. e3eXPUjj k\pHg"6TP06 1 6 MAY 2002 1 c00002 An %WH’}MMWO@OQ tion and
use thereof BACKGROUND OF THE | NVENTION |,. Fi el d '8 tion 5 This

invention relates to a sem conductor device where a*semi*conduct or
integrated circuit is sealed with an epoxy resin; to an epoxy-resin15”MYmm
conposition with adequate properties fér seali i i ticular reduced
hygroscopi city, good nelt flow properties and @mmmnmmnmmm“crack
resistance; and to a cured 10 product thereof. Specitically, this invention
relates to an epoxy-resin conposition conprising an"®%¥%| east bi functi onal
epoxy resin, in pauniepdr-resigpcgnpesiicrrandduse drhereof

di hydr oxynapht hal ene, a bi phenol, a novolac resin, a phenol aral kyl resin
or a phenol -di cycl opent adi ene resin; an at |east 15 bifunctional
ester-contai ni ng conpound and/ or an at |east bifunctional ester-containing
resin as a curing agent, PRACRGRPPNDI 8F FTHEINVENESRNai ning resin derived
froma novolac_resin, a Ehenol,aralkyl resin, a phenol -dicycl opent adi ene or
a napht hol -BiglfyPL tRenINKRALAORAt al yst capabl e of quickly 20 reacting an
ester group with an epox rou nd cured produgct .thereof.. 2. Description
of thé Rel at ed RIS ATTRR G0 Fel8Fes F ' artisnfianiafe dBYes FREES: at ed
circuit {LSL) iLs bpbractical t . a far ..25_elimpating
nalfuncti8nséﬂéc?gdagﬁégo%hgﬁggg%ﬁat%grgéﬁgrigt%%é% grg}tﬁegﬁ,eﬁéggture or
l'i ght. . 6, MAY .20 c .S, : . ' d a
meral or EEFRR oY 4L SpeRY e iR RbRRoRIE PR H R R OBEL IR, T o
epoxy resi seheCidd sl 1 pi : i t; 5

physi cal E?gper t ﬁ‘eﬂcsq E?hel%ephgegegééﬁ%?ﬁe%?ggggﬁngé%??éﬁd%lgﬁggsi tion
conpri si ng1 8wRIPIrtil¥ dndyodddérdl Raedbk resad fc£O8RA D HeudBd
epoxy-resin conposition as descri bed above has been demanded to be inproved
in its mephaabet! thepeSr!l | espedif idwl Iw) | ol di rreanbiank ¥elbdels to) aht
absorbs noisture in the outside air and thus nay be cracked due to

expl osi veegagyfreaihoocomposheioni ebmpeistiag enpasedenstablifghcteopalat ure
under soldering conditions; (2) there may partially occur

honopol ynepoxyt resinf an ppokjcudarmen &poxysirésinederiveddfiromg a curing
process which 15 causes excessive hydroxy groups in a resulting phenol
resin, |eddhyndresydepbihatanpenaobipbedodnear 8SveilafcEeqat ehephenel

characteristics, as well as deterioration in nechanical characteristics due
to the prasehkEloresihoynd RiFNsimdiortlepeniri tsre £&5i@ipaR ”) 1r&8EN parts

ot her_ thap.20 a desired epoxy-phenol. resin network; ,and 3.).contam nation
o th 13 cobiERade ifnph s ErERrAroREROAAY: SREPRE, BHELOT oo BEbACER Erot ai
parts in sem.conductor or electric l.eakage.. loqnic¢ i ritie s descri bed
"n (3) mabThaREEROPBE| SRCSE-BYnFRAPANG R eAExS FRETRY PIFRRACI2) may be
controlle . 1hg r esi I Qi s Zi ' t Lo

Fespect | varpiERRE CRTpELErLEBhERRIE BRAR BAVER £RBR' pTRByalac

epoXy- I esi-Bs §RMPYSHHEEN o D pOGRALL) Vg %Hefi‘idle‘?}iccj@ﬂ%n%%@i%h% pecently
used for a sem conductor i1nclude a relatively inexpénsive conbination of
o-cresol 80M9§>B€thp@rélﬁ{/leﬂééinr;e%hE! @t ea@algemfecaﬁasmelais uhkbRep
Kayaku, etc. and a phenol novol ac resin (trade nane: BRG#SSg, Showa
Koburzshi , reaetihgath asteruprasd witdden s@ser graafg, ambahtuwed prodhcki phenol
or a tetranethyl bi phenol type of epoxy resin (trade nanme: YX4000, Yuka
Shel | Epoxherebf. ) and a phenol aral kyl resin (trade name: 10 M| ex
XLC-4L, Mtsui Chemical Inc. , etc. ) as a high grade sealer. The forner
conbi nat i @aDescrhptacheofzthei Reillapedv@dtheat resi stance by the use of an
epoxy resin and a curing agent having a higher functional group density and
a lower cost, bln hakegratedibatkcwbt beI€ hppohviedanes saadenighegratadt i onal
group density 15 nmakes it highly hygroscopic and its higher nelt viscosity
reduces tR&rFRAtt (BPI)t st pra@Flﬁaﬁwn@rP&@@fceﬂhém &t 6eplegnbPration is
characterized.in inproved workabil ity because of conbining a crystalline
epoxy?? esPhiRaDRRANG RRLEVAGLABRNAUSF tReQLIT0OXCANSE ARV iLRE SuFéHuced

mel ting viscosibé and a |ower .20 h grosgppbg and fl exi bl e phenol aral kyl
resin, anB'MABPBFER P8Rk BOLSLUREeOBedd e 0of its | ower hygroscopicity,
but has been demanded not only to reduce a cost, but also to solve the
problemthat its heat resistance is deteriorated due to reduction inits
crosslink density caused by using a mainly 25 bifunctional epoxy resin. 1 6
MAY 2002 In terns of the problem ( Z ) of noisture absorption of a 16
MAY 2002 ~4 resin, as long as curing is a reaction between an epoxy group
wi th a hydroxyl group, the curing reaction inevitably produces a hydroxyl
group as illustrated by the equation bel ow,



5 BBCH2 ~0% H2 -f- DDOH --1 B-CH2 i H CH2-OD OH where B is an epoxy residue
and D is a phenol residue. 10 The hydroxyl group nmay increase the
hydrophilicity of the resin. It may restrict reduction in an overall
coefficient of noisture absorption evgn when the resin backbone is rtefdl MAY 2002
hydr ophobi c. To sol ve the problem JP~A 62-53327 by N shikubo et al. has
suggested a certain reaction of an epoxy group with an ester 15 group. In

t he specification, quaternary opiumsalts and crown ether conpl exes have
been listed as_a preferable catalyst. In additiqn, they have shown yields
when usi ng thesﬁﬁgci‘fﬁ%a]@a‘i dagsbeem recently, s8dGtae Trom RemetalRF

