the range of about
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0 to 5C If the reaction tenperature is too low, there is a case that the
substitution reaction does not sufficiently proceed. On the obgegy?@g if
the reaction tenperature is too high, there is a case that the tert y
phosphi ne and the diazoniumsalt are deconposed dependi ng on the kinds
thereof. Areaction_tine in the substitution reaction is appropriately set
dependi ng® ohP thé ki hdsthf FERELAPY SRBBEHREErcans GpazbawWunibare,iand is

not limt o] ifi ; j eferably in.the nge of . about
0 o 120 a oraetPattd | Skl il Jeadt fOf AORY i EeERTSE R 8o

m nutes. protbed.reactirenothee hend 9a SRAEt red PEL 6 IS LS8 Ak Lhe
substitution reaction does not sufficiently proceed. t he ot her hand,

even if Bhehreidersn i9 me Fsskengitiendte soeasispyepteaphihe atmayethaipper
limt val ye increase ind%/i el d can not be expected. (Process 2) Next,

an, ,
the al koxy 3fSUp s> epl Hee 95PN GRS oD orbihg konsen R of ect i on
net hod to obtain a hydrogen halide salt of trisubstituted
phosphoni ophenol ate. In this way, a salt of trisubstituted

phophoni ophenol &t ereant ben easihy obhaities $lvoughut hese PLOACESSES. 15
However, in a case where trisubstituted phosphoni ophenolate itself is to
be prepar@aPEPPTra28aly 3t tdaraiting enethphvsphomifophehdbay eolospthneasi | y
obt ai ned Qi Ocnoint acsta W th gfi d, it_is possible to utilize. a reaction
in which IS i Tectly é‘!ti’n'iaﬁ Je?i,nqtnétl@é_ e&ft?k?eSpﬁFécf_éé:sV?.l%Pr%"esses
3a and 3bjsNexdfetdwr phtpined-Aydrogendald 98 sglit Phihiiaubsiifyisd, 30
preferably in the range of about 40 to 80 minutes. If the
reaction time is too short, there is a case that the substitution
reaction does not sufficiently proceed. Onthe other hand, even
if the reaction time is lengthened so as to exceed the above

upper limit value, an increase in yield can not be expected.

(Process 2)

Next, the alkoxy group is replaced by a hydroxyl group
by a common deprotection method to obtain a hydrogen halide salt
of trisubstituted phosphoniophenolate. 1In this way, a salt of
trisubstituted phophoniophenolate can be easily obtained
through these processes. However, in a «case where
trisubstituted phosphoniophenolate itself is to be prepared or
a salt of trisubstituted phosphoniophenolate can be easily
obtained through contact with acid, it is possible to utilize

a reaction in which RX is directly eliminated, instead of the

process 2.

(Processes 3a and 3b)

Next, the obtained hydrogen halide salt of trisubstituted
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0.5 SEP 2006 phosphoni ophenol ate is neutralized in the absence of a
phenolic conponent (process 3a) or in the presence of a phenol iG55 SEP 2006
conponent (process 3b) to synthesize trisubstituted phosphoniophenol ate or
a salt of trisubstituted phosphoni ophenol ate, respectively. It is to be
under st 00dohd Histh ok NEpHBL OO £Qrs RLQAUGH he_curi accel eratqr of the

pr esent inveH??gn ?gpnot limted to tﬁéggegkﬁégséké.sﬁgcﬁcﬁé ebfpl e of

trisubstiteereonghosdipowiceszend pt @r aisorprUNgruBbaheCY bg Al Nned. by
addition reaction of tertiary phosphine with quinones is known. As for the
nost repr e€SEMATRe t riRARTT ut 88) phbsphorimiphendtat e t ramwaddiciuid

tertiary SHH ne. wi - penzoqui none, which is represented by the
fornul a (%%?:%2% %%ﬁﬁg%??%ﬁgd. %f3) BH SFé & ri s@bst i ttdtiegbstituted

phosphoni ofthesish &t Eoiasnal 4 €af ure t . hydroxyl. group.is located in para
position to the oxyéﬂ?ﬁn, and thgpég?&g%&gé tﬁé%e% ?§ ggnﬁp = ood

di f ferent #haim thmtmethod heot rpsatistinyt edephopheni aphenalate Used i the
present invention (the curing accelerator of the present invention) Such a
st ruct ur alPFeRttr e TRkt § 0NeF | simstpdutedthphesphoriespkenol at e whi ch
is obtained as an adduct of tertiary 31 1 5 SEP 2006 phosphine with

qui nones ("quinone is a conpound having a structure in which two hydrogen

atons bonded tongs benzgne rikBfmon example of trisubstituted
phosphoniophenolate, a compound which can be obtained by
addition reaction of tertiary phosphine with quinones is known.
As for the most representative trisubstituted
phosphoniophenolate, an adduct of tertiary phosphine with

p-benzoquinone, which is represented by the formula (13) can

be mentioned.

OE

OH

(13)

Such trisubstituted phosphoniophenolate has a feature
that a hydroxyl group is located in para position to the oxyanion,
and the structure thereof is completely different from that of
the trisubstituted phophoniophenolate used in the present

invention (the curing accelerator of the present invention).

Such a structural feature is common to trisubstituted

phosphoniophenolate which is obtained as an adduct of tertiary
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of an aromatic hydrocarbon are repl aced by two oxygen atons", ich is
cited from" Kagaiu Daijiten” published by KYORITU SHUPPAN CO 'Y?ﬁ&b_?pﬂb‘_
That is, two carbonyl groups in the quinone are respectively converted
into an oxyanion and a hydroxyl group in a resultant phosphoni ophenol ate.
Therefore, the trisubstituted ghosphoni ophenol ate used in the present

i nvent i onPPRAPRANGodE bt THADBNEShydrdddAORR otk 3 oEaFBAUNA Fereingbséti on

' - t ai i.tion . reaction of tertiary
Lﬁoggﬁiﬁégaf?ﬁeHﬁgﬁgﬁ3@?“%55?@%3?@?%§e?¥F§§g€t? %?%% ‘%5%§ﬁ85985h5h%9ate or

the saltofhef enforfdd) i s yedrdsa tihien Ciird N AR LIAL @ 0h sl henPLESREY

invention has extrenely excell ent properties as a curing accel erator,

especi al | yhi€br d§e cSittatsl | fxgm %Ea@@hpaﬁedjmﬂﬁm”am%?ﬂﬂhhﬁdcﬁ¥t§Y%Raf%
hosphi ne,wi - benz inone_(which is a conpound represented by e

Por mrjl a (i@ﬁgég Citkg ’agggn\)/ent?éﬁﬁlls'cﬁwpr@a%&%f%@%@? llTﬁéler@ﬁS@ﬁT or

this is cgpsi tihat,, thayRerdign an, L 90, paL T, &M & Ah9sphoni um

cation angﬁiﬁggggﬁaﬁionﬁfn avnDIecu?%@§§'é%tf%%é%@agtd%ﬁ%ﬁﬁ?%%;ﬁﬁ_up

tenperatuie.a OastiheaothphobghdniiophereAseavhere a hydroxyl group is

| ocated in para position to an oxyanion as is the case with the adduct of

tertiary phosphine with p-benzoquinone (that is a conpound represented by

Pt [ h f th
oxyani on 1 o Lt BT B85S hoks s Sk SBPE LFBhogaPRoT e HBPBEDFGAFS BEF {0 be
formed. <|porganedddd ehvk3 32 Wn2 cFER02008,+ Tgd nongankg,fillen, (D is
bl ended (m xed) "into the epoxy

located in para position to the oxyanion, can not be obtained

by addition reaction of tertiary phosphine with guinones.

Further, the trisubstituted phosphoniophenolate or the
salt thereof (C) which is the curing accelerator of the present
invention has extremely excellent properties as a curing
accelerator, especially storage stability, as compared with an
adduct of tertiary phosphine with p-benzoquinone (which is a
compound represented by the formula (13) and is a conventional
curing accelerator). The reason for this is considered that
the bonding of an ion pair between a phosphonium cation and an
oxyanion in a molecule is extremely stable in room temperature.
On the other hand, in a case where a hydroxyl group 1s located
in para position to an oxyanion as is the case with the adduct
of tertiary phosphine with p-benzoquinone (that is a compound
represented by thé formula (13)), it is considered that the
state of charge of the oxyanion is unstable so that a stable

ion pair in a molecule is hard to be formed.

<Inorganic filler (D)>
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resin conposition for the purpose of reinforcing an obtained sem conductor
device. Such an inorganic filler is not particularly linited, ¥ant¥Po

which is comonly used for an encapsulating material can be used. Exanpl es
of the inorganic filler (D) include crushed fused silica, fused silica,

crystal line silTea,irsecendas ¥ilaggl m&%@%@&éaq&u@d&n}ﬂé@ il &Pb 4
white, alum num hydroxide, talc, clay, glass fiber and the like, and these

fillers chfsShe 9@@60alLBh@nofol‘fntbénbunapsenom rw\nforrcrmgean Anoagnédem
fused siljca. | @ %l cul referable as the inorganic filler (D)

Since fused P PP 85 p %VYFgactl SHRCY At HRMEIRMEE ndf i@l ekt oroBf t he
present i pyeptkONar@yen ikl e, Case VR 6, 8uGh { féjscecgmrrslérlljrf?@é%%b eﬂjgrge

(m xed) into the epoXy resin conposition’in largé quan

descri bedehaspsulathagcmeicrg ibeacddrombofuddie. epoxy resin conposition is not
interfered. Further, by using such fused silica as the inorganic filler
(D), the effect of rei nforci ng an obtained sem conductor device is

i nproved. Furt esh of the inor iller (D) is not

particularly | hfx?%%fe% aoe“b‘?%%ﬁ%gagbbil@ﬁer e, 1Hqlde @Fushrd| | ke.

Among t hepysal %ﬂgﬁgﬁﬁ'cfﬁéé&e%fﬂlé EEéP %}lgéa%|f§%(ﬂ'§ggéﬁglgs
(especially, spherical particles) 1Is pre era use Fhe™§ nor ga A ¢

filler (DhggWmarahetnosganica,fildlemins t hezlfmarrmtﬁiﬁ ghantd es HTumPAkhi cl es
is used, the average particle size of the i norganic fill er (D is
pr ef er abl JYFRO¥R@er afigéCof disolt ala®s 100ber and t3@ (liXkeSElarRD0Othese

fillers can be used alone or in combination of two or more.
Among them, fused silica is particularly preferable as the
inorganic filler (D). Since fused silica has poor reactivity
with the curing accelerator of the present invention, even in
a case where such fused silica is blended (mixed) into the epoxy
resin composition in large quantity as will be described later,
the curing reaction of the epoxy resin composition is not
interfered. Further, by using such fused silica as the
inorganic filler (D), the effect of reinforcing an obtained

semiconductor device is improved.

Further, the shape of the inorganic filler (D) is not
particularly limited, and may be granule, agglomerate, flake
or the like. Among them, an inorganic filler in the form of
granules or particles (especially, spherical particles) is

preferably used as the inorganic filler (D).
When an inorganic filler in the form of granules or

particles is used, the average particle size of the inorganic

filler (D) is preferably in the range of about 1 to 100 pum, and
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nore preferably in the range of about 5 to 35 m In addition, the

inorganic filler preferably has a wide size distribution. By usi ng’fss%ﬁﬁ]w
inorganic filler as the inorganic filler (D) , it is possible to fi

(use) the inorganic filler in large quantity and as a result, the effect
of reinforaidw: argRLaIHId; SePL conduct g gevi ce is inmproved. The content
(bl endi ng %”rfé,‘;”?) of the%?ﬁgrglg%irgarf‘ﬁ |°efFa BRIt Pt Hinpi tled adalianyon,
specific v inergaing prréflérabbycira rbhe v 1389 out 200 .tq.2,400 parts
by weight per 100 parts by = weight of the tot a% ﬁe?%%&oef HRELEERTIER (A)

and the conpotfid™9( By} ¥hdnfsieapreffarallry aisnt hbei KaRgen 0F @bouL, 409 to 1,
400 parts iby iV@i;Q%s-MetPg %oiaerzt of the inorganic filler (%} is I'éss
than the above |ower T1mt valtél tHEFd ihen amegamae thelereinf 0beiyag

effect by tmenaddiyt ana of at hesiner gani iller_is  not sufficiently
devel oped in an obtai ned sem conduct or% éfl\ﬁcé_‘e.c’f @l?g%rﬁ%%‘érafhﬁhﬁﬁlhfedt he

cont ent of SEAé PRGNt daviler {D)immxseeds the above upper linit value, a
resul tant epoxy resin conposition has |owered fluidity, thus resulting in
the case that short shot or the |like occurs during nolding of the epoxy

resin conpositiofhfe ri nuf acture of sem conductor devices).
When the content (bl end%enrgyé%%ﬁltﬁn@falflﬂ%ni:hd?fgéﬁﬁcln¢r%reic(fE))lees: Wbt hin

the range of #QO Itionil D@ Panksshy kgh r 100 parts by weight of the
total weight of the compound A)E g%ﬁ tgh\réa%]gfgrpo%%ﬁ BPredeggrdy pnodet of

the epoxy te8¢f OEowpostt?on has2y edocpdr api §§/U{7§igf;}§°%8£i Pl Sﬁ?t{;@g}g}%pl der
Firher ST e LR RS e ) e che cammonns
, and the compound
(B), and more preferably in the range of about 400 to 1, 400 parts
by weight. If the content of the inorganic filler (D) is less
than the above lower limit value, there is a case that the
reinforcing effect by the addition of the inorganic filler is
notsufficientlydevelopedjj1anobtainedsemiconductordevice.
On the other hand, if the content of the inorganic filler (D)
exceeds the above upper limit value, a resultant epoxy resin
composition has lowered fluidity, thus resulting in the case

that short shot or the like occurs during molding of the epoxy

resin Lt ] '
composition (e.gq., during manufacture of semiconductor

devices).

When the content (blending amount) of the inorganic
filler (D) is within the range of 400 to 1,400 parts by weight
per 100 parts by weight of the total weight of the compound (A)
and the compound (B), a cured product of the €poOXy resin
composition has reduged moisture absorption so that solder
cracking 1is prevented from occurring in an obtained

Semi '
miconductor device. Further, since such an €poXy resin
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34 05SEP20N conposition exhibits excellent fluidity during nolding by
heating, it is possible to effectively prevent gold wires from 8deSe® 2086
deformed in a sem conductor device. It is to be noted that the content

(bl endi ng anount) of the inorganic filler (D) may be determ ned by using a

value re e in

consi dera??tgggg%ggﬁgyse@cﬁ%csog%%\?lgﬁlen eac‘hl%lf éuﬁb oﬂlr? dl(nﬁ) ¥ he
conpound {&tand, the isnpbganbtefl tblefrédl) i vy NOCBRSA! Yo1Vayi pUs Additives
such as a coupling agent e.g.,y- egC|doxypropyItr|nethoxy5|lane a

col oring fa@éﬁg @egormedaﬂ-boa bIGa\@Icona:lddtama destiaredant e.g., brom nated
epoxy resin, antinony oxide or phosphorus conpound, a |ow stress conponent
e.g., silicone oil or silicone rubber, a releasing agent e.g., natural

vax, synthetic e ahe pLALLy Ackd pe HELOL salto.oher eol, or, papaffin.

an antioxi dant an he I'i'ke may be bl en m xe sin

conposi tioine oindbhgapiesenl lernVent el ive aRHdrindmhddP BN COHPoUndS) e
(conponents) (A) to (D) . There is no problemin blending (mX|n ot her

known caf@Py3esnEaEN Hs VPR I pRe BRI Cpnds dhisteadl & dizazabiy otel gH(i5,ir, 0)

- undeceneg hyl | mdazole into the epoxy. resin _conposition within
the range no?fﬁq?r%aaﬁ%}ny szcﬁflt?/ Bravihe ok leé‘GBs?iftUﬂ%dmmpound

hosphoni enghat gof hh@ gl thereof accel erator of
Fhe Br esegz'?hl nventlgnf)oT he zpoxﬂ—;1 res;ﬁ% cl((?(r(;:)ﬁf q}l on o létllh resent i nvention

can be obtained through the processes of m xing of the conpounds

(conponent s) (A% to (D) and other optional additives using a
f necessary, various additives such as a coupling agent

€.9., y-glycidoxypropyltrimethoxysilane, a coloring agent e.qg.,
carbon black, a flame retardant e.g., brominated epoxy resin,
antimony oxide or phosphorus compound, a low-stress component
€.g., silicone oil or silicone rubber, a releasing agent e.qg.,
natural wax, synthetic wagx, higher fatty acid or metal salts
thereof, or paraffin, an antioxidant and the like may be blended
(mixed) into the epoxy resin composition of the present

invention in addition to the compounds (components) (A) to (D).

There is no problem in blending (mixing) other known
catalysts such as triphenyl phosphine, 1,8-diazabicyclo
(5,4,0) -undecene-7 and 2-methylimidazole into the epoxy resin
composition within the range not impairing the capability of
the trisubstituted phosphoniophenolate or the salt thereof (C)

as the curing accelerator of the present invention.

The epoxy resin composition of the present invention can
be obtained through the processes of mixing of the compounds

(components) (A) to (D) and other optional additives using a
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35 0 5 SEP 2006 m xer at roomtenperature, kneading of the m xture using a
hot roll or a heated kneader, and cooling and then grindi ng of Hﬁﬁ EP

m xture. The thus obtained epoxy resin conposition for use as a no é rezgqsn
is nolded and cured by a nol ding nmethod such as transfer nol ding,

conpr essi ormivot diatg roonj eekpena tRk-di NG, 9 ike to encapsul ate an
el ectronic ar t such as a sem conduct or ggl&ggre# t S Kt ERaySiag a hot

sem conduct'dtl & éehontedekpradent aridiventiion aam be abg A The type of
the sem congugt or device of the present invg{r%i on iseno%ﬂlﬁlﬁg?%aofgﬂq&ny
specific one, and exanples of the semi conductor device include SIP (Single

Inline Package), HSIP (SIP with Heatsink), ZIP (Zi g-zag Inline. Package),
DIP (Dual Inline Package), SDI P (Shrink Dual Inline Package), SOP (Snall

Qut | i ne Package) TheSS6Rs( ShitiankeSmaly isne Package),. TSOP (Thin Small
Qutline Package), SQJ (Small Outli né"’j@f terjaeégg‘ ng‘é’l?%d&)l,oanﬁr( Gs&daFl at
Package) , 6{93%( FS QR Fraedeii t ehdl, cuTERP b Thi Anduach & Al e ) kggﬁé, oFJ
(PLCO) (Quad A %tex‘]zﬁéf i:led Package) and BGA (Ball Gid Arra@?. a
seni conduct or devi ce of 1 fie SHresERS ioneal fong, dltjaiateicbri RosdEAgd MBREET

descri bed abaeetbasnexsell et sokder, cracking resistance and noi sture
resistance reliability. The reaég(r%cltgpntlﬁi gagg THsidferesemhatndhet or

trisubstit Glesenshosphonh bphenp) aj esdf tbgas t eof ) _which is the
curing accgbgggt or of the present i nvent i on@%l:érs%%%f%ei %&Wéesw%l%%ihg

process (e- g’ FefFofi?8oPgerbirgipredcess or the Iike).

The type of the semiconductor device of the present

lnvention is not limited to any specific one, and examples of

the semiconductor device include SIP (Single Inline Package)
14

HSIP (SIP with Heatsink), zIp (Zig-zag Inline Package), DIP

(Dual Inline Package), SDIP (Shrink Dual Inline Package), sop
4

(Small Outline Package), ssop (Shrink Small Outline Package)
4

TSOP (Thin Small Outline Package), soJ (Small Outline J~leaded

Package), QFP (Quad Flat Package), QFP (FP) (QFP Fine Pitch)

TQFP (Thin Quad Flat Package), QFJ (PLCC) (Quad Flat J-leaded
Package) and BGA (Ball Grid Array).

The semiconductor device of the present invention

reason for this 1is considered that the trisubstituted

phosphoniophenolate or the salt thereof (C) which is the curing

accelerator of the present invention is stable in the soldering

process (e.g., reflow soldering process or the like)
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36 0.5 SEP 2006 |If an adduct of tertiary phosphine with quinones (e.g., a
conpound represented by the fornula (13) ) is used as a curing 0&c8&f ¢0at or
for an epoxy resin conposition (thernosetting resin conposition), a
reverse reaction of addition reaction occurs at a certain rate when a

cured product offtdre st IESite rtiGARP@Siotsipl ries weXPOgaInbAi gh. 4.,
tenperature in the reflow soldering process, for exanple, and as a result,

deconposi #i RPN FEPFERFEILshPy tletfarmulmosshi )ne sanded i snenesr oegur s.

