" # e3e>~><<6*T~* TITLE OF THE | NVENTI ON CURI NG
ACCE LERATOR, EPOXY RESI N COVPOSI TI ON, AND SEM CONDUCTOR DEVI CE BACKGROUND
OF THE lNVEhmmmmmeﬁmemF THE I NVENTION This invention relates to a curing
accel erator in conposition and a sem conductor device, and
nore particul arlysod@* a curing accelerator which is suitable for
t hernosetting resin conpositions, an epoxy resin conposition containing the

curing acTETER 0Br THRHIRVERBEORXcel | ent curability, storage stability and
fluidity and is SU|tabIe for_resin mater or electric_and electronic

parts or devi cé/RENy aA@%%%%%ﬁH%%torE%@%?ceRﬁﬁéNngCQ¥€Q§FgﬁPNSOIﬁgp

cracki ng d ure resistance reliability. PRIOR ART As for a
met hod fo#fg%éépsdﬁTﬁﬁn%€2£§$conductor el enents such as IC, LSI or the like

to manufacture sem conductor devices, transfer nolding using epoxy resin
conpositions is wdely used on the round that such a nolding nmethod is
suited t CBACKERQIND rmEsleEommfmeFurt her, ”mw’u ’mmmmmm l nprove properties
and reliability of the sem conductor devi ces s and phenolic
resins which s are al so reeuised to be inproved.
Meanwhi le, inr S, C trend
that requires é@ﬁ%ggp 3&?&# Pfigﬁ? |§h?55%hsh%% Qigr§gg%gE§2EP§§¥tll

conti nuedred in aceofutanias oM t hnSMCb aséimetshddegs ee dvaalmst £gkald ofnoek
sem conductor elenents is increased year-by-year, and surface nounting
techn,quepatﬁlqplarly to a curing accelerator which is suitable for

thermosetting resin compositions, an epoxy resin composition
containing the curing accelerator, which has excellent
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 1like 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 a 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



sem conductor devices is also inproved. In such a trend, requirenents for
the epoxy resin conpositions used for encapsul ating sem conductor el enents
are becom ng increasingly rigorous. Therefore, a problemarises in that the
conventional epoxy resin conpositions can not satisfy such rigorous

requi renents. Specifically, materials used for encapsul ati ng sem conduct or
el enments are currently required to have inproved rapid curability for

real i zi ngspnodosdihatdy gaiviseas weldlas hnproved.st amgeudt abi lcirewndf,or
maki ng handling easy in transport and storage. In general, to the epoxy
resin conpdSiuiremenbs user aghs r egpPHYymaresinl ¢PrPe$Eeione orsed edoroni ¢
parts or devices n_adduct of tertiary phosphine with quinones (see, e.g.
5P, A 10- 2835855752 Bldd ad AUGHIS Sl oPLEBE Far 1 R Bur pBEEoBR 1S

pronot i ng: i r i of L Fkgﬁé 1 ol i
accelerat%$?925$£%%g¥éﬁgﬁgk8§bioghgﬁgggggﬁib|xgbéﬁhg??%%€%gpq%%gggpfng t he
curing reashvemnt extehdspbaya reslhiat ioselpo diow drenpesmat noe. sdbesef,osacheven
when an uncured epoxy resin and other conponents are sinply mxed to
prepare ab-EpBXYS reSURLESHPBSEFti on, the curing reaction of the epoxy resin
conposition partially proceeds due to heat generated in the system or heat
added from an external source. Al so, even after mxing is conpleted, the
curing reactiorngddtd feda PIPceeqsa il d he gREXY RS n earREsLtLeAnGS being
stored at roomtenperature. 2 Such partial proceedings of curing lNeads to
i ncr easedsemscosdtytor dleamemess alraidityently reepoed tediave ampasivedon in a
case where the epoxy, resin conpositionis inaliquid form and_.in a case
wher e t he @pbXyCH el Eorpldt tisit izt REBIGHH Forim9aing esd¥edd efe

devel opne L SCQS] her.ein., :Howe , Sl suc es._in th
conditio#&ﬁfgﬁ%&eggag%%éi%qgﬁ%iﬁghigﬁgddﬁ%ggggvgﬁﬁyﬁggggr%%?%1%grict
sense, vafiahsOHnst OfCdIrstdrggeability of the epoxy resin conposition from
part to part. Further, when such a partially cured epoxy resin conposition
is nolded by curing it at high tenperature (the word "nold" al so includes

t he neaning of the word "forni, and herei nafter "no| is_used in such a

d:
sense) , troubl®@s BEER i tnENROPBPRY PP OLRSSOBRRS o PR <L TowksiSed St Pui di ty,
and as a {Esit tnatd MA0eA DE POUCE; By LaweiadTrepantcal, fladddcah of
chemical properties. Therefore, In a case where a curing accel erator having
t he possidddiudty off | awerting- heorsisprage: stwliH | Guiolonidke gpexy resgn
conposition is used, strict control of nmolding conditions as well as strict
qual ity cORtADIOTROIRXI A eERPEREESCURIRD SCERAGE 39T £PAMSFOPHTRPSEOW
t enper at ur st be carried out . That.is, handling of the epoxy resin
conpositi%ﬁiéghl%ﬁ%ﬁ%gt%%c%uﬁ?%%r¥%%céﬁ%gl%?af%?lgg'very delicate. Further,
anot her problemarises in that the sol der cracking resistance of a
sem conduct or device encapsul ated with such an epoxy resin conposition is
not sufficient Hovesdahst amdssahf aceurmmy sutaleriatpso & haempheahoicst ur e
resistance 3, reliabi|lity thereof is |owered. The reason is as foll ows.
Speci fi caf$JEOBthes erelRehd EhahéesF HePiroBatd ngubiie Aur dehssaatisnni gh

t enper at C it.LS.l d i or bj ed to
the refl on st torrns b Sees VAL ETERSE, [ heft E8te DR RECL, e
product ofn threci e eg@s) +<EAPesId icdheandohpase ee@Fparentsmplehnaged

sem conductor elenents, a lead frane and the |ike which are provided inside
t hese m conhduErRTredeni eeoky nesirufdiedshtioneldrm mattiny seeditd cat ofhe
interface., The delamnation will give rise ta cracking. in, the sem conductor
devi ce aﬂﬂ“?o%%?x¥hﬁeﬁﬁPsFBPBOFégggpaP@§ @#1¥ﬂ35?%ﬁ St@%@s@ﬂi@%ﬁauctor

devi ce. Rurtherscd fif BRCPOXYk €5 MeGRMRASEE PRoR YN 3kRe rYahathbl 8c

conmponents, cracking becones ?iable to occur in the sem conductor gévice
due to stakss, tevbe g€neratnediiwhenisheompllatete atrponentisg areaexpbasi vely
vapori zed. However, at the present, sem conductor devices manufactured by
encapsul sty s ewrRrRES orh bl et sepPXy hees i Recoiphs At tanedspbedngt of

t he epoxy resi coqposition contai ning the curing accel erator descri bed
above (ar® 4 t2%0f* Q8P t YHPRS BHOSThi ne with qui nones) do not have
sufficient solder cracking resistance and noisture resistance reliability.
Further, to inprove the storage stability of the epoxy resin conposition,
researches on curing accelerators (so-called latent curing accel erators)
whi ch suppress changes with age in the viscosity and fluidity of the epoxy
resin conposition at |ow tenperature and pronote curing reaction only when
heat is applied during form ng or nol dpng have been 4 actively made.
Through the researches, it is found that such a |atent curing accel erator
can be obtained by, for exanple, protecting active sites of a curing
accelerator wwth ion pairs . As a result, various |atent curing

e o o, " Y o I e o [T T



a curable resin conposition for pronoting the curing reaction of the
curabl e resin conposition, wherein the curing accel erator conprises
trisubstituted phosphoni ophenolate or a salt thereof. In the present
invention, it is preferred that the trisubstituted phosphoni ophenolate is
one represented by the follow ng general formula (1): R~ R2 P~Ar-O ~1) 1 3
R wherein Rl, R2 and R3 nay be the sane as or different from one anot her,
and each contaigisclatpd ©asdl opeocsoiBigs 6Ffngurand Lepsesent snarsulsti t ut ed
or unsubstituted nonoval ent organic group or a substituted or unsubstituted
nmonoval enVleS/itgr@MplovmmEdArflr@ﬁle@em the eporlysresdiegomPeaisaen

aromatic grou di val ent aromati.c rou i,n.which at | east. e hydrogen
S om s sthet Peat athdiia Rhe EE! mhinan CoRHBRLEAGR £ ifte gt agam

Further, ifqi fn%l s%r@&e&geéréh@ﬁow%éiﬁ%ﬁg&ﬁ@ﬁomossrahpra' ggfﬂ%ol ate

is one represente ow hg general formul

Ar- O~ Ar 3foher ettnle%rdls tArtheatdvAL3pimay t et Trhecsaﬁl”ﬁyaﬂlan’elﬂh ffﬁbelatvefrr om one
anot her, and each represents a substituted or unsubstjtuted nonoval ent
aromat i c ¥k, saed AFhrepPeseit star urRUBSEi et &fF dFbal aRO%F oFBERE group
or a dival ent aronatl ug in,which at.least ane hydrogen,
substlthe§P3$?¥F S stlghgﬁfnlyh 8c?ﬁan a hy&?éﬁyﬁ%group %ﬁrgéeeﬁ i's

al so prefeseed fhatytdie 1143 Us b RhoerhoniepRRAAR ifFofNBart
represented by the follow ng general fornula (3): R5 (3) wherein R9, R5

and R6 mayo bmatthe sane as or different fromone another, and each is
sel ected froma group consisting of a hydrogen atom a nethyl group, a
nmet hoxy group and a hydroxyl group. In this case, in t he general formula

(3), the oxyaniQn i ef r rt S or
nmeta position t%{l thee]}|D(hos|?§"ﬁac§1r u%ua g aﬁ%%(%igff% ﬁcTér)\veE) xglo lrgfgﬂ
preferred:d sithﬁoxfﬁ@stm@Idédiib%ﬂ@@ii_hgltletda’@hﬁ?qlhaampélﬂgﬁ@két e HSwora
represented by the following general formula (4): R~ RB-i -Ar-OH | O A ~O+

- r { A-CHnolgpt ~ aPsg R@wﬂmdeeei NtiR7, mR@Niayd KO hhy bnche" Same” asaod
di fferent fron10ﬂ %% .and e ch represents a substlt ted or
unsubst i tHTET MO %ﬁlgﬁi r&ﬁaFF@ Gﬁﬁg}a SEUBEL 1 t iR L7° HFsils it ut ed

nonoval enéh@h\%ml%%p@cégs e%er@égefssmme%@ %@%&utltegfedar% val epksafenatic
group or a divalent aromatic group in which | east one hydrogen atomis

subst i t ut®ehowidichl Brsdibst ihawehdwor 8e medram ixdlydebzyt rgralipyr Ahempraients a
p-val ent organic group containing at |east one aromatic ring and/or at
| east onePHeReFotyTlie; and p is an integer of 2 to 8 and qis 0 to 2.

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 epoxy resin composition containing such

a curing accelerator 1s very delicate.

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

surface mount soldering so that the moisture resistance



Further, it is also preferred that the salt of trisubstituted

phosphoni ophenol ate is one represented by the foll owi ng general fornula
(5): 8 R~~Ro-I/TOHOA~-OH) ~ A-~-OH/ \ ~p-1 p GR-2 wherein R1,
R11 and R12 may be the sanme as or different fromone another, and each is
selected froma group consisting of a hydrogen atom a nethyl group, a

nmet hoxy group and a hydroxyl group; A represents a p-val ent organic group
cont ai ni ngeatald £ast vy otiee acofrat sC lowegeand/ Gheatrdeeast meabetfeidoyel e; and
p is an integer of to 8 and qhis O to 2. Furthernore, it is also

2
pref err eR¥atLidRl Lol t SENCEr | Suds SEMHER PHISPhoAP¥pR.ncl St EUFEeBAY
ted by the follqui | f 6 7):. .R~.Rls Rig R~
0 PR St 18 G R A B B8l 1 e o0 g
(6) 9 inldofdb) br\shpQectOd HO thORdrLow éoﬂdééirv@ngb%ae&%iﬁm and
a

R15 may be the same as or different from one anot her, each is selected

from a gradipexionsiadt iamgioteafhydr bgeneathom caratdnddygrows, thenephryy group
and a hydroxyl group; R16, Rl', R1$ and R19 may be the sane as or different
from one EHOYherOMRIRE elitth 337 st 2Rt €OMPPRARES gFBED 28nSEBirAgdurtar

hyd t hal - {. ' haying .1 to 6
Chr bon. atoneienE Car aean T ATE] AAT o" Bond Can G er Lot BEn AodurT heSgr oup.

a sul fi decgf edpicanaachoreWr@psafotasdEYakeah t OraninG rgt0ilth baviipg 1 to
13 carbon atons; and g is O to 2. In the salt of trisubstituted
phosphoniapiiégolaterdeser i beite slsdvweninatd diydiddtygige olipd hot Asackingn

conponent, | referably | ocated iin or 0 position or nmeta position to the
S obohar it B SR BoRERCaehe e vbre tad prlnt N PR et R o SBaT P beRER Lo an

Epoxy r?%&fé’d@?ﬁé b?”c:r?é)g%iiébﬂgu%t%@é’w&'e hawi g 0 OF 1Y ﬁ EROXY

groups in one nolecule, a conpound having two or nore phenolic @dr xyl

groups i neaxien NMeoapwlise tiand tbetsunsngr@akoel Bf attempdestitishedcaboxeng
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 epoxy 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 promote curing reaction only

when heat is applied during forming or molding have been



10 In the epoxy resin conposition of the present invention, it is
preferred that the conpound having two or nore epoxy groups in one nolecul e
contains as a nmain ingredient at |east one of epoxy resins represented by
the follow ng general formulas ( 8 ) and ( 9 ) H2C ~CHCH2 O H2C~ ~CH2 O
wherein RZ, R21, Rzz and R23 may be the sane as or different from one

anot her, and each is selected froma group consisting of a hydrogen atom a
| i near oracytlvetyahkge. gridupuryithg resead cbashontat snkourad pierty lsugitoup and
a hal ogen atom and H2 ~ HCHZ H2C CHC\2]£) O 0 R24 R26 R28 R30 CH2~(~ ~\
~~1~CH2 ~@H'#tent Quring A¢eRl et R FaB e et eisl R t'@RSXMRY e t he

same as O%rgtéé@%ﬁgtaggl% Q0& AN0F @]eﬁyfﬁﬂgoup {lééatsc%! &GLad; &4 %@larsgr oup

consistin rogen aton1 an a aving 1 tfo 4 carbon atons

and a hal pgen atosmlandvarisuan iddager chcﬂlgOfadHHlEara{’dbﬁshl ﬁaﬁaﬁﬁ, aa is
preferably an integer of 1 to 10. Further, it is also preferred that the
conpound haviaguie of awea bt @ﬁ)rcerqﬁ@rﬂ)laqzld]y@riﬁx;nhcg?pmmsmnnimeam@l ecul e

contains as a in in redient _a a e ph lic resins represented
by the T oFTB nG°Banerap { P 200 E 18508 (BeeR Son- o Reo R34 <
CH2~(~~JCH2 ~ H~ 10 ) R33 83s wherein R32 to R35 may be the sane as or
different fromone another, and each is selected froma group consisting of

a hydrogen at onfowévéet Kyderit ©bipd hetyd N gidv 1 e < neardiac @l oas wicha shahogen
atom and b is an integer of 1 or nore; and OH OH R3f~38 R40842 CH2~ \
~~1~CH2 ~applrogghypniupn splt apig-~ CR31n9R390R4f8430@ whiéereide R3S HaVRA' may
be the sane s oL glgge ent fr nloneeano%her g X qvliaiesec e% froma
group conEF f%b 9 %&ﬁ(ﬁiﬁ% at ot ©3 FE?F g? d% *F g *E55 4 C4r bon
atoms andr-a) habogenyategt and ﬁltﬁseananbggﬁbc@fm%ua% @%ﬁ@erhﬂgthls case, b
is preferably an |n¥eger of 1 to 10, and

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.qg. 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 low molecular weight epoxy resins

and phenol aralkyl resins which serve as a curing agent.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a curing accelerator which is suitable for various
curable resin compositions, an epoxy resin composition having
excellent curability, storage stability and fluidity, and a

semiconductor device having excellent solder <cracking



c is preferably an integer of 1 to 10. Furthernore, it is also preferred
that the content of the curing accelerator is in the range of 0.01 to 10
w% 12 Moreover, it is a-so preferred that the epoxy resin conposition
further conprises an inorganic filler. In this case, the inorganic filler
is preferably fused silica. Mdrreover, it is also preferred that the
inorganic filler is in the formof granules or particles. In this case, the
aver age paesbiiskenskezendf mbhetiumer gasiic thindeerdls giridfigrvabl y i n the range of
1 to 100 Vim Moreover, it is also preferred that the content of the
inorganic filler is in the range of 200 to 2, 400 parts by wei ght per 100
D D el Ot 1Rlod 8 L LSRN, O IS COMMAUT BRYLNG AL e i €
epoxy groups in-one ol eCuPS aRd “t hi® compoun having two’or re 5%enollc
hydroxyl grQuRsibh 086l et @o Stihtirgaleslaspest tof bkhei RE@seto
invention is directed to a sem conductor devi ce manufactured by

encapsul ati ogralblé eass i nmergers idondudar pebaptanowthh cucined graduot  of

t he epoxy resin conposition described abgve. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON°Fo  $8Fve CHREPAFobIFERE Pst SCERCRIGVER 1t h& Biiésdht S erfidr'd have
extensi ve }écétlgg'a%@r & ?;%sé‘s rt?i"g\}bsftci %}A‘ﬁh%% Wi R NAGH S el 0 (3)-
These findi'ngs have | ea o conpletion of the present invention.
Speci fi cakhytr therkbe.fact that trisubstituted 13 phosphoni ophenol at e
having a specific structure or a salt thereof is extrenely useful as a
curing accelerator for pronoting the curing reaction of various curable

resin conpositions has been found; ). the fact that m Xxi h
trisubstituted pRodpfor?bphighbl A0¥ SO 1% shft ltshé?re%ﬁg%e% gﬂ?%ng:he
accel erat @i f,g.8 ; ¢UEapl BnbERhBnl BBRERLLLOR. {ESPRE! ﬁé%ﬁ’e%h@&@ Y R N
conposition, a resultant epoxy resin conposition can have excel I'ent
cur abi | i t ¥polgbanage gshabialli ttyramdaf I(ai)di ty has been found; and (3) the fact
that even in a case where a seni conductor device manufactured by
encapsul ating a sem conductor elenment with a cured product of the epoxy
resin conpositign is exposed to high tenperature, defects such as cracking,
del am nati on aﬁé the like_are hard to occur has been found. A description
Wil nOM/qunad Gﬁtklreﬁard to p f{erred enbodi ments of the curing
accel er at & —t+e—epary-Oesi n conpg5|tion and the semiconductor device of
the present invention. Al though the curing accel erator of the present
i nvention can 3used as a curing accelerator for various curable resin
conpositions, the follow ng description will be nmade based on the exenpl ary
case where the curing accelerator is used for an epoxy rein conposition
which is [ ok:t her ebti Lesihn _C SLLI Qp. 44T, y. [
conpositigﬁggnghg b?gsgﬁ? %nbo iﬁ%ﬁFﬂanﬁﬁgeég;QE %%ﬁ%%ﬁ%@g(%§ﬁﬁé€F%g t wo
or nore epa¥yhetQupsid RaIe dRlEeciie;at teapoubtde( Bromavtiirg rtiwe ,Orantdr e
phenol i c hydroxyl 14

represents a substituted or unsubstituted monovalent organic

group or a substituted or unsubstituted monovalent alkyl 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.

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

formula (2):



groups in one nolecule; trisubstituted phosphoni ophenol ate or a salt
thereof (C) which is a curing accelerator of the present invention; and an
inorganic filler (D). Such an epoxy resin conposition has excellent
curability, storage stability and fluidity. Hereinbel ow, each of the
conponents w Il be described in order. <Conmpound (A)> The conpound (A) has
two or nore epoxy . groups in one nolecule, and there is no restraint on the
conmpound (A as/&ﬂng as it has two or nore epoxy groups in one nol ecule.
Exanpl es of the npound ) include: epoxy resins obtained by reacting
hydr oxyl UpsS . gﬂ_ﬂ_ ., phenol iijg resins or naphthols and
epichloroﬁ§g?in, su Ieag(bbisphenol('?g/pe epoxy resin e. g. , bisphenol A
type epoxy resinl3bisphenol F type epoxy resin or brom nated bi sphenol type
epoxy resin, st Abene type epoxy resin, phenol novol ak type epoxy resin,
cresol novol ak type epoxy resin, naphthal ene type epoxy resin,

di cycl opent adi ene txpe egoxy resin or di hydroxy benzene type epoxy resin;
epoxy conpbemgsn &poxyAresins Agbtminede byhoxsaheiag of eliffetming per aci d
for epoxidation, such as cycloaliphatic epoxy resin; glycidyl ester type
epoxy resPRE 2Rt e iPdy e%ﬂ}i‘ ﬁ@Wﬁ@“&ﬁoifW%ﬁ%u%gFW%Wﬁd

al one or | i.nat i : t 1§%q$ggg
preferabl?gggﬁggfﬁg gggggﬁﬁgﬁgfégﬁgg#g%ﬁéggggg%gggkﬁ %? I'p enyqn$$%% epoxy
resin repuesenced idbomabyctficogener al dieamena Gr8mhtardgbbppenylwiaired kyl
type epoxy resin represented by the general formula ( 9 ) . Wen such a
conpound @A) 1pasEonnai hedrpacrhetepoky 7633k Eohpdsittor suHstegoigrt esin
conpositiaon,exhibits _excellent fluidity during nolding (e. g., during

manuf act uP&"&F %Eﬁpcgnﬁggfgﬁy eVice®). "In addition, a seniconductor device
manuf act ured using such an epoxy resin conposition can have further

i nproved sol der cracking resistance. In this regard, it is to be noted here
t hat ~~i nproven®ntebrnesol derisracko nyre st sédnced t ndens timtbsehvignitiad a case
where an obt ai ned sem conductor device is exposed to high tenperature when
it is i mehesehrRisehgsr et eskbpPeetaPEISIHeF B W §@ﬂg@wr-ﬁg IBEESs or

t he Iike,fg%fe S %gqh as cracking, delamnation and the |ike are hard to
occur. 2ZCH 26 H2CQ ~CH2 ( 8 ) O H2CG ~CHCH2 H2CCHCH2 O R24 R2s R2s R3o
\ CH2>(~~ ~iCH2 ~ H/ R25 R2~ Rzs R3~ a (9) The substituents RZto R 23 in
bi phenyl type epox 4resin represented by the general forrmula (8) may be the
sane as or differemt from one another, and specific exanples of these 16
substituents include&~a_ nethyl group, an ethyl group, a propyl group, a
butyl group, a chl atom and a bromi ne atom Anong them a nethyl group
is particularly pré Wh at | east one of the substituents R2 to R
23 is a nethy t (Qviscosity of the epoxy resin conposition is
decr eased, ing of the epoxy resin conposition becones
easy in, fo ring semigonductor devices. Further, a cured
product o5 osition has reduced noi sture absorption so
that it is"possibl
(e.g., occurrence
devi ce. Therefore,

akage of wires) in an obtained sem conductor
isture resistance reliability of the obtained

F‘E‘Eyrther i mproved.

wherein 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 methyl group, a methoxy group and a hydroxyl

group.

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



The substituents R24 to R31 in biphenyl aral kyl type epoxy resin
represented by the general formula (9) nmay be the sane as or different from
one anot her, and specific exanples of these substituents include: a
hydrogen atom a nmethyl group, an ethyl group, a propyl group, a butyl
group, a chlorine atomand a brom ne atom Anmong them a hydrogen atom or a
met hyl group is particularly preferable. .Wen at | east one of the

subst i t uehs 1R naP IRB1 oca tgdhyarsydrP RPEAMCGPNa0 A PgRbLpONt e tingl t
viscosity of the epoxy resin conposition is decreased, and therefore
handl i ng’ BROSPRBrE oﬁgOWesin conposi ti on becones easy in, for exanple,

manuf acturing sem conductor devices. In addition, the nbisture resistance
reliability of an obtai ned sem conductor device is further inproved. It is
to be noted thalnahe griesggenenalenfraomyl at(19 préhdtrcad eshan taeersage nunber
of tinmes that epoxy resin unit is 17 repeated. Specifically, a is not
limted tof&mjsssdiifiutadapiiesponbppharol fted sapne Meag@sepited by thsre, but
is prefergbg% in the ran ¢ gf about i)to 10, and nore preferably in the
range of aB ?Win?og%?eég sEPFPREt K&’ val ue of a to the above range, the
fluidity of the epoxy resin conposition is further inproved. <Conpound (B)>
The conpound (B) has two or nore phenolic hydroxyl groups in one nolecul e,
and acts functtghs) as a -ng agent for the conpound (A) descri bed
above. Exanpl esjof the conppu (B) include pRenol novol ak resjin, cresol
novol ak riesgn, disphenol resin, .trisphenolyregin, xylylane-Inodified novol ak
resin, teriBene—hsarArea@blpl I@I"e‘sﬁﬁpa%)ii cyc &p@%‘[éhﬁen - mo(di fi(ad
phenolic [resin. |They can be| uded al one or imidonbi nati on pf' q or nore.
Anong th theFé%npound ( referably contains as a main ingredient one
or both of phenol aral kyl resin represented by the general fornmula (10) and
bi phenyl aral kyl type phenolic resin represented by the general fornula
(11). WepnsHenarTtomposnd kBhal,Speophai 88fe i i tdie SRPLJBSifHOBPERSI ti on,
t he epoxy resin conposition exhibits excellent fluidity during nolding (e.
g., duringnoahefacéndecathseapeondnttorn debsteés)itebdnoaddnsubstigauted

sem conduct or devi ce manufactured usi ng such an epoxy resin_conposition can
have furtReROYAHEDBVeArSBRELE €FAERI A PeSPBEAAEETEAd CrDNEEUPStiédte€Cance

rao0sp paokse TRkl degpol R g §tTeqelieh Moo gt IR0 R agr,

The subst it&eat 5c83ol® JB divphenel agbakkyk §esiip 1epiesentadlbysthe
general formula ( 10 ) nay be the sane as or different from one another,

and t he sobsthitdrauel RISOM bs RS0 i it milthapas kst i ypenplisd ¢heasi n
representengy the general faornula éllh may_ al so ?e %he sane, as or

di f f er ent 3f PYMISRY TanBF AP/ %peﬁ??ir SEREfpIesPaV 2L fBLe FUHEITE udRPEPi ncl ude
a hydrogegoat oithi g MBENYledfiOUhe A0 YL COLQUR, FhdidiPYd: OLEYR: BnRULY!
group, a chlorine atom and a bromne atom Anong them a hydrogen atom or
a met hyl geospocgcpartasdlpariy pneietabke. oBukhta phendl gciksesi noi Lsel f has
|l ow nelt viscosity so that even in a case where the phenol is resinis
contained in the epoxy resin conmposition, it is possible to keep the nelt
viscosity of t epoxy resin conmposition |.ow result, handling_ of the
epoxy resin co%&%ﬁh?%ﬁ 5@%065%eé%f“ﬂuﬁﬁ%f%%ﬁ%ia%ﬁ%& fé%ﬁfggt&re%gf

sem condugt p5uEEYi €8B8ed pilo HFHbE 1 OFhe o LA 80 PrartliGlefife JdHE LPHYY th@si N
conposition has reduced water absorption (noisture absorption) so that the
noi sture feslsvangegeeerabi Fotryudad (bhe sol der cracking resistance of an
obt ai ned sem conductor device are further inproved. Further, it is to be
noted here that b in the general fornula (10) and c in the general formula
(11) respectively indicate an average nunber of times that phenolic resin
unit is repeated. Specifically, each of b and c is not limted to 19 any
specific value as long as it is an integer of 1 or nore, but is preferably
in the range of about 1 to 10, and nore preferably in the range of about 1
to 5. By setting the value of each of b and ¢ to the above range, it is
possible to prevent or suppress a lowering in the fluidity of the epoxy
resin conposition. <Trisubstituted phosphoni ophenol ate orsaltthereof (CO):
curing accelerator of the present invention> The trisubstituted

phosphoni ophenol ate or the salt thereof (C) is one having the effect
(function) of pronoting the curing reaction of the epoxy resin conposition.
As for the trisubstituted phosphoni ophenol ate (phosphoniuminner salt), one
represented by the general fornula (1)8is preferable, one represented by
the general fornmula (2) is nore preferable, and one represented by the
general formula (3) is even nore preferable. R~ R2 P~ Ar-O (1) R3 Are Ar2
P~ Ar-O-c 2 ) A3



20 RARi \ 6 RInthe general fornula (1), the substituents Rl, RZ and
R3 bonded to the phosphorus atom nay be the sanme as or different from one
anot her, and specific exanples of these substituents include a benzyl
group, a methyl group, an ethyl group, an n-butyl group, an n-octyl group,
and a cycl ohexyl group. Preferably, each of the substituents Rl to R3 is a
substituted or unsubstituted nonoval ent aromatic group such as a napht hyl
group, a p-tertiary-butyl phenyl+ group or a 2, 6-di net hoxyphenyl group, as
respectively represented by Arfi, Ar2 and Ar3 in the general formula (2) ,
and is noife preferaphy a phenyl group, one of the isomers of a nethyl phenyl
group, on Ters of a t hoxyphenyl group or one of the_isoners of
a hydroxy as reprigsented by the general formula (3). In the

general f 2)QH 1ch Ar represent n upsubsti tyut ed ﬂgyalent
aromatic arlgr@+—<€A fn i¢h{§q)kp 54 ome hydrogen
atomis s ubstli tuent other’d pgnt a hydroxXyd up.

