; Y& (e3eHH@OAC. CG6GTHHgx THERMOSETTI NG RESI N COMPCSI TI ON, EPOXY' RESI N
-MOLDI NG MATERI AL AND SEM CONDUCTOR DEVI CE BACKGROUND OF TH :
Field of the Invention The present invention relates to a mﬂu“ﬂm“mm%
.resin conposition which exhibits excellent curing property and,gd,Qkage
stability and advantageously used in the electric and electronic fields, an

Govi Lo usi i ERAQRRTRc RESYR COM PGSR REPANATRR RELEREL T 0" o

electronic materi al SI\@%“I‘ER iSCEﬂ/I%OI\TIS’U Ir@éeri als for

sem conductors, inprovenen%gkgﬁq%e curirng rate has been required to

i ncrease production efficiency and inprovenent in storage stability has
been required to inprove handling during distribution and storage. In epoxy
resins used in the fiel BAOKGROUINDcO@NHEI IZOWENMIONTat eri al s, ami nes,

i m dazol e- based conpounds, heterocyclic conpounds having nitrogen such as
di azabi cycl.oltiettbeftle, Ingaatien nary amoni um conpounds, phosphoni um conpounds,
ar soni um conmpounds and the |ike various conpounds have been used as the
curing catal yst 1 hewaeeseafitpedntiongrelatespgora thenmgsetting desn|cempasdPnconpounds

d for. . terial f ' duct th d
cor r osi on BIGhrPHAE W F G urfiSFie BORAND1 GRGorTHEF ght bdiBerBtur e and a
hi gh hum dj ' -t iabi |i;: d
num . condtauaefuh SRR RERR N EReh B RR HOR ab bRkl ™"

property. JBRIi8EHSterfall@sHpetHRf colbfifosHIOY @nd ARIRESIEGoNQbvideski@Pl € i n the
field of the electric and electronic materials. Phosphorus-based conpounds

such as phgsphatémah conpounds are widely used in this field. Many of the
wi dely used curing catalysts exhibit the effect of accelerating curing even
at rel ati valNedcoipticamfdiedatedertsuch as the ordinary tenperature. This

ef fect causes deterjoration 1n t he qual i,tf/ of . the resip cqnposition. For
exanpl e, vi scosh ¢5elepidicerrdslesigntq materiplsgrrd. dasRArtgUaT Horp$esdiBet i on and

st orage and %he 1cuf{?i nsg r oper 0?4 fluct uat es. .Totﬁ)ver cone h% abbove probl em
o call ed PASREClr i G A an REroVente iU EhiRE Tate Ra IR
required to increase production efficiency and improvement in storage
stability has been required to improve handling during distribution and
storage.
In epoxy resins used in the field of electric and electronic materials,
amines, imidazole-based compounds, heterocyclic compounds having
nitrogen such as diazabicycloundecene, quaternary ammonium compounds,
phosphonium compounds, arsonium compounds and the like various
compounds have been used as the curing catalyst.
When amines and, in particular, imidazole-based compounds are
used for a sealing material for semiconductors, these compounds cause
corrosion of internal wiring under a condition of a high temperature and a

high humidity, i.e., these compounds tend to show poor reliability under

humid conditions, although these compounds exhibit an excellent curing

AN
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whi ch suppress the change in viscosity and fluidity at | ow tenperatures
"with time and exhibit the effect of accelerating curing reaction only under
heati ng during nol di ng have been studied w dely. For this purpose, studies
_for exhibition of the |atent property by protecting the active site of a
curing accelerator with an ion pair have been conducted. |In Japanese Patent

licati Lai d- . i sei  8f1996)-41290 | at i I t
AoV ng o SHIPRSEr oot heakicey Tisaton Phoin b ta ueelidsa b iz PBuEr or gani o
act ds_and pROSRNANGHIThE et HndCLR3EGnd MBSl ST PRS- BAGRPhONI UM

salt does not have a specitic higher or nol ecul ar structure and the ion
pair is retahpyehds Qasi dypEssphopiuhlcempouhfeaididégnasePin tHe reut. si de
environnment) a problemarises in that storage stability decreases when this
phosphoni um sal Many appheediday reeentusegl catglyset exhadlis ther eferti 6bnduct or s
whi ch uses phenol resin curing agents exhibiting greater nobility of

mol ecul es serelerasingorr R eedmratwetlghvelepdoy fcadiengtuans pivbnes el kyl
resins. In Japanese Patent |.i ceggi on Lai d-OQpen No. 200Q1-98053, a curing
accel er at of 'ARBH (S TBPS At c LT RiP edtect asss; Aty atioRpduthe arakty of
tetrasubst,t uted phosphoni um cenpound,. ;a canpound having at Least two
phenol i c h)t/lzfr SEVF GPBHSE MR- oﬁfg‘”n%f%%’mee ‘élrsl%nipsétycbrhﬁl%‘rbsée ea%cis}gmﬁtyt he
conmpound hayi t olj y r S e I le, is
di scl osed. é%r?%%oldggféarﬁg@gggﬁgt %gg Egﬁggﬁnéngo%sﬁ% ?@ﬁgﬂe}cul ar
conmpound (fhcth@psLsented by genes al formula (1) or (2) described mthe
present invention mwhich mrepresents 1, However) this nol ecul ar

associ ati on confouverchas theprhobt @mblan, saicatlbe latent verisg tecdlerathwes react i on
is strongly protected b}\{ the steric hindrance due to the higher or der

nol ecul ar Whidhcsuprreandhe wbapge imyigspoipe ey Hediyaatelyvalempersiiurase st or age

stability is.excellent.. . R HE | NVENTI ON The present inyention has
2n-obj ect BIUEH Hhg DRSS o] Aol UE TRESBMIFR T GAPCHIGSN bit s
excel | ent L n r r bt d 4 usly used
mthe fiel fé?%tfnéldg{:r?ﬁ?%ec&égg _ I%&?r%%i%cﬂrm ée‘# i‘g g@aﬁ%p@%%@%’ml di ng
mat erial  ugh Qg {8 & RIIRASH bF B BREL EpRBEHGMRANCE Q% it CRtR%¥ iR 46 NG
excellent reliability under hum d conditi ons. The present invention

provi des [4]cufingh@icsRsetdrivighrasion garmestticen cohdadtedonfir Uspsn@s essenti al
conponents thereof (A) a conpound having at |east two epoxy groups in one
mol ecul e, P&)end Appipwdion haid-QgemtNae. ddstser R0 99hEABIIL anjatepk ghriggoups in
one nol ecule and (C) a nol ecyl ar conmpound represented by any, one of general
forml a (1§ccsﬁaatj)én RUINEY by A étwst}regﬁm% witdy Ao %01@18)61%?%9‘?0% R+ 1
R PRAT(OAL BL AL A~ (HO AL-Bl- AL-O ~m~ 5 1 rein P.represents
phosphor us' HEON Oliigf,n.l(i'«’i?ld ngrpg}mﬁﬂh%xgg i %Oelbr%g gsﬁé{og%a'sn%@fvlg}’%rt &t C%r

unsubsti t uped 3% hiEndsAUPdNs At Bhky!a IpaYR. e CARR bR LA val ent
aromati c group, represents a single bond, a divalent group selected from
et her grougiguctsive haaeheiOVPRir is vdlhtidelyda@lPpSusdegtibRy QMY infuOKRSOr a

di val ent organic group having 1 to 13 carbon atons and mrepresents a
nunber in ther angadof eiBonetngdt, anpropderer atiséorinuktlzat( 2jorbee nggabRity

decreases when this phosphonium salt 1s applied to recent sealing
materials for semiconductors which uses phenol resin curing agents
exhibiting greater mobility of molecules such as low molecular weight
epoxy resins and phenol aralkyl resins. In Japanese Patent Application

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



| 1+R2P | R ~R3 (2) wherein P represents phosphorus atom Rl, R2, R3 and R4
“each represent. a substituted or unsubstituted aromatic group or an al kyl
group, A2 represents a divalent aromatic group and mrepresents a nunber m
.a range of Osnb0.75; [2] An epoxy resin nolding material which conprises as
essential conponents thereof (A) a conpound having at | east two epoxy
groups mone nolecule, (B) a conpound having at |least. two phenolic

hydroxyl grEepetiAtRrerRsnRd nfea feEyasybpaiute | RioSpHAPBIR COTEesertt ed by any
one, o 9en Shod AT ) A8 5o BB T By oo

(H-" AL BL" Alq 5 onfudite (Hdse BT tRE Nedi &H{cﬁ%%%f pﬂ%g@m% ?LQHMBL R2) R3
and R4 each represent. a substitut ed or Unsubsty tut éd aromatic group or an

al kyl gr ouRydidky! eRfupsantcheambickalee i dREIOBEL. I CTIAE QhflecBAr HERJESEIH S @
si ngl e bond, a divalent group selected from ether groups, sulfone groups,

sul fi de graupgowantceaespomds tgrmelpsular camgbuad €6} rep@amieddiyoggneravi ng 1 to
13 carbon atons and mrepresents a nunber in a range of Osm-0.75; and
general f offopuda (h))ord@? dggcr]:bed];mp@p PrEEPRY invention in which m represents

1, However, this molecular association compound has a problem in that
the active site in the reaction is strongly protected by the steric hindrance
due to the higher order molecular structure and the curing property

decreases although the storage stability is excellent.

SUMMARY OF THE INVENTION

The present invention has an object of providing a
thermosetting resin composition which exhibits excellent curing property
and storage stability and is advantageously used 1n the field of electric and
electronic materials, an epoxy resin molding material using the
composition and a semiconductor device exhibiting excellent reliability
under humid conditions.