(Ni shi kubo et ,al., 20 Yyki Cogei. Kagaku, vol.49, 218-233 199é), "An

addi t i onCPEARLF AP & T8A 18ps0RY (ﬁﬁrﬁt&ﬁf% SFANG 3 madRLy; Badprith i ons
in polyner synthesis’. According to the paper, tetrabutylanmoni um chl oride
gi ves t hBPhPHREEt *GPLRg of 91 % but the yield are generally low Wen

remaining in a,resip.a 25.seal er. | a ] C integrated circuit,
a quaternary oﬁ?ﬁ%‘?‘gﬁ:slg}{’ch'ivﬁh%t%Jeé)ﬁ?‘ra?/’?e%n%fgﬂggsé‘,g&géggegﬂ%{: %‘?ﬁ?y 16
MAY 2002 : [ Cc C trd [ Cui .al so ,
er osi on BRYHEPET BARETISETthex T HalR ol el Wad ghiSoky P4

def ect. L | t QN 0 p s eS] i 5 resin,
catal yst gaﬂégagfqggﬁuggm‘%ﬁgg%hgngsbggg ﬁgagé%érﬁnaﬁégl%mh%&sﬁ)%ﬁg%%% _ A_

triaryl phagpBinesipr i¥idR78h %’Pbx%ﬂ-(%és%{ Eéipo8TASh ad Aesictiidid ¥béve dazol es
and phosphines are ofterm enpl'oyéd for sealTng a sem conductor. It Is,
however , hksopEeh BdmaATHddMitda el ﬁnggﬂﬁédnﬂnlﬁtélrﬂé&:ua&@céﬁ fopért e tends
to cause the epoxy-honopol yneri zation, leading to the problem( 2 ) . On

t he ot heanhatHe Sophowphgnérdwbacket cause such a problem but cures too
slowy. when applying an i m dazol e conpound as a catal yst to an epoxy/ester
curi@ reactiog]) altledsorbsatdilsture ancthenooattsddel aiesand ghasmdyp an
epoxy group nmay occur in a reaction yield of about 50 % and ot herw se there
may occubes¢rackedchions euphosivepgasilidcapdloprefi thei noisturervheny to the
paper by Nishikubo et al. Thus, the catal yst does not give an acceptable
cured predpesed2bosgchighngempesaturepunderi Goldering eonditinng t hat when
usi ng an i m dazol e or phosphine conpound as a curing catal yst, an

est er - cont ai ni h§) reR’PFE deae ML tep bly Arery | hepopplorerhzatinnenfidm does
not essentially react wth ap epoxy resin to %i ve a.cured groduct, 25

Speci fi cGPPFY RPRONLL AT BoFhISiHFHT I VL NHE FUEDF PEPCRBFRIG 10 nin
at tg9_ 200 C which.is aée erature .1 6 NAY %?0% 6 1rlangf usual |y used
for curi BT ERASTHEES HES iV ITR i B WPT R L Ot B REFAT 25518 t he
resin co o] ! e Q i ;%[@)I er). JP-A
9- 235451?%325'%&%)&%}%%g%%%%% oc%:l}ésngosl e‘%%%%%égggﬁaoo %fep#;%]lp‘f resin
s esterbhLederubichibs t0ENUPEdakOncRRLab G IdH) O ELIRAMaT €SN (O
give a sealer for a séenfconductor integrated circuit. The process is based

on a CongRRtatRatiseiBsohuBhesothe PrdsenteddiiRpdyL he starting phenol
resin are left unreacted 10 and thus the reactive phenolic noieties first

formecr oa&hbgkiyinara_ﬁatﬂbhiaaid exteBg iveaphandll besphgshiets ot helethan
after-cured by reacting its epoxy groups with ester groups, to give an

est 20 r eai desThedsepoky+phenhoDd hesidi aektasadk ;plaarphi nes, im dazoles 15 and
di azabi cycl o conpounds as a curing catal yst. However, phosphi nes does not
exhi bit adequat ) peorftamereteiars i tduifneg donsl,yin partioudpoxdyakogemn ester
group as shown herein ( see, Conparative Exanples |later); and im dazoles
and di azabheymhy cewpeundsrosier efomgthdmpasibarein Aemnigenductar @ fi cant
20 degree, makes it- difficult to adjust a nolar ratio of epoxy groups to
functi onglegksipsleakage.curing agent, and adversely affects product's
physical properties as indicated in the paper by N shikubo et al. In
addition, the EpBiFfimpurbriesas rdeearthedhin izamum eenteFekled with

an aliphatic acyl 25 group is not, preferable for reaction wth_an epoxy
grou%ﬁ by pefaipgdihie epoxy resin; (1) and (2) may be controlled by

reforming theresinandminimizing side reactions, respectively,



SUMMARY COF THE | NVENTI ON An object of this invention is to provide an
epoxy-resin conposition for sealing a sem conductor with | ower

hygroscopi city, good crack resistance and good el ectric 5 propertiefﬁ MAY 2002
conprising of epoxy resin, and a phegol resin as a curing agent, whose
hydroxyl group is esterified with an aliphatic or aromatic acyl group, in
conbination with a unique curing catalyst (accelerating agent) for
effectively curing the resin; a cured product thereof; and a sem conduct or

devi [ 10 ition. . h i - I th

above. pFBbRCHEVaiier ARRRESch DY RS B ARt Las, £ F nohe SEP&f af tneRagent may

be used to sol.ye th% pg%b!aed a’%%lip%}f'a'iﬂ%idq conposition according to this
%ﬂ‘oﬁ‘e Js int pp

i nvent i GRA™PESE 0se Iications in which a conventiona
epoxy-resin c It zté%f‘é}] sel hid & ndisctors éabiadeor a

sem conduct oregg&é?lvéeggl%g%kage %ﬁfgfe?n%{?ack resi stance than that froma
convent boPéia€99éXyrf§é£%9H§ﬂGé S Th a0 off! 6dbeésoRhdieaeid Lypkl y, this

i nventi on provides-(a) Anh epoxy-resin conposition conprising (A an at

| easd b%g”@g&kg“@ésfﬂi’q)ﬁtmaﬁéd BOCH 01 029, alihomaKayaki irettd .Onahdepoxy
resin, ) an at | east bifunctional ester-containing conmpound and/or an at

| east bisf WRehbINabvelker reeihai tirager nane: 25RGES 58 c BHowp Xgbrunshio to 100 %
of whose hydroxy groups are esterified with aliphatic or aromatic _acyl
groups, eard )(£3 aainivérSaligtsti¥8ealersalret atdompiagdrion 0hdbipbespdr at i ng
agent essentially containing a phosphine oxide represented b ener al

f or mul a ol telRraiethy1bi pRendirt ypeolfrepORy resin ((tradrdanee¥&0¢0 t o R6

all of which may be the same or not are 10 hydrogen, ,straight, branched or
cyclic aldkd Shelilrgpdxy p et .QagbSrs p@ﬁngllwr%}k)éf Feggn h"av?f% ngmes 10
carbons. ( b ) An epoxy-resin conposition as descr.ibed indg aa@ where 15 20
25 10) ftidex XLeadh, Miftsk ChamicapdRg -« Fhfounds AR J5AIG S92 EH-