Specific ) e substfittuent Ar include aromatic 21 oups such
as a phen bi phenyl ene group, a naphthyl ene group and each of
themin i 'St one hydrogen atomis substituted with a substituent

ot her tham a hydroxyl @?oup duch as a hal ogen atom a nitro group, a cyano
group, or an al kyl or al koxy group having 1 to 12 carbon atons. More
specifically, as for the substituents Rl, R2, R3 and Ar in the general
formul a (Wheretin B'{r atenabl Rt hay waehcokakbeasWisditryerts tRir o @nd R3
is a phenyl up and the substituent Ar is a phenylene group. That is,
tr|substl@@Fg@eﬁho§ﬁﬁbﬁﬁﬁﬁheﬁbl%@be¢E®¢e§Eﬂmeé HyovbeqyﬂﬁﬂaﬂldgNdﬁna.(3)

in which egph of th substituentis R9, RS an% R6 is a a@g gen atonlls

pr ef er abl &Y9&; gﬁnt? SlipstiPut o4 pHoLvord B Qﬁ&ﬁé?éOHBS pRcrdigryl
excel | ent gheab st akbk (i f Hhot { can
be producgd at | ow go?F%n%E?%E bgq%??éﬁﬁitltngg %hos oﬁ?%ﬁ éggléﬁgg
repr esent edebyrohet jenetmay dratfod at( Bpabn ahé dhetdoxyani emd gi ssegi at ed
froma phenolic hydroxyl group) is located in ortho position or neta
posi ti on tHTERETPREsphérus aPEmd dsplefter @bl e. When the epoxy resin
conposition contains as a curing accel erator such trisubstituted
phosphoni ophenol ate in which the oxyanion is located in ortho or neta
position to therphesphRbYs, atiam i 80dulses ©f e £4 2584 Cichytofridiesgpexy# esin
conposi tion during hea-,ing is further reduced, as conpared with the case
wher e tr|§@b§vbﬁ@ﬂeut§ﬁosbh@phophepbbabéatﬂ mhlchetrmprn@@mmemlbﬁ1ﬂﬁ£ated
in para pgs&éiom to the Tozphorﬁs 2t8n1|s used as a curing accel erator.
Further, bY ﬁHéBQUESPFﬁg sERFEBR@UCEdr %4l diférits with such an epoxy resin
conposi tion having reduced nodul usof elasticity, an obtai nedsem conduct or
22 devi ce can have inproved sol der cracking resistance. On the other
hand, as for the salt of tritsubstituted phosphoni ophenol ate (phosphoni um
nol ecul ar| conpouRr one represented by the general fornula (4) is
pref erabl g, esent ed the g%nera fornula 5& is nore preferable,
R

and one rpresent by t he e er Rornul 2 18) i s RE%m'S yorle
preferablie. PB O, R9 §»
OA~HF { P ~~/R 8 X 8R16

| j OH HO~/ ,R1I4/ @ 17 R19 R17 R/1=7\I;€19 /19R17
q
NAC s

(6)




_ ~~~~-- 17 19 ~~7 ~ 7, 19 RRRRRRRI9R17 4 (6) 23 ,Z OH\ A\
\ O~ HHO- ~ O/ [/ I I \ R15 The substituents R, R$ and RO which are
bonded to the phosphorus atomin the general formula ( 4 ) may be the sane
as or different fromone another, and specific exanples of these
substituents include a benzyl group, a nethyl group, an ethyl group, an

n- butyl group, an n-octyl group, and a cycl ohexyl group. Preferably, each
of the substituents R, Re and+R9 is a substituted or unsubstituted
monoval ent aromatg® group such as a naphthyl group, a
p-tertiarly-butyl pheiyl group gr a 2, 6-di net hoxyphenyl group, and is nore
preferablly a phen) oup, on f the isoners of a nethyl phenyl groap, one

of the ispners of ~\q _get hoxy yl /group.or_gQne o he isgner g of
hydr oxyphlenyl/gRoup| a /é&ﬂ iin {t he flgeng BP F@i 57\ 0 )...\ Further,
in the genéggi;z>+ﬁm \54) t u stﬁtﬁ; B re ahts _an upSlilist [t uted
di val ent Bh i/c g[ou a dijval ent = onafic grolp in i at (fa t one
hydrogen jatomis gfbstituted wilth a substituent other than a hydro

group. Specific exanples of the substituent Ar include aromatic gzgups such
as a phenyl ene gro&pX a bi phenyl ene group, a naphthyl ene group, each of
themin which at |easR one 24 hydrogen atomis substituted with a
substituent other than a hydroxyl group, such as a hal ogen atom a nitro
group, a cyano groyp, Qr an q%kyl or al koxy group having 1 to 12 carbon
atoms. MoVBEeEPERiRT el yanaR f giax he hpststaan orrRiiffBrany RpmedeAr in

t he generakﬁégrgulg & 4 )h,Jt iéié"eﬂﬁr bl e that each of.tge substituents
R, Re and F& a B eﬁ?F gfﬁhﬁf S She SUbsti PHRRY "PTPSS lBﬁeﬁ | éne
group. Thaydisged $8bh, o rddrsubstrictigted REEEBRONGAHRS N Bt neRigsant ed by
t he genera? fo?nula (.5) inkaﬁi?h egkh of the gggtomﬁlz IS ayﬁggﬁggen
atom or arsapt BT, tRi’suBStandtRd phpdphdmnicopherokater riEdfifesmntted rom t he
general formula (6) or (7) in which each of the RI3 to RS is a hydrogen
atomis pPRfeRRPHeST SIRPA £ t1HFS TS tHHUR S FHOShIFERiSIFHendl &fe has

especi al | t.s Llity ffec t] :
reaction, Xa}ﬁgg%%i&gétgﬁgdac%%?%%é{xoavgadégg?l .d Eulﬁ?rﬁé‘rr?igggéﬁb%or}cl% g@:%up
trisubstihayedgphesphenireRheacbate 1 Rephicelntchea RAH@Y bodHOUM ERARROI i C
hydr oxyl group? in the cation conponent thereof is located in ortho

posi ti on growei ad pvsl fom qwouhe dprvsphistegraum is quusfaaydblogouphen t he
epoxy resin,conposition contains as_a cuiiqg ccelgrat0£ such a, salt of
trisubsti?d?ﬁﬁggﬁgéﬁﬁﬁﬁVHﬁhQHSPEt 2V AEht ¢ e CRY §PEXFFOGF oupRE £ FScat ed
in ortho gregepa position to the phosphorus atom nodulus of elasticity of
t he epoxy resin conposition during heating is further reduced, as conpared
with the case where a salt of trisubstituted phosphoni ophenolate in which
t he hydroxyl group is located in para EPsLtion to the ghosphorus atomis

used as a curi ng® acdd¥t ers®tdr . Hur CHEEUPEY IERESSSs uPROSRE 08 RPESRATELST
| t ith i it havi d dul f
MBI L S B Tl s e R R TR e

el asticity;” an obtal nedsSe o]

cracki ng pesistapee. 1dPatbe geneFrdlo fy il Bsn (B et d PosiAIHrO4S Rhenol
conpounds (phenol based conpounds ) can be suitably used as the anion
conponentpfiosphogus hetsmlt of trisubstituted phosphoni ophenol ate. Exanpl es
of such a phenol conpound include: bisphenols such as bisphenol A

(2, 2- bi s(4-hydroxyphenyl ) propane), bisphenol F (4, 4-nmethyl enebi sphenol,

2. 4-met hyl enebi 9 o i ). i, N
(2. 2. bi s{fﬂidlr%%%ﬁ%%ff%%%’T%%ﬁhe%%?ﬁ%ﬁg{]qél)v(eﬁi%g?ﬁ%oid&?ﬁgﬁiegpﬁé’nol ),

bi sphenol §h ugrene re4.i4- COhbbEuel ene-dnyt i siemg)bspbenal) having two or

4, 4- net hyl i denebi s( 2, 6-di met hyl phenol ) or bi s(4-hydroxyphenyl ) nmet hanone;

bi phenol smeue keraxydgtobpphienohe 2 Zedibbemotompound having two or more

3, 3,5, 5-tetranet hyl bi phenql ; hydroqui none; resorcinol; catechol;

.2, 6- di hyd®BRYPhpht héfldéﬁé‘;y%l,%%?mdﬂi‘xﬁ{?ph@ﬂ peRes, and the curing

2, 3-di hyd I o] di oxynapht hal ene; 1, 1-bi -2-napht hol ;
1,4-dihyd%%é%gﬁ?%éggugﬁgﬁg%bggr%gé?%bl; and phl orogl uci nol . Anong t hem

di val ent phenol conpounds are preferable as shown in the general formulas (
4 ) and ( 5 ) in which pis 2, and dival ent phenol conpounds shown in the
general formulas (6) and (7) are also preferable. Further, dival ent phenol
conmpounds shown in the general fornulas (4) and (5) in which pis 2 and ¢
is 0. 5to 2, and dival ent phenol conpounds shown in the general formulas (
6) and ( 7 ) inwhich qgis O. 5to 21ae nore preferable . Specifically,

bi sphenol A, bisphenol F 26




(4, 4- met hyl enebi sphenol , 2, 4- net hyl enebi sphenol, 2, 2- met hyl enebi sphenol or

bi sphenol F-D rmade by HONSHU CHEM CAL | NDUSTRY CO., LTD., which is a

m xture of these isoners of bisphenol F), bisphenol S, 4, 4-biphenol,

2, 3-di hydr oxynapht hal ene and 1, 6-di hydr oxynapht hal ene are nore preferable.
By using a salt of trisubstituted phosphoni ophenol ate, which contains such
a phenol conpound as the ani on conponent, for a curable resin conposition

as a curing accéhertat epoxiyheesinatdrepoesi noxarfpobit poasean iranentexgel | ent

fluidity, and as a result a cured product t hereof has especially excellent
physi cal ﬁﬁdp%?ﬂf?&rrﬁﬁ ttf}ﬁtstl?lég%ﬂﬂtpoqft PEVEBIHE' HEE S HhEPOK KT ZARS of

e subst! Lnt gfleRRospLONL ophenol L e.d @ B sedoladlag presenl f nventdon my
be formed as ecul ar ound, thr at'd conpoun a confpl ex conpound
or the |ikgoxiynsseals Qfe;ﬁcrééé?{ﬁé‘d ggw%lqmwge%ralcﬁém@wgr(ta and an
anion part as usual. In the epoxy resin conposition of the present

i nventi onanthd9¢oent ent (bl endi ng anount) of the trisubstituted

phosphoni ophenol ate or the salt thereof (C) is not limted to any specific
val ue, but is preferably in the range of about 0.01 to 10 wt o0, nore
preferably in the rang@0of about Or2'1 to 5 wt% and nost preferably in the
range of about 0.1 to 1} gtting the content of the trisubstituted
phosphonlophenolate or hereof to the above range, it is possible
to prOV|d5 Qp %BG 9Ore. (N9Qﬁbﬁ Chha exceldjent bal ance of
curability, @torage St gk Y, idity aﬁﬁ)othe properties. The bl endi ng
ratio of the conpoundrflA) to the cr#pound 27 (B) is not limted to any
specific value, but they are preferably blended such that about 0.5 to 2
nmol, nore preferably about 0.7 to 1.5 nol of phenolic hydroxyl group in the
conpound {Bpresnandi, | R, erPFeand RBImepf bepoxy i si Bridief £OROLITd o) -

This nmakes it possible to further ove various properties of the epoxy
resi n conpdsi anehhaki | @n@e%@¢hgl%rﬁgﬁ%¢¢<énﬁr%ﬁarﬁ:@m adres isytoper dfes.

He bel d t b d dt f
et hod Tof BYSEUETRGTHE: 1% | IREES (0t SpiGo B LoRRRNBI B Eooy 1 His Gai
ther eof wkheBohSafofr| BOpREASheGabon ahd berpnesent dyenthen, W th

reference to the foll 0w ng equation Di azo~i zation reagent 6 RO -Ar -
NHZ ~ RO-Ar- N NX Ceprotection 8 8 R3P- Ar - ORX ~R3P- Ar - CHX 8

-HX 8 R3P-Ar-OH X ---~ R3P-Ar-O Tertiary phosph' _ne 8 R3P-Ar - ORX + NZ t
(12) "~ 18 [3b] R3P Ar-OHX + HO fc @idHef, CR3P-Ar-OH) CO A-OHJ wherein R
repr esent 52§ :bgen atom or a residyle aﬁ%ro riately selected, and X

represents aOhal
al koxy-substi t ut
such as sodi um g
Exanpl es of th
o- met hoxyani |

atom (Process 1) Fir@gt, |[for exanple,
.rona j2G @mnppmﬁmweact d with a diazotization reagent
ondi t§0 tto form a, di i

ifte unter aci g azoni um sal t.
.Qﬁz tu ed &7lsed i ncl ude

st R27 R29 R31
wherein R** to R31may 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



2- met hoxy-5-nethyl aniline and the |like. Next, the obtained diazonium salt

is brought into contact with tertiary phosphines. By doing so, NZ is

el imnated and the al koxy-substituted aromatic group is bonded to the
phosphorus atomin the tertiary phosphine to generate a quaternary
phosphonium salt. Nanely, in the process (1), substitution of the diazonium
group in the diazoniumsalt for the tertiary phosphi ne occurs. Exanpl es of
the terti awy phasphe ngserddl e hygrdyichudeplsr i pheny | ppdibsphl eiesontains
tri-p-tolyl phosphi ne, trj(4-nethoxypheny|%phospthe and the |ike. Such
subst it ut R6re Peastingredignlepér RSt ool OF PA@NA] ichsepi B arRir asferdiadhl i . By

doi ng so, . the substitution reaction efficiently proce - The alkali which
is used iHytﬁgergﬁéépgﬁnﬁsgﬁBFrF#ngpgguégsaqéﬁéc@ﬁ (ﬁﬂéf and exanpl es of
the al kali include: inorganic base such as sodi um hydroxi de, potassium
hydr oxi de, cal ci um hydroxi de, di um car bonat e, potassi um carbonate, sodium
hydr ogen cafPbopate, sodjum hy e, lithium hydride, calciumhydride or
[ithiumal umn n1hyBP%Eé§ an ani ¢ base such as triethyl an ne,
tripropyli BlcH | a4yl }gine, piyeri di ne, di am noet hane,
di am nopr 417 i &@m u ilam nopent ane, di am nohexane, di am nooct ane
or triethangfam ne.\. se alkalig,can be used alone or in conbination of
two or nmore. ATreagidgglst enper at Pe in the substitution reaction is not
limted to any specific value, but is preferably in the range of about -10
to 10C, and nore preferably in the range of about 29 0 to 5C. If the
reaction {&Epes AP e hO0 hOWn el IERE JbS Ade RS LRI dIeo B On -
reaction does not sufficiently proceed. On the other hand, iIf the reaction
t enper at uaadisad¢loa shé ghect d@rfednsa ayage cbhat sthegt €f ti ayyrphes phicre and
the diazoniumsalt are deconposed depending on the kinds thereof . A
reacti on BRnelkpltaecaRbxaving oo dacarbAn stapprapdiathd ot adependi ng
on the kind% Bf.tertiarXeBhosggi e and diazoniumsalt, and is not limted

t f

to a speciirc-valuél plitP§p r 861 95 't &% ange of about 20 to 120
m nutes, and nore preferably in the range of about 40 to 80 mnutes. If the

reaction time is too short, there is a case that the substitution reaction
does not supfj ¢ciently proceed. On thetther hand, even if the reaction tine
is | engthene¢d $0 as pper limt value, an increase in
yi el d can_nat _be ex . xt, the Zg§?xy group is repl aced
by a hydr itbn neth 0 obtain a hydrogen

hal i de sa A (tri ophenolate. In this way, a salt of
trisubstituted|phop 1g8phe N ate can be|easily obtained through these
processes. However, R Ma cadeRwhere trisligstituted phosphoni ophenol at e

itself is to be prepared or a salt of trisubstituted phosphoni ophenol ate
can be easily obtained through contact with acid, it is possible to utilize
a reacti ofnibReWRICA BRBSMipeehlYs£hd Aknat gde ripshead Hf ohbe Y ec8ess 2.
(Processes 3a and 3b) Next,” the obtai ned hydrogen halide salt of

trisubsti tntdesh3Dis phbsphedifepheac@tg conpeatiabi zed hypdtbgembksence of a
phenol i c conponent (process 3a) or in the presence of a phenolic conponent
(process 3B)2tby5yRt PeR iR iNg dubst At GREBOBhBEPROM PR ladeTbrt@msal t of
trisubsti e hosphoni gphenqgl.ate, _r ctively. It is to be understood
that the %géhgdg o%gpggéggFﬁgth% 85rﬁ§§gaccelerator of the present
invention is not limted to these processes. As a common exanpl e of
trisubstituted phosphoni ophenol ate, a conmpound whi ch can be obtai ned by
addition reacti bn ©Ofis erasear p phosphf@rald v emyuimeyes of knownl 0 Asinfidor t he
nost representative trisubstituted phos%honiophenolate, an adduct of
tertiary PhoSpRFRESHAPAYp2Ben2E6dRR0RE, IWhPchli's represented by the formul a
(13) can be nentioned. (13) Such trisubstituted phosphoni ophenol ate has a
feature that a hydroxyl group is located in para position to the oxyanion,
and the structurgrtRermetfe] SO Byt Hifhreiephat riam thateok thene
trisubstituted phophoni ophenol ate used in the present invention (the curing
accel er at onrohgt hecpiesehnvri mgenhi ohk. r8ogk @fsOr@dt goall Of @atture i's common
to trisubstituted phosphoni ophenol ate which is obtained as an adduct of
tertiary 31 phosphi ne with qui nones ("quinone is a conpound having a
structure in which two hydrogen atons bonded to a benzene ring of an
aromati ¢ hydrocarbon are replaced by two oxygen atons”, which is cited from
"Kagaku Daijiten"” published by KYORI TU SHUPPAN CO. , LTD. ) . That is, two
carbonyl groups in the quinone are respectively converted into an oxyani on
and a hydroxyl group in a resultant phosphoni ophenol ate. Therefore, the
trisubstituted phosphoni ophenol ate used in the present invention, which
does not have a hydroxyl group located in para position to the oxyanion,

S L, ' I T Y N B g, v T b1



Exanples of the inorganic filler (D) include crushed fused silica, fused
silica, crystalline silica, secondary agglonerated silica, alum na,
titaniumwhite, alum num hydroxide, talc, clay, glass fiber and the |iKke,
and these fillers can be used alone or in conbination of two or nore. Anobng
them fused silica is particularly preferable as the inorganic filler (D)
Since fused silica has poor reactivity wwth the curing accel erator of the
present inventimoreeven,inta tase: whepeefectreidusdthisi theacpsxlyl erweith
(mxed) into the epoxy resin conposition in large quantity as will be
descri bedcPapesitine EUrithgrr QEPITGHSSf ahd nep@ap e diid l&dhposition is not
interfered. Further, by using such fused silica as the inorganic filler
(D), the effect of reinforcing an obtai ned sem conductor device is
inproved. Furthep,tfhhe shape Ofe tHtoidoigant £ fdt 18 (AArd S0} fused .
particularly limted, and nmay be granul e, agglonerate, flake or the I|ike.
Anong thesilanai.norganic filler in the formof granules or particles
(especially, spherical particles) is preferably used as the inorganic
filler (D). When an inorganic filler in the formof granules or particles
is used, the average particl.e size of the inqgrgani¢c filler (D) J.
preferably in t 8r%8‘ﬁ§]é’ oft dbotit °1 Efroefﬁ)lbr?fll %h%gnaﬁ%lnor arlrsal%)rfejfﬁelrearbl y in
the range;gf jgbedt FotR 3% YrAhuhBsade bagrictike . inorganic filler _
preferably has a wide size distribution. By using such an inorganic filler
as the inorganic filler (D) , it is possible to fill (use) the inorganic

filler inlarge_quantity and as a result, the effect of reinforcing an

obt ai ned seni cohludtiot @SR cERE2YPROT P T Thifel @ izén P L (B Adidfgadiisunt )  of
the inorganic filler is.not limted to any.speci.fi.c value, but is
preferablglégefhésrgﬁ%g%5ﬁgégoﬁF Eg% 6725406 6a&€518€ M@Tght per 100 parts
by weight of the total weight of the conmpound (A) and the conpound (B)

and nore preferably in the range of about 400 to 1, 400 parts by weight. If
the content of Mbheepwergahntcisidalee gryfexredsthathamae ordbove dovdre |imt

lue, th ' that th i nf ' ff th diti f th
! nor gani ¢ PPFPRPLPSE kAR EhS §oB80aT BBl Hodtr OIR BFEEaSE At or

devi ce. Qgetheypbhershand. i« Lheconbent floddecknargaghsohhbel ()

exceeds the above upper limt value, a resultant epoxy resin conposition
has | ower edofd timdireyepd gy roepisl ih rghd nolbeutasend hak shopdusdotavdng he

| i ke occurs during nolding of the epoxy resin conposition (e. g., during
manuf act uEBCoPTsBRTBoRBBEPSE CdBYPEESY L WREHPEhéNceRte A 1EIUdsdi ng anpunt )
of the inorganic filler (D) is within the range of 400 to 1, 400 parts by
wei ght per 100 parts by weight of the total weight of the conmpound (A) and
the conpound (B}¢iBl GHAhdY 996ttt ff Ehe BROXINn T 8SivR nEQBROSE tWiek Jias
reduced noi sture absorption so that solder cracking is prevented from

occur r i ngtpnaasesicainged toeni dasonidie traanegyve teredubyhencapisnée tdngh adén epoxy
resin 34 _ copposition, exhibits excellent flﬁidity during nol din

: by
heating, E3F§ BBES?BW%CPBdBFFQEtFiémﬁn5r¥9§ t 3g6FeR PESFIEmPBeith
def orned | segLenn ; [.C S At noted that the content
(blendingégﬁgﬁnggggg ?ﬁ@ﬁgﬁéggéhi@eF?Fﬁggd(%§B§§y be determ ned by using a
val ue represented by volunme percent instead of parts by weight in

consideration of the specific gravity of each of the conpound (A), the
conpound PEYARRED: BESCREPHAANCOF| THE; INMENTIONnecessary, various additives
such as a coupl jn ent, e. q..,.¥-al ycidoxypr.opyl trinmet hoxysil,ane, .a col oring
agent e.g., car%%%‘% gcﬁ{leququﬁ,%ﬂ%%a?aérﬁbcgyyeg_ Fhﬁr%ﬂ?%%’?tédné(ﬁwrﬁesi n,
antimony Qx{ 86 of e PHOSONET NS, FUPOUR 23 50%§ﬁ1€5§om&tolQOvﬂngv
silicone oil or silicone rubber, a releasing agent e. g. , natural wax,

synt heti cfaags hiphes {afty Hoisk drinEirals Salves lidwt eef comp lpariahf iof, an
antioxidant and the |ike may be bl ended (m xed) into the epoxy resin
conposi ti BReoPrepenpr &8EARTLAYenti on in addition to the conpounds
(conponents) (A) to (D) . There is no problemin blending (mxing) other
known catal ysts such as triphenyl phosphine, 1, 8-diazabicyclo

(5,4, 0) - undecengsdc apde 21 PeE hyl (i dazgl e ifalQ t hey £POXY i@SHA taRRRQS ti on
within the range not inpairing the capability of the trisubstituted
phosphoni ophenol ate or the salt thereof (C) as the curing accel erator of
the present invention. The epoxy resin conposition of the present invention
can be obtained through the processes of m xi ng of the conpounds
(components) (A to (D) and other optional additives using a 35 m xer at
roomtenperature, kneading of the m xture using a hot roll or a heated
kneader, and cooling and then grinding of the m xture. The thus obtained
epoxy resin conposition for use as a nold resin is nolded and cured by a

o MY o o




36 | f an adduct of tertiary phosphine with quinones (e. g., a conpound
represented by the fornmula ( 13 ) ) is used as a curing accelerator for an
epoxy resin conposition (thernosetting resin conposition), a reverse
reaction of addition reaction occurs at a certain rate when a cured product
of the epoxy resin conposition is exposed to high tenperature in the refl ow
sol dering process, for exanple, and as a result, deconposition of the
adduct i npbosehbnapphphosdplienéranichquanepesiddcurstriAttudsa soti ae,salhe
tertiary phosphine and the quinines, or conpounds (conponents) generated by
the react FORTEE weh GFhEETESHDOMERESL caft af nENTIRT haCepbryates for
conposi ti . p. uc t rtiary p Lne ui nones may be
vol atili Zggoﬁ@'ﬁéggr eélﬁ ti%lggrllqgéjt k%%c%geotnmg%e ggggg?%g %@%%?ge On e ot her
hand, sineempbeitibsubsbikt yee phasahonp pphgactate What hey salstiddenrof (O
which is the curing accelerator of the present invention'is synthesized by
subst i t ut tonspbattitoneds ptesphiobedpaleove atlei ghrert heneragyt itheremfi raed a o
initiate a reverse reactionigdeconposition of the conpound) as compared

with the EHE&NEFRGHEHRIRE 10FB2 FRFELL 8BS, ERBPEBSSE BT igSPatiat! Ltthe
curing acgel -t £5ef i nv. [ j gﬁnp i C o
generalso%géﬁi&%I %g% Pf?%ﬂ§£ls ek??ghg{éﬁ?€3%§f%£% foggsgt gmggﬁfgéﬁhuctor
devi ce of ckhehpreseniel nrentduaatiasexcekkentgeostebitiagkimg Mesidatance and
noi sture resistance reliability as conpared with a sem conduct or device
which i s Bagabsanafednds t and éé}e@h©r6@®%tt®#taﬁv%®oww g exige Yhere a
conposition_cont in'ng the adduct_of tertiar pggsphine with guinones ( a .
g " a cONBOGRUCPEEPaseMed By (HenRERRIFACE 19 ) HSCReBLRFREY &
accel er at @k i kBnLAI e ptoisnt t | At S been
made based on thgbgg8Ep?gfge%gégig%éfékﬁﬁgpgggshgaaggéﬁg?gﬁggkz?%ggﬁﬁs t he
tri substi tonpdsphosphoni ephesedate adghheespktratthergoldefeprtaseniced alzy any
one of the general formulas ( 1) to ( 7 ) ) of the present invention is
used for FRECEPBRY FLFRHIedRPORiATDANSHYL KB RIS UranTh taceerer dtat beemnt he

pr esent i@gﬁg&[on can be used for thernosetting resin conpositions for

whi ch phosphi ne or phosphoni um salt can be suitably used as a curing

accel erator. Exanples of such a thernosetting resin conposition include
resin conpositions containing epoxy conpounds, nal ei m de conpounds, cyanate
conpounds, i sockaeer gonpounds,l acwy bat Badenmnpbiumdssgard ddkemglfamdeal kynyl
conpounds, or .the |ike. curinq_accelerator of the present invention can

ke. Th
be used fEWb9QF@8UESCU?%bﬂ§“?e§Pﬁ BOrpBSFEiBRatetich BRe r &RIFX e TESHADI e
resin compgsbblongon gl EHeAPlEnl S5 BuLOTPOHY S B ANALT BIE T abl e
resin conpositions, in addition to thernosetting resin conpositions.” In the
present embodhteon, although a description has been nade based on the case
where the epoxy resin conposition of the present invention is used as an
sem conduct or encapsul ating material, the use of the epoxy resin

comost Ui on of 418, 205Sh LIKERL 00! fohilod B LG ST the epocy

: . r
resin conposition o e presen e on,

i nor gani cchhlp@rudmy aReaofitt 8 26681 8F88c1 ordhe, s IHAAROXKSHGSI N
conposition. Although the preferred enbodi ments of the curing accel erator,

t heepoxy cespostonpos; tilom,fdnidivhiesedesardpdttion devilclee afiadd éaess ent
i nvention have been described, the present inventionis not limted to
these enbbdf MR layagREE NegEe Bhe T isamsiced egr tofelpriesedtfamaant i on

will be d i . val.yation.qQf .tris titut phaospheni.ophenaol. at es
First, co%%%%%gggfﬁ%¥§ﬁﬁ%%%§ﬁﬁlPFﬁﬁﬁeﬁ§|%E%%B%fﬁiq&ﬁFﬁmﬁﬁﬁﬁé%ﬁhrgéla curing
accel er at @mpdsidt fynt hesi s of curing accel erator Each of the conpounds Cl1

to C10 was synthesized as follows. (Synthesis of conpound Cl)

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

molecule; a compound (B) having two or more phenolic hydroxyl
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12.3 g of o-nethoxyaniline (0.100 nol) and an aqueous hydrochloric acid

sol ution, which had been prepared by dissolving 25 m of concentrated
hydrochloric acid ( 37 0 ) in 200 m of pure water in advance, were put
into a 500 M separable flask equi pped with a condenser and a stirrer, and
they were stirred to dissolve o-nethoxyaniline. Thereafter, the separable
flask was cooled with ice such that the tenperature in the flask was held
at 0 to 5Groapd im drd modtatde?. Brys(BstOdutvl)podssocn Lopnetsldee dissol ved
in 20 39 m _of pure water was slowy dropped into the solution in the
flask. Thénsabhp t@legfe(qf 676 %rc;h afs ﬁrr%wr%f@slrﬂaﬁ%t@rdp&%mqu%ﬁ%o n

of et hyl acetate was drogg into_ the separagbe fl uc and then the solutlon

in the f|éE¥eRﬁ%ogfl?Pgd aﬁgﬁ?ﬁﬁtgé The (fQHﬁ?QH%)r%ﬁ "sodi um

hydr oxi decdipsgh ¥edni ﬂa%Oemceqflew eu%toqul\t@s %lt%‘Ma)@edrsQFéﬁﬁCil't@t Qride
separable flask, and then the solution in the flask was strongly stirred
for aboutfluhdmty After bubbling of nitrogen gas was very slight, dilute
hydrochl ori ¢ acid was added until pH reached 3.0 or below, and 30 g (0.200
nol ) of sodiumiodi de was then added A resul tant precipitate was filtered

and then dried b 29. 7 Lsh bro ta thox phenyl
trrphenylphosph%%r%n%?% Pae. EN%} égg om????ﬁ%% ¥§L Scr alné%

2- met hoxyphasy, tr|phenylphosphonruntrodlde 88.7 g (0. 769 nDI) of pyridine
hydrochl oride, and 12.0 g (0.118 nol) of acetic anhydride were put into a
500 m separable flask equi pped with a condenser and a stirrer, and they
were heated at 2Q0C for 5 hours under reflux and stirring. After reaction
was conpl et ed, 2°PBRRFRDN! ﬁrﬁduct was cool ed to roomtenperature, and then
3. 3 g (0.022 m di 0 r was
put into the sgg%%a F@E?ﬁggk hﬁ 6%%%?%??&%%3950 i%émag1??thr nw% eethen 40
dried to abllatnl24.dng tofer@ beovd r2QltrG ieft Inhyik @orpemd (A) as long
triphenylphosphoniuntiodide. Next, 24.1 g (0.050 nol) of the thus obtained
2- hydr oxyphehyl hapi pienpkphosphepram dodige and ong0mellestilest hanol were put
into a 500 M separable flask equipped wwth a condenser and a stirrer and
they were stirred to dissol ve 2-hydroxyphenyl triphenyl phosphoni um i odi de.
Then, 125 m of gRad07% 8qugOUSHS OQicHBIUE OgEN %rcltqraete ép&y%l PR MRS Sl oWy
dropped into the flask under stirring. After bubbling of ‘carbon di oxi de gas
was very sbtghnedth@:ﬂﬁantxmgrhydhexyuagkom@$ hizat pdeablay ophenQGof or
about 2 m nutes, and then_was cool ed ecipitated crystal was filtered
and then BPP&AS(S BBPAFROLS. @cbearcpéprs%wﬁl@powcfwswphwe Chipe

obt ai ned fi r es of
he compotRARer B LR MR - oL Sb e RGPy NVahee O C BENERe CAna yos, |

was confi epedythedin wpmyﬁdt@mﬁ@t@p&yrpesa,?ékytté@h stilbene
phosphoni ophenol ate represented by the following formula (14). The yield of
the conpobyHeCepray 599%ir(,14pharol n@syﬁaheﬁypaﬁemmmmouﬁleQ)CAES@dnpound

was synt hesi d t he same manner as th nd except than., 12.3
IR TR CICITRA L a0 ir%%ltr/as N T g t P, S b Farimae. Lo

t her eby Udibggisp&l@g&%ﬂel Ded dpéczyeté%%ry yoﬁ%atme% P’E’%d

crystal was fined as a co res l'yses of

conpound €2oky litNMR mssscSpechponedsy, apdxel eﬂes\trasy atad Wsd s, byt was
confirnmed that the conpound C2 wasa target trisubstituted

phosphoni ephéhdiage Alafriesentedngy PeaFisl | B ngrosiAdtd qu5) sudhe api el d of

the Conpoundlggllpﬁatlé/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 amain

ingredient one or both of biphenyl type epoxy resin represented

15



(15) (Synthesis of compound C3) A conpound was synthesized in the sane
manner as the conpound Cl except that 12.3 g (0.100 nol) of

p- met hoxyani |l i ne was used i nstead of o-methoxyaniline, to thereby
ultimately obtain 17.5 g of pale yellow crystal. The thus obtained crystal
was defined as a conmpound C3. As a result of analyses of the conmpound C3 by
1H NVR, nmass spectronetry, and elenentary analysis, it was confirnmed that
t he conpolnydt iG3wese® riadr fetrmu k& sidsand dtigthqhols phenkgphenst epexyeprssent ed
by the following fornula (16). The yield of the 42 conpound C3 was 650.
(16) ( SyntRELESHSCoRYobing €Y1 £ OrRITHHER vad) sy HiREsFEl & CaMROWR e
manner as the. . t " 1), 0 .