At this t] rdiar haosphi ne _and t he. gqui ni nes, or canpounds
_(corrponen%%%%%%%?e%%%t_ eoxrigﬁgtsianc%@i’?/\%JeWo%t(ﬁ&er&&?ﬁ&ﬁéﬂ@sr%%% ai ned

| n the epoxipbSstnosomPESELieRse(cuhedBrodiCaaaRdohnEaLEE] LAy, AROSOPhI ne
and quinones may be volatilized, thus resulting in the case where cracking
occurs. Oatt ke cetfterirhamat e svhee bheudrdsupssdtvteds phesppmipphesphate or
the salt thereof iC which is the curing accelerator of the present

i nvent i on®PEPSFHERBR| 260 PYPOSRBStHQ UREBA reame wat wize déscrtilisedrabbve,

hi gher engLgy.l$,4" 'égg t.o i 'tiaée a_reverse rea %ion édeco osi tion of
t he conpoyn%? asgéonpared’ﬁ??%g%ﬁgp a<e0 %%éiaaaﬁi ! FOTORRR S ¥ ¥ason,
the possibilthy thaticthenedr kBetaeeel §iRfhiQfe ey %ﬁ&?@slé%ﬁm on is
deconposed in general soldering conditions 1s extre y [ow. erefore,
t he sem conduct or device of the present invention has excellent sol der
cracking resistance and noisture resjstance reliability as conpared with a
semi conduct or dggiéh}s time, the tertiary phosphine and the quinines,

or compounds (components) generated by the reaction between

other components contained in the epoxy resin composition

(cured product) and the tertiary phosophine and guinones may

be volatilized, thus resulting in the case where cracking

occurs.

On the other  hand, since the trisubstituted
phosphoniophenolate or the salt thereof (C) which is the curing
accelerator of the present invention is synthesized by
substitution reaction as described above, higher energy is
required to initiate a reverse reaction (decomposition of the
compound) as compared with the case of the adduct. For this
reason, the possibility that the curing accelerator of the

present invention is decomposed in general soldering conditions

is extremely low.

Therefore, the semiconductor device of the present
invention has excellent solder cracking resistance and moisture
resistance reliability as compared with a semiconductor device

which is encapsulated with a cured product of an epoxy resin
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whi ch is encapsulated with a cured product of an epoxy resin 37 0.5 SEP
200 conposition containing the adduct of tertiary phosphine w thg5088mM0es
(e.g., a conpound represented by the fornula (13) ) as a curing
accelerator. Inthis regard, it is to be noted that a description has been

- h i celerator, (that_is the
(Tisubat s (o e B oA Y £ 208 e Sl pEe CUF  PPRePEET Tamr et oo o) any

one of thegygenetes (orgm) &Scoﬁébub@.f@@rés@ﬁt&ﬁQb?ﬁﬁﬁ?@Erﬁﬁﬁ%ngﬂ@ﬂ)i§sused
for the epoxy resin conposition, but the curing accel erator of the present

i nventi on &P hENYsrACEbEraherapsetting resin conpositions for which
phosphi ne or - phosphoni um salt can be suitably used as. a curi ng
accel erator. Exanples of such a thernosetting resin conposition include

resin Compositi ons AN alplahG; eREXYs LOMROYNSy TlEl I ggﬁgggsggggﬁ%yl

cyanat e conpounds, isocyanate conpounds, acrylate “cofip

and al kynybeeonpadiedsbases the |U'h|ée.eIEﬁAFQuﬁ:&ngc§§§e|v@fe?zté3rtHE the- present
i nvention can be used for various curable resin conpositions such as

reactive IXF@BFEAtes|(Fhednpeding @n§,Suptscttimmﬂcaphespbsiﬁlhopberpo:’a:atbmsns or
anaer obi c ,cur abl sin conpositions, in addition to thernosetting resin
conposi ti otrc1hspf SF&%[#I eﬁ?@&ﬁ%éﬁ%ﬂ?ﬁ%m Bt ABE N &DGeSerepR i P HEELaheen

mvention (5 tsed ob o e o R S PR B s R L o

the epoxy ceEwdesLonposi thon the curing accelerator of the present
invention can be used for thermosetting resin compositions for
which phosphine or phosphonium salt can be suitably used as a
curing accelerator. Examples of such a thermosetting resin
composition include resin compositions containing epoxy

compounds, maleimide compounds, cyanate compounds, isocyanate

compounds,acrylatecompounds,oralkenylandalkynylcompounds,

or the like.

The curing accelerator of the present invention can be
used for various curable resin compositions such as reactive
curable resin compositions, photo-curable resin compositions
Oor anaerobic curable resin compositions, in addition to

thermosetting resin compositions.

In the present émbodiment, although a description has
been made based on the case where the epoxy resin composition
of the present invention is used as an semiconductor
encapsulating material, the use of the epoxy resin composition
of the present invention is not limited thereto. 1In the epoxy

resin composition of the present invention, mixing (blending)
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of the present invention is not limted thereto. In the epoxy resin
conposition of the present invention, mxing (blending) 38 0 5 SEP 2006
of the inorganic filler may be onitted according to the use of th@& S5eHifk2006
resin conposition. Although the preferred enbodi nents of the curing

accel erat obr the EROXYaf €SI j. b nd the sem.conductar device of
the present inventi onél?]ave beit:a}'rjlé?(élgrzél rib%ggfﬁfc(%eedp?gggﬁflmﬁntl%nﬁ 1O SSs Ohot

limted tothkespoybodisientcmdo$iNALdn . Next, actual exanples of the present
invention will be described. 1. Evaluation of trisubstituted
phosphoni ophenol ates First, conmpounds C to Cl0 and tri phenyl phosphi ne

were prepared a ring,accelerator. 1-1 Synthesis of curing accel erator
Each of the conp%&ﬁggﬂéh th&opﬁﬁgegﬁPhe@m?@eila@nft@ | 6s. theSyauheésgs of

conmpound Ch}cd2eda@oef, ©ndebbexyani! i - | an_aqueoys
hydrochl oric acid sol ution, b\/\h?cfl@%lg%%%é%%%l&glpoar’e%ngyr{%edf’%@bFWHE}CEBrm of
concent r at 86 VAgerot hherpie switd i32%Y iioh R80e H¥erOiie PUE ELVAL &1 d 8r§9¥§909’
were put into a 500 nm separable flask equipped with a condenser and a
stirrer, anBVER&YRers DOt Liddtes dicssoiame cemmodiongans | i ne. Thereaf ter,
the separable flask was cooled with ice such that the tenperature in the
flask was held at 0 to 5C, and in this state 7.2 g (0.104 nol) of sodium

nitrite di BXaMpER i n 20

Next, actual examples of the present invention will be

described.

1. Evaluation of trisubstituted phosphoniophenolates

First, compounds Cl to C10 and triphenylphosphine were

prepared as a curing accelerator.

1-1 Synthesis of curing accelerator

Each of the compounds C1 to C10 was synthesized as follows.

(Synthesis of compound C1)

12.3 g of o-methoxyaniline (0.100 mol) and an aqueous
hydrochloric acid solution, which had been prepared by
dissolvingZSrﬂ.ofconcentratedhydrochloricacid(37%)inZOO
ml of pure water in advance, were put into a 500 ml separable

flask equipped with a condenser and a stirrer, and they were

stirred to dissolve o-methoxyaniline.
Thereafter, the separable flask was cooled with ice such

that the temperature in the flask was held at 0 to 5°C, and in

this state 7.2 g (0.104 mol) of sodium nitrite dissolved in 20
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39 0 5 SEP 2006 m of pure water was slowy dropped into the solution in
the flask. Then, 20.0 g (0.076 nol) of triphenyl phosphi ne di ssoh\éeﬂg i@ﬁ
150 m of ethyl acetate was dropped into the separable flask and™then e
solution in the flask was stirred for 20 mnutes. Then, 8.0 g (0.200 nol)

of sodi umntlydrfoxiude diaseal wed ishowdd Mropfppune tWat-ele Was u%liew Yndrgrped
into the separable flask, and then the solution in the flask was strongly

stirred fértafout 1 hour. After bubbling of nitrogen gas was very slight,
dilute hydrochloric acid was added until pH reached 3.0 or below, and 30
g (0..200 nmol) of sodiumiodide was then added. A resultant precipitate was

filtered and th ri t @ ] f . & j cr,ystal of
2- met hoxyphenyl Q{Rfﬁéhggy?&ggp%gr% ﬁ%ﬂﬂicg%i% el.ph%gl tl%p%v%le( 8¥6§8!LH%F) of

the obt ai ded120mel kdxgphehydcetatpheny lqphesRROnhUe ¢ 196isiea 8% 1% §169% 769
~nmol) of pyridine hydrochloride, and 12.0 g (0.118 nol) of acetic anhydride
were put dnst 6h§n56%erﬁojs‘éfbla‘?fabllré theadk asdurppesic Wrtdd af wordensentand a
stirrer, and they were heated at 200C for 5 hours under ref lux and
stirring. After reaction was conpleted, a reaction product was cooled to

room tenper at ur encandsl Des @. H@xll) 022 50lan Bla.spdl dng;ladhde digsol ved

in 250 mM of pure water was put into the separable ask. R precipitated

sol i d was 2f0 hi erfeguandvatten wa40slowly dropped into the separable flask,
andthenthesolutionjxltheflaskwasstronglystirredforabout

1l hour.

After bubbling of nitrogen gas was very slight, dilute
hydrochloric acid was added until pH reached 3.0 or below, and
30 g (0.200 mol) of sodium iodide was then added. A resultant
precipitate was filtered and then dried to obtain 29.7 g of

reddish brown crystal of 2-methoxyphenyl triphenylphosphonium

iodide.

Next, 29.7 g (0.060 mol) of the obtained 2-methoxyphenyl
triphenylphosphonium iodide, 88.7 g (0.769 mol) of pyridine
hydrochloride, and 12.0 g (0.118 mol) of acetic anhydride were
put into a 500 ml separable flask equipped with a condenser and

a stirrer, and they were heated at 200°C for 5 hours under reflux

and stirring.

After reaction was completed, a reaction product was
cooled .to room temperature, and then 3.3 g (0.022 mcl) of sodium
iodide dissolved in 250 ml of pure water was put into the

separable flask. A precipitated solid was filtered and then
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0 5 SEP 2006 dried to obtain 24.1 g of a brown solid of 2-hydroxyphenyl

t ri phenyl phosphoni umi odi de. Next, 24.1 g (0.050 nol) of the thuys5 §EPa2006d
2- hydr oxyphehyl tri phenyl phosphoni umi odi de and 100 ml of nethanol were
put into a 500 m separable flask equi pped with a condenser and a stirrer
and t hey re stirred to dissolve 2-hydroxyphenyl triphenyl phosphonium

i odi de. T\ﬁ%ql,e 28° PP BRI 32409 Sqidos RERViINE A} dflogén 2chyborayehsalylt | on

was sl oW ¥ 5 i I .ynder stirring. After bubbling of carbon
Lottt k)

di oxi de gas sofution in the flask was heated at
around 70C for about 2 mnutes, and then was cooled. A precipitated
crystal was filtered and then dried to obtain 15.9 g of yell ow sh brown
crystal. The t hd¥=6bt aidfed. cryst &0. Va8 debihedods aheonpaurd Gbtaifsda

result of .anal yses of .the conpound Cl by 1H NVR, nmass spectronetry, and
el ement ar f&?’a%%@f@%%yh]wagrggﬁﬁpﬁﬁaotslﬁélton%% tofpdendnd Mes mlt arfget
trisubsti tydied Rhosrhenigrhenelate esent e he follaow ng formula
(14). The yield of the bcorrpo(lt}rl?draC‘ioéa/vae[fsBI %aroagof% %l%s%gﬁué@é’@% MSRt hesi s
of conpourad de?)dehanpoidich Wasi sy8t hesizede | NwEhe SRAB AANRET 43S HhE
conpound G except that 12.3 g (0.100 nol) of m nethoxyanililne was used
i nst ead of2 G\MfEtHBRENY Y e ipteHartetgphdtiumtieldide.  Then, 125 ml of

a 10% aqueous sodium hydrogen carbonate solution was slowly

dropped into the flask under stirring.

After bubbling of carbon dioxide gas was very slight, the
solution in the flask was heated at around 70°C for about 2
minutes, and then was cooled. A precipitated crystal was

filtered and then dried to obtain 15.9 g of yellowish brown
crystal.

The thus obtained crystal was defined as a compound C1.
As a result of analyses of the compound Cl by H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompoundCﬂ.was51targettrisubstitutedphosphoniophenolate

represented by the following formula (14). The yield of the

compound Cl was 59%.
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in 1 i tal was defined as a
obtain 12.0 of yellow crystal. The thus obtained crys
conpound C2.g As a result of analyses of the compound C2 by 1}+rwm&sﬂpagmad
spectronetry, and elenentary analysis, it was confirnmed that the conpoun
C2 was a target trisubstituted phosphoni ophenolate represented by the

i i 45% + \ ~ (15
fol l owi ng formul ag ﬁ@hes[ge8¥k§%gl%%%%ggﬁwconpound C2 was 45% (15)

- I/ (Synthesis of conpoun d was synthesized in the sane

nner as the canpompdutl eveeepyitdsiZed 9n( L0Q 0l ), ef s the
g?nethoxyaniline magmﬁged i nstead of o-nethoxyaniline, to %%ere%y

hE I

i copppang 47 exaprdf thakel ¥l lowocLystmdl) Bremthysnehlahned gryst a
Kgglgg}?kgd as_a _conpo ;gacs.p As a result of analyses of the cqnpoynd C3
by ' H NMR "fEs§°€ ngFESﬁgtﬁf Came e bk inanat g stserébywast cmat ki ped

i i d phosphoni ophenol at e
that the ggepouUnd-C3 %fag% nget trisubstitute
representeg Es t he folpgmnn ?b?huf%y'%§$PThe yield of the 42 8.5 SEP 2006

i A conpound was
conpound C3 was 65% O (Synthesis of conpound C4)
syHPhesized in the same manner as the conpound q except that 13.7 g
(0.100 nol) of ’Qhﬁe*%fh@%wm:mwI%ryosl?%mﬁov?/?es&&adwmatseadc@ﬁpound c2.
o-nethoxyaﬂglgn%e%@qgfgg éﬁ% yggé of the dompound C2 by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompoundCvaseatargettrisubstitutedphosphoniophenolate

represented by the following formula (15). The yield of the

compound C2 was 45%.

(Synthesis of compound C3)
A compound was synthesized in the same manner as the
compound C1l except that 12.3 g (0.100 mol) of p-methoxyaniline

was used instead of o-methoxyaniline, to thereby ultimately

obtain 17.5 g of pale yellow crystal.

The thus obtained crystal was defined as a compound C3.
As a result of analyses of the compound C3 by 1H—NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompoundc3vmseatargettrisubstitutedphosphoniophenolate

represented by the following formula (16). The yield of the
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tri-p-tolyl phosphi ne was used instead of triphenyl phosphine, to %her eb
ultimately obtain 17.0 g of brown crystal. The thus obtained cr SEP
defined as a conmpound C4. As a result of analyses of the conpound C4 by
1H- NVR, mass spectronetry, and el enentary analysis, it was confirned that
t he conpoutdp&4nwas3awhar gek .t ri substituted phosphoni ophenol ate

represented by the followng formula (17) The yield of the conpound C4 was
55% H3C ~ ~ ~ (17) 3 3 CH3 (Synthesis of conmpound C5) A conpound was
synt hesi zed in the_sane manner as the 43 0 5 SEP 20 conpound Cl except
that 26.8 g (0.0 dpl ) of  tris(4-nmethoxyphenyl)phosphi ne was used instead
of triphenyl phag e, to thereby ultimately obtain 16.5 g of pale

yel | owi sh ite cryStal. The thus obtained crystal was defined as a
conpound acr esudyl of anal yses of the conpound C5 by 1H NMR, mass
spect r onet el d ary anal ysi@€,6)it was confirned that the conpound
C was ata t sl uted phosphoni ophenol ate represented by the

fol | owi ng fOHTUl). Théyield of the conmpound C5 was 54% (HO (18)

(Synthesis of compound C4)

A compound was synthesized in the same manner as the
compound Ccl except that 13.7 g (0.100 mol) of
2-methoxy-5-methylaniline was used instead of
o-methoxyaniline and that 23.1 g (0.076 mol) of
tri-p-tolylphosphine was used instead of triphenylphosphine,
to thereby ultimately obtain 17.0 g of brown crystal.

The thus obtained crystal was defined as a compound C4.
As a result of analyses of the compound C4 by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompoundC4ymseatargettrisubstitutedphosphoniophenolate
represented by the following formula (17). The yield of the

compound C4 was 55%.

HaC 2

CHs

(Synthesis of compound C5)

A compound was synthesized in the same manner as the
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3 (Synthesis of conpound CB8) A conpound was synthesized in the sagg‘aﬁpaﬁé
as the conpound Cl except that 19.9 g (0.100 nol) of . 09 SEP MG
5- phenyl - 2- met hoxyani | i ne was used instead of o-nethoxyaniline, ? I e y
ultimately obtain 23.59 of yellow crystal. The thus obtai ned cryz al wa
defined as @WAPBlnd (@6. eAseptr esuhttof asabyseg of (4 hg7gompaun f?%at
"HNVR, ma and el enentary analysis, it was confirne

. ' t : . '
t he conpouﬁ%ﬂfgpﬁgégtr%%é%ﬁﬁ“Y%]%%%%@h%ﬁ?ed passphom@phenohatead  of

| 4 19) .The yield of the conpound C6 was
755 Caa 0.8 GBI B At D st a b AL 6 anpouh e sies
synt hesi zeddIn dvhests awtel rearefstas1 t he  conmpound O except that 13.0 g

[ [ [ i phenyl phosphi ne,
.076 nmol) of tributyl phosphine was used instead of trip _
58 thereby)ultinately obtain 6.7 g of white crystal. The thus obtai ned

i f anal yses of the
crystal was defi pned a compound C7. As a resul; 0 _ _
co?/rpound C7 by 1&!-%@\/%‘1%%@@%5%&?6&?@?@9,W@ﬁddeeferm@qhtamya apalpysing, Cbt. was

fi d a u S target trisubstitute _
S h0Sphon! Ob el e e L R o G S cEhuPH (BOYMFhemgrel d of

t he conpogpgcCTomas r30%:nd elementary analysis, it was confirmed that
thecompoudeSwaseatargettrisubstitutedphosphoniophenolate

represented by the following formula (18). The yield of the

compound C5 was 54%,

&
HO S

(18)

(Synthesis of compound C6)
A compound was synthesized in the same manner as the
compound C1 except that 19.9 g (0.100 mol) of

S-phenyl-2-methoxyaniline was used instead of

o—methoxyaniline,txntherebyultimatelyobtain23.5g}ofyellow
crystal.

The thus obtained crystal was defined as a compound Cé6.
As a result of analyses of the compound C6 by lH—NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompouij6waseatargettrisubstitutedphosphoniophenolate

represented by the following formula (19) . The yield of the

compound C6 was 72%.
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(H9cA4l \» 3 (20) (Synthesis of conpound C8) A conmpound was synthesized in
the same manner as the conmpound C7 except that 12.3 g (0.100 n} § SE6P 2006
m net hoxyani l i ne was used instead of o-nethoxyaniline, to thereby
ultimately obtain 6.0 g of white crystal. 45 0 5 SEP 2006 The thus
obtai ned crystal was defined as a conpound C8. As a result of anal yses of
the conpound C8 by 'H NMR, nass spectronetry, and elenmentary analysis, it

phosphoni o he ] represented by the following fornula (21). The yield
of the co 8-Ferg G ~ O (HA~ 31 (21) (Synthesis of
conpound 3 synt hedil2eéd in the sanme manner as the conpound
C7 except that 12;3 g (0A00 nol) of p-nethoxyaniline was used instead of
o- met hoxyaniline, to thereby ultimately obtain 7.8 g of white crystal. The
t hus obtained crystal wed~defined as a conpound C9. As a result of

anal yses of the conpou ) by ' HHNMR, nass spectronetry, and el enentary
anal ysis, it was confirngd that the conpound CO was a target
trisubstituted phosphoni ophenol at e

(Synthesis of compound C7)
A compound was synthesized in the same manner as the
compound Cl except that 13.0 g (0.076 mol) of tributylphosphine

was used instead of triphenylphosphine, to thereby ultimately
obtain 6.7 g of white crystal.

The thus obtained crystal was defined as a compound C7.
As a result of analyses of the compound C7 by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompound(?7waseatargettrisubstitutedphosphoniophenolate

represented by the following formula (20). The yield of the

compound C7 was 30%.

