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the Invention The present invention relates to a thernosetting resin
conposition which exhibits excellent curing property and storage stability
and advantageously used in the electric and electronic fields, an epoxy -

resin nol dji i i conposition _and a sem conductor device
using the TARETEREBIE Y B Rl et ek Yrges oy adoLRnd

el ectronic materials AP i for in materials for

sem conductors, inprg@%ﬁgﬁ?ﬂ%ﬁg$tégghﬁ?%%Nﬁ%J@fﬁggjggéﬁE required to

i ncrease production efficiency and inprovenent in storage stability has
been required to inprove handling during distribution and storage. In

epoxy resins used in thaACRGROHNG eqt THE AVGEREe/goni ¢ materials,
am nes, im dazol e-based conpounds, heterocyclic conpounds having nitrogen

such as di dzBisid pEtlnuhdentine, quat ernary anmoni um conpounds, phosphoni um
conpounds, arsonj um conpounds and the |ike various conpounds have been
used as the curTh@ peateaity syentiie nelabdénsa dhdymoset iap tresinl @mposition

inidazole-b§s§9 %ﬁgg unds gre used for a sealing material for
seni conduct Of%} & S COHSOERY SCUEHYE ePTWEF o SATe boragat etatdlityi andg under a

cond 1 S LA TR Y5F A0S, ] SRDHR i, bt
conpounds @xtHifk tmARrBX ¢8ld e G¥ipdtion and a semiconductor device using

the material.

2. Description of Related Art

For electric and electronic materials and, 1n particular, for sealing
materials for semiconductors, improvement in the curing rate has been
required to increase production efficiency and improvement in storage
stability has been required to improve handling during distribution and
storage.

In epoxy resins used in the field of electric and electronic materials,
amines, imidazole-based compounds, heterocyclic compounds having
nitrogen such as diazabicycloundecene, quaternary ammonium compounds,
phosphonium compounds, arsonium compounds and the like various
compounds have been used as the curing catalyst.

When amines and, in particular, imidazole-based compounds are
used for a sealing material for semiconductors, these compounds cause
corrosion of internal wiring under a condition of a high temperature and a
high humidity, i.e., these compounds tend to show poor reliability under

humid conditions, although these compounds exhibit an excellent curing




1 22 February 2007 property. Therefore, the use of the above ounds i
not desirable in the field of the electric and el ectroni ¢ nat -Ol%)lgr_uaryZOBT

Phosphor us- based conpounds such as phosphoni um conpounds are wi dely used
inthis field. Mny of the widely used curing catalysts exhibit the effect
of accelerating curing even at relatively | ow tenperatures such as the

ordinary te er‘aturﬁli.lle This effect causes deterioration in the quality of
the resin Bg;?ﬁ%@f‘t i oherefue. Banpt of the sbow cympocndamesotadabifdble Gt Y

decr eases ri pr ction _and storage and the curing property

fl uct uat esg%jerof?egge?fggﬁ% et and ﬁie&g‘ioé‘h‘i Bateehlls.ed Phas@nirusdmisad

accel er at of§y,H0 o) -change in .viscosity and fluidity at |ow

t enper at ur es P t%q%%e%ﬁ%&é%ﬁﬁblfr{l Cf)%ém%flfi%é’[e Hfé‘éﬁé‘é?%%‘hﬁhlﬁéleé ring
reaction only unEes oheabi ReddUrifg Mmldi,n ve been .studied w dely. For
this purpose, studies for exh#bi tion olgbt %%gﬂf?%netX%%fgptgﬂetﬁ %‘iﬁ Bfot ecting
t he activeaskeleeathyg eudtpgi ogpraceetQpat-@k Wi h o, R8I a neen
conducted. I n Japanese Patent Applicat Fron Laieg@q}jﬂen rN%.gulﬁgi \égi Pne

8(1996) - 41TYIAKY feawiesratene: | (his atfeel enakorddbavimgion watie §hamGt yF e for med
with an acid sel.ected from various organi_c aci ds and phosphoniumion, is
di scl osed. BofRBY CorapeRigony hiforptrrsphlsni Umosilt idoessenoand affgidacys peci fi ¢

hi gher order | ecylar strycture and the ion pair is relatively easily
suscept i bﬂ%cféoar%teﬁeg?lﬁﬁguéﬁf?guﬁon t fee ofHO574fe B Wenrewing eprppettiyem ari ses

in that stp{agsestability decreases when this phosphoniumsalt is applied
to recent sealing materials for sem conductors which uses phenol resin

Snl;{ le(r;gl gge\?\;?gWEB&éﬂl@ghg BB EhrdRL ! &d-Yaipfa lryl?él?tcc"ﬁ!r%%g 6% ergforls ow
_ which suppress the change in viscosity and fluidity at low temperatures
with time and exhibit the effect of accelerating curing reaction only under
heatihg during molding have been studied widely. For this purpose,
studies for exhibition of the latent property by protecting the active site of
a curing accelerator with an ion pair have been conducted. In J apanese
Patent Application Laid-Open No. Heisei 8(1996)-41290, a latent curing
accelerator having a salt structure formed with an acid selected from
various organic acids and vphosphonium 1on, is disclosed. However, since
this. phosphonium salt does not have a specific higher order molecular
structure and the ion pair is relatively easily susceptible to the influence of
the outside environment, a problem arises in that storage stability
decreases when this phosphonium salt is applied to recent sealing
materials for semiconductors which uses phenol resin curing agents
exhibiting greater mobility of molecules such as low molecular weight
epoxy resins and phenol aralkyl resins. In J apanese Patent Apf)lication

Laid-Open No. 2001-98053, a curing accelerator which is a molecular



epoxy resins and phenol aral kyl resins. In Japanese Patent i i
Lai d- Open No. 2001-98053, a curing accelerator which is a m%ﬁ%gidﬂngT

February 2007 association conpound of a tetrasubstituted phosphoni um
conmpound, a compound having at |east two phenolic hydroxyl groups in one
nol ecul e and a conjugate base of the conpound having at | east two phenolic
hydroxyl groups.in one nolecule, is disclosed. This nolecul ar association
conpound CHPEAIHRYSOBONBHeel) Rafe EaristitatedCphosprasent edmpyugdner a

formul a (%%

r (2).described in the present invention in which in
represents @?04%%\?&1}’3 f ﬁga%t,vg%gpgpo EB@?O&W SFOWNPband thelecalepr obl em
in that t t el the,.reaction ks strongl rotected by the
steric hi n%?%ﬁaccedoxﬁguu%dtt%ob%%e Oftqi tg}ﬁeef: 4 alé?a ?i’)arvéﬁﬁl %tr )f%%tué‘f’ﬁrléh ict he
curing prapelbh¥y! gRAaRASES b ; age; st abj | i i's excel lent.
SUMVARY OF THE ?II\EIEI\I'PI% ON The p%ggf& P %Sg)tﬁ?‘?'ogﬁﬁésmgiﬁc}% Y 85 Povi ding a
thernnsetkbngxﬁﬁgiQnﬁ@ﬁﬂﬁﬁ&ﬁbQﬁoM@hEﬂwﬁﬁﬁhﬂhﬁ%G?%&ﬁh%%ﬁ%(PH$i39 PRoperty
and storage stability and is advantageously used ih t e 11 &l §0F % ectric
and el ectfeoniiba (ter@alsscrirdapchy presim irvhdinginwhest 8 rdpsbfgh ik he
conposition and a sem conductor device exhibiting excellent reliability
under hunild déMHPT§Ionbls mgtecylarsasrociatipantong ymdoladeprioblend ih hsposet ti ng

resin conﬁgsit'on m?ich conpri.ses as essential conponents thereof (A) a

conpound KA ATY VEtSIicdsthe igackpn 45 sgrBal totectesh by bt startie hiridBRnee conpound

havi ng at a ol ic hydroxyl oups 1in one nolecule and (C) a

nDIeculardégn%%dﬁgog&ﬁggt%¥%%s%ﬁgCW¥ﬂighuca“e and H“’Cu“nglﬂmPEﬂW
decreases although the storage stability is excellent.

SUMMARY OF THE INVENTION

The present invention has an object of providing a
thermosetting resin composition which exhibits excellent, curing property
and storage stability and is advantageously used in the field of electric and
electronic materials, an epoxy resin molding material using the
composition and a semiconductor device exhibiting excellent reliability
under humid conditions.

The present invention provides

[1] A thermosetting resin composition which comprises as essential
components thereof (A) a compound having at least two epoxy groups in

-one molecule, (B) a compound having at least two phenolic hydroxyl groups
in one molecule and (C) a molecular compound of a tetrasubstituted

phosphonium and a phenol compou.nd represented by any one of general

formula (1) and general formula (2);
general formula (1) being:



phosphoniun1and a phenol conpound represented by any one of
formula (1) and general formula (2); general formula (1) be|g€£%§%5“§¥2007

February 2007 R+ |i 1- R2-P- R4 [(OA1l-B1-AI-OH) (HO AL-B1-Al-Of)m |

R3° (1) wherein P represents phosphorus atom Rl, R2, R3 and R4 each
represent a substituted or unsubstituted aromatic group or an al kyl group,
Al represents a divalent aromatic group, Bl represents a single bond, a

di val ent group se cteH fromthe group consisting of ether groups, sulfone
groups, sulfide g oups bnd ¢ rbonyl groups or a divalent organic. group

having 1 to 13 ca i an er for (2)_bging: R+
11 R-P- R4 [(O Ap: ﬁ {ﬁ%}rénB ](gfﬁ)ﬁbéln%% %@j
phosphorus atom Ri1, 5% nd R4 each represent a substituted or
“unsubstituted aromatic*group or an al kyl group, A2 represents a divalent

aromatic group and mis 0.5.
(1)

wherein P represents phosphorus atom, R;, Rg, Rg and R4 each represent a
substituted or unsubstituted aromatic group or an alkyl group, A,

represents a divalent aromatic group, B; represents a single bond, a

divalent group selected from the group consisting of ether groups,
sulfone groups, sulfide groups and carbonyl groups or a -divalent

organic group having ! to 13 carbon atoms m is 0.5; and

general formula (2) being:

+
RI

!

R2~1|3m- R, [(O~A2-OH) (HO- A, OH)_ ]
RB

2

wherein P represents phosphorus atom, R, Rg, Rg and R4 each represent a

substituted or unsubstituted aromatic group or an alkyl group, Ay

represents a divalent aromatic group and m is 0.5.