2- met hoxy-(gﬁn%%%wgl%qﬁenqel%gl%ﬁés %Q?ﬁsegsgie{ldcg?gg-sr}rg?ﬁgzy%hnﬁ %Pﬁ:’e{yarnedﬂtrhat
23.1 g (0 RMpomlth of ekhiibPthadydPhDsHhiMe wais: Jsed ingsheadifg (e.g.,

tri phenyl phosphine, to thereby ultimtely obtain 17.0 g of brown crystal.
The thus ebtrdingedavnyscabreast deninehdsctor cepunes)G4. IAsaddiesoht af
anal yses of the conmpound C4 by 1H .. mass spectronetry, and el enentary
anal ysi s, SERLRENGHOL FEY HOFal SIS Q/va?gfﬁl a%beﬁpct’ﬂf SUbsth t ut ed

phosphoni l.at.e represe by, f.ol |.0w r 7)..The vield of
t he corrpo%%g@%%l%?n%&a%/ ?1 ) 3%&%%(6 yntlﬁagsﬂl}g]% cr;gogr%gdoéu%d c&%él%r%:’%rrpound
was synt hesiszedanret.ne same manner as the 43 conmpound Cl1 except that
26.8 g (0.076 nol) of tris(4-nmethoxyphenyl)phosphine was used instead of
tri phenyl phosphine, to thereby ultimately obtain 16. 5 g of pale yellow sh

white crystal. The_ thus obtained crystal was defined_as, a, .conpound . As a
result of analy Est%?éﬁeeqac%%& _n&lsc%ogife fﬁ%ﬁﬁéeﬁsgh%Beﬂ%‘{Wn%nd

el ementary n288) Y8t Serd dk 18§ RN HARG 4 habnkhen serpeund (aWasde where
targettrisubstituted phosphoni ophenol ate represented by the foll ow ng

formul a (38)obldngd ekdiabndue toconpeouhde @5 BRS0540.t dHoi (A &)enpdrBymnidesi s of
conpound C6) A conpound was synthesized in the sane manner as the conpound

Cl except PRt 119, 95 gippersednoin PldephedylsuRifgtrskybni thee safslased

i nst ead of, _o-net yaniline, to.thereby ultimtely obtain 23. 5.g of yellow
crystal. fﬁgdtgﬁgggﬁtﬁ%gfénees cP;%sttzglle ngs%%éf idr?egcgcssyas%%rﬁpgﬁnd:%kgl&g’a

result of ganakysesieh the ¢prpaund 68 bhatd MRodJmss spectronmetry, and
el ementary analysis, it was confirned that the conmpound Céwasa

targettrisubstituted phosphoni ophenol ate represented by the foll ow ng
formula (19). The yield of the conpound C6 was 72% 44 \' (19 3
(Synt hesi s of conpoun%zﬁl?) A corrpond was synthesized in the same manner as

t he
HsC—CHCH->0 OCHsCH—CH
aprono{ Y~ goonacen o
(@]
R22 23

HaC-CHCH, HaGGHCH,
¥ - o
o)

R24 R26 R28 g30

/YA =\ ™ (9)
CHo~7 "7\ \_CH, H
v

The substituents R* to R ?° 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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conpound Cl1 except that 13.0 g (0.076 nol) of tributyl phosphine was used

i nstead of triphenyl phosphine, to thereby ultinately obtain 6.7 g of white
crystal. The thus obtained crystal was defined as a conpound C7. As a
result of analyses of the conmpound C7 by 1H NVR, nass spectronetry, and

el ementary analysis, it was confirned that the conpound C7 was atarget
trisubstituted phosphoni ophenol ate represented by the follow ng formula
(20). Thesybekdtoéntheixohpdend G2thvgsd G00up-HACLERWL g20hp( Sy mdogsils of
conpound C8) A conpound was synthesized in the same manner as the conpound
C7 except 9FREP, 1203ty L(Prawe: ﬁD@)‘l%%ler?ét%i‘?Qrﬁ PreBingsa tded ATSEad of

o- net hoxy i ne ther yl t el 148 et | .

The thus gﬁ?éfne@e%gyst%]fgv\%s %%gﬁeguég‘ggg’?o etgeurga&gjt% Wsﬂeg <—?'ngsu atsac

anal yses ghet 88 €RamaiEt iG8dive sl HENNR Pfrﬁls%ssﬁeﬁéfﬁ?@tcﬁﬁ’ouﬁ,nd:}% @Rt ary
analysis, it was confirned that the conpound C8was a targettrisubstituted
phosphonl vphenoliaye ofemhes apieedy bsyesire ¢ohposi hjohohpulkdaci2isedThaend el d of
t he conpound C8 was 270.. O ( 21)C 3 (Synthesis of conmpound C9) A conpound was
synt hesi zEBSFRIPRE hanel rgidr the ?W%&r‘?ﬁdﬁhﬂoﬁ?oé%éﬁf‘ }?‘Fn%‘?mﬂ% 3% (0. 100

mol ) of P3 HEHHH¥¥§$h%ig?O ffﬁ§§§ﬂ1§%n8u%%%Q 5H%éénefuf%qéF”eby

ul timatel y ébtain e cr e thus o talned crysta

defined as aueeap@uduc?. AS téhé’ e@ptbiy ofcainl ¥spposfitiba ceRPewIhcEd by
1H NMR, mass spectronetry, and elenentary analysis, it was confirnmed that

t he CorrpomﬂéSCQ\If\Bs a@tsavrr@étian isubshét utéd i;ﬂwcﬁ%ﬁ@hbb@héﬁoleitf@qté-p’reéyent ed
by the follow n ég% The vy |eld%§ e conmpound C9 was 350.
loci- \PESBsRD (efRTHEEFEBR Ebrhent 25 0. S5 WP Of
triphenyl Bbemg@e Jges gi2egl ved i 7§b%lﬂéda6§érgf@o & 300 4ty ;! t&gﬁker at
room t enper at ur Then, 10.8 g (0.100 nol enzoqui none di ssol ved
in 45 nl oheaeebose WVE@mShG\Mu}tedf@@pS’dahﬁé(IdhﬁakﬁﬂllLﬁy off tie thEained

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 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. -When at least one of the
substituents R* to R is a hydrogen atom or a methyl group,
the melt viscosity of the epoxy resin composition is decreased,
and therefore handling of the epoxy 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 epoxy resin unit is
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beaker under stirring. As its dropping was continued, a precipitate was

gradual |y produced. After its dropping was conpleted, the solution in the
beaker was being stirred for about 1 hour, and then was allowed to stand
for about 30 mnutes. Thereafter, a precipitated crystal was filtered and

then dried to.o ta| reen| h bro owder. . thu obt ai ned
powder WaSPEefFRed %e%lghﬁgeghdac lmrlecsgln‘t8 afnyarstgisyses SJt
conpound ;G10-RY d&+NVRs aaseneegetr@fmt o mdhed eloertemga;sye@@eéwysm it was
confirnmed that the conpound Cl10 was a target adduct of triphenyl phosphine
wi th p-béhzoganpenefr epoeseht ed bQ', t dved frod fovw ngt ¢ oally ai f 13)e rEregeyi el d of
the conmpound C10 was 75% (13) 1-2 Preparation_of epoxy resin conposition
and manuPactBPetof Senri co}?’nﬂtﬁﬁt&rlr&e\ﬂh@eVEﬁﬁﬁyOFe%ltﬁ EBﬁp%‘%‘PY‘? O

compoundd L T ey 45 ARy B o R T S B A IR ntuct o

devi ces of Exanples and Conparative Exanpl es were manuf actured, as follows.
(Exanmpl e 1) First, bi phenyl type epoxy resin represented by the fornula
(23) as the corPoupdufd) (Bphenol aral kyl resin represented by the fornula
(24) (wherein the nunber of repeat units is 3 and_ it |js an average val ue)
as the corrpoun@ £ B)emP U d@ﬁ‘p}?j%ﬁd:“@toésm‘tlh%p@@ﬂoﬁdca]EX@F%?‘ét—&r‘{‘@S

h ly 5 th
hor gan 41T %si'és%ﬁaed(n B e R g L L Py

resin andom@bnaubaA\avaﬁe@&ra@@ut e‘besfewere prepared. H2C ~CHCH2C O zQ\ /CH2 (
2 3 ) O <Physical properties of conpound represented by the formula (23) >
Mel ting point: 105C Epoxy equivalent: 193 ICl nelt vi scosity at 1500 0.15

poi se H (24) <Ph cal pro s, of . conmp re ented , the

Pormul & ( 24) >CS3FPRRFIF BBFHOTEAEy oxOF L B0 R SoT5 55 Rae

Vi scosi t %r@kodSQ oyt £ PRe$8n, bisphenol resin, trisphenol resin,
xylylene-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 composition 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.

R32 R34
CH2§/Z\ CHy (10)

OH



Then, 52 parts by weight of biphenyl type epoxy resin, 48 parts by wei ght
of phenol aralkyl resin, 1.77 parts by weight of the conpound Cl, 730 parts
by wei ght of spherical fused silica, 2 parts by weight of carbon black, 2
parts by wei ght of brom nated bi sphenol A type epoxy resin, and 2 parts by
wei ght of carnauba wax were m xed at room tenperature. Thereafter, the

m 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, 8 packages of 100-pin TQFP

(sem conduct ol devi ces) and 15 packagggnqof| 16-pin DI P (sem conductor

devi ces) wer g nmgnuf act%&%d usifig,t he optaijned epoxy resin conposition as a
nmol d resin. _Pre |100- A} QZPR\%é‘gkage manuf act ured by subj ecting the
epoxy resi HOHl, AT(H 1S5 £@H, Hunderif he conditions of a nold
t enper at ur e 75C,§fan JRcti pr of 7.4 MPa and a curing tinme of
2 mnutes, and tlhen aff fscu ]—gt he nol dgd product at 175C for 8 hours. In
this regard, it |is t kY8 hot &f'RP*Aat this 1Q0-pin TQFP package has a size of

14 x 14 mm and a thickness of 1.4 mm a silicon chip (sem conductor
el ement) has a size of 8.0 x 8.0 49 mm and a lead franme is made of all oy

42. The 16-pin P packages re uf act yeed by subj.ecting the epoxy resin
conposition to %gnsﬁ%sa’%gﬁ%ﬁv}ﬁbs ug?néri'?hgj‘ conti ﬁ)l}beﬁ’_sdlofa?éa%yg t'ériper at ur e
of 175C, aBpkrBEERtEANLPI €8S WEnOfa P & MRA And A GULI BE EhBBs Qhe % diJpit es,
and t hen afPer-curlng he nol ded product at 175C for 8 hours. In this
regard, itiiffetrenbefnomednthatoties, lrpitrhdlRipackagnta®R’a tsi #8% dfn 6.4 x

19.8 mmand a thickness of 3.5 nm a silicon chip (sem_conductor elenent)
has a si zB1BFeBYS aralley hyparhen bhe ferdrer PR ABERE SR Pyl oy w2 erakanpl e

2) First, chi y r y] 0, [ . he farnul a (25)
(wherein ff %EB%%b{alrl%oﬁggg&estﬁ/}ggr?ﬁ%sgiynslé %ga%aa?? %ggggtﬁ%}vﬁgég 4l lﬁlee)r ‘as the
conpound Ak ci bl pheruhp Bs @byt hd yP e upRenehict tisesh 81 8P EEGAE 88 R e
formula (26) (wherein the nunber of repeat units is 3 and it Is an average
val ue) asathetkphpound ( Bn ethiyé gooppurd pCborasl gheupur & rigptack elrenat,or  (C)
spheri cal Hjsed silica (having an average particle size of 15 Vim as the
i nor gani c2f FIFBFLPE) ataMd 2RFbBNPHPALRE BF O ndte Ditdififend A AR e poxy
resin and naub itiv ; d ~ HE, 2 COHC
00 R A Wblo yES BRSBTS et eraba (895 dhmpound
represent plehypltiberést nui asé25) has Sodw end g piédds 1 6P G ERMAL egrdrvalent :
272 1C nelt viscosity at 150C 1.3 poise HHCH2 ~~\ / CH2_I_~H( 26
) |~ | 8 <& sihege %h@ﬁ@?%@sl%fre@@ﬁpéﬁr@oﬁ%@*@%@ﬁ{f\eﬁhﬁyeﬁwfr(ﬁsmm a (26)
> Sof t eni Lot 68C Hydr oxyl_.equi val ent.: 9 | mel t viscosi at 150C
0.9 poi seggﬁéﬁ?%%ogar%? ?/Op\/\%siSg%qleo:‘{:qbi%ﬁﬁgn%ﬁealpgﬁy‘fl?f/%sel@f)o yc|h§si n, 43
parts by webg@btr&firbbphgByk tabal k. t YiRes phenald, chi €81 thg b fh@¥dok LY
wei ght of the conmpound Cl, 650 parts by wei ght of spherical fused silica, 2
parts by wesghtcafpasirtiam beackes 2asar dsr bygwdicghe xafip be p mamatfed thirephenol
A type epoxy 51, resin, and 2 parts by weight of carnauba wax were m xed

. y W
at room t BAPETE TREAUGHT SSHEGES  hé i ke bk BONas KHEEFeBT ARG @f € rol |
at 105C f 1 it : C r o) r tain an
apoxy r esr R Rbmae T EonBPRLEtes s Hadtied MeB el i o R e
(sem conddbborpdevhEes) th@t&ﬁﬁé\mb@@tulr@drééﬁétﬁt@aé@&%lﬁ@%ﬂqritgﬁaﬂfd%%l el

except that the epoxy resin conposition prepared in Exanple 2 was used as a
nmol d resi @aclder 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 ¢ 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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(Exanmpl e 3) An epoxy resin conposition (thernosetting resin conposition) of
Exanpl e 3 was prepared in the sanme manner as Exanple 1 except that the
conmpound C2 was used instead of the conpound C, and packages

(sem conduct or devi ces) of Exanple 3 were manufactured in the same nanner
as Exanple 1 except that the epoxy resin conposition prepared in Exanple 3
was used as a nold resin. (Exanple 4) An epoxy resin conposition

(t her noseghiyngpeesifnccuaposi asohpngf aExanpie dnwastegepavedl ior theresane
manner as_Exanpl e 2 except that the conpound C2 was_used_i nstead of the
conpound BYL afd BEFIGKRESL Y st EBRAGETER PevidRYt ot ERadpl e pdndixre

TNl act uged (L-Eie SATELINNGI. 3% EKRIR! ¢ 2, XCeRL LDAL i hhe SO0 85I N

conposi ti on prepar I'n was used as a notd resin: e 5) An
epoxy resbl SQARAS bi d (d Rer Meseiddwd rbegkn 52 is porRadilkl 88)pfvdaw@npl e 5
was prepared in the sane manner as Exanple 1 except that the conpound C3
was used pmstsegprefsst e towpoind Ch, tded Packdiges ¢Eemheortoetyorredevi ces)
of Exanple 5 were manufactured in the same nanner as Exanple 1 except that
the epoxy S PEEPRLEIMPosition prepared in Exanple 5 was used as a nold resin.
(Exanpl e 6) An epoxy resin conposition (thernosetting resin conposition) of
Exanpl e 6 was prepared in the sanme nmanner as Exanple 2 except that the
compound C3 was<usedubbst eadeafpideproampphivhlatand pockageseof (C):

(sem conductor devices) of Exanple 6 were manufactured in the sane manner
as Exanpl €uZiagcapcelhaatofe odpdiy PESSENEomITSNGiomprepared in Exanple 6
was used as a nold resin. (Exanple 7) An epoxy resin conposition
(thernosetting resin conposition) of Exanple 7 was prepared in the sane
manner as Exanpigel exce&pist hatt 0%%&&%@4@&%@ bhe ergpaund. C4 was
used instead of the conmpound Cl, and packages (sem conductor devices) of
Exanpl e 7thereoffanaf atsuoed havihe tskeres fieuter ( asdxaom) e fl paxceptiridiat t he
epoxy resin conposition prepared in Exanple 7 was used as a nold resin.
(Exanpl e Shefliepoky 936Sie e 8hpdss CPOX Y( £ Adt ArsdiRg gk k&5 n ASokpb<ig on) of
Exampl e 8 [ in.th . nner . as | e 2 except_ that 2. 05
parts by &2?%HEsgg%pﬁ%dcgﬂégﬁﬁ§gg§paggoggg% 55%63 %g%%uﬁﬁgug%%ﬁ%ﬁﬁa’C1, and
packages btnseptgo8guEt ol 153 thdepneas 1) refrmbtamhe Bsvwererdmwiactdyed in

t he sane manner as Exanple 2 except that the epoxy resin conposition

prepar ed iapErseptedfonddaigedeaslafopidleesinis( BranmeeDradinlep@nd resin
conposition (thernosetting resin conpositio of . Exanpl e 9 was prepared in
t he sane ﬁﬁﬁnerrepd%esi%&trﬁf;]ebX &I?epgggﬁﬁf‘azfg;lr%at s <g§ wel gRt €Bf MHeE
conpound pas-ysed instead of the conpound Cl, and packages

(sem conduct or 8evices) of Exanple 9 were manufactured in the same nmanner
as Exanple 1 except that the epoxy resin conposition prepared in Exanple 9
was used as a nold resin. (Exanple 10) An epoxy resin comnposition
(thernosetting resgin conposition) of Exanple 10 was prepared in the sane
manner as Exanpl® 2 except that 2.01 parts by weight of the conpound C5 was
used i nstead_ of %ﬁ@)conpoﬁﬁh Cl, and packages (sem conductor devices) of
Exanpl e 10F&é%e—PquAﬁe%QJed in the sane manner as Exanple 2 except that
the epoxy resin ¢onposition prepared i hl Exanple 10 was used as a nol d
resin. (Exanple g3) An epoxy resin conposition (thernosetting resin

conposi tion) of anple 11 was prepared in the sane nmanner as Exanple 1
except that 2.15 parts by weight of the conmpound C6 was used instead of the
conpound Cl1, and packages (sem conductor devices) of Exanple 11 were

manuf actured in y“é same manner as Exanple 1 except that the epoxy resin
conposition prepakfﬂ in Ex le 11 was used as a nold resin. 54

ArP—P=—Ar—O (2)
Ar3
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(Exanmpl e 12) An epoxy resin conposition (thernosetting resin conposition)
of Exanple 12 was prepared in the sane manner as Exanple 2 except that 2.15
parts by wei ght of the conpound C6 was used instead of the conpound Cl, and
packages ( sem conductor devices) of Exanple 12 were nmanufactured in the
same manner as Exanple 2 except that the epoxy resin conmposition prepared
in Exanple 12 was used as a nold resin. (Exanple 13) An epoxy resin
conposition (thernosetting resin conposition) of Exanple 13 was prepared in
t he sane manner as Exanple 1 except that 1.47 parts by weight of the
conpound C7 was used_iynst ead of the conpound Cl, and packages (

sem conduct or device of Exanple 13 were manufactured in the sane nmanner
as Exanple 1 except he epoxy resin conposition prepared in Exanple 13
was used as a nold regsin. [(Exanple i4) An epoxy resin conposition
(thernosetting resin sition) @®f Exanple 14 was prepared in the sane
247 parts by weight of the conpound C7 was
and pac§%ges ( sem conductor devices ) of
he sane nner as Exanple 2 except that

t he epoxy r ared in Exanple 14 was used as a nold
resin. (Exanple 15) Xy resin conposition (thernpsetting resin 55
conposition) of Exanple 1§ was prepared in the sane manner as Exanple 13
except that the conp was used instead of the conpound C7, ar_~d
packages (sem conducto agigces) of. Exanpl e 15 were manufactured in the
sane manner as Exanple 1 cept that the epoxy resin conposition prepared
in Exanple 15 was used as a nold resin. (Exanple 16) An epoxy resin
conposition (thermasetting resin cqnmposition) o 16 _was_prepared in

f Exanpl e

the same mannerlBst B AR TSP tHar tHE 58%6&%6%5\/\59 BedFnst ead
of the co 7 sem ice : 16 were
manuf act ured o Aothe S PACERAeE L AR S S Ry TR R
conposi ti phoRr&paredthe Exanmgl epdbivas ¢sedp8ss o MlhkdeesubstiExanpke 17)
An epoxy resin conposition (thernosetting resin conposition) of Exanple 17
was prepaiedlidet hebsary lmgmoesp,as Beliplle d3owuxcept ehAylt beocvpapeond C9
was used instegﬂ of the compound C7, and ackaaes (se 'conduitor devi ces)

of Exanpl 8729 ¥er STERuf &% uPed iyt 1 AEfinér QECERMPYE $rEXPept t hat
the epoxfosfiaPawgpogééﬂ Ut RLEPANEALE BuBXAEPKE £17 Rtass Usedas 13 ueld
resin. (Exanple 18) An epoxy resin conposition (thernosetting resin

conposi t i on)urod ulksdaingh eed Snomess flreepakedman itchgreapesnanres aasakbkahglle 14
except that the conpound C9 was used instead of the conpound C7, and
packages P5@WPcnBTEEHFaBYIreBsyLBheEYAMIQIBET a 28 bnelackiRHyREEIVd in

t he sane panner a a . 2_exc y Si eius:e iti

pr epar ed ?ﬁ8%§aﬁ%$eg%%§%%£?Y%f égggé%ﬁﬁ%&?ggfﬁ%&(céﬁpd%ggive E%a%%%e 1) An
EPOXY I es§anELHPG ik (bher ame atd hhgel®sd fe €AFPPS bhony 1 Yrsaypanat i ve
Exanpl e 1" was prepared in the same manner as Exanple 1 except that 1.85
parts by «£ithie icfontdss odhmpomathglpheaylugedubnstrad Dfthehd scompsund Cl,
and packages (sem conductor devices) of Conparative Exanple 1 were

manuf act uf & P 1R Lok IR PTaRNERIHIRE 158REERt Ot Fat YERE*¥BaRY Yiesi n
conpositi epaLed.) ag.i,v d a nold resin.

( Conpar at gggékaﬁélgeg?eggﬂg%%x%&rgg?ﬁaggﬁggéi??gﬁH?ghé?zﬁsetting resin
conposition) of Conparative Exanple 2 was prepared in the sane manner as
Exanpl e 2 except that 1.85 parts by wei ght of the conpound Cl10 was used
i nstead of the I:@rﬁimw@n@lr,alaﬁ@rm@zéﬁégég) (8edi cOhd RADY AdevrpEspedts

Conmpar ative Exanple 2 were,manufactured in the sane nner as Exanple 2
excont t hEE S IRy E h Ve ORBD AT 1 BT B PO, PYE B Rl 6 2
was used eS| a i I ; L 2S) :
conpositigﬁo??ﬁgﬁigggﬁi%ﬁgﬁggg?nég%d%g%?§€%ﬁ)g%%ad§ﬂ5§?§%¥63&%§gﬁﬁfg 3 was
prepared instbetsanentBotRerash&xaaphedtoeyteptoupat 1. 00 part by wei ght of

tri phenyl phosphi ne was used instead of the conpound C, and packages
(sem conduct or packages) of Conparative Exanpl e3were 57

Specific examples of the substituent Ar include aromatic
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manuf actured in the same manner as Exanple 1 except that the epoxy resin
conposition prepared in Conparative Exanple 3 was used as a nold resin.
(Conparative Exanple 4) An epoxy resin conposition (thernosetting resin
conposition) of Conparative Exanple 4 was prepared in the sane manner as
Exanpl e 2 except that 1.00 part by weight of triphenyl phosphi ne was used
i nstead of the conpound Cl, and packages (sem conductor devices) of
Conpar at i geokrpanplued awr e marrufyAce egroupt he SanEhemanimre agréxppplae 2
except that the epoxy resin conpgsition prepared in _Conparative Exanple 4

was used B3PALRBILENEEEIHP 308 el aEtdransi P ¢herdl ahtlics® Fore Sye gt he
epoxy resip _conposition btained in es_.and .Co rativ l.es,
char acter?g?llncg_gv%ﬁl%%%%gﬁge?l‘}’l% %Isll‘f _SatV\n%l_leer}rta g:haesgrpco a}%ov?/s%y%?)ﬁér, f ox
each of theoapM sQRAUSE 0L KieVbses SR Nechi €5 ARG HIRAR, Ve
Exanpl es, "characteristic evaluations (1V) and ( were made as follows. (1)
Spiral flow Fheadpiviabrfhdwosfy gachpohathegepoxy fAesicarbompegiomsons was
measured using a nold for spiral flow test according to EMM -1-66, under
the conditions of a nold tenperature of 175C, an inj ection pressure of 6.

8 MPa, and a C“&%P@ Jidt® Af Lfrg'f nutes, . Jhe s%f?ﬂ'srtfaj]'tu\{éd}oét%yﬁsgazl?aﬁaﬁtder of

fluidity. Here, Targer spira ‘ow neans better (1) Curing
torque Thert ohatee aféirdd seennns at) 175C of wacte ofb tdhe epoxadesim
conpositions was neasured using a curel astoneter ("JSR curel astonmeter |1V PS
nodel " mahbeactusad therds eRtech” Gand BPd.i)s. #Hepbenlyar garoumur ang ttdeque
means better curabilit I11) Residual flow percentage Each of the epoxy

resin conﬁBEFFFBH_@n%a%gﬁrs(e?eP E8YafS0E PP - 1 %%ae? i &S ﬁé'rrlit(‘:‘téidrl,o and
t hereaft e{ah%gégéﬁ%gheﬁ%ﬁﬁ‘téhx‘?é;??és%‘@é?mLUh"ednge‘icQ? @ﬁug%”ﬁ%r i3S

described a e percentage (0) of thée thus obtain spiral flow
was det er whhet each hef hasi subkttibheehnist Rl RSpanalRY Leva dfydhweyeapaxynr esin
conposition just after the preparation. Here, |arger residual flow

per cent agéSnean§epabier stofhgerseubpri-tyted] vhosghead opngerilager &siSst ance

Each of the 100-pin TOFP.packages. wa eft  ,at _85C t % rel at.i ve
hact' oty PEpiRath feTELPaRKAER AT 1L 18! HACLIRECR S RLRRNE L

10 secondsyr7hgr eabtelon®aghapaskage wasqakaar yedupdebsa . m croscope to
determ ne whether or not cracking occurred in its surface. The occurrence

rate of cracking was obtained as a percentage (% by cal culating using the
followng formula. Occurrence rate of cracking = (the nunber of packages in
Further, trisubstituted phosphoniophenolate
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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whi ch cracking occurred / the total nunber of manufactured packages) x 100
59 Here, smaller occurrence rate of cracking neans better sol der cracking
resi stance. Further, an area where del am nation occurred between the
silicon chip and the cured product of the epoxy resin conposition was
measured using a reflectoscope. Then, the delam nation ratio of the

sem conduct or package was obtained as a percentage ( %) by cal cul ating

usi ng thedé¢viteway haveulnprfradt sehfiey, canchvrgayesiakaacet 8

sem conduct or packages was used for evaluation. Delam nation ratio = (area
wher e del am nation occurred) / (area of silicon chip) x 100 Here, smaller
del am nation r a t sol.der n S gt ture
resi stance relﬁg OE?%yggpgglbgﬁd gzdk%{aggéaga{?egftgggggﬁgygtpE5816 pin
DI P paCkaﬂl@@S% NedSlie NPt e at (phazprand wad &@@%ﬁ@b@tld&nﬁwﬂ@l tYonand each
package was then checked whether or not conduction failure occurr ed
therei n. d¢eresamtent by tthe cpmucti ohofmilar d4occla redefear8 be, none

packages of the 15 ckages was ured and the tine was, defined as a
D oo (Tt 1o LT S BB a EEA ] AR G et TS BHE HRIAE ng i e was

500 hour s, 3L ﬂecﬁlge%%nté{‘%y fhé éﬁf ryherees nyiber ef) fad 'e%npﬁ%éges at
t hat tlne was l'ess than t he ure time was shown as nore than 500

hours (> pEOjératese, Ionger failure tine nmeans better noisture resistance
reliability. 60 The results of the characteristic evaluations (1) to (V)

are shown in Table 1. 61 a; ~"+~ N U N --,~000000000000000000+~- a~
i ..000000000000000000m cn -~I Nu7u) uW-nWunu7WhuW nu7~f WrWwW
onnnnnnnnnnnnnnnnuAn~ HO S-1 4.t~ ~.' ono~ . N-ri r0 ..-~G U=~ -rl

~S 70 ~Olb{~ +~ ~ p''b N

R8—F|>—-—Ar—0H { O—A+OH)p_1 } [ A—--0H) p } )

q

+
B R10 ]
— OH
OFC oo, ko, 1 -
S p-1 P9
L R12 _
— R13 -
R16 R18 R18 R Rw 18 R18R16
O— —\ OH 0.4 /\ \r/\/OH HOLZTA\ >' _<\—/\ \ OH
P
R14/—— @\ / R17 R19 19 R17 7 19 /19\
= RS J (6)
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The substituents R’, R® and R’ which are bonded to the
phosphorus atom in the general formula (4) 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’, 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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hydrogen atom is substituted with a substituent other than a
hydroxyl group, such as a halogen atom, a nitro group, a cyano

group, or an alkyl or alkoxy group having 1 to 12 carbon atoms.