(Synthesis of compound C8)
A compound was synthesized in the same manner as the
compound C7 except that 12.3 g (0.100 mol) of m~methoxyaniline

was used instead of o-methoxyaniline, to thereby ultimately

obtain 6.0 g of white crystal.
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represented by the followng fornmula (22) The yield of the conpound C9 was
35% (H9C4)---< 3 (22) (Synthesis of conpound Cl0) 26.2 ¢ (0.10q£g§ké of
tri phenyl phosphi ne was dissolved in 75 m of acetone in a 500 nm r 2008
roomtenperature. 46 0 5 SEP 2006 Then, 10.8 g (0.100 nol) of

p- benzoqui none dissolved in 45 mM of acetone was slowy dropped into the
solution in the beaker under stirring. As its dropping was continued, a
precipitate was gR&duarsohtatheedrtal wis dlOpRdG Ias c6RPBLELKEHs . t he
sol ution iﬂsthI~Q§ﬁ§?r ) §§§£$ stirred for about 1 hour, and then was
allowed to sfand For about® fuPés treheramifquard @8 pheciipiNek pdmass yst al
was filteregdeandotmBern,dri Ln. 27. 7 .of a reeni sh brown powder.
The t hus obgained pomgerhagségggghgéggsagaiggﬁéﬂnatC§6? corfjrpedutrhabf

anal yses ofhelormpumrolad wGla s rifdtNVR: siBSS | +SPeat . and el enent ary
analysis, it was confirned that the cgﬁpounét%?%%ﬁgﬁg?ﬁéﬁiﬁwh%ﬁﬁﬁiYeof
tri phenyl phoBpRAPRBEGFt RY phBehgbyarhnge frepuésented . byThdey ol b oxk ng e

-2

formula (13) yhgl f ,the conpound Cl10 was 75% (13) OH 1
Preparation %gbgggxggrgggn2zdnposition and manufacture of sem conductor

devi ce
©
<H904>‘é3 ©
3 (21)

(Synthesis of compound C9)
A compound was synthesized in the same manner as the
compound C7 except that 12.3 g (0.100 mol) of p-methoxyaniline

was used instead of o-methoxyaniline, to thereby ultimately

obtain 7.8 g of white crystal.

The thus obtained crystal was defined as a compound C9.
As a result of analyses of the compound C9 by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
thecompoundc9vmseatargettrisubstitutedphosphoniophenolate

represented by the following formula (22) . The yield of the

compound C9 was 35%.

(HQC‘%@‘O\O@ (22)

(Synthesis of compound C10)

26.2 g (0.100 mol) of triphenylphosphine was dissolved

in 75 ml of acetone in a 500 ml beaker at room temperature.
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Epoxy resin conpositions of Exanpl es and Conparative Exanples were

plroepgr ed usi ngrr}t)he obt ai ned conmpounds Cl to C10 47 0.5 SEP 200605a§gp 2006
tri phenyl phosphine, and further seniconductor devices of Exanples and
Conpar ati ve Exanpl es were manufactured, as follows. (Exanple 1) First,

bi phenyl type epoxy resin represented by the fornula (23) as the conpound
(A), phenol aralkyl resin represented by the fornula (24) (wherein the

unber of repea Ni 18.8Sq 3Nty tyd ver | ue) as the compound
(B) « the  componn ci a8 The ot m Se ol B Eaealtotgls B skt R8s
silica (hdvimg efi avetage paststbely aeopbeldiRkoasntheo1iRebganihcthil I er
(D, and carbon black, brom nated bi sphenol A type epoxy resin and

car nauba &&?%5 AT vES TWELBIpr ephf ed LS HBOIGHAGH2 wAEHRHI BGHACH aCH?

(23) O g)egﬁ%gt%siw%%l _g@frao U%(r)ltslié(es%g%%c/g%%ound represented by the
/\

formula ( "t T ng poi‘nt: uivalent: 193 ICl nelt
viscosity at 150C. 0.15 poise \ H CH2 CH21 H (24) 3

After its dropping was completed, the solution in the
beaker was being stirred for about 1 hour, and then was allowed
to stand for about 30 minutes. Thereafter, a precipitated
crystal was filtered and then dried to obtain 27.75 g of a

greenish brown powder.

The thus obtained powder was defined as a compound C10.
As a result of analyses of the compound C10 by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
the compound C10 was a target adduct of triphenylphosphine with
p-benzoquinone represented by the following formula (13). The

vield of the compound Cl0 was 75%.

OEs

OH

(13)

1-2 Preparation of epoxy resin composition and manufacture

of semiconductor device

Epoxy resin compositions of Examplés and Comparative

Examples were prepared using the obtained compounds Cl to C10
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48 0 5 SEP 2006 <Physical properties of conpound represented by the

formul a (24)> Softening point: 77C Hydroxyl equivalent: 172 | Cl0NEER 2006
viscosity at 150C. 3.6 poise Then, 52 parts by wei ght of biphenyl type
epoxy resin, 48 parts by weight of phenol aralkyl resin, 1.77 parts by

wei ght of the conpound C1, 730 parts by weight of spherical fused silica,
2 parts ben%Fath%?Y@aPBSHhBP&k:‘mé bartEehy SRBiL§REIBF L BrofAfHALRE Of
bisphenol pRah¥PREsCPONY 1L 200ve RAILS RYs VeI ALA63L0RNRR, Wax, wer e
m xed at room t enperature. ereafter, e mxture was kneaded dsi hg a hot
roll at 9%€1fiews8 m nutes, and was cooled and then ground, to thereby
obtain an epoxy resin conposition (thernposetting resin conposition). Next,
8 packages of 100-pin TQFP (sem conduct or devices) and 15 packages of
16-pin D P (seniﬁondugto; devi ces) were nmanufactured using the obtained
epoxy resin conposifhoR 48 a nold resin. The 100-pin TOFP packages were
manuf act ured by | ecty4 e y L esi Si.tl ra e | di ng
under the cond?%?gﬁé %?@gmﬁ%ﬁb ?gg%eﬁ ?ﬁee %%§€@53%b§%8%ﬁf%gtﬂﬁa %?%gsure
of 7.4 MPécandla c(23ing dd nmehef Z2ompouhes, (And tdremdlf t eaQUkilngrebhe

nmol ded product at 175C for 8 hours. In this regard, it is to be noted that
this 100- pPREFEEPtePak K affecs haRTaUb# ze2bF (Wherain rheandmietrhpfknessadf 1.4

mm a  silheon chip (gepicopductor el ement) has a size of & %8 Qe

compound Cl as the curing accelerator (C), spherical fused

silica (having an average particle size of 15 um) as the
inorganic filler (D), and carbon black, brominated bisphenol

A type epoxy resin and carnauba wax as additives were prepared.

HiC CHs3
Ho,C—CHCH,0 OCH,CH— (23)
AWt Q O RN
d ‘o
HaC CH3

<Physical properties of compound represented by the

formula (23)>
Melting point: 105°C
Epoxy equivalent: 193

ICI melt viscosity at 150°C: 0.15 poise
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3 i -pin DI P
49 0.5 SEP 2006 nm and a lead frame is nmade of alloy 42. The 16-pin
packages were manufactured by subjecting the epoxy resin conpos{5i$fP 206
transfer molding under the conditions of a nold tenperature of 175C, an
injection pressure of 6.8 MPa and a curing tine of 2 mnutes, and then

fter-curing therhpsdedl proodipdr filesl 78€ T QI I SephBsLlhLsqr §QAT Gy i 1S
?o be notedgthat t??s 16-pin DI P package haéﬁh sl ze %% %.ﬁ X 188@ m and a
t hi ckness &%rmubami¥4)a silicon chip (semiconductor el enment) has a size of
3.5x 3.5 nmm and a lead frane is gade of alloy 42. (Exanple 2) First,

bi pheny! ar al kyl Sy PP &pdxyOLBEin77&presented by the fornula (25) (wherein

nb f {t S~ . Lt ,is an average value) as the
t he nunber o Lﬁﬁﬁg%oyyi S &éyglggg. 552

conmpound (A), enyl~ ara pé phénolic resin represented by the

I 26 whetr eifle] £ hei BHEBEE OE+ 1 .u [ S| apd it is an average
Lg[zg)aag %hé conpound (Bi , theycoﬁpggﬁgéC1§a§ ?h%sgurlng accelerator (O

, Spherical fused silica (having an average particle size of 15 m as the

i i i i bi sphenol A type epoxy
inorganic filler, (D), d carban bl ack, brom nated .
resin and car nau%léleI2 Sagspaarrol %’Y/é’%em% Ohrieprerlyl SovE SIRERY 2086in,

H2C CHOZ 486a6HG b7 R Qi G %n 81 Hd2y1 resin, 1.77 parts by weight

of the compound C1, 730partsknzweightofsphericalfusedsilica,
2partsbyweightofcarbonblack,2partsbyweightofbrominated
bisphenol A type epoxy resin, and 2 parts by weight of carnauba
wax were mixed at room temperature. Thereafter, the mixture
was kneaded using a hot roll at 95°C for 8§ minutes, and was cooled
and then ground, to thereby obtain an epoxy resin composition

(thermosetting resin composition).

Next, 8 packages of 100-pin TQFP (semiconductor devices)
and 15 packages of 16-pin DIP (semiconductor devices) were

manufactured using the obtained epoxy resin composition as a

mold resin.

The 100-pin TQFP packages were manufactured by subjecting
the epoxy resin composition to transfer molding under the

conditionsofeamoldtemperatureof175°C,aninjectionpressure

of 7.4 MPa and a curing time of 2 minutes, and then after-curing

the molded product at 175°C for 8 hours.
In this regard, it is to be noted that this 100-pin TQFP

package has a size of 14 x 14 mm and a thickness of 1.4 mm, a

silicon chip (semiconductor element) has a size of 8.0 x 8.0
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3 - <Physical properties of conpound represented by the fornula (25)>

Sof teni ng point: 60C Epoxy equivalent: 272 I1Cl nelt viscosity atog@@ﬁ:zﬁBE
poise HH CH2 CH2_1: \ H(2 6 ) 3 <Physical properties of conpound
represented by the fornula (26) > Softening point: 68C Hydroxyl
equi val ent: 199 CI&CE|i giscosity at 150C. 0.9 poise Then, 57 parts by

wei ght of "Bip 12 ar e kyt"tYpel 8pBRGS PésPAloF34garts by weight of

bi phenyl aral kyl type phenolic resin, 1.77 parts by weight of the conpound
Cl, 650 parts by weight of spherical fused silica, 2 parts by wei ght of

carbon bl ack, Ztpantsphy, pepgbicRbgbEonE Ratmsh b sOheRol A tRE £LRARY 51
0.5 SEP 2006 resin, and 2 parts by weight of carnauba wax were m xed at
room tem&ﬂ%ﬂ@@@XYTﬁéﬁé@Hﬂﬂme$k$h¢mtmpeUM&ﬁ&ﬁEadmmd$m@guadb@ttmaﬂl at
105C for 8 m nputes, and was cool ed and then argund, _to thereby obtain an
epoxy resigP 1 P&IP PPREr rRSREF R PG ersil A St eonpasi v ofl L omhare s yaek ages

(sem condugt @r, gaevi GeS) a%ﬁrﬁ@%‘i&r@cgﬁfrf%iﬂﬁé&eaﬁa%é@%%rerq%u%%%pl el

except that the epoxy resin
the molded product at 175°C for 8 hours.

In this regard, it is to be noted that this 16-pin DIP

package has a size of 6.4 x 19.8 mm and a thickness of 3.5 mm,

a silicon chip (semiconductor element) has a size of 3.5 x 3.5

mm, and a lead frame is made of alloy 42.

(Example 2)

First, biphenyl aralkyl type epoxy resin represented by
the formula (25) (wherein the number of repeat units is 3 and
it is an average value) as the compound (&), biphenyl aralkyl
type phenolic resin represented by the formula (26) (wherein
the number of repeat units is 3 and it is an average value) as
the compound (B), the compound C1 as the curing accelerator (C),

spherical fused silica (having an average particle size of 15

pm) as the inorganic filler (D), and carbon black, brominated
bisphenol A type epoxy resin and carnauba wax as additives were

prepared.
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conposition prepared in Exanple 2 was used as a nold resin. (Exanple 3) An
epoxy resin conposition (thernosetting resin conposition) of g@# mas
prepared in the same manner as Exanple 1 except that the conpoun

used instead of the conmpound C, and packages (sem conductor devices) of
Exanple 3 were manufactured in the sanme manner as Exanple 1 except that
the epoxy resin conposition prepared in Exanple 3 was used as a nold
resin. (Exanple 4) An epoxy resin conpothlon (thernosetting resin
conp05|t|othBEHGH@nple 4 was prepar Cthe same manner as Exanpl e 2
except that the cogpofind C2 was used |ﬂ§teeg the conpound O, and
packages (seni condfict pr devices) of Exanple re manufactured in the
same nmanner as Exa 2 except that t he y|lresin conposition prepared
in Exanple 4 was +P) Ar2époxy resin
conposition (the conposi tion) of Exanple
5 was prepared in
was used instead of the conpound Cl and packa ss (sem conduct or devi ces)
of Exanple 5 were manufactured in the same nan as Exanple 1 except that
t he epoxy resin conposition prepared in Exanple 5 was used as a nold

resin. (Exanple 6
<Physical properties of compound represented by the

formula (25)>

Softening point: 60°C
Epoxy equivalent: 272

ICI melt viscosity at 150°C: 1.3 poise

OH OH

<Physical properties of compound represented by the
formula (26)>

Softening point: 68°C

Hydroxyl equivalent: 199

ICI melt viscosity at 150°C: 0.9 poise

Then, 57 parts by weight of biphenyl aralkyl type epoxy
resin, 43 parts by weight of biphenyl aralkyl type phenolic
resin, 1.77 parts by weight of the compound C1, 650 parts by
weight of spherical fused silica, 2 parts by weight of carbon

black, 2 parts by weight of brominated bisphenol A type epoxy
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An epoxy resin conposition (thernosetting resin conposition) of Exanple 6
was prepared in the sanme manner as Exanple 2 except that the chbySE#n20083

was used instead of the conpound Cl, and packages (sem conductor devices)
of Exanple 6 were manufactured in the same manner as Exanple 2 except that

the epoxy regSin) SR PHtINLYT ePaFRE oM BXIMUL: GauBFe Utk a8y & 7Bbe
resin. (Exanple 7) An epoxy resin conposition (thernosetting resin

conposi t i semPeiaExaepl eTRewas tieeparbd mhxtheeseae ierded asirdkampbe 1
except that 2.05 g rts by weight of the conpound C4 was used instead of
the conpoddicet &Aa %a@?ég%sm{§@ﬁ?§onéﬁét8ﬁs gegilegspngf thranpkeundwer e

f d h
Compost 11 6 TeRsiRd T Eeanpl & 7 b Geed Sueac bt aby Tenk R ERERERES) "an

epoxy resiresdenposiddsdn i(dmher nosetting resin conposition) of Exanple 8 was
prepared in the sane manner as Exanple 2 except that 2.05 parts by wei ght
of the conmpound C4 was used instead of the conpound Cl, and packages

(sem conduct or 3 05 SEP 2006 dev%%ﬁgz of Exa Ie 8 were manufactured in
the same manner "4§"' BAAPTET2 (EcleP ‘¥%§e¥b8§§ MES hMBBHpBS I 6A

prepared ijp cExanRke $weused E%éar@;r%p@g!sfté)@é%ﬁm&@g%{qg ggomgg eRoxy, resin

conposition (thernosetting resin i on repared in
the same mompersidson prepared in Example 2 was used as a mold resin.

(Example 3)

An epoxy resin composition (thermosetting resin
composition) of Example 3 was prepared in the same manner as
Example 1 except that the compound C2 was used instead of the
compound Cl, and packages (semiconductor devices) of Example
3 were manufactured in the same manner as Example 1 except that

the epoxy resin composition prepared in Example 3 was used as

a mold resin.

(Example 4)

An epoxy resin composition (thermosetting resin
composition) of Example 4 was prepared in the same manner as
Example 2 except that the compound C2 was used instead of the
compound Cl, and packages (semiconductor devices) of Example
4 were manufactured in the same manner as Example 2 except that

the epoxy resin composition prepared in Example 4 was used as

a mold resin.

(Example 5)

An epoxy resin composition (thermosetting resin
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Exanple 1 except that 2.01 parts by weight of the conpound C5 was used
instead of the conpound O, and packages (seniconductor devicds) SBP 2006
Exanpl e 9 were nmanuf actured in the same manner as Exanpl e 1 except that
t he epoxy resin conposition prepared in Exanple 9 was used as a nold

i t th tt resin
Conbosi & | GBS AR ST AR [ harsl HIFRHEE S b (AR G2 BRce. 2
except thafya2, 0k qa@&%e?»e \e%'aght;hefcsﬁgosﬁapegn&ia@usé;@&&%ml %ecquwe

t he conpound , and packages (sem conductor devices

nmanuf act urethdaurddelsammdperags (Eatidddiexseiedtals it RE eRRHIILSi N
conposition prepared in Exanple 10 was used as a nold resin. (Exanple 11)

An epoxy ﬁeh’?ﬁed%%‘égﬁ?FBﬁe@t%ﬁﬁ@séﬁmﬁn@anegrrﬁs &mm;élet LeRcabt Boatpl e 11

h 1 exc at _2.15 parts by
Wi ght of Tite SeStotd Bs MRS dLa8 REPBAToEY LenereBRpoUnG RS Lty =

packages (Esei@iconductor devices) of Exanple 11 wer e manuf acjtuyed in the
same nmanner as Exanple 1 except that the epoxy resin conposition prepared
in Exanple 11 was used as a nold resin. 54 0.5 SEP 2006 (Exanple 12) An
epoxy resin conpositiaon (thernosetting resin conposition) of Exanple 12
was prepared in <1E1’Fé‘ %anner as Exanpl e 2 except that 2.15 parts by

[ und. Cl, and
wei ght of the cal I%Ei§§ %@%1”56%6ﬂﬁ%§¥¥ﬁéﬁ thgherm gettlng resin
packages (sem conduc or
composition) of Example 6 was prepared in the same manner as
Example 2 except that the compound C3 was used instead of the
compound Cl, and packages (semiconductor devices) of Example
6 were manufactured in the same manner as Example 2 except that

the epoxy resin composition prepared in Example 6 was used as

a mold resin.

(Example 7)

An epoxy resin composition (thermosetting resin
composition) of Example 7 was prepared in the same manner as
Example 1 except that 2.05 parts by weight of the compound C4
was used instead of the compound Cl, and packages (semiconductor
devices) of Example 7 were manufactured in the same manner as
Example 1 except that the epoxy resin composition prepared in

Example 7 was used as a mold resin.

(Example 8)

An epoxy resin composition (thermosetting resin
composition) of Example 8 was prepared in the same manner as
Example 2 except that 2.05 parts by weight of the compound C4

was used instead of the compound C1, and packages (semiconductor
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vices) of Exanple 12 were manufactured in the same manner as Exanple 2
gicept %hat,thengpoxy resin conposition prepared in Exanple 120WhSEM$Mﬁ_as
a mold resin. (Exanple 13) An epoxy resin conposition (thernpsetting resin
conposition) of Exanple 13 was pr e]E)ar ﬁd in the Zagr; 'mangelrjsgz iE;(?ggljeoéL

h ; aLks Lght of the ¢ oun
Sﬁgeggn;oﬁﬁ8$%§%sgngkp%%{% L2 ST % SRt T e “f iBaifpPEc132er e
manuf act ur Bdamplethg Sad@ptraiiet tase é@sygﬂﬁ%sgneéggggS§Q§gngEgegégéé FESIn
conposition prepared in Exanple 13 was usepl as a nold resin. anpl'e 14)
An epoxy rEXpRPe8nBoyirsi gsett laer rogetlid ngesesi n conposition) of Exanple 14
was prepared in the same manner as Exanple 2 except that 1.47 parts by
wei ght of the compound C7 was used instead of the conmpound Cl, and
packages (sem coggggltn fe ggzvi ces) of Exanple 14 were manufactured in the
sane nanner as anpl e 2 except that the epoxy resin conmposition prepared

in Exanple 14 was usedxys ad®id IesiBost EXBAP! & 1)L AROXY, T esLD;
corrposimjon (thernosetting resin 55 0 5 SEr 200 conposition)” of %anpl e
15 was prepafedsiniche sAnBxamnher SagasEpaspbeed3inxchpt shiiat mihge gogpound
C8 was use C7, and packages (sem conductor

i f th ound
devi ces) o?xéﬁé%%?g g}i%egxgrgga?%nprﬁ;@_ct%@os gy f’”ﬁég@gn@fnﬁhﬁeﬁomﬁoﬁdn@ﬁ edl
except thagas e LPRXYeEEY Nt ORISR R eRAf 89kl Bxanple; 15 was used as

devices) of Example 9 were manufactured in the same manner as

Example 1 except that the epoxy resin composition prepared in

Example 9 was used as a mold resin.

(Example 10)

An epoxy resin composition (thermosetting resin
composition) of Example 10 was prepared in the same manner as
Example 2 except that 2.01 parts by weight of the compound C5
wasusedinsteajofthecompoundCl,andpackages(semiconductor
devices) of Example 10 were manufactured in the same manner as

Example 2 except that the epoxy resin composition prepared in

Example 10 was used as a mold resin.

(Example 11)

An epoxy resin composition (thermosetting resin
composition) of Example 11 was prepared in the same manner as
Example 1 except that 2.15 parts by weight of the compound C6
wasusedinsteaﬁofthecompoundCl,andpackages(semiconductor
devices) of Example 11 were manufactured in the same manner as

Example 1 except that the epoxy resin composition prepared in

Example 11 was used as a mold resin.