[2] An epoxy resin molding material which comprises as essential
components thereof (A} a.compound having at least two epoxy groups in

one molecule, (B) a compound having at least two phenolic hydroxyl groups
in one molecule, (C) a molecular compound of a tetrasubstituted phosphonium
and a phenol compound represented by any one of general formula (1) and
gencral formula (2) and (D) an inorganic filler;

general formula (1) being:




[2] An epoxy resin nolding nmaterial which conprises as essentjal
conponents thereof (A) a conpound having at |east two epoxy g?gfﬁ?wwm
nol ecul e, (B) a conpound having at |east two phenolic hydroxyl groups in
one nol ecule, (C) a nolecular conpound of a tetrasubstituted phosphoni um
and a phenol conpound represented by any one of general forrmula (1) and
general formula (2) and (D) an inorganic filler; general formula (1) being:
4 0 22 February 2007 + Rl - R2-P- R4 [(O A -Bl-A-OH)
(HO Al- B1- Al - OH) R@l(l) wherein P represents phosphorus atom R1, R2,
R3 and R4 each represent a |sybstituted or unsubstituted aromatyT group or
an al kyl group, R +®present g (@-di val eAt - @FONBIO0-CA HBOUPL - epresents a
singl e bond, a divalént dr ugbsel dct éd Froﬁ?{rﬁle grgup1 colngu?tni g of ether
groups, sulfone groups, sulfide groups and carbonyl groups or a dival ent
organi ¢ group having 1%to 13 carbon atoms mis 0.5; and general formula (2)
being: R+ R2-P- R4 ((OA2-OM (HO A2-011)mJ R3 (2)

(1)

wherein P represents phosphorus atom, Ry, Ry, Ry and R4 each represent a
substituted or unsubstituted aromatic group or an alkyl group, Ay
represents a divalent aromatic group, Bj represents a single bond, a
divalent group selected from the group consisting of ether groups,

sulfone groups, sulfide groups and carbonyl groups or a divalent

organic group having 1 to 13 carbon atoms m is 0.5; and

general formula (2) being:

R +

1

l .

Rzﬂlf R, [(O-AQ-OH) (HO- A,- OH)_ J
RB

(@)

wherein P represents phosphorus atom, Ry, Ry, Rz and Ry each represent a

substituted or unsubstituted aromatic group or an alkyl group, A,

- represents a divalent aromatic group and m is 0.5.

[3] A material according to (2), wherein the phenol component
which forms a molecular compound (C) is selected from the group
consisting of bis(4-hydroxyphenyl) sulfone, 2,2--B-is(4-hydroxypheny1)—
1,1,3,3,3-hexafluoropropane and bis(4-hydroxyphenyl) ether.



wherein P represents phosphorus atom Rl, R2, R3 and R4 each rgﬁ% sent 5
substituted or unsubstituted aromatic group or an al kyl group? ruary 2007
represents a divalent aromatic group and mis 0.5. [3] A nmaterial according
to (2), wherein the phenol conmponent which fornms a nol ecul ar conpound (C
is selected fromthe group consisting of bis(4-hydroxyphenyl) sulfone,

2, 2-bi s(4- hydroxyphenyl )- 1,1, 3, 3, 3- hexaf | uor opr opane and

bi s(4- hyd yphenyl.) ether. 0 22 February. 2007 [4 ] A sem conductor .
devi ce Whligﬁ cor?ﬁ%?%%%&%&gleﬁ%%%dﬁ’@f CBfDé%/Féﬁ’?iS 3 RN Rsionplemery resin
nmol di ng matefihal « L j y..one of : 3) ., An epoxy resin

nol di ng na%%?%glwaﬁf%ﬁ'EQ%PL??gﬂrgﬁ%@ﬁ%bFV&g%§gg@Féﬁ%m%dPiﬁ d%ﬁb@fty and
st orage stéBP1ﬁPﬁ €3n -be obtained in accordance with the present invention

descri bed above. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Conpound (A)
having at |east two epoxy groups in one nolecule which is used in the

present inventi i t particylarly limted as |long_as the conpound has
at |least two ep%gy(%?ggpgg?ﬁ 8H§dﬁﬁ3éﬁﬁthﬂEﬁﬁﬂﬁhe§x itsc gapoukablyA)
i nclude ep [ -and ERY CRIPO obt.aj ned b eacting = .
epichIoroh?ﬁ%?%ﬁﬁj?ﬁnﬁgdpoxylﬁbf%ﬁg #ﬁgg(%ﬁ% ﬁﬁﬁhé%%lg?e tadiedy ig

napht hol s atohd @scceRkithe @sbasitQhvigoPURHEM: VR, epoxy resins of the
novol ak type and epoxy resins of the naphthal ene type; epoxy resins
obt ai ned by epoxidation of olefins with peracids such as alicyclic epoxy
resins; and conpounds obt ai ned %y epoxi dati on of dihydroxybenzenes such as
hydr oqui none wi t RIEPFBH BHONYF (THE PREFERRED EMBODIMENTS

Compound (A) having at least two epoxy groups in one molecule
which is used in the present invention is not particularly limited as Iong as
the compound has at least two epoxy groups in one molecule. Examples of
compound (A) include epoxy resins and epoxy compounds obtained by
reacting epichlorohydrin with hydroxyl group in phenols, phenol resins
and naphthols such as epoxy resins of the biphenyl type, epoxy resins of
the novolak type and epoxy resins of the naphthalene type; epoxy resins
obtained by epoxidation of olefins with peracids such as alicyclic epoxy
resins; and compounds obtained by epoxidation of dihydroxybenzenes such
as hydroquinone with epichlorohydrin.

Compound (B) having at least two phenolic hydroxyl groups in one
molecules works as the curing agent for the compound (A) having at least
two epoxy groups in one molecule. Examples of compound (B) include
phenol novolak resin, cresol novolak resins, novolak resins modified with
alkyl groups (including resins obtained by co-condensation of the double
bond of cycloalkenes with phenols in accordance with the Friedel-Crafts

reaction), phenol aralkyl resins and resins obtained by co-condensation of



Compound (B) having at |east two phenolic hydroxyl groups in nol ec
wor ks as.the curing agent for the conpound (A) having at Ieasgg?:le\m”%'ﬂ’oi‘ip%s
groups in one nol ecul e. Exanples of conpound (B) include phenol novol ak
resin, cresol novol ak resins, novolak resins nodified with alkyl groups

(i ncluding resins obtained by co-condensation of the double bond of

cycl oal kenes wi.th phengls in accordance with the Friedel-Crafts reaction),
phenol ar aPRPhthads pad Phsgolsagithsonticande dabinworbondansap i OHogkve§ 0 22

_February 2007 %&)?gol ) ggd {)h nols with corrt@ounds‘ havi ng car bonyl group-
However, coHPBY 1§ DO R tPeldier eprapaindsnirsgnilisd ddste idedaapove and
any conpo, i e r n ato bonded ;tp aromatic rings are

substit ut e%%‘ﬁncg{q gglg%éﬂt \?\%ﬁﬁ%rnof P gﬁﬁge‘fntooﬁéoﬁ?ﬁpécﬁﬂ%sc@ﬁe be used.
Mol ecul ar gaypRuedh 6500 Wiegh: ML K$g rpng accelerator, in the
present invention is represented gypug{%lggoﬁlg)%dfl 038%@8?‘3?8%&%“(%) and
general for nmul aMpBcusndedBpau®l€r #ath 38506 IAIHRN. & -
tetrasubstituted phosphoni um ang a phenol conpound. %g%ger{%{g%ngl

conpri ses decorbémattiventiof ipnepiteet tasihysing bhe6f @RS IR eatdgn, at

| east one and | ess than three phenolic hydroxyl groups and one phenoxide
anion. |t gedegghsiogmudy {#Hatanchespasi wolesubirarageomtithecdreprasdibst i t ut ed

phosphoni catjon is surrouynded with at |east one and | ess than three
phenol i c #ﬁ%%bfmb"r%ﬁ OSRACHNE SidndxihsechfrmRowrd allwsaln@trduct ure i s

f or nmed. -pho Lum i on-whi ch, can, hav he ahove structure, a
t et rasub?tsciot ?é%gp%(%g%%yn%én% Pgﬁnﬁat\?frﬁﬁugit}bféﬁ?‘% Q?‘@%P WRstist-taft ed  aryl
groups andeadtkitle SRS tﬁ§ntth?eéﬁﬁéﬁdlfc%%xgrlsgre{lsg &rahhg p U8 ot Qe

anion. It is considered that the positive charge of the tetrasubstituted

phosphonium cation is surrounded with at least one and less than three
phenolic hydroxyl groups and one phenoxide anion and a stable structure
1s formed.

As the phosphonium ion which can have the above structure, a
tetrasubstituted phosphonium ion having substituted or unsubstituted
aryl groups and alkyl groups as the substituents is preferable due to
stability against heat and hydrolysis. Examples of the phosphonium ion
include tetraarylphosphonium ions such as tetraphenylphosphonium ion
and tetratolylphosphonium ion; triarylmonoalkylphOSphoniﬁm ions
synthesized from triarylphosphines and alkyl halides such as
triphenylme.thylphosphonium 10n; and tetraalkylphosphonium ions such
as tetrabutylphosphonium ion,

Molecular compound (C) used in the present invention has a
structure of the phosphonium-phenoxide salt type as .described above.