bi functional epoxy resin is selected froman_epoxy,r.esi j f.,roma

di hydr oxynaphtiig EREMEE PR 2HLPY ﬁeﬁlé?ﬁ?cF%\'p %¥%(% uﬂ%ggéé%)%% ar*‘jesi n
derived froma bi phenol represented by_gener 0 poxy
resin déﬁﬁﬂfﬁf%ﬁ‘ifgpg %?/b‘ls&of?ﬁ‘ee?ﬁxgégisﬂ'nra:%dr és&é"{r?t'gérgg é?gagrﬁfgrvzaillm§or nul a (
4 ) , an epo resin derived from al<Iple} ral kR T gsented by
general & er (f%"cé:rh? 56X 9%3 ?Eggeé?ge% ]”f@r(’}(gznjﬁr gwa, bt o

phenol - dj ¢ @I oHen! te%dégﬂgrgg%idg:w&ggggﬁ%pfug@@%%l gebuplderbiky 0-c~ ¢

~H 2 2 ( 9 5 where the ring is

bstit ] . 5 t mdlto-viskto&ity?, 6-
2. 7 Bosi DTG 1 Fiohly CRPSYGLCOHI0 SPELahdgner meh 0 VIO Y ot whi ch

may be the;SAbE PheNPimi€ HYdiegeniiDepr fIELhyd rétd. CiheCiEttet (~I z- CH~i Q
CHz CHz n Re Ra (4) 15 where Re is hydrogen, nethyl or ethyl, and n is an

i nteger @mPinetiOl s Pusragizéd ih imptbvedowabkabiHity becaye® CHz
(RO)m CR4)m R~ 0~,,," CHs ~CH ;z CH2 (R1)d (5) where R9 is hydrogen,
strai ghtof ailsheth@ra exgisitaldling epaxyngesin hiaving@bBritiag @A havi ng 1
to 10 carbons, hydroxyl, phenyl or halogen; mis an integer of 1 to 3; and
n' is anof meagel 00f°Cland hbddnghaseducedagel + ing vigcogity and a lower
20 hygroscopic and flexible phenol aralkyl resin, and improved
crack resistance because of its lower hygroscopicity, but has
been demanded not only to reduce a cost, but also to solve the
problem that its heat resistance is deteriorated due to
reduction in its crosslink density caused by using a mainly
25 Dbifunctional epoxy resin.

In terms of the problem (1) of moisture absorption of a



~ s MaY zoo2 to ~2 5 where RO is hydrogen, straight, branched or cyclic

al kyl having 1 to 10 carbons, al koxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; mis an integer of 1 to 3; and n" is an integer ﬁﬁ MA¥ 2802
50 whose average is 0 to 15. 10 ( ¢ )" An epoxy-res in conposition as
described in ( a) or ( b) where ( B) the at |east bifunctional
ester-contai ni ng conpound and/or the at |east bifunctional ester-containing
resin, 10 to 100 % of whose hydroxy groups are esterified with aliphatic or

R A
20 . Re _i . . i 25
20 V1o Eh, By FabRon Ik eusn s b £t b gag o
|11 caLing SRSl R Lo TREECESLAR LD PHETeBhaith poidul MY 2002

repeating unit nunber is zero, the fornmula represents bi sphenol

derivatives; a phenol aral kyl resin represented by general fornmula 5 (8):
OAOAA ~a ~z ~2 ~z .. ~ Vv ~RO~-D1 ~9)m ~9~d1 10 where R9 is hydrogen
straight, branched or cyclic alkyl having 1 to 9 carbons, al koxy having 1
to 10 car bons Bpi@HyCH-1GH,oxy B—0Qd oger; BTECHCHTEH—OP 1 to 3; n’
indicating a repeatidgﬁyﬁit nunber is an integer of 0 to |00 whose aver age
15 is 0 to 50, provided when an average of n' as @OHKHepeating unit nunber is
zero, the fornula represents bi sphenol derivatives; and A is hydrogen or
acyl where the nolar ratio of hydrogen/acyl is 90/10 to 0/100; a

phenol - di cycl opent adi ene resin represented by general 20 fornula (9); OA OA
QA (9) w-~n, ~~ @RexenB( Rsoam €POxy reEidaee @ndRDo iss ahptiengdnresidaeght ,
branched or cyclic al kyl 1 6 MAY 2002 |2 having 1 to 10 carbons, phenyl,
hydr ok§, Ahiechpdroxyhiokonp nayw ingreasa the ydraphikicity ef &he nesyps of 1
to 3; n" indicatin%:a repeating unit nunmber .iis an_integer of 0 to 50 whose

aver age | Ftonay restiicl reduchien ighanedezgd loFoaffigiant ofdneisbuLei t
nunber is i zero,, the fornHIa represents .bhisphenol derivatives; and Ais
hydr ogen GPSEPtifec¥em Whap| the (ggin cﬁ%ﬁ?ﬁbéﬁ/&égﬁ hydsephebig- 0/ 100:

o e G O B SRLve B Ay Re-hrti<Ri1ah B AOSEORE Bk tlnunber

of " s DUPRRATPRKONA pERERLY S HEn St A ShaRy et e B Dol

derivggiv§§buipd A is hydrogen or acyl where the nolar ratio of
hydr ogen/ &yl “1's 90/10 to 0/100. 20 ( d ) An epoxy-resin conposition as

described i n anyn0 : i dn C i C or
%Ok ne épécieléagl%b Yideerdidy Gnul 33106934 cf‘%

inorganic filler 1n the range o 1900 parts by wei ght per parts

by wei ght edherAbsmpl exe8)hdve beed DI asPs gpre il deatkatykitnd of the 25
epoxy-resin conposition as described in (d). (f) A sem conductor device
manuf act uaeid ik Balthey have shown yields when using the specific

catalysts in a unit reaction, in their paper (Nishikubo et al.,

20 Yuki Gosei Kagaku, vol.49, 218-233 (1991), "An addition

reaction of an epoxy compound with an ester and its applications

in polymer synthesis”. According to the paper,

tetrabutylémmonium chloride gives the highest yield of 91 § but

the yield are generally low. When remaining in a resin as a

25 sealer for a semiconductor integrated circuit, a quaternary

onium salt or crown ether may, of course, cause not only



1 6 MAY 2002 13 sem conductor integrated circuit using the epoxy-resin
conposition as described in (d). (g) An epoxy-resin conposition conprising
(A) an at |east bifunctional epoxy conpound and/or an at |east bifuric§ iMani0?
5 epoxy resin, (B) an at |east bifunctional ester-containing conpound

and/ or an at |east bifunctional ester-Containing resin as a curing agent,
10 to 100 % of whose hydroxy groups are esterified with acyl groups, and
(© an accel.erating agent, which provides a cured product beI ow 10 wt % of
which is 10 extracted with refluxing acetone for haours., (

epoxy- r esidndeiiyable &f fectdesuchpas ﬂﬁcmrdrcmsewgt)—%@pms. hglt( B)lsé’n
organic and/or, inorganic_filler in the ran‘ge of 100 190 parts by wei ght
per 100 pHFELIRA \&qg grtads P?’fbssr(-"ﬁ) contart Awith Im 18 3P heat
curing of the 15 e -resin conposition as descrlbed in (h)y. (j) A