The present invention provides

[1] A thermosetting resin composition which comprises as essential
components thereof (A) a compound having at least two epoxy groups in
one molecule, (B) a compound having at least two phenolic hydroxyl groups
in one molecule and (C) a molecular compound represented by any one of
general formula (1) and general formula (2);

general formula (1) being:



C(0- A2- ~~ (K~ A2- ~-m (2) wherein P represents phosphorus atom R1l, R2,
‘R3 and R4 each represent a substituted or unsubstituted aromatic group or
an al kyl group, A2 represents a divalent aromatic group and mrepresents a
.hunber in a range of O-nt0.75; [3] A material described in [2], wherein, in
nol ecul ar conpound (C) represented by any one of general forrmula (1) and
general formula (2), the number represented by mis 0 or 0.5; [4] A

mat eri al describ inRES]) erein the phenol conponent in nolecul ar
compound (C) repnesentled by |general formula (1) is bis(4hydroxyphenyl)

sul fone, 2, 2-bi s(4phygroxyphenyb)al; B, 14 3. exaf lgorg 50 piopane or

bi s(4- hydr oxyphenyl$ g{h§¥% and [ 5] Alsehﬁggﬁgﬁctoﬁ dévi te &2@ h conpri ses
a sem conduct or ene seated with an epoxy resin nolding materi al
described in any one oB [2], [3] and [4]. An epoxy resin nolding material
whi ch exhibits remarkably excellent curing property and storage stability
can be obtained maccordance with the present invention deggyibed above.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Conpound (A) having at |east two
epoxy gr oupghereinold seprsserts rhogphetisiadons Bd, Ry BhendResash répresention is not
particularly limted as | o as the conpound has at |east two epoxy groups
in one nnlé%?ﬁQQut dePH?uggmeﬁﬁﬂoﬁﬁﬂn€E§ ?ﬁBPuBE‘@bdﬁ?yié§PH§’a§d epoxy
conpounds Qgbt ai ne V2LS i eni ¢ ohydrm wi t h, hydr.oxyl group. in

phenol s, ph%pnrgfe?tgs?ngwg% n%lg)ﬁrf ol glr (g‘EPChﬁéslrQB%\éosfgltsr )eésishnsgf %fl%t"gie bi phenyl
type, epoxy.resins of the novol ak type and epexy resins t he napht hal ene
Lybe: epoxdAgHnEred, AR NP SuboredieRBs SRRk BhiohdFalRhe cuch s
alicyclic NS, c j hdat i

G Dy oy b o B P e LB 49 hen na ()
havi ng at heast ahdan peeRethts ydndxyin gratpsoM sresovieaudes works as the
curing agent for the conpound (A) having at |east two epoxy groups in one
nmol ecul e. Exasml ésrnoflad@npeusd (B) i ncl ude phenol novol ak resin) cresol
novol ak resins, novolak resins nodified with al kyl groups (including resins
obt ai ned by co-condergati or, bf the doubl e bond of cycloal kenes with phenols
i n accordance with th?—Frie el -Crafts reaction)) phenol aral kyl resins and
resi ns obtai ned |by ca-condensatjon o apht hal s and phenols with
conpounds havin é@r ﬁyR4g oiﬁ.’ﬁbhé@@ﬁ?“gaﬁﬁ (}5 is not limted to

t he conpounds d cri bed” above and any conpound i n which hydrogen atons
bonded to aromatic rﬁhgs are substituted with at |east two hydroxyl groups
m one nol ecul e can be used. Mol ecul ar conmpound (C) which wiks as the
curing acceleratar mthe present inventiogon is_represented by any one of

genes al fWhersind represgiys gbpasiharup gtormi B (By Barfd By eaghprepzasey a

iati d of t bstituted ph honi h I d.
Thi s compotHi ORI Yed s hREIRR: FiI SR BHBSR it attusdhTh deBRS DR phon um
cation, at Ieasttpneigq%_lggs th@g t hree henoln% %%grox I grpqﬁs and one
phenoxi de HATEFE Pt WY ELERs AHEFRYC tHEP tHE FoaPRTeH éhaartégn it thé
tetrasubst{t g.e0 PHasapoR um cation is surrounded with at |east one and

| ess than three phenolic hydroxyl groups and one phenoxi de ani on and a

stabl e strgtung iepokpr ilech Msidike RREFPNORHIA icompMikshas agtsbaeigl t he above
structure, a tetrasubstituted phosphoni umion having substituted or

unsubst i t utedparerts gherged (Ahd @inkpdungr bapsgas lehe Subspotyuerdupsi 1
preferable due to stability against heat and hydroIYsis. Exanpl es of the
phosphoni umg gywlecule, (B) a compound having at least two phenolic hydroxyl groups

in one molecule, (C) a molecular compound represented by any one of

general formula (1) and general formula (2) and (D) an inorganic filler;

general formula (1) being:



i ncl ude tetraaryl phosphoni umions such as tetraphenyl phosphoni umion and
‘tetratol yl phosphoniumion; triaryl nonoal kyl phosphoni um i ons synt hesi zed
fromtriaryl phosphi nes and al kyl halides such as tri phenyl nmet hyl phosphoni um
.ion; and tetraal kyl phosphoni um i ons such as tetrabutyl phosphoni um i on.

Mol ecul ar conpound (C) used in the present invention has a structure of the
phosphoni um phenoxi de salt type as described above. This structure is
different fromthe stRycture of the conventional conpounds of the
phosphoni um organi ¢ adi d anijonr salt type mthat, m nol ecul ar conmpound (C),
a higher order strpctyre 1§ orn wAt hpthe - ©enabopdsa of oions of the
phenol i ¢ hydr oxyl %%oqpslgh r @%dslthb ibgygfg%nd,l|ﬁlfﬁé(g§%v nti ona

salt, the reactivity s controlled by the strength of the ionic bond al one
In contrast, in nolecuBar conpound (C), the ion pair of the active site of
the reaction is surrounded by the higher order structure and protected at
the roomtenperature. In the stage of the actual nol ding) Qh@ hi gher order
structure i s deconposed and the active site of the reaction’is exposed to
exhi bi t t h&heeatath yerrgsemts pdpsphneus giemnl Redid, dtseand By eper repreamibre

provi ded. ampl es, of the phenol ,conpound whi ch can, general, forma

mol ecul ar gﬁﬁgﬁﬂﬁ31WPtH”FHBS?QF?%S%%%Qw%%ﬁEBHEh%%ﬁﬂbﬁﬂkﬁ1HHH“PnG?ude

0 henol s Gyl %, DRBERR'o/by 2Ry MR LRICRRIR P opreno

F (4,4 -me ene eno ylI'éenebi's

2, 2mret hyl epebi sphenol ), ; bi s{4- hydr,oxyphenyl ul f one (bi enol S),
bi sphenol V?LF“E I8t ﬁyﬁellecfé%(égﬁosdpﬁéhﬁtgl%%?u %{s%“%%lgrf)\lﬂ rséﬁgge group
(4,4 -(9Hf e eyl d )ohi i) : -

4, 4' - met hy %lgrﬁgﬁl?%l(%%rgg?%eo?hilegﬁ%%q ?rgg%c glmsltpﬂl ﬁg/’ﬁlrgo}(ytf))hleg’n)??sbr?ent hanone;
bi phenol s steeds @sd 4 déprobgitenolumBer2intd PRERAIF,0=m=0.75; and

3,3 ,5,5 -tetranet hyl bi phenol and

2, 2- bi s( 4-duratrakiopheny (3)1heing:, 3, 3, 3- hexaf | uor opr opane; hyrdroqui none;
resorcinol; catechol; bis(4h%droxyphenyl) et her; 2, 6-di hydroxynapht hal ene;
1, 4- di hydr oxynapht halgene, 2,73-di hydr oxynapht hal ene;

1, 6- di hydr oxynapht hal éne; 1)) 1'bi-2-naphthol; and -

1, 4- di hydr oxyant hr aggmone. [Thése co unds can formyoordi nated structures
represented by éﬁ@?‘l‘T@u a??§jgﬁﬁb@%gkfh'ﬁgﬁhpig (2) in which the
nunber represented by mcan be in the range of 0 to"2 depending on the
relative anounts of e tetrasubstituted 8 phosphonum i on and t he phenol
conpound and the structure of the phenol conpound. In the gpesent

i nvention, phenol_ conpounds are sel ected anong the _above conmpounds so that
t he nunbervhegsindeippaesenys phowheriheatonydye Raf RoapdRasnchrepreseng pred

coordi nated,st.ructure repr nted h neral formula (1), or general formula
(2). The §?¥ﬁé¥ﬁ$¥%(%fUPE%&§§P%§€ﬁ3ﬁ§%§WO§BHHhﬁﬁn@ﬁbfﬁ#%h1&HH%Lt phenol
portion can be cgnfirn%ﬁ?Qy thetpeasureneat. of 1H NMR and .t he. nass

spect rum TFRESFRIUE SV AT AL G ET U AR S BPIBTe R e PR HuPa (2) can
be cal cul glgdefor@R LRep Rt egral intensities of the phosphonium portion and
t he phenol portion obtained by the neasurenment of 1H NMR of the nol ecul ar
conmpound i8] ageqhgdanag édchbbient Bl WMot duatdBstuldR _'coﬁﬂﬁ’ﬁﬁﬁ@){d)':" Po) _ 1
wherein Pp and Fp each represent the nunber of proton in one nol ecul e of

t he phosphepresencahbn aagdnelofgadeal forapulagénand lhenémtl dgmahlav@) uwhe of the
phosphoni um canon portion and the total phenol portion in the anion side,
respect i verymbehrappegardedbyan e obP-The measurement. The value of min
general farqul 1) ar,general formyla (2).representing the nol ecul ar
conpound ﬂérgegié&&eﬂébéﬁﬁFﬂgm%dntﬁﬂ»§¥ %%P?t eopﬁﬁﬂ@ngﬁﬁqpﬁﬁ?tégsiness of
hydr oxyl far i e e 0 ef i i anc drigidify
of "t e pnenBBulst o ARPLAE P LRRST 3 Benend bl ML TP

st ereochery Wahera t 1T LSar | 1 as 0.0,

0. 25 0. 33 B e, b e R T e of

t he phenol conmpound which is preferable for formng the structure
represented by general formula (1) or general fornmula (2) in which the
nunber represented by mis in the range of O-ms 0.75 include bisphenol S
2, 2-bi s(4- hydroxyphenyl )-1,1,1,3,3,3 hexaf | uor opr opane,

br s(4- hydr oxy- 3- net hyl phenyl ) sul fone and bi s(4hydroxyphenyl) ether. There
rs the possibility that the formed structure is different depending on the
rel ati ve amounts of the phosphoni um conpound and the phenol conpound used
in the synthesis of the nol ecular conpound. When min general formula (1)
or general fornmula (2) represents a nunber in the range of 0 ¢ m~ 0.75,

t he higher order structure is easily deconposed and a catal yst exhibiting a
greater activity of curing the epoxy resin can be obtained. On the other

.



of the follow ng processes. In one of the processes, the above phenol
“conpound and a base for helping ultimate renoval of a hydrogen halide which
is, for exanple, an alkali netal hydroxi de such as sodi um hydroxi de and

. potassi um hydr oxi de or an organi c base such as pyridine and triethylam ne
are dissolved into a solvent such as an al cohol, a halide of the above
tetrasubstituted pqg%ghon'un1ion gissolved in a suitable solvent is added,

t he reacti BROR&AY dhtgopyRiteedd 4RET 13 obj ect conpound i s separated as
the solid ﬁﬁnpgnept.in accordance Fﬁhh a segarating 0 Srqﬁ[on such as
recryst al | {Zat forf BITANFUETLRRICE SV ISR FHPHESS Aspe! F@E.uqﬂlfﬁﬁPﬁ%ﬁ process,
a tetrasubst.i Al I St t nol
compound arg e AR R R B o B O BB
sol vent sughqag).an al cohol under heating. It is preferable due to the
excel l ent bal ance of the curing property, 10 the storage property and

ot her propertiednt kabxy tieeianmohiting ofnavetia uvarchc aghound fe@arkabl as t he
curing accelerator in the present invention is in the range of about 0.5 to
20 parts bgxeedieght cyprg 10®PpHyt Sndy siwriaght stebilitye caot de obtathed ampunt of
conpound (A) having aE keast t wo epoxy grouBs in one nolecule and the
anount . of 2EERPRRGTAVILR) DA RYESEG! A vantioa; dasGbad aRBYS-¢ hydr oxyl groups in one
nol ecul e which works as the curing agent. As for the relative amounts of
conmpound (A) having at |east two epoxy groups in one nol ecule and conpound