This structure is different from the structure of the conventional



stability agai nst heat and hydrol ysis. Exanpl es of the phosphgni umion

i ncl ude tetraaryl phosphoni umions such as .tetraphenyl phosphon?&rﬁ%ﬂarya?ﬂp7
t etrat ol yl phosphoni umion; triaryl nonoal kyl phosphoni umions synthesized
fromtriaryl phosphi nes and al kyl halides such as

tri phenyl met hyl phosphoni um i on; and tetraal kyl phosphoni umions such as

t et rabut yl phosphoni um i on. Ml ecul ar conpound (C) used in the present

i nvention KA8PRUDEE rfcthsr Bhetphoreupiasphsnumaptencxlidesaid thyperas

descri bed abgve., This str c%re is different fromthe structure of the
convent | ondr01785  EURpoER 07 @Sﬁ%‘bmﬁé@' oftrefierg Heswhdnimith ottgani ¢ aci d

ani on salt J j | ar, co und (C), a higher order
structure fhéygﬁ(gg(fn\r/l\nb%% %%bf]}?% gg@ﬁ“’ Bl E}é y P%‘ﬁoﬁé’“BF SR WKlsrdki c
hydr oxyl gi@UPSHosMdl ' PHNGS: ¢ [Eala]! n . he _cqonventional salt, the
reactivity is controlled by&?ﬁghgg%lrczﬁgt %leol&itcﬁfgﬁlyo%i %Onﬁb%%%ak%rf € In

contrast, birenptlecfitiar iwearposddlE) , In therh &N P ldle@fiat ' ite of
the reaction is surrounded by the higher ordér st?uc?u?@ngﬁ%ﬁ%?%’ect ed at

the room t éipermapairef the adievestingef tfe rdabtionds walrom@leil ng, tHgighsgher or der
structure is _deconposed and the active site of the reaction is exposed to
exhi bit t he*degattsirg anfhpipteqtnd atdhe cabnettharattrepr Gpethbystaas ope

ol ecul ar BOmABUT SelHREnent doR4E, BT Ue e B oS phonmBE bR Ebede

oi sphenol G 3 ser Ry rERdiin Suptd 30 G B BrebvhenBroates 2, 2.

met hy| enebishiolakenbhSpdripydnosyphemely) sul fone (bisphenol S),

Examples of the phenol compound which can, in general, form a

molecular compound_ with the tetrasubstituted phosphonium ion include
bisphenols such as bisphenol A (2,2-bis(4-hydroxyphenyl)propane),
bisphenol F (4,4-methylenebisphenol, 2,4-methylenebisphenol and 2,2-
methylenebisphenol), bis(4-hydroxyphenyl) sulfone “(bisphencl S,
bisphenol E (4,4-ethylidenebisphenol), bisphenol fluorene (4,4-(9H-
fluoren-9-ylidene)hisphenol), 4,4 -methylidenebis(2,6-dimethylphenol) and
bis(4-hydroxyphenyl)methanone; biphenols such as 4,4’ -biphenol, 2,2-
biphenol, 3,3,5,5-tetramethylbiphenol and 2,2-bis(4-hydroxyphenyl)-
1,1,1,3,3,3-hexafluoropropane; hydroquinone; resorcinol; catechol; bis(4-
hydroxyphenyl)  ether;  2,6-dihydroxynaphthalene: 1.4-dihydroxy-
naphthalene, 2,3-dihydroxynaphthalene: 1,6-dihydroxynaphthalene; 1,1’-
bi-Z2-naphthol; and 1,4-dihydroxyanthraquinone. These compounds can
form coordinated structures represented by general formula (1) or general
formula (2) in which the number represented by m can be in the range of 0

to 2 depending on the relative amounts of the tetrasubstituted




bi sphenol E (4, 4'-ethylidenebi sphenol), bisphenol fluorene (4 4'-E9H-
f1 uoren-9-ylidene)bi sphenol ), 4,4'-nethylidenebis(2,6-dinethy?%ﬁ' Bary 4097
bi s(4- hydr oxyphenyl ) net hanone; bi phenol s such as 4, 4'-bi phenol, 2,2'-

bi phenol, 3,3 ,5,5 -tetranethyl bi phenol and 2, 2- bi s(4- hydr oxyphenyl) -

1,1, 1,3, 3, 3-hexaf |l uoropropane; hydroqui none; resorcinol; catechol; bis(4-
hydroxypheggl) et her; 2, 6-di hydroxynapht hal ene; 1, 4-di hydroxy- napht hal ene,
2, 3- di hydrpRysidsing wal ienendithe pliehylrcoxymnaphimatienarudtute of Bie Zhdtaght hol

and 1, 4-di hydr oxyant hr aqui none. These conpounds can form coordi nat ed
struct ures® ?%%@nté@ @W gEwerhInyentieiaphdyolocorgpoendd arf osaiedtad (2) in
whi ch the nunbe% represented by mcan be in the range of 0 to 2 depending
on the rel AP0DE HAGNRTS COPPewEls B 4L tBe phiheBdePIBSopteRdbr taieyn 2007

phosphoni uiirgan e e, penol. saRaynd,and: the structure of the, phenol

conpound. Inthe present 1nvention, phéno oy anong

the above &ORPOUNESHSO: thatyt purber. [.gRr esent by mis in_the range of
0-nmk0.75 in the forned c(ggr%i r%g?ed st rlucﬁgr?rep?g%e%{%%uﬁ‘fﬁ Yol al

fornula (ltptephgesérlalsphonintd poftdn addehs hhgSIU RS0t caiSe confirmed
t et r aphenyl phosphoni um porti on and the phenol portion can be conti rmed by

t he neasurnigrt mepsuiemiR rid-NMER reslsthepaaty spactiihe, vahde a0fe BTm N gener al
formula (1) or ge $ral formula (2) can be calculated fromthe integra

i ntensi ti 88 SN RelYHYEAHAhctrepeTali formikd (Dhemphe melcubtetl foom dht ai ned by

the nmeasurenent, of 1H%NNRE2} thﬁ, | ecul ar conpound in accordance with the
fol | owi ng e‘[qEEL%t’“} SRECTSIUES o Fhes phosm gy um goxfioay and the nhendopeaion repr esent
the num)erob@iingﬁoﬁ)p Phd TG JRL GO ?H%MR of the molecular compound in

accordance with the following equation:
m = (F{/Fp)/(P1Pg) - 1
wherein Py and g each represent the number of proton in one molecule of

the phosphonium cation and P, and F 1 represent the integral values of the

phosphonium cation portion and the total phenol portion in the anion side,
respectively, which are obtained by the measurement.

The value of m in general formula (1) or general formula (2)
representing the molecular compound is decided depending on the stability
of phenoxy ion, easiness of hydroxyl group for forming the hydrogen bond,
steric hindrance and rigidify of the phenol compound and other factors. It
15 considered from the stereochemical consideration that m can have
discrete values such as 0.0, 0.25, 0.33, 0.5, 0.67, 0.75, 1.0, 1.25, 1.83, 1.5
and so on. Examples of the phenol compound which is preferable for
forming the structure represented by general Tormula (1) or general
formula (2) in which the number represented by m is in the range of 0=m

= 0.75 include bisphenol §, 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-




t he phosphonium cation and P1 and F1 represent the integral values of the
phosphoni um cation portion and the total phenol portion in th%2§ﬁgﬂﬁmﬁzﬁg7
respectively, which are obtained by the neasurenent. The value of min
general formula (1) or general fornula (2) representing the nolecul ar
conpound i s decided depending on the stability of phenoxy ion, easiness of
hydr oxyl group for form ng the hydrogen bond, steric hindrance and

rigidify ofhemmm@maoe,waﬁu@dhmdxpm@etﬁﬁﬁh@ﬁﬁ) bhiforles QIQ&‘S%ngJided from

the stereochemni cal consideration that mcan have discrete values such as
0.0, 0.25, ydgxyphawlpeder 0Thste k. the mos2bility. 83t the Formod s6QcO. Exanpl es
of the phenol % quugf which is preferable for formng the structure

repr esent ed®b I%é Bt dfereimg g the orelafeveramoutter nfilthe ( Bhosphowkiugh t he
nunber repr b is in,the range of. Ocm 5 0.75 include bisphenol S,
2 0b1 (4 KOoRTEy Me hddy 380 GRS Shinii svakhepotihe molecalar
hexaf | uor oppARARS 4. bi §(d:hydraxy: 3; met iyl phenyl) sul fone and his(4
hydrpxyphenyﬁ?ﬁéther.ﬁ&%grégfg %ﬁ%m%§s§¥%?%?t BtﬂhﬁmpﬁﬁﬁngﬁﬁQ?s&Qucture

i's differentpsependiangueibdrhg rgbatime arqyatg @b.%b%b@hﬁ%&ré?%r%@r compound
-and the phenol compound used in the synthesis of the nolecular  conpound.

When min genetate fsarasily aletdhpesedganes ahtd10sMal AL Re 2 LEPIES s%fﬁ, number
in the range of 0 m< 0.75, the higher order structure i1s easi y? '
deconposed ShAdring dhe &pyxt resunichi bevgtaingd eaOerthactthvi hynd ofhem i iy t he
epoxy resin can 3gﬁ§3;?i§6d' On the other hand, when min general formula

(1) or genéPd rag . € ) O% é%‘i‘%%rf‘?%malan(?ﬁﬁ@p?wnls ernugbentbéri, ot he .
B nrance. Brthe BASRBI B Dt A SHES Lcencioy et renwo iy
steric hindrance of the phenol compound and the reactivity at the molding
temperature decreases. |

Molecular compound (C) can be synthesized in accordance with any
of the following processes. In one of the processes, the above phenol
compound and a base for helping ultimate removal of a hydrogen halide
which is, for example, an alkali metal hydroxide such as sodium hydroxide
and potassium hydroxide or an organic base such as pyridine and
triethylamine are dissolved into a solvent such as an alcohol, a halide of
the above tetrasubstituted phosphonium ion dissolved in a suitable solvent
1s added, the reaction is allowed to proceed and the object compound is
separated as the solid component in accordance with a separating
operation such as recrystallization and reprecipitation in the last step. In
another process, a tetrasubstituted phosphonium tetrasubstituted borate
and the phenol compound are reacted with generation of heat and further

reacted in a solvent such as an alcohol under heating.