54



a nold resin. Exanpl e 16) An epoxy resin conposition (thernosetting resin
conposi tion) of(ExagBI e 16 was prepared in the sane manner as B-RSER 2008 4
except that the conpound C8 was used instead of the conpound C7, and
packages (sem conductor devices) of Exanple 16 were nanufactured in the
same nmanner as Exanple 2 except that the epoxy resin conposition prepared
in Exanple 16 was used as a nold resin. (Exanple 17) An epoxy resin
conposition (theEgaseléi mg)resin conposition) of Exanple 17 was prepared
in the same manner as Exanple 13 except that the conpound C9 was used

i nstead of the ABonpEaXy Cresvl packpgestiseni carduniaretdeiicesyeoin

Exanple 17 were nanufactured in e sane nmanner as Exanple 1 except that
thengpoxyc?lélgf)ﬁlct,aj% s?igi%ﬁalﬁﬁ’gﬁa{[gd@% BERAAS £ WS §98¢ BINNGTnd$ d

resin. (ExagRbecl8)e MepPOoxyat esi{s gy OR s(er PO GLL Lng L esiin,
r g(larrp?e 14

conposition) of Exanple 18 was prepared I n-the sane manner “as

except thamastimedonpoaad O thascasesihdsteath®bathe g0 PN £y c o8
packages (sem conductor devices) of Exanple 56 0.5 SEP 2006 18 were
manuf act urEY1IFRSY hel JaiA G der Wes eEranplfacRusrdept thmtsantehmaepexyasesin

iti i | d resin. (Conparative
E)C()gprrglsiat hggaﬂﬁﬁgaﬁ e&éé‘pﬁa}l@t‘! eck‘1:|'638 e%%yu?:%gi%scgmggsgmion pre]gargg in
Example 12 was used as a mold resin.

(Example 13)

An epoxy resin composition (thermosetting resin
composition) of Example 13 was prepared in the same manner as
Example 1 except that 1.47 parts by weight of the compound C7
was used instead of the compound C1l, and packages (semiconductor
devices) of Example 13 were manufactured in the same manner as

Example 1 except that the epoxy resin composition prepared in

Example 13 was used as a mold resin.

(Example 14)

An epoxy resin composition (thermosetting resin
composition) of Example 14 was prepared in the same manner as
Example 2 except that 1.47 parts by weight of the compound C7
wasusedinsteadwxfthecompoundCl,andpmckages(semiconductor
devices) of Example 14 were manufactured in the same manner as
Example 2 except that the epoxy resin composition prepared in

Example 14 was used as a mold resin.

(Example 15)

An epoxy resin composition (thermosetting resin
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An epoxy resin conposition (thernosetting resin conposition) of
Conparative Exanple 1 was prepared in the same nmanner as Exanp}§ Skpeyge pt
that 1.85 parts by weight of the conmpound C10 was used instead of the
conpound C, and packages (sem conductor devices) of Conparative Exanple 1
were nmanufactured in the_sanme _nanner as Exanple 1 except that the epoxy
resin conSOFPCSET rep e BXPRPESNpar %E FvRT ERAKPHeI e Sagsedaagex asl d

resin. ( i e epoxy. resin.conposition (the ting

resin cg%ﬁ%](%?}%?iteo%? %Q%Jrcrp%}%%% ﬁ!\}lee EXa quéldz%\ﬁagggr%%%?édq%%e%‘%gpégh@

manner as coxgiRing 27¢xeeRt phlahgbs8 shafie il Wbl ek lhe o reapmppnd CLO

was used instead of the conpoung Cl, and packages (sem conductor devices)

of Conpar dtS wer &namiie X wer@ innbhefssatamednien 4 H& xsams enhrnaress tExanpl e 2

except that the resin conposition prepared in Cbngarative Exanpl e 2
p

epoxy. ,
vas used S SORBFGET SLT rOTRONpat o INAEHBEADIE BYRR LepbRy doeied a8
conposi tign {(fkermsetting resin conposition) of Conparative Exanple 3 was
prepared in the sane nmanner as Exanple 1 except that 1.00 part by wei ght
of triphenyl phosphi ne was used instead of the compound Cl1, and packages
(sem conduct or packages) of Conparative Exanple 3 were 57 05SEP2106
manuf act ur ed i n (Eemeai®e Iitdnner as Exanple 1 except that the epoxy resin
conposition preRared in Canarative Exanple 3 was used as a nold resin.
n  epoxy esiln composition (thermosetting resin
composition) of Example 16 was prepared in the same manner as
Example 14 except that the compound C8 was used instead of the
compound C7, and packages (semiconductor devices) of Example
16 were manufactured in the same manner as Example 2 except that
the epoxy resin composition prepared in Example 16 was used as

a mold resin.

(Example 17)

An epoxy resin composition (thermosetting resin
composition) of Example 17 was prepared in the same manner as
Example 13 except that the compound C9 was used instead of the
compound C7, and packages (semiconductor devices) of Example
17 were manufactured in the same manner as Example 1 except that

the epoxy resin composition prepared in Example 17 was used as

a mold resin.

(Example 18)

An epoxy resin composition (thermosetting resin
composition) of Example 18 was prepared in the same manner as
Example 14 except that the compound C9 was used instead of the

compound C7, and packages (semiconductor devices) of Example
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(Conparative Exanple 4) An epoxy resin conposition (thernosetting resin
conposi tion) of Conparative Exanple 4 was prepared in the same 0. Re 20061
Exanpl e 2 except that 1.00 part by weight of triphenyl phosphi ne was used
i nstead of the conpound C, and packages (sem conductor devices) of

Co rati Exanpl e re manyfactured in the sane nner as Exanple 2
oxcont t hab T Pans CEug e Lo rhts PETe o Ata AT AT B i PAC Ve @"%ﬁpL -
d I i e .St C:ev i e of _the
Fro sl L AR S i SRR L R e e S AR ST e U
char act erasmbtdevakuations (1) to (I11) were nmade as follows. Further, for

each of the sem conductor devices obtained in Exanples and Conparative
Exanpl es, characteristic evaluations (I1V) and (V) were nade as foll ows.

(1) Spiral flow,Ih iral flLow of each of the epoxy resin conpositions
was neasured usf%%ﬁgggr%f'av?o;f:x?gpﬁ& %ﬁl ow test according to EWMM-I-66,

under the condifhongpekyd mighienpengbyieioh 173Ge rmfbditi€f | ORcPLESSUr e

of 6. 8 MPa, and a curing time of 2 mnutes. The spiral flow1s a paraneter
of fluidi tympeleiéiohargerCongmralifd @aamgans 1bebs esrdparn et tiyn th8 OHHEP296
(I'l) Curing torque The torque after 45 seconds at 175C of each of the epoxy
resin con‘ngP?Foﬁ§ WEeMRags dr SFCESItn g N tour &l RHET &Y (WSt of the

compound Cl0 was used instead of the compound Cl, and packages
(semiconductor devices) of Comparative Example 1 were
manufactured in the same manner as Example 1 except that the
epoxy resin composition prepared in Comparative Example 1 was

used as a mold resin.

(Comparative Example 2)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 2 was prepared in the same
manner as Example 2 except that 1.85 parts by weight of the
compound Cl0 was used instead of the compound C1, and packages
(semiconductor devices) of Comparative Example 2 were
manufactured in the same manner as Example 2 except that the
epoxXy resin composition prepared in Comparative Example 2 was

used as a mold resin.

(Comparative Example 3)

An epoxy resin composition (thermosetting resin
composition) of Comparative Examp1653.was prepared in the same
manner as Example 1 except that 1.00 part by weight of
triphenylphosphine was used instead of the compound C1l, and

packages (semiconductor packages) of Comparative Example 3 were
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curelas{oneter IV PS nodel " nenufactured by Oientech Co., Ltd.). Here,
| arger curing torque means better curability. (l11) Residual f OSWSEP 2008
percentage Each of the epoxy resin conpositions was preserved at 30C
week in atnospheric air, and thereafter the spiral flow thereof was

i . L bed_ab . __Then, the percentage
s o, fehlea SEUECARNACL: 5 dRSCHLREd, A0OVE, ThEMy LUS BErEEDL o0,
initial spepakyftot Ofcdin £poxyn Jesddr EQ MLl Uste %{)xté’:\?r{tpltehg was

preparation. Here, larger residual flow percentage neans

stabi | ity.ugey)asSondepldraekiing resistance Each of the 100-pin TQFP
packages was | eft at 85C and at 85%relative humdity for 168 hours,
was then immersed in a solder bath at 260C for 10 seconds. Thereafter

each package “ﬁs(@@ﬁﬁéXQ@iygdﬁkaﬁpﬁ%EEQSCOpe to determ ne whether or

cracking occurred Inits surface.

occurrence rate of cracking was

f or

(9

er Storage

and

not

obt ai ned as a pexentpgey (YWediy caks @EEBQoHSiW&HéFﬁJéEHEW%ﬂg £0¢ il a.

Qccurrence rate of cracking = (the nunber of packages In whic

crac

ing

occurred /W%@%bﬁh@nhm&omammmme_ packagesypard®QAb9he SamEP
2006 Here, _smmller o currgnce rate of cracking neans better sol der

cracki ng rediitands ESPFPR

t he

oscope.
packages (semiconductor devices) of Comparative Example 4 were

manufactured in the same manner as Example 2 except that the

epoxy resin composition prepared in Comparative Example 4 was

used as a mold resin.

1-3 Characteristic evaluation

For each of the epoxy resin compositions obtained in
Examples and Comparative Examples, characteristic evaluations
(I) to (II4I) were made as follows. Further, for each of the
semiconductor devices obtained in Examples and Comparative

Examples, characteristic evaluations (IV) and (V) were made as

follows.

(I) Spiral flow
The spiral flow of each of the epoxy resin compositions
was measured using a mold for spiral flow test according to

EMMI-I-66, under the conditions of a mold temperature of 175°C,

an injection pressure of 6.8 MPa, and a curing time of 2 minutes.

The spiral flow is a parameter of fluidity. Here, larger

spiral flow means better fluidity.
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del anination ratio of the sem conductor package was obtained as a
percentage (% by calculating using the following formula. Pr ﬂ(ﬁpﬁhlm, an
average val ue of 8 sem conductor packages was used .for evaluation.

Del ami nation ratio = (area where del am nation occurred) / (area of silicon
chip) x 100 Here, smaller delam nation ratio neans better solder cracking
resistance. (V) Misture resistance reliability A voltage of 20 V was
applied to each(pf) t he clf-ipid D Rupackages in water vapor at 125C and at
100% rel ative humdity, and each package was then checked whet her or not

conduction faiThee oo et dhacesacotbie 4t meyarmt bE dden canddeti9pxy
failure occurred in 8 or nore packages of the 15 packages was ‘negsured and
the tinme WasStOefPRRASAEIg FalrPir BeRPHEST HSiREsareghetastemeset o( HESRot ed

t hat the j ' rs_at lLongest, and {n a _case ere the
‘nunber ofgﬁg‘?%ﬁgg%‘%%ggggf;ssgﬁ%%g?i it EI DA L ,“ter{étef‘i?l%e'tine
was ShOMﬂLtﬂS)TrﬁHétéhaDaﬁ@Qrh@uk§n9>tégghé-m@%h%1Hé%ﬂ%y dulalyri§ oy e

nmeans better noisture resistance reliability. 60 0.5 SEP 2006 The results
of the characteristic evaluations (1) to (V) are shown in Table 1. 61 0 5

SEP 2006 a)>1 ?ngga)ﬁééf%ﬁéf-flow percentage

Each of the epoxy resin compositions was preserved at 30°C
for 1 week in atmospheric air, and thereafter the spiral flow
thereof was measured in the same manner as described above.
Then, the percentage (%) of the thus obtained spiral flow was
determined on the basis of the initial spiral flow of the epoxy
resin composition just after the preparation. Here, larger

residual flow percentage means better storage stability.

(IV) Solder cracking resistance
Each of the 100-pin TQFP packages was left at 85°C and
at 85% relative humidity for 168 hours, and was then immersed

in a solder bath at 260°C for 10 seconds.

Thereafter, each package was observed under a microscope
to determine whether or not cracking occurred in its surface.
The occurrence rate of cracking was obtained as a percentage

(%) by calculating using the following formula.
Occurrence rate of cracking = (the number of packages in

which cracking occurred / the total number of manufactured

packages) x 100
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Further, an area where delamination occurred.betwéen the
silicon chip and the cured product of the epoxXy resin
composition was measured using a reflectoscope. Then, the
delamination ratio of the semiconductor package was obtained
as a percentage (%) by calculating using the following formula.

Practically, an average value of 8 semiconductor packages was

used for evaluation.

Delamination ratio = (area where delamination occurred)

/ (area of silicon chip) x 100

Here, smaller delamination ratio means better solder

cracking resistance.

(V) Moisture resistance reliability

A voltage of 20 V was applied to each of the 16-pin DIP
packages in water vapor at 125°C and at 100% relative humidity,
and each package was then checked whether or not conduction
failure occurred therein. The time until the conduction
failure occurred in 8 or more packages of the 15 rackages was

measured and the time was defined as a failure time.

In this regard, it is to be noted that the measuring time
was 500 hours at longest, and in a case where the number of failed
packages at that time was less than 8, the failure time was shown
as “more than 500 hours (> 500)”. Here, longer failure time

means better moisture resistance reliability.
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The results of the characteristic evaluations (I) to (V)

are shown in Table 1.
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As shown in Table 1, each of the epoxy resin compositions
obtained in Examples 1 to 18 (epoxy resin'compositions of the
presentinvention)hadextremelyexcellentcurability,storage
stability and fluidity. Further, each of the packages of
Examples 1 to 18 (semiconductor devices of the present
invention) encapsulated with a cured product of each of the
epoxy resin compositions of Examples 1 to 18, respectively had
excellent solder cracking resistance and moisture resistance

reliability.

Further, the semiconductor devices manufactured in
Examples 1 to 4, in which the compound Cl or the compound C2
was used as a curing accelerator had improved solder cracking
resistance as compared with the semiconductor devices
manufactured in Examples 5 and 6, in which the compound C3 was
used as a curing accelerator. Also, the semiconductor devices
manufactured in Examples 13 to 16, in which the compound C7 or
the compound C8 was used as a curing accelerator had improved
solder cracking resistance as compared with the semiconductor
devices manufactured in Examples 17 and 18, in which the
compound C9 was used as a curing accelerator. From these
results, it is confirmed that by using trisﬁbstituted
phosphoniophenolate in which the oxyanion is located in ortho
position or meta position to the phosphorus atom, as a curing
accelerator, an obtained semiconductor package can have
improved solder cracking resistance as compéred with the case
wheretrisubstitutedphosphoniophenolatejj1whidntheoxyanion

is located in para position to the phosphorus atom is used.

On the other hand, each of the epoxy resin compositions
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each of the epoxy resin conpositions obtained in Exanples 1 to 13 (€po
resin corrpositions of the present invention) had extrenely excellent

curabilit Loy d Furth each of the packages
of Exarrp?éygécsall 138n grgl\b%g% &ggor&aagﬁ\fgices of aflﬁie ké%(g POCF nPERERE)
encapsul atsetdabl\illtlftﬁ caﬂcecbaoémd@ﬁtt@é 8aeRagE st Bsta%@&ylhe%bﬁ p2QARISkL i Ons
of Exanples 1 to 18, respectively had exceéllent solder crack| ng resistance
and ni st Er@mEsist anead r2| habi Iddgr  Boither crdukiseym contlschnce davidces

fact n which the conpound Cl1 or the corrpound
gnuwgg 32‘3@% eal%arrg%n’aoééEBFgrE?BFSEQHC?W byl sbtder %%%é]@]?vgeac

resistance,@as ﬁ@“p@ﬁgg%wrte@ e ag o%?. q tsorog‘?giﬁ a ln fo%ct ured Ln

ExarrplesSan86,|n ich the co g%@ % |p§

accel er at @xamil1s05 Bh%r‘ﬁcﬁmcmae@d’tr@r\/él%ﬁspoor curablllty, storage
stability and fluidity, and each of the packages obtained in
Comparative Examples 3 and 4 had poor solder cracking

resistance.

(Examples 19 to 27, Comparative Examples 5 and 6)

Epoxy resin compositions (thermosetting resin
compositions) of Examples 19 to 27 and Comparative Examples 5
and 6 were prepared in the same manner as Examples 1, 3, 5, 7,
9, 11, 13, 15 and 17 and Comparative Examples 1 and 3,
respectively, except that a mixture of 26 parts by weight of
biphenyl type epoxy resin represented by the formula (23) and
28.5 parts by weight of biphenyl aralkyl type epoxy resin
represented by the formula (25) as the compound (A), and 45.5
parts by weight of phenol aralkyl resin represented by the
formula (24) as the compound (B) were used. Further, packages
(semiconductor devices) of Examples 19 to 27 and Comparative
Examples 5 and 6 were manufactured in the same manner as Example
1 except that the epoxy resin compositions prepared in Examples
19 to 27 and Comparative Examples 5 and 6 were used,

respectively.
For each of the epoxy resin compositions and each of the

packages obtained in Examples 19 to 27 and Comparative Examples

5 and 6, characteristic evaluations were made in the same manner
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manuf actured in Exanples 13 to 16, in which the compound C7 or the
conmpound C8 was used as a curing accelerator had inproved sol deﬂ.5cSIE_Eclmﬁ1g
resi stance as conpared with the sem conductor devices nmanufactured in
Exanples 17 and 18, in which the conmpound CO was used as a curing

accel er at esdriy8d BBEGe . F EBHLL $ mejats_dlsen?é)rﬂ{]-k%%‘aqttshv%rg%uﬂgtﬁgtial&yi .

trisubstituted phosphoni ophenolate in whic e oxyanion is locate

ortho pogihtd samer asethopesofibrahpl &hel pidsEhorys %at om 88, a TEHAG 7
accel erator, an obtai ned sem conduct or éackage' can have inproved sol der
cracki ng 8} SPAREEARSVEJHRINREE il AnEHesbawe iwAepdet Ti seivorictavedy .
phosphoni ophenol ate in which the oxyanion is located in para position to
t he phosphorus atomis used. On the other hand, each of the epoxy resin

composi tions  6AMk=RSER 20060 obt alngdobiy £PRYE! LY EnpXaTPhegnd gnd 2 had

poor storage stability, and each of the packages obtal he nparative
Exanples 1 and Zpead pooressiol dercempoki ngonesi st aheemasdt texyr emeky ihow
noi sture resistance reliability. Further, each of the epoxy resin

conposi t i GRS IR )i @ ICEreaPatasy €8 ERadpl a3d Fmep up hiade dwamedsisy Tpoor

bility, LLLty d fluidity, and each of the packages
bt ai ned 1 ConBaE R TR AL A% Sy A ing G5 CeOraLe cacki g
resistance, (Examplys 18 tmid277700mar abipe (xR esysqands 6) £P<9X§é resin
conpositions (thernmpsetting resin conpositions) of Exanples 19 to 27 and

Conpar at i wesheaplwsl b canerd heat Prepased si by tweel gtaime frmistesn @S tixoanpl es
L35 €poxy resin represented by the formula (23) as the compound (A)

and a mixture of 24 parts by weight of phenol aralkyl resin
represented by the formula (24) and 21.5 parts by weight of
biphenyl aralkyl type phenolic resin represented by the formula

(26) as the compound (B) were used. Further, packages

(semiconductor devices) of Examples 28 to 36 and Comparative
Examples 7 and 8 were manufactured in the same manner as Example
1 except that the epoxy resin compositions prepared in Examples
28 to 36 and comparative Examples 7 and 8 were used,

respectively.

For each of the epoxy resin compositions and each of the
packages obtained in Examples 28 to 36 and Comparative Examples
7 and 8, characteristic evaluations were made in the same manner
described above. Their measurement results were substantially
the same as those of Examples 1, 3, 5, 7( 9, 11, 13, 15 and 17

and Comparative Examples 1 and 3 shown in Table 1, respectively.