(B) having at Ie?§%8§§?%?ﬂ§$qéﬁqTﬂy@@Qﬁm%RgEgr§§%¢@quﬁM@?gecuIe, it is

pref erabl e that e anount by t he phenolic hydroxyl
group in compoulgnpBhnd ) v la€ashst tWW epBRPYrbEpIIPYRAS hbleeiR NI ecul e
and the amount by nol e of the phenolic hydroxyl group in nolecular conpound
(O is in wiech angedah thbprdseft hve@tidnnohespartteyadf dimaibdd/as onighe range of
about 0.8 to 1.2 noles per. 1 nole of epoxy group in conpound (A) having at
| east two Hposogmpewubbad #f lop tie apesl greymca aivemelseitleg Proparesol heat
resi stance and el ectri.c properties are inproved. The type of t i norganic
Fller of CORBBHEIAL BRolIde ProRY ey aggﬁ%pqxafv%qm%wdyssowéfneﬂgﬁﬁ cul arly

i naIIXBused for Sq%i'T naterials can

limted and inorganic fillers. g entional I RO,
be used. E%%ﬁ%¥%%9%¥ﬁPH§“%§H}aaﬁFéyPFfﬁéﬁﬂPn Iﬁﬁ@h?ﬁé%dpaﬁH)CFagﬁed silica

powder, fusgg SPRGRAICRLCE iaki rRxPRUEBE of ShY Highdd eyl | &ifAyRRQUARrJr Ssecondary
aggregated silica powder, alummna, titaniumwhite, "al um num hydr oxi de,

talc, claytndogdlakyhé bad.epbusedsinphgrthealaphithileae popeledpoixs ms@ker abl e. |1t
is preferable that the shape is close to the perfect sphere as nuch as
possi bl e. ditainghdyiepakidsitioncef elafinbevitk gebracidarsichcasabextlianenony by usi ng
powders having different particle sizes. 11 It is preferable that the
anount of ¥efelsgaRmPorns abtaigedby groxidaden of dbyelrexybenagrespiichs by

wei ght per 100,parts b ight ,of .the total of the amount of conpound (A)
havi ng at ?%gg931 n%ﬁ%Qﬁﬁﬁggﬁﬁgopﬁd%ﬂe nol ecul e and the anount of conpound
(B) having at | [ I I When t he
anpunt. is Iesse?ﬁgﬁﬁg%6ﬁgggakggg9§g%g?§LF?&?ﬂgfghPSQ?ﬁg%gggg#gﬁfity t hat
the effectmoPdcul® WHALCRMRtcurd Aodli€of thd €5mpSuMPYASKHEIhE Ia@NEd Y

exhi bited. When the anount exceeds 2,400 parts by weight, there is the
possi bi | it ywa Reabxy lgrodps yn ohe tihelenwledi Hgamatles ioélcothponedyd3 iaclhddef ecti ve
filling takes place during the nolding. Therefore, such anpunts are not

pr ef er abl eph¢noljnpvetnkerasiafsespbnevelaktresins, anvelak epinshmodifedgerthc fill er

isinth f 250 tq. 1,400 ts b i ght 100 t i ght of
the total B 9 RO H?lé’gH}E HSi e g hi‘?edfb?rﬁgd(e%atém’&f Bje §Pﬁ§8wte'hg O
degree of pPhiPLHT clgglig{u?st Woth BPeﬁ(ﬁs’ iRra%Q%&gitan%PR '%ﬂ%ﬂebqfr&déﬁ-' gftfs.he mol di ng

mat eri al decrease event. “tormation cracks msol der and viscosity
of the nol ging ARt AHnd] atdlkiNRsIR! 480 &AL {9Re H86BR8Red@tBhigTi Nat e the
possibility of deform ng netal wiring inside the sem conductor device. It
is preferable that the inorganic filler is mxed well in advance. The epoxy
resin nolding material of the present invention nmay further conprise
various additives in conbination with conponents (A to (D)) where
necessary. Exanples of the additive include coupling agents such as

y-gl yci doxypropyl tri met hoxysi | ane) coforing agents such as carbon bl ack,
flame retardants such as brommi ated epoxy resins, antinony oxide and
phosphorus conpounds, | ow stress conmponents such as silicone oils and
silicone rubbers, nold rel ease agents such as natural wax, synthetic wax,

hi gher fatty acids) netal salts of higher fatty acids and paraffins and 12
antioxidants. In the present invention, catalysts such as

tri phenyl phosphi ne and 1, 8-di azabi cycl o(5, 4, 0) undecene-7, 2- net hyl -i m dazol e
may be used in conbination wi thout any problens as |long as the function of

o o " e o o - B Y Y



The sem conduct or device prepared by sealing with the cured product of the
"epoxy resin nolding conposition of the present invention is included in the
techni cal range of the present invention and exhibits excellent resistance
.to noisture. To summari ze the advantages obtained by the present invention,
the thernosetting resin conposition and the epoxy resin nolding material of
t he present

i ti hi bi t N i t t
Stabi 11 Ty SRS Luhp EoHInEe B Oaby Ba bt anheatsp LERPng o3 conduct or
| LY uctor "t ik e |
el i abi 111y e R AEE iR ) P TEh Al SR aB8RTIAE Yo
material anghiRedeH %i?llﬂeh%%‘éehngﬂﬁhéi@InIdédacIMf'ich%Q éylslbhxﬁ@ifé'\/PLES 13

The present invention w be descri bed nore specificall reference to

exanpl es nadikeitheld wwhng lHoweWerhydrbeylpsiesphin bRy eiflé@le tn POLséd.mM ted to
the exanples. [Synthesis of curing accelerators) The structure of a

synt hesi zed nolMolecalarcompound @) sbogonenks af Che wasimgoafck leneidrimn
accordance with 1H NVR) the el enmental analysis and the neutrali zing
titration YheHuepdsayendon ofeprpee 3o Iy um Yienexdlderregla (akadt )

d i bed mthe foll ow A t hesi I I d of t of

component T salPBR clP el Gl ¢RGEF B n /4 GHED CHPRPhotint by
i ght i ' : I T f | i id

O R o e Sy

sodi um hy diogi e sha kb mBidh tidOBN 0 RO ERAL LR e Y hBPHFRE udNhtide AmouUnt by
normal per the unit weight of the nol ecular conpound of conponent (C) (N g)

was cal cullgagttonelined ie@githanchtecophdidcabidbreréapsiendase phedogdet he
phosphoni um phenoxi de equi val ent. Synthesis Exanple 1 Into a 1 liter

separ abl e diliask Hqisi ppedlestd Khat $he rpeeitive3zhargy ¢fOtHeStatrdsabytiofteBPS- N
(manuf actured by N KKA KAGAKU Co., Ltd.; containing 4,4 -hisphenol S as the
mai n conpdr@sphomivgn £ations srriearad ovithettelepstaginl and desDbhan tasedi ssol ved

i nto met hanol under, stirring at,the roomt erat ure. ile the resultant
ol ut fon dHEnelF Aty eetiich ik OBF sl RE FrRaa0 ARee: Byl Sebfiirhg 4. 0 o
(0.1 nol e); 9,59l um hydroxide into 50 ml of nethanol was added and then a
sol ution prepared in advance by dissolving 41.9 g (0.1 nole) of

t et raphenyl phosphemd whobslwHide: idH GvHi2A dith have the above structure, a
tetrasubstituted phosphonium ion having substituted or unsubstituted
aryl groups and alkyl groups as the substituents 1s preferable due to
stability against heat and hydrolysis. Examples of the phosphonium ion
include tetraarylphosphonium ions such as tetraphenylphosphonium ion
and tetratolylphosphommum ion; trmarylmonoalkylphosphonium ions
synthesized from triarylphosphines and alkyl halides such as
triphenylmethylphosphonium ion; and tetraalkylphosphonium ions such
as tetrabutylphosphonium ion.

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

This structure i1s different from the structure of the conventional



m of methanol was added. After the resultant solution was further stirred
“for sone tine, 300 nml of nethanol was added. The sol ution obtained in the
fl ask was added dropwi se into a great anount of water under stirring and
~white precipitates were obtained. The obtai ned precipitates were separated
by filtration and dried and 6G 0 g of white crystals were obtained. The

bt ai ned d.wlLl.Db f dt Cl. . F t | t f 1H NMR and
Che mass SREBEPRREDR). 0P o hiEeRabim Pt Al et e lf P oot dtpouna

constitute it § yl.p onj j ' - hi sphenol S
portion. | tglov\%)éctsulaa 2‘%@%@?3@2’ r@?ﬁe%%ﬁﬂ gﬂgcﬁhﬁ%e%}%&e@gﬁ%ﬁtﬂi ?lgeensi ty of
the 4,4' - bhspheeal boadeifii@brdOoft ihe dHEneNs ihyUradyl bheu etk aphsay kphosphoni um
portion in 1H NVMR that CIL was the object conpound in which

t et r aphenyighiodphdni imtanccohyvénhtibmspdedy) ahe Seiantiviey ds icustratiodiniys thy nol e of
1:1.5 (m=0.5) formed a conpl ex. The val ue obtained by the neutralizing
titrati on strength ehidte ohe pleoai uln pidnoxti demetpeitleal wmiponvas! Nose to t he
cal cul ated value of 713 and the resuylt of the elenental analysis supported
the above &t¢ 1pgt paig ofihe agéve Bte ehidieskracien is syreundedadhy thehigber s
Examples 2 tp 6 ,and Conparative Synthesis anples 1 and | n Synthesis
e oo 20k SR oed TR ok e S RE P Bt at . 2N cBe TaR 1 the
same proce C : - WY . ' ducted in
The condi t Manarufl ORRRC BREHERES bR MR e T TPy B B

respecti vehiiva\eite oPtBOaELetion! REeiREed (S eRRBitSIIRWRAcAvikab! Fhlis, fanparative
Synt hesis Exanple 3 15 Into a 1 liter separable flask equipped with a
stirrer, 1go-Galipd ritdntploperof can phervyideldenol and 50 ml of met hanol were

pl aced and pphenyl phenol was dissolved into nethanol under stirring at the
room t enper at ur Bxampldseof bee phenpk eompeuidiriboch was, st igeneh), forawlauti on

prepared m advance by dis oI_Vf'f‘]ng1 4.0 g (0,1 | ) of sodium hydroxide into
50 m of nEORGT GRIEPawRevishdhe Hetraauigitytsorhpmderiuyg ienaashite by

di ssol vi ng, 41, 9 (0.1, ol e), of , tet;raph l.ph honi um brom de into | 50 m
of net hanoPlSRBgn%adesdl.ChAf%serbltsﬁléelrl%lsu tggéﬂé%@f}& 5%"’6@5?“? PEMEt i rred for
some tine, 100 §f (Dur 18heABh T ed 4dr-omIs iR o enfd ask. under
stirring. br%gﬂe 108‘ gﬂ o} eg?}i)ro%anol was ’addegwandevlvlgﬁk%te preccll ?ig’tat es were
obt ai ned. Hheh@bhabhispHeflECi pid(athedrogphesdpar aflfmeby (Bisphémdli og)and dri ed
and white crystals were obtai ned. The obtai ned conpound will be referred to
as D3. Fromsphendlestil (4 46éthyhidesalmeplamal)y s bsphsnelhdberenad(t te®Hn

Synthesis Exanple 1, it was found that D3 was a compound in which

t et r aphenyflpersaphrahidene)Résd beaal) c 414 -pepboriatanebs (A6 shmetylaberel) vad py
elimnatio oton, fr hydr oxyl .gr.oup. of henyl ghenol i ,ative
anount s bygﬁg‘{'g&g’fox@gen%ééﬂq? ’ tlﬂ%hﬁfgﬂl%cﬁ){%gr Ao 6ﬁwg1eﬂggd%§n' t he
present in [,on » ARy j onj Ry e i ynt hesi s
SR R ke L L s R G S g A
(0.1 nol e) 191 B8N BbLafRed@pAsfhned HHdrefuiiBidhanebrivgile catatel BnR{4benzoic
acid was di'ssolved into methanol under stirring at the room'tenperature.