It is preferable due to the excellent balance of the curing property,
\

10



tenperature decreases. Ml ecul ar conpound (C) can be synthesized in
accordance with any of the followi ng processes. In one of thé2FeHEeaY2007

t he above phenol conpound and a base for helping ultinmate renoval of a
hydrogen halide which is, for exanple, an alkali netal hydroxide such as
sodi um hydroxi de and potassi um hydroxi de or an organi c base such as
pyridine and triethylam ne are dissolved into a solvent such as an

al cohol , athalstdegef prophetyaol ethat pagiebats thhedhoRAsRRONURLIeN 4 ssol ved
in a suitable solvent 1is added, the reaction is allowed to proceed and the

obj ect conpewrgung (Csaped as he guringercsgbiator dmpbaenéseinn i@esaiodangg W th a
separati ng oeeratiﬁ%?such as recrgstallization and reprecipitation in the
| ast step. the Fange,p 0wl (ot &3 €0 partschy weiahdtner J08 arho sy menghumf the
tetrasubsti rate .and the enql, conpound are reacted with
generationk%¥&%gggg§%53Iﬁrgﬁggux?‘ d@@&“?ﬂggaé PRV SERF YA O8RS a cohol
under heat A9 mdited # 4 el l ent .bal ance of fhe curing
property, 10ngéé%g%3§g§§@§%%l LgﬁgoélSbggéggg%ggﬁfvlgﬁﬁ%SPHanﬁLBperties
that the anpafﬂxwfgrms&@tdr@rm@mwﬁi&ﬁ)m%%%éﬂ%gg%&ﬂg ?-%Cfg' erator in

the present inventionis in the range of about 0.5 to par § wei ght
per 100 pathesrdytiveiaghturss of bempbotdlAohating amesst twef efaymoungs () havi ng
at | east two epoxy groups in one nolecule and the anobunt of conpound (B)
havi ng at P%%Olﬁwdepﬁ@gépm@ouhﬁd@?ﬁxb{dlviggomphedsn temephebd@zuhedmiziyth wor ks
as the curing agent. As for the relative anounts of conmpound (A) having at

| east two BIO%Y 'gr Rip&FFUSNE WopekarbleathnicBimpbtialof Bre haviurg lat | east
Lo phenol ka1 MEXKhondl MR okl B2 B! E5H) Sind f) FalinghARL S it the
phenolic groups in one molecule and the amount by mole of the phenolic
hydroxyl group in molecular compound (C) is in the range of about 0.5 to 2
moles and preferably in the range of about 0.8 to 1.2 moles per 1 mole of
epoxy group 1n compound (A) having at least two epoxXy groups In one
molecule since the curing property, heat resistance and electric properties
are improved.
The type of the inorganic filler of component (D) used in the present
invention is not particularly limited and inorganic fillers conventionally
used for sealing materials can be used. Examples of the mnorganic filler
include fused and crushed silica powder, fused spherical silica powder,
crystalline silica powder, secondary aggregated silica powder, alumina,
titanium white, aluminum hydroxide, tale, clay and glass fiber. Fused
spherical silica powder is preferable. It is preferable that the shape is
close to the perfect sphere as much as possible. The spherical silica can
be used in an increased amount by using powders having different particle

S1Zes.
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nol e of the phenolic hydroxyl group in conmpound (B) having at |east two
phenolic groups in one nolecul e and the anount by nole of the2dkehsnary 2007

hydr oxyl group in nol ecul ar conmpound (C) is in the range of about 0.5 to 2
nol es and preferably in the range of about 0.8 to 1.2 noles per 1 nole of
epoxy group in conpound (A) having at |east two epoxy groups in one

nol ecul e since the curing property, heat resistance and el ectric properties

are inproved. THeid ypdewibld tieatithoragani dfithe eforphneRENEN tK D) Hsed in the
present invention is not particularly limted and inorganic fill®ers
convent i on&f 200 taskd09 perisdal mightateer 0l parcaby becigisiedt tHex@mpl esiraf t he
inorganic filler Jjnclude fysed and crushed silica powder, fused spheri cal
silica powddountghrompqunddAdinaveng pbleder twe epondamyragyregatddesicl i ca
powder , algnhn a&{%@@i m whi t e, uginun1hydroxide, talc, clay and gl ass
fiber. Fuséd" sph8F°Cal 4ierey r Eng adt lspsthFwo phenplc dydrerdbl e t hat

5 510 iy LS L B YA e

spheri cal I'ca can e used in"an Increase

havi ng di f herend, tBard i€hige p§§§§§it¥ i]ﬂiat?%hfg %@er@BK rgﬂ@o%cerhg?j; %{d@{ ;%%8 rabl e

that the anount of the inorganic ller 1s 1n the range o 2,400
parts by weilghtis pet siOiqsait sxhiyiteri githeof tHehanmbohbx@bdt Beocappynt of
conpound (A) having at |east two epoxy groups in one nolecule and the
amount of bBrpeghs tIByrenavilngrassiliibs thatwduptienof ithe hysldogy matgri@ups i n one
nol ecul e. en the a uigt is less than 200 parts by weight, there is the
possi bi it e“trﬁa%éstﬁr‘ﬂé{_ deiFeite BilmipiaPepberahiring the hbbing | Therdfmenot
sufficient él}'chegr@otqh{ﬁsegfe I\}/(\)V]E%r}e}:efllgblae@il{l 115 rﬁéx%eper% erﬁbﬂ%ag?ﬁé gmount of

the inorganic filler is in the range of 250 to 1,400 parts by weight per 100

parts by weight of the total of the amounts by weight of compounds (A) and

(B) since the degree of moisture absorption of the product obtained by

curing the molding material decreases to prevent formation of cracks in

solder and viscosity of the molding material in the melted condition

decreases to eliminate the possibility of deforming metal wiring inside the

semiconductor device. It is preferable that the inorganic filler is mixed

well in advance.

The epoxy resin molding material of the present invention may

further comprise various additives in combination with components (4) to

(D), where necessary. Examples of the additive include coupling agents

such as y-glycidoxypropyltrimethoxysilane, coloring agents such as carbon

black, flame retardants such as brominated epoxy resins, antimony oxide

and phosphorus compounds, low stress components such as silicone oils

and silicone rubbers, mold release agents such as natural wax, synthetic

wax, higher fatty acids, metal salts of higher fatty acids and paraffins and

12



by weight, there is the possibility that fluidity of the noldin terial
decreases and defective filling takes place during the noldi na?%?gg‘t‘%’ﬁ’(ﬁ@,-’
such amounts are not preferable. It is nore preferable that the anount of
the inorganic filler is in the range of 250 to 1,400 parts by wei ght per
100 parts by weight of the total of the anobunts by wei ght of conpounds (A)
and (B) since the degree of noisture absorption of the product obtained by
curing t he afdladRtvat i dhe dexasens dsvewipr,eveniytorsmhi an afiplesagks in

sol der and iscgsi té gf %216 %di ng( material in the nelted condition
decr eases tF3P8PTHeNAPE b REIpEHEEMITIP O gnderemer T meethet-ahidsizolngndinsi de t he
sem conductb%ru&%vi]rﬁe. tina"t%orpwi%aor ble th the inorganic filler is m xed

wel | in advance. The Epdxy ' Tedi | HNBEGRleBF 331 lopg ashhepfusadivn phvent i on

1o (D), sy SR ARV AREOT 2P MR A GATE) 3k Ry e ST FRG cgent

to (D), where necessary. 0 e a v Fﬁg agents
such as y-glyci Qoey@fapytdsin MRIIAMY S8 o HOPFINAIRALS; SUEN, 35 carbon

bl ack, flame retardants such as brom nated epoxy resins, antlnony oxide
and phosphebimnedbpoundsg chowostnes@)conppaeitsshsusilitisesiakiteoOnRg,Qi | s and
silicone rubbers, nold rel ease agents such as natural wax, synthetic wax,
hi gher fat t§mpefatsre hgtamiged. tfgllovedbyHeareaflaig by acindsngndaganafdichs and 12

22 February 2007 nti oxi d&mts. In the present invention, catalysts such as
tri phenyl éﬁa iiﬂ@l ay pxtruder, cooling and pulverizing.

1, 8- di azabi cycl ﬁg %Elélg%&l&cglecen - 7e 2- met h(YI -imdazole may be used i n-

conbi nation without: &Ny probi ek aE oMY o Aevier hEiseahnareleqhipmieul ar

B e R e
the present invention, the molding and curing can be achieved in
acéordance with the transfer molding, the compression molding or the
injection moldin.g.

The semiconductor device prepared by sealing with the cured
product of the epoxy resin molding composition of the present invention is
included in the technical range of the present invention and exhibits
excellent resistance to moisture.

To summarize the advantages obtained by the present invention,
the thermosetting resin composition and the epoxy resin molding material
of the present invention exhibit excellent curing property aﬁd storage
stability and the semiconductor device obtained by sealing a
semiconductor element with the epoxy resin molding material exhibits
excellent reliability under humid conditions. Therefore, the composition,

the material and the device are used industrially

EXAMPLES
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obt ai ned by m xi ng conponents (A) to (D) and other additives at the room
tenperature by a nixer, followed by kneading by a mixing machfA&edieary 2007
rolls and an extruder, cooling and pulverizing. In the production of the
sem conductor device by sealing electronic parts such as sem conductors
using the epoxy resin nolding material of the present invention, the
nol di ng and curing can be achieved in accordance with the transfer

mol di ng, the conpreddpwintnBlvdnhignowill He depjielotd anorwlsgedificallhewith

sem conductox device prepared by sealing with the cured product of the
epoxy resi ROBFHFNY @&%@5? {7 Bli‘\g@?bt’vﬁ’ég-prlégﬁﬁ'fef’ fentdsent isvenitivel igded i n

the technigal ;a0 0 t#@ resent invention and exhibits excellent
resi stance to HD|%¥E?§¥3 §‘§§ﬁ%arize t he advant ages obtai ned by the present

invention,[S§m&wgggﬁqg§gkghggbggﬁ}g conposi tion and the epoxy resin nolding
material of the present invention exhibit excellent curing property and

storage stabil Thy apgtuhe o8 aNkGAREUELD ASMIISE o &aehﬂg%fbﬁ%ng??leil?g a
sem conductor elenment with the epoxy resin nolding naterial €X “Bi't's

excel | ent f@ wabionfiynemhiencchuddrde cag i Hi XNR, (hBelahor&] ARG GORPPSi ti on,
the material and the device are used industrially advantageously. EXAMPLES
13 22 Febr the ynowonlizinge tprresent (Hrvemehowremdnt b aas crgHaephAmine,

speci ficall i reference . to géanples in the foll ow ng. However, the

W {,
present i nVEMPBRAC PEUvAGTY fedcridgd e thhBloxdnsl es. [ Synthesis of curing

accel erat or S]’ A synthesized molecular compound of component of component (C)
was reacted with oxalic acid in a known excess arﬁount by weight in a
mixed solvent of methanol and water. The amount of oxalic acid
remaining after the reaction was determined with an aqueous solution of
sodium hydroxide having a known concentration by normal and the
amount by normal per the unit weight of the molecular compound of
component (C) (N/g) was calculated. The reciprocal of the obtained value

was used as the phosphonium phenoxide equivalent.