More specifically, as for the substituents R’, R® and R®
and Ar in the general formula (4), it is preferable that each
of the substituents R’, R® and R® is a rhenyl group, and the
substituent Ar is a phenylene group. That 1is, a salt of
trisubstituted phosphoniophenolate represented by the general
formula (5) in which each of the R' to R'® is a hydrogen atom,
or a salt of trisubstituted phosphoniophenolate represented by
the general formula (6) or (7) in which each of the R} to R®®
is a hydrogen atom is preferable. Such a salt of trisubstituted
phosphoniophenolate has especially excellent heat stability
and effect of promoting curing reaction, and can be produced

at low cost.

Further, a salt of trisubstituted phosphoniophenolate in
which the hydroxyl group (phenolic hydroxyl group) in the cation
component thereof 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 a salt of
trisubstituted phosphoniophenolate in which the hydroxyl group
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 a
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 epoxy resin composition
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BOW ~al ~r-1 U1l ~I ONO ~ NS~O ON~-N RalU UO ~''
OUNMNNNc dbt decdxxxxwwwO000UUUU 63 As shown in Table 1, each of the epoxy
resin conmpositions obtained in Exanples 1 to 18 (epoxy resin conpositions
of the present invention) had extrenely excellent curability, storage
stability and fluidity. Further, each of the packages of Exanples 1 to 18
(sem conductor devices of the present invention) encapsulated with a cured
product oharack ofduded mpdxy usesi Aleshposili arsobf akEranmas. dontdnd®yr
respectively had excell ent sol der cracking resistance and noisture

resi st anc@eVdCrRabRl PRV eFdrPreV et FO i &3 & AL SRanuf actured in
Exanples 1 to 4, in which the conpound C1 or the conpound C2 was used as a
curing accel erator had inproved sol der cracking resistance as conpared with
the semi conduct on de\d cgsnarauf aetriacdd n(Exarpl es7h, ardrboukn prerd t he
conpound C3 was used as a curing accelerator. Al so, the sem conductor

devi ces nmermpachndsedphan&k dmpdes chBipoants) canvibé chuitted lgbrpednas Cher t he
conmpound C8 was used as a curing accelerator had inmproved soql der cracking
resi st anc8P&8NconPRIFRAPGHE h fIRe™EEH conldtict G@ldevi Bés ﬁ%ﬁﬁéﬁﬁHﬁQﬂf%i

Exanpl es [ i t he d used C
acceleratkﬁéggggégpﬁggg%?gggrts,Eggﬂpgggoﬁgfr%gghtE%tpﬁéngé:ﬁ;ﬂgbund
trisubsti tuteddehosphoniiephenellat e i nstdhch t hesoxyaniminsgrserdagicat ed A n
ortho position or neta position to the phosphorus atom as a curing
accel er at 0¢, 2aRisbtdahiveld ogewhesnduPrePrapadkage can Basenehptoved solfder

cracking resi,stance.as co red.wth the case ere trisubst.ituted
phosphoniéghéﬁgﬁgﬁglfﬁe%ﬁgg epﬁé’oxyanion isI%ﬁ%ﬂQ§£q¥%%ﬁ§h%ﬁﬁhﬁQQ%ﬁyto
the phosphobugcah9mehapysetendl )t he other handy; ggebn9f the epoxy resin
conpositions 64 obtained in Conparative Exanples 1 and 2 had poor storage
st abi l i ty,(2a@dbeadh -afydrbe ypaeckyde sudiftomiened i n Conpasabhéenel Exanpl e€ 1 and

2 had poor sol der cracking resistance and extrenely | ow noisture resistance
reliabiliti¢s iFaEhiél deagbh sehefivd Jepoxy resin conpoStSRAFN Gt lAITE g n

Conmparativy X | 4 °h tr I rr curability, storage
stabiIity(ghgxggﬁigﬁ?éfgggd@eggﬁdgéeg%g%ﬁéfﬁggaé obt ai ned in Conparative
Exanpl eS_3,anﬁheﬁhpadd@@@bi%qlzd%r-dqmrtkliy_rl@hreeﬁlst ance. (Exanples 19dwo 27,
Conpar ative Exanples 5 and 6) Epoxy resin conpositions (thernosetting resin
conposi t i bas) 4ohyExamrybésnyd ) net2anang ;Gonpagadl veuaaplie st B igherd ner e

prepared iin_.the sanme_manne S apples 1, 3,.5, .7, 9, 11, 13, 15 and 17
G, Compararr TSPBEaRp 68 12anao 55 FRSPaECEURIIbRebaE dHA SR e of 26
parts by [ : bi phenyl Qxy resin r, @RRIN Hhg of | a
(23) and %%%%Q%ég%%'by meigﬁ%X%?h%?éhenyl a?géfgﬁ'typéﬁgggﬁy regfﬁkﬁu
represent ed4byihherbaymabath23kenas t he conp@yriddiA)ydrang rpht Hedrdrse by

wei ght of phenol aral kyl resin represented by the fornula (24) as the
compound {BP-Réh¥dysesdnaphithRdenesackages (seni conductdr deacdHhads

Exanpl es 19,tq.27 .and Conparati.ve Exanpl es and 6 re .manuf.act.ured in the
same’ manndr Sagt By AT TR B PR R ST F e e RO B epar ed
in Exanples 19 to 27 and Conparative Exanples 5 and 6 were used,
respectively. For each of the epoxy resin conpositions and each of the
packages obt ai ndtdong ExempldisvalSrto phenad cCoppandti ¥ee Bxaapt esobe aaxd 6,
characteristic evaluations were nade in the sane nmanner ~descri bed

d h 65
above. Th&RPYRehS rRenSANSEELIFEMHEAS $AbsEARt (2 1Y) tihe PaRel 82 1 ROSE of
Ex I 3, a5 v j d 3
cxarpl oo hyyhieh dhofy Hnelin S 200 17, 300 SOpAr SR ps f and 3

7 and 8) Epox¥reesiBoCorROstibLas (therh®setd iwgl &1esighsUpestdang)s of
Exanpl es 28 to 36 and Conparative Exanples 7 and 8 were prepared in the
same nmannehoas Exanptegererd] frmuylads @), aidl (B3 andwhichnd Cordarat i ve
Examples 1 an ,_ respectively, except that 54.5 parts by wei ght of

bi phenyl ﬁYﬁ%gegd%?%ré§? diap @§§H@%%n%£ PACYR AN LRegfRRLESpound

(A , and i r f r i.ght ~of i

repr esent g r%i%%e%grarrﬁég?zfg Vgﬁ&wg!igjg 8ér5t gg%gkg%ﬁ%gﬁr%%%nlﬁ'

aral kyl tygpecpleaaliig,resin nepaseied by the fornubaspBeéhoas the qonpound
(B) were used. Further, packages (sem conductor devices) of Exanples 28 to
36 and Conparative Exanples 7 and 8 were manufactured in the sane manner as
Exanpl e 1 except that the epoxy resin conpositions prepared in Exanples 28
to 36 and conparative Exanples 7 and 8 were used, respectively. For each of
the epoxy resin conpositions and each »6 the packages obtai ned in Exanpl es
28 to 36 and Conparative Exanples 7 and 8, characteristic evaluations were
made in the sane manner described above. Their neasurenent results were
substantially the same as those of Exanples 1, 3, 5, 7, 9, 11, 13, 15 and

o — o ~ o, o p— o a



Tabl e 2 Curing Accel erator Gel TineKindBl ending Ratio (parts by

wei ght) (second) Exanpl e 37Conpound Cl11. 7738Exanpl e 38Conpound

C21. 7740Exanpl e 39Conpound C31. 7736Exanpl e 40Conpound C42. 0536Exanpl e
41Conpound C52. 0l 31Exanpl e 42Conpound C62. 1537Exanpl e 43Conpound

C7l . 4737Exanmpl e 44Conpound C8l . 4740Exanpl e 45Conpound C91. 4735Com Exanpl e
9Tri phenyl - hos Ninel. O0OM crogel As shown in Table 2, each of the resin
conpositiOms4emeahybdméhlﬁyhapbbs 37 to 45 wag, érnmedhgilehgbdepbdnoOn t he

ot her hand, the resin conposition obtained in conparative Exa 9 was not

|
STl bats n St el oes . SPRnP bt SreFons  FIBUTr va Y PR BB GREnaT at o
salts Firslo,CoppouROs £1h Lo, A0mare preaed. ase a-GULLng.BREELELalor

2-1 Synt hesis cUFi hg accél erato e conpoun

synt hesi Z@ﬂs?ﬁeﬁ@i' ows. g)Synt hesigs sfh<empound @1,1) 68 4,12p3p8e0b1,

o- met hoxyaniline (0.100 nol) and an aqueous hydrochloric acid sol uti on
whi ch had? beedti pyépox pdaplytdassoeviand 28,18~ dﬂhyﬂﬂﬂanaphuhﬁﬂﬁmﬁoehbor|c
acid (37% in 200 ure water in advance into a 500 m

of er e
separ abl ??%skpﬁﬁgéﬁigﬁgmnth BY conthder2and?atst P reFrlﬁHHSFﬁéytﬁ@re
stirred t I t p f k was
R A o D
and in thilse sindiog Eoﬁptgnél@tl%m@lduﬂafblfé)ﬂéBmhmdn[pdﬁifhcﬁﬁabvaedukmnao m  of
pure water was slowy dropped into the solution in the flask. Then, 20.0 g
(0.076 moa§ceterzipherilipleosghiliger@ss8oroBEOs At 160 3N dilfav@t ﬁgilceéééﬂéte was

dr opped i he se rable fla and then the s ut|o

St i Tred thiTHE Ry nePEeas TERoUBt 6 SUFBUSUE G ChF EEaa LAR RYAFkRILY
dlssolvedek@egpegi gﬁygyéglmgigﬁe%@§e§lomdy dropped into the separ abl e
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 nol) of
sodi um i odi de wes ERéR é@@@édrTh@h ig ﬁ@sdﬁ%aﬁ@t%¢eéhﬁﬁtéﬂ€3mﬁ%l¢|Pﬁered

and then n..29. e & I

2- nethoxy%ﬁ gg?éfrlp% Iyﬁh?%%h AN Ki n1|%ga E¥%§%% t?& 8gﬁsenF) of
t he obt ai nege2t 1Eh hexyhemd il ad rd maqréﬂugmsa%@loum oell deatB8ated
(0.769 nol) of pyridine hydrochloride, and 12 . 0 g ( O . 118 nol ) of

aceti c anhympdded wer eoptl axntcom@pot®dl pir skpal bkt e fiasdadqui ppedoniith a

condenser and a stirrer, and they were heated at 200C for 5 hours under
refl ux anePBRP R @mposed 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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After reaction was conpleted, the reaction product was cooled to room
tenperature, and then 3 . 3 g ( 0. 022 nol ) of sodiumiodide dissolved in
250 m of pure water was put into the flask. Then, a precipitated solid was
filtered and then dried to obtain 24 . 1 g of a brown solid of

2- hydr oxyphenyl tri phenyl phosphoni umi odide. Next, 24.1 g (0.050 nol) of
the thus obtai ned 2-hydroxyphenyl triphenyl phosphoniumiodide, 12.5 g

(0. 050 noty) of witsphentkedS ¢ anysir sl {4 pdnexyphenpkey g poagpraband | 80
m of methanol were put into a 500 ml beaker, and th were stirred, Then,
2 g (0.050L¢RH5 s Roblam Mt ol -detli <89 veldoF R f?@%’?%’fakbjfy r‘?&% I Twas

dr opped i t e I .t ol ut| Jd.N e sti.rred
for 30 mpn%ﬁeég.]qﬁ%eﬂ%@%heeq{r%galﬁﬁgﬁ%% ucgtktol\/L\l/ng1 Tdr (J)Ct;g%eglaﬁ%{ég%gv@g&o&% of
pure wat efva el e oo aCifailt atredpsalyi drvas filires etbrgsrchridem)dri ediko
obtain 10.2 g of a brown solid wﬁi ch 1s a salt of 2-hydroxyphenyl

tri phenylmhiosphdnpasswbillk b shhaiier SmpTFlea et hasiobs abrere ol ¢l afashdef i ned

as a conmpound Cl1. As a result of analyses, of the conmpound. Cl1 by 1H NVR
e 70 CRBRE A CTERG GNP ATS SRSEYaP T B SinPAd e ALt ¢ he

conpound Gl11 et trisubstituted phosphoni ophenol ate salt

represented n@%ﬁr‘%%?bm ng formula (27) . The yield of the conmpound Cl1
was 220. OHp Il OS\ / OH O (Synthesis of conpound Cl12) (27) A conpound
was synthesized in the same manner as the conpound Cl1 except that 8.0 g

(0.050 nol) of BEmRikalvoxihasadEdniomas is& masicedd tof TBU3EReRBI S

(2, 2-bi s(4-hydroxyphenyl )sul fone), tq thereby.ultiymtely.obhtain 10,8 g of
br own cry%rtlaI%.xa <t h%g S‘bt%?ﬁ}é(a&c St a raglslg%lré?i r;crega al§¥558%rsr%(l)ﬁlﬁge%12. As
a result of , a0eby 5650l hee corPRyRd G2 by dFe VR, hRSS ispegt Earehpy and
el ementary analysis, it was confirned that the compound Cl12 was a target
tri substidadtebe piosphofi Opdepot at¢et shhtveneporsenied bgfehentel kowchg

formul a (28{ . The yield of the compound C12 was 42% 71 [/ OH O/ \ \ \ [/
(28) HO /felimyhrhelid@biorofpoduhd C13) A conpound was synthesized in the
same manner as the conpound Cl1 except that 12 . 3 g ( 0 . 100 nol ) of

m et hoxyani l'i ne was used |nstead .of o-met hoxyarefit _ége 16.0 g (0.100 nol)
of 2, 3-di hydr oxynapht hal ene.yas used i nsteaqaé)f PIPR g of bi spgenol S

(2, 2-bi s(4-ﬁydr ReyPhe NisUHoRR) Ro o L Inas NN addib i ﬁﬁ_amumaxon sS9di um
hydr oxi de was changed to 4. @.Q.(&::d00 nol), to thereby ultimately obtain
17.5 g of pink crystal. The thus obgained cgystal was defined as a conmpound
Cl3. As a rpjul trpf-Aarabgses—of >t IgPeopoHd C13 by 1H NMR, nass
spectronmetry and el enmentary analysis, it was confirned that the co(rﬁ?dund
Cl3 was a target tri subst%ut ﬁg phosphonigphenol ate salt represented by the
foll owi ng figr, Iﬂﬁ_ZQ,)_.OH - I@%LArrh.eocorrpound Cl3 was 520. 72 o/ \
HO/ \ / ~p\ ~H\ ~/ \ ~/ HOHD/ /

@ ) -HX °
Bb] RP—Ar—OHX * HO—A—OH —* | RP—Ar—OH| |O —A —OH

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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(Synt hesi s of conpound C14) (29) A conmpound was synthesized in the sane
manner as conpound C13 except that 12.3 g (0.100 nol) of p-nethoxyaniline
was used instead of mnethoxyaniline, to thereby ultimtely obtain 18.1 g
of white crystal. The thus cbtained crystal was defined as a conpound Cl14.
As a result of analyses of the conpound Cl4 by 1H NVR, nass spectrometry
and elenentary analysis, it was confirned that the conpound Cl4 was a

t ar get tr2sm%‘shbzmtédmﬁhbsbhbhﬂ-épﬁeﬁbﬁa?éesélltkerepresent ed by the foll ow ng
formula (30). The yield of the conmpound Cl4 was 540. O/ ~\ HO/ ~\ (30)
pl \ HO\ / HO\ / / OH (Synthesis of conpound C15) A conpound was

synt hesi zed 'n 1?&&5%% &B@Q%ea%l%mwsﬁt lscé%oﬁéﬁ%pinw%n%éct 79 (
0. 100 nol of 2-'met hoxy-5-net hyl ani I'i ne was used i nstead

o- net hoxyanthltlertﬂsrj/ oh¢8pR¥hesvl )Bofdding psd,0lNg prsospzhnnaawasi ased
instead of triphenyl phosphine, and that 8. 0 g (0.050 nol) of 1,

6- d|hydroipﬁapmkaﬁXﬂﬁ#Qﬁﬁ#EHﬁﬁﬁ|r%ﬁQﬁﬁikﬂ: 908Dy bf BrepdRG0ILSS the

(2, 2- bIS(4 d}rlox r%/%}%sulf to, thereb uItlmslteIt obtain 14. 6 g of
pal e yel | B Pn % t & e FROS36Yai M RIVT al PneZeefi Hed as a
compound LloecASa 2 r%%%%bh%%l%ﬁah%§ﬁ§ of Nhhe1 OMaUnth L1, Bye 46+ NYR,  mass
spectrorretry and eYement ary analysis, it was confirnmed that the corrpound
C15 was asuhsgétutiosmﬁtunajtdedz@lmomphgmbuphenottlae elisaddnineprsesentted by t he
following formula (31) . The yield of the conpound C15 was 510. OH OH H3C /
\ P\ / \tbg Ite/rtllaf:“YONh‘PS@-IBn‘ESP)CCGgfnt heBxampt e offouee CE6F tAa&Enpound
vas SNt hESLESHshRS! e SATEIRNNELLAS, | IRCIRRROUNd ChA-RYGBRbabAThe]S- 7 0

(0.100 no net hoxy- 5- et hylanrl i ne was used i n

o- ”EthOXyaBiLpﬂﬁolﬁﬂﬁhb5$hlﬁg,1tng@ ﬁ@@h&ﬂ&%h@h ) phBspakkphasphhae was
used instead of triphenyl phsophine, to there tlrrate y obtain 16.8 g of
yel | ow cryskal. The thus obtained crystal was defined as a conpound Cl16. 74
As a result of analyses of the conpound C16 by 1H NMR, mass spectronetry
and el ementary analysis, it was confirmed that the conpound Cl6 was a

t t t bst t I 1 ow
ar get ¢ 1 Subot ol e ahgselionkolienol ot € Sal L od et ey SRag ik gt | ov ng
OHII 3 @&Belﬁaa)ofsymkhﬁl s ®f eopeusd, CtRy Aubsrpeundowaseayntbesi zed
in the same manner as the conpound Cl1 except that 26.8 g (0.076 nol) of

tris (4-nefhbsyphehyOyssssH ne Thasa Lisabl iwisicdads orsad FpH@F@FEﬁ@%ﬁPne and

t hat 20. 0 of bis(4-. drox hen ) et hane sed tead of
bi sphenol ‘%%t ]Z"pldi”sti%a %Iraoﬁpp%c éﬁg 6 ereV\?S&F\t y obtain
5.4 g of Mﬂbi@d@ry§ﬁ@£gaﬁbé bhys gaéalagdseay§hah wangeEIng@tagsauﬁonpound
Cl7. As a result of analyses of the conpound C17 P)/ 1H NMR, nmass

spect r onebhygraxnide} emedicanyn amadlysx sdej t swajsumrdarbmdatélat pbheseammound
Cl7 was a target trisubstituted phosphonl oghenol ate salt represented by the
follomnngc?ﬁ?ﬂﬂ? e(gg)JJm%@y@F@p&nOFar onate, 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

not limited to any specific value, but is preferably in the range

of about -10 to 10°C, and more preferably in the range of about
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t he conpound Cl17 was 18% 75 OHHO~~P~0O/ \ CH\ / OH3 (33

(Synt hesi s of conpound C18) 40.0 g (0.2 not) of bisphenol F-D (a m xture of
the isomers of bisphenol F, which is made by HONSHU Chemi cal | NDUSTRY CO. ,
LTD. ) and 50 m of nethanol were put into a 1-liter separable flask

equi pped with a stirrer, and they were stirred at roomtenperature to

di ssol ve bi sphenol F-D. Further, a solution which had been prepared by

di ssol vi ng % .5°G.g Tf0the Iremtt Jomft eyarel Lt el riokitde ilpvws0 tilersf Liseehanol
in advance_was,added.to the solution in_the flask under sti.rring., Then, a
S0t | on SHYENCRG Bon ProBar B by aFEE5igPig FED B0 ¢ 0 HEfoP)eBF LY

t et r apheny} phosphom LahRr O de riahd, 59 dn Of-BRERaRO0L ehPe RIVERE G MRS cadded.
The solution 1n the flask was being stirred for a while, and 300 m of

met hanol Wwhght heheadded. aTheasaftieat the sanitiiaory iphddehidaskndashdr opped
into a large anmbunt of water under stirring, to thereby obtain a white
preci pi t alE2ZHEUR Hifsl oBg AeGOpPesrpi FaPRNABI det it kdeds EbRpBAAd C18.
As a result of analyses of the conpound C18 by 1H NMR, mass spectronetry
and elementary analysis, it was confirmed that the conpound C18 was a
target trisubstituedphasphanicophenokale sabktrieprasent edabyibhe fal | ow ng
formula (34). The yield of the conpound C18 was 57% 76 OX ~ CH =CH/ HO
( 34 ) CrHrprxéblSymthesiets depeonpognon €IS kliinda &0Q adt ikeakphpsBideqg
(0.100 nol) of, triphenylghosphine was dissolved in 75 m  of acetone at room

t enper at 17 FFRAPLIHF Badte (PRBG BPT bI bt iFbgutrRmel Hf SdiUFedPPR 45 ni
of acetong, WA %‘MBV iﬂr&?é)%doc_% £t DES1 44 1N b ﬁﬂ&@@é,k%fnyﬁﬁﬁé
stirring. its dropping was conhtinued, a preciplitate was gradually
produced.pAéferablg dhoppenganwgs eanpleiad, 4@ tesabtanhusekuti oo vwas
stirred for about 1 hour and then was allowed to stand for about 30

m nut es. Ter¢lebdn &limegl piteei Prent edhergstak erse thptdiisahatihehigri ed, to
t her eby obt ai n, 27.

. 75 f . ' b wder .. Ne 27.75 0. 075
mol) of UREObI S HERSG SRR oY BRI HORIETSS 5 5 O oF BP8RIITA PP «
acid, and; 480,41l Of cRIDNANGle W 8 PiYt HIHQ 30U Ho Reakel +ABAahRAgY were
stirred. Then, 3 g (0.075 nol) of sodi um hydroxide dissolved in 200 m of

met hanol wase dropped vaitee t hen eakeraseanc tyHerld lan7hot bel akpeated.t he
beaker was stirred for 30 mnutes. Then, the reaction product was dropped
into 2, 000 mM of pure water. A precipitated solid was filtered and then
dried, to theregé/rooéaetsasin2 13.4 g of a brown solid. The thus obtained solid
was defined as corrpound) Cl19. As a result of analyses of the conpound C19

by 1H NMR, MasySRECHHUTRIIG:ANE & pTaR! @l 1araly $ySa hiaves QOQE'bﬁF}Pd t hat
t he conpound Cl19 was a target trisubstituted phosphoni ophenolate salt
r epr esentleyl abyortren teplrowiend ifoor metlaod t3boptaifpehydebdenfhalialecoapbund C19

res 220 RER b 35 el SUnihesis ol ccorbound 29 A compound vac
(0.075 nDEQi§ﬁb§%§@@@&9lp%ophoniophenolate can be easily obtained
through these processes. However, in a case where
trisubstituted phosphoniophenclate 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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(2, 2-bi s(4-hydroxyphenyl )sul fone) was used instead of formc acid, to
thereby ultimtely obtain 30.2 g of brown crystal. The thus obtai ned
crystal was defined as a conpound C20. As a result of anal yses of the
conmpound C20 by 1H NMR, nmass spectronetry and el enmentary analysis, it was
confirmed that the conpound C20 was a target trisubstituted

phosphoni ophenol ate 78 salt represented by the following formula (36) .
The vyi el dolésphentoppennda20 svaeus99ligpd@n the apsencesof aplEnE36r / / O
OH 2-2 Preparation of epoxy resjin conposition and manufgcture of .

seni condu€ %POHEQFCéFE§6%V¥%e§?h EFnpRi tiEnsPEFSEXGFpICds 26 PPE"8d 16nd
Conparati es prepar | g Jhe -al ; unds
Cll to Q%?mgégggtti v@%&asr]lsg \;\g%?congﬁct %yr%gdci%ggeé; ofQ Q%%Q%%ﬁelggggato 59
and ConpaphbspeofXxappeéesldfet 0 thr werge mamaflact urefl, asrfiehbews tutkexanpl e
46) First, biphenyl type epoxy resin represented by the formula (23) as the
conpound pRysrhbenePharal &ye, r ssspecépvedent ed thyl 3 heo f benyndeg24potnwher ei n
t he nunber, o epeat units is 3 gnd.it s an average nunmber) as_th
compound FB5t HRE BohaRtncoE 1R et b AR CERP G EtEE SFAPOFIAEP. OSphBR: cal
fused si ::)%Jfé‘séﬁé‘viHGeﬁﬂi?Mei§9§09aiﬁfn§£§d5!téetﬁfesé5 YoBksagst he 1 norganic
filler (D), and carbon black, brom nated bi sphenol R type epoxy resin and
carnauba wax as additives were prepared. Then, 52 parts by wei ght of

bi phenyl type epoxy resin, 79 48 parts Qy wei ght of phenol aral kyl resin,
3. 02 parts by &®i ght 2of tR€"ESRpounE*EMLLT30 pafts byrwergRtisrtepherica
fused siljc a ight. o ck, arts i ght . of

br om nat h%?%%%@ﬁé$§%$¥§%§éépg&yé?%é%ﬁggnghglﬁhr%%Rb%mﬁéﬁéﬁ¥ﬁgggcg nauba
wax were ghyedish dReilenperairtierypabepht ab, wite gahhaheed sikxbuhe was
kneaded using a hot roll at 95C for 8 m nutes, and was cocled and then
ground, tBstherfby obt@ien anmepixy respresemediiticon (thesmbsétitiugdr esin
conposition). Next, 8 packages of 100-pin TQFP (sem conductor devices) and
15 packagelCaPhaBlipPRemPPatsenforftitior AévitEdDatet LaPrit 2ot u'édusi ng
t he obt ai pe : LN Siti jn. 0 i\n P
packages &eggﬁggﬁ%%ggﬁéfé§9g€95£ jé%?%%f%i%&gao§§k$égq$%%%gggptF§§Fto
transfer p®ldéngionader the conditions of a nold tenperature of |75C, an
inj ection pressure of 7. 4 MPa, and a curing tinme of 2 mnutes, and then
after-curing the nolded product at 175C for 8 hours. In this regard, it is
to be noted that this 100-pin TQFP package has a size of 14 x 14 nmand a
t hi ckness of 1.4 By a silicon chip (sem conductor elenment) has a size of
8.0 x 80 m a at @ lead frane is made of alloy 42. The 16-pin D P
packages were m Act br ed by subjecting the epoxy resin conposition to
transfer nyg \O he conditions of a nold tenperature of 175C, an
injection f re 8 MPa, q%)a curing time of 2 mnutes, and then
after-curinggFthe p pr oduct at” "175C for 8 hours. 80

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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In this regard, it is to be noted that this 16-pin D P package has a size
of 6.4 x 19.8 mmand a thickness of 3.5 mm a silicon chip (sem conductor

el enent) has a size of 3.5 x 3.5 mMmm and a lead frame is made of alloy 42.
(Exampl e 47) First, biphenyl aral kyl type epoxy resin represented by the
formula (25) (wherein the nunber of repeat units is 3 and it is an average
nunber) as the conmpound (A) , biphenyl aral kyl type phenolic resin
representgidoyhihe fwarthul@ui2é)ed wi€geinonke Iminbercaxfpagpeabavimgsa s 3
and it is an average nunber) as the conpound &P) , the compound Cl11 as the
curing actereftitbe (TFhiSHhErPcRYIFREel iITROTHSA hg Az e y&ipgrticl e
size of 15.~.m_.as the inorgani¢c filler 0 ck, .braomi nat ed
bispheno|°£EF§6g%§E§§§:P gincgﬁ O@aﬁkgu é5%3§g§gbgg%$%?ngﬁﬁbﬁgogfepared.
Then, 57 paits by weiaht Rfonbiphepmu asad kvt ed Y PEUBROXNeBEBYNKYSHRINAI LS DY
wei ght of bi phenyl aral kyl type phenolic resin, 3.02 parts by weight of the
conpound S1UPPBSTOpartEDby . weltgit ief typherirbahyiluspeelss Lincthe 2ugachns by

wei ght of carbon bl ack, 2 garts bg,meight of bnoninq%eqﬁgiggggFol A type
epoxy resthe RFPE GFarEs Yoy OWEF HhEd 37 tOF H KAWL et @ T s IEBHR
tenperature. T , j ' re was kneaded using a hot rol

at 105C f%§ 3 ﬁ?%ﬁ?ééﬁEa%§8§ﬁgg%ggﬁggng%§£ghen ground, to thereby obtain an
epoxy resin conposition (thernposetting resin conposition). Next, packages
(sem conduct or devi ces) were nmanufactured 81 in the sane manner as