Wi | e t he hehwkypidnydpl utdther; was2,8idihyddxy@agaohalenon prigpdiledirbxy-advance by
di ssolving 4.0 g (0.1 nole) of sodium hydroxide into 50 m of nethanol was

0

16  addednapitthalene, &2, 8¢libhy drony prdpheleae d, dibadeeympritidonei dg'g 41.9 ¢
(0.1 nol e), of tetraphenyl phosphqni um hrom de intg |50 m of t hanol was
hdded. Af (& 2-PRBNFTL Pl ,%%ﬁeiﬁr%wamggaﬂwwpﬁen%éf:%er CRUPPBRISGHE i me. t he
sol uti on oftai ned.in e flask S dr opwi i nt 0. f_wat er
under sti _r?’i”ﬁlgc.oof%lélr?,té#]ﬁguc ] Vr"ggrﬁg%%g%&y %gr%?%%u%nég\%i _eélgb?le_ci pi t at es
vere obtai ped.id ) Al RicRale RECh R LpELEnNRIMNS SERANR B HYYrahigeidra@t i on and
dried and white crystals were obtained. The obtained conmpound will be
referred te a Bdperdhapm ohe thesuklsivel duh@usanef atiad yetsaadstibese conduct ed
in Synthesis Exanple 1, it was found that. D4 was a conmpound in which

t et raphenyl phosphoni um was sonically bonded to a carboxylate fornmed by
elimnation of proton from carboxyl group of benzoic acid in relative
amounts by nole of 1:1. D4 was not the nol ecul ar conpound used in the

present invention but an ordi nary phosphonium salt. The results of
Conparative Synthesis Exanples are al 80 shown in Table 1.



17 Table 7 - 1 Synthesis Bxanpl e123456Synt hesi zed

" conpoundClC2C3CAC5C6Phenol conpound constituting nol ecul arconpound (O
(amount of OH by nol e) BPS-N 1>0

. 30. 32, 2- bi s(4- hydroxyphenyl )-1,1,1, 3, 3, 3- 02hexaf | uor opr opanebi s(4- hydr oxy- 3
- met hyl phenyl ) 0 3sul f onebi s(4- hydr oxyphenyl ) et her0. 20

3bi s(4- hydr,oxyphenyl ) net h - phenyl phenol benzpoi ¢, aci dPh honi hal i d
(i et et rrﬁm_ﬁﬁwﬁﬁ?é?m@m?ﬁ‘ Oggﬁ’e‘fﬁ“i‘éaT?iF?éB'ﬁ‘éL ’eﬁﬁiﬁﬁﬁ%%ﬂn =
chl ori de n [ 0 m 0 Nium
br o deo. (R Trer 31 Chy o o e T St O el 150 S e R Sehett
10. 10. 10. 159538 8h& AR HERs 59 (AYRIHIG: Bhb a0 c2Pe % (5919 Gn 50, 5F0S phoni um
phenoxi de equi val ent cal cul at ed713674755540593633f ound 2) 7286687535G159S645
18 Tabl eahge o CEMpAOEtE Bynfhesidscdoxdmptel dtracBurd Syprtdeeséd g conmpound
D1 D2 D3 D4 Material used in Conparatne Synthesis Exanple (amount of OH by
mol e) BPS-gdngral2 feerhinky( 41hyodr gxygpiagnipkhula )1, 318, 3hexcafitesopdHphepane
bis(4-hydroxy-3-n1ethylﬁgﬁny | ) sul fone bis(4-hydroxyphenyl) ether 0 4
bih s( 4;] hy_drtéﬁ@ﬂﬁ’:]?égyhbh‘i’é? énopev‘tﬁmpqlwhghepﬂwl p@.l‘@Olb@ﬁmecCgaélgewdol
Phosphoni ym hal i de (ol e)t et sphoni um prom 10, 10. 1
ter }ng{]eihn oS5 T o RAER et ﬁ%‘i‘sr?%ﬁpﬁﬁg‘ -oﬁfﬁw?lueo n
rom det et. r 1 odi um
nydr oxi ded” 1o ege TSP LR 08 iRl B B ¥ hRELAGL R R
henox~de ;g4 pkL (B 4§gn; hén’ 1
Rhnufactu#ggg%gpﬁfﬁﬁgﬁhﬁxgiﬁﬁdéggg Ltggnz Fg%Pg?ggé#gg?éﬁﬁé%%ﬁédnt %y

nor mal perobk&i@ednbst theinghisutdhent of HINMRIbAthe amdeuildr c&npobhaiined by the
neutralizing titration. 19
accordance with the following equation:

m = (F{/Fo)/(P1Py) - 1
wherein Py and Fg each represent the number of proton in one molecule of

the phosphonium cation and Py and I, represent the integral values of the

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

The value of m in general formula (1) or general formula (2)
representing the molecular compound is decided depending on the stability
of phenoxy ion, easiness of hydroxyl group for forming the hydrogen bond,
steric hindrance and rigidify of the phenol compound and other factors. It
is considered from the stercochemical consideration that m can have
discrete values such as 0.0, 0.25, 0.33, 0.5, 0.67, 0.75, 1.0, 1.25, 1.33, 15
and so on. Examples of the phenol compound which i1s preferable for
forming the structure represented by general formula (1) or general
formula (2) in which the number represented by m is in the range of 0=m

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



[ Eval uati on of thernosett.ng resin conpositions] A synthesized nol ecul ar

* conpound of conponent (C) was added to a conpound of conponent (A) having
at | east two epoxy groups and a conpound of conponent (B) having at |east

. two phenolic hydroxyl groups and the resultant. m xture was pul verized and
m xed. After the obtazned m xture was kneaded nth nelting on a heated pl ate
at 100C for 5 pginutes, the resultant m xture was_cool ed and pul veri zed and

a sanpl e o#’eéaﬂH%‘f%%lé%ﬁei’nﬁlﬁ(‘é‘é’i"ﬁ"@iyn%@%‘?twwwg Fuleae e @ndTrHus@r epar ed
sanpl e was,eval uated in accordance wth the follow.ng.nmethods. (1) Torque m
cur ng The bAFoRaLEGrD R BE o REF & Mhe oS hEN I e ettt e
procedur es Wq@ i SLNG f ORI ENTECH
Co., Lt d.; IJS f%%%%s@%~TE ‘sg'ihgggé%ﬁgg}%é‘%g%ng‘? %l%%gg%}luﬂe torque
obt ai ned ughigoPHRAREGME PERnsiScot RATAINRIA i tRAdisGAtHRS JiM8e GaS1bAgaPr Operty.
The greater the value, the nor a excellent. the curing proper ty. The unit

i s kgf ~cm cég@potRagdi dudhei r actin ogedfrahdatmgbn € ptoe dgbyeralir forg u(2vaj uati on of
the storage property) Using a sanple prepared m accordance with the above
procedur es repiesentsi i auntheatingéherwngd by cami Fg0-7mshe abghyr afrtler bei ng

prepared and the heat giener ated by curing after storage at 40C for 3 days
wer e measufEdctaneascasilydaromposetliagd drataestiraiibigoger gresdehyctenhi ng

ml/ ft t.he st based initial  h ted by. i

(o) o) wend® RATBGIRE BHPRR T b e bt P OB OB e L Ganer at e
(o _ ! _ _
A T R BN R S R S R

greater i.bgAbtahegHodalivs of tECadttVesibX6RiHeaRhclifteiSitesRgeuPtORRI LY.
Exanples 1 to 6 and Conparative Exanples 1 to 5 In Exanples 1 to 6 and

Conpar at i vetdrialhipldeande défahb pheaoipdoaspafndcandolsd feapnsitwertehpmegdmd i n
accordance with fornmul ati ons shown ~n Table 2 using conpounds Cl to C6
obt ai ned i terPprepdnat demve®eanpl es 1 to 6, respectively, and conpounds D1 to

D4 obtained in Conparative Preparation Exapples. 1 to 5, respectively, and
eval uated in acMpleatencamparn &)MC%WI@ egiaed 1 BerabRite” thi ace of

nol ecul ar ¢ 0 Q). triphenylkphosphi was used j,n arative Exanple
T and compolnae TERot Geor e Ba a4 it dparatr e Bkl 010 gyt

respecti VeEé/mpM\Eﬁ& ARies P CMPREIBIA Y G1tERaMP &R ovall & DhylfsHRackAIMR) Y- The
results of the evaluation of the conpositions are shown in Table 2. 21

Tabl e 2 - FHrtamie! A3d5plgRar Miadit lmethl RditxiBy sweh ghtjdianphydnikide

(A) EOCN- 1020- 65 1) 67YX- 4000H 2) 52525252 52conponent ($) phenol novol ak resin
3>33XL- 225an)l 984i848u8n 4Bndioeclal ar awnpmand (b@se S5juchp@€l C2GEECHNG6anount 3
73 53 82.83 3 3.3 Properties torque in curing (1'75C, 45 s) Q 56 0 65 0 61
0.68 0.62 trigthylaginepye Awsolyedintor asplvent spChaaangalsehel aghadidegol 95 91 92

i 0
90 by curi pl‘ge gb/gve tetrasubstituted phosphonium ion dissolved in a suitable solvent

is added, the reaction is allowed to proceed and the object compound is
separated as the solid component in accordance with a separating
operation such as recrystallization and reprecipitation in the last step. In
another process, a tetrasubstituted phosphonium tetrasubstituted borate
and the phenol compound are reacted with generation of heat and further
reacted in a solvent such as an alcohol under heating.