Synthesis Example 1

Into a 1 liter separable flask equipped with a stirrer, 37.5 g (0.15
moles) of BPS-N (manufactured by NIKKA KAGAKU Co., Ltd.; containing
4,4-bisphenol S as the main component) and 100 ml of methanol were
placed and BDS-N was dissolved into methanol under stirring at the room
temperature. While the resultant solution was stirred, a solution
prepared in advance by dissolving 4.0 g (0.1 mole) of sodium hydroxide into
50 ml of methanol was added and then a solution prepared in advance by

dissolving 41.9 g (0.1 mole) of tetraphenylphosphonium bromide into 150

14




The structure of a synthesized nol ecul ar conpound of conponent (C) was
confirnmed in accordance with 1H NMR the el enental analysis aféFebReary 2007
neutralizing titration (the neasurenent of the phosphonium phenoxide

equi val ent) described in the follow ng. A synthesized nol ecul ar conmpound of
conponent of conponent (C) was reacted with oxalic acid in a known excess
anount by weight in a mxed solvent of nethanol and water. The anount of
oxal i ¢ aci @l peraetiang! afrendtdbe rddicri dre vweasiltettersiupied Wit hfuath-aqueous
sol ution of . sodi um hydroxi de havi ng a known concentration by normal and

the amounftibiechdeigrmsebimene3Wthin! wéimpithagpol twes moldedul hecestnound of
e reciprocal of the obtained val ue

t -(Nf | cul ated., Th
\(/:vgrsrp 3223 aé@%ée%%és%%g%? %léﬁgar@g@fid‘gmé’d‘ﬂﬁ/ém@nﬁ.gl'S%ﬂﬁééiné dbxaatgre 1 Into
11it : i Wt h ti . 37.5 -0, 15 | f
Bps- N (maniagt onudins, R SRR eE i Blindln e’ i sphonol s
the MBI PreoRRORENk): | aced and_BDS- N
Sissso?vggl ?Ilj]t 0 ng?ﬁan%ﬂleaﬁér?gﬁ?%gﬂ)?ﬁl%ﬁ?t}ptgﬁg %%%%ant%eﬁ%@r %?)l?,ll’%l.n i | \évatshe

resul tant eqgistils overaabtsinbdr ethe ab&ohtd cORpoRhERANED ofady %‘%@ Ry
di ssolving 4.0 gl (0.1 nol e) of sodium hydroxide into 50 m of nethanol was
t,

added and Fiun thegebults oh lgréMat edd ithe anvange chiyscatiys stolMi Bghda g (0. 1

nol e)  of t traghenyl phosphoni um bromi de into 150 14 22 February 2007 m

of net hanothata$ ladtisd thafehaectt prempewad t comstisotadt ivobh wis: fretbplesnsdt i rred for
ed. The solution obtained in the

£, RSl RO L S ST LS S S
from the ratio of the integral intensity of the 4,4’-bisphenol S portion to the
mtensity of the tetraphenylphosphonium portion in YH-NMR that C1 was
the object compound in which tetraphenylphosphonium and 4,4’-bisphenol
S in relative amounts by mole of 1:1.5 (m=0.5) formed a complex. The
value obtained by the neutralizing titration showed that thé phosphonium
phenoxide equivalent was close to the calculated value of 713 and the
result of the elemental analysis supported the above structure. The yield

of the synthesis was 92.6%.

Synthesis Examples 2 to 6 and Comparative Synthesis Examples 1 and 2
In Synthesis Examples 2 to 6 and Comparative Synthesis Examples
1 and 2, essentially the same procedures as those conducted in Synthesis
Example 1 were conducted in the conditions shown in Tahle 1 and
compounds C2 to C6, D1 and D2, respectively, were prepared. The

results are shown in Table 1.

Comparative Synthesis Example 3
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under stirring and white precipitates were obtained. The obtai ned
precipitates were separated by filtration and dried and 66.0 42&ebyanye2007
crystals were obtained. The obtai ned conpound will be referred to as C1.
Fromthe results of 1H NVR and the nass spectroscopy, it was confirned

that Cl was the object conpound constituted with the tetraphenyl -

phosphoni um portion and 4, 4'-bisphenol S portion. It was also confirned
fromthe ratio ofntete i hicegrenbralie divikt yqebpthevidh 4 stisphenel «Soportion to

the intensity of.the tetraphenyl phosphoniumportion in 1H NWR that Cl was
t he obj ect 1&18?%30%@-1? W&Ji’léﬁfpotleﬁ‘gpﬂbﬁ% whowphomialmvered plgesd- bhdppenol S
inrelative amount s tfy m)lcﬁ O{l ]al"l.S %]ntﬁ.S) formed a conplex. The val ue
obt ai ned byp}feh RERT aV P2 i R TS Fricomethailaunfet stipdnghs pormoom
phenoxi de ' wagl.0se .t R al cul ated val ue of 713 and the
result of ﬁ%g{p\éﬁéﬁe&%t al Wéﬁ%l ;S/tg?s?%sh%%él?t EFHRE bV StEtidicupelutipre yi el d
of the syntfieghsedVasaB2n6¥hy ALhesk 5 EXaR! omparative
Synt hesi s E%(laﬁpl es 1 ané:l 2 yI n Synt%esoi%s(@éﬁ%ﬁ%%ﬁ%dﬁgﬁgggﬁ%%@& ative

Synt hesi s Blamploésnethannldwas adds€ahtiahby o 8ausi8HY B ALAH £ 4350 tbgose
conducted in Synthesis Exanple 1 were conducted in the conditions shown in

Tabl e 1 andlissebrpeuhds ea®.t ;mods), ofDtmmpdie BRIp oeshetitiny Bromideenheo psepar ed.
The results, are shown in Table 1. Conparative Synthesis Exanple 3 15 22
February 200%°F mgidiagol was gddedpatisr el sekuliqui ppedomi whs dusthierr er, 17.0
g (0.1 nol e). of; p-phenyl.phenal. and.50 m of nethanol were placed and p-
phenyl phen%%lrg%ls’%éi Ssoé%%lbgtlf’ :}%Pomﬂﬁf RYFo ¥ alir &2 ssrddedl j drgpwiset imgo them
flask under stirring. Then, 100 m] of 2-propanol was added and white
precipitates were obtained. The obtained precipitates were separated by
filtration and dried and white crystals were obtained. The obtained .
compound will be referred to as D3. From the results of the same
analyses as those conducted in Synthesis Example 1, it was found that D3
was a compound in which tetraphenylphosphonium was 1onically boended
to a phenoxide formed by elimination of proton from hydroxyl group of p-
phenylphenol in relative amounts by mole of 1:1.. D3 was not the

molecular compound used in the present invention but an ordinary

phosphonium salt.

.Comparative Synthesis Example 4

Into a 1 liter separable flask equipped with a stirrer, 12.2 g (0.1
mole) of benzoic acid and 50 m! of methanol were placed and benzoic acid
was dissolved into methanol under stirring 4t the room temperature.
While the resultant solution was stirred, a solution prepared in advance by

dissolving 4.0 g (0.1 mole) of sodium hydroxide into 50 ml of methanol was
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tenperature. Wiile the resultant solution was stirred, a solution prepared
in advance by dissolving 4.0 g (0.1 nole) of sodi um hydroxi de22 dfebrugxy 2807
of net hanol was added and then a solution prepared in advance by

di ssolving 41.9 g (0.1 nole) of tetraphenyl phosphoni um brom de into 150 mi
of methanol was added. After the resultant solution was further stirred
for some tine, 100 ml of pure water was added dropwi se into the flask
under stiraddmgl aifleghenl08ohiticof pRppropancldvaas: dddetkands Wi & (0.1

preci pitates were obtained. The obtained precipitates were separated by:
filtrationnghd drieserrhayiitioseheniye diremade éntobl s meldof Fhehobilakaed
conpound w be referred to as D3.. Fromthe results of the sanme anal yses
as those c"t‘fo@ct e the neenant selugiop) was furthengiyred indontating3 thevas a

d i ich:tet h | gh honi ionically b d t
comond S SLIPRETY mhon g e an il bonfes 1o7%
phenyl phenglqdrn stighiak! veraapunbs Dy Wl%g?(;pa%bﬂ"w%)’ Mdsedn%tggl:)hﬁﬂr ol ecul ar

conmpound used in the present invention an ordinary p FdHtum sal t .

Conpar at i (freSyMahes ker&xprahed 4 THE ObBiked bi’(%pﬁ%@rvagleeseygfﬂ}éfi%' pped
with a stirrer, 12.2 g (0.1 nole) of benzoic acid and 50 0 t hanol
wer e pl acddtanibrbemdoicicdchdd whitedtssally edeienbbiai®édanghe Ussiginstirring at
the roomtenperature. While the resultant solution was stirred, a solution
prepared icAma@uadc&ibybe diefguveditegad. D4g F@orh nind epsalts sddilemshygr oxi de
into 50 m_ of nethanol was., 16 22 February 2007 added and then a solution
prepared iARALRFERSSIBYe aadisted Hy Synthesip ](\é@@l]}p}ﬁ)l,ely vesfs found that D4

tetr aphen)@&pshg chpn% LAY itrjlr v(s)/ﬂ}thleteltpattﬁ)e]fgf?p}mspﬁgnirﬂeng r\]?vaansoﬂon\{\({%?ly bonded
to a carboxylate formed by elimination of proton from carboxyl group of

benzoic acid in relative amounts by mole of 1:1. D4 was not the molecular

compound used in the present invention but an ordinary phosphonium

salt.