(Examples 37 to 45 and comparative Example 9)

Resin compositions (thermosetting resin compositions) of
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9, 11, 13, 15 and 17 and Conparative Exanples 1 and 3, respectively,
except that a mixture of 26 parts by weight of biphenyl type epd@y SERsI06
represented by the fornula (23) and 28.5 parts by wei ght of biphenyl

aral kyl type epoxy resin represented by the forrmula (25) as the conpound
(A), and 45:hop s 137 by We Ghia efonphanal 1 A kol 154 G the
formula (24) as the conpound (B) were usled. Furt%er, glae{: a&g}%&%%
(seni conduztardideyil®dspaot sBxan e tl® ft bizhaard nCakpas st h ieomfxaaples 5
and 6 were manufactured in the sane manner as Exanple 1 except that the
epoxy residiabiprsinhonslpeehared (BUI tRanptiesby 18- It ¢ HEV IaAd. , CAMDAISIH W e
Exanpl es nd re us respectively. For each of the epoxy resin
conposi ti g:nog' ’ang“%i%c)h :){"?ﬁ%he eapczgkaogéesec%et ai FEP I H Barpt e 9 &% ZA%hnd
Conpar at i wer D) Bsho Spiaiite 6asCRARGUHEI] Sid Lo BYALUAL | QRS LYET § 1 lp the
same manner 65 0.5 SEP 2006 descri bed dabove. Their rreasurerren{é%?%sf! ts
wer e substi@iticakshpwnt he Bdnee & thepecofivElanphes Hom@yerbsoWs 1 ®mikliingl3, 15
and 17 a Conparative Exanples 1 and 3 shown in Table 1, respectively.
(Exanpl es 28™0 36 and Conparative Exanples 7 and 8) Epoxy resin
conpositions (thernosetting resin conpositions) of Exanples 28 to 36 and
Conparative Exanples 7 and 8 were prepared in the same manner as Exanpl es
1, 3, 5 7, 9 bk ek3h 03 and Adsand-SRepaetdye dpamples b #ad 3
respectively, except that 54. 5 parts by weight of bi phenylltypenéjegosxy

resin repr¥sentéidaby Gdmpfrmitakk2Bplasot he lcoimound 1#C was ac st d8Xt ure
of 24 par t,ﬁj b¥n wei ght of phencil ar al k¥l resin
e measurement results and the blending ratio of each of the

curing accelerators are shown in Table 2.
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The measyr ement

ratio showngkpndabl@ 2, respggiivel ¥q and honggggeously

each of the—+resin conpositiions obtained in Fxanp
Conpar at i ve eRxappd @19, gel| thmpowia t35C was measur ed.

resul ts and—the—-blentdingtatio—of——eachtot—the
Example 42 Compound C6 2.15 37
Example 43 Compound C7 1.47 37
Example. 44 Compound C8 1.47 40
Example 45 Compound C9 1.47 35
Com.Example 9 Tprhiopsr;ehniynle— 1.00 Microgel

As shown in Table 2, each of the resin compositions

obtained in Examples 37 to 45 was immediately cured. On the
other hand, the resin composition obtained in comparative

Example 9 was not cured but micro-gelled.

2 Evaluation of trisubstituted phosphoniophenolate salts
First, compounds Cll to C20 were prepared as a curing
accelerator.
2-1 Synthesis of curing accelerator
Each of the compounds Cll to C20 was synthesized as
follows.

(Synthesis of Compound C11)
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curing accelerators are shown in Table 2. 67 0.5 SEP 2006 Table 2 Curing

Accelerator CGel. Tinme Kind Blending Ratio (second) (parts by \/\E@Eﬁ% 200‘3
Exanpl e 37 Conpound O 1.77 38 Exanple 38 Compound C2 1.77 40 |'e739

Compound C3 1.77 36 Exanple 40 Conmpound C4 2.05 36 Exanple 41 Conpound C5

2.01 31 Exanpl e->4 oy 37 nd._C 7.37
Exanpl e 44 Corrprrpgah(é; %mi? %7%4?%@1%%%&3%”}1% hp%%ﬁo%"%?ﬁ#géqé%%u%xanpl e
9 Triphenylkdioshhiovdcl. @il ceegeltiohs simawh i Ralabbee?, F@@ba@fadt hgyresin
conposi tions obtained in Exanples 37 to 45 was inmediately cured. On the
ot her hanéiseré Viagi 45 EnpéstenesnbbebeAdtydrr dohpararioia (Exahplre290was
not curedmgut M. cro-ge val uation of trisubsti

£ }:I ed. 2 . éldt ed :
phosphoni Bph8noPaté Sarts *Bi S EEmYGdRdS E 6 €2 Refd prEPLFRYECas a
curing a?@@%§r@59&8p%dlw§¥ﬂtQe%bﬁd %ggﬁrég@.%CQ@E§E%E9raE@C@h8§ LBge

compounds Cl|I to C20 was synthesi ze
stirred to dissolve o-methoxyaniline.

Thereafter, the separable flask was cooled with ice such
that the temperature in the flask was held at 0 to 5°C, and in
this state 7.2 g (0.104 mol) of sodium nitrite dissolved in 20

ml of pure water was slowly dropped into the solution in the

flask.

Then, 20.0 g (0.076 mol) of triphenylphosphine dissolved
in 150 ml of ethyl acetate was dropped into the separable flask

and then the solution in the flask was stirred for 20 minutes.

Then, 8.0 g (0.200 mol) of sodium hydroxide dissolved in
20 ml of pure water was slowly dropped into the separable flask,
and then the solution in the flask was strongly stirred for about

1 hour.

After bubbling of nitrogen gas was very slight, dilute
hydrochloric acid was added until pH reached 3.0 or below, and
30 g (0.200 mol) of sodium iodide was then added. Then, a
resultant precipitate was filtered and then dried to obtain 29.7
g of reddish brown crystal of 2-methoxyphenyl
triphenylphosphonium iodide.

Next, 29.7 g (0.060 mol) of the obtained 2-methoxyphenyl
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follows. (Synthesis of Compound Cl1) 68 0.5 SEP 2006 12.3 g of

o- net hoxyani line (0.2100 nol) and an aqueous hydrochloric acid sol @5 SEP 2006
whi ch had been prepared by dissolving-25 m of concentrated hydrochloric
acid (37% in 200 m of pure water in advance were put into a 500 m

separ abl et rfibask yeguicRpRG I @ eondensery apd (8, 96br et ard lheyiwere
stirred to dissolve o-nethoxyaniline. Thereafter, the separ abFe flask was
cool ed wi hiydireehdgehidet,handt he. § eppér.dtldr molln dheadd sk antsydheldk akr@ to
5C, and in this state 7. 2 g (0. 104 nol) of sodiumnitrite dissolved in
20 m of pﬁﬁrén%taegoﬁ)/a@ls?%\i‘?a]ﬂ%%ﬁd@eﬁ]? RS ime S BEGh arandanier pndsk.

Then, 20.Q 0,076 no of triphenyl pho i issolved in 150 ml of
ethyl acefate %%rﬁragﬁjpéae?’nvf%r%ﬂﬁ’@a ?&?gwed}il %R% RBT BB heesdiEt i on
in the flasld was rstihgr.ed for 20 m nutes. Then, 8. 0 g (0. 200 nol) of
sodi um hydroxi de dissolved in 20 ml of pure water was slowy dropped into
the separable flask, and then the solution in the flask was strongly

stirred for abo#% 1 hour. After bubbli n[% of nitrogen gas was very slight,
dilute hydrochf6FFE SERETHRE YAdeFOURLETepH F8&CcKERCE10T0PIRENGR, WaRd 30

g (0.200 pml) Qf QQJQEHTEE ' t ed. sThen, [ | tant ..

precipitate vvgs 1%?I tere gﬁgqt%ﬁ\g%%dr?gg t?%qlogfgiﬁé(g)g:@z I&ggr Oréaafjéﬁmbrovm

crystal ofic2<icetdoxyphesylin Leiophenyt pheephepeMd O¢ideinto the flask.
Then, a precipitated solid was filtered and then dried to obtain

24.1 g of a brown solid of 2-hydroxyphenyl triphenylphosphonium

iodide.

Next, 24.1 g (0.050 mol) of the thus obtained
2-hydroxyphenyl triphenylphosphonium iodide, 12.5 g (0.050
mol) of bisphenol S (2,2-bis(4-hydroxyphenyl)sulfone), and 180
ml of methanol were put into a 500 ml beaker, and they were

stirred.

Then, 2 g (0.050 mol) of sodium hydroxide dissolved in
200 ml of methanol was dropped into the beaker, and then the

solution in the beaker was stirred for 30 minutes.

Then, the reaction product was dropped into 2,000 ml of
pure water. Then, a precipitated solid was filtered and then
dried to obtain 10.2 g of a brown solid which is a salt of

2-hydroxyphenyl triphenylphosphonium with bisphenol S.

The thus obtained solid was defined as a compound Cl1.

As a result of analyses of the compound Cl1 by H-NMR, mass
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Next, 29.7 g (0.060 nol) of the obtained 2-net hoxyphenyl 69 0.5 SEP 2006
tri phenyl phosphoni umiodide, 88.7 g (0.769 nol) of pyridine hydy9agpospgle,
and 12.0 g (0.118 not) of acetic anhydride were put into a 500 mi
separabl e flask equi pped with a condenser and a stirrer, and they were
heat ed at K% ddie trPaBIESe UBHBALE ST drib v &nd, St £ & R ARLRIS ERAELI RN was
conpl eted, the reaction product was cooled to roomtenperature, and then
3. 3 g (0.campuns Clof weadiaumaricedi de idivdssal ivecd dd p2ad pHordforisre Madeer was
put into the flask. Then, a precipitated solid was filtered and then dried
to obtain S¥4 TERFSFTHL 4 Kih 61 faLdPwinsy desmypRenyl) t r i Pivenyl pkdsfhoni um
i odi de. : | 3,9f the thus obtained 2-hydroxyphenyl
triphenyPﬁ%%%p o#%ﬂ%¥§gﬁ?ggvg€2?%°g (0.050 nol) of bisphenol S (2, 2-bis
(4- hydr oxyphenyl) sulfone) , and 180 m of nethanol were put into a 500 m
beaker, and they were stirred. Then, 2 g (0.050 nol) of sodi um hydroxi de
dissolved in 200 m of nethanol was dropped into the beaker, and then the
solution in-the beaker was—stirred for 30 m nutes. Then, the reaction
product wayg dropped~into 2,000 m of pure water. Then, a precipitated
solid was flilteref d t hen ried to obtain 10.2 g ef- a brown solid which
is a salt qf ydr gxyhenyl triphenyl pgosphoni um wi th bi sphenol S. The

t hus obt ai neg—s®l i dwas [def | ned. cofrpo 11. As a result of
anal yses of \sonp 1|y T HESY OH (27)
O

(Synthesis of compound C12)

A compound was synthesized in the same manner as the
compound Cl1 except that 8.0 g (0.050 mol) of
2,3-dihydroxynaphthalene was used instead of bisphencl 8

(2,2-bis (4-hydroxyphenyl)sulfone), to thereby ultimately
obtain 10.8 g of brown crystal.

The thus obtained crystal was defined as a compound C12.
As a result of analyses of the compound Cl12 by 'H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl2 was a target trisubstituted phosphoniophenolate

salt represented by the following formula (28). The yield of
the compound C12 was 42%.
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70 0 5 SEP 2006 spectronmetry and elenmentary analysis, it was confirned
that the conpound Cl1 was a target trisubstituted phosphoni opﬂén%ﬁpdtm
salt represented by the following forrmula (27) . The yield of the conpound
Cll was 22% OHO _OP O\ S\ / OH(27) O (Synthesis of conpound Cl2) A
conpound was synthesized in the sane nanner as the conpound Cl1 except

that 8.0 g (0.050 nol) of+ 2, 3-di hydroxynapht hal ene was used i nstead of

bi sphenol | S (2, 2K s(4-hydroxyphenyl )sulfone), to thereby ultimtely
obtain 10 stal . The thus obtained crystal was defined as a

conpound of pana f [the conpound Cl12 by 'H NVR, nass
spect ronet ana s confirnmed that the conpound
Cl2 was ajt tjut ed g phenol(aB¢ salt represented by

the fol | o THE Y ¥ tlhe conpound Cl2 was 42% 71 0 5

S f yl
SEP 2006 |[CH / \ 8 ) HO (Synthesis of conpound C13) A conpound
was synt hesi zed he same manner as the

(Synthesis of compound C13)

A compound was synthesized in the same manner as the
compound Cl1 except that 12.3 g (0.100 mol) of m-methoxyaniline
was used instead of o-methoxyaniline, 16.0 g (0.100 mol) of
2,3-dihydroxynaphthalene was used instead of 12.5 g of
bisphenol S (2,2-bis (4-hydroxyphenyl)sulfone), and that an
addition amount of sodium hydroxide was changed to 4.0 g (0.100

mol), to thereby ultimately obtain 17.5 g of pink crystal.

The thus obtained crystal was defined as a compound C13.
As a result of analyses of the compound C1l3 by lH—NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl3 was a target trisubstituted phosphoniophenclate

salt represented by the following formula (29). The yield of
the compound C1l3 was 52%.

12



conpound Cl11 except that 12.3 g (0.100 nol) of n}nethoxyaniliw% ¥@§nﬂSEd
i nstead of o-nethoxyaniline, 16.0 g (0.100 nol) of S

2, 3-di hydr oxynapht hal ene was used instead of 12.5 g of bisphenol S

(2, 2-bi s(4-hydroxyphenyl )sul fone) , and that an addition amount of sodium
hydr oxi de was changed to 4. 0 g (0. 100 nol), to thereby ultimtely obtain
17.5 g of pink crystal. The thus obtained crystal was defined as a conpound
Cl3. As a result of analyses |of the conmpound C13 by 1H NMR, nmass
spectronmetyy and €l esentary analysis, it was confirmed that_the conpound

Cl3 was a [ phosphoni ophengl ate salt represented by
the follo 2 Pield™a EQRaupongd8L3 [was 52% 72715
SEP 2006 D\ / ound C23) A
conpound ﬁ@ A ‘ €13 except that
12.3 g (0. 2l i nstead of

m met hoxyahni | i ne, [1mately obtain 18.1 g of white crystal.
The thus opt ai nec was |[defined as a conpound Cl4. As a result of

anal yses of the comrpound Cl14 by -H NVR, mass spectronetry and el enmentary
analysis, 1t was confirned that the conpound Cl4 was a target
trisubstituted phosphoni ophenolate salt represented by the follow ng

formul a (30)'ﬂ%%9%§%égfg o%h80888888n815?4 was 54%

A compound was synthesized in the same manner as compound
Cl3 except that 12.3 g (0.100 mol) of p-methoxyaniline was used

instead of m-methoxyaniline, to thereby ultimately obtain 18.1

g of white crystal.

The thus obtained crystal was defined as a compound Cl14.
As a result of analyses of the compound Cl4 by 'H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl4 was a target trisubstituted phosphoniophenolate

salt represented by the following formula (30). The yield of
the compound Cl4 was 54%.

%o eonas] -

(Synthesis of compound C15)

A compound was synthesized in the same manner as compound

73



HO (30) [H HO OH (Synthesis of compound C15) A conpound was synthesized
in the sanme manner as conpound .73 0 5 SEP 2006 i except th@b ﬁné
(0.100 nol) of 2-meth oxy-5-nmethylaniline was used instead of

o- met hoxyaniline, 23.1 g (0.076 nol) of tri-p-tolylphosphine was used

d h t. 8, 5
o poc R bR LRRRerl 15, 0 SRR B 250000 BL oLy ine
(2, 2-bi S(éaE'YQé@éiYPH%éla)iSB'ff @Gkt Hok Jdierelye ul 53 ”Pt&" Yo.®P& ahd 1406 g of
pal e yellowi sh white crystal. The thus obtained crystal was defined as a

conmpound €t5-p- ﬁelglphsebhlnb anal ysed dhstbedcofiporinch&dpl pyosbh NVR, nass
spectronetry and el enentary analysis, it was confirnmed that the conpound
Cl5 was a2Parg@t fr Psaubdtidf Balphes phdmibpheior arerisdalenprasensed by
the follo mul 1) Thg.,yield of _ the co ound 615 vas ,51% OH
H( 31) LC1¥%Q?6%§B (%fhe5|s of’ conpouﬁd C16) conpouﬁghwﬁs synt heSi zed

in the sar(rg,zraﬁmgr(4aﬁyahzr©xy§>@rémzlm%u@lﬂor@<>ceptté hathdBedy 9  Oc 1Q9: 8D|) of
obtain 14.6 g of pale yellowish white crystal.

The thus obtained crystal was defined as a compound C15.
As a result of analyses of the compound C15 by 'H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl5 was a target trisubstituted phosphoniophenolate

salt represented by the following formula (31). The yield of
the compound Cl5 was 51%.

OH o 1
3C P
o) -
3 O
CHj

(Synthesis of compound C16)

A compound was synthesized in the same manner as the
compound Cl1 except that 13.7 g '(0.100 mol) of
2-methoxy-5-methylaniline was used instead of
o-methoxyaniline, and that 23.1 g (0.076 mol) of
tri-p-tolylphosphine was used instead of triphenylphsophine,

to thereby ultimately obtain 16.8 g of yellow cfystal.

The thus obtained crystal was defined as a compound C16.
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2- met hoxy-5-net hyl ani | i ne was used instead of o-nethoxyaniline, and that
23.1 g (0.076 nmol) of tri-p-tolylphosphine was used instead of (5 SEP

tri phenyl phsophine, to thereby ultimately obtain 16.8 g of yellow crystal.
The thus obtained crystal was defined as a conpound Cl16. 74 0 5 SEP 2106
As a result of analyses of the conpound C16 by 1H NVR mass spectrometry
and el enefifary r&sallfsicf analsesont i ERedcenapunfeCléokpyoulidNERe massa

target trisubstituted phosphoni gphengl ate .salt_represented hy .t he

fol I owi ngSPS?r%rﬂ:Pg%(L‘fé() R y‘?me‘?ngfoad?y PR YEGpotihd 2E18°Was T8 otl'é}f thfor org
(32 ) CH3ohpwihbeshs QESCQ@QE?‘QtCé-J?)_s@bQQHPQHQQ ¥ARSsSHBhhEshead LRt he
sanme manner as the conpound G T except that 26.8 g (0.076 nol) of tris

(4- net hoxgphéenykeppbhesphiedebyashestdl losirgdfofmulai pdeny| hes gHiale, odnd
that 20.0 (0.100 ol ) of bis(4-hydroxyphenyl)nmethane was used instead of
bisphenolt%e comPoingl £Ufy dieok yidfeny! ) sul fone), to thereby ultimately
obtain 5.4 g of white crystal. The thus obtained crystal was defined as a
conmpound Cl17. As a result of analyses of the conpound Cl7 by 'H NMR, nass

spectrometry and elementary analysis, it was confirmed that the conpound
Cl7 was a|target trisubstituped|phosphoni ophenol ate salt_ represented by
the foll ow/ng for (33) The yilel d of
H3C P ?
’ o S——QCH (32)
: :
L Ca |

(Synthesis of compound C17)

A compound was synthesized in the same manner as the
compound Cll except that 26.8 g (0.076 mol) of tris
(4-methoxyphenyl)phosphine was used instead of
triphenylphosphine, and that 20.0 g (0.100 mol) of
bis (4-hydroxyphenyl)methane was used instead of bisphenol S
(2,2-bis(4-hydroxyphenyl)sulfone), to thereby ultimately
obtain 5.4 g of white crystal.

The thus obtained crystal was defined as a compound C17.
As a result of analyses of the compound C17 by.lH—NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl7 was a target trisubstituted phosphoniophenolate
salt represented by the following formula (33). The yield of
the compound Cl7 was 18%.
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t he compound C17 was 18% 75 $ 5 SEP 2006 OH H(3 3 ) (Synthesis o

conpound C18) 40. 0 g (0.2 nol) of bisphenol D (a mixture of 1515 EPs2906r S
of bisphenol F, which is nade by HONSHU Chenlcal | NDUSTRY CO., LTD.) and
50 m of nethanol were put into a 1-liter separable flask equipped with a
stirrer, and they were stirred at room tenperature to dissolve bi sphenol
F-D. Further, a solution which}jhad been prepared by dissolving 4. 0 g (O.
1 nol) of| spdi um hydroxi de OR m of methanol in advan¢e was added to

the solu |on i n ihe ster Then, ol uti on which had been
pr epar ed 1o CHs sAybphosphoniPdm bromi de
in 150 m| of net was d. The /utlon in the flask was

being stirned for a 00 M of nethanol was then added.
Thereafter, the sol ution in th | ask was dropped into a | arge anount of
water under stirring, to thereby obtain a white precipitate. The thus
obt ai ned precipitate was defined as a conpound Cl18. As a result of

anal yses of the co und C18 by 1H NVMR,__ nass spectronetry and el enentary
analysis, it wad Egﬁgﬁﬁﬁﬁdo tﬁ&WPFﬁ%mkéﬁﬁﬁund Cl18 was a target

Formul s (34). $R6ooTala ol her connie Cio ie M s> PG seB08s -1
of bisphenol F, which is made by HONSHU Chemical INDUSTRY CO.,
LTD.) and 50 ml of methanol were put into a l-liter separable
flask equipped with a stirrer, and they were stirred at room
temperature to dissolve bisphenol F-D. Further, a solution
which had been prepared by dissolving 4.0 g (0.1 mol) of sodium
hydroxide in 50 ml of methanol in advance was added to the
solution in the flask under stirring. Then, a solution which
had been prepared by dissolving 41.9 g (0.1 mol) of
tetraphenylphosphonium bromide in 150 ml of methanol in advance
was added. The sclution in the flask was being stirred for a
while, and 300 ml of methanol was then added. Thereafter, the
solution in the flask was dropped into a large amount of water

under stirring, to thereby obtain a white precipitate.