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

10



22 Table 2 - 2 Conparatne Exanpl el 2345Fornul ation (part by

* wei ght) conponent (A) ECCN-1020- 65 1>g7YX-4000H 2)52 525252conponent

(B) phenol novol ak resin 3148XL-225 9>48 484848conpound repl aci ngconponent

. (O 5)typetriphenyl - D D2D3D4phosphi neanmount1.0 3 83 83.53. 1 Properties
torque in curing 0 34 0 42 0 45 0 58 0 63 (175C, 45 s) (kgf~cm residual
fraction of heat 55 93 95 53 59 gener at ed E% curi A cresol novol ak

ng (/) 1
epoxy resi Menalivnf & PLYRA h PR BBEN PRANEAIKgSdhal the fmoynta E‘g%‘%&ﬁfi“'esi n of
t he bi phenyl type nuf act uned by JAPAN EPOXY RESI N . Ltd 3) A phenol
novol sk eSmo it PR O, g SRR B Baher iourvde o ne o

95C 4) A phenQlng @la¥lit DSl dBaME %9%@& p¥r g@dgg&&g HSARAEH: 6Pt LEd. 5)

Compounds synthesi zed in Synthesis Exanples an nparative Synthesis

Exanpl es exggpbf tid phonyt phesppoied TAE hhbeinBsRlabt Bgo @Sk gfAURRORI ti ons of
the present invention exhibited excellent curing property and stor age
property asnsimolrrubyatdéh®3mounesiitdsp@fndE@inplvesg at kasonwe abénolihc~ sewn
conposi tion of Conparatne Exanple 1 using triphenyl phosphne as the curing
accel er at ohy@&whybgtoagspooneduelepglepylbsbrigrkand the shags qacoper £y [01The

conposi tions of Conparative, Exanpl e and 3 mwhich the nol ecul ar
conpounds ﬂ@pwi%%vﬁngalowt@%%w@‘f@@%vm afRAsh L CEBK L SEES M wer e used

UGN G IR T R RN S

and 5 uwng’th& phospronum s Web €6 ecu

m the pr es%xg}rutpis NKESH Bb1&HM Dittie O rBfRQBle HIQ @ItRAIOPEIhd ¥mdubPeHgh the

curing pro y was excellent. (Evaluation of epoxy resin nolding
mat er i al s] mbkasbile Fhditicl BtdroxyIngroapinaeicunted® Havied aanshstheor esul t ant

m xture was kneaded at 95C for 8 minutes using heated rolls: YX-4000H
( manuf act uplechoby grARPNIERPOXYNHESIN Bod fhé achoundrbyepoleyof 8 phafoliche
g)p,hem/lj fgycfr%xglzgr%%;)tli n?gle\é\fliag r(l;[)mél(;l-lgg %C)( m?lutfhicr;grgg ((j)f g%/oul\’él OTBS Lthl) ZKAGAKU
moles and preferably in the range of about 0.8 to 1.2 moles per 1 mole of
epoxy group in compound (A) having at least two epoxy groups in one
molecule since the curing property, heat resistance and electric properties
are improved.

The type of the inorganic filler of component (D) used in the present
mvention is not particularly limited and inorganic fillers conventionally
used for sealing materials can be used. Examples of the inorganic filler
include fused and crushed silica powder, fused spherical silica powder,
crystalline silica powder, secondary aggregated silica powder, alumina,
titanium white, aluminum hydroxide, talc, clay and glass fiber. Fused
spherical silica powder is preferable. It 1s preferable that the shape is
close to the perfect sphere as much as possible. The spherical silica can

be used in an increased amount by using powders having different particle

sizes.

11



a phenol aral kyl resin) 48 parts by weight. Ml ecular conpound C 2.9 parts
" by weight Fused spherical silica (the average particle dianeter: 15 Vin
500 parts by weight Carbon black 2 parts by wei ght Epoxy resin of the

. brommat ed bi sphenol A resin type 2 parts by weight 24 Car nauba wax 2
parts by weight The resultant m xture was cool ed and pul veri zed and an

epoxy resin nol di ng terja s obtai ned. The obtai ned epoxy resin nolding
material was evat l?d%rg&rﬁi;llﬁéi‘éf; ené@OHPEOE‘H’é* NBTFEWE Agetist Bdds rarse resul ts

h | f | uat | 1), . T iral f

measured byt 0P Zeabrerrey ReabloeRdofnetRy ab e thd talelar lihoe i t

th t hod =) t . | nj ti

pressur e of Ayt e PGuil B HRkhe! ATREEAMN Sy chdibe i Ind MAEMET oy 15 o
1Rt ab 18408 Mad

paraneter shaWHdambant Iouic_einwpnar(mﬁ _ ;;!ﬁeﬁ)(;lict Rgasrinal flow,
the nora excellent the fluiditi=. The unit is cm (2) The torque in curing

was obt ai ngdolys usiong MIRASIKOVEWEEN theanmbaat us ddshyhORIFNTEGHs Qo , Ltd
JSR CURASTOMETER | VPS type) after 45 seconds at 175C. The greater the

val ue, thewrnglet, dhew isetlie powsiladity nhaptlopeffest. ofThanfomeament wifh~thm (3) The
residual fraction of {|ow was abtained by neasuring the sgin al flow

i mredi at el yHesns @pt paihsypnibepdibfednaVarndhepanagniseseads 4d080@rtor 1 week
and expressed as.the percentage of. the sppral fl after,. being stored based
on e spi P41 VERSY THIRGd dvel Soesneke Betng v epal B majaigneite@abs () “The
reliabilit ] . a ! t he

Fol | owi ng SraRasts UMb FROC IR ERLIBARHES U AEROREE T D,

t enper at ur guéf ahbRGts ArdiEPTeic®able. 70 KGh&D rRRG aBleCiht BB AnGBnObT 2

m nutes. After the nolded product was post-cured at 25 175C for 8 hours,
a vol tage ole Abryangdildppkiirdht eahfeof BFEDLP1j4003irtb Rty caglitepgrer(it ur e of

| 25C under a relatnme hum dity of 100% and the product was examnmi ned wth
respect topahe Hyrwekight phttienigtalTiéhe ameubed by wetdld df cokpaunds (Dgndas f ound

in 8 or nore packages_anong 15 packages was used as the defect tinme. The
Uni t is holl) STKE MexASRIRT CirBOBE EnEDHERG0R difeiie WessbebHITPS PWihen t he

nunmber of the defective package,after 500 hours s 7..or l.ess, the defect
(e vas ekprnédbd hotEnb AR BebRbagor DGRt SRGafufhet SERdst ™ e, the

nor a excekli@apt 4 v'i&'ois@%i({f'.oﬁl%/_eommngh%gtgnﬁprlﬁi PlONSeltfX @PRhRDHE and 9

and Conparative Exanpl es
decreases to eliminate the possibility of deforming metal wiring inside the

semiconductor device. It is preferable that the inorganic filler is mixed
well in advance.

The epoxy resin molding material of the present invention may
further comprise various additives in combination with components (A) to
(D), where necessary. Examples of the additive include coupling agents
such as y-glycidoxypropyltrimethoxysilane, coloring agents such as carbon
black, flame retardants such as brominated epoxy resins, antimony oxide
and phosphorus compounds, low stress components such as silicone oils
and silicone rubbers, mold release agents such as natural wax, synthetic

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

12



In Exanples 8 and 9 and Conparative Exanples 6 to 10, epoxy resin nolding
“materials were prepared using the fornul ati ons shown in Table 3 and

eval uated m accordance with the sane procedures as those conducted in
_Exanple 7. The results are shown in Table 3. 26 Table 3 - 1

Exanpl e”, gcdFornul ati on (part by wei ght)conponent (A)I'X-4000H
11525252conpanent (B) XL-225 2~484848conponent (C)typeC | C2Ceajount 2 92 92
Gconponent 2B Hg%dS 5065 BESHREr 1TaR YN iCEE@lB%tﬁegu‘g’or?ﬁoHéﬁgg%gr bon

bl ack222ep resin _of .the r.om bi sphengl A ecarnauba
wax222Pr opgﬁ%lpélgé%iarna 1%%\%%@% @8@%@2@%&&%zgfﬁn%é}rybiﬁﬁgl(lﬁ%%&fe may
cm) 808384r gsi linf | foo 9 ehah| .
P (53005 L00CER0Ra At e Pratiry 5 HpRASRERYR e S Einction of

Exanpl e678Qib0ebul & ¢0th géun((§)Rarthekyiritg £k o3P anesitadv) 6Ky 460604,

1) 5252525252conponent ( B) XL- 225 2>4848484848conpound repl aci ngconponent

(O typet ri phenyl'ix P83 Dd4phosphisneanstert083086 3 ré80¢omyenaoh cab)be

(f used500500500500500spheri cal srhca}other conmponent scar bon bl ack22222epoxy
resin of tokiRPEELBY ohkHE ednbRrphend) o (Ypeehehealvd ditayes2p2henooper ti es

spiral flow (c 73 110 106 71 .74 torque in cuyr kgf ~c 2 69 71 83 80
oSt dual | ERRTS OF PRIt tojfpvs 7 6 a%l?lgﬂa??&w?m& Q%ﬁaber S¥dhi d >500
manuf actur S0 0 FRbARCEROE el TSR A Chenol aral kyl Creetn T
manuf act ur ed byIIMIWOduEE'i%W 50 sentitSh &R tor JMC@W’@!&E@H&CE%M& ng

matemal s of Exanples '7 to 9 of the present inventi'on exhibit remar kabl y

excel | ent §4:95 a@eh pIsOfAhicyn@iictotd kMg HOPEINyYresit mddalgSMasd@yinot hat t he
sem conduct or devices sealed ~~c~ith the cured products of these epoxy
resin nol dileg presertaisventiinhi thed mwaldehd emtd resimt aacebtoackiesedirim | n
contrast, the epoxy resin nolding materials of Conparative Exanples 6 to 10
exhi bi t ed #9serdandenyyithy b transienmaliing tthe compreppagaoldingort theor t he
reliability. under hr({n d conditions inferior to that of the epoxy resin

mol di ng melPeFGtas™8 B anpl es 7 to 9.

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

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

the material and the device are used industrially advantageously.