sem conduc? dt@ i %E( factured by sealing a seniconductor int egr ated

DETAI LED DESGRI P G CRCTEROBESHPR e TR 41 4 Vel BRe cal 1

pr ovi dES x;(;cf{ R&&Esgﬁ%nd n%riu%%ggﬁbggﬂgnéé)s@g al g | east bi functional

epoxy or ~an |func i onal epoxy resin,

(B) an 5 At ag@%lﬂéérﬁ}ﬁfdég‘%' nePAx59Bh36BhBfeEOTERALBRALr o5 ai | cast

bi function ning resin a I'ng ab o of whose

hydr oxy grQups; Ei: ng aggﬁ}t‘ﬁcﬁﬁa@ﬁ Iy i@HQéle@”Qné%hBEgﬂﬁ.ﬁ@Eer@Ie' ng

agent, the accel essent| cont ai ni ng a pho I ne oxi de

represent esletan Iy e @r@lsaQlifig A éé)nlcbrhéuéﬁgfy resin conposition of
this invention conpri'ses the phosphine oxide to allow an epoxy group to

qui ckly and sel exy i¥¢lhowets!, Midwh @hataneim a2yl @ a8mpbund Ds halgha yt he
above problens in ( 1) and ( 2 ) and provides a cured product with

excel tent mresdtaiveal byt apards &o, cansectakl gpbryehoidpbygmestapkdony, good
crack resistance and good el ectric properties. Furthernore, a resin

conposi t i cheadirpy itei the pirebieni(2)i.n Oortieathen handy arplmsﬁtmme dodsor an
inorganic filler exhibits quite excellent performance as a sealer for a
sem conduch@t cEuSetsuphatee problem,t bukhcukedatopedhowb®er ved by the
inventors for the first time. There will be described an essenti al
conponent, a phdﬂpﬁm APPxidg 2ephekdarale Eymaeﬁéﬁaﬂsf%ﬁﬂﬁaalxslt) t@mn
accel erating a 25 In general fornmul a of _whi ch may

be the sarfBOHYIRRteH EURyB o@%ﬁFtJﬁfrran‘FﬁSlrtﬁ'daﬁéﬂé‘c'rlBP E%?Hoarcr&@n 16
MAY 2002 15 h 10 b kyl G t

car bots . ‘e [9enn %8 3 R SrayY QBREohir? RTN A TR Piha i
hyd b

sgcrgﬁ?;l Ogﬁeétgcibut yI %é%fgrﬁiggpen&?r@y?ceg%?g Q%Er?%?ﬁ%% Ell}tc% ,

| sopentyl a4 eérémf}erﬁéikpﬁﬁ@fl&lat%.otﬂm ¥kcoPBPRENEY! thB- BAKEL: by

4- et hyl -

cycl opent Yﬁlé}Yﬂiméﬂal h?ﬁW' @ré"é@f:é{i ét a6k¥Inck 9§§ré|an acceptable

2-et hyl - 1- hexyl, nonyl and ecy and ary s and aralkyls such as phenyl
toluyl, bengyéd grédestyl et hyl and 2- phenyl et hyl ; 10 preferably aliphatic
hydrocarbons having 1 to 6 carbons such as nethyl, et hyl, n-propyl,

i soprapyl, n-butadcortinggytbdiaxyepl ivation clierkds bewr fghindrchet blen The
phosphi ne oxi de represented by general formula (1) can be prepared by
reacti ng pholphanuimbdyzdlerdrdphosphinharemmptiindbbara amouimg chtalyst,
imno-tris(unsubstituted or nono- or di substituted am no)phosphorane
asdescri bean igst@mNdwitainisg aesinlesterifisd bynanaachegtaup wifthiise USSR
55, 1453 ( 1985 ) ..If necessary, it may be further purified by a comon
procedure mm'aasomdpgmqﬁ]ﬁsﬁanbgabbﬁyeagtéuﬂh aniepp@haesin to give
recrystallization. 20 In an epoxy-resin conposition of this invention, (A
an at | eas?® Pi¥eh@riAt epoxy compound and/ or an at |east bifuncti onal
epoxy _resin may include any conpound, havi ng two, or nore ggoxy grQups. i n one

nol ecdPe. Speci fSR%-TJ}%ﬂ-Cq]ﬂYnayhﬁaVSSéBo‘k?l“%?ﬂHﬂso‘r B8 g&llsd of an

olefin, glycidyl 25 etherif ,ication of h (0b¢ ups, gl ycidyl anlnatlon
of a pri mefQE JROLR AP &ﬁﬁnétoﬂsal§el%€¢ égﬁgaFgl&EtPoﬁegP atupe
carboxylic acid. Conpounds which may be subject to such epoxidation include
di hydr oxybenzenes such as catechol, resorcine and



hydr oqui none; 5 bi sphenols such as 2, 6-di hydr oxynapht hal ene, 1,6

di hydr oxynapht hal ene, 2, 2-bi s(4-hydroxyphenyl ) propane (bi sphenol A),

2- . (3-hydroxyphenyl)-2- (4" hydroxyphenyl) propane, 16 MAY 2002
bi s(4- hydr oxyphenyl ) net hane (bi sphenol F), bis(4-hydroxyphenyl)sulfone
(bi sphenol S), 10 bi s(4-hydroxyphenyl)8ul fide, bis(4

hydr oxyphenyl ) met hyl cycl ohexane, bi s(4hydroxyphenyl) net hyl benzene,

4, 4" - di hydr oxybi phenyl, 4, 4'di hydroxy-2,2',6, 6" -tetranet hyl bi phenyl,

4, 4' di hydr oxydi phenyl ether, 6,6"-di hydroxy-3,3,3 ,3 15

t et r anet hgangeluspalhivsedafier aenr ing, and itimtshgio- pot4provide a cured

hydr oxyphenyl ) - 1-i ndan- 6- ol ; ol i gophenols such as tetraphenyl ol et hane "and
napht hol - predurty duut iporeRinkiy shelres mcangess Phbep|wilk besfiowh qust a
phenol novol ac represented by 20 general fornmula (7), a residual nnlety
after renbSPRg Fﬁ@PBFQEh@ﬁoﬁx#mBh¢$hbaﬁ%Vb+ac ( at least triphenol;
referred to as %ghenol aral kyl represented by general fornula (8),

ahnapht hol :%m R&}rAr%ﬁ AP %épag{q;&%ﬂnaar(imessarw@re lodtc;)
oner a f SPndy GF (byEhel, ratn H) 5 ey, MR i, T A AR 4
%egekﬁY 2%%% %e 8 gl edlanlne hexamet hyl enediam_n aTITTE? 4, 4 am ne.
Gi ant nophenberaeREBY §hush Gaty FEEATTHS Y aihe o Bed e