The thus obtained precipitate was defined as a compound
Cl8. As a result of analyses of the compound C18 by 'H-NMR,
mass spectrometry and elementary analysis, it was confirmed
that the compound C18 was a target trisubstituted
phosphoniophenolate salt represented by the following formula

(34). The yield of the compound Cl8 was 57%.
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OX CH2 \ /0 (34) HOX CH2 /OH .(Synthesis of conpound C19) In a 500 m
beaker, 26.2 g (0.100 nol) of triphenyl phosphi ne was di ssol vedd § $EPS2008 of
acetone at room tenperature. Then, 10.8 g (0.100 nol) of p-benzoqui none
dissolved in 45 m of acetone, was slowy dropped into the solution in the
beaker under stirring. Asjts dropping was continued, a precipitate was
gradual | y- produced. Aftery its dropping was conpleted, a resultant solution
was stirfed for-abkgut 1 kourgpnd then was_all owed to stand for about 30
e

m nut es. | Ther eg , a pr r>(at dcry a5 filteredTand then dried,
to thereby obt 7.75 ¢ pf gr shteh\br o powder. Nekt, 27.75 g (0.075
& i - 3.

mol ) of f ned egnj sh powd 5 g (0.075 | }(3df)y formc
acid, and i Pn | were rRto a 5 oReaker, and they were
stirred. 310 (9075 ) of so m gngx@i ssolved in 200 m of
nmet hanol dintd e beaker, t hen e/ 77 05 SEP 2006

sol ution|i 0 aker wds stirred for 30 mnutes. Then, the reaction

product v ed into (2,000 M of pure water. A precipitated solid was
filteredtand then dried,- to thereby obtain 13.4 g of a brown solid.

(Synthesis of compound C19)
In a 500 ml beaker, 26.2 g (0.100 mol) of
triphenylphosphine was dissolved in 75 ml of acetone at room

temperature.

Then, 10.8 g (0.100 mol) of p—benzoquinoné dissolved in
45 ml of acetone, was slowly dropped into the solution in the
beaker under stirring. As its dropping was continued, a

precipitate was gradually produced.

After its dropping was completed, a resultant solution
was stirred for about 1 hour and then was allowed to stand for

about 30 minutes.

Thereafter, a precipitated crystal was filtered and then

dried, to thereby obtain 27.75 g of a greenish brown powder.
Next, 27.75 g (0.075 mol) of the obtained greenish brown
powder, 3.5 g (0.075 mol) of formic acid, and 180 ml of methanol

were put into a 500 ml beaker, and they were stirred.

Then, 3 g (0.075 mol) of sodium hydroxide dissolved in

200 ml of methanol was dropped into the beaker, and then the
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The thus obtained solid was defined as a compound C19. As a result of
anal yses of the conpound C19 by 1H NMR, nmass spectronetry and elﬂgg%ﬁ,amfs
analysis, it was confirned that the conpound Cl9 was a target _
trisubstituted phosphoni ophenol ate salt represented by the foll ow ng

formul a i 0, und.C19 S 2?% H OP OCOCHs ( 35
) OH (Sygtabﬁ%alsu;rés]leoo?l %lédn%kg%n%é%g%l)c @goﬁgéﬁﬁd\ﬁ&% Nt AeSiUFES i n the same
manner as the conpound Cl19 except that 18.8 g (0.075 nol) of bisphenol S
(2, 2-bis (4-hydroxyphenyl) sulf one) was used instead of formc acid, to
t her eby ul ti mat dihgrobttéien r8@c2 ignobrbrdowt enpstiabppEhei hbus2 o aimed £
crystal was defined as_a conPou As a result of anal yses of the

nd C20. _, _ .
conpound &Y HYARINVRY RERSTPEpREER it ¥ v félémancarpdaikeysimied,t was

confirnmed c&d@%ﬂg a_target trisubstituted _
phosphoni o%ﬂgi\hoélfgoey 78 0. djsgégzégg%f da {g‘rﬂgprs’%é ‘ed by the follow ng
formula (36) . The yield of the conmpound C20 was 49% OH OOP OSII OH

(36) - O O (OH 2-2 Preparation of epoxy resin conposition and manufacture
of seni conduct ofhgeihges obtained solid was defined as a compound C19.

As a result of analyses of the compound C19 by 1H—NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl9 was a target trisubstituted phosphoniophenolate
salt represented by the following formula (35). The yield of
the compound C19 was 25%.

OH

@p O-CO-CH3 (33)

OH

(Synthesis of compound C20)

A compound was synthesized in the same manner as the
compound C19 except that 18.8 g (0.075 mol) of bisphenol S
(2,2-bis (4-hydroxyphenyl)sulfone) was used instead of formic

acid, to thereby ultimately obtain 30.2 g of brown crystal.

The thus obtained crystal was defined as a compound C20.
As a result of analyses of the compound C20 by *H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the

compound C20 was a target trisubstituted phosphoniophenolate
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Epoxy resin conpositions of Exanples 46 to 59 and Conparative Exanples 10
to 15 were prepared using the obtained conpounds Cl1 to C20, re85cSEf o6y,
and sem conduct or packages of Exanples 46 to 59 and Conparative Exanples
10 to 15 were manufactured, as follows. (Exanple 46) First, biphenyl type
epoxy reskaltepepsestadellybyhene fREMUbRI £330 Amutle $OMPOURG Q/é)eidpéfno'
aral kyl resin represented by the fornmula (24) (wherein the nanber o

repeat uBRPesCcpPBPIUAA CRO Wasard %ver age nunber) as the conpound (B), the
conpound Cl11 as the curing accelerator (C), spherical fused silica (having
an average particle size of 15 m as the inorganic filler (D), and carbon
bl ack, brom nated bi sphenol. A type epoxy resin and carnauba wax as

addi ti vesfwere prepared. -Then, 52 parts by wei ght of biphenyl type epoxy
resin, 79 0.5 SEPXR006 8 parts by weight of phenol aral kyl resin, 3.02
parts by mei ght und 730 parts by i ght of spherical fused
silica, 2 parts ™ i y wei ght of brom nated
bi sphenol| 2 PE €POoX)

m xed at |rQ e :

of c?%gauba wax were
usi ng a hot=rFd | 8 m nut es©

m x e was kneaded
and was coo| ed and then ground, to
t hereby optain 8 POJ in conposition (thernosetting resin
conpositijpn) Ne 8 pagkages of 100-pin TQFP (sem conductor devices) and
15 packages of 16pin DI P|(sem conductor devices) were manufactured using
t he obtai%ed epoxy resin-€onposition as a

2-2 Preparation of epoxy resin composition and manufacture

of semiconductor device

Epoxry resin compositions of Examples 46 to 59 and
Comparative Examples 10 to 15 were prepared using the obtained
compounds Cl1 to C20, respectively, and semiconductor packages
of Examples 46 to 59 and Comparative Examples 10 to 15 were

manufactured, as follows.

(Example 46)

First, biphenyl type epoxy resin represented by the
formula (23) as the compound (a), phenol aralkyl resin
represented by the formula (24) (wherein the number of repeat
units is 3 and it is an average number) as the compound (B),
the compound C11 as the curing accelerator (C), spherical fused
silica (having an average particle size of 15 um) as the

inorganic filler (D), and carbon black, brominated bisphenol

A type epoxy resin and carnauba wax as additives were prepared.
Then, 52 parts by weight of biphenyl type epoxy resin,
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mol d resin. The 100-pi n TQFP packages were nanufactured by subjecting the
epoxy resin conposition to transfer nolding, under the conditi ora; géffa

nol d tenperature of 175C, an injection pressure of 7.4 MPa, and H%
time of 2 mnutes, and then after-curing the nolded product at 175C for 8

hours. Img bla&trselgﬁrv%ldﬁt b$ $10=BE1 réq_la‘%quIlth‘EsE.H' S3 1(99 p%x%sT Pc%l%gicé(age

has a size of 14 x 14 mm and a thickness silico
(sem concectgre etempoedd h@sla 3BR2epaft8. @yXW&.l@;htrmaf aphdhiaiala desgh f rame
i s made of aJ | oy 42. The 16-pin DI P fackages wer e manuf actured by

subj ect i mytL1FR ehdBE r2ih %lr@i%ﬂ'su@ FRERPR rakRtler Aal ty hunderiatite

f 175C t of 6. 8
Ve, and o Carrin el SrEhBhEL T Syrt et Bt Gt S bRerSiaittod
product adf H%éu%a BrdOUfsSre G =& aScEPrc?&QGCerAﬁbfzi‘E@ré eg&ﬁl’%re‘éfﬂ Lo be

noted that this 16-pin DI P package has a size of 6.4 x .8 M and a

t hi cknessthod Btiaimmd el st e o< Hire  setriupandyet @btelrgmnta); basc arsy ze of
3.5 x 3.5 nmm and a | ad frarre |s made of alloy 42. (Exanple 47) First,

bi pheny! ARy e%ypaé“ $f ragst et Str BA 4 He frdramsly (@B)a itwher ei n
Lhe nubeln, dbdiepeat Pn&&ﬁ}i)igf_%lgﬂdétlll%rﬁlg s&ﬁxeragglerg“”ggqg{ B e

conpound (A), ara enort ¢ resi

formul a (26) (vvhereln t he nunber of repeat units is 3 and it is an average

nunber) as the conpound (B) , the conpound Cl1 as the curing accel erator
Next, 8 packages of 100-pin TQFP (semiconductor devices)

and 15 packages of 16-pin DIP (semiconductor devices) were
manufactured using the obtained epoxy resin composition as a

mold resin.

The 100-pin TQFP packages were manufactured by subjecting
the epoxy resin composition to transfer molding, under the

conditions of a mold temperature of 175°C, an injection pressure
of 7.4 MPa, and a curing time of 2 minutes, and then after-curing

the molded product at 175°C for 8 hours.

In this regard, it is to be noted that this 100-pin TQFP

package has a size of 14 x 14 mm and a thickness of 1.4 mm, a
silicon chip (semiconductor element) has a size of 8.0 x 8.0

mm, and that a lead frame is made of alloy 42.

The 16-pin DIP packages were manufactured by subjecting
the epoxy resin composition to transfer molding under the

conditions of amold temperature of 175°C, an injection pressure
of 6.8 MPa, and a curing time of 2 minutes, and then after-curing

the molded product at 175°C for 8 hours.
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(Q, spherical fused silica (having an average particle size of 15 m as
the inorganic filler (D), and carbon black, brom nated bi sphenﬂlé ésg;?@g
epoxy resin and carnauba wax as additives were prepared. Then, 57 pa by
wei ght of biphenyl aralkyl type epoxy resin, 43 parts by weight of

bi phenyl aral kyl type phenolic resin, 3.02 parts by weight of the conpound
a1, 650 parts by weight of spherical fused silica, 2 parts by weight of
carbon bl ack, npdris dygarightt ofs bromaaiededi sphenchi A 1¢ASi e AOXY

resin and 2 parts by wei ght of carnauba wax were m xed at room

t enper at IPRCKAFRredT teS12cheLobt 4i nekP nd xauramovas thneadeds asi hgs ahot ol

at 105C for_.8 .m nut nd was cool.ed and the round, to t hereby obtain
an epoxy %é?ﬁﬁﬂ%%hﬁ§§%%?Sﬁmlffﬁﬁgﬁ§§§iFﬁﬁ@e iﬁgéoﬁﬁ%%??ﬁﬁhf:5h%xi;5

packages fisemaconducéd dewineesy waue mEnuyhaciured 81 0 .5 SEP 2006 in
the sane manner as Exanple 46 except that the epoxy resin conposition
prepared in Exanple 47 was used as a nold resin. (Exanple 48) An epoxy

resin compositi t her etting resin conposition) of Exanple 48 was
prepared in theagﬁﬁggﬁﬁgﬁi} as Exanple 46 except that 2.56 parts by wei ght

of the conmpound:: #gﬁg#i tqﬁg_ f the conpound Cl1, and pa ﬁgges
(seniconductorqﬁéé%éég?ié aﬁ%%%‘ %QFE %ﬁﬁﬁ#&é?ﬁﬁ@dr?gr?%%ngéé manner
as Exanplehd&exadpd (I8t (2P0 )t He $ivhb GOMROS kLR RREPAr ed 4 ny fxanpl e
48 was used as a nold resin. (Exanple 49)

it is an average number) as the compound (A), biphenyl aralkyl

type phenolic resin represented by the formula (26) (wherein

the number of repeat units is 3 and it is an average number)

as the compound (B), the compound Cl1 as the curing accelerator

(C), spherical fused silica (having an average particle size

of 15 pum) as the inorganic filler (D), and carbon black,

brominated bisphenol A type epoxy resin and carnauba wax as

additives were prepared.

Then, 57 parts by weight of biphenyl aralkyl type epoxy
resin, 43 parts by weight of biphenyl aralkyl type phenolic
resin, 3.02 parts by weight of the compound Cl1l, 650 parts by

weight of spherical fused silica, 2 parts by weight of carbon
black, 2'parts by weight of brominated bisphenol A type epoxy
resin and 2 parts by weight of carnauba wax were mixed at room
temperature. Thereafter, the obtained mixture was kneaded

using a hot roll at 105°C for 8 minutes, and was cooled and then
ground, to thereby obtain an epoxy resin composition

(thermosetting resin composition).

Next, packages (semiconductor devices) were manufactured
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An epoxy resin conposition (thernobsetting resin conposition) of Exanple 49
was Bre%ar ed in tg same manner as Exanple 47 except that 2.56 $5rSEP b6
wei ght of the compound Cl2 was used instead of the conpound Cl1, and
packages (semi conductor devices) of Exanple 49 were nanufactured in the
same manney atshExa | e 47 except_that_ the epoxy resin conposition prepared

in Exanpl e 49 Was® Ued" A5 @ ndf S FEWPHE P ERAAPPE S@tA‘Th%%ﬁ@XYesﬁtziI;r y
conposi t i AokbHEL POSEL b8P LESI Ny EQQB%@Q '49“%_85%'55%‘)@%9% )}n%""ﬁ"i‘;%@?s !

in the sane manner as Exanple 46 exce t hat *the
compound C13 was used instead of the conpound G, and packages

(sem conductor devices) of Exanple 50 were manufactured in the same manner
as Exanpl e 46 exb%?fﬁm@ @gt48he epoxy resin conposition prepared in Exanpl e
50 was used as %{r‘)'g r}e{si n.. 82 15 SEP 2006 (Ex(%rrpl e 51)t An epoxy resin
conposi tion (thermosebting réSim COTHRSFLFOAT of tER&HESEtSingas Freiar ed

i i f the
in the sanBoBONerias) EXamsAY Xeert Lhat 3 pafLs brX wei ght o
compound C13 ~ was tseiﬂ i nstead of the compo rﬁ%éliin and packaggdier as

(sem conduétamp bevifcesyeot Exanytt &6 bawere biaief get Wednen-dhsousare sranner
as Exanple 47 except that the epoxy resin conposition prepared in Exanple
51 was usetAs ‘és?rgl dirgsead (Exanple 52ympaurgoxyliesi anconmesitdgas

i i it 52 was prepared in the same
(t Eﬁ;m;:‘t Eéé}lgi5&%&1@ct89@eovsiléelsoﬁn)ofolf-:xg%(n%qgl fs were malplufgctured in the
ma
same manner as Example 46 except that the epoxXy resin

composition prepared in Example 48 was used as a mold resin.

(Example 49)

An epoxy resin composition (thermosetting resin
composition) of Example 49 was prepared in the same manner as
Example 47 except that 2.56 parts by weight of the compound C12
was used instead of the compound Cll, and packages
(semiconductor devices) of Example 49 were manufactured in the
Same manner as Example 47 except that the epoxy resin

composition prepared in Example 49 was used as a mold resin.

(Example 50)

An epoxy resin composition (thermosetting resin
composition) of Example 50 was prepared in the same manner as
Example 46 except that 3.36 parts by weight of the compound C13
was used instead of the compound Cll, and packages
(semiconductor devices) of Example 50 were manufactured in the
same manner as Example 46 except that the epoxy resin

composition prepared in Example 50 was used as a mold resin.
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Exanpl e 50 except that the conpound Cl4 was used instead of the conpound
C13, and packages (sem conductor devices) of Exanple 52 were ngfu§eeciysed
in the sane manner as Exanple 46 except that the epoxy resin conposition
prepared in Exanple 52 was used as a nold resin. (Exanple 53) An epoxy
resin conpositioggthﬁgnQ§f§ting resin conposition) of Exanple 53 was
prepared in the mnner’ as Exanpl e 51 except that the Eonpgunq Cl? m?s
used instead of e ou >13, S n or. devi ces) o
Exanpl e 53 meréﬁﬂan% g%?urggS?# t he é%%ﬁéggﬁengggkﬁgﬁ%%glﬂg exX&Ept”  t hat
the epoxy cesbas Cohposidii axapEparadwal BxapakedS3nVeasge Usfte dshfe1ld
resin. (Exanpl e 54) An epoxy resin conposition (thernosetting resin

conposi t i GHATR L EXdnprESBE eat &-@pﬁpédgisnbvheehmf Oifﬁhherccaspogﬁ%(&la SEP
2006 Exa e 46 _except that 2.85 parts wei of the conpoun was
used ins?ggﬁsofugﬁé g%ﬁﬁoﬁﬁa ctt, pa %%%%@né(s@ﬁ%conéﬂétOPQﬁﬁﬁ%%%) of
Exanpl e 54 s e-dmidact Wetd ddt )t Be £ 2201 OBRNGL 2S, ExappLe 46 jexcent, that
t he epoxy resin conposition prepared I n Exanple 54 was usea as a nold
resin. (Bewpl eaffrrAnaepdiyamesen £LONMEOSIddonthbher emsetdidig, r e%idin
conpositioqz of Exaqgle 55 was prepared in the sane manner as Exanple 47

except thdiCBREE PR PARPIRTYhtD dixamel € onboarl Gk ame meddl imestiead of
t he conpound Cl1, and packages

(Example 52)

An epoxy resin composition (thermosetting resin

composition) of Example 52 was prepared in the same manner as
Example 50 except that the compound C14 was used instead of the
compound C13, and packages (semiconductor devices) of Example
52 were manufactured in the same manner as Example 46 except
that the epoxy resin composition prepared in Example 52 was used

as a mold resin.

(Example 53)

An epoxy resin composition (thermosetting resin
composition) of Example 53 was prepared in the same manner as
Example 51 except that the compound Cl14 was used instead of the
compound Cl3, and packages (semiconductor devices) of Example
53 were manufactured in the same manner as Example 47 except

that the epoxy resin composition prepared in Example 53 was used

as a mold resin.

(Example 54)

An epoxy resin composition (thermosetting resin

composition) of Example 54 was prepared in the same manner as
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(seniconductor devices) of Exanple 55 were manufactured in the sanme manner
as Exanpl e 47 except that the epoxy resin conposition preparegs!sgﬂimnﬁple
55 was used as a nold resin. (Exanple 56) An epoxy resin conposition
(thernosetting resin conposition) of Exanple 56 was prepared in the same
manner as_ Exanple 46 except that 3.32 parts by weight of the conpound C16
was used FHaTRAE YF SKREPCORPBENE- &P Ipa i byackaghs of Séve comgoonhdrCHevi ces)

of Exanpl 6 r factured.in_the sane nn as Exappl e 46 except
that the ‘g%gxyﬂgggi g%%%(gr?ﬁggi t?%n_‘b?%pa?@ﬁ??ﬁg%xa%le 56ar\‘/£§ RAGEFI%S a nol d
resin. (E3aRREEnadLtHR @PPXYeE LM EGAMPAY bi QR £4 hermsett] Eﬁ(sﬁﬂ?
conposi tion) of Exanple 57 was prepared in the same manner as Exanple 47
except thasng. 3tapmtsasy Bekgiptleof 46hescoapounthaZ16 theasepsed inssaad of
t he conpound Cl1]1, and ackages, (sem conduct or devices) of Exanple 57 were
manuf act uF8BPPRLFHRD %Ee@aﬁ dEPn 1688 P gned nARersad Exaapheld rescept t hat
the epoxy resin conposition prepared in Exanple 57 was used as a nold
resin. (Exanple 58) An epoxy resin conposition (thernosetting resin
conposi tion) of (Exanple 58)was prepared in the sane manner as Exanple 46
except that 3.01 parts by weight of the conpound C17 was used instead of
t he conpound Cl&n afdopsckagesin (seongoatuttor dehierer)senft imeanptes 58 wer e
manuf act ur ed in.%he sape. manner  as Exanpl e 46 except that the epoxy resin
composition) or Example 55 was prepared in the same manner as
Example 47 except that 2.85 parts by weight of the compound C15
was used instead ‘of the compound Cl1, and packages
(semiconductor devices) of Example 55 were manufactured in the
same manner as Example 47 except that the epoxy resin

composition prepared in Example 55 was used as a mold resin.

(Example 56)

An epoxy resin composition (thermosetting resin
composition) of Example 56 was prepared in the same manner as
Example 46 except that 3.32 parts by weight of the compound C16
was used instead of the compound C11, and packages
(semiconductor devices) of Example 56 were manufactured in the
same manner as Example 46 except that the epoxy resin

composition prepared in Example 56 was used as a mold resin.