The results of Comparative Synthesis Examples are also shown in

Table 1.
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added. After the resultant solution was further stirred for sone tine, the
sol ution obtained in the flask was added dropwise into 100 ni 23feRsuary 2007
under stirring. Then, 100 ml of 2-propanol was added and white

preci pitates were obtained. The obtained precipitates were separated by
filtration and dried and white crystals were obtai ned. The obtai ned
conpound will be referred to as D4.Tdelcom 1t he results of the sane anal yses
as those conducted.in Synthesis Exanple 1, it was found that D4 was a
conpound i BydMdsGhEslefl-aphenyl phosphoni um was; i onigcal I'y bonded to a
carboxyl ate formed by elimnation of proton from carboxyl group of benzoic
acidinre i by nole of 1: D4 S t the nolecutrar conpound
used in thgﬁtﬁfrlees%g%t&[g#%%dnti on but an orJ'C&i nap}élvaphggpho it um“%al t€¢ The
results of _Conparative synthesis Exanptes are atso—shown—+n—TFable 1. 17 22
February 26@?01@?&1%0‘35 ‘i“t%gtoﬁé‘ﬁlf“s Example 1 2 3 4 5 6 Synthesized
conpound CI”€%° apeest VBBERSI® conpound constituting mol ecul ar conpound
(O (armount &PSOHYby nole) BPS-N 1) 0.830.3 0.3

2, 2- bi s(4- hydrs ) L, 3- 0.2 xaf | uor opr opane

bi s(4- hydr ox%ﬁ?ﬁﬁ%?ﬁfg ﬁ%“i’/’%)l’jlt)l%?ﬁs Sul tone U

bis(4-hydroxy-3-methylphenyl) 0.3
sulfone

bis(4-hydroxyphenyl) ether 0.2 0.3

bis(4-hydroxyphenyl)methane
p-phenylphenol

benzoic acid

Phosphonium halide (mole)
tetraphenylphosphonium bromide 0.1 0.1 0.1
tetraphenylphosphonium chloride 0.1
triphenylethylphosphonium bromide 0.1
tetrabutylphosphonium bromide 0.1

Alkali metal hydroxide (mole)

sodium hydroxide _ 0.1 "0.1 0.1 0.1
potassium hydroxide 0.1 0.1
Value of m 0.5 0.0 0.5 0.0 0.5 0.5

Phosphonium phenoxide eguivalent
calculated 713 674 755 540 593 633
found 2) 728 668 753 561 598 645
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bi s(4- hydroxyphenyl) ether 0.2 0.3 bis(4-hydroxyp henyl) m ethan

p- phenyl phenol  benzoic acid Phosphoni um halide (nole) 52%9%"13")’ 2007
t et raphenyl phosphoni um bromde 0.1 0.1 0.1 tetraphenyl phosphoni um chl ori de
0.1 triphenyl et hyl phosphoni um brom de 0.1 tetrabutyl phosphoni um brom de
0.1 A kali netal hydroxide (nmole) sodiumhydroxide 0.1 0.1 0.1 0.1

pot assi um hydroxide 0.1 0.1 Value oftabe 0.5 0.0 0.5 0.0 0.5 0.5 Phosphoni um
phenoxi de equivalent calculated '13 674 755 540 593 633 found 2) 728 668

753 561 59864bratit@sAendzRlNxApY 2007 Table 1 - 2, Conparagtive Synthesis
Exanple 1 2 3 4 Synthesized conpound D1 D2 D3 D4 WMaterral used in

Conparativ - i npl e (anmount of BPS-N1) 2;
2- bi s(4- hy%?logég%%g%%o%gl 1, 3, 3, 3- hexafl uorg)ﬁropan D4

Material used in Comparative Synthesis
Example (amount of OH by mole)

BPS-N D

hexaﬂuoropropane

bis{(4-hydroxy-3-methylphenyl)
sulfone

bis{(4-hydroxyphenyl} ether 0.4
bis(4-hydroxyphenyl)methane 04
p-phenylphenocl 0.1

benzoic acid . 0.1

Phosphonium halide (mole)
tetraphenylphosphonium bromide 0.1 0.1 0.1 0.1
tetraphenylphosphonium chloride
triphenylethylphosphonium bromide
tetrabutylphosphonium bromide

Alkali metal hydroxide (mole)
sodium hydroxide 01 - 01 - 0.1 0.1

potassium hydroxide

Value of m 1.0 1.0

Phosphonium phenoxide equivalent
calculated 738 742 508 460
found 2 749 754 522 477

1) Manufactured by NIKKA KAGAKU Co., Ltd.
2) Reciprocal of the amount by normal per the unit weight (N/g) of molecular compound

(C) obtained by the neutralizing titration,
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bi s(4- hydr oxy- 3- net hyl phenyl ) sul fone bi s(4-hydroxyphenyl) ether 0.4

bi s( 4- hydr oxyphenyl ) net hane 0.4 p-phenyl phenol 0.1 benzoi c &&iFgbpuary 2007

Phosphoni um hal i de (nole) tetraphenyl phosphoniumbromde 0.1 0.1 0.1 0.1

t et r aphenyl phosphoni um chl ori de tri phenyl et hyl phosphoni um brom de

t et rabut yl phosphoni um brom de Al kali netal hydroxide (nole) sodium

hydroxide 0.1 0.1 0.1 0.1 potassium hydroxide Value of m1.0 1.0

Phosphoni urftiéwatierlef Erprinpatiding valcuimpedtidgdg 742 508 460 found 2) 749

754 522 477 1)‘A®nufactured by NI KKA KAGAKU Co., Ltd. 2) Reciprocal of the

amount by nor mal4* pERtheEed ineletwng Remprirgy oftompbrant] (&) veonmhleddo »( C)
alizin tion. 19 22 February 2007 [Evaluation of

bt ai ned b t |
ther mos %Oigﬁbfoélgf&n Ogocr%’d’&?l??%:@ alE"é%tfhteéffazgédtWﬁ)W@@w afrogpapound of

t hernosettin
conponent (ks et (BPIRAHIL oaSOIRO BRI AL, ARV NG, 2L, ] east tvo

‘ and the resultant mixture was pulverized and mixed. After the obtained
mixture was kneaded with melting on a heated plate at 100°C for 5
minutes, the resultant mixture was cooled and pulverized and a sample of
a thermosetting resin composition was prepared. The prepared Sampler
was evaluated in accordance with the following methods..
(1) Torque in curing

The torque of a sample prepared in accordance with the above
procedures was obtained by using CURASTOMETER (manufactured by
ORIENTECH Co., Ltd ; JSR CURASTOMETER PS type) after 45 seconds
at 176°C. The torque obtained using CURASTOMETER is a parameter
indicating the curing property. The greater the value, the more excellent
the curing property. The unit is kgfcm.
(2) Residual fraction of heat generated by curing -(evaluation of the
storage property)
| Using a sample prepared in accordance with the above procedures,

the initial heat generated by curing immediately after being prepared and
the heat generated by curing after storage at 40°C for 3 days were
measured. The residual fraction of the heat generated by curing (mJ/mg)
after the storage based on the initial heat generated by curing (mdJ/mg)
was calculated and expressed as the percentage. The heat generated by
curing was measured in accordance with the differential scanning

calorimetry at a rate of temperature elevation of 10°C/minute. The
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conpound of conponent (B) having at |east two phenolic hydrOXéI llfgroups and
the resultant mxture was pul verized and mi xed. After the obté#FehrugiydQfde
was kneaded with nelting on a heated plate at 100C for 5 mnutes, the
resultant m xture was cool ed and pul verized and a sanple of a
thernosetting resin conposition was prepared. The prepared sanple was

eval uated in accordance with the followi ng nmethods. (1) Torque in curing
The tor quesreftes thampleinsdepinedbe maecorddncehoistihizherapaye procedur es
was obt ai ned by using CURASTOVETER (rmanufactured by ORI ENTECH Co., Ltd.;
JSR CURASTOVETER PS type) after 45 seconds at 175C. The torque obtained
usi ng CURASTOVETER i s. a aneter. indicating the curing property. The

gr eat er '?@{a\%aﬁﬁgs ttOhGeaPrgr BAarventxamples dipitng property. The unit is
kgfcm (2) Rest t] 0 t generated by curing (evaluation of the
storage pr operItlg)%)l&rlhhge%ai ggr?p%%&]gfoénp%fl gwle %%‘Eg]lﬁﬁalaé%%mﬁwpﬂ‘ﬁeo%bove
procedur esompblididrdl wedl eglaenelaladaRY. GHEh NG LB Al ely afLer being

prepared and the heat generated by curing after storage a € flor 3 days

were meadabbd2 Bher reapouads £nactiepbeindden P?@Hargﬁﬂﬁrﬁa%ggl@g 1641 ng
(ml/mg) after the storage based on the initial heat generated by curing

(m/ ng) Gasrespédnedy ednandomppnedseblaso t Dé pbradesnt age Colheaeat generated
by curi n% was neasured in accordance with the differential scanning -
cal ori net FyeRfraAiofatiga pplee hger at taspeeivalat hod cohlk0G! mhmikerdsthe 20 22
February 20t 7thgl£eat§r tr(lie 0 tad' ed val ue, the nore excellent the storage
property. eprocedures described above.  In place of molecular compound (Q),

triphenylphosphine was used in Comparative Example 1 and compounds

DI to D4 prepared in Comparative Examples 1 to 4, respectively, were

used in Comparative Examples 2 to 5, respectively. The results of the

evaluation of the compositions are shown in Table 2.
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Exanples 1 to 6 and Conparative Exanples 1 to 5 In Exanples 1 t% g and
Conpar ative Exanples 1 to 5, sanples of conpositions were prép&CORUGRY 2007
accordance with formul ati ons shown in Table 2 using conmpounds C to C6
obtained in Preparation Exanples 1 to 6, respectively, and conpounds Dl to
D4 obtained in Conparative Preparation Exanples 1 to 5, respectively, and
eval uated in accordance wth the prietledutes descri bed above. In place of
mol ecul ar Confpgund (C), tri phnnyl phncphi ne was_used in Conparative EX&er' e
1 and conpoivadsgte DI to D4 prepared in CanparativegExanples ] to 4,
respectively, were _used in Conparative Exanples 2 to 5, respectively. The
resul ts of ghgu.g%AbMabi @BRH the conpositions are shown in Table 2. 21 22
February 2007 Table 2 - 1 Exanple 1 2 3 45 6 Fornulation (part by

wei ght) ~ conpoff@RPCAJYEOCN 1020- 65 1) 67 YX-4000H 2) 52 52 52 52 52
conponent (B) phhedol-10z0velak resin 3) 33 XL-225 4);, 48 48 48 48 48

nol ecul ar conmpoyRd, (&) 59) type Cl1 C2 C35ZC4 CBL-'% C6 am)lggt 3.527 3.?2 3.8 2.8

3.3 3.3 Properties

component (B}

phenol novolak resin 3) 33
XL-225 49 48 48 - 48 48 48
molecular compound (C) 8)
type C1 Cc2 C3 C4 C5 C6
amount 3.7 3.5 3.8 2.8 3.3 3.3
Properties
torque in curing {175°C, 45 &) 056 065 061 068 062 071
(kgf-cm)
residual fraction of heat generated 91 92 95 N 92 90

by curing (%)

22



torque in curing : s) O. . . . . . -C
i ing (175C, 45 s) 0.56 0.65 0.61 0.68 0.62 0.71 (kaf-cm)
residual fraction of heat generated 91 92 95 91 92 90 by cur'ga:wawzw

February 2007 Table 2 - 2 Conparative Exanple 1 2 3 4 5 Formnulation (part
by wei ght) component (A) EOCN 1020-65 1) 67 YX-4000H 2) 52 52 52 52
conponent (B) phenol novolak resin 3) 48 XL-225 4) 48 48 48 48 conpound
repl acing conponent (C) 5) type trilphkedyl2- DI D2 D3 D4 phosphi ne anount
1.0 3.8 3.83-53-1-Properties torque in curing 0.34 0.42 0.45 0.58 0.63
(175C, 45 donfpkgftiveMkamelsi dual fraction ofgheat 55 93 95 53 59 generated
by curing (%9

Formulation (part by weight)

component (A)

EOCN-1020-65 1 67

YX-4000H 2) 52 82 52 52
component (B)

phenol novolak resin 3) 48

X1.-2254) 48 48 48 48

compound replacing
component () 5

type triphenyl- D1 D2 D3 D4
vhosphine
amount 1.0 3.8 3.8 3.5 3.1
Properties
torque in curing 0.34 0.42 0.45 0.58 0.63
(175°C, 45 s) (kgf-cm)
residual fraction of heat ho 93 95 53 59

generated by curing (%)

1) A cresol novolak epoxy resin manufactured by NIPPON KAYAKU Co., Ltd.