EXAMPLES
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29 CLAIMS 1. A thernosetting resin conposition which conprises as

" essential conponents thereof (A) a conpound having at |east two epoxy
groups m one nol ecule, (B) a compound having at |east two phenolic hydroxyl
. groups in one nolecule and (C) a nol ecul ar conpound represented by any one
of general fornmnul a (1) and general for mul a (2) general for mul a (1) being:
R+ 11 R2 PR4A[(C~ Al Bl ~~ ~~'"Al' Bl' Al' ~~ R3 (1) wherein P

r epr esents phosghérHB‘”&PBrff“’?&“OIRZ““HRé’eaH%FCR?eéaEWW e%ﬂeégé?ﬂﬂlVa wWtlbst i t ut ed
unsubstl(%fut ed rorratl rou Al represents a dival ent

an al
ar omatic gFoGp "B Oﬁéﬁmg%%% lﬂ‘ﬁi'@ bﬁodV &l a‘?rgﬁ‘fntg‘%ﬁ‘ﬁtlg’@:ll%ct ed from

et her groups; llﬁH{edeﬁ?)eth%re%éﬂﬁal@mf' de groups and carbonyl groups or a
di val ent organi ¢ group havi 1 to 13 carbon atons and m represents a

nunber in g;}rrﬁﬂggs@ffcgmlﬁg(aczeﬁewaagg]gener al formula (2) being: R i+R2P | R4R3
[(WA2" ~~ (H~' A2- ~~m (2) wherein P represents phosphorus atom R1, R2,

Rg and R4 each Thpresertira of absnithes sl nrole.umﬂ;mbsdmpmm&ﬂoﬁrcombn@ngroup or
an al kyl group, A2 30
(C) was confirmed in accordance with 1H-NMR, the elemental analysis and
the neutralizing titration (the measurement of the phosphonium
phenoxide equivalent) described 1n the following.
A synthesized molecular compound of component of component (C)
was reacted with oxalic acid in a known excess amount by weight in a
mixed solvent of methanol and water. The amount of oxalic acid
remaining after the reaction was determined with an aqueous solution of
sodium hydroxide having a known concentration by normal and the
amount by normal per the unit weight of the molecular compound of

component (C) (N/g) was calculated. The reciprocal of the obtained value

was used as the phosphonium phenoxide equivalent.

Synthesis Example 1

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

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

14



represents a divalent aromatic group and mrepresents a nunber ma range of
"Qcnc0.75. 2. An epoxy resin nolding material which conprises as essenti al
conponents thereof (A) a conpound having at | east two epoxy groups m one
. mol ecul e, (B) a conpound having at |east two phenolic by dr oxyl gr oups m
one nol ecule, (C) a nol ecul ar corrpound represented by any one of general

f I 1 f fill I
formila (1 lbo&dn%%ﬂﬁna paSitstol A el mbs il a@s%m‘ms?kf- o | R
(1) wherei aeR)re Stl@ %Qboxrnll’ faﬁl%'?l‘lar%l wah ad(ﬁs ch represent

a substituied or unsu aromat ¢ group or AN adlky N b8Ful°AI

repr esent so@eaﬁsémhemhe QB HE aea&vraror%s@qm@%egiemadrﬁbm Bt 9@@%
di val ent group sel ected from ether groups, sulfone groups, I e groups

and car bonyhdgr @uipsin@r aaddivhadee predip@aitisC wE® Ushthawdlg Thbooﬂt&&@r bon at onms
and mrepresents a nunber in arange of O ¢c mc 0. 7 ~; and general fornula
(2) bei ng: piRcipitR2P WREARSpaf{ted A% fltraGbhvaaRl dbed 4R2Y Gh@reedhwRiteepr esent s
phosphorus atom Rl, R2) R3 and R4 each represent a 31 substituted or
unsubst i t uirEatads sieae btagnesip Oie eltamadyqomgraust wab be epfesrashiosisaCHi val ent

aromati ¢ gf:‘rolilg tﬁg(%e?ulgseg{ Fﬁ?\ﬁMﬁ an ‘flhnebglrasgnsla)'egt?'g c%p;cf)flt%as conf?*med

that Cl1 was the object compound constituted with the tetraphenyl-
phosphonium portion and 4,4’-bisphenol S portion. It was also confirmed
from the ratio of the integral intensity of the 4,4’-bisphenol S portion to the
intensity of the tetraphenylphosphonium portion in 1H-NMR that C1 was
the object compound in which tetraphenylphosphonium and 4,4'-bisphenol
S in relative amounts by mole of 1:1.5 (m=0.5) formed a complex. The
value obtained by the neutralizing titration showed that the phosphonium
phenoxide equivalent was close to the calculated value of 713 and the
result of the elemental analysis supported the above structure. The yield

of the synthesis was 92.6%.

Synthesis Examples 2 to 6 and Comparative Synthesis Examples 1 and 2
In Synthesis Examples 2 to 6 and Comparative Synthesis Examples
1 and 2, essentially the same procedures as those conducted in Synthesis
Example 1 were conducted in the conditions shown in Table 1 and
compounds C2 to CG6, D1 and D2, respectively, were prepared. The

results are shown in Table 1.

Comparative Synthesis Example 3

15



3. Amaterial according to Caim2, wherein, in nolecular conpound (C)

" represented by any one of general formula (1) and general formula (2), the
nunber represented by mis 0 or 0.5. 4. A material according to Caim3)

_ wherein the phenol conponent in nolecular conpound (C) represented by
general fornmula (1) is bis(4hydroxyphenyl) sulfone, 2, 2-bis(4-hydr

henyl)-1,1,1, 3, 3, 3-hexaf bi,s(4-hyd henyl her .
5 'R e conducBl Ael e dh oRVEONGFE CBL P Sl ot GUFoh Bl Aol seal ed
with an epaxyiel S B ofRhPoidnbRLEN 8b ASSS 'RARMLAWerd Fiabla Gy B 2 3 and

4., 32 . AFf.
CALLAFA \Geﬁgﬁénﬁ Aty L aHsbVe & Yinto rﬁéﬁlﬁ%‘flﬁﬁi%tﬁ‘u& at the room

AU A Al . An. 7Yu>153
ORI <AGux 346G} xgRistuéd ca] Wallealla] wahrahe ajdlalien] eakcalisalical caleadeal cal cal c
a] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa! 69TUY{ A" $$( V( () * ++225Q6} xsn
i d_Z] ca] cajprapa@iaalacixhoed bplizadlvajrdPan{chhodd)cdlscdiumahgdijocaleciakea) cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca! 688><??| DFFKMWPARTTTPTTTTU UUUVWM XZ$Z -} x
sni d_z] ca] &4 whpeajathped] ey edjeshiedroe) eajodalenped]cal capdapeed be] ca] cal ca

l - 4" "~ "eBeef fFjjjjnn&nkK St
o - LT TY SR ahy o B et ApeapbapelaTion eyl BEFCAY dhfifbel caj ca) c
! Dy vKMJ A id Z
o] ob] ob) cdos anyaaraL Rk AUl CARE) R R R P ey AR 2] oo e

ca] ca] cal catGaAld fr dotd HxRN1804hF 8t fate dla6al %L%h@é]&a#)&%]e%lf@ﬂ&a] ca] ca] ¢

aJ calcalcalca]calcalca]ca]calcalcalcalcalcalcalcalcalcal'Eeb!]}xsnid _Z]ca]c

a] ca] ca] calfrakcal da] saradd. cajleal gadhca) el L pldpaneder] £al-aad calaaleal cal cal ¢

aJca] ca] ca]cal calca7Yui K, Y310%&' ()-- [|10%& ()- 10%& ()-&LO0%&' () -
109&' () - 109 pitafekO¥@ie( obtabedE, YBe0MRAINeGHOYEIpiintdd WBA0%E af y bl by
#GLOY&' ()-FI 3109 ()-" 1109 ().-Y310W& ()--sl us4l

4109%& () - ! Hdredineay - drich Gogd Wit soystals) grere 19g@ney- FlThel obigrined :
compound will be referred to as D3. From the results of the same
analyses as those conducted in Synthesis Example 1, it was found that D3
was a compound in which tetraphenylphosphonium was 1onically bonded
to a phenoxide formed by elimination of proton from hydroxyl group of p-
phenylphenol in relative amounts by mole of 1:1. D3 was not the
molecular compound used in the present invention but an ordinary

phosphonium salt.

Comparative Synthesis Example 4

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

dissolving 4.0 g (0.1 mole) of sodium hydroxide into 50 ml of methanol was
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OR~ @ 10%& ()-FZ10%&' ()-- 10 10 1089109% ()- Y310%&' ()-!I
" 41000U8 () - R <dE~_@F2 10% ()-3) Y10%&' ()-L' 109& () - 393

109 ()-3' F109%& ()-L109%& ()- <>?@Gux|[9' 0@ 109%& ()- ~ 109@Z& ()-!109%& ()-

. i E10%& ()- 10 10 10s9s10% ()- 3469; <=i O+9#3D<wX Y109Z & ()-'

Y1092 & ()-' Y109%& & ()-' Y10%&

Y1002 & ()-°

added and then a solution prepared in advance by dissolving 41.9 g (0.1
mole) of tetraphenylphosphonium bromide into 150 ml of methanol was
added. After the resultant solution was further stirred for some time, the
solution obtained in the flask was added dropwise into 100 ml of water
under stirring. Then, 100 ml of 2-propanol was added and white
precipitates were obtained. The obtained precipitates were separated by
filtration and dried and white crystals were obtained. The obtained
compound will be referred to as D4. From the results of the same
analyses as those conducted in Synthesis Example 1, it was found that D4
was a compound in which tetraphenylphosphonium was 1onically bonded
to a carboxylate formed by elimination of proton from carboxyl group of
benzoic acid in relative amounts by mole of 1:1. D4 was not the molecular

compound used in the present invention but an ordinary phosphonium

salt.

The results of Comparative Synthesis Examples are also shown in

Table 1.
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& ()-' @10% & ()- =@BDH JKj F, 9# Y100Z & ()-' #3D<wX Y10%Z & ()-' Y10%&Z
& ()-' Y109Z & ()-' Y10% & ()-' Y109 & ()-' KNOPQRTUpR19# YL 109% ()-zw
Y1002 & ()-' Y109 & ()-' #3D<wX

Table 1 -1
Synthesis Example 1 2 3 4 5 6
Synthesized compound C1 C2 C3 C4 C5 Cé

Phenol compound constituting molecular
compound (C) (amount of OH by mole)

BPS-N D 03 0.3

2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3- 02
hexafluoropropane

bis(4-hydroxy-3-methylphenyl) 03
sulfone

bis(4-hydroxyphenyl) ether 0.2 03
bis(4-hydroxyphenyl)methane
p-phenylphenol

benzoic acid

Phosphonium halide (mole)
tetraphenylphosphonium bromade 01 01 01
tetraphenylphosphonium chloride 01
triphenylethylphosphonium bromide 01
tetrabutylphosphonium bromide 0.1

Alkali metal hydroxide (mole)

sodium hydroxide 01 0.1 0.1 0.1
potassium hydroxide 01 01
Value of m 05 00 05 0.0 0.5 05

Phosphonium phenoxide equuvalent
calculated 713 674 755 540 593 633
found 2) 728 668 753 561 598 645
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Y100Z & ()-' Y10%Z & ()-' Y10%&Z & ()-'UY;|obU4  10% & ()- 1094010
Y 910% . ()- YY$GLO% ()-@ YY$GLO% ()- @ Y""10%& ()- 9{yX6bU4 ! YFSF109%® 9
& ()-M YFsF109989& ()-M YYI 3109989& ()- YY3109989& ()- ! YCYS31099=9=& ()-y!