4, 4 dlankgﬂgbgggﬂ¥téyligﬁg%edla.taf£4%4i dlan1npphenyl)propane

m xyl yl enedi am ne m ne 2-di am nocycl ohexane and an
A I X ?LE?'%&%&%‘%?%E%S%“Z PR epe HF, one of BHAANETE

where R9 h§aP¥4yOgeshy st £Ré FHartiirR phedoar re&&h' Sréli(é(ft hayi S&e 09

carbons; and n indicating a repeating unit nunb iIs 0 to 50 0
average i anfl tRus ThePreutEede HItehcTH & RS BOEL &8 fh:?ét 3 & 18P RFIgH. i K<
nunber is zero, the fornula represents a bisaniline conmpound; am nophenol s
such as miananophiticll curdfgnepeprend the product is then after-cured
(4-am nophenyl ) - 2- (4' - hydr oxyphenyl ) propane and 4 20

am nophenby-readotditax ¥ ph &apdxynerbaps widdr ksxelri graupds tsugiivasapleistady ¢
acid, isophthalic acid, terephthalic acid, tetrahydrophthalic acid,
hexahydr opeshati c acid, dinmes acid and 1, 3- dicarboxycyclohexane and

hydr oxycar boxylic aci ds such as sallcyllc acid and 4 25 hydroxybenzoic

aci d. Such conpBa@Epashf inptderabesydirgdpPs§en PhoFbdnes s imigiazoled at ed
by a known process . It may be common to react a 1 6 MAY 2002 conpound with

an eptthl SPQh%?Fﬁb%W‘H@ ﬁﬁ%ﬂ%ﬁ AS A r@wb@gncm&ﬁ#uétacc%wevervt is

[l k th i dyl t f bI t
methyl  caPBBRDMLRES\GaF diofe mad a@eg%ﬁéeire ARCE e F g a
t hal | TINO Pr ef bl I f
- sem conSueraro £ ?a? $040 4 & Shb SR Pc%s %*ﬁ T v
directs %megféﬁg@? @ aan'g%ox d%!h'dv é.fdr %’Blaesoréﬁipldlg%%%’:%lg

phenol resin; speci npoun erived

((j. hydroxye%@gwﬁagaﬁaﬁww rﬁb&ﬁg@%ﬂzéewﬂl ol a> Sl%an%% CHz U

ere t Ituted with 3-"epoxypr opyl
groupgo at dégrée, makes it 7d1ff21c§1119rtc2 de)@@ttaOﬁélaenrgﬁ%yo&e@PBxgerl ved
froma bi phenol represented by 20 general” formula (3) CH ~

~ ~- Cl'laﬁ:"gﬁ:’ﬁps #b furt iBnaR grdupkdnetRe edding afend, nend aivieisedyne or
notts ya:‘fggce:tr:]s product's physical properties as indicated in the paper
by Nishikuﬁo et al. In addition, the specification has
indicated that a compound esterified with an aliphatic acyl

25 group is not preferable for reaction with an epoxy group.



or nmethyl; '"19 1 6 MAY 2002 an epoxy resin derived froma novol ac type of
resin 5 represented by general formula (4); a CHz CHCHz-0 CNz R, zCH 4pp
CHz . (4) R where R is hydrogen, nmethyl or ethyl, and n is an integer 10
of 0 to 100 whose average is O to 15; .an epoxy resin derived from al pHéi{al0?
aral kyl resin 15 represented by general fornmula (5) 0 ~-CH2CH CH2 CHz -~z
(R)Ymn %Hz CHz CHCH2-0 CH2 CH2 (Rs)m (5) where R9 is hydrogen, straight,
branched or cyclic alkyl 20 having 1 to 10 carbons, al koxy having 1 to 10

carbons, hydroxyl, phenyl or halogen; mis_an_integer of 1 to 3; and n' is
an integer of 0 to 100 mho§%M%§§¥a8§ ?gEOIFEEgg;OQnd an epoxy resin derived

(o b Crne AorbigBE A AR sRTentind (N BERLE AL ik Rnd Sl %
is hyd t.ra ght, Db hed J I ' 10 b

Al koxy ARG oL o oz Baa D e cstisbly MR A 0 Mo

i nt A " jnt f t is Ot
15, P ahYORSRopas R, Rood (A pRiatingt, hd bIEIAQERAT 2 O 1°

01 nst SpaghalilC OB 1IRSEATORLRY SPOLET 0 ¥ g bUICRb o

ester-contarning r ydr oxy groups are

esterifi %f@% a?é,mauhgs@__r h@r&ragglccqa%dep GOt e QY RESE MU gh MRy be

subj ect to su sterification nmay in t hose having two or nore

phenol i ¢ ANPHPEE IbeURSomd: D d(El gEdhp, ifwondlinafidheritcaoksigiet he
phenol resins as an epoxy material can be used. Specific 15 exanples

i ncl ude guidhey EALATESD (RekedetRitdthdygeetpfalr éDfent bvé Ty cur@gothéH CHZ
CHz ( T vwvi~v 20Re R il Re where, Re is hydrogen, nethyl or ethyl;
and n i ndiesdin;ng careepserddunct thiereofijbend asemidondgetontiedice dddnghose
average is 0 to 15, such as a phenol novolac resin and a cresol novol ac 25
resih0 prhe demposdtismm.average of n as a repeating unit nunber is zero,
the formula represents a bi sphenol conpound; ~~21 1 6 MAY 2002 a residual
moi ety after r&eohpNg intepselycabtenpird tieespdve hbe(abovesproblemsenol ;

referred to as "VR'):, a phenol_ aral kyl resin represented by general fornula
(8'): oHand finally have found that a certain accelerating agent may

be used to solve the problems.
An epoxy-resin composition according to this invention
15 can be used in those applications in which a conventional
epoxy-resin composition has been used; in particular as a sealer
for a semiconductor to give a package better in crack resistance
than that from a conventional epoxy resin-phenol resin cured
product.
20 Specifically, this invention provides
(a) An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or an at least bifunctional
epoxy resin, (B) an at least bifunctional ester-containing
compound and/or an at least bifunctional ester-containing resin
25 as a curing agent, 10 to 100 % of whose hydroxy groups are

esterified with aliphatic or aromatic acyl groups, and (C) an



I~ . CH2 ~2 ~Z ~ /h~ CR)M(RO) m(Rs)m ( 8~) 10 where R9 is hydrogen,
straight, branched or cyclic alkyl having 1 to 9 carbons, phenyl, hydroxy,
hal ogen or al koxy having 1 to 10 carbons; mis an integer of 1 to SﬂthAyﬂml
indicating a repeating unit nunber 8s an integer of O to 100 whose average
is 0 to 50, provided when an average of n' as a repeating unit 15 nunber is.
zero, the formula represents a bi sphenol conpound; a

phenol - di cycl opent adi ene resin represented by general forrmula ( 9" ) ; OA

QA QA Q%Leigrétiﬁﬁlaggnk Jn, W~/ (Roym(Rom(Romwhere Rois

hydr ogen, Straig rané¢hed or cyclic alkyl having 1 to 10 carbons,

phenyl| th@ﬁ@%‘i’eg@@itﬁ’@ﬁﬁeﬂ& &Y ity A1EM BEnRE 1hing & phoshhiae dRide an
0} , N |

integer of 1 dicating a repeating unit nunber is an integer of 0

to 50 g&ﬁs%M&kﬁgﬁwi%é%é&alliormua% %16 :MAY 2002 provided when an average
of n' as™a repeating unit nunber is zero, the fornmula represents a

bi sphenol conpound; ang Ry napRaol al kyl resin represented by general
formula (10'): 5 OH . Critﬁq{}t CHz \ - CHz CHz ~ ' n" 10 ) 10 where n"
indgcating a repeatin unitlnunb is\an integer of 0 to 50 whose average