(Example 57)

An epoxy resin composition (thermosetting resin
composition) of Example 57 was prepared in the same manner as
Example 47 except that 3.32 parts by weight of the compound C16
was used instead of the compound €11, and packages

(semiconductor devices) of Example 57 were manufactured in the
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conposition prepared in Exanple 58 was used as a nold resin. (Exanple 59)
An epoxy resin conposition (thernosetting resin conposition) bb SEPa20# e 59
was prepared in the sane manner as Exanple 47 except that 3.01 parts by
wei ght of the conmpound Cl7 was used instead of the conpound Cl1, and
ackages m_con tor_devices) of _Exanple 59 were manufactured in the
gane gann%%agsléyg%% e A7 EQ%QBﬁf%héF tﬁgE885xyt?%EiHj“%oﬁﬁ8§Wti6ﬁsbPepared
in Exanpl goRBoWas i Baegd rapad Pl @%E@%le %GO%Q%V%%'%?agxggﬂbfdlgésﬁﬂ epoxy
resin conposition (thernosetting resi conpositi or?) 0 nparatrrve Exanpl e
10 was prepared in the same manner as Exanple 46 except that 3.69 parts by
wei ght of the conpound Cl18 was used instead of the compound C I, and
packages (semni ¢BHReUEL6r Sfevi ces) of Conparative Exanple 10 were
manuf actured in,the _same manner as Exag)pl,% 46 except that the epoxy resin
I

conposi ti on prepar eG A YConpar Bt i vECER &°fp we SRR LS 2P noF BSEBsi n.
85 0 5 SERoRP86:tEanparatkyfpEXagplead ) &5 POV, (S {%a&%mgﬁhg&ogs

;
(thernosetting resin conposition) of Conparative Exanple I1 was prepared
in the safsampaankd casdpiamplae 370exeeptsthatved 6@ pardise bympeight cof the
conpound C18 was used instead of the conpound Cl1, and packages

(sem condl@for U§EG cedSTFaTonphr aknfe Ceameadil Gieke amthufpeckaadsin the
n . e g
ooy SeefEcaE 8y deFXeeR) Sh%dift e SRNNLL AN LRI LS REOPAT
same manner as Example 46 except that the epoxy resin

composition prepared in Example 58 was used as a mold resin.

(Example 59)

An epoxy resin composition (thermosetting resin
composition) of Example 59 was prepared in the same manner as
Example 47 except that 3.01 parts by weight of the compound C17
was used instead of the compound Cl1, and packages
(semiconductor devices) of Example 59 were manufactured in the
same manner as kExample 47 except that the epoxy resin

composition prepared in Example 59 was used as a mold resin.

(Comparative Example 10)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 10 was prepared in the same
manner as Example 46 except that 3.69 parts by weight of the
compound C18 was used instead of the compound Cl11, and packages
(semiconductor devices) of Comparative Example 10 were
manufactured in the same manner as Example 46 except that the

epoxy resin composition prepared in Comparative Example 10 was

used as a mold resin.

85



used as a nold resin. (Conparative Exanple 12) An epoxy resin conposition
(thernosetting resin conposition) of Conparative Exanple 12 v@ﬁ SEPeplid ed
in the sane manner as Exanple 46 except that 4.34 parts by weight of the
conpound C19 was used instead of the conpound Cl1, and packages _

(sem conductor devices) of Conparative Exanple 12 were manufactured in the
sane manner as Exanple 46 except that the epoxy resin conposition prepared

in Conparative E)@@ﬁ@aqa]tav\@fagxm(g as] g rrpl d resi n. (Conpa_r afti ve Exanpl e
13) An epoxy resin conposition (thernosetting resin conposition) of

Conpar ative Exadpl e i®xas peepar edompdsier isane (thoanessastbExgnples4h
except that 4.34 tp,arts by weight of the conpound C19 was used instead of
the compoGdPERL T PACKAYRET 2 F SBFECHNRAS 3 Wevitkapa wfd Conphe atinee

Exanpl e 1 re factured in th r_a anpl e 47 e t that
t herrpepoxa‘a\r?@sel%n a(r:gg%ggnﬁjtll%o%d]pFgﬁaepgcd%%gaet@?ﬁp@reﬁair&eg%aﬁﬁl L}‘l% %?%eus_ed
as a nol d dee@iotindB618 waShRe200asteSanparald vembyarel €114) A seRLY Jsesi n
conposition (thernosetting resin conposition) of Conparative Exanple 14
was prepar@@nisanemncaie deanimss Jas X afure 4t teixce ptEddrgtl 3. 10 patetre by

wei ght of the _c ound was used instead of the conpound Cl1, and
pacgages n‘(aélélrﬁa&m&ﬁcg i EBYT BRNEBAPAP FFFRP B ahplcePtind@t the

”ﬁnUfaCtU%@%Qy”r%@?nségﬁpggfgfén%ﬁxﬁﬁf@@&%Jﬁéoﬁég%gki%g xgﬂgle 11 was

used as a mold resin.

(Comparative Example 12)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 12 was prepared in the same
manner as Example 46 except that 4.34 parts by weight of the
compound C19 was used instead of the compound C11, and packages
(semiconductor devices) of Comparative Example 12 were
manufactured in the same manner as Example 46 except that the

epoxy resin composition prepared in Comparative Example 12 was

used as a mold resin.

(Comparative Example 13)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 13 was prepared in the same
manner as Example 47 except that 4.34 parts by weight of the
compound C19 was used instead of the compound C11, and packages
(semiconductor devices) of Comparative Example 13 were
manufactured in the same manner as Example 47 except that the

epoxy resin composition prepared in Comparative Example 13 was

used as a mold resin.
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oxy resin conposition prepared in Conparative Exanple 14 was used as a
ﬁgl dyresi n. (Corrprrpar ati vepExgrrpI e 15) An epoxy resin conpositi o5 SEP 2006
(thernosetting resin conposition) of Conparative Exanple 15 was prepared
in the sane manner as Exanple 47 except that 3.10 parts by weight of the
conpound C20 was used instead of the conmpound O i, and packages _

(sem conductor devices) of Conparative Exanple 15 were manufactured in the

. I q
same manner as 47 exc E t tge epoxy resin conposition prepare
i n Conparative Exanp %ri%lﬁgsﬁgégé ga%4 nmold resin. 2-3 Characteristic

eval uati on For emch epokhe eReXy r eSbhp69NPOSHT i qrg%e%_to%ie&ecqnign Fxanpl es
46 to 59 and Conparative Exanples 10 to 15, <characteristic evaluations (I)

to (1V) wefehradetasnt i 6pBParBgrimeeExampl et Wasf pt éiea sediicnoHy aime

ackages obtai ned_| Exanpl 46 to 59 and_Conparative Exanples 10 to 15,
(F:)har agt erirg‘%rimer 3 {}%%?fa%ai@(f/y? AR W FRdkr 8- FRJRABES floY | wasoht (a8 tdysi r al

cSeval

L& al f the Xy_resin
I:l)?r}l)vogrt ?ocﬁ?%mggg%g‘gzsou?gg %ﬁ%%gnagéno d%ff o?f{%%ﬁo(r?Ilcl oxﬁ%\}%ﬁ? és?mgc?@ocr}?ﬁgﬁgs to

EMM - | - 66, (semdecontiectondi dévhseof aonpl doheaPLt abar eEQ$m§,17§C,14 aere
injection pressure of 6.8 MPa, and a curing time of 2 mnutes. The spiral
flowis a 'B%?‘éﬁ%?%?r%@ ¥ it tspmeHeeand megeExagpileall 6f époepearisa theatteer

fluidity. éﬁéngHQiﬂgc%%Eggﬁtion.preparedleComparative Example 14 was

used as a mold resin.

(Comparative Example 15)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 15 was prepared in the same
manner as kxample 47 except that 3.10 parts by weight of the
compound C20 was used instead of the compound Cl1l, and packages
(semiconductor devices) of Comparative Example 15 were
manufactured in the same manner as Example 47 except that the

epoxy resin composition prepared in Comparative Example 15 was

used as a mold resin.

2-3 Characteristic evaluation

For each of the epoxy resin compositions obtained in
Examples 46 to 59 and Comparative Examples 10 to 15,
characteristic evaluations (I) to (IV) were made as follows.
Further, for each of the semiconductor packages obtained in
Examples 46 to 59 and Comparative Examples 10 to 15,

characteristic evaluations (V) and (VI) were made as follows.

(I) Spiral flow
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The torque after 45 seconds at 175C of each of the epoxy resin
conpositions was neasured using a curel astoneter ("JSR curel as@ & i 2006 v/
PS nmodel " manufactured by Orientech Co., Ltd.). Here, larger curing torque
means better curability. (111) Residual flow percentage Each of the epoxy
resin conpositiqns was pr&/ﬁrved at 30C for 1 week in atnospheric air, and
thereafter the spicr 8PTFPIWE TPHeP Eof2GRsC edauc@Pith Hesd i's sREPREAREPDS

descri bed aho they ; r (9. t h bt ai ned.spiral flow
was determ n\é%ason theusfolgg ?oﬁg? ??ﬁi ]é?%p?ffg% ??8\% SFCPﬁglél%o}@?

resin commsin-mored, ushdalt efie tdih PreRH ALiroR md .l @ enb@h 8L ref §8i10URL f1 ow
percent age neans better storage stability. (1V) Mdufus of elasticity 52
parts by W& yRICeFlBNpHERALISpd epdXpPa, esnd a ceplegeantmedolhy mheutesnul a
(23) as the conpound (A) , and 48 parts by weight of phenol aral kyl resin
represented by the formula (24) as the conpound (B) were bl ended with each

Chown i n Tabl & 5 ToSpeECval e Gl LRE NGy Mot e hrked A oBREoBE 0 5

shown in Table 3, respectively, ey were m r'o0

SEP 2006 sfeénper dtlome meBres thrist @bt 8l wedi €ach nmi xture was kneaded using a
hot roll at 95C for 8 m nutes, and was cool ed and then ground, to thereby
obtain an epoxy resin conposition (thernosetting resin conposition). Next,
t he obtai ned ea poxy~resin conpaosition was nolded by subjecting it to
transfer nDIdinSH& der ?%gf%%ng?EBBﬁs of a nold tenperature of 175C, an

injection pressghg Obrdué after 45 seconds at 175°C of each of the epoxy
resin compositions was measured using a curelastometer (“JSR
curelastometer IV PS model” manufactured by Orientech Co.,

Ltd.). Here, larger curing torque means better curability.

(III) Residual flow percentage

Each of the epoxy resin compositions was preserved at 30°C
for 1 week in atmospheric air, and thereafter the spiral flow
thereof was measured in the same manner described above. Then,
the percentage (%) of the thus obtained spiral flow was
determined on the basis of the initial spiral flow of the epoxy
resin composition just after the preparation. Here, larger

residual flow percentage means better storage stability.

(IV) Modulus of elasticity

52 parts by weight of biphenyl type epoxy resin
represented by the formula (23) as the compound (A), and 48 parts
by weight of phenol aralkyl resin represented by the formula
(24) as the compound (B) were blended with each of the compounds
Cll to C20 as the curing accelerator (C) in an amount shown in

Table 3, respectively, and then they were mixed at room
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MPa, and a curing tinme of 2 mnutes, and then the nol ded product was
after-cured at 175C for 8 hours, to thereby obtain a cured pr@édﬁﬁfﬂmﬁe
storage nodul us of the cured product at 175C was nmneasured using Rheovi bron
nodel DDV-25FP (manufactured by ORI ENTEC CO. ). (V) Sol der cracking

resistancE Each of the 1001@%$ TOFP packages was |left at 85C and at 85%
rel ative HERPEFEYYESr 168SHIUS © TRE SN HTEE SR s ke dnsl 46inbat h at

260C for s,. Thereafter. .each package was qbserv under a

nicr oscopé%%g%%gﬁe?ﬁi gr%?cv\ﬁ%fﬁgeplg}l%ﬁgt’ 3?%87(‘??150 g‘c,ef?r ?%‘gdcikﬁer} PEo8hr ace.
The occur renceetrabg obtihie crrackidg Wess Dbt abRedsasianPetaePhader ¥y by
cal culating using the follow ng fornmula. Gccurrence rate of cracking = (the

nunber of rg&éka§esPeRitiindh cracking occurred / the total number of
manuf actured packages) x 100 89 0 5 SEP 2006 Here, smaller occurrence
rate of cracking neans better solder cracking resistance. Further, an area

where del am nat @R+ 0Cquld eg, bgi MegN JLhe, é-%éjcgo!}e(\sqinp % e%féj{&g %.‘%ﬂgﬁt

of the epoxy resin conposition was neasur singar oscope.

t he del amwatiedrby sabijecafinghet sent condaet afo RAGkAGavwas: abtahAed 185 sa
percentage by calculating using the following formula. Practically, an
aver age vafue vpld sembevaduceorfpddbidgesanasngsedibor preealuat bdn7 . 4

MPa, and a curing time of 2 minutes, and then the molded product

was after-cured at 175°C for 8 hours, to thereby obtain a cured

product.

The storage modulus of the cured product at 175°C was
measured using Rheovibron model DDV-25FP (manufactured by

ORIENTEC CO.).

(V) Solder cracking resistance
Each of the 100-pin TQFP packages was left at 85°C and
at 85% relative humidity for 168 hours, and was then immersed

in a solder bath at 260° for 10 seconds.

Thereafter, each package was observed under a microscope
to determine whether or not cracking occurred in its surface.
The occurrence rate of the cracking was obtained as a percentage

(%) by calculating using the following formula.
Occurrence rate of cracking = (the number of packages in

which cracking occurred / the total number of manufactured

packages) x 100
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Del am nation ratio = (area where del am nation occurred) / (area of silicon
chip) x 100 Here, snuller delam nation ratio neans better sol def)$ SER@06Ng
resistance. (VI) Misture resistance reliability A voltage of 20 V was
applied to each of the 16-pin DIP packages in water vapor at 125C and at
100% rel ative hum dity, —and each package was then checked whether or not
conduction fai TEFe: oieatfed @%%wérﬁn0$héa{cﬁn@fuﬂm:tmg BoAUBChEDher g
failure o d_.i .Qr re _packages of the 15 packages was neasured an
the tine %g&égf F%gaﬁégga asillsﬁraélctegrre. In this regard, it is to be noted
that the measuring tine was 500 hours at |ongest, and in a case where the
nunber of failed packages at that tine was less than 8, the failure time
was shown as "hereheharrb@@elounsré>d&DAhinatior, odangerd baithieee, thee
means betteLi,eri sture resistance reljabili t%}h%The results of 90 OSSEP2016

the char atterFebi TR aNGati OHeeq P A qvPyf e eé’eriMll Or?ﬁ(i)ma%@%%g.soi%i%@OSOS%P
Q ] )

00 U UEo R o AT G T 15 ER) TR Ly et PR EE SRl i o

e A AA nratPoAthelsdmbcdnducloepdBkdhe was obtained as a percentage

by calculating using the following formula. Practically, an

average value of 8 semiconductor packages was used for

evaluation.

Delamination ratio = (area where delamination occurred)

/ (area of silicon chip) x 100

Here, smaller delamination ratio means better solder

cracking resistance.

(VI) Moisture resistance reliability

A voltage of 20 V was applied to each of the 16-pin DIP
packages in water vapor at 125°C and at 100% relative humidity,
and each package was then checked whether or not conduction
~failure occurred therein. The time until the conduction
failure occurred in 8 or more packages of the 15 packages was

measured and the time was defined as a failure time.

In this regard, it is to be noted that the measuring time
was 500 hours at longest, and in a case where the number of failed
packages at that time was less than 8, the failure time was shown
as “more than 500 hours (> 500)”. Here, longer failure time

means better moisture resistance reliability. The results of
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As shown in Table 3, each of the epoxy resin compositions
obtained in Examples 46 to 59 (epoxy resin compositions of the
present invention) had extremely excellent curability,
storage stability and fluidity. Further, since the modulus
of elasticity of each of the cured products of the epoxy resin
compositions of Examples 46 to 59 was low, each of the packages
of the Examples 46 to 59 (semiconductor devices of the present
invention) encapsulated with the respective cured product had
excellent solder cracking resistance and moisture resistance

reliability.

Further, the semiconductor devices manufactured in
Examples 48 to 51, in which the compound Cl2 or the compound
Cl3 was used as a curing accelerator had improved solder
cracking resistance as compared with the semiconductor devices
manufactured in Examples 52 and 53, in which the compound C14
was used as a curing accelerator. From this result, it is
confirmed that by wusing a salt of trisubstituted
phosphoniophenolate in which the hydroxyl group in the cation
component is located in ortho position or meta position to the
phosphorus atom, as a curing accelerator, an obtained
semiconductor package can have improved solder cracking
resistance as compared with the case where a salt of
trisubstituted phosphoniophenclate in which the hydroxyl
group in the cation component is located in para position to

the phosphorus atom is used as a curing accelerator.
On the other hand, each of the epoxy resin compositions

obtained in Comparative Examples 10 and 11 had poor storage

stability. Further, since the modulus of elasticity of each
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ro, 4 Obﬂ)tﬁg(%&?é& w&%th%%léfdEgea%ﬂ%£§h@eggchgmgo%itions of
Comparative Examples 10 and 11 was high, each of the packages

obtained in the Comparative Examples 10 and 11 had extremely

poor solder cracking resistance.

Further, each of the epoxy resin compositions obtained
inComparativeExamples121x>15hadextremelypoorcurability,
storage stability and fluidity. Further, since the modulus
of elasticity of each of the cured products of the epoxXy resin
compositions of the Comparative Examples 12 to 15 was high,
each of the packages of the Comparative Examples 12 to 15 had

poor solder cracking resistance.

(Examples 60 to 66 and Comparative Examples 16‘to 18)

Epoxy resin compositions (thermosetting resin
compositions) of Examples 60 to 66 and Comparative Examples
16 to 18 were prepared in the same manner as Examples 46, 48,
50, 52, 54, 56 and 58 and comparative Examples 10, 12 and 14,
respectively, except that a mixture of 26 parts by weight of
biphenyl type epoxy resin represented by the formula (23) and
28.5 parts by weight of biphenyl aralkyl type epoxy resin
represented by the formula (25) as the compound (A), and 45.5
parts by weight of phenol aralkyl resin represented by the
formula (24) as the compound (B) were used, and prackages
(semiconductor devices) of Examples 60 to 66 and Comparative
Example 16 to 18 were manufactured in the same manner as Example
46 except that the epoxy resin compositions prepared in
Examples 60 to 66 and comparative Examples 16 to 18 were used

as a mold resin, respectively.
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U O0OrTro~C~ 0 O SAOCQ I Urrl N NUU rUUUUOJHNM
Lf1 (Da) NNa) 4) r-l r-1r-+"'"Hr-.. H 04 04 4 04 ~14 (D5.8&P Q00610 ro
mro X X x x x WL1I WWWWO0O0O000O0O UUUYVUOB93 15 SEP 2006 As
shown in Table 3, each of the epoxy resin conpositions obtained in Exanples

46 1o 59 (epoxyrbeSeActOBROShEl 899 rhe n RIGSRAL dinyantion), nad extremely
excel | ent(cgra%i Ibi ty, s'?gr age s?ab?l Ity an% ?’I%w di ty. es‘Ilgurnt%{:)e.-pr, since the
nodul us ebtellast ént Hxempéach66f tohés canedqnestist svofrtdig BPOXYs rasi n
conposi tions of Exanples 46 to 59 was |ow, each of the packages of the
Exanpl es 2%’tSh‘%ﬁafggffriléfiﬁ&u‘éf’éPuaéwpééswﬁfetlﬁ@dfﬁ)r esérir mmeentricgrent

encapsul ated W-ihyLhe 5§§B€8Ek!gl§§rggepggggcgshggose of Examples 46,

48, 50, 52, 54, 56 and 58 and Comparative Examples 10, 12 and

14 shown in Table 3, respectively.

(Examples 67 to 73 and Comparative Examples 19 to 21)

Epoxy resin compositions (thermosetting resin
compositions) of Examples 67 to 73 and Comparative Examples
19 to 21 were prepared in the same manner as Examples 46, 48,
50, 52, 54, 56 and 58, and comparative Examples 10, 12 and 14,
respectively, except that 54.5 parts by weight of biphenyl type
epoxy resin represented by the formula (23) as the compound
(A), and a mixture of 24 parts by weight of phenol aralkyl resin
represented by the formula (24) and 21.5 parts by weight of
biphenyl aralkyl type phenolic resin represented by the
formula (26) as the compound (B) were used, and packages
(semiconductor devices) of Examples 67 to 73 and Comparative
Examplel9tx>21werenmnufacturajinthe;amenannerasExample
46 except that the €poxXy resin compositions prepared in
Examples 67 to 73 and Comparative Examples 19 to 21 were used

as a mold resin, respectively.