Exanpl e 46 exceprexdiore hethepdyl sudssitn toorgsb siboisei oprigpdyeed liat eExarpl e 47
was used as nmol d resin. (Exanple 48 epox esi n_conposi tion

(ther nosets I PEGRRCoNBEETELBR) G ek A S ws DAT=Hf GRAPGI e REPs ane
manner as) EXapph e 46, H%CeRls ithalh 2056nRasksaRYoel i Rft theseapaupd Cl2
was used instead of the conpound Cl1, and packages ( sem conductor devices
) of Exanpyeadditvkoe naautachusédtentiheysphesphnner washExatpbeed46 except

that the epoxy resin conposition prepared in Exanple 48 was used as a nold
resin. (Exanple 49) An epoxy resin conposition (thernosetting resin

conposi tion) of_Ex | e 49 was prepar.ed | he sane nner, as Exanple 47
except that 2.5%11‘?)1%}”%) "b ‘?Netirﬁb J?tﬁle ec(g G O. %&}ae Used ior'?sgg‘gd of
the compoyad: Ghbrad (Backages it R8I GANJUS bRl cd@WaGRY dr fhdFXarBkats 9
were manufactured in the same manner as Exanpl e 47 except that the epoxy
resi n conposehtbon pheparexit rem&Ekanpikeedd enas pseokeasias malsd a esumingExanpl e
50) An epoxy resin conpositiaon (thernosetting resin conposition) of Exanple

50 was prpatett F it hé P& HenheF C58 BN £l 4BY exdCepP™PRAEAF 6! fArt s by
wei ght of opaund [ nsit Qf. 1 : 211, .an
packages ?é@%go%uct or%‘é@ﬁ%@s# o’fqléExqurrtgfg) %nﬁﬁmﬁgg’tﬁﬁd li%ngt he
sane mannesmpSulk gy res g X et thdato dnel £QQBY BAdi s coapaskhieBnpnepar ed
in Exanple 50 was used as a nold resin. 82 (Exanpl e 51) An epoxy =esin
conposi t i wr {ithed P2 ¥ YL I esiTha giggesint ifer) thispignploasidewgsd phepared in
t he same nmanner as EX | e, 47 except .that 3.36 rts. by weight of, the
compound T13 Nl UG T RBt LAd A1 RE WETotnd €18 ORI sHtiegegnd an

(sem condygl O ; SVIrCEHo 1 c XAl &k Odetl] ¢ STRRIACH W R LBnbRE $AFR . MaNNer
as Exanpl e 47 except that the epoxy resin conposition prepared in Exanple
51 was useud tdss atmelrdhaedi nin (Exarsd ehB2F Arhepooyy! estaque dephschiced

(thernosetting resin conposition) of Exanple 52 was prepared in the sane
manner astBRATA @050 tdodepP RRAXYHE L HFodHdtEBACHER Wisd Ghigs REdHCEf t he

conpound . (sem. u i ) anpl 2 r,e
manuf act u%ﬁjel%}t%@?gé%%?%&%ﬁe% ggnﬁxgér%%%gﬁﬁhéﬁéeﬁﬁ?%%nt%hgog%\@dr esin
conposi ti pfopEePrted b Exanpbem@ZaWas3ysediasiad ABhdiHesER. thExafpke 53)
An epoxy resin conposition (thernpbsetting resin conposition) of Exanple 53
was prepasedte nof hehasape amiey ey dedanplies dhseabdpt stchathatthe stapdend Cl4
was used instead of the conpound, C13, and packages (sem conductor devices)
of Exanpl ¥°BPHEF el hredifatecied 15 RaedshaelAnhfiEReds Exanpl e 47 except
that the epoxy resin conposition prepared in Exanple 53 was used as a nold
resin. (Exanple 54) An epoxy resin conposition (thernosetting resin

conposi tion) of<ianpd e S4rvesePrepared in the same manner as 83
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Exanpl e 46 except that 2.85 parts by weight of the conpound Cl5 was used
i nstead of the conpound Cl1, and packages ( sem conductor devices ) of
Exanpl e 54 were manufactured in the sane manner as Exanple 46 except that
the epoxy resin conposition prepared in Exanple 54 was used as a nold
resin. (Exanple 55) An epoxy resin conposition (thernosetting resin
conposition) of Exanple 55 was prepared in the sanme manner as Exanple 47
except that 2. B pastgahycweildhir ob) tihebtenpedndhiGldd wastuset epskead of
t he conpound Cl1, and packages (sem conductor devices) of Exanple 55 were
manuf act upesii i reqied Ssidrieoreite it hes pEX@Psice of7 retodpt cithat anhebepdrgdr esi n
conposition prepared in anpl e 55 s used,as a npld resin. (Exanple 56)
An epoxy ¥ ‘?‘Pr@%‘ffb%%lfticgﬁl(‘?%ern&ﬁ i A r%@?ﬁgﬁﬁﬁﬁoéﬁﬁoﬁ 815 Eggﬁpl e 56
was prep i %gg@er 6. ex t 2 r by
wei ght ofaE5 atelﬂteiécl%)frr%glui% wa's %ﬁd@%%gﬁﬁo gt ﬁ%ﬁgglﬁrﬁ}; qullge 15?9a%1§
packages d&rseipQONtiot @rmLeyt ££5)coi Ixanpé®. 56 were nmanufactured in the

same nmanner as Exanpl e 46 except that the epoxy resin conposition prepared
in Exanple 56 was used as a nold resin. (Exanple 57) An epoxy resin

iti t tti i iti f I 5 d i
Che sane manner et e G5 teeRRRRR: YA T g et pheRe ¢ "
conpound £lH-yvagiused, i neiead of11he, cerpawnd 1€hE, s%'ﬂdicf%@(:kéﬁ@éndary

(sem conduct or devi ces) of Exanple 57 were manufactured in the 84 sane
manner asadgdanmps mtded exceptcd hatallreimpoxytiesnhuconposté) onapuepaned in
Exanpl e 57 was used as a nold resin. (Exanple 58) An epoxy resin

conposi t iR sEr ¢ ngCte¥i nIéaRBodiPREN RIS Eianpl e 583@Astprepared in
the same mmpner. a5, Praml e 46, excent. that 3,01 parts by welobt gf Lhe
conpound Was used 1 nstead of the conpound , and packages

(sem condusdry €ieahceshsof Examphe 158 papfta Jranfact i £k tdb 1dea S atBe MANNEr
as Exanpl e 46 except that the epoxy resin conposition prepared in Exanple
58 was usietbrgaral qdlid heesi(R) - ( Banpe ef 699d Anl lelsx i aseprArcoaposivion
(thernosetting.resin,conposition) of e 59 was prepared in the sane
mnner - 2 Bl CHFLEZ BRECLRAF ST O S (B o T gHE Tt e CEBApbind C17
was _used J eagé%é)ée he CPHQQ&'%‘il@LJLJ%iQ@lé}?&é@gﬁix(eﬁef”lﬁ@g@ﬁ%t Qgsoggv' ces)
of Exanple 59 were manufactured in the sane nmanner as Exanple 47 extept

t hat the spoxy coapbB iCarposh tiaayepgapat edyids Xanpbe &3 cvadpadsedtas, a nol d

resin. (Conparative Exanple 10) An epoxy resin conposition (thernosetting
resin congusi ¢RBA)Y oFeaspafattly B apPPBY 10eRa8 maEpasddion the Bake
manner as, Exanpl e 46 exce t hat, 3.69 .parts b i ght of.the conpound C18
was used Jin%%rgedreoq' th uE%h&&undbﬁlf,Slgr?d f)lé%%ageélss%éeﬁf%bﬁﬁuﬁsorgla%vi ces)
of ConpargidMaaBR@ampledO were thud aed s eflr i fe i R B&IRg NBANEKt ASn&yanpl e
46 except that the epoxy resin conposition prepared in nparative Exanple
10 was usssniasredumial rdssiice 85 in(Gorpadati ve Exanpl e 11) An epoxy resin
conposition (thernosetting resin conposition) of Conparative Exanple 11 was
prepared in the sanme manner as Exanple 47 except that 3.69 parts by wei ght
of the compoun s ed..| t ngl. c es
(sem conduct or ¥ g\]/t?lce\é@) tg]f% aﬂn%ze: ﬁv@%x%ﬁ%ﬁ@%ggm%eg%%nﬁ?gc?grllé%gi n the
same manngefriaisc BER) € idd X eRind haly beegepaxYel esyn16R8PASET | ODaREepar ed
in Conparative Exanple 11 was used as a nold resin. (Conparative Exanple
12) An epoxytheediikeconposingi oheft hannbsergengcr ésilhecomposhei dbaymodt
Conmparati ve anple 12 was prepared in e sa manner as Ex | e 46 except
Chat 4 S by b ghe LoL ot hd CEaREaaH V) SHIR Mt ST Eaoh 1he
conpound Ah gpg@cg (ﬁ%nﬁ%kd?:é:ﬂ | CES f Conparative Exanple
12 were nufeactur§£ In the sanme nman erP%SPPEi;%ﬁ%I 2eD}A)f'G except that the epoxy
resin conposition prepared in Conparative Exanple 12 was used as a nold
resin. (Conparative Exanple 13) An epoxy resin conposition (thernosetting
resin conposit " oin Conpaganive fIEtadgy en3thes fprapafedtanuirs sare
manner as anpl e 47 except that 4.34 parts. wei ght of . the conpound C19
hae used BT BRI D & HESBonbBRMY 190 BHF PHOLR AR SdnT BEnaRer B Hevi ces)
of Conparat4i.Vv, ufact [ a r..as anpl e
47 exceptfaltlhlaeter Eﬁzng%%(éég%\%&glﬁﬁpfgg% ?%)ﬁg%r%]fpgﬂj Zbélsal ?%%gﬁ’ vae‘llz_ﬁxarrpl e
13 was used as a nold resin. 86 (Conparative Exanple 14) An epoxy resin
conposition (thernosetting resin conposition) of Conparative Exanple 14 was
prepared in the sane manner as Exanple 46 except that 3.10 parts by wei ght
of the conpound C20 was used instead @Rk the conpound Cl1l, and packages
(sem conduct or devi ces) of Conparative Exanple 14 were manufactured in the
sanme manner as Exanpl e 46 except that the epoxy resin conposition prepared
in Conparative Exanple 14 was used as a nold resin. (Conparative Exanple
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For each of the epoxy resin conpositions obtained in Exanples 46 to 59 and
Conparative Exanples 10 to 15, characteristic evaluations (1) to (1V) were
made as follows. Further, for each of the senm conductor packages obtained
in Exanples 46 to 59 and Conparative Exanples 10 to 15, characteristic
evaluations (V) and (VI) were made as follows. (lI) Spiral flow 87 The
spiral flow of each of the epoxy resin conpositions was neasured using a
mol d for spreadrdfeanwadlpsti nachortimge tof EbbLt] 5 6y 36nger the adaddiibngns of a
nol d tenperature of 175C, an inj ection 1r”)lressur,e of 6 . 8 MPa, and a curing
time of 2CRA®ntRYPaAnihd idpistaPrefenaPd Yanpar Akt Sof2S Fi&isc*}irtli?.‘ltﬂé’#“e,

| ar ger spj f a it I i e L rque
after 45 %gglosnldlsgogtu%g@ %?6%%%%{%# thhleélreg%xjfl%?géﬁ (%19 %rﬁr%%gﬁtllloér}g (ID S
measured usi ng poedhBllastenatian ((ukR ciiel asdpgetec tViPSrmdelarge

manuf actured by Orientech Co., . Ltd.). Here, larger curing torque neans
better cugadntity.arnd bb)a Resivdifal theef pertodt ageénEaching arhebépaxgdr esin
conpositions,was preserved,at 30C for 1 ek in atnospheric air, and

t her eaf t e SFheCRPRrhPT ‘BWFﬁe?EoFm%Qvﬁégsur ed in the same manner

descri bed above. Then, the percentage (% of the thus obtained spiral flow
was determ ned on the basis of the initial spiral flow of the epoxy resin
conposi ti on j usthafkber enhte (PI epatag isapurHer ef dias gabroesiduad 1 1 10WD)
percentage nmeans better storage stability. (1V) Mdulus of elasticity 52

parts by height lédmifiesh&ayany ygreeboky isddian PeSr ésanmtetemgbihe f sheul a
(23) as the co und ) nd .48 rts by weight of phenal, aral kyl resin
representﬁﬁn%‘?/n%)ﬁea %'TK%OaO ??4)2’a4300(ff9e§rc ou 1(9‘%% \%’reqaoeﬁa‘éa‘s h each
of the coppoynds, Clet 0o£20 \ASi e o hOE AGSAIRS b9 a k@t H cRRpRIRHNt
shown in Table 3, respectively,” and then they were m xed at room 88

t enper at ute) , Bmel hbus potetfanadd veaotha xange sfasabknéadyd tosi P @phatsrol | at

95C for 8 mnutes, and was cool ed and then ground, to_thereby obtain an
epoxy resPh orfdsi t ildntPenermbret tahgheedrrrosnpsstiiony. (Nexts lege
obt ai ned h XY, resin conpqsit.ion S |.ded by_subj ecti it.ta
transfer tﬁrr@%%i ﬁgguﬁggy%t &"Eon iltmlléznsvao uednﬁcnkfedrdef e%lr%e%a!f‘ﬁ?% og#?gée an

injection-PI@ESHEENQTe FEde VR tdRdaadEUhbAJo i e Ofncd-JHMiU €51 1a7dikhen the
nol ded product was after-cured at 175C for 8 hours, to thereby obtain a

cured pr odetisufThieisndrlagée votoped iofan hbtedned spoduetidatt d7 8Evias -
nmeasur ed Usi Rheovi br on nmpdel| . DDV- 25FP. (nanuf actured by ORLENTEC CO.).
(V) Sol de?ncr}gecla rrg’?in?t'aﬁ etﬁﬁcﬁo%?e?ﬁeggd%ﬁ)iwoféﬂﬁlﬁg;&g% WaS | eft
at 85C an 8%y el atdye ]ggggldilt- for, K68 haurs.g.d8 i rsed in
a sol der %ét eat 260C for 1 seconl sl.to'lyhe?%a'f %er%sgagﬁn\gggﬁgggn\ﬁg%bserved
under a mEempssOpeoh chalet erwa red whetikirc wr thais deaakitihgdeurhedchBel t S
surface. The occurrence rate of the cracking was obtai ned as a percentage

(0) by catkat &hort $Siatgorhehe ol i sniosg urer Aurangaeeld e cel tdxeeevPxyr acki ng

= (the nupber_of ackatqes i n.whi ch, cr.acki ng gce rred /. the.tot gl nunber of
nanufactu?%%l%é% d%%3 &QHOGEéb" during mahutracture 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 epoxy resin
composition has reduced moisture absorption so that solder
cracking is prevented from occurring in an obtained

semiconductor device. Further, since such an epoxy resin
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Here, smaller occurrence rate of cracking neans better sol der cracking

resi stance. Further, an area where del am nation occurred between the
silicon chip and a cured product of the epoxy resin conposition was
measured using a reflectoscope. Then, the delam nation ratio of the

sem conduct or package was obtained as a percentage by cal cul ating using the
followng formula. Practically, an average value of 8 sem conduct or
packages wampoasetdibor eevdlbuats oexcéel @amt ndfludanditat idu= {@realdhege by

del am natjon occurred) / (area of silicon chip) x 100 Here, snaller

del ani nat PBAtEBET ot re#nBOpEL PR ‘é%letfefrecc,trlé’&llyn@rleé@iné:t afee. wixgs fwerst ur e

reS|stanc8 rgé 88%' ¥dA voltagﬁigen a?a%SB elled to each of the 16-pin

D P packages n-warer vapor T el ative hum dity, and each
package was then checked whet her or not conduction failure occurred
therein. The tinme until the conduction failure occurred in 8 or nore
packages of thell5 packagesonas tkasutled comtaemte thiendiasy defdured af a
failure tipe.  In this regard, |t is to be noted. that the neasurlng time was

500 hour sEAE +BREERICARATER a (DAsBANNBP PREZRIRBE: Dot UFarFed Padkges al
that time g@gﬁésﬁbeahé §olmg bRELURE LHER LIRS EN0N.25 5, TR Jhpan 500
g . re, g

hour s (> onger ure tine nmeans befter tur reS|stance
reliabilitynsTheraesohtsst oﬁh&&pedﬂfe_cﬁa@@azq&@r bstésckvat udtd edmpbluhdt 0 (V1)

are shown in Table 3. 91 MNE~o ~+~- ~ a '~'00000000000000-,-, ,u,.-,
.. ~ ~n ~(A)~000600000000C0KBa~ARANIRENANAHgarAC £1lder~(R)An n n n n n n n
n
If necessary, various additives such as a coupling agent
e.g., 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
e.g., silicone oil or silicone rubber, a releasing agent e.g.,
natural wax, synthetic wax, 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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mixer at room temperature, kneading of the mixture using a hot
roll or a heated kneader, and cooling and then grinding of the

mixture.

The thus obtained epoxy resin composition for use as a
mold resin is molded and cured by a molding method such as
transfermolding, compressionmolding, injectionmolding or the
like to encapsulate an electronic part such as a semiconductor
element. In this way, a semiconductor device of the present

invention can be obtained.

The type of the semiconductor device of the present
invention is not limited to any specific one, and examples of
the semiconductor device include SIP (Single Inline Package),
HSIP (SIP with Heatsink), ZIP (Zig-zag Inline Package), DIP
(Dual Inline Package), SDIP (Shrink Dual Inline Package), SOP
(Small Outline Package), SSOP (Shrink Small Outline Package),
TSOP (Thin Small OQutline 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
obtained in such a manner described above has excellent solder
cracking resistance and moisture resistance reliability. The
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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a compound represented by the formula (13)) is used as a curing
accelerator for an epoxy resin composition (thermosetting resin
composition), a reverse reaction of addition reaction occurs
at a certain rate when a cured product of the epoxy resin
composition is exposed to high temperature in the reflow

soldering process, for example, and as a result, decomposition

of the adduct into tertiary phosphine and quinones occurs.

At this time, the tertiary phosphine and the gquinines,
or compounds (components) generated by the reaction between
other components contained in the epoxy resin composition
(cured product) and the tertiary phosophine and quinones may
be wvolatilized, 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 andmoisture
resistance reliability as compared with a semiconductor device

which is encapsulated with a cured product of an epoxy resin
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composition containing the adduct of tertiary phosphine with
quinones (e.g., a compound represented by the formula (13)) as

a curing accelerator.

In this regard, it is to be noted that a description has
been made based on the exemplary case where the curing
accelerator (that is the trisubstituted phosphoniophenoclate or
the salt thereof represented by any one of the general formulas
(1) to (7)) of the present invention is used for the epoxy resin
composition, but 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, acrylate compounds, or alkenyl and alkynyl compounds,

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
or anaerobic curable resin compositions, 1in addition to

thermosetting resin compositions.

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

resin composition of the present invention, mixing (blending)
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XXX X X WO 00000 UUUULU 93 As shown in Table 3, each of the epoxy resin
conpositions obtained in Exanples 46 to 59 (epoxy resin conpositions of the
present iofetitd dmporiyacthiexfiéielrymaydsd loantt tead abicloirtly ngst or@ge wsteabifl i ty
and fluidity. Further, since the nodulus of elasticity of each of the cured
products BRetBRORPoXGStRSFATRBRPEIPEI ons of Exanples 46 to 59 was | ow, each
of the packages of the Exanples 46 to 59 (sem conductor devices of the
present invention) encapsul ated with the respective cured product had

excel I ent sol deq) €4 Agkth A HESIHANGE ANd T 1M LS IcH aRGR T %hk@ﬁ?‘ ity.
Further, the sem conductor devices manufactured in Exanples 48 to 51, in
whi ch t heacoaheunatdo €12 her epdrey cespoauwanisili wasn used t@se aendcionguacoel er at or
had i nproved sol der cracking resistance as conpared with the sem conduct or
devi ces ndPE &R Cfr B P cERaNpl e B am dagg Peen AkiSCH 1PRE coMpBER§ett4 was
used as a, j ceel t . hj S Lt _l.s.confirmed that by
using a sa ?éggg?ﬁig%b@%?t8%%5E%§2E%h%ﬁ?%%hgﬁ%Pg%éebﬁsmhich t he hydroxyl
group in the ration conmponent is |located in ortho position or neta position
to the phosphorus atom as a curing accelerator, an obtai ned sem conduct or
package cEBXAMBLE i nproved sol der cracking resistance as conpared with the
case where a salt of trisubstituted p honi ophenol.ate in which_the

hydr oxyl groupq$?ﬁq¢m?92ﬁ$in? ﬁ%Pi 9 SEEOERS ﬁ“ﬁ&ﬁ&lﬁ&sWﬁﬁéngﬁo t he
phosphor ug.atpmi§. used as a curing accelerator. On the other hand, each of
t he epoxy resin conpositions obtained in Conparative Exanples 10 and 11 had
poor storage stability. Further, since the nodulus of elasticity of each 94
of the cured products of the epoxy resin conpositions of Conparative
Exanpl es 10 andEvalyasion ght eatiuledtitet pdcokgeshobiaphedolatede

Conpar ati ve Ex les 10 and 1 d . extremnel oor . saol der crackin

resi st ance. Fuﬁgﬁgﬁﬁ At ot %29%56k§1$egpﬁ ES&BS?P?iS%SS %ﬁgﬁngarﬁn
Conpar at | yee EXROR| £5 12-6P: A9 Hadegxtresely poor curability, storage
stability and fluidity. Further, since the nodulus of elasticity of each of

the cured products of the epoxy resin conpositions of the Conparative
Exanples 12 to 15 was ,high:E each of the packages of the Conparative
Exanpl es 121t o A HRPHORE ORI R ek} PR F@5i st ance. (Exanples 60 to 66

and Conparativ l.es p esi i.tian rmppsetting
resin conpositﬁ%nsiggﬁgﬁaéﬁ%ﬁgé%g%‘569§§1§ﬁ@é%8§%33%?338 %&%?28 6 to 18
were prepared in the sane manner as Exanples 46, 48, 50, 52, 54, 56 and 58
and conparative Exanples 10, 12 and 14, respectively, except that a m xture

of 26 parts by (WEinfHiewdts b phesmypourypeCkhoxy resin represented by the
formula (23) a .5 rts by weight. of biph | _aral kyl, type epoxy resin
represent ed bynﬁ%égf%ﬂﬁﬁl%fT% HO%XY ﬁ%l%%nﬁguﬁgg(%ﬁi? ﬁﬁa ﬁé.agu58P¥s by
wei ght ofy 1&Fat ke resishiigRiesentadchy the frtdril 3 (2AhR8 bhe
conpound (B) were used, and packages (sem conductor devi Cces) of Exanples 60
to 66 andd{esphviatd 26 Ekanpbententeat8dvieydr oenudact wodd (B7%heirsafm® manner

as Exanpl e 46 except that the epoxy resin conpositions prepared i n Exanples
60 to 66 BhdPcos #eited ERafPleBcte voresewertazead 589 alnbraarabif,

reSpeCtlvfigéksgauipped 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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For each of the epoxy resin conpositions and packages obtained in Exanples
60 to 66 and Conparative Exanples 16 to 18, characteristic evaluations were
made. Their neasurenment results were substantially the sane as those of
Exanpl es 46, 48, 50, 52, 54, 56 and 58 and Conparative Exanples 10, 12 and
14 shown in Table 3, respectively. (Exanples 67 to 73 and Conparative
Exanpl es 19 to 21) Epoxy resin conpositions (thernosetting resin

conposi t imhsyf afutxarpt es v&rs t0l o8 yartk dpgrgh riatti ov e Hex asrdlugss. o0 ino t2& wer e
prepared in the sane manner as Exanples 46, 48, 50, 52, 54, 56 and 58, and
conpar at i {&28kanpl es 10, 12 and 14, respectively, except that 54 . 5 parts
by wei ght of biphenyl type epoxy resin represented by the fornula (23) as

t he conpound (A) , and a m xture of 24 parts by wei ght of phenol aralkyl
resin representegehy otohe forondse (we4) and rlpreardodph wed ghis sefl vikiagphenyl
aral kyl type phenolic resin represented by the fornmula (26) as the conpound
(B) were uséd0 addopackagesceseniccont ttappatbiintesihefsdbeargitles f6astko 73
and Conparative Exanple_19 to 21 re._manufactured i he same manner as
Exanpl e 4%“@%@?}1 t%ﬁ‘atsotlHél@BokS} t\r,\fg%ifrjr gsi FFbﬁ%ear%%rZé)dnﬁlﬁuEﬁénpl es 67
to 73 and Conparative Exanples 19 to 21 were used as a nold resin,
respectively. For each of the epoxy resin conpositions and packages

obtai ned i n Examxes 660 40 (7 32a00uddomedr abiY emBxpdpdesdd it 2Akied in
characteristic evaluations were made. Their measurement results were

subst ant i af Ml e ReouzmiEass rivos e lov Ixdnpresd 4t yghestepamblgy f186kand 58
and Conpar ati.ve anpl es .10, 12 and.14 shown in Table 3, respectively. 96
(Exanpl oeoB3 VB ot aRg e 58 108 BARDre %) FRRErh Seamsed TTpReoas
(thernoseftjggrresi n conpositions) of Exanples 74 to 80 and Conparative
Exanpl e 22 were prepared by bl ending 100 parts by wei ght of bismaleimde
resin conposed of di am nodi phenyl net hane (BM -H made by K~I CHEM CAL

| NDUSTRY Co. , LTD. ) with each of the conpounds Cl1 to Cl7 and C20 as a
curing accel er &Abreatburel Bremfi iy eade SfEwaisn VeaDl 6 14 ghtespddtiteel y,
and honoggneous] y m xing them _Eqr .each. of the resin.c 0si ti ons _oht ai ned
' Exanpt 50054 Lo BbY A P AP R L 15T 3¢ P ate 7B nAs
measur ed. 3ghe (B2 ABBNL o esdl {15y AR itRewhkepHERG dadd 0 of reaghtahtt he
curing accelerators are shown in Table 4. Table 4 CuringAccel erator Ge

Ti me Ki ndBrentbhgaRatves {paresedyandi gheh dried to obtain 29.7 g of
(second) Exanpl e74ConpoundC113. 0230Exanpl e75ConpoundC123. 3735Exanpl . e76Conpou
ndC133. 6558ExhTI P%ﬁﬁéiﬁﬁ&%ﬁé%ﬁ“%é?m GohpdBRGEY Qh@fﬂ@@ggéﬁﬂl e79Com
poundC164; 5 ?ggxanple80CanoundC174.3032Con1Exanple 22ConmpoundC203. 1040 As
shown in Table 4, each of the resin conpositions obtained in Exanples 74 to
80 was immedi ately cured. On the 97 ot her hand, the resin conposition

obtained in Conparative Exaq?le 22 was slowly and unsatisfactorily cured.
As has been dee%¥bed %abode(l fedmgiligofothpebtwingg dcwetbpsayphesylt he

present invention, it i ossible.to i i ately re rabl e resin
conpos!tiBﬁ%gh%%%l??o?%ﬁ%ﬁﬁgmpbggfé?e ?g?zfﬁegerggymBﬁgvg tpﬁéﬁééPg from
ocCurri Ngn &y S €8x PEOAUGTS 10, Ot@e&]@.bh.r]?é)!n%lr)e§f%@@E@@%ﬁﬁﬂﬁﬁc@vﬁﬁrbn a
case where they are exposed to high tenperature.

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 mol) of sodium
iodide dissolved in 250 ml of pure water was put into the

separable flask. A precipitated solid was filtered and then

40



Further, the epoxy resin conposition of the present invention has excellent
curability, storage stability and fluidity. Furthernore, even in a case
where the sem conductor device of the present invention is exposed to high
tenperature, defects such as cracking, delam nation and the like are hard
to occur therein. Also, deterioration with age due to noisture absorption
is hard to occur. 98 WiPaT | S CLAIMED 1 S 1. A curing accelerator to be
m xed intdraedutabldteasi 124dcdnupsef i @anbtownpsoiitli g théyeinoixygpheegdt i on of
the curabl e resin conposition, wherein the curing accel erator conprises
tr|substlFﬁﬁéﬁebﬁé§bﬁ§ﬁhéﬁhémoPéﬁédér a salt thereof. 2. The curing
accelerator as clained in claim1l1, wherein the trisubstituted

phosphoni ophenol ate is represented by the followi ng general forrmula (1): R~
R2 P~ Ar-O1 Riepberepn, RL, gRZ (andsR3 fmY)bectrhe tpame tagsor oWthfigeent from
one another, and each contalns at | east one aromatic ring, and represents a
substltutédhgdrunspbshyﬂuﬁadphmnykﬂhuﬁpmmgmnmc1gdmdp anda Kubshit wtfed or
unsubsti tuted nonoval ent al kyl and Ar represents an unsubstituted

di val ent BPERAPPE YPBRP®T &R @aﬁ@ﬁtmér%‘ﬁ%ﬁ% RotiPh SAHidPet Widdst one

hydroge” gt gg}u!ﬂéné&@séhﬁu%egt L2 aﬁﬁb\%tnl “%@Eemstﬁ‘i f%'&a’%o dfi%%%%'

gr oup e curing acce era or as the

trlsubstlQuh9dr699§He@9uowhgﬁwéﬁyﬁpm@spﬁ@ﬁﬁ@ﬁmkﬁﬁxhy thaehqlhgﬁhmgcﬁenera
formula (2~: Arz P~r- ~ AOAr3 wherein Arl, Ar2 and Ar3 may be

t he sane aSIOP dqﬁéeuensoﬂnum bmérag@nhearb@n@tea@@lmépp@sernatss sdowly
substituted or unsubstitut nov |l ent aromatic group; and Ar represents
an unsubngPHPEQ 4nv8l ERe g?éggtpe §FoGp6F 29 val ent aromatic group in
which at leas t one hydrogen atomis substituted with a substituent other
than a hydroxyl group. 4. The curing accelerator as clainmed in claim1,
wherei n the trizsgbstidubad mhesphoraplidnaialceghs wapresgns ethiby, tthe
followi ng general fornula (3): R4 (3) R~ wherein RO, R5 and R6 nay be the
sane as opodliffenenh themfdaekaweishdreatand agacdrdumndseld@Et édrf mbmua §r oup
consi stin

hyd t | t h
hydr oxyl @FBHBQS Y rog %?gﬁ 3c889gF§to gg%?éhégkﬁfg CE%§%1i?nWﬁ5reln

100 \~ RBiltered and then dried to obtain 15.9 g of yellowish brown

crystal.