©109%& ()-| _:bU4 1#312kl mlo9® 9 & ()-''I ml09Y® 9 & ()-'!l ml0v® 9
& ()-'"'l
Q) Table 1 - 2
Comparative Synthesis Example 1 2 3 4
Synthesized compound D1 D2 D3 D4

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

BPS-N D)

2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-
hexafluoropropane

bis(4-hydroxy-3-methylphenyl)
sulfone

bis(4-hydroxyphenyl) ether 04
bis(4-hydroxyphenyl)methane 04
p-phenylphenol 0.1

benzoic acid 01

Phosphonium halide (mole)
tetraphenylphosphonium bromide 01 01 0.1 01
tetraphenylphosphonium chloride
triphenylethylphosphonium bromide
tetrabutylphosphonium bromide

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

potassium hydroxide

Value of m 10 1.0

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

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

(C) obtained by the neutralizing titration.
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mMoY® 9 & ()-'1 mloY® 9 & ()-'x[7bU4 ! #312kl ml0%® 9 & ()-'!l nmlov® 9
& ()-'11 mo0%® 9 & ()-'!l mo%® 9 & ()-'!l mo0%® 9 & ()-' bFbU4 ! #3I 2kl

[Evaluation of thermosetting resin compositions]

A synthesized molecular compound of component (C) was added to a
compound of component (A) having at least two epoxy groups and a
compound of component (B) having at least two phenolic hydroxyl groups
and the resultant mixture was pulverized and mixed. After the obtained
mixture was kneaded with melting on a heated plate at 100°C for 5
minutes, the resultant mixture was cooled and pulverized and a sample of
a thermosetting resin composition was prepared. The prepared sample
was evaluated 1n accordance with the following methods.

(1) Torque in curing

The torque of a sample prepared in accordance with the above
procedures was obtained by using CURASTOMETER (manufactured by
ORIENTECH Co., Litd.; JSR CURASTOMETER PS type) after 45 seconds
at 175°C. The torque obtamned using CURASTOMETER 1s a parameter
indicating the curing property. The greater the value, the more excellent
the curing property. The unit is kgf-cm.

(2) Residual fraction of heat generated by curing (evaluation of the
storage property)

Using a sample prepared 1n accordance with the above procedures,
the initial heat generated by curing immediately after being prepared and
the heat generated by curing after storage at 40°C for 3 days were
measured. The residual fraction of the heat generated by curing (md/mg)
after the storage based on the initial heat generated by curing (mdJ/mg)
was calculated and expressed as the percentage. The heat generated by
curing was measured 1 accordance with the differential scanning

calorimetry at a rate of temperature elevation of 10°C/minute. The
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moY® 9 & ()-' #312kll nmlo%® 9 & ()-'| nmloY® 9 & ()-'!l mlov® 9 & ()-'I
mov® 9 & ()-'zG J{Z9,410$ s9s10%& ()- "F10%& ()- "F10%& ()-! C
"F1096$& ()- 9 10% & ()- | m0%® 9 & ()-'IJKLw* "bA410$ IL 10%&' ()- IL
10% & ()- 109 ()-  109%&' ()-  109%&' ()-10$10$"" $$$$$% vU410

Y1098& ()-M  Y1098& ()-MLO1010 s9s109& ()- |* 10%& ()- IL

109 ()-(V(()L**+++|[:.-410 "~ 9s109%8& (),- 1109%6&' ()- & 109%& () -

& 10%3&- Egge(a?te}' tli(b@ g.l?gd} W%lum@mo{e?gxp&;hgz@%w Stoxﬁ;ge }gl)operty. & ()

Examples 1 to 6 and Comparative Examples 1 to 5

In Examples 1 to 6 and Comparative Examples 1 to 5, samples of
compositions were prepared in accordance with formulations shown 1n
Table 2 using compounds C1 to C6 obtained in Preparation Examples 1 to
6, respectively, and compounds D1 to D4 obtained in Comparative
Preparation Examples 1 to 5, respectively, and evaluated in accordance
with the procedures described above. In place of molecular compound (C),
triphenylphosphine was used in Comparative Example 1 and compounds
D1 to D4 prepared in Comparative Examples 1 to 4, respectively, were
used 1n Comparative Examples 2 to 5, respectively. The results of the

evaluation of the compositions are shown in Table 2.

21



224vi\ ; $ 3Y1098& ()-101010 " 910%& ()- |Z10%& ()--

| Z109%&' () - - 10$10$456(6888882YL?2; 10$10$10$ ~9109%8& ()- | 9B109%8& () -
3Y1098& ()-S  3YL109%& () - S! 3Y1098S&' () - 8; ><???2?22?| [ NA4; 101010 910%& ()

1> 109%& ()- | 10%& ()- 310%u& ()- 310%& ()- ?&D DFFFFFK| obU4;

| GLO%& ()-s!101010 910%&' ()- FYB10%& ()-& YGLOY%& ()-

YGLO%&' () - KKMMMWVOPVYU4: | mlo%&' () Teble 2 miloo®' ()-t101010 9109%&' ()- |,)
109 ()- |-GLO%z& ()-s! PVPEQRIRTH f+vid; — £3-100& ()~ Y9 310%&' () -
YZ109%&' () -BMam¥B109&' ()-M YZ109&' ()-M hnml0%& ()-3 TTTRTPTTETvUW4E O

109%& ()- i@ 10% $) & ()- F10%& ()- F 10%$& ()-101010

"910% () -rhkhl bt ¥iMeghyy YZ1098& () - L1O%$& () - | g109%8& () -
109%$& ()- 31098& ()- 3 10%$& () - WMXZ! Z" Z#7$Z| obU4;  3mLO%& () - 10$10$10$
9109%& ()- “VPIVWBE () - L' YIO%&' ()- |9%0%& ()-~""-_v__ 47 8 |[:-410
S910%& () - 3Lm:fommzo)sgm 3, 109& ()- F* 10%& ()- )Z10%& ()-
A>' 0109%& ()-8 gBeef bA410 9 z&,()-L 109%.z8& (
*@0% & () - Rogpui? ()- F10%z& ()%wloffffflrj 1 ”?vw 165 10: A
IL910%" & (90mp0’ﬂ83303%" & ()-y GLO%": & ()- I\/IlOzlezlezz

3109&' () - 9810% ( 10%& () - %B810%& () -9B10Y& (
>x10%& () - 10: &H) i1 j mvk 2UHB10%& () - /%810%8?4 %310%%?() %V\sx‘?lofy& ()- 9810
kkkkkt X2UI—l310°/e@5,p@ 9B\VBX310%& () - YB10%R () -PBLOYE! (@4 93 109&’ (d@ Y810%& ()
3109&' () - %kKk: k;

k<k=k>kr V: 2UH3£6‘@/$’1’50(V& () BLO%&: () - %33710cyé5() 8/@310%/%4 ()3 ?o/esfo?o/& ()- %3V\5x>
k?2k @AKJKN £ —9BLOUR 0% YR =HBLOYR () -
kPkQ<Rka\m;1eme2UH33100/& () - %BWx' 3109& () - V8100 () Y8 10%& ()-9B109%& () - /q
k~ kkkkkkaZ%M&rﬂq B3QY&s5 () - YB10%856 ) - o3 109 (Jore¥B1O%E () 7PBLO0% () - %3
10%& ()-Wkk% V- 2UFB31094& () UBLOYE () - YBLO0Y&' () - UBLOYE () - YBLOYR () - YBW
5xkkkkkkkr V: 109%& () - ¥B10%& () - %310%/(%) 9B\WBX3109%& () - YBL0%& () - Ukkkkk
kku52UH3310%51@9&1%%5)%%%%9(“)9”%1100/& ) - 93209897 ) - HBL09%E () -Ykkkkkkkt X2UH
33109& () - Y6316 (¥l 08109& () - ¥B10%& () - ¥B10%&’ () - YBLO%&' () - ¥B10%&’ () - Ykkk
kkkkr V62 UH334H0%&{)=9B10%R (=93 10%&()=% 3109%& ) =% 3109 (=98 \Wxkkkkl | |
MB2UH3310%& () - ¥B109%&’ () - % 310%& () - ¥&\WoX310%& () - ¥B109%& ()-% |1 |

| 110l Z: 2UH3310%&' () - Y%BWbx310%&' () - YB10%& () - ¥B10%& () - ¥B10%& () - 90! 11 21 3| 4l
51 61 t X2UH3310%&' () 3109&' () - ¥810%&' () - YBL0%E () - YBLO%E () - ¥B10%& () - YB10Y& (
)-9%! 71 Dl El Fl G H rV: 2UH3310%& () - ¥%B10%& () - % 3109&' () - % 310%& () - % 310%& ()
“9&WeXH | 1 JI Kl el f1glrV: 2UH3310%& () - %8109 () - % 310%& () - Y6Wbx310%& () - %310
% ()-%gl hliljlkllllZ 2UH3310%& () - 9%BWox3109& () - ¥8109&' () - ¥BL0%&' () - YBLO%&

Y()-9% 111111 gK2UH33109B810%& () - %B10%& () - ¥810%& () - ¥810%& () - 9BL0%&' () - %810
o0& ()-9% 1 11111rV62UH3310%& () - 98109 () - %9310%& () - Y0310%& () - IBL0%E () - YBW
SxI T11111rV: 2UH33109%& () - Y810%& () - U0310%&' () - BWEX310%& () - ¥B10%& ()-9% I I |

Il nMv62UH3310%&' () - ¥%6Wsx' 3109& () - ¥B10%&' () - ¥B10%&' () - ¥810%& () -

mmmmmt T2UH3310%& () 3109 () - B8109%&' () - ¥810%& () - ¥8109&' () - ¥B10%&' () - %810%

& () - %mbneni7nBmdmvZ>2UH3310%&' () - ¥810%&' () - ¥8109& () - ¥B10%& () - B10%&' () -

5Wbx9m m

m<mvVIMQTRNT R62UH33109%&' () - %&310%& () - ¥810%&' () - ¥%B6Wbx- 310%&' () - ¥810%& () -

MA m.m mt M22UH3109%&' () - %Wbx310%&' () - ¥%810%&' () - ¥810%& () - ¥B8109& () - % murny

n} m~-mm P2UH3109%&' () - %3109& () - ¥%810%&' () - ¥B810%&' () - ¥810%& () - ¥810%& () - %31

0%&' () - %mmmmmmj J* 2U310%&' () - ¥810%&' () - ¥810%& () - ¥810%&' () - B10%&' () - ¥©WbXxm
2U3310%& () - ¥8109& () - ¥B10%&' () - Y%dWbXx310%&' () - ¥B10%&' () - YermmmmmmmiZ:

2U3310%& () - ¥®oWbx310%&' () - ¥8109& () - ¥%B810%&' () - ¥810%&' () - Yermmmmmm_?2U33109%&