is 0 to 15, provide I eﬁabe f n" as a repeagiyg unit nunber is
zero, the fornulgﬂ?gb egiﬁﬁg jm& phempol conpound; Th LZ phenol resins may
be esterified by a knpwn prloces 5 ich will be specifically described
bel ow. Esterification gepﬂi\mmich be used for esterifying the above
hydroxy group include orRani c RarboxyBi c anhydrides, organic carboxylic
acid halides and organic carboxylic acids, which may be appropriately

sel ect ed depending on their 20 properties in the |ight of carbon nunbers of

an ester to ndened®ictd. Repddi Ak vaskeh iMAX R HR8geATe Myt @Lifle acetic
anhydri de, acetyl chloride, acetyl bromde,, acejic id ropi oni c
anﬂédr ifﬁéi,rmy(ﬁﬁﬁam%r ihfén‘ﬁ%lﬁﬁpi%ﬁycg'r%ﬁﬁ %:LII‘Y%?%%YMCJ‘ gth :}‘,0 butyric

hydride, butyryl chioride, hutyric 25 acid, yalerig¢ aphydride, valeryl
chl or | RARRASIGA At AR Bt Wit §F CRFBPRGE. pi valic aci d,
henyl acetyl 23 chloride, phenyl acetic acid._2-pbenyl arophqni g aci d,
Sohenyl br opi ik MCFREXE Tt 8 SRECE S0l O, 25FPAERN, & 1) hex !

p-tolylacetic agcid ure| k - | j i % ric acid,
benzoi c&a%&f{'/‘&r ?ge]:é?(einggﬁngﬁ%?flgewg%%d@ %%ldggﬁzg‘g%?ojf%ga%i d,

o- et hyl rLde, : qgﬁgﬁj i - ] &y |

chlori e’?ﬂ?&ljﬁmg%gg rmt%ﬁ'gégré}m [0 ach,mr?}CHrr%te E}c/;lx ef%ﬁh%’é@@

aci@, p- l‘gﬁ%ﬁ | 1l &8Iy geneéral, ForiiuIR! enzoic
aci1§, Zf,:q;élglgrre chrgg%tgél},ﬂfg?giéﬁgﬁﬁyl b%;l?oi c acid, 3,4 %}P

di met hyébeégda&ef 2Ei6 aBdided- fiomtdH i ks qrtaiebgbysnecst i c
anhydri de, "acetyl chloride, benzoic anhydri de and benzoyl chloride, which
may be pegeuBA Q9 ,04n ighoxgTbesthidEr bfed fiwom a nuve lzx tppe @frfesin The
amount of the esterification agent may be at |east 15 10 nol % of hydr oxy
groups tepheséneed o geherapfermild (4i)s aneppackesinlderivest fromed and
excessive esterification agent may be renoved at the end of the reaction,
but it &splenalyakfalkyld resiesyepresentpfyby-gonerad| fexmus ¢S)randr abl y

bel ow 3-fold noles in the |light of practical factors such as a reaction
volaine af epdxyimesin aterioest framspephenelrdieycdonanragiepe gepehdi ng on
the type of the esterification agent; for exanple, an organic carboxylic
anhydr | depresenhtedechytgenesalisfermula ©bf)ef, an appropriate amount of
organi ¢ carboxylic 25 anhydride to be esterified is reacted with a hydroxy
conpound and an organi ¢ carboxylic acid as a byproduct and the excessive
24 1 6 MAY 2002 organic carboxylic anhydride are renoved by an appropriate
procedure such as atnospheric distillation, vacuumdistillation, washing
with water and washing with a weak base, e.g(), carbonate, or combination

t hereof, "to give a desired 5 esterifia@_ upg. For parti al
esterification, an organi ¢ CahQXIN “d&llgmy be used in an

appﬁ)pri ate anount, specifi cdl,! ) east 10 nol % in this i nv(rﬁ) on, to
hydroxy to be tr g%mﬂgﬂ%g- . pl ete esterification, it may used in an
equal or 10 nore I nt to hydroxy to be treated, whose upper limt
may not be restric 84 when used as a sol vent, but may be up to 10-fold nol
in the light of an econom c efficiency and a volunetric efficiency of the
reaction. The anmount may be simlar in a reaction |later described where an
organi c 15 carboxylic acid is used.




In general, an esterification reaction is often conducted in the presence

of an inert organic base such as pyridine, piperidine and triethylam ne,
When an epoxy-resin conposition of this invention is to be used for é% MAY 2002
el ectric or electronic 20 applicationguch asseal i ng asem conduct or
integrated circuit, it is, however, récomended to prevent such a

ni trogencontai ni ng organi c base fromrenmaining in the system It may be,
therefore, desirable to finally introduce a water-rinsing process. However,

since the reaction be sufficjently. 25 ¢ | et ed without _.such an organic
bhoe. 115 noWhaRATHe FRod 1 EERREEIEAR VALH AP RGRYRIOEY L BF QHRRn | ¢ base

inthis 1.6 Y 2002 25 i.nvention. A.reactiop.tenperature is 60 to 200 C,
preferablayr’ da gg'lé(!%,' ?lrf%'dr "LGS"I o f@g'PSSig RS A reaction tine may
significantly vary depegdi ng on typﬁf 5 of reactants and a reaction
tenperature, but may be®yenerally 1L®b 25 hours . It may be practically

i endnt whil e foll ow ng consunption of an
) ey OY) B oqmgmpﬁﬂ'ate nmet hogdqsuch as high
and gas\ r%natographsaylo In the
reaction, a solvent may ot . The reaction can be conducted neat,
when a hydroxy-cont ai ni ey be adequately fused at a reaction
tenperature as well as an esterification agent is a liquid or can be
dissolved in the resin at the reactiontenperature w thout adversely 15
affecting the reaction. If necessary, any solvent which is inert to the
reacti on may behéaedR, (il ofwnlich naPBY thehyalioar ROBSLS uBurydiLnzene,
t ol uene, xyl enes, chl orobenzene, o-dichlorobenzene and Bi phenyl et her;
aprotic pad aretdntlsents such as N, N 20 di net hyl f or mani de
N, N- di met hyl acet am de, N-nethyl - 2pyrrolidone,
N,N—HOnEthyI-Z-ioidazolidin ne, dinethyl sulfoxidej,and sul fol ane; ethers

such as tetrah n, drdxane, ethyl eneglycol deethyI et her and
diethyleneglydﬁﬁ‘%ﬁ&gﬂhylﬂbrﬂﬁ@b G

acetone, nethyl ethyl
ket one 25 and net hyl jsgbutyl ke gy be used alone or in any
appropriate conbinati ?ﬁ reaction y be conducted
under an anbient, in I'n avelr reduce ressure, and in
the air or in an at

n inert*®gas/such as nitrogen, argon and

esterificatiorllh 2]
perfogmance 1i gyt chr omayz

hel i um preferably n#trogen. 5Rfhere will bl described a reaction when an
10 esterifd Q)attioori.od thtcgee ratqpe%tait#n,ish)bd%gggg,hal i de as a byproduct may be
may be imediately, @as a gas, discharge fron1thegsysten1during t he

i mredi ately di

of a gas iner¥_to the reaction. partmal esterifi ion, an organic

of which has been esterified is used in this invention, while for conplete
excessive anmount without limtations, but in the Iight of an economc