The thus obtained crystal was defined as a compound Cl.
As a result of analyses of the compound Cl by 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
the compound Cl was a target trisubstituted phosphoniophenolate
represented by the following formula (14). The yield of the

compound Cl was 59%.
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the oxyanion in the general forrmula (3) is located in ortho position or
neta position to the phosphorus atom 6. The curing accel erator as clai ned
inclaiml, wherein the salt of trisubstituted phosphoni ophenolate is
represented by the follow ng general fornula (4): Re-P-Ar-OH | OA-OH+ _r
{ AA~CH) } ~sl1l pl~ P 9 wherein R7, R$ and RO may be the same as or
different fromone another, and each represents a substituted or
unsubsti t ut ed nisavahent s as Hnadvmoogndu@2br a substituted or unsubstituted
nonoval ent al kyl group; Ar represents an unsubstituted dival ent aromatic
group or a di vareRPMRPBAAL FaSgByLEies IRsicde H tat th e a3 MO nB2AYEF 0§&n thEom i s
substi t ut eg b Lhqa. SUBSLELUSNL. qUher ;L Aan & Dyds oxyl, grouR, Aqiepnggents a
p- val ent 8?g i ¢ grotip cBntalnlng at”least” one aromati ¢ ring and/or at

| east oneyhet g508YEh8tedldoP bSmabhbRygden gk, 2tborBeaBByduilt iBatel1? 7.
The curing accelerator as clainmed in claim1l, wherein the salt of

trisubstis¢bteinphdsphonobphehddbat exrysteépresented by the foll ow ng general
formula (5): 101 R10 R11 0 A\ -~H-Ppl ATOH) 1gJ ~i 12 wherein Rl, Rl11 and
R12 may be the same as or different fromone another, and each is selected

from a group Consl Shig 1. A furlLo0en o3t guy A PEABN! L 9T0URr AR ROXY o7 0Up

and a hydroxyl group; ATeprésents -va ani ¢ group contal ni'ng at

| east oneagr gnebkGlki R aH1G/sedd dashe 086mPELEHOCYChE; 'aRHMR, | hadB _
integer of 2 to 8 and gis O0to 2. 8. The curing accelerator as clainmed in

claim 1, spererpmeheysadndoflemdsiasy ianaleds phosighomisogleerdlraed ithat
represented by the follow n eneral formula (6).0 7). R S R~-8 R-6
RebRas R Bre Sonpunces R4E T £ AERRG v 1nE s hlds Bhebbhan TophsRedthec 7 o
(6) 102 repggge&téﬁmby the following formula (15). The yield of the

compound C2 was 45%.

OFoy’
o -

(Synthesis of compound C3)

A compound was synthesized in the same manner as the
compound Cl except that 12.3 g (0.100 mel) 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 'H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
the compound C3 was a target trisubstituted phosphoniophenolate

represented by the following formula (16). The yield of the
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O~OHHp ~-H/ / I | G~~) wherein R13, R19 and R15 nmay be the sanme as
or different fromone another, and each is selected froma group consisting
of a hydrogen atom a nethyl group, a nethoxy group and a hydroxyl group;
R16, Ri', R18 and R19 may be the sane as or different from one another, and
each is selected froma group consisting of a hydrogen atom a hal ogen atom
and a nonoval ent organic group having 1 to 6 carbon atons; X represents a
si ngl e boadppannet bdrwgsodps.a sul fone group, a sul fide group, a carbonyl

group or a divalent organic group having 1 to 13 carbon atonms and g is O to
2. 9. The curing accelerator as clainmed in any one of clains 6 to 8,
wherein the hydroxyl group in the cation conponent formng the salt of
trisubstituted pffosSphoni ophenolate is |ocated in ortho position or neta
position to the L phorus atom 10. An epoxy resin conposition conprising
a conpound havj ng nore epoxy groups in one nol ecul e, a conpound
i ¢ hydroxyl groups in one nolecule, and the curing
y one of cﬂéghs 1to 9. 103 11. The epoxy resin

conposition a |_247¢ Ac(i m 10, wherein the conpound having two or nore
epoxy groups in pl’ecul® contains as a main i ngredi ent at | east one of
epoxy resins rep ented by the foll ow ng general fornulas (8) and (9):
H2C~ /CH2 ( 8 ) OWherein RZ, RZ1, R22 and R23 may be the sane as or
different fromone another, and each is selected froma group consisting of
a hydrogen ato a linear or cyclic al group having 1 to 6 carbon atons,
a phenyl gr ouan%‘éP%h%%Jr%g%% %%/%%?u%‘ﬁdgix—tgo HC 12 O R24 R26 CH2~ R 5 R2~
HC CHC \2 O R28 B3fosinGHias HyR2$B3Lea (1) whersife RR4nkorR3L waY be the
sane as or different fromone another, and each is selected froma group
consi st i ngoompoantiydr@jen estcamt an talkyl §Boeldp havi ngP112® 4 mednbonodt ons
and a hal ogen atom and a is an integer of 1 or nore. 12. The epoxy resin
conposi t i SNMaEheX%r ArBeTAYERRL#LEE, whetdT n a P§S8n i nteyereadt 1 t8f10. 13.
The epoxy_resin conposition as.clained ig,claim10,, 640 rein_the
conpound %a§§%§°¥%%gﬁil%%re % %noﬁ?%ﬁﬁyd?gx%l g%oupg&i¢7%ne“%%)ecupg
contains @g;iapBbNyipAGSFHEAL Ris|easd gL @E@Q'ibﬁeh?igﬂ%\?ﬁﬁﬁhés,em ed
by the follow ng general formulas (10) and (11): OH-~ C (10) erein R32 to
R35 may beot hkesahy astbmadelfeckhaifr o 6ng amfobhewn amdstadh is sel ected
froma group consisting of a hydrogen atom an al kyl group having 1 to 4
carbon atons and a hal ogen atom and b is an integer of 1 or nore; and OH
OH R3f~38 RA084Zs GHs dorzGiRdickylla) hasdetintd 4s a compound ca.

As a result of analyses of the compound C4 by 'H-NMR, mass

spectrometry, and elementary analysis, it was confirmed that

the compound C4 was a target trisubstituted phosphoniophenolate

represented by the following formula (17). The yield of the

compound C4 was 55%.

HaC 2

CH3

(Synthesis of compound C5)

A compound was synthesized in the same manner as the
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83T839 RA~R43 c wherein R36 to RO3nmay be the sane as or different from one
anot her, and each is selected froma group consisting of a hydrogen 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. 14. The epoxy resin conposition as clainmed in claim
13, wherein b is an integer of 1 to 10. 15. The epoxy resin conposition as
claimed in claim13, wherein c is an integer of 1 to 10. nN 105 16. The
epoxy rescomgoupdsi t¢bn axad medhan cl abnB10, gwhet®i (7§ he modnt enbfof t he
curing accelerator is in the_range of 0.01 to 10 wo. 17, The epoxy reS|n
conposi t | BAl asdchaf pedypheryal ﬁh@@phwﬁt hewa@onpru%%g ahnFheRrGani Offiller.
18. The epo resin co 05|t|on d i ein-th
inorganicgf ¥?%?y%%h?ﬁ§§ SRR eiﬁg q&”@%hi%-re5| 86ﬁ%03|t?%ﬁa§§

cl ai ned |gegigwg§g7why@§r§kgsigg.|norganlc filler is in the form of
granul es or particles he epoxy resin conposition as clainmed 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 conposition as clainmed |n claim
17, wherein t hel R riteht odraimed ReY§aar-cVesl Fefinedi # thEFReyef o200 to

2, 400 pagls, b¥e h@htofp%rna e%aréé Q%’e"“é‘&&g&ur?& f:@eb otgl gﬁ{iﬁ”%sgf the

conpound haV|n nor € '€époxy groups Inh oné nolecute an e compound
havi ng tw@p@cﬁtﬂ@:ﬁ@tﬁiﬂﬁr@ﬂ@ Ce Turekiopaity Hrelpss i), ane Wi eoulfe rméd. tAat

sem conduct or devi ce manufactured by encapsul ating at | east one

sem conduthecosipemedt Cwivals ateuned qﬁicajmtid:futetrépép@pyonéQpheooﬁrp@gi tion
clainmed in an one of clains to, 21. 106 _ As; Ay. A. AL A AN. AU. A
r.A(. A r. BgPFe %Ff&t ‘gSkuA ?@%&%{lWL EQEmul sna( ];&ﬁaA AReaYASAR RIARNeAa 1. AN
. A Aa. Aa3 r o Aa. Aa . Aa. Au. Au. Aar . AN3. A3r. Aa r. Au9. Aa . A3r. Au
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_AU. A Aa. Au. Aa . AN3. Au. Asr. A. Aa. AN. Au. Aa. Aa. AN . A3r.A( .A r.ANT.A3. AC A
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As a result of analyses of the compound C6 by "H-NMR, mass
spectrometry, and elementary analysis, it was confirmed that
the compound C6 was a target trisubstituted phosphoniophenolate
represented by the following formula (19). The yield of the

compound C6 was 72%.
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precipitate was gradually produced.

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 Cl0 by 1H-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

yield of the compound Cl0 was 75%.

%,

OH

(13)

1-2 Preparation of epoxy resin composition and manufacture

of semiconductor device

Epoxy resin compositions of Examples and Comparative

Examples were prepared using the obtained compounds Cl to C10
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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 value) as the compound (B), the
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.

HZC—CHCHZO Q O OCHzCH—CHz (23)

<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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ICI melt viscosity at 150°C: 3.6 poise

Then, 52 parts by weight of biphenyl type epoxy resin,
48 parts by weight of phenol aralkyl resin, 1.77 parts by weight
of the compound C1, 730 parts by weight of spherical fused silica,
2 parts by weight of carbonblack, 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 mixture
was kneaded using a hot roll at 95°C for 8 minutes, and was coocled
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

conditions of amold 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
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conditions of a mold 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.

In this regard, it is to be noted that this 1l6~-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 (A), 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
bisphencl A type epoxy resin and carnauba wax as additives were

prepared.
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<Physical properties of compound represented by the
formula (25)>

Softening point: 60°C
Epoxy equivalent: 272

ICTI melt viscosity at 150°C: 1.3 poise

OH H

Ho—| 2y (26)
CI' C -

<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 Cl, 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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resin composition).

Then, packages (semiconductor devices) were manufactured
in the same manner as Example 1 except that the epoxy resin

composition 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 C1l, 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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10T=10%& ()-8 109 & () - F10%WT& ()-1'Q IIO%TT&T() Y<szodY: !

9l 10%&' (Yhey elfiky resin compos1tlon prepared in Example 5 was used as

a mold resin.

(Example 6)

An epoxy resin composition (thermosetting resin
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 C1, 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 Cl, and packages (semiconductor
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F1090& (A5 MR51 21 80 1038 T {1 &% WELDAT& L)y L QW& GhieY manner as
Example 1 except that 2.01 parts by weight of the compound C5
was used instead of the compound C1, and packages (semiconductor
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
was used instead of the compound C1, and packages (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
was used instead of the compound C1, and packages (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.
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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 C1, 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
was used instead of the compound Cl, and packages (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 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 <zresin 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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epoxy resin composition (thermosetting resin

composition) of Comparative Example 1 was prepared in the same
manner as Example 1 except that 1.85 parts by weight of the
compound C10 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
cdmpound Cl10 was used instead of the compound Cl, and packages
(semiconductor devices) of Comparative Example 2 were
manufactured in the same manner as Example 2 except that the
epoxy 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 Example 3 was prepared in the same
manner as Example 1 except that 1.00 part by weight of
triphenylphosphine was used instead of the compound Cl, and

packages (semiconductor packages) of Comparative Example 3 were
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phosphoniophenclate 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 compared with the case
where trisubstituted phosphoniophenolate in which the oxyanion

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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stability, and each of the packages obtained in Comparative
Examples 1 and 2 had poor solder cracking resistance and
extremely low moisture resistance reliability. Further, each
of the epoxy resin compositions obtained in Comparative
Examples 3 and 4 had extremely poor curability, 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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and Comparative Examples 1 and 3 shown in Table 1, respectively.

(Examples 28 to 36 and Comparative Examples 7 and 8)

Epoxy resin compositions (thermosetting resin
compositions) of Examples 28 to 36 and Comparative Examples 7
and 8 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 54.5 parts by weight of biphenyl type
epoxy resin represented by the formula (23) as the compound (A4),
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 phenclic 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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10% m & ()-p5H 10% m & () - p55W5 7 6666666vZ>{ 5WHH 10% m & () - p5H

109% m & ()-p5H 10% m & ()-p55W5 7 -H 10% m & () - pSH

10% m & () - p56666666Z>{ 5WHH 10% m & ()-p55W5 7 -H 10% m & () - p5H

109% m & ()-p5-H 10% m & () - p5H 10% m & () - p56666666pT{ 5WHH 10% m & H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H
10% m & () - p56666666nN. { 5H 109% m & ()-p5H 10% m & () - p5H 10% m & () - p5H
10% m & (Ixpbplla898 7 8 (45 pEEWGnp 8686666 Z{ariH o BHWEI% mr&pE)rass 5w 5

blending 100 parts by weight of bismaleimide resin composed of
diaminodiphenylmethane (BMI-H made by K-I CHEMICAL, INDUSTRY
Co., LTD.) with each of the compounds Cl to C9 and
triphenylphosphine as a curing accelerator at the blending
ratio shown in Table 2, respectively, and homogeneously mixing

them.

For each of the resin compositions obtained in Examples

37 to 45 and Comparative Example 9, gel time at 175°C was measured.
The measurement results and the blending ratio of each of the

curing accelerators are shown in Table 2.
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7 H 10% m & ()-p5H 10% m & ()-p5-H 10% m & () - p5H

10% m & () - p56666666dD{ 5H 10H 10% m & () - p5H 10% m & () - p5H 10% m & () - pSH
109% m & ()-p5H 10% m & () - p5H 10% m & () - p56666666qU9{ 5H 10% m & () - p5%H 1
109% m & ()-p55W5 7 H 10% m & () - p5pH 10% m & () - p5H

10% m & () - p56666666cC{ _5H 1H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

109% m & ()-p5H 10% m & () - p5H 10% m & () - p56666666R6{ 5H 10% m & () - p55W 5

7 H 10% m & ()-p5H 10% m & () - p5H 108bie&2() - p5H 10% m & () - p566777

Curing Accelerator
Gel Time
(parts by weight)
Example 37 Compound C1 1.77 38
Example 38 Compound C2 1.77 40
Example 39 Compound C3 1.77 36
Example 40 Compound C4 2.05 36
Example 41 Compound C5 2.01 31
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 Triphenyl- 1.00 Microgel
phosphine

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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7771 PASH 10% m & ()-p5-H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p5H 10% m & () - p5H 10% m & ()-p57 777777nN245H 10% mi & () - p5- H
10% m & ()-p5H 10% m & ()-p5H 10% m & () - p5H 10% i & () - p55W 5 7
7777777vZ>45H 10H 10% m & () - p5H 10% m & ()-p55W5 7 H 10% m & () - p5- H
10% m & () - p5H 10% m & () - p577#79% &7 7(7) 7gK/ 5H 10% m & () - p5H

10% m & ()-p5H 10% i & () - p5H 10% m & () - p5H 10% i & () - p5H 10% m & () - p5H
10% m & () - p5) 7¥ 7+, q. 7f 707t hEkyA0HL 1006 1P &L0P- pSOH 20% AN&aEpepSBH

hydrochloric acid solution which had been prepared by
dissolving 25 ml of concentrated hydrochloric acid (37%) in 200
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
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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109% m & ()-pSH 10% m & ()-p5H 10% m & ()-p55W 5 7 07172737475767vZ>/ 5H 10H
10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p55W5 7 -H 10% i & () - p5H

10% m & ()-p567778797:7; 7<7Z>/ 5H 10H 10% m & ()-p55W5 7 -H 10% m & () - p5H
109% m & ()-p5-H 10% m & ()-p5H 10% m & () - p5<7=7C7D7E7F7G7pT/ 5H 10H

109% m & H 109 m & ()-p5H 10% m & () - pSH 10% m & () - p5H 10% m & () - p5H

10% m & () - pSH 10% m & () - p5G7H71 7J707P7Q7r V- / 5H 10H 10% mi & () - p5H

10% M & (3rpphtAP¥phb&Hhdrnphil 168G ae& 6B~ p5H (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, the reaction product was
cooled to room temperature, and then 3.3 g (0.022 mol) of sodium
iodide dissolved in 250 ml of pure water was put into the flask.
Then, a precipitated solidwas filtered and then dried to obtain
24,1 gof abrown 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 Cll.

As a result of analyses of the compound Cll by 'H-NMR, mass
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10% m & ()-p55W 5 7 QTR7S7T7U7V7_7vZ:/5H 10H 10% m & () - pSH 10% mi & () - p5H
10% m & ()-p55W5 7 -H 10% m & ()-p5H 10% m & ()-p5_7 7a7b7c7d7e7Z>/ 5H 10H
10% m & ()-p55W5 7 -H 10% m & ()-p5H 10% m & ()-p5-H 10% m & () - p5H

10% m & () - p5e7f 7h7t 7v7x7z7dD/ 5H 10H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5z7| 7} 7~7777qQL/ 5H
10% m & ()-p5H 10% m & ()-p5H 10% m & () -p5H 10% m & ()-p55W5 7 H

10% m &' (3ppSTIFRITTY ahbHe 168eNnt &1 )arph5WiS, it was confirmed that the

compound Cll was a target trisubstituted phosphoniophenolate
salt represented by the following formula (27). The yield of

the compound Cl1 was 22%.

+
[ )
OH ?
LS| OFO | =
0]
- -

(Synthesis of compound C1l2)

A compound was synthesized in the same manner as the
compound Cll except that 8.0 g (0.050 mol) of
2,3-dihydroxynaphthalene was used instead of bisphenol S
(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 Cl12.
As a result of analyses of the compound C12 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 Cl2 was 42%.
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7 H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p5777777771 P45HH 10% mi & () - pSH 10% mi & () - p5H 10% mi & () - p5H
10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p57777777r R645HH
109% m & ()-p5H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p55W5 7 7777777vZ>45HHH 10% m & () - p5H 10% m & () - p55W 5 7 - H
10% m & ()-p5-H 10% m & () - p5H 10% i & () - p577777770945H5W 5 7 H

10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p5(H 10% m & () - p5(H

10% m & () - p577777777pT85HH

OH O
HO

(Synthesis of compound C13)

A compound was synthesized in the same manner as the
compound Cl1l 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 C13 by 'H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound C13 was a target trisubstituted phosphoniophenolate
salt represented by the following formula (29). The yield of
the compound C13 was 52%.
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10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

109% m & ()-p5H 10% m & () - p57777777r V- 85HH 10% m & () - p5H 10% m & () - pSH

109% m & ()-p5H 10% m & ()-p5H 10% m & () - p55W5 7 7777777vZ>85HH

109% m & ()-p5H 10% m & ()-p5H 10% m & ()-p55W5 7 H 10% m & () - p5H

10% m & ()-p57777777Z>85HH 10% m & ()-p55W5 7 -H 10% m & () - p5H

109% m & ()-p5H 10% m & ()-p5H 10% m & () - p57777777pT85HH 10% m & H

10% m & ()-p5H 10% m & ()- p5H 0% m & ()-p5H 10% m & () - p5H 10% m & () - p5H
- 7

OF eyl 0.0 o

(Synthesis of compound Cl14)

A compound was synthesized in the same manner as compound
C1l3 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 Cl4.
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%.

Ot leona) -

(Synthesis of compound C15)

A compound was synthesized in the same manner as compound
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10% m & () -p57777777nR685HH 10% i & () - p5&H 10% mi & () - p5-H 10% m & () - p5H
109% m & ()-p5H 10% m & ()-pS55W5 7 7777777vZ>85HHH 10% m & () - pSH

109% m & ()-p5H 10% m & ()-p55W5 7 H 10% m & () - pSH

10% m & () - p57888888Z>85HHH 10% m & ()-p55W5 7 -H 10% m & () - p5H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p58888 888pT85HHH 10% m & H

109% m & ()-p5H 10% m & ()-p5H 10% m & ()-p5H 10% m & () - pSH 10% m & () - pSH
10% m & (J+1B8cepssasrt/185MH 10%L010&h¢) + PSH 1066 &y ¢ p-pSthbem il &hé) - p5H

was used instead of o-methoxyaniline, 23.1 g (0.076 mol) of
tri-p-tolylphosphine was used instead of triphenylphosphine,
and that 8.0 g (0.050 mol) of 1, 6-dihydroxynaphthalene was used
instead of 12.5 g of bisphenol ]
(2,2-bis(4-hydroxyphenyl)sulfone), to thereby ultimately
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 Cl5 by H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound Cl5 was a target trisubstituted phosphoniophenoclate
salt represented by the following formula (31). The yield of

the compound C1l5 was 51%.

+

OH | on "
HaC P
Q) -
3 0
CH3J

(Synthesis of compound C16)

A compound was synthesized in the same manner as the
compound Cll 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 crystal.

The thus obtained crystal was defined as a compound Cl6.
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109% m & ()-p5H 10% m & () - p55W5 7 888888 8rV685HH 10% m & () - p5H

109% m & ()-p5H 10% m & ()-p55W5 7 H 10% m & () - pSH 10% m & () - p5

8"898' 8)8-8.8 )85W5 7 H 10% m & ()-p5H 10% mi & () - p5H 10% i & () - p5H
109% m & ()-p5H 10% m & () - p5. 808186888<8>8hH85W 5 7 H 10% m & () - pSH
10% m & ()-p5H 10% m & () - p5H 10% mi & () - p5H 10% m & () - p5H

10% m & () - p5>8A8B8C8F8GBLSMQLE85WH 10% m & () - p5H 10% m & () - pSH

10% m & (AepS5WESuTtHof0aMALEsEs- pS( Hhe0 Yomp&u)d 516 MBNS B8 R8BS REZ 385 WHH

spectrometry and elementary analysis, it was confirmed that the
compound Cl16 was a target trisubstituted phosphoniophenolate
salt represented by the following formula (32). The yield of

the compound Cl6 was 51%.

+

B OH | .
HaC P ?
3 o)
] CHy.

(Synthesis of compound C17)

A compound was synthesized in the same manner as the
compound Cl1l 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 Cl7 by 'H-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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10% m & ()-p5 5W5 7 H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H
10% m & () - pSR8S8T8USVEBWBX8t X85WHH 10% m & ()-H 10% m & () - pSH

109% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

10% m & () - p5X8Y8] 8_8c8d8e8j N285WH 109% m & () - p5H 10% m & () - p5H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p55W5 7 e8f 8g8h8nBg8v8r R285WH
109% m & ()-p5H 10% m & ()-p5H 10% m & ()-p55W5 7 H 10% m & () - pSH

10% m & (F- p5v8wex8y8z8{ 8} 8Z: 85WH 10% m & ()-p55W5 7 H 10% m & () - p5H
10% m & (|) - p5H OH -

HO P o—@cm@—or—u (33)

(Synthesis of compound C18)

40.0g (0.2 mol) of bisphenol F-D (amixture of the isomers
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 soluticon 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 Cl8 was a target trisubstituted
phosphoniophenolate salt represented by the following formula

(34). The yield of the compound Cl8 was 57%.
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10% m & () - p5H 10% m & () - p5} 8888888kCB5WH 109% mH 10% m & () - p5H

109% m & ()-p5H 10% m & ()-p5H 10% m & () - pSH 10% m & () - pSH

10% m & () - p58888888vZ>85WH 109% m & () - pSOH 10% m & () - p5SOH 10% m & () - p5OH
109% m & ()-p50H 10% m & () - p55W5 7 8888888vV: 85WH 109% m & () - p5H

109% m & ()-p5H 10% m & () - p505W5 7 -H 10% m & () - p5H

10% m & () - p588888887>85WH 10% m & ()-p55W5 7 -H 10% m & () - pSH

10% m & ()-p5-H 10% m & ()* p5H 10% m & () - p588888880S85WH 10% ni &H

109% m & (- p5H 10% m & ()} p5H 10% m & () - p5(H

EN o " '
ofoll Ty |
Oorl

(Synthesis of compound C19)
In a 500 ml Dbeaker, 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-benzoquinone dissolved in .
45 ml of acetone, was slowly dropped into the solution in the
beaker under stirring. As 1its 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 (0.075mol) 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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10% M & ()-p5(H 10% M & ()-p5(H 10% M & () - p58888888vZ>85WH 10% m & () - pSHH
10% M & ()-p5HH 10% M & () -p5HH 10% M & () -p5HH 10% M & () - poHSW S 7
8888888vV685WH 10% M & ()-p5H 10% m & ()-p5H 10% m & () - p5HSW S 7 -H
10% m & ()-p5H 10% m & () - p588888882>85WH 10% m & () - p55W5 7 -H
10% M & ()-p5H 10% m & ()-p5-H 10% M & ()-p5H 10% m & () - p588888888hLO5H
10% M & ()-p5H 10% M & ()-p5H 10% M & ()-p5H 10% M & () -p5&H 10% m & () - pSH
10% M & (sopbHidQ%i Al &hé) bpa&888&88vY¥EATHeH0 Fom &'0( Inipode’Q% M & () - pSH
10% m & () - p5H
Then, the reaction product was dropped into 2,000 ml of
pure water. A precipitated solid was filtered and then dried,

to thereby obtain 13.4 g of a brown solid.

The thus obtained solid was defined as a compound C19.
As a result of analyses of the compound C19 by 'H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the
compound C19 was a target Frisubstituted phosphonicophenolate
salt represented by the following formula (35). The yield of

the compound Cl9 was 25%.

OH

Q—p 0-CO-CHs3 (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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10% m & ()-p55W5 7 H 10% m & ()-p588888882>05H 10% m & () -p55W 5 7 -H
10% M & ()-p5-H 10% M & ()-p5H 10% M & ()-pSH 10% m & () - p58888888pTO5H
10% m & H 10% m & ()-p5H 10% m & ()-p5H 10% M & ()-p5H 10% m & () - pSH
10% m & ()-p5H 10% M & () - p58888888nN. 05H 10% m & ()-p5H 10% m & () - p5SH
10% m & ()-p5H 10% M & ()-p5H 10% m & ()-p55W5 7 8888888i M 05H

10% M & ()-p5H 10% m & () -p55W5 7 %1 10% m & ()-p5H 10% m & () - pSH
10% m & ($ahb5388888BUAOFHIW She Hollowing formula (36). The yield of

the compound C20 was 49%.

+
— —
OH ﬁ
O S OH
0]
OH

2=-2 Preparation of epoxy resin composition and manufacture

of semiconductor device

Epoxy resin compositions of Examples 46 to 59 and
Comparative Examples 10 to 15 were prepared using the obtained
compounds Cl1l 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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10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

10% m & () - p588889999pT85H 10% m & () - p5H 10% m & () - p5H 10% m & () - pSH
109% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p59999999vZ>85H
109% m & ()-p5H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p55W5 7 9 999 999vZ>85H 10% m & () - p5H 10% m & () - p5H

109% m & ()-p55W5 7 -H 10% m & () - p5SH 10% m & () - p599999997>85H

10% m & (98 p&BWE Y7 weklgh096 fipkiefplpSth 1094 me& i(D),- B5OR H09%8 sro& e i pist

of the compound Cl1l, 730 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 95°C for
8 minutes, and was cocled 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

conditions of amold 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 a mold 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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10% M & ()-p59999999t X85H 10% m & ()-H 10% m & ()-p5H 10% M & () - p5-H
10% m & ()-p5H 10% M & ()-p5-H 10% M & ()-p5H 10% m & () - p59999! 9#9$9nN285H
10% m & ()-p5H 10% M & ()-p5H 10% m & ()-p5H 10% M & () - p5H
10% M & ()-p55W5 7 $990&9' 9(9) 9*9vZ>85H 10H 10% m & () - p5H
10% M & ()-p55W5 7 H 10% m & ()-p5-H 10% m & () - p5H
10% m & ()-p5*9, 9-9.9/909190985H5W5 7 H 10% m & () -p5H 10% m & () - p5SH
10% m & ()-p5(H 10% m & ()-p5(H 10% m & ()-p5192949798999: 9; 9l P4A5H
109% M & () - 0 () - 0 () - 0 () -
0% m & () pSF{fé)@ﬂg;&éQgé¥ﬁj %%A%gi%o( ep%gt%%A%ggt g%ig5T6—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 47)

First, biphenyl aralkyl type epoxy resin represented by
the formula (25) (wherein the number of repeat units is 3 and
it is an average number) as the compound (A), biphenyl aralkyl
type phenolic resin represented by the formula (26) (wherein
the number of repeat utnits is 3 and it is an average number)
as the compound (B), the compound Cl1l 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, 57 parts by weight of biphenyl aralkyl type epoxy
resin, 43 parté 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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10% m & ()-p5H 10% m & () - p5H 10% i & () - p5; 9<9=9>9?29@CIvZ: 45H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p55W5 7 COE9F9GOHII 909qU545H 109% mi & () - pSH 10% mi & () - p5(H
109% m & ()-p5(5W5 7 H 10% m & () - p5H 10% m & () - p5C0QTOVOZ9[ 9\ 91 - 45H
10% m & ()-p5 5W5 7 H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H
10% m & () - p5\ 9] 979 9 9a9b9t X45H 10% m & () - p5' 5W5 7H 10% mi & () - p5H
10% m & (}npSbsl 9086 manex piH FLOMoT & 49 -Siet0WBAE the phdxy resin

10% m & () - p5b9¢9d9e9g9h9i 9r V: 45H 10% 10% m & () - pSH ,
composition prepared in Example 47 was used as a mold resin.