2) An epoxy resin of the biphenyl type manufactured by JAPAN EPOXY RESIN Co_,
Lad.

3) A phenol novolak resin having a hydroxyl equivalent of 104 and a softening point
of 95°C

4) A phenol aralkyl resin manufactured by MITSUI KAGAKU Co., Ltd.

5) Compounds synthesized in Synthesis Examples and Comparative Synthesis

Examples except triphenylphosphine

The thermosetting resin compositions of the present invention

exhibited excellent curing property and storage property as shown by the
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1) A cresol novol ak epoxy resin manufactured by N PPON KAYAKU Co. ., Ltd. %}
An epoxy resin of the biphenyl type manufactured by JAPAN EPO%&FREEWQHK29,7
Ltd. 3) A phenol novol ak resin having a hydroxyl equivalent of 104 and a
softening point of 95C 4) A phenol aral kyl resin manufactured by M TSUl
KAGAKU Co., Ltd. 5) Conpounds synthesized in Synthesis Exanples and
Conparative Synthesis Exanples except triphenyl phosphine The thernosetting
resin corrpd‘?is’tl{%ﬁ IGramplespr by spptrpply dheisnin exhpositiod @xCehpenttivuri ng
property aqg(stOfageEpro erhé %3 shqwn by the 23 22 February 2007 results
of Exanpl es “IRPEoht 1A% TIPRENYRLPHP INBRAFSsihE Biring aconpeatar iewbitibeanpl e 1
using trip I hi t cuyrlng accel erator.exhi bited poor curing
property agﬁegtggggg F§%%?¥yggéhgaggg%ogFFth% of FRCorimR ot ives Exfanpl es 2
and 3 in wg {1 MRV IBGHA conpaungs sent eneral formula (1)
whose n1rep;g€%nts 1 merelggzdp exh?%??egﬂg&ngg %%#?%ggbr%%ﬁﬁ%%ﬂdéThe

conposi t i omspafsefonrbayagen@al EBsamplL31 4 vatde SuusbR@stHe Rhesphani,um sal ts
whi ch were not the nolecular conmpound used in the present invention

exhi bi t ed &xpduvtedstaomage cyrhapentyerdy t haligh cdheotitioh s gofd TRRGS 4% @S
excel l ent. | Eval uation of epoxy resin nolding materials] Exanple 7 The
fol | owi ng ghtd amsk © wed thnphosehowisl tsabs miiclurveerewast kheaded at

95C for 8 m utqs using q§ate .raglls: YX-4000H (manufactured by JAPAN EPOXY
RESI N Co. molecular compounda used 1n the present invention exhibited a poor storage

property although the curing property was excellent.

[Evaluation of epoxy resin molding materials]
Example 7
The following components were mixed and the resultant mixture
was kneaded at 95°C for 8 minutes using heated rolls:
YX-4000H (manufactured by JAPAN EPOXY RESIN Co.,
Litd.; an epoxy resin of the biphenyl type)
b2 . parts by weight
XL-225 (manufactured by MITSUI KAGAKU Co., Ltd.;
a phenol aralkyl resin)
48 parts by weight
Molecular compound C 2.9 parts by weight
Fused spherical silica (the average particle diameter: 15 um)
500 parts by weight
Carbon black 2 parts by weight
Epoxy resin of the brominated bisphenol A resin type

2 parts by weight
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Ltd.; an epoxy resin of the biphenyl type) 52 parts by weight XL-225
(manuf actured by M TSU KAGAKU Co., Ltd.; a phenol aralkyl red?Febrgany2205
by wei ght Mol ecul ar conpound C 2.9 parts by weight Fused spherical silica
(the average particle dianeter: 15 m) 500 parts by weight Carbon black 2
parts by weight Epoxy resin of the brom nated bi sphenol A resin type 2
parts by weight 24 22 February 2007 Carnauba wax 2 parts by wei ght The
resul tant mxture wdsapeabedvand pul'verized and 2n ep@ty biesdiphi nol di ng

mat eri al \Aﬁi obtl(ab]irtned. The obtained epoxy resin nolding material was
eval uat ed 11 JEEHIEHANCRShEh Hate c9Ved cwich § ubstriveds andhan apesyl tesirar e shown

in Table 3 aﬂgﬁ%gods of. the eVﬁgl.lati on '1(1}1e|) é?&he_ spiral flow was neasured by

using a mol R fgs o 186y al tainedceppaanesinindditie net hod

f EMM -1 - | t f 175C, j,njecti f 70
Cor onp and a2t e ) At ap % A hefbe MhRE P R b e e

showi ng t heshlisiaed ENowd e Ta@leat er the value of the spiral flow, the nore
excellent the fluidity. The wunit is cm (2) The torque in curing was

obt ai ned by using
Methods of the evaluation

(1) The spiral flow was measured by using a mold for measuring
the spiral flow in accordance with the method of EMMI-I-66 at a mold
temperature of 175°C, an 1njection pressure of 70 kg/cm2 and a curing time
of 2 minutes. The spiral flow is a parameter showing the fluidity. The
greater the value of the spiral flow, the more excellent the fluidity. The
unit is cm.

(2) The torque 1in curing was obtained by  using
CURASTOMETER (manufactured by ORIENTECH Co., Ltd.: JSR
CURASTOMETER IVPS type) after 45 seconds at 175°C. The greater the
value, the more excellent the cqring property. The unitis kgfem.

(3) The residual fraction of flow was obtained by measuring the
spiral flow immediately after being prepared and after being stored at
30°C for 1 week and expressed as the percentage of the spiral flow after
being stored based on the spiral flow immediately after being prepared.
The unit is %.

(4) The reliability under humid conditions was measured in
accordance with the following procedures. A 16pDIP was prepared by
molding at a mold temperature of 175°C, a pressure of 70 kg/em? and a

curing time of 2 minutes. After the molded product was post-cured at
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CURASTOVETER (manufactured by ORI ENTECH Co., Ltd.; JSR CUR ASTOVETER | VPS
type) after 45 seconds at 175C. The greater the value, the nB2&ebxaaty 2007
the curing property. The unit is kgfcm (3) The residual fraction of flow
was obtai ned by neasuring the spiral flowinmediately after being prepared
and after being stored at 30C for 1 week and expressed as the percentage
of the spiral flow after being stored based on the spiral flow inmediately
af ter bei nd7§redar 8diourghevalbige ¢fs2047 w49 afiléed @l itabidpgiie wndeshym d
conditions was neasured, in_ accordance with the follow ng procedures. A
16pDI P was Fieapralume! sl divnglear wlntdrahvanpiy af 106% amd1thsGroduqr essur e
of 70 kg/c San a. c w'&g time gf %f i nutes. After the nol ded product was
post -cured at’ —o5 YFEIRHLAPIPesbGY theRekegr v p U The dimolbefige e 20 V was
applied topt ' _ . perature of 12 under a relative
huni dity opgqlgeor&qgﬁhgt&hgs %% ogucrtfj1t8 (\?\I/a}sn%g‘géﬂ%dﬁae%?svﬁrflﬂng ig&f@?(ag%ﬁ tMé broken
W ring. Theastd e fef asRct highe br it 0 -in 8. or re packages
anong 15 packages was used as Tt}ﬁiﬁg\é\q‘ {eécggﬁlvan:rﬁarwe&%ﬂﬁ?l itém%g’grt.geThe

maxi num t i measfiréhent weaS00dRE. Wikhd30Mhchoub Ser VHER &éi&tmr@ﬂk%gé the
defective package after 500 hours was 7 or less, the defect ti was
expressed aﬁfes@g%gmrs wasr7 boiger theTHefebotiger whbexgekest at i508,hduhe nore
excellent the reli a&\'ﬁll ity under hum d conditions. Exanples 8 and 9 and
Conpar at i V& 51 ed hg lpgerothenderainpines t8e anoredeamtle Do tparaliabititExanpl es 6
tsﬁo&mo, i ﬁpoéXde{ﬁﬁhﬁfd rcrglllcg'hggs‘rrat erials were prepared using the fornul ations

Examples 8 and 9 and Comparative Examples 6 to 10

In Examples 8 and 9 and Comparative Examples 6 to 10, epoxy
resin molding materials were prepared using the formulations shown in
Table 3 and evaluated in accordance with the same procedures as those

conducted in Example 7. The results are shown in Table 3.
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Tabl e 3 and evaluated in accordance with the same procedures gz t hose
conducted in Exanple 7. The results are shown in Table 3. 26 ﬁP@EV%@k%ﬂO7
2007 Table 3 - 1 Exanple 7 8 9 Fornulation (part by weight) conponent (A)
YX-4000H 1) 52 52 52 conponent (B) XL-225 2) 48 48 48 conponent (C) type
a C2 C6 ambunt 2.9 2.9 2.6 conponent (D) (fused 500 500 500 spherical

silica) other conponents carbon bl adkbi®3212 epoxy resin of the 2 2 2

br om nat ed —bi Sphennl A type carnhauba wax.2 2 2 Pr OpPrti es SD| ral fl ow (CrT')
105 103 108xahpeque in curing(kgf-cm 86 83 84 resigdual fractign of flow
(% 84 86 88