3-f ofd nmihanyhgarkadogen i Baks ABNLAEEERY Qf Uk EO LisANSM 1S NERHECTSX t he

10 esterification agent, a procedure may be as descri bed above for an
aci d, phosphoric acid and pol yphosphoric acid; organic sulfonic acids such
trifluoronethanesul fonic acid; acidic ion-exchange resins such as

organi ¢ carboxyl halide is used as an esterification agent, wherein common

procedures may_he al so.used dr ox be acted wit.h an Qrganic

o bRyl o hal FAERG nA St aEtdeny BB A e5RRE R Rt o228 RS ce o

trapped in the reaction syste a suffrcieht anount of base which is

inert to the reaction, such as pyridine, piperidine and triethylam ne, or

reaction to be tra Eﬁ 15 by a water ggﬁ kal i hﬁ_ﬂy&iaced out si de of the

reacti on system +@kt er " al t er nabHll ret en halide gas is
ed fromthe syskem xay be ef erab for avoiding

cont am nati on i ' ' d descri bed

aboveo 20 It ngﬁéLg§§?gaab 0 ghn 62&E§aéﬁﬁe onqﬁgder a stream

car boxyl halﬂﬁémnay be used in propri ate anount Usdl hydroxy to be

treated, specifically at | east 10 nol % since a conpound at | east 10 nol % 25

esterification, it may used in an equal or slightly 1 6 MAY 200Z 27 nore

nmol ar anount t o’hemlr Bxyis bydeogenatstraightyabraached®n syaliarajtyd

ef fi ci endaving d|terdOr¢arkons ciadkoxydray duhp| el 0 ywarbonsy Khydzaxek, t he

reaction, nmay be 10-fold nol, 5 preferabl¥d§-fold mpl , pore preferably

reaction and a type of the reaction n%y be %g descri bed above for an

organi ¢ & oA 1 0L IRRAS AVerAds 18 Got§ar®¢ carboxylic acid is used as an

organi ¢ carboxylic anhydride, and in addition the reaction needs an acid

catal yst; for exanple, inorganic acids such as hydrochloric acid, sulfuric

as p 15 toluenesul fonic acid, nethanesul fonic acid, ethanesulfonic acid,

di met hyl sul fonic acid and diethyl sul fonic acid; superacids such as

al kanesul fonic acid resins; and superacid type of ion-exchange resins such



20 resin which may be utilized to those applications using a conventional
epoxy- phenol cured product. Physical properties for a cured product
denonstrate that epoxy groups are efficiently reacted with ester gr&@pMAﬁ%mz
gi ve an epoxy-resin cured product of - pis invention. It may be also 25
supported that a solvent extraction rate is very low for the cured product.
1 6 MAY 2002 29 Briefly, for exanple, when extracting a mlled cured
product of this invention with a solvent such as acetone, it exhibits an
extract rate of below 10 wt % preferably below 5 w% nore preferably bel ow
1 wt% 5 The mogd\proni nent fq@ﬂqre of the cured product gfj,this invention
is that it has (H-sHigih+)i cantl ng.omz oefficient of ] té{ bsor ption
t han an epoxy- phenol oduct an§l has consi derabfy &celtent
flexibility owmmng to
epoxy- phenol cured pr groups inits
structure, hydroxy gr, roduct of this
)ﬁlectric Pr ORR

i nvention, | eading (m?ﬁnprovenent gg Y €S. Ag ?poxy resin
has been conventionally used in combination with a phenol r g'n as a curing
agent,” especially 15 in an application as a sealer. Its performance

i nprovenent is ghapsfH hvaroged!, est £ 21 sl Yr bl idrS fifd ah gy of

noi st ure absorptpon.lkgﬁgtkre ?Lnfa?%edl?n a régP% may b§9?ﬁ§tangﬁgl

gasified waeRngel ke F'edeBbis FNIBY ﬁ@vbﬁg hetotimaz®ons 2RylbokFlr,ef | ow,
to generate force as observed in phieatic 20 explosion. It nay calse

cracks, \A/P_hehyacbaeha@b?{eai ees ah YREeSéY oFf 1 RidyS| Gald Amope I eAatagermay
cause peeling of a sealer froma chip in the worst case. As evident from

t he aboveoghar aet 50i shosé, avdursge neerd itan YBay contribute to solving the
probl em for both | ow 25 hygroscopicity and crack resistance. A m X

propot@i on of afcgFIxgporp+nesim composdtigerds dgscribesd MAY(2P@x 3B )be

adj usted such that there exist 0.5 to 1.5 equivalents, preferably 0.7 to

1. 3 equi vahemes(Bj thet ateclepasiupd fungttioged esterx+epntadndpgxgogpoups, which
may be preferably adjusted to provide optimal physical properties of a
resul ti ngasd/ed Bhpesdleast Mifupskionadestrrepntaingeatresinbd Ll¥ed al one
or in conbination of two or nore. In an epoxy-resin of this invention,

phosphi ne 188 ¥ yhpsa My dEax ¥ ITO8PERT 8l esterdi foked i hgddphatdy pE
contained 10 in.,a prqoportion of 0 , 001 to 25 wt% ( g/10Q , preferably
0 . Ol to2F5mateF %%%EQEPEP% af §ebegted fg‘%% S%FHg“é?ﬁ"%é?%BSE}PFesi n
CoNpos ition.g thg total of the res in conponents , i . a . , the epoxy
resi n-and SFR&VEDr Fhg®agent). It corresponds to a molar equival ent of 1.5 x

w1 /100 o, most paferi ek eB EFgthctEbetedotan ey depled fopmizk 1O !

epoxy-resiggyconposi tion of this invention, the phosphine oxide may be used
with a coén&ﬁ wel | - known accel erating agent including imdazoles such as 2
20 met hyli m dazol e, ph
such as triethylam ne

clred pr

rthernore, while an

zphines such as triphenylegﬁsphine, tertiary am nes
d diazabic?élo conpounds ch as

1, 8-di azabi cycl o(5, 4, i d. 5to 500 M%to the
phosphi ne oxi de, as | af fect the ef¢§Fts of
this 2mvention. 25 | oxy-re [ f this inventldn, (D) an
organic and/or an inbrganic fill itive may be, 1 6 MAY 2002
31 if necessary, added to the e y-resin co sition. In particular, when
the conposition is used as a sealer for a sem conductor circuit, it my
desirably contain an organic and/or an inorganic filler for inproving its
mechani cal 5 properties and overall cost reduction, and a col ori ng agent
such as carbon black for preventing nmal function due to light. In addition,
it may preferably contain a nold release, a coupling agent and a flame
retardant. The HWhsuatRofist hedbegan; ekl loon A & fiS| hydLegemerio 100
to 1900 parts by weight, preferaply at | east 250 parts Qy wei ght ., nore
pref ef @bl Rcxil vhexse t&@omsgafsrafe#c’ PéohbaF?seBzaﬁEEgﬁ? W/ Xt BY 1003t he

| i ght of noisture_ resistance of nechanical strength. O ganic and/or

i nor gani ¢ 3d npelrdigatdingayr sReatERg it SURRET ﬁd@?s’-’%ﬁ%ﬁeﬁso%iq ity
alumna, silicon nitride, silicon carbide, talc, calciumsilicate, calcium
carbonate, mca, clay and titaniumwhite; and fibers such as gl ass fi ber,
carbon fiber and aram d fiber. Anobng these, suitable fillers for a sealer
are crystal silica and/or fused silica, which are 20 preferably sphere or a
m xture of sphere and anorphous in the light of their fluidity during
nol di ng of the resin conposition. Furthernore, it is preferable to add a
variety of additives in an epoxy-resin conposition of this invention, in
the light of nechanical strength and heat resistance. For 25 exanple, it