(Example 48)

An epoxy resin composition (thermosetting resin
composition) of Example 48 was prepared in the same manner as
Example 46 except that 2.56 parts by weight of the compound C12
was used 1instead of the compound Cll, and packages
(semiconductor devices) of Example 48 were manufactured in the
same manner as Example 46 except that the epoxy 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 Cl11, 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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10% M & ()-p5-H 10% M & ()-p5H 10% M & ()-p5H 10% m & () - p55W5 7

I 9) 9k9l 9MOn909vZ>45H 10%H 10% m & () -p5H 10% M & () -p5H 10% m & () - pS5W5 7

-H 10% m & ()-p5H 10% M & () - p509p9q9r 9s9t 9u9Z>45H 1091 10% m & () - pS5W 5 7

-H 10% m & ()-p5H 10% m & ()-p5-H 10% m & () - pSH

10% m & () - p5u9vIowOx9y9z9{ 9t X45H 10%H 10% M & ()-H 10% m & () - pSH

10% M & ()-p5-H 10% M & ()-p5H 10% M & ()-p5-H 10% M & () - p5H

10% m & () - p5{ 9 B%&9B89yZ>45H 109 10% m & () - p5H 10% m & () - pSH

10% m & () - p5H , o . .
An epoxy <resin composition (thermosetting resin

composition) of Example 51 was prepared in the same manner as

Example 47 except that 3.36 parts by weight of the compound C13

was used 1instead of the compound Cll, and packages

(semiconductor devices) of Example 51 were manufactured in the

same manner as Example 47 except that the epoxy resin

composition prepared in Example 51 was used as a mold resin.

(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 Cl14 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 Cl4 was used instead of the
compound C13, 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

83



10% m & ()-p5H 10% m & ()-p55W 5 7 9999999r V: 45H 10%d 10% mi & () - p5H

10% m & ()-p5H 10% m & ()-p55W5 7 -H 10% i & () - pSH

10% m & () - p599999991 645H 5W5 7 H 10% m & ()-p5' H 10% m & () - p5H

10% m & ()-p5H 10% m & ()-p5H 10% m & () - p599999999pT85H 5H 10% m & () - p5H
10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p5H 10% m & () - p5H 10% m & () - p5H
10% m & () - p59999999vV: 85H 5H 10% m & () - p5H 10% m & ()-p5H 10% m & () - p5H
10% M & (Fxpibbl 400 ak&ep)- podWA 85 parts by weight of the compound C15

was used instead of the compound Cl1, and packages
(semiconductor devices) of Example 54 were manufactured in the
same manner as Example 46 except that the epoxy resin

composition prepared in Example 54 was used as a mold resin.

(Example 55)

An epoxy resin composition (thermosetting resin
composition) of 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 Cll, 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 C1l1, and packages

(semiconductor devices) of Example 57 were manufactured in the
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7 9999999r V: 85H 5H 10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p55W5 7 - H
109% m & ()-p5H 10% m & () - p59999999QE85HH 10% m & () - p5(5W5 7 nH

109% m & ()-p5H 10% m & ()-p5H 10% m & () - p5(H 10% m & () - p59999999pT85HH
109% m & ()-p5(5H 10% m & () - p5H 10% m & () - p5H 10% m & () - p5H

10% m & ()-p5H 10% m & () - p5H 10% m & () - p59999999r R685HH 10% m & () - p5H
109% m & ()-p5H 10% m & ()-p5H 10% m & ()-p5H 10% m & () - p5S5W 5 7

9999999 US8H4IH r:0%ar &ak) - PoapDes M ExaefpH LB M €A é) -pEBSW Fesin

composition prepared in Example 57 was used as a mold resin.

(Example 58)

An epoxy resin composition (thermosetting resin
composition) of Example 58 was prepared in the same manner as
Example 46 except that 3.01 parts by weight of the compound C17
was used instead of the compound Cll, and packages
(semiconductor devices) of Example 58 were manufactured in the
same mannher 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 Cl11, and packages
(semiconductor devices) of Example 59 were manufactured in the
same manner as Example 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 Cl1, 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.
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7 H10% m & ()-p5H 10% M & () - p59999999U985HH 10% m & () - p55W5 7 -H

10% M & ()-p5H 10% M & ()-p5H 10% m & () -p5H 10% M & () - p59999999t X85HH
10% m & ()-p55H 10% m & ()-p5H 10% M & ()-p5H 10% M & () -p5H 10% M & () - p5H
10% m & ()-p5H 10% m & () -p59999999vZ: 85HH 10% m & () - p5H 10% M & () - p5H
10% M & ()-p5H 10% m & ()-p5H 10% m & () - p55W 5 7 9999999qU985HH

10% M & ()-p5H 10% M & ()-p5(H 10% M & ()-pS5(5W5 7 H 10% m & () - p5H

10% m & ()-p59999999N285H 10% m & () - pS5W5 7

(Comparative Example 11)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 11 was prepared in the same
manner as Example 47 except that 3.69 parts by weight of the
compound C18 was used instead of the compound Cl1l, and packages
(semiconductor devices) of Comparative Example 11 were
manufactured in the same manner as Example 47 except that the

epoxy resin composition prepared in Comparative Example 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 C1l1, 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 Cl1l, 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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H 10% mM & ()-p5H 10% m & ()-p5H 10% M & ()-p5H 10% M & () - p59999999t X85H
10% M & ()-p55WH 10% M & ()-p5H 10% M & ()-p5H 10% M & () - p5H

10% m & ()-p5H 10% m & ()-p5H 10% m & () -p5999::::vZ>85H 10H 10% m & () - p5H
10% M & ()-p5H 10% m & ()-p5H 10% m & () -p5H 10% M & () - p55W5 7
cioririvzZ>85H 10H 10% M & () -p5H 10% m & () -p5H 10% m & ()-p55W5 7 -H

10% M & ()-p5H 10% M & ()-p5:::::::1-85H 10% m & ()-p505W5 7 H

10% m & ()-p5H 10% m & () - pSH

(Comparative Example 14)

An epoxy resin composition (thermosetting resin
composition) of Comparative Example 14 was prepared in the same
manner as Example 46 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 14 were
manufactured in the same manner as Example 46 except that the

epoxy resin composition prepared in Comparative 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 Example 47 except that 3.10 parts by weight of the
compound C20 was used instead of the compound Cl1, 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.

(1) Spiral flow
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10% M & ()-p5H 10% M & ()-p5:::::: :hH85H 10% M & ()-p5H 10% M & () - pSH
10% m & ()-p5H 10% M & ()-p5H 10% m & ()-p5H 10% M & ()-p5H 10% m & () - p5
o6& (:vVB85H H 109% m & () -p5H 10% m & () -p5H 10% m & () - pSH

10% M & ()-p5H 10% m & ()-p55W5 7 (:*:,:-:.:/:0: mMBB5HH 10% m & () - pSH
10% M & ()-p5H 10% M & ()-p55W5 7 H 10% m & () - pSH

10% m & ()-p50:1:2:3:4:5:6:Z2>85HH H 10% M & ()-p5 5W5 7 H 10% m & () - p5H
10% M & () - pSHTHsmi&'a(l) £pbid d20% at & ¢f -1fb epoky. res:2n@ bBSHH: Hons

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.

(II) Curing torque

The torque 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.

(IT1) 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 accélerator (C) in an amount shown in

Table 3, respectively, and then they were mixed at room
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1H 10% m & ()-p5H 10% M & ()-p5H 10% m & ()-p5H 10% m & () - p5SH
10% m & ()-p5H 10% m & ()-p5@ A: B: C. D: F: H: vV685HH 10% m & () - p5H
10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p5H 10% m & ()-p55W 5 7
HJ:L: MN QR S: nM&@510L10L =10%.& ()-H 10% m & ()-p55W5 7 H
10% m & ()-p5H 10% m & () - p5S: T: @q@AAEELUHI0L1010" 10" 10" 1=10% " & ()-
810% & ()- n 110% & ()- L 110% & ()-' 10L@BBFFFFFF{ZM@10" " 10 10"
=10% " & (retpdpatht@% "BAE)ehus BbLaANTLLLYR ‘mﬂﬂtlﬁf‘d va¥gkiiyaded using
L1109% " & () - SFGGKLLL{ YBM@10 610% " & ()-!610% " & ( *M 10% " & () -
“110% " & f)hglt FolllapR@°C)Egr BImbDyptas ( ArE vaBL o4l qlpes logound,

006 & (JOLE S RO ROy %é‘oﬁg%&#% e cpsagetting

9110% " & Q)ss(msé@%goglﬁlo(ﬂ,OLLIOLLIOLL =10%.L& ()-1i g GO QuOzOdD{[? h

9110% & ()-h 9110% & ()-h 9110% " & ()-#3y8!'h 9110% & ()-h

91'10% " & ()-0000000 ?{[? h 9110% & ()-h

Next, the obtained each epoxy resin composition was

molded by subjecting it 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 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°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 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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9110% & ()-h 9110% & ()-(#3y8'h 9110% & ()-h 9110% & ()-0000000 ?{[? h
9110% & ()-h 9110% & ()-h 9110% & ()-h 9110% " & ()-#3y8!h
91'10% " & ()-O000PPP <{[? #3y8!'h 9110% & ()-h 9110% & ()-h 9110% & ()-h
9!110% "~ & () -#3y8! PPP! PSPYP0P D{[ ? #3h 9!10% " & ()-#3y8'h 9110% & ()-h
9110% & ()-h 9110% & ()-h 9110% " & () - OP<PAPDPEPPP\ P{ ?{[? #h
9110% & ()-h 9110% & ()-#3y8'h 9110% & ()-h 9110% & ()-h
91 10% " & () -\ PalPdPePp&h#PLE% [ Fcdinr B O80 r & € Joh HaAfIhnR S arts better
9110% " & ()-#3y8!'h 9110% & ()-h 9110% " & ()-PPPPPPP_?{[? #h 9110% & ()-h
91 10% " & EplHeq! coegkang) rRsgetens ey ()-#3y8!h 9!110% & () - PPPPPPP <{[ ?
#3y8!'h 9110% & ()-h
Further, an area where delamination occurred between the
silicon chip and a cured product of the epoxy 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. Piactically, an
average value of 8 semiconductor packages was used for

evaluation.

Delamination ratioc = (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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9110% & ()-h 9110% & ()-h 9!10% & () - #3y8! PPPPPPPd@[’> ##3y8! h
9110% & ()-h 9110% & ()-h 9110% & ()-h 91 10% & ()-
9110% & ()- PPgQQR RGRa@[? # .10 & ()- f,10% & ()- *9!10%&'()-
09! 1098 & ()- >3"9110% & ()-h 9! 10% " & ()- GRKRRRRRRRR| [ NA410! 10! 10!
=109 & ()- 3 f810% & ()- 5F10% & ()- L310% & ()- 110% & () - RTOTT
UUU [ NA410 CSM 109 & ()- 109 & ()- &L!10% & ()- L!10% & ()- 10% & ()-
d>110% & Ehe WA Er NEWLO «BAN98BI¢)s GO TIA(ET)) ar€, ShA®Wi&t (Mable
)10%&(% %1109 & () - $10% & () - WOOOKYAZU VLA Wy 1 10% & () -

1 1098 & 3°110% & ()-10! 10! 10! | =10% & () -
810%&() U[[\V\]Z][]\]]]’\|obU4 L1109 & ()- Y10! 10! 10! =109 & () -
TM 109 & ()- V. 110% & ()- C LI 10% & ()- ~27:AG'c h*] _{Z9bU4 LFM 10% & () -
1109% & ()- 3 10% & ()- YI0% & ()- !'10Y10%J& ()- L

1098 & ()-]1_0 " vU4 Y 10% & ()- ( OY 10%&' ()- (10!10!10! = 10% & ()- 2
10%&()- dy) !10% & ()-""abbc|[:vU4 39M 10% & ()-  #10% & ()-
1109% & ()-°  109% & ()- | S10% & ()- OY 10% & ()- cccccccd¥%ivUa F

1098 & ()- N&LO%Y+& ()- &10% & ()- @10% & ()-10!10! 10! =
109% & () - %d*ddd&f @ f|[: vUs
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Y, 104 & ()- ' 104 & ()- dM10% & ()- 10% & ()- CL!I10% & ()-F
3%_10%&'()-jfoffffffohzm‘SZ‘llo%&'()--&lollollol =109% & () - -
810% & ()-- 810%& ()--! Y, 109RR& ()-Uhiiiiiil[: < *M 109%& () -
1 $10% & ()- 9.910%- & ()-Z (_ qlO%® ()-Z H 0%&'()-2

[M 109 & ()-[si [ k[[k"k >k kakW gl v [1ods & () - “1L0% & () - 10! 10! 10! =
109 & () - y81or/¢é Lt @mlooa& é)@ LIFL L #m&:{wuﬂ L1109 & () -
CsL!10% & ()I-F ZJngo%&‘i') #1809 % S| B BBTE (BB | S| S
Lf-109%& () - ranJEb »éi’oﬁﬁogoléo%&\iutx S I Z A O RN mﬁpw& & (119! 10! 10!
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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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y& y& ()-6\" 10%/&' y& ()-6\" 10%/&' 6| LOO% "10% & y& ()-6\"10%& y& ()-6

\n R%P:’f%gt:)/g/ftl(() ())/y %@%yqxf (tép(y f;@ fo Wg\\p kqgl%éyﬁ&ﬂwgr Gl hA% y& ()-6

UW " #W@KMaﬂ@é@&ry&#a)mﬁl\eslm&by&B(an@\dd;ﬁ)ﬁ@ﬁét/&ré)Eﬂmﬁw@&'w&o() 6W "1
0%&! y& ()-6\"109%& y& ()-6\" 10%&! y& ()-6%) *-. 011 L00% " 10%&! y& () -6\"10%

y&l y& ()-8l iy&gre (i)s Bl symlaard on)s G‘ET@O@@@@W& ﬂ(r)enex 'IHE@WJ&BF@D(’C) 6\ " 10%
é&:.J%;\igLS(S)Q 6é'szt§ft?sr> \x//aelrLeOOs/Abs]T:\an]{:OlQ/l&fy%hQ sg§n\e z]a'(s) ho e é% 6>}am]bol@/ & ()-6alM
<>?BgK+0% & 109 &! 6 1 ! -6W " 10
%y & 3& ()/Q \Qi/éc/%%% é)q()gg\]%f%% ng ?)g?éﬁé%g%ﬁ&%%ﬁéio%! V& (rS L6\ " 10%
&y& ()-614 100684 Y& (Fable lﬁ/yﬁéyge&ﬁi%igzow&! y& ()-6\"10%& y& ()-6\"10%
& y& ()-60PRTXnN. 1 LO0% "10%y & y& ()-6\"10%& y& ()-6\"10%& y& ()-6ql M E
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UW XZ[ ] " acgK+0% "10% & y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& () -
6W " 100y&! y& ()-6\"10%& y& ()-6\"10%& y& ()-6cdfgijlm LO0% "10%& y& ()-6
\"10% & y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6
\"10%& y& ()-6mogt r R2i LO0% " 10%y& y& () - 6\ " 10%& y& ()- 6\ " 10%& y& () - 64
M E

UV t uviyz{ t X<O% \ " 10%/& y& ()-6\" 10%&! y& ()-6\"10%&! y& ()-6\"10%& y& ()

-6\ " 10%/& y& ()-6\"10%&! y& ()-6\"10%& y& ()-6{] }~t X<0%\"10%/& y& ()-6\"1
0%& y& ()-6\"10%& y& ()-6\"10%& y&(g 6\ " 10% & y& ()-6\" 10%1&1 y& ()-6\"1
0% & y& () - 6r R6tBkeagva a0 lt;@f?( d 10ogRa YR_E L ye e anple 22

QY () 0" 10N PTBOSONAT & ROy 1Y 80 b RBHATH Ok & () ¢

\"10% & yéd Exfip 00! Y& 40 -H\d LOMPE UK ik Bhah %&éy&«éae %\re%)%%é‘&' y& ()-6
\" 100y &l y& () - BIV- t X<0% © 100y & y& (5 -6-\" 100 & y& () -

UW\ " 10%/1&)/mem)dm@sm%palmg&yy@é1qme\oﬂb%&ay&imde\fa@m&lomo(s)eda\ 10%&.
ly& () - 6\ 10%/& y& ()-6\"10%& y& ()-6\" 10%&! y& ()- 6t X<0% " 10%/ & y& ()-6\"
10% & y& 3 - 6liantionsl g ylgmetjtmml V@MI)-H5\ mEgsty &bys' K)L 6 CHENHFERLy &' () - 6\ "

]L-JS\;/%/"'&IZI.%O&Z/ D‘%“?@ ﬁ)?‘g%%]f% é%(g?‘?hﬁlpf%%épi}‘%{?d% Mfo%@é?v 2pfL 6\ " 1004

& y& ()- 823 0Wy&i bl £ DML y&al) 168 HIRUNE NS 41 1 SXTAN 14 @&y & () - 6\
"10%y &1 y& () -6\ " T0%&Iy& () - 6\ " 100y &l y& () -6\ " 10%& y& ()-6\" 10% & y& () - 6\
" L0% &l Y& { ) e e =094 1 L0%8d yigortygengb M Ey mixing them.

UW\ " 100/8! y&' ()-6\" 10%/&! y& ()-6_ '><0% 10% &! y& () 6\ " 10%/&! y& ()- 6\ 10%/&
ly& ()-6\"10%& y& ()-6\"10% & y& -6\ " 10% /& y& ()-6_7<0% "10%&l y& ()-6\"

<00~ 10 v (100 ERGEITE ()~ T . e .

)E 6\ " 10%&d y&o (36 bald_Bshhrd0¥yé! }z&afnbi@\ 220%&hY & iie Git” LOPHPE! w&'s() - 60l M

VY _?<00Ame2 1004 y &hie) me‘asmw&ny&r(e‘fuat‘smw&tly@@eredi'rn)w&!m'o(f) -6\ " 10%
& y& 6\"1 & 6 ?<0% "\"10¢ \" 100 ! ' -6\" 10 &! y&
Y8\ ylof(’/glﬁ 3@8@?{@10%@% ftSC%%@%%%r&? Vard) sRowd Wy 1Oy O

UW\ " 10%y& y& ()-6\"10%& y& ()-6\"10%& y& ()- 6 #S*+, - pTBOYl \ " 10% &l y& (

)-6\"10%& y& ()-6\"10%& y& ()-6\" 10%&! y& ()-6\" 10%&! y& ()-6\" 10%&l y& (

)-6\"10%&! y& ()-6./ 012345t X<0%l \ "THOMe&I4 &' () -6\ "10% & y& ()-6\"10%&! y& (

)-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-656789: :\" 10%
y& y& ()-6ql M E

UW\ " 10981 & () -6\ " L0 & V& () =6\ (F()) 6 <BCDEFCKCBO%y &1 y& " 10% &! y
& ()-6W[" 100 & y& ()- 6\ 10% &l v%z’r(l)“g Iy &F Y= () -6\ " owgé]ygflgg 6\ 10% &1

y& ()-6\" 10%& y& ()-6GH JKLMN X<0%y &l § &\Blgm;Q@/&gyigb( 6\ % 109 § )-6\"1
0%y & y& |()- 6\ " 10%y &l yé& t) 6\" £ & y& () (phktd O%h&s ¥k i) - 6\ Sﬁf‘%‘ ! ) - BNOP
QRV: t X<OHr&-y & 10% &y 6—g-ME
UW \ " 100pE&apRL¢ ) 2%\ " 109 y&'C}R&P@m@F@F\J’X[\]"CG+03’A0'210%/&! & ()- 60 100y &l y& ()-
6\ " 10 & V& (J- T0% T -0\ TTOOy&NY& ()~ 6\ IO & V& O~V ToOwW& y& () -

6" abcde%lxﬁg‘gg/? 7150%L&| (@J‘EP%? 326!\ " 100y & y’@Q-G! "10% &y & () - 6% " 10%

&y Ty& B\ " 1 & () F6ef ghij.ql M E
)L/Jv\]?;&"() 55‘3}%9( 6&6£4§L f&?@g‘{@%\%"()o &l \z% )é\ %E/NEI 3&’3{?- 6i kl qrstupT

8M E Example 77 Compound C14 3.65 35

U\ " 1008y & () -6\ " 1004/81 & () B\ " 100481 y& ()} 6\ " 1004181y & (} 6\ " 10048 Y& (
)-6\" 10°§E&layl&1€€)7-86\ 10% &!Gp8ippRnd WAy 2{ | t X<M .B5 38

UW\ " 109 i - L&WW& y& (
)-6\"109 ! 10% & 4&3()-6ql M E

UW\ " 100 & OV y& () -5l COOYRI YT TOH& Y& ) - 61"
10%y&! y& %6‘?%’6‘&%1; &l()-6\" ‘?18/6/&1 y& [)-6\" %éfy/w&l y&|()-6\"
10981 Y& - 6ERO% 8Y\ '1Q:{%§5' ¥ o1l v Lol "10%al v (g 6\ TLOYy v

() 6\"1 %z&l \/R, (\ Ru ] OA/R,I \/R, () -6\"100%&! \LR, L\ ﬁnlL+ D 10041&\/& (\ 6\ " 10%

y& y& ()-6\" 10%/&| y& ()-6\" 10%/&| y& ()-6\" 10%/&| y& ()-6\" 10%/&| y& ()-6\"10%

y&l y& ()-61 LO0% "10%&! y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()- 6
"10% & Y& () - S 19w y@(?abﬂremo’@/&@@@ ©] fG@Kerowsaow&my&se)tl@nsmw&l

() 6 RGN RSO o8 T f0sgt § 1) BTV Y (-t OB The e

UV\] 2+40% "\ " 10%/&! y& ()-6\" 10%&! y& ()-6\" 10%&! y& ()- 6\ " 10%&! y& ()-6\"10%
Y& Y& ()-6\" 10%&! y& ()-6_?+0% "\" 10%&! y& ()-6\"10%& y& ()-6\"10% & y& ()
-6\ " 109y &l y& () -6\ " 10%&! y& ()-6\" 10%&! y& ()-6M._?+0% " 10%&! y& ()-61ql M E
UW\ " 10%&] y& ()-6\" 10%&l y& ()- 6kCBO% "10%&! y& () -6\ " 10%&! y& ()-6\" 10%&
| y& ()-6\" 100& y& ()-6\" 10%&! y& ()-6\" 10%&! y& ()-6\" 10%&! y& () -6l LO0% "
1090y &1 y& () -6\ " 10%& y& ()-6\"10%& y& ()-6\"10%&l y& ()- 61" 10%& y& ()-6\"
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U\ " 10%&! y& ()-6\" 10%&! y& () -6\ " 10%& y& () - 6* +247: =dD\ " 10%/& y& () - 6ql \
T10% &1 y& ()- 6\ " 10%& y& ()-6\" 10%&! y& ()- 6\ " 10%&! y& ()-6\" 10%& y& () - 6\
"10%&! y& ()-6=?BEG M 2\ " 10%/& y& ()-6q\" 10%/& y& ()-6\" 10%&l y& ()-6\" 10%
& y& ()-6\"10% &l y& ()-6\" 10%&l y& ()-6\" 10%& y& ()- GMPRUW 2\ " 10% &l y& () -
6q\ " 10%&! y& ()- 6\ " 10%y& y& ()- 61" 10%/&! y& ()-6\" 10%&! y& () -6\ " 10%y&l y&' ()
6\ " 10%/&! y& () - 6VKYZ V6 2\ " 10%&l y& (\" 109%& y& ()-6\" 10% &l y& ()- 6\ " 10%
&y& ()- thtlrMeJE hand, the resin composition obtained in Comparative
UW " df hj I n 2\ " 100f/&l y&' ()" 109&) y& () - 61" 10% &1 y& () -6\ " 100&l y& () - 6\ " 10%
& y& () - 657 %%L 73S 6%1%13/5/&?% %11)15%1@%@%%?05%110%&@9& (\"10%& y& ()-6
\" 10%&! Y& ()- 6\ 100 &1 y& ()- 6\ " 109%&l y& (). 6\71004&l v& () - 6\" 10948 y& () -6
| ML_2\" 10%&1 y\ " 10%&! y& ()-61ql M E
UW\ " 10% &! y& (As QXaleB@&Y&éirﬁbéﬁ é@&@‘&' yhcE0%u&hy&'to\ ’ch@%t&'ﬂi&g() 6\" 10
oy&l y& ()-6\"10% &l y& ()-6\"109% &l y& ()- 6\ " 109&l y&' () -6\ " 10%&l y& ()-6_2\"
10%&! y\ " 4094 L 0MyEE y &F( )58 " p@e@&ny&l(r)vee\tn@o/@/&ny&l(s) msam@@m ()-6\"1
Ol y& () -6\ 10ELYE (1-6 2\ 10% " 10 "10%/&1 y& ()-6\"
10yl y&% s ) ptantiyia i @omgam%%& 20 G oS vk () -
6\ " 10% & 9
U\/\]tX</((y)° &I y& (?é gg@%fg&t(l)vf@\y Jp(}f%%qngy& <%‘%6\ IB9N Py & T B 1y el y& (
) - 61" 1004/ il ElroBtBUYBIE Ehr 614 Q38R SbipoBt X£BMp& T (h- H\CHERA/ & V& (
) 6\ " 1098 y& ()- 6\ " L10%& y& ()-6\" 10%&! y& ()-6\" 10%&! y& () - 6\ " 10%& y& (
- 6\ " 10%E1§Re (Jhe REE X<ORpRI§R % "NOTY QL GBOEFaBUre 0%y &l y& () -6\ "10% & y& (
) 6ql M E
UW £ X<0% &1 y& (\\" 10981 y& () - 61" L0%&! y& ()-6\" 109&l y& ()-6\" 10%&! y& () -
01 100l y& () 20000 v (LoBLL1OMALY S i S0y 6y L) TAOMAYE: ()01
"100y &l y& ()-6\" 100y &l'y& () - 61" 10U &l y& ( e 0%y &l y& () -6\ T10My &l y& () - 6\
" 10%&! y &L i{JerBnRet m@%&kyﬁla\ehtowqml(gtﬁ\ 409 E G &SRB L LOYRAKY & () - 60
IME
UV t X<O%BMABEEY * 10081 y&' () - 6\ " 10%& y& () - 6\" 10%/& y& ()-6\" 10%&! y& () -
6\ " 10%/&l y& ()-6\" 10%&! y& ()-6\" L0%&! y& ()- 6t X<0%& y& (\\" 10%/&l y& () - 6\
"10% & y& ()-6\" 10%& y& ()-6\" 10% &l y& ()-6\" 10% & y& ()-6\" 10%/& y& () - 6\
'I' %/IO(I?/&! y& () - onREtrOM & & Eved0W&ay & e BVndPYY &h¥&'seiri@onlidWe&y & () - 69
UV] ¢ GRO%y@ §iged PE1T%y Rres eamy Ry i ors is” q:@p@@@@&o(r)l@h BOUPZEFRITE) - 6\ " 10%y
& Y& () -0\ J0WE y& () -0\ 10WEl y& () -6cC0% (1" 109%/& \ " 10%/ &l y& () - 6
Yooy ki E IR @Sygrefﬁ%v@){o@é@&nef A5 BGAIE ATe oW va 1) 6
cC<0%A! y& (1100 e T @eha%&ml@] 12 108 Y81l 10 y
& ()-6\"10W& y& (). 611 %
U\ " 10%Rb /e + i ° ﬂ@%{aﬁ&d{&cﬁ)e@&uﬁO%f&' y& () T
" H#$t X<OUy &1 yql \ " 10%y& Y& ()- 61" 10% &I y& () -6\ " 10%/&! y& () -6\ " 10%/& y& () -6
\" 100y&l y&' () -6\ " 109&l y& ()- 61" L0%&! y& () - 63% () *+ X<0%&l yql \ " 10%y&l y&
()-61"10%&ly& ()-6\" 1098l y& ()-6\" 109 Y& ()- 61" 109 &l y& ()-6\" 10W&l V&
()-6\"100%&l y& ()-6+,-./0:\" 10%&l y& ()-6qI M E
WY\ " 109 &1 y& () 61" 100&l y& () - 6\" 1094l V& () - 60124578: | POOY ! y\ * 10%/&! y&
"()-6\"10%& y& ()-6\" 100 &1 y& ()- 61" 10%& y& ()-6\" 109%&l y& ()-6\" 10%&l y&
'()-6\" 0% &l y& () - 6:
=>@CDI LO0% &l y\" L0081 y& ()- 6\" 10% &l y& ()- 6\ " 100&l y& ()- 6\ " 10981 y& ()-6
\ " 10%/& y& ()-6\" 10%&! y& ()-6\" 10%&! y& ()- 6DFGH Q5 LOOY% &l y\ " 10%y&1 y&' () -
6ql M E
UV 6\ " 10% &1 y& () - 6\" 10%& y& () - 61 JKLMNOPt X<0%y &l y\\ " 10% &l y& () - 6\ " 10% &l
y& ()-6\"10%& y& ()-6\"10%&! y& ()-6\ " 10%& y& ()-6\" 10%& y& ()-6\" 10%a&!
y& () - 6PORSTUWE X<O%&! y\ \ " 10%/& y& ()-6\" 10%&! y& () -6\ " 10%&! y& ()-6\" 10%
Y&l V& ()-6\"10%&! y& ()-6\" 10%& y& ()-6\" 10%& Y& () - BVKYZAV6t X<0%y &l y\ " 10
Ny & y& ()-69lM E
U7\ " 10981 y& ()- 61" 10%&l y& ()- 6" abcdet X<0%&l y\ " 1098l y& () -6\ " 10%&l y&
() -6\ " 10&1 y&' ()- 61" 10% & y&' ()-B\" 1098l y&' () -6\ " 109%&l y& ()-6\" 10%&l Y&
' () - 6ef ghi | kI t X<O%/&! y\ " 10%/&! y& ()-6\" 10%& y& ()-6\" 10%&! y& () -6\ " 10% &l
y& ()-6\"10%& y& ()-6\" 10%&! y& () -6\ " 10% &l y& ()- 6l mopqV: \ " 10%/&! y& ()- 6
\ " 10%/& y& ()-6-ql M E
U\ " 10% & y& ()-6\" 10%&! y& () - 6qr st uvwxt X<0%&! y& () -6\ " 10%&! y& ()-6\" 10
Uy & Y& ()-6\" 10W&! y& ()-6\" 10%&1 y& ()-6\" 10%& y& ()-6\" 10%&! y& ()-6\" 10
W&l Y& ()-6xyz{|} ~t X<O%&! y& ()-6\" 10%&! y& ()-6\" 10%y& y& ()-6\" 10%&! y& (
)-6\ " 10%/& y& ()-6\" 10%& y& ()-6\" L0OBB&! y& () - 6\ " 10%& y& () - 6r R6t X<0% &l y
& (\"109%&l y& ()-6\" 10%&! y& ()-6ql M E
U\ " 10981 y& () - 61 X<O%&l y&' (\\" 10%&! y& ()-6\" 109%&l y& ()-6\" 10%&! y& () -
6\ " 1098l y&' ()- 6\ " L0W&! y& ()- 6\ " L0W&! y& ()-6\" 1008 y& () -6t X<0%& y& (\\
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E uW