()-9%810% ()-¥%B10%&' () - ¥Y810%& () - YBL0%& () - ¥BL0%&' () - Yerrmmmn

nnN. 2U310%&’ () - ¥810%&' () - ¥%B810%&' () - ¥810%& () - ¥B10%& () - ¥%BWbX

nnnnnnnnnMa3u1010

37 910%&' ()-310%& () - %Wox310%&' () - ¥%810%&' () - YWn&KnnnoYonL+U

$109%0& ()-!P10%&R ()-!P$10%&R ()- 30$10% ' & ()- 30810% ' & ()-

3PY10% ' & ()-'10Y0o}000000kG+tU $10%& (#3 )t 10% & ()-t 109% & ()-t

10 & ()-t 10% & ()- $10% & () - oooooo00[ ?+U $10% 10% & ()-#3 & 10% & ()-t

10%4 & ()-t 10% & ()-t 109% & ()-oooooppphLOU t 10% & ()-t 10% & ()-t

10% & ()-#3 t 10% & ()-t 10% & ()-t 10% & () - ppp4p5p6p7phLOU t 10% & () -t

10 & ()-t 10% & ()-t 10% & ()-t 10% & ()-#3 t 10% & () - 7p8pVpWoXpYpZphDOU

t 10%&#3 t 10% & ()-t 10% & ()-t 10% & ()-t 109% & ()-#3 Zpkpopsp{p| pp[ ?0U

t 10% 10% & ()-#3 (t 10% & ()-t 10% & ()-t 10% & ()-t 10% & () - ppppppphHOU

t 10% t 10% & ()-t 10% & ()-#3 t 10% & ()-t 10% & ()-t

10%4 & () - ppppppppcGrUt 10% & () -t 10% & ()-t 10% & () t 10% & () #3 (t
10%& () (t 10%& () ppppppp|\8+Ut 10%#3 10% & () 10%& () 100/( & ()-t

A~ 7l NI Y. A NN Ty A NN A NN T



Y 10% & ()- - 1G0%X o0& ()- -1 Gl0% & ()- xxx xxQxx{{vU4dt Ys9l0%&k

&' ()- Y nl0%& && ()- Y mlO%R&& ()- 410%&k && ()-10X 10X 10X 910%X

& ()-{ {'{"{.{6{8{:{<{xX8t F10% & ()-.F10% & ()-.F10% & ()-.F10%-

& ()-. HL0% & ()-10& &10& &10& &<{>{B{{ {a{b{sWxX8t F10% & ()-..F10%-
& ()-.F10% & ()-./K DF10% & ()-.F10% & ()-.b{c{d{e{f{t{u{|\@X8t F10%-
& ()-.F10% & ()-./K DF10% & ()- Trilge-2 & ()-.F10%-

& () - . uf Vi L 2 @8t —F10% &' () /K DF10% & ()~ F10% & ()-.F10%
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48 48 48 48

compound replacing
component (C) 5

type triphenyl- D1 D2 D3 D4

phosphine
amount 1.0 38 38 3.5 3.1
Properties

torque in curing 0 34 042 045 058 063
(176°C, 45 s) (kgf-cm)
residual fraction of heat 55 93 95 53 59

generated by curing (%)

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

2) An epoxy resin of the biphenyl type manufactured by JAPAN EPOXY RESIN Co,
Ltd

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

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

5) Compounds synthesized in Synthesis Examples and Comparative Synthesis

Examples except triphenylphosphine

The thermosetting resin compositions of the present invention

exhibited excellent curing property and storage property as shown by the
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F109%& ()- F10%& ()- FL0%&: ()- !/01hLO4/ F10%& ()- F10%& ()-E FL0% ()-#3%
t EF F10%& E3ampleO?&’ ()- FLO0%& ()- 123@F| " @4/ F10% F109%& ()- F10%& ()-
F10% ()- FLO% ()-#3$ tE F10%& (% | IXYZ[\| 104/ F10%3% tE F10%: ()-

F10%& ()- F109&Fh9 follorgag qompesgntsevere sppdouyd Bioossilbond pyxhys tE

F10% ()- F109%& F10%&! HO4/ , F10% F F10%& F10%&' () - #3%
(e Fiove W3Sk Wi ?5195/%1@/«31{‘ iy, %I“E%@terﬁl’c?% FlO%&(%) 0

F109& ()-#3% tE F10%& (1ho ﬁkﬁl@u@cm?&% EA?%%FE@WRES"{%@&@,() FLO%&' () -
F109& ()-#3$ tE F10% () - PVoa/ TF100458 CEF F10%& ()- F10%&' ()- F10% ()-

F109&' () - #3%$ t EQG04/ L{dL04h EJ&¥Erebir £3be bip ek3V&nfd)- FLO0%& () - FLO0%& () -
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F109%&' ()- !6789cG+4 F109%&' ()- F109%& ()- F109%& ©P- Fp@i’/& K}bW#@tt E F109%& () -
F109%&' ()-9: ABCDEhD+4 F10%&' () #3% tE F10%& éb F109& FlO%& ()-
F10%&' () - #3% XL-225 (manufactured by MITSUI KAGAK ., Ltd.;
a phenol aralkyl resin)
48 parts by weight
Molecular compound C 2.9 parts by weight
Fused spherical silica (the average particle diameter: 15 pum)
500 parts by weight
Carbon black 2 parts by weight

Epoxy resin of the brominated bisphenol A resin type

2 parts by weight
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F10% -
torque 1n  curing was obtame& %\

ubmg
CURASTOMETER (manufactured by ORIENTECH Co., Ltd; JSR
CURASTOMETER IVPS type) after 45 seconds at 1756°C. The greater the
value, the more excellent the curing property. The unit is kgf-cm.

(3) The residual fraction of flow was obtained by measuring the
spiral flow immediately after being prepared and after being stored at
30°C for 1 week and expressed as the percentage of the spiral flow after
being stored based on the spiral flow immediately after being prepared.
The unit 15 %.

(4) The reliability under humid conditions was measured in
accordance with the following procedures. A 16pDIP was prepared by
molding at a mold temperature of 175°C, a pressure of 70 kg/cm2 and a

curing time of 2 minutes. After the molded product was post-cured at
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175°C for 8 hours, a voltage of 20 V was applied to the 16pDIP in steam at
a temperature of 125°C under a relative humidity of 100% and the product
was examined with respect to the broken wiring. The time before the
broken wiring was found in 8 or more packages among 15 packages was
used as the defect time. The unit is hour. The maximum time of the
measurement was 500 hours. When the number of the defective package
after 500 hours was 7 or less, the defect time was expressed as 500 hours
or longer. The longer the defect time, the more excellent the reliability

under humid conditions.

Examples 8 and 9 and Comparative Examples 6 to 10

In Examples 8 and 9 and Comparative Examples 6 to 10, epoxy
resin molding materials were prepared using the formulations shown in
Table 3 and evaluated 1n accordance with the same procedures as those

conducted 1n Example 7. The results are shown 1in Table 3.
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Table 3 -1

~1
@]
<©

Example

Formulation (part by weight)

component (A)

YX-4000H D 52 52 52
component (B)
X1.-225 2) 48 48 48
component {C)
type C1 C2 C6
amount 29 29 26
component (D) (fused 500 500 500
spherical silica)
other components
carbon black 2 2 2
epoxy resin of the 2 2 2
brominated bisphenol
A type
carnauba wax 2 2 2
Properties
spiral flow (cm) 105 103 108
torque 1n curing(kegf cm) 80 83 84
residual fraction of flow (%) 84 86 88
>500 >500 >500

reliability under humid
condition (hour)
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Table 3 - 2
Comparative Example 6 7 8 9 10
Formulation (part by weight)
component (A)
YX-4000H D 52 52 52 52 52
component (B)
XL-225 2) 48 48 48 48 48
compound replacing
component (C)
type triphenyl Dl D2 D3 D4
phosphine
amount 08 30 30 3.0 30
component (D) (fused 500 500 500 500 500
spherical silica)
other components
carbon black 2 2 2 2 2
epoxy resmn of the 2 2 2 2 2
brominated bisphenol
A type
carnauba wax 2 2 2 2 2
Properties
spiral flow (cm) 73 110 106 71 74
torque in curing(kgf.cm) 32 69 71 83 80
residual fraction of flow (%) 58 85 87 67 67
reliability under humid >500 >500 >500 >500 350

condition (hour)

1) An epoxy resin of the bipheny] type manufactured by JAPAN EPOXY RESIN Co.,

Litd.

2) A phenol aralkyl resin manufactured by MITSUI KAGAKU Co, Ltd
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The epoxy resin molding materials of Examples 7 to 9 of the present
mmvention exhibited remarkably excellent storage property and curing
property. It 1s also shown that the semiconductor devices sealed with the
cured products of these epoxy resin molding matenals exhibited excellent
resistance to moisture. In contrast, the epoxy resin molding materials of
Comparative Examples 6 to 10 exhibited the curing property, the fluidity,
the storage property or the reliability under humid conditions inferior to

that of the epoxy resin molding materials of Examples 7 to 9.
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CLAIMS

1. A thermosetting resin composition which comprises as essential
components thereof (A) a compound having at least two epoxy groups 1n
one molecule, (B) a compound having at least two phenolic hydroxyl groups
in one molecule and (C) a molecular compound represented by any one of
general formula (1) and general formula (2);

general formula (1) being:

R +

|
RZ—IID R, {(O-Al-Bl-Al-OH)(HO-Al-Bl—Al-OH)mJ

1

RS
(1)

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

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

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

divalent group selected from ether groups, sulfone groups, sulfide groups
and carbonyl groups or a divalent organic group having 1 to 13 carbon

atoms and m represents a number in a range of 0=m=0.75; and

general formula (2) being:

R +

1

(

Rz—fl’- R, [(O-Az- OH) (HO-Az- OH)]m J
R3

(2)
wherein P represents phosphorus atom, Ry, Rg, R3 and R4 each represent a

substituted or unsubstituted aromatic group or an alkyl group, Ay
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components thereof (A) a compound having at least two epoxy groups 1n
one molecule, (B) a compound having at least two phenolic hydroxyl groups
1in one molecule, (C) a molecular compound represented by any one of
general formula (1) and general formula (2) and (D) an inorganic filler;

general formula (1) being:
+
RI

|
Rz——lll‘-— R4 [(O-Al-Bl-Al—OH) (HO-Al-BfAl-OH)m]

Ry

M

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

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

divalent group selected from ether groups, sulfone groups, sulfide groups
and carbonyl groups or a divalent organic group having 1 to 13 carbon

atoms and m represents a number in a range of 0=m=0.75; and

general formula (2) being:

+
Rl

|

R2—ll°~ R, [(O-A2-OH) (HO- A,-OH) J
R'3

(2)

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

represents a divalent aromatic group and m represents a number in a

range of 0=m=0.75.

3. A material according to Claim 2, wherein, in molecular compound (C)
represented by any one of general formula (1) and general formula (2), the

number represented by m is O or 0.5.

4. A matenial according to Claim 3, wherein the phenol component in
molecular compound (C) represented by general formula (1) is bis(4-
hydroxyphenyl) sulfone, 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-hexafluoro-

propane or bis(4-hydroxyphenyl) ether.

5. A semiconductor device which comprises a semiconductor element
sealed with an epoxy resin molding material described 1n any one of

Claims 2, 3 and 4.

32