For each of the epoxy resin compositions and packages
obtained in Examples 67 to 73 and Comparative Examples 19 to
21, characteristic evaluations were made. Their measurement
results were substantially the same as those of Examples 46,
48, 50, 52, 54, 56 and 58 and Comparative Examples 10, 12 and

14 shown in Table 3, respectively.
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excel l ent sol der cracking resistance and noisture resistance reliability.
Further, the semni conductor devices manufactured in Exanples 48§ SEB12008 n
whi ch the conmpound C12 or the conmpound Cl13 was used as a curing

accel erator had inproved solder cracking resistance as conpared with the
sem conductor devices nmanufactured in Exanples 52 and 53, in which the

conpound Cl14 sed as uri,ng accelerator. Fromthis result, it is
confirmed that m@?fxgrngasa@aﬁP g@ A0 (RATREY e FHeEBHGhi phenol ate i n

whi chthe hydr oxyb 6T oRpb8; thensal LAB EQERANAN! ;L8 ;|08aLEd (0, grLho
position or neta position to the phosphorus atom "as 'a Curring ac¢élerat or,

an obt ai ne@ Esanptendiktar 8packadgeomparhaveei Ipsmyves sohdek 9&@?&&@8
resi stance as conpared with the case where a salt of trisubstituted
phosphoni BRI RI i19 QRRERS thie Wi PIE biggroube imi déreracitri onmpospdnent i s
| ocat ed igfparaalgosi tiog to ttgg ghosphor us atomis used as a curing
accel erat 8. Oh*ThR°GrRBPIKINGEI8REN GPMRE eBBL§ re¥i rk'EonBBENELBAs
obt ai ned TRDGeMREr@d| yeL X anR) i 1 r bility.
Further, since the rmzlul us )gP} gcl%a%%icgllingf %ngg%rﬁlg&éﬁé%gd%%%%%ég agg t he
cured pro@duetass afcuthiaepoxyleesicn rcotoss bionging raEanpanahvie, Exanpl es 10
and 11 wag high, each of the packages obtained in the Conparative Exanples
10 and 11°hat®eREFEMEPY Y, p6af S6rg@senaardishgirdsisttdme. Further, each of
t he epoxy resin conpositions obtained in Conparative Exanples 12 to 15 had
extrenely poor curability,

For each of the resin compositions obtained in Examples
74 to 80 and Comparative Example 22, gel time at 175°C was
measured. The measurement results and the blending ratio of

each of the curing accelerators are shown in Table 4.

Table 4
Curing Accelerator

Gel Time

Kind (Eiiigibn; WZi;ﬁ) (second)
Example 74 Compound C11 3.02 30
Example 75 Compound C12 3.37 35
Example 76 Compound C13 3.65 38
Example 77 Compound C14 3.65 35
Example 78 Compound C15 3.65 38
Example 79 Compound C1l6 4.55 35
Example 80 Compound C17 4.30 32
Com.Example 22 Compound C20 3.10 ’ 40

As shown in Table 4, each of the resin compositions

obtained in Examples 74 to 80 was immediately cured. On the
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storage stability and fluidity. Further, since the nodulus of elasticity
of each of the cured products of the epoxy resin conpositions of S5t3t® 2006
Conpar ative Exanples 12 to 15 was high, each of the packages of the
Conparative Exanples 12 to 15 had poor sol der .cracking resistance.
(Exanmples 60 to 66 and Conparative Exanples 16 to 18) Epoxy resin

conposi t i 8ﬁge(ft ﬁ@r"r?ﬁse‘ikﬂ? %eﬁé& FOMERTISIAT dtiR)a HreExanplearegatd ves6 and

Conpar at i ¥ ples 6 i S nner as Exanpl es
a6 ag. Ege E‘E)g ¥4 w&‘s% asngwélg' i C@%ﬁ%ﬁeﬁ@%ﬁgﬁ%@?ﬁﬂ 12 and 14,
respectively, except that a mxture of 26 parts by weight of biphenyl type
epoxy resin represented by the fornmula (23) and 28.5 parts by wei ght of

bi phenyl aral kyRst ppé &sexy dassimibg@prlesent edchyrdhegf brmiha E2%)ings t he
conmpound éA) ang 45, ﬁu Earts b% wei ght of .phenol aral kyl resin

r epr esent 846y SERE T P TrulfRS( RY AR E h VERTIHY (B) wer PosetPlando
packages ;(SeniGe l--devi ) : .t.Q 66 , arative
Exanpl e 1é£nt§lo@i%cg%g?gtc%ﬁfﬁu?gg%%?eedq{eﬁe%?%q%ﬁ%esr’ aagl lgonpq}%eaﬁ%g except

that the epexybilesito cofpostivebs prepantd defed@nptes 68chorbbgans
conparative Exanples 16 to 18 were used as a nold resin, respectively. 95

0 5 SEP 2006<dmprodaehs off the @polyle asisirconppssitbassaikepackagese

obtained ih Exanples 60 tq 66 a rative Exanples 16 to 18,
character'sti ¢ g@ﬁyuﬁﬁeoﬁgpﬁee§%§}@%§?m%%%fdf Tent results were
substantially the same as those of Exanples 46, 48, 50, 52, 54, 56 and 58
and Conparative Exanples 10, 12 and

Further, the epoxy resin composition of the present
invention has excellent curability, storage stability and

fluidity.

Furthermore, even in a case where the semidonductor
device of the present invention is exposed to high temperature,
defects such as cracking, delamination and the like are hard
to occur therein. Also, deteriorationwith age due tomoisture

absorption is hard to occur.
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14 shown in Table 3, respectively. (Exanples 67 to 73 and Conparative
Exanpl es 19 to 21) Epoxy resin conpositions (thernosetting resDd SEP 2006
conpositions) of Exanples 67 to 73 and Conparative Exanples 19 to 21 were,
prepared in the sane manner as Exanples 46, 48, 50, 52, 54, 56 and 58, and
conparati ve Exanples 10, 12 and 14, respectively, except that 54.5 parts
by wei ght__of bi phenyl type epoxy resin represented by the formula (23) as
t he coan(A) , and a m xture of 24 parts by wei ght of phenol aralkyl
resin represented by the fornula (24) and 21.5 parts by wei ght of

bi phenyl aral kyl type phenolic resin represented by the fornula (26) as
the compaund (B) cweiagusedelandtpackages misedi CONEULtOfr devd Casd: of
Exanples 67 to 73 and Conparative Exanple 19 to 21 were nanufactured in

t he sarme coEmeer tdonELanpPEongdBliegcldr auiing Heaspdep péstihe compusia i ons
repared _in. Exanples .67 to 73 and .Co rati ve Exanples 19 to 21 were used
gs a nol d 5°ed) n,c%é)ﬁ g:ﬁ'o\%l y WhEde it e Ekl\t@f (HE BFox P TS T dHposit i ons and
packages rphiaicnedd ByEXMI!RI 167140 L3nand1Cemarati v Exanpl es 19 to

2.1, characterigtic evaluations were nmade. Their neasurenment results were
substantially Rhe. sane as those of Exanples 46, 48, 50, 52, 54, 56 and 58
and Conparativ @arrpl ealo, 12 and 14 shown in Table 3, respectively. 96
$ 5 SEP )6 HExa I_eg 4 to 80 and Conparative Exanple 22) Resin
conpositions (}hernbsetting resin conpositions) of Exanples 74 to 80 and
Conparative EngpI e 22 were prepar ed

or a salt thereof,

wherein R', R? and R® may be the same as or different from one
another, and each represents an aromatic ring, which may be
further substituted by at least one substituent other than a
hydroxyl group or an alkyl group, which may be further
substituted by at least one substituent; and Ar represents an
unsubstituted divalent aromatic group or a divalent aromatic
group in which at least one hydrogen atom is substituted with

a substituent other than a hydroxyl group.

2. The curing accelerator as claimed in claim 1, wherein
the accelerator 1is represented by the following general

formula (2):

pA
Arz—F@—Ar—O@ (2)
Ar3

wherein Ar', Ar® and Ar® may be the same as or different from
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by bl ending 100 parts by wei ght of bisnaleimde resin conposed of

di am nodi phenyl net hane (BM -H made by KI CHEM CAL, | NDUSTRY Co., LTD.2)

wi th each of the conmpounds Ci to Cl7 and C20 as a curing accelldr SEB 2006t
the blending ratio shown in Table 4, respectively, and honpbgeneously

m xi ng them For each of the resin conpositions obtained in Exanples 74 to
80 and Conparative Exanple 22, gel tinme at 175C was neasured. The

nmeasur e PBEGNEE r afdd tIRC b ILERTIETG St R PRENY LAUPWH, Whé cCBuURRFdoe

accel erat re i aple_4.. Tahle 4 ring Accelerator, Gel Tine
Ki nd Bl erﬁ{rﬁcgh%ﬁatsiﬁgg %Eggr‘? )By(%%r]tesa%cy R S(Il#)ﬂégéfﬁﬁl%eog MUY d i
3.02 30 e §50GRNPONAE A2 chdbelt s BXaNPhEchE LPsRoLNE cgééhé- 65 38
Exanpl e 77 Conpound Cl4 3.65 35 anpl e 78 Conmpound C15 3.65 38 'Exanple

79 Conpownda CLifrad.e38 dsomekanyymo g0 GonpoundyCly f4r8Be32sulGom Hxzapl e 22

Conpound, C20  3..10. 40 As shown .in Table 4, each of the resin conpositions
obt ai ned B¥n 3x dif51SEs OFF SHPSE WS hitmpgdiedt SN @ Sy IreXVh&royP -0 5 SEN

2006 other hand, the resin conposition obtained in Conparative Exanple 22
was slowy and unsatisfactorily cured.
3. The curing accelerator as claimed in claim 1 or 2, wherein

the curing accelerator is obtained through a substitution

reaction.

4. The curing accelerator as claimed in claim 1, wherein
the accelerator is represented by the following general

formula (3):

R4

™

P iy
7

“

R6

wherein R*, R® and RGHay be the same as or different from one
another, and each is selected from a group consisting of a

hydrogen atom, a methyl group, and a methoxy group.

5. The curing accelerator as claimed in claim 4, wherein
the oxyanion in the general formula (3) is located in ortho

position or meta position to the phosphorus atom.
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As has been descri bed above, according to the curing accelerator of the
present invention, it is possible to imediately cure curable rq@%% 2006
conpositions, and it is also possible to effectively prevent defect’s from
occurring in cured products of the curable resin conpositions even in a
case where they are exposed to high tenperature. Further, the epoxy resin
conposition of the present invention has excellent curability, storage
stability and fluidity. Furthernore, even in a case where the
sem conduygct or Vi . Of [ nt Lnv ion.is_exposed to .high,
tenperatgge, Eg egﬁglg chgggﬁgggg %na? %g%éﬁ$%a%?o% And 1u¥q?éé9%re hard
to occur trRer gbde1 & $0or dalser &b B & O d t lfbizag@néiugothomh%t W&heAPSOrption
is hard to occur. 98 0 5 SEP 2006 CLAIMS 1. A curing accélerator to be
m xed i ntferaudyr d¥)e resin conposition for pronoting the curing reaction
of the curable resin conposition, wherein the curing accelerator is
represented by the follow ng general formula (1): R R2 P - AA-OR3 (1) or
a salt thereof, wherein RL+R2 and R3 nay be the sanme as or djfferent from
one another, JEd each repnesents an aromatic ring, which may| be further
substitu Egsby t | east one $ubstituent o3her [han a }

Y

—P—Ar—OH | [{ 0—A--0H A--OH)
R® i P oW

wherein R’, R® and R’ may be the same as or different from one
another, and each represents a aromatic ring, which may be
further substituted by at least one substituent other than
hydroxyl group, or an alkyl group, which may be further
substituted by at least one substituent; and Ar represents an
unsubstituted divalent aromatic group or a divalent aromatic
group in which at least one hydrogen atom is substituted with
a substituent other than a hydroxyl group; A represents a
p-valent organic group containing at least one aromatic ring
and/or at least one heterocycle; and p is an integer of 2 to

8 and q is 0 to 2.

7. The curing accelerator as claimed in claim 1, wherein

the accelerator is represented by the following general

formula (5):
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hydr oxyl group or an al kyl group, which may be further substituted by

| east one substituent; and Ar represents an unsubstituted dival P
aromatic group or a divalent aromatic group in which at |east one hydrogen
atomis substituted with a substituent other than a hydroxyl group. 2. The
curing accelerator as clainmed in claiml1, wherein the accelerator is
represented by the following general formula (2): Art b OArz P-Ar-0 (2)
Ara wherein Arl, Ar 2 and Ar_3 may be the same as or different from 99 0 5
SEP 2006| one angg'®er, and edgch represents a phenyl group, which nmay be
further substitutedNyy at | edst one substituent other than a hydroxyl
group;; and Ar r ents a dipval ent aromatic group or a diva-ent aromatic
group, which may e rther_gdbstituted by at,l|east one subst)tuent other

t han a hydr oyyi\gr oup. /OH curing accelerardr ag clainmeyd ipn claim11 or
2, wherein ¢ he eurf-nd acCel er|afdri hd)ned hA @H)su st t UtSon
reaction Rﬂq./ curin cellgtator as claiped i'n claimlp wherein the

accelerator is regresented by Yhe followi ng general fornula (3): R4 (3)

| R12 ]

wherein Rm, R' and R*? may be the same as or different from
one another, and each is selected from a group consisting of
a hydrogen atom, a methyl group, and a methoxy group; A
represents a p-valent organic group containing at least one
aromatic ring and/or at least one heterocycle; and p is an

integer of 2 to 8 and q is 0 to 2.

8. The curing accelerator as claimed in claim 1, wherein
the accelerator is represented by the following general

formula (6) or (7):

i RS 1
I\\
R16 R18 R18 R Rm 18 R18R16 )
@/ —, OH >/4\ >_*<=/\ \ OH Ho<\ ; i\~/\ \ OH
P
=] ,\ / 17 s /19\ wa
q
N
N R15 _
(6)
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RS/ / \''\ 6 R wherein R4, R5 and R6 may be the sane as or different from
one another, and each is selected froma group consisting of a hggrﬂgem
atom a nethyl group, and a methoxy group. 5. The curing accel erator as
claimed in claim4, wherein the oxyanion in the general formula (3) is

| ocated in ortho position or nmeta position to the phosphorus atom 100 0 5
SEP 2006 6. The curing accelerator as clained in claiml1, wherein the
accel erator is rep, esent ed byﬁ?he following general forrmula (4): R7 + $ RP
-Ar-OH OfA OH A &TR9 p-1 p g/ (4) wherein R7, R8 and RO may be the sane as
or different frol ® anothef, and each represents a aromatic ring, whi ch
may be further gubstfituted by~at |east one substituent other than
hydr oxyl | gro o) ybHarjoup, whisl ey be\furthe suhgtituted by at
| east one sybstn\tuent ; Ar | Ir gprees
aromatic|group gr a diyval £nt Hromat i ,
atomis Bstitut e wi a sybstituent other than a hydrox araup .
represents a p- t organic—group containing at |east one aromatJ c ring

&34

one hydrogen
A

and/ or at | east het erocycle; and p is an integer of 2to 8 and g is O
to 2. R15 ] (7)

wherein RY, RY and R'® may be the same as or different from
one another, and each is selected from a group consisting of
a hydrogen atom, a methyl group, and a methoxy group; R'€, RY,
R'® and R* may be the same as or different from one another,
and each is selected from a group consisting of a hydrogen atom,
a halogen atom and a monovalent organic group having 1 to 6
carbon atoms; X represents a single bond, an ether group, a
sulfone group, a sulfide group, a carbonyl group or a divalent

organic group having 1 to 13 carbon atoms; and g is 0 to 2.

9. The curing accelerator as claimed in any one of claims
6 to 8, wherein the hydroxyl group in the cation component
forming the salt is located in ortho position or meta position

to the phosphorus atom.

10. An epoxy resin composition comprising a compound having
two or more epoxy groups in one molecule, a compound having
two or more phenolic hydroxyl groups in one molecule, and the

curing accelerator claimed in any one of claims 1 to 9.

11. The epoxy resin composition as claimed in claim 10,

wherein the compound having two or more epoxy groups in one
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7. The curing accelerator as clained in claim1, wherein the accelerator
i's representgd by the follow ng general fornula (5): 101 0'5 SEFagggﬁ 259&00
OH P~ {o-AtoH)1 { A+CH) ( 5 ) { p g 6612 wherein R10, R' and R1Z2 may be
the sane as or different from one another, and each is selected froma
group consisting of a hydrogen atom a nethyl group, and a nethoxy group;

A represents -val ent organic group containing at |east one aromatic
ring gndf‘@ € %Ieg%’fltéﬁ@sh%e"f‘d@%ﬂé} engnfdients agnlepategee of €paxy 8 and g

i i I t .cl ai ned i laim 1, erein the
hocel r arse g LEReHE LR AR E Bl A S R TR rd SoRB P al T Eons (7
R13 |~ \(9Rt6 R18 R18 R16 R16R18 R18R16 OH O//A/ 1 // >, I~ OH X
14/\ ~ 17

RZO R21
HoC—CHCH,0 OCH,CH—CH 8
epone{ Y hoomeron
R22 R23

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

wy

one another, and each is selected from a group consisting of
a hydrogen atom, a linear or cyclic alkyl group having 1 to

6 carbon atoms, a phenyl group and a halogen atom; and

HZC\'(I:HCH\Z ~ HZC\CC,):HCHz
0] o (o)
24526 R28R30
;§4F? 3%#3 N
CHa~Z ' 7\ N _CH, /—
(VAW

R25 R27 R29 R31

wherein R?? to R may be the same as or different from one
another, and each is selected from a group consisting of a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms and

a halogen atom; and a is an integer of 1 or more.

12. The epoxy resin composition as claimed in claim 11,

wherein a is an integer of 1 to 10.

13. The epoxy resin composition as claimed in claim 10,
wherein the compound having two or more phenolic hydroxyl

groups in one molecule contains as a main ingredient at least
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R 6J- R17 R19 R19 R17 R 7819 RI9R G R15 5 (6) 102 0 5 SEP 2006 R13 OH
\:30Hp/ O/ (Ho-oH) 14- / 615 g (7) wherein R13, R14 and RlSq%bgw
the sane as or different from one another, and each is sel ected 22006
group consisting of a hydrogen atom a methyl group, and a net hoxy group;
R16, R77, R18 and R19 may be the same as or different from one anot her,
and eachg S s%legted tronla,group consi sting of a hydrogen atom a hal ogen
at om and 2 SmSRoVAFERE 161 §SRLBSgF BRpeRaVERE RYtohe fehipomatanmerad

repr esentss i iakdl (@ ohongy qqlgpher group, a sulfone group, a sulfide
group, a carbonyl group or a divalent organic group having 1 to 13 carbon
atons; and qis 0 to 2. 9. The curing accelerator as clained in any one of
claims 6 918, wherein the Rygdroxyl group in the cation conponent formng

the salt i cateﬂ;g 3200t ho [pogition or neta position to the phosphorus
atom 10. Ag __?gin cQ iition conprising a conpound having two or
nor e epo Y h)ﬂ: H a corrpow’tg) havi ng

\"

wherein R¥* to R may be the same as or different from one
another, and each is selected from a group consisting of a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms and

a halogen atom; and b is an integer of 1 or more; and

OH OH
R3§R38 R40R42
L. 2
ACHa~Z "\ N\ _CHoff ——H (11)
o\
5 ”)
| RTR® e .

wherein R*® to R%3 may be the same as or different from one
another, and each is selected from a group consisting of a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms and

a halogen atom; and ¢ is an integer of 1 or more.

14. The epoxy resin composition as claimed in claim 13,

wherein b is an integer of 1 to 10.

15. The epoxy resin composition as claimed in claim 13

4

wherein ¢ is an integer of 1 to 10.

16. The epoxy resin composition as claimed in claim 10,
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two or nore phenolic hydroxyl groups in one nolecule, and the curing
accelerator clainmed in any one of clains 1 to 9. 11. The epoxy rffkgp
conposition as clainmed in claim10, wherein the conpound havi ng 0006
nore epoxy groups in one 103 0 5 SEP 2006 wherein the content of the
curing accelerator is in the range of 0.01 to 10 % 17. The epoxy resin
conposition as clained in claim10, further conprising an inorganic
filler. Yg?rﬁ—‘ﬁ@ ERDGPHed h odohrPestEF by @ ad leinescbn A sciaithd Zangsher ei n

t he inorggnbgoﬁik%eﬁoi fused silica. 19. The epoxy resin conmposition as
clainmed in claim17 mﬁéfein the inorganic filler is in the form of
granules or particles. 20. The epoxy resin conposition as clained in claim
19, wherein the average particle size of the inorganic filler is in the
range of 11-to 10® apo2y. r¥iseénepoxypasdgiimnc cryposi 4 imed asnckabard ion cl ai m
17, whereip the content of the inorganic filler is in the range of 200 to
2, 400 pQPF£h5§ HRTGht SpBRY 2001PAFENhy hkight-of the total amount of the
conmpound having two or nore epoxy groups in one nolecule and the conmpound
having two or nore phenolic hydroxyl groups in one nolecule. 22. A

serm condu8t or Teyi eporpnutashuicehpy ieneAPHY atl ithed 1heashiAng
sem conductor elenent with a cured product of the epoxy resin conposition

cl ai med YRCHAYN okle ofnerapnbc1¥itbeprlis f@6ed silica.

19. The epoxy resin composition as claimed in claim 17,
wherein the inorganic filler is in the form of granules or

particles.

20. The epoxy resin composition as claimed in claim 19,
wherein the average particle size of the inorganic filler is

in the range of 1 to 100 um.

21. The epoxy resin composition as claimed in claim 17,
wherein the content of the inorganic filler is in the range
of 200 to 2,400 parts by weight per 100 parts by weight of the
total amount of the compound having two or more EpOXy groups
in one molecule and the compound having two or more phenolic

hydroxyl groups in one molecule.
22, A semiconductor devicelnanufacturedknzencapsulating at

least one semiconductor element with a cured product of the

epoxy resin composition claimed in any one of claims 17 to 21.
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