" HUR( gK+0% " 10%&! y& () -6\ " 10%&! y& ()-6!\"10%& y& ()-6\"10%& y& ()-6W"1
0%y & y& ()-6\" 10 & y& ()-6\"10%& y& ()-6()+, ./ 121 LO0% " 10%y& y& ()-6\" 10%
y& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%
y& y& ()-623567nR6l LO0% \ " 10%y&! y& () -6\ " 10%y& y& ()-6\"10%& y& ()-6ql M E
UW 79: <=?@BgK+0% "10%/& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& () -
6W " 10% SHEzRE (1S CALATMER! T () - 6\ " 10%y&! y& () - 6BCEFHI KLI LO0% " 10%&! y& () -6
\"10% & y& () -6\ 1005 & y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6
\ 10%1&' y& () - BLMOPQNRGI LO0% \ " 10%y&! y& () - 6\ " 10%y&! y& () -6\ " 10%& y& () - 6q

U\/\]QRSTU\Wt x<0“0/&‘"\“\r”lﬂﬁ>/g?a‘5%?é‘e(’3at@r T8 T8 e fodly GYEL 6851wy a ye (
) -6\ " 10%&dysod )« B3n LMy rXf?ao(t)m ERRMELY &g (e 8 ZoN ] Of tAD Rurebh @y &l y &

)-6\" 10%y& y& ()-6\" 10% & 10% & y& () -6\ "10% & y& ()- 6\ "10% & V& (
) - 6\ " 10%yse 3784 (cjonﬁ)osbmm?ﬁ,t Wmalmmlwl@g B\CCEIMRINGY ComPriteHy&! Y& ()
-6gI M E

UW df gi | |Wﬁl%ﬁmuwﬁhml%b@wwt%)%\a1@@/&1&1 Yer $OBY " 109/&! y& () -
6W " 10% & y& ()-6\"10%& y& ()-6\"10%& y& ()-60prsuvxyl LOO% "10% & y& ()-6
\"10% & y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6
\ '('&Ilo"g/?/c(&; yzée' |(?v| gm{ |hrriVig "akQP4néd e ) 6 "ChRUME Y &' 18l 1QYdley&'if) - 6\ " 10%
y&y q
UW ~t X<Oohtse & {(eubait itnnyes p&o(sph@mpm&b}&t(e) 16\ rdpogRRyEed b6 \ChE0 oy & y &
()-6\"109 6\ " 109 0%/&' y& () -6t X<0%& y& ()-6\"10%&! y&
()-6\"109 %{@”@%q 6‘3@1%’5%]2 {F&"%‘%l b%/&l y& ()-6\"10%& y& ()-6\"10%&! y&
()-6\"10%& y& ()-6rV:tX<0%&l y& () 6\"10% & y& ()-6-\"10%& y& ()-6-\"10%
&ly& 6-ql M E
uv\%/ ’>(<2)°/Iy&9y& R 6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& ()-6\"10%& y& (
)- 61" 100 & y& (PGE‘ 10%& y& () -6_?<0% & y& ()-6\"10%& y& ()-6\"10% & y& (
) - 61" 10% %,) 10(@% y& ()-( gs\) "10% & y& ()-6\"10%& y& ()-6ML_?2<0%&! y\
10% & y& () - 61ql

UW\ ™ 10%/&! y& (e 6\ " 10%& y& () - 6hH<O% & y\ " 10%y& y& (\ " 10%8& y& ()-6\" 10%
&1y& ()-6\" 109! y& ()-6\"10%&! y& ()-6\"10%&! y& ()-6\"10%&! y& ()-6_?<0%
81y\ " 10% " 10%/&! y& ()-6\"10%&! y& ()-6\"10%&! y& ()-6\"10%&! y& ()- 6\ "10%/&
L& ()-6\" 10%&! Y& ()-6_?<0%& y\"10% " 10%&! y& ()-6\" 10%& y& () -6\ " 10%&
y& ()-6\" vzm%@.ry& L6 ) RB\ITLD B Sy’ e thle” $ew&aygp()d:6meram%r&mybn\e 10% &y

& ()-6\" 10%&l \ " 10%y &
()’><00/§F&i }ﬂfg?%?}&/%lc ‘(Y“%b%@&a’&&l%?sﬁ\ ORBoFEPTRLET- 6LNI0FRAY & () - 6\

S R e e P

& ()-6ql MLE)dM&rl(éWs?db’s?t:(ﬁutﬁéd 1@%’&1‘n}éfgb(s)t-1&uted monovalent alkyl
hH<0o &l Y\ " 100&! y\ " T09%Y&l Y& ()- 6\ " 100 &l y& () -6\ " 10%&! y& ()-6\" 100yl y

)-6\" 10%@@1&»()&@ AT) RPIEE IS5 B uns&@%ﬁ&rtyd\teg\ dlw&mz&a(rpm@\tln;ow&l y&
()-6\" 10 6\ &l y& () -6\ 10 & W&l Y 6+. 259 2<0%
&l y\ "1\ " 1 ‘g é\w%%}'é y#?’?a%\“" %P Q‘ 9‘1 %fy f?%'%boé\e 10% & y

& ()-6\" ll'gr@’ @’ (a)to@tg:'; substituted with a su bstltuent othe

<=>TV:\ " 10%&l Y& ()-6\" 10%& y& ()-6\ " 100 &l y& ()- 6\ " L0% &l y& a1 M E

UW >?BFI LIQADSaRtgdd { ) - 6\ " 1\ " 10% & y& () - 6\ " 10%& y& () -6\ " 10%/&! y& ()-6
\"10% &1 y& () -6\ " 10%&! y& () - 6\"100&l Y& () - 6CBVY] ae_2\ " 100& y& ()-6\" 10%
& y& ()-6\"10%& y& ()-6\" 10%1&1 y& ()-6\" 10%1&1 y& () 61" 10%&! y& () -6\ " 10%

& y& hi 7\ lO 0% &! 6\ 1

W\ Loy yel (T LGSy RO, LRy o Sy & PRarE Tboy e ya:
)- 61" 109481y & ok B KOy hegpabn;e@s&m&a@ 6L AQE I 43 ke 2\ 10%
& y& (\"1\ " 10%&! y& () -6\ "10% & 6\ " 10y & y& ()~ 6\" 100y& y& ()-6\" 10%
& y& ()- &d‘ﬂmm&iglage(ﬁenﬁal_?ﬁéﬂxﬂ%tﬁ ME

UW\ " 10% & y& () -6\ " 10%/& y& ()- 6\" 10%&! y& ()-6l L, 0% " 10%& y& () -6\ " 10%/&
Ly& ()-6\" 10%&1 y& ()-6\" 10%&l y& ()-6\" 10%& y& ()-6\" 10%&! y& ()-6\" 10% &
1y& ()-6_7, 0% "10% " 10%& y& ()-6\" 10%&! y& ()-6\" 10%&l y& ()-6\" 10%&l y& (
)-6\" 109%&1 y& ()-6\" 10%&! y& ()-6_7, 0% " 10% " 10%&! y& ()- 6\ " 10%& y& ()-6\"
10%& y& ()-6\"10%&! y& ()-6\"10% & y& ()-6\" 10%& y& ()-6rV: 2, 0% "1\ " 10%
& y& ()-6\"10%8&! y& ()-6\"10%& y& ()-6ql M E

U2, 0% "1\ " 10%/& y& ()-6\" 10%&! y& ()-6\" 10%& y& ()-6\" 10%& y& ()-6\" 10
Uy &Ty& ()-6\" 10%&! y& ()-6_2, 0% "1\ " 10%&! y& ()-6\" 10%/& y& ()-6\" 10Uy &! y&
()-6\" 10%&! y& ()-6\" 10%& y& ()-6\" 10%& y& ()-6M2_?, 0% " 10%&! y& () - 61gl M
E U\ " 10%& y& ()-6\" 10%& y& ()-6vZ>\ " 10%40% ()-810%& ()-8 3y 10%& ()-
3Y10% ()- 5101010

3@ =109 () - t X<>\" 1010%! () - 8- 10% () - 8- 10%& () - 8L0% () - B10%&: () - 8110%: ()

NA NN A NN NA NN NA NN NA NN NA NN



{109%& ()-810%& ()-810%& ()-810%& ()-8_ bdfwkydH, 109& ()-810%& ()-810% ()-8
109&' ()-8109& ()-810%& ()-810% ()-8yz{|}~N2, 10%& () - 8A0oqVS

{109& ()-810%&' ()-810%& ()-810%& ()-8pT810%& ()-810%& ()-810%& ()- 810%& () -

8109& ()-810%& ()-810%: ()-8j N2810% ()-810%& () - 810%& () - 810%& () - 8A0qVS

{109%& () - 8t 28A0qVS

{10%& () - 810%’ () ; 8q10%! () - 810% () - 810% () - 8t X<A0q10%: () - B10%&: () - B10%&
() -810%& ()- 8qu/«& ()-810% ()-810%& ()-8j N2<109& () - 810%&' () - 810% () - 8A0
qVvs

{10%&' ()- er%& () - 81 o0& ()-810%& ()-8qL0%& ()-810%&' ()- 810%& (
810%&( 8t J. 109 () 0‘V&'()-810(V&'()-810(V&'()-8AquS

{N2<10%& ()- 8Ao v

{109& () - 810%& Ay 8q109%& ()-810%& ()-8l PA10%&' () - 810%& ()-810%& () - 810%& ()
- 8&109%& ()-810%& ()-810%& ()-8j N. 410%&' ()-810%& () - 8- 10%& () - 8- AoqVS

{10% ()- 810% () - 8kOB10%& () - 810%& () - 810%& () - 810% () - 810% () - 810%& () -

8109& () -BiFasuO%Re () A81 098! (zar smaef&b(e)tagom@asmqugferent from

{109%& ()-8cG+10%& () - 810Y& ) 109 () - 810%& () - 810% () : 8109 () - 810%! ()
- 8f F&+1098} ) - BRO%&SF) - 8 %1100/& EERHGYS @ ituted

4 ()-8 (A ERTOE ()2 %if%éiq@%@ &910%%%%%%% CSTE i o O oI

{+- 234567&@1&%&&0t§&@@v43€r&1@%&@t‘1&1 ¥Bup) 0819 %K *9 rFHO U ot EOY&' () - 8

789:; =2) J*310% () - 8LO%&' () - 810%& () - ae10se () 88A0QVS

{10%& () - %Dc@m@mzwxgmmt(l)e@qqmr& hySgDa%R fFOoBLOYE DS BL0%E (LtB100& () -

?i(a%& ()- 8EF$I J»%stlo%%] -GL0%, () - 810%: () 810% () - 810% () - BA0GVS

{ 109%&! () 8109%&' ()-8qL0%& () - 810%: () - SQRSTUWKt x<110%& ()-8qL10% () - 810%: (

)-8109%&' () - 810%:’ () - 8qLO%’ () - 8109%&' ()-8XYZ\] ' f F*<109%&' ()- 810%&: () - 810%& (

) - 8109%&' (94 - BAo\fe {cl¥Ri( Jatedlaodefd? MoqNSimed in claim 1, wherein

{109%: ()-8110%& ()- 8qLO%&: () - 810%& () - 810%&: () - 8f hi ot uvwgK/ 10%& () - 810%&" ()
“8109& ()tIE v URERO%E 99 P@%WO@}D@@%# SNyRTEFINT a0 Eﬁ}leasloo/& (
8A0qVS

%10%& () -B1b2 119 AP - BREEHID&’ | - 810%& () - 810% () - 810% () - 810% ()
“8(10%' ()-8(10% () - 8f F&710%& () - 810% () - 810%& () - 810% () - 8( L0%' () - 8( A0

qVS {=&710%A0qVS

{109%&: () -810%&: () REL0%&: () - 810%&: () - 8hH710%A0qL0%: () - 810%&: () - 810%&: () - 810

%8 ()-810%& () - 8109~ 8] AYA0%& () - 8109%&' () - 8AOQVS

{10%&: () - 810%&: () {810% () - 80S7109%40% () - 810%&" ()- 8{ 10%& () - 810%& () - 810%&.

() -810%&: () - 810%& () -3 F*?lO‘@()-SlO%&' ()-810%' ()-810% ()-8( 10%' ()-8(A

oqVsS {t27A0q
{1109%& () - 80%&N) - 8 -()—.10%&'()-81% @ ()-8pTBALOV () - 8109 () - 810%
() - 810%& ()}mty D810k’ () 810%& ()-8FI*810%&' ()-810%&' ()-810%&' () - 8AoqV
S
{109%& () - I310%& ()- 0% ()-8109%40%& ()-8110%& ()-8qLO%& ()-810%& ()-810%
& ()-8109%& ()-8fJ[B109%& ()-810%& ()-810%& ()-810%& ()-810%& ()-8AoqVsS {
N2810%& () - 8AoqVS
{10%& ()-8110%& () -BeQ%& () - 810%& ()-8l POL0%& () - 810%& () - 810%& () - 810%& (
)-810%&'()-810%&'()-81 '()-8

"(*j J*010%& ()-810%& ()-810%& ()-8 10%& ()-8AoqVS
{10%& () - 8*+-. 012l *0A0qVS
{109 () -8100&i 1 R'S1BYUENG RE 109R HS LEBEOTANE) a 8237 5H7BB DD dWSM one
{109%& ()-810%& ()-810%& ()-810%& ()-810%& ()-810%& ()- 810%& %) 89:
<?2@N J. <RITVEIY - Sitdaeggh 8{%(@@%?%% ggom a group consisti

sa0vi () ST LR o) et agg@@a@%@y@w%&- 0-

{109& () -810%& ()-8TV[] ~ccC 109 ()10%& ()-810%& ()-810%&k ()-810%

& ()-810%& () 810%& ()-8cdf ghj kf F*/ 10%&' ()-810%&' () - 8AoqVS

{10%& ()-810%& ()-810%&' ()-8kmopqrsoS710%d0%& ()-810%& ()-810%& ()-810%& (
-8109%& ( 8810%& ()-8109%& - 8stvxz ">0§ 1,094 09&' (C) 810%& -81Q%& ()-810

%& () - BAOHVS {|} e* W ac elerato aimed in Ylaim 4, erein
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{110%&' ()-810%&' ()-810%&' ()-810%&' ()-810%&' () - 8t X<AoqVS

{10%&' ()-810%&' ()-810%&' ()-810%&' ()-810%& ()-810%&' ()-810%&' ()-8fJ. <ALOY%&' (
) - 810%&' () - 810%&' () - 8AoqVS

{10%&' ()-810%&' () - 8t X<AL0%&' () - 810%A0%&' ()-8110%&' ()-8ql0%&' ()-810%& () - 810
08 ()-810%& () - 8bF*<10%&' () - 810%& () - 810%& () - 810%& () - 810%& () - 8AOQVS
{N2<109%&' () - 8A0qVS

{11098 () tiBa00®y%1)iSy10vRL Y @qrm@al()ﬁcapmsh@mx)l-%lque)d 8r0%& tHe 81098 (

) - 810%&' ( 810%&( - 8109 () -8] J. 810%&! éé %0%8%% 810%& () - 810%& () - 8A0QVS
{109& () - %%3%%{\1/ 116%a(é’ %&%@/&n(}%a 0 Y& EF°B109%& () - 8dDBAOQVS
{10%& ()-810%&' () - 810%& ()-810% ()-810%& () - 810%& () - 8] ADBAOGVSL10%&' () - 8A0
qVvSsS

{109%&' () - 810%& tne &4 d )adcLBANED %S (JTBIHROE () -SI1D0 1(,) wheQ%& o ) - 810%&
" ()-810%& ()-8} aEvL0%& () - 810%& () - 810%& () - 8AOQVS

{109 () - B1O%WE!L(t) © StOCHNE (D) 8108 OWR'SPHo8 LOUReNP181EIYRS (VeI EFHRI tEd 810%& (
{Ngiggjg E%yg%b\':é%?f/g‘ch}Sglgﬁ{é‘rél BLOVE, ) (3] 0%& ()-B10%: () -8AoqVS

{110%&' ()-810%&' ()-8ql0%&' ()-810%&' () - 8" #$YRgK/ 10%&' () - 810%&' () - 810%&' () - 81
0%&' ()-8109%& ()-810% () - 810%& ()-8& ()*+0j N. / 10%& ()-810%& () -810%& () - 8A0

qVvS

{109%& () -[810%& (j) - 80123456t
810%&' () - 815)%& -86789: <I_>_|]
AoqVs —Ar—0
{>@CEHK_*|/ 10%& )-810%.0%& ()H810%& () - 810%&1
*/10940%&" () - 81 ' ()-810%% (5--810%& ()-8AoqVS
{Y[]acfi_?/10%0%& ()-810%& ()-810% ()-810%& ()-810%& ()-810%& ()-8ijkl nor
fJ*/ 10%& ()-810%& ()-810%& ()-810%& ()-810%& ()-8AoqVS

{1 svwz (| LAJOYE ) 1R (J 181026 K O 281098 () s8I0V LB () - BaE
9%0%& ()-8109%& ()-8AoqV.

{109%&' () -Bd0ewet) zﬂicﬂ)%éc(}) - IOV EL (JukBtOiURI g &) Ul sos8HAURK e(d) - 8109&
()-8109%& ()-8109%& ()-8j N2<10%&' ()-810%& () - 810%& (C} 810%' ()-810% () -8AoqV
S {N2<1oo,mpr(u§\z@}e@@f§/33romatlc group or a substituted or unsubstituted

1098, 10% oR () -810%&' ()-.8p 8LOYE % 1098,
L3106 () TRIIE 170 BE0oR () BT ICE 100 () BIOSELS - ST0UE BTONEET BAoGVS
{ 109%& () - 817 SLOY& a(x)om?altOL@-% ulp )0819%&v(a)1e&1t0%{&o(n)at%0 Eolip-B1QHE o) - 8f F&81
09%& ()-810%& ()-810%& ()-810%& ()-810% ()-8A0qVS {=&810%A0qVS
{109&' () -81L0LELD) wlmwd(rpg@m@’&b@)18p§@&@%@9@@)wm@‘m5(ummn(t) 8109&
() - 810%& %')1 8109& () - g 0%&' ().- 8] N2810%&’ () - 810%&' () - 8LOYUE (% 8A0QVS
{109%& () -840R%& (Hasex i’é’d?&"}ygl QJE?W& D) TRBORETY S 8t PV (98 LORR TS 8100& (

{NSégoo/f;&(%’?@%‘l}l %ﬁfgw& 2?30! 8 1%%/&@ %q%%%?%&)m@g(l% b ]a?ﬁdgy g AL

t X<1109&' ¢r)e aqélwﬁso@cﬁap%d Yo 8.150%& (nt8HRURCE) 28G408@a{J - BLOVR (o 8bF* <10

%& ()-810%&' ()-810%& ()-810%& ()-8AoqVS {10%& ()-8

| " #$t X<108&' () - 8109%4.0%&' () - 810%& ()-8110%&' ()-8ql0%& ()-810%&' ()-810%& ()-8

$% ) *+. ~bF&<109%& () - 810%& ()-810%&' ()-810%& ()-810%& () - 8AoqVS

{.124679gG<10%& () - 810%&' () 810%& ()-810%&' ()-810%& () - 810%& () 810%& ()-89

=>?FGHaE) 7 109& fne &h0%n d )a i@ dr FOWMAimed in claim

{10%& () - 810%& () - 8HI JKLM\t X<109&' ()- 810% 0%& () - 8109&’ () é310%& () 810%&' (

) - 8109%&' (Yh8HRIE' ¢ t&ﬂ&@%&ﬂﬁﬂ-‘hﬁt@kﬁ%o(spham@%&hehoah@%ﬁiﬁﬁ@]&:@z%&r(t)ecBlO‘V& 0
-8A0qVS { VXY[\]_E%.0%& ()-8AoqV

{10%& ()- 1%&10%9(JEQTB%QWMQ)Q%Q@ﬁ@}(iOBm%PJ kPhHS710940%& () - 810%&' () - 810%& (

) - 810%& ()-810%&' ()-810%& ()-810%& ()-8mopwxyfJ. 7109%&' () - 810%& () - 810%&' ()

- 8AoqVS

0% () - 8110%& ()-810% () - 8qL0%& () 8109& () -
*/]100/&'&) 8100 (3 |810°/ Cgh 81j%& ()-830%: ()-8
)

. 81008 () -BLOYE ()-8KL|VDSYbB
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{109%&' ()-810%& ()-8yz{|}~t X710%&' ()-810%10%& ()-8110%& ()-8qlO% ()-810%& (
)-810%& ()-810%& ()-8fJ. 7109 ()-810%& ()-810%& ()-810%& ()-810%& ()-8AoqVS
{N2710%&. () - 8AoqVS

{109%& ()-8110%& ()-8ql0%& ()-810% ()-8t X<110%&' ()-8ql0%& ()-810%&k ()-810%&
"()-8110%& ()-89l0% ()-810%& ()-8j N2<10%&' ()-810%& ()-810%& ()-810%& ()-8A
oqVsS {10%&' () - 8t 2<AoqVS

{109%& ()-810%& ()-8ql0o%& ()-818%& ()-810%& ()-8kK/ 109& ()-810%& ()-810%& ()
-810% ()F810%& (}(—153( 109%&' () -B(109%& ()-8el-/10%& ()-8-10%& ()-8 109 ()-8A0
qVvsS

StX/ 1098 ()~ 8- 10%40%& () - 810%&' () - 8S10%&' ()-.810%& () - 81
0% () - 810%: () - 8] 098! () 09%&' () -810%& () - 810%& ()-8109%& () - 8AoqVS

- 8AQQ\V/S
109%& 810 /81 _E(o;@ % 10%«& (8109&
{810%& 8 110%& §>8 OV () 8f 1008’ ()\ 81 F‘@ A 81& ()¢ (%) %Aqu(S)
&

{10%&' () - 0% & ()-8109& (V- 8109 ()-810%& () 8109%& () - 8e
|- 0109%& () -810%& () - 8]0%: () - 8- AoqVS
{109& ()-[810%& () 10%& () 810%& ()-810%& ()-8109%& ()-810%& () - 810%& () -

810%& ()-8 fF*010%&{ Rr1810%&' () - 810%& ()-810%& ()-810%&' () - 8AoqVS

{N. 010%& () - 8A0qVS

{10%& ()-8110%& ()-8ql0%& ()-810%& ()-8!I P0O10%&' ()-810%& ()-810%& () - 810%&
() - 8109%& { )2 BdONRRI) - %100/3%& )R18'm§ "/ﬁelt_l\i?@@a/zﬁe (s 8J0% £ 9 Bs 0% ) - 8' 10%&
"()-8A0qVS {109 ()-8’

{109%& () - Sﬂe%n@h@q,lwfw (éac&ﬂ.(l%&sé)le&i@e%&f@;mSa § P68 =t dn VIR (Y -BLOYR () -
810%& ()-8109&' ()-810%& ()-810%& ()-810%& () - 8=@BCDEF} aE), 109&' () - 810%& () -
810%& () - go}g;ﬁj:f\pgen atom, a methyl group, a methoxy group and a hydroxyl

109 () - 810%' ()- SEIMPSW . 2, 10%& - 810%& ().~ 810% BLOYR () - 810%&
() -a105% TORET| A BePorettsa: t) Falooa ) DB HoTa [ oMt LB TO0E (T BA0qVS
{cegj ! ”F*légg/@@&M&q aromatic ring and/or at least one heterocycle; and

{10%& ()-810%& ()-8109%&" ()- §10%%: () - 8mopsw{I L, 109&' ()-810%& ()-810%& ()- 81
0% () - B1OYRS (3r810%ELE) - BI0YRL ) 88haE) q1A%R0( Lo820%&’ () - 810%& () - 8%A0qVS
{10%& ()-810%&' ()-8_?, 109& 10%& ()-810%& ()-810%& ()-810%& ()-810%& ()-810%
& ()-8j N2, 109&' ()-810%& ()-810% ()-8109%&' ()-810%& () - 8A0oqVS

N2, 109& .
(N2, 10%. ) SAORS corin (ST 15 ey T2 Kb (¥ - 010
%R () - 810&’&8@(3)&1&16?’&1{1)81ﬁ3§15)td%p@3-s HOHR e %k o ) s FAINESented
{10%& ()-810%& ()-8 _?, 109& 10%& 5) 810%& () - 8109&’ (7) 810%& ()-8109%&' ()-810%
& ()- 81J*bsrome(£083£9%ng) genev@l ( fosmoda' (P)82@%&’7( Y- 8AoqVS {=*, 10%AoqVsS
{10%’ ()-810%& ()-810%& ()-810%& ()-8t X<109%4.0%&’ () - 810%& () - 810%& () - 8%4.0%&
" ()-810%& ()-810%& ()-810% () - 8j N2<10%& () - 810%&' ()-810%&' () - 8A0qVS
{10%& ()-810%& ()-8 _?<10%0%& ()-810%& ()-8109%&" ()-810%& ()-810%& () - 810%&
()- 8] J*<10%& () - REO%& ()- 8TO%& ()-810%& ()-810%& () -8AoGVS {=*<10%A0qVS
{109& ()-[810%& ()XBLO%& ()-BLO% ()-89E| [: 10 VS5! 10%4& ()-Y n! 10%& ()- L
10%1&' () -|F10] 10] Q%M*) smamﬁ W4, 3 §15AB8%& (RIBR

i110%& () /\. 1031000} %&\f nDGHI/§Ho [
10 Z 2 10pa &L %) bu4
**gmog 4 109 ()ﬂé O

1096& () -[t 10
F 10WNV& ()12 X061
!10%:6:&'('%-2 ! 310% - &()R19R16° '()- L
10%/NVE ()|- ()-Qb ’>|[’>bU4 C#. ' 10%/v&() i 9 10%/NVE () -

y10N& () - 109

L109%NV& () - 2@HTWV_| PO4CH. | 10%/\/&() j C#. " 109N () -] CH. ' 10%/\%@()-ij#."10
WNVE () -] C#. " LOWNV& () -] C#. " LOWNE ()-j C#."10%N& ()-] " abchi vV: 04CCH. " 10%/
v&() j C#. " 109V () -] C#. " L0WV&! () -] CCH. " 10WNV& () -] CA. " 10%V&' () -j W H
"ijyzl LO4ACCH. " 109/NCH. " 10%W/N& ()-j C#. " 10%/NV& () -] C#. " 10%N& () - jC# ' 109%/NV&
'()-jC#."lO%N&'()-jC#."lO%N&'()-jnN204C#."10%N&'()-jC#."lO%N&'()-jC#."l
0WNE ()-j C#. " 10WN& ()-j C#. " 10%N& ()-j 5WH
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- "Mk O4CH. " 10%N&' () -] C#. "10%N& () -j C#. "10%N& () -j 5WH
" CH. " 10%NV& () -j CH. "10%N& () -j MLOACH. " 109/NV& () -j 5W H
" CH. " 109/NV& ()-j CH. " 109%N& () -] CH. " 109%N& () -j CH. " 109N& () -j cCO4CH. " 109N
CH. "10%/NV& () -] C#. "10%/NV& () -] CH. "10%/NV& () -] CH. "10%/NV& () -] C#. "10%N& () -]
CH. " 109%/NV& () -] NN204CH. " 109/NV& () -] C#. "10%N& () -] C#. "10%N& () -j C#. " 10%BN&

"()-] C¥. " 108V& () - 5W H
" * 31 04CH. " L0%VE! () -] C¥. " 10%NVE! () -] C#. " LOWNE () -] 5W H

" CH. " 100 | ' ()]-] 378=GN MLOAG. " 109%N& () -] SW H

"Gt " 100 10%NV& ()-] ¥, " 109NV () - G, " LOWNE! () -] | LUYZ_bcCOAGH
" 105 (()-) O " 109N ()] GF. " 10V ()] . " 10
V& ()- ] Ot TAQ%ME () -} GF. " 109NV&() -] G¥. "[LOWNE!
-1 & )1 g)q, U)O"“5\ Jon

. LrQLod NI\

:"C#"10° G '.“ ' j C#." 10%/v&() J "109NV& ()- ! #] U4
101" C=10% & ()- C: 109 & ()-

Cf 81094 &() - LVF| [ ey 418 ()-FC C 10% ! & () C10% ! & () - (7 CH&

10% ! & ()= 010%|&()R CHO 10% ! & ()-Fcfghi2vu4 C9 10%! & ()- C 10%! & ()-
C 10% & ()-10i!10i!10i! C=10%!& ()- CH0%!& ()-2hX[\|[:-410}!C
C=10%!& ()-C C1 1Q%! ZC.C1110%! & C 10%! & C 10%!& 3
CL0% | & (247e 5 KA} BEACRS, mm@% &h9 3T FOUE (L GeTETOnEop |
X1O%& CL10% 10} L AG10}LC CR9 1098 & 109% CS2
Y00 & ()-8 GRS Proreroon g e et ted e % (0N ety Pt
Cs10% ! & 9 04
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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,
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wherein the compound having two or more phenolic hydroxyl
groups in one molecule contains as a main ingredient at least
one of phenclic resins represented by the following general

formulas (10) and (11):

R32 R34

wherein R* to R**may be the same as or different fromone another,

OH

and each is selected from a group consisting of a hydrogen atom,
an alkyl grcup having 1 to 4 carbon atoms and a halogen atom;

and b is an integer of 1 or more; and

OH OH
R3qa38 R4OR42

-CHQJ\—/H\-A\ 2 -CH :——“H (11)
\/ = /4\/

R39

wherein R*¢ to R*”*may be the same as or different fromone 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,

wherein ¢ is an integer of 1 to 10.
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1e6. The epoxy resin composition as claimed in claim 10,
wherein the content of the curing accelerator is in the range

of 0.01 to 10 wt%.

17. The epoxy resin composition as claimed in claim 10,

further comprising an inorganic filler.

18. The epoxy resin composition as claimed in claim 17,

wherein the inorganic filler is fused 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 device manufactured by encapsulating 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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