Formulation {part by weight)

component (A)

YX-4000H 1) 52 52 52
component (B)

XL-225 2) 48 48 48
component {C)

type C1 C2 Coe

amount 2.9 2.9 2.6
component (D) (fused 500 500 500

spherical silica)

other components

carbon black _ 2 2 P
epoxy resin of the 2 2 2
brominated bisphenol
A type
carnauba wax 2 2 2
Properties
gpiral flow (cm) 105 103 | 108
torque in curing(kgf-cm) 80 83 84
residual fraction of flow (%) 84 86 a8

reliability under humid =500 >500 >500
condition (hour) :
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reliability under hum d >500 >500 >500 <condition (hour) 27 22 Eebruary
2007 Table 3 - 2 Conparative Exanple 6 7.8 9 10 For mul at i on2¢ F&Pruary 2007
wei ght) component (A) YX-4000H 1) 52 52 52 52 52 conponent (B) XL-225 2)
48 48 48 48 48 conmpound repl acing component (C) type triphenyl D1 D2 D3 D4
phosphi ne anount 0.8 3.0 3.0 3A 3.0 conponent (D) (fused 500 500 500 500
500 spherical silica) other conponehtl scarbon black 2 2 2 2 2 epoxy resin
of the 2 2 222 broninated bisphenol A_type carnauba wax 2 2 2 2 2

Properti es GuipaattivklFauwnglem) 73 110 406 71 74 8 9 10

Formulation (part by weight)
component {A)
YX-4000H D 52 52 52 52 52
component (B)
XL.-225 2 48 48 48 48 48

corapounid replacing
component (C)

type triphenyl D1 D2z N3 D4
phosphine

amount 0.8 3.0 3.0 3.0 3.0

component (D) (fused 500 500 500 500 500

spherical silica)

other components

carbon black 2 2 2 2

epoxy resin of the 2 2 2 2 2

brominated bisphenol

A type

carnauba wax 2 2 2 2 2

Properties

spiral flow (cm} 73 110 106 71 74
torque in curing(kgf-cm) 32 69 71 83 80
residual fraction of flow (%) 58 85 87 67 67
reliabﬂity under humid >500 >500 =500 >500 350

condition (hour)

1) Anepoxy resin of the biphenyl type manufactured by JAPAN EPOXY RESIN Co.,
Ltd.
2) A phenol aralkyl resin manufactured by MITSUI KAGAKU Co., Ltd.
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torque in curing(kgf.cm 32 69 71 83 80 residual fraction of flow él% 58
85 87 67.67 reliability under humid >500 >500 >500 >500 350 2&&edruann2007
(hour) 1) An epoxy resin of the biphenyl type manufactured by JAPAN EPOXY
RESIN Co., Ltd. 2) A phenol aral kyl resin manufactured by M TSU KAGAKU
Co., Ltd. 28 22 February 2007 The epoxy resin nolding materials of
Exanples 7 to 9.9f the present, invention exhibited remarkably excellent
storage property Sido&UrENG mpldanemateripls ofdtrmples Howd ohidte ireent

sem conduct,p, | - wiih the cured products of these epoxy resin
nol di ng mat erei’[l(:aéﬁ)\gi gex f%lﬁ%egglg%iéhﬁ)lé’anceﬁ]&‘?sstt &S PEORASEStande cupmecont r ast
t he epoxy iety10| G0 G1dRLIRN A tive, Exanples 6 t 0

exhi bi t ed ?ﬁ? cu)frrti)ng Jlproperty, %l}%etq?xleusi gl %%{(ﬁwmedesvﬁ?rqag&@f%irgﬁg‘rt}ﬁ? or the
reliabilityunedderoductd of terdichboNsediAfBEIIREs WhteliBRL o.0f; : resin

nol ding materials of Exanples 7 to 5 29 22g Feb?dargye%Bffggé%gﬁq%tl. A

t her noset t Fasgstrase o conplosict | bncediiradt, cherppbsesosas n@g BNt dkerisRMPonent s
t hereof (A), a conpound having at |east two epoxy groups in one nol ecule,
(B) a conptimdakavyadaimnleabttotioexdhbried ithe hydngwrbperoups flufdigne

mol ecul e atrf% étc%%a) mol ecul ar ﬁonglc)%lgr}_?_ of a tetrasubstituted phosphonium
and a phenol® TORPBURICHEPY 88t deliakiianyngae bammidervadaiions orfaniba t¢ 1) and
general fopxy lo?tflg)ei)oxy resin molding materials of Examples 7 to 9. ' |
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general fornmula (1) being: RL + | 1 R2-P- R4 [(O Al -B1-A1-
(HO-A-Bl-Al-OH M R3 (1) wherein P represents phosphorus a?%ﬁ?bﬁﬂaﬂ¢8907
R3 and R4 each represent a substituted or unsubstituted aromatic group or
an al kyl group, Al represents a divalent aromatic group, Bl represents a
single bond, a divalent group selected fromthe group consisting of ether
groups, sulfone groups, sulfide gr EBE and carbonyl groups or a divalent
organic group having 1 to 13 carbon mis 0.5; and general formula (2)
being: R1+1 R2-P- RA[(0OA2-O-1.) (HOA2-OHmJ R3 (2) wherein P
represents phosphorus atom R, R2, R3 and R4 each represent a substituted

or unsubstgtut@dt}@&mgﬁtﬁlggrrggg (o]t gggng%ylwl%gugomézls%g a&zj(% F%rbt ary 2007

represents a di val ent aronatic grou mis

mol di ng MaécRiipGHlenth itBBrROMNY hSRSn AP B8Rkt 1SQMRADEN Sy LHELE0t ( A) a
conmpound having at [east two epoxy groups in
one molecule, (B) a compound having at least two phenolic hydr oxyl groups

in on¢ molecule and (C) a molecular compound of a tetrasubstituted
phosphonium and a phenol compou.nd represented by any one of general

formula (1) and general formula (2);

general formula (1) being:
+
Rl

|
R,~P-F, [(O-Al-B1~AI-0H) (HonA_l-Bl-Al—omm]

Ry

(1)

wherein P represents phosphorus atom, Ry, Ry, Ry and R, each represent a
substituted or unsubstituted aromatic group or an alkyl group, Aj

represents a divalent aromatic group, By represents a single bond, a

divalent group selected from the group consisting: of ether groups,
sulfone groups, suifide groups and carbonyl groups or a divalent

organic group having 1 to 13 carbon atoms m is 0.5; and

general formula (2) being:

+
Rl

I
szll?m R, [(O-Az-OH) HO- A - OH) ]
RS

(2)

wherein P represents phosphorus atom, Ry, Ry, Rg and R, each represent a

substituted or unsubstituted aromatic group or an alkyl group,- Ay
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one ﬁDIecuIe, (B) a conmpound having at |east two phenolic hydroxyl groups
aﬁvm Qifn

in one molecule, (C) a nol ecul ar conmpound of a tetrasubstitut@ up

and a phenol conpound represented by any one of general forrmula (1) and
general formula (2) and (D) an inorganic filler; general formula (1) being:
+ 11 R2-P- R4 ((OAL-B1-Al-OH) (HO A1-B1-Al-OHm R3 (1) wherein P
represents phosphorus atom Rl1, R2, R3 and R4 each represent a substituted
or unsubstﬁgBFﬁgngi3nﬁW@§“§T6ﬁﬁn%?CéﬁOHPKykiglégpp-ﬂh represents a

di val ent -aromatic group, Bl represents a single bond, a divalent group
selected fromthe group consisting of ether groups, sulfone groups,

sul fide groups and carbonyl groups or a divalent organic group having 1 to
13 carbon atons mis 0.5; and general formula (2) beingi R+ 11 R-P- R4
1(0-A2-01- 2) (Mo AZo&d ) bs: : e . e ents phosphor. atom
Rl, R2, R3 and R4é§a§% rgg%éggﬁ%g% H%%gggggﬁgggrgég'lﬁﬁﬁ Séﬁ%%??? ted or
unsubsti t utedpanemtst ilereifol#) DeodBoahiHavdhQWRledA? two epoxy groups in

one molecule, (B) a compound having at least two phenolic hydroxyl groups
in one molecule, (C) a molecular compound of a tetrasubstituted phosphonium
and a phenol compound represented by any one of general formula (1) and

general formula (2) and (D) an inorganic filler;

general formula (1) being:

R +

2

1

|

R,—P— R, [(O—Al-Bl-Al—OH) (}IO-A1~B1-A1—O}DmJ
R3

(0
wherein P represents phosphorus atom, R, Ry, Ry and Ry each represent a
substituted or unsubstituted aromatic group or an alkyl group, Aj
represents a divalent aromatic group, B, represents a single bond, a

divalent group selected from the group consisting of ether groups,
sulfone groups, sulfide groups and carbonyl groups or a divalent

organic group having 1 to 13 carbon atoms m is 0.5; and

general formula (2) being:

R +

2 | 4

1

l

R —P-R [(O-Az-OH) (HO- Ay~ OH) J
RS

(2)

wherein P represents phosphorus atom, Ry, Ry, Rz and R4 each represent a
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represents a divalent aromatic group and mis 0.5. 3. A material according
to Claim?2, wherein the phenol conmponent which forms a nol ecdRdebrvano20Qy
(C is selected fromthe group consisting of bis(4-hydroxyphenyl) sulfone,
2, 2- bi s(4- hydroxyphenyl)- 1,1, 3, 3, 3- hexaf | uor opropane and

bi s(4- hydroxyphenyl) ether. 4. A sem conductor device which conprises a

sem conductdibselk@ENtor S@aLBtiMED AR YerbaS! Br MRk dhng1 BRI, 2k,
described in any one of Cains 2 and 3. 32 '

represents a divalent aromatic group and m is 0.5.

3. A material according to Claim 2, wherein the phenol component
which forms a molecular compound (C) is selected from the group
consisting of bis(4-hydroxyphenyl) sulfone, 2;2-bis(4-hydroxyphenyl)~
1,1,3,3,3-hexafluoropropane and bis(4-hydroxyphenyl) ether.

4. A semiconductor device which comprises a semiconductor element
sealed with an epoxy resin molding material described in any one of

Claims 2 and 3.
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