Y o v o r o




1 6 MAY 2Q02 32 a coupling agent nmay be a silane, titanate, alum nate or
zircoalum nate coupling agent, preferably a silane coupling agent; 00
particularly a silane coupling agent having a functional group capa]tﬁ MA“
reacting an epoxy group. 5 Specific cpupling agents which may be used

i nclude vinyltrinmethoxysilane, vinyltriethoxysilane,

N- (2am nonet hyl ) - 3-am nopr opyl - met hyl - di met hoxysi | ane,

N- (2am noet hyl ) - 3- am nopr opyl -t ri net hoxysi | ane,

3-am nopy{ gpY; ket Hexys§i 0 Fo2RE] wHenthBoxvess '

gl yci doxglpgodgt}f)- t r?m?ﬁgéﬁloagg?mgfgﬁg% oxypr o;?y?- rret%%?%i%rﬁe&é%ysi | ane,
2-(3, 4- eﬁo?éﬁé@t(l Yin)igd Wnﬁﬂéfﬁ@@@b‘b‘,{j%ﬁ@ formula represents

3- et hacryl oxypropyl -tri met hoxysi | ane an

3- mer capg PRNUNE1- Wl ¥FhPP¥sI | ane, which may be used alone or in

conmbi nation of two or nore. 15 Such a coupling agent is preferably
pre-immobilized phenda Hallkea esihe repeegented byl genetral agsemAihON or
reaction. An epoxy-resin conposition of this invention nay be used to seal
a sers cogpdygtor integrated circuit to give a sem conductor device, comonly
by | ow pressure t %nsfer 20 mol di ng, Hut other processes y be used; for

exanpl e, injecti hol di ng, conpressi®h nol ding and cast | di ng.
Furt hernore, a [

i proc usi ng2|, sokvent be e oyed. Exanpl es
This invention j : = ': ot limted to,
yng ag 3 a gl ass vessel

Uk (i
exanpl es. prepa Exanp 1 for

equi pped with i??erm)meter, an agth at or, | droppi ng fynnel and a refl ux
condenser was YPf4dted 507 g ( 3 nol ;)nof a phenol aral kK mres&])(trade nane:
M| ex XLC-4L, hydroxy equivalent: 169 g/eq; Mtsui Chemcal Inc. ), and the
vessel was 5 heated to an internal tenperature of 125 C. Wil e keeping the
i nt drthal tenperature, 336.9 g (3.3 nol) of acetic anhydride was added
dropwi se under stirring over, 2 hours . The reaction was continued at 125 C
for 2 hours, aM@SUSeRs difeh¥AXPERB/ B HetiteaPraNERgdOr fYCddcnalkyilng t he

reaction at ,140.to 150 C for 2 hours, .t he_exc ive. acetic, anhydride and
acetic aBRYiNG 1pg8d Farkens ¢ ’%Xé@vilﬁgv%\cg%efﬁcf&rbtoﬁé'cBHHPY' on of up

150 ol ' h i ped j | Jn_1400 f
Lol uone, PRAEREY 5 RSHEER UaPof SaBRGOnERS%h G hid 3 SisAPASCRELPS became
15 trgl : ht 150 C/'5
g Lo g TePR0b A cyiE: MRS 2h Mhpdee of 1 eI Wb pubBagt

t ted. ol |t j j £ :
ol o Seanet e T P Mo e RO h e SHFRARG SE Lo ce

at 100 Cnumb@rPQisS@erb,12heCrapfuladroptsferts i:ﬁgpﬁ:ené‘fddé-zti%a@igfg%e ,

equi val ent was nore than 3000 g/eq (undetectable). Preparation

for a cuahdoaagehydrbgen’ €AgtyawNeBse theafoItes gattiecof hyBreganahcgn Exanple
25 1 was pl aced 507 g?B nmol ) of a phenol aral kyl resin (trade nangé: 1 6 MAY -
2002 M| és BIOQZ14 .tchyofiDQ; equi val ent: 169 g/ eq; Mtsui Chenical 34 16
MAY 2002 Inc. ) , and the vessel was heated to an internal tenperature of
125 C. Wil e keephegolikdicptopehtadipreatasin reéprebegted ycgeneralhydri de
(2.4 mol) was added dropw se under stirring over 2 hours, and then the

m xtd0 e Wormuleat(@) ;as described in 5 Preparation Exanple 1 to give 590 ¢
of a resin, 80 nol % of whose hydroxy groups were acetylated. Its nelt
viscosity was 1.2 popge at 125 Cangp0.7 poise at 0 C, and its hydroxy
equi val ent was 880 Exanple 3 forfa curing agent 10 In a
reacti on vessel as ray i a 1 was placed 507 g ( 3
mol ) of a phenol H LC 4L, h{@) oxy

equi val ent: 169 g/£t, ] HeN) an e vessel was heated to
an internal tenpegrature of 125 G. ile keepin he i nternal tenperature,
153.1 g of 15 acg¥{f°§“anhydri de (qf‘\éy]‘rml) was a é&lﬁ‘dr opwi se under stirring
over hours, and then the m xture was treated as described in Preparation
Exarﬁ) e 1 to give 561 g of a resin, 50 nol % of whose hydroxy groups were
acetylated. Its nelt_viscqsi was 2.0 poise,at_ 125 nd 1.1 pqQise 20 at
150 C, and its "HfthoRy %ﬁ&ﬂg%qﬁ“'\/\é§r§g§h§/ &fa 2’@%&?&?%#’5(3%@‘4 for a
curing agent In a reaction vessel as described in Preparation Exanple 1 was
pl aced 507 g(3 nol) of a phenol aralkyl resin (trade nanme: MIlex XLC-4L,
hydroxy equivalent: 169 g/eq; Mtsui Chemcal 25 Inc. ), and the vessel was
heated to an internal tenperature of 125 C. Wil e keeping the internal
tenperature, 23 . 6 g of acetyl 1 6 MAY 2002 35 chloride ( O . 3 nol )
was added dropw se under stirring over 1 hours . The reaction was continued
at 125 C for 2 hours and then the m xture was heated to 140 C. The reaction
system betane red due to hydrogen chloride 5 as a byproduct. The reaction

. o, A A PN 2 AP/ o~ r T v A NN o~




15 Preparation Exanple 5 for a curing, agent In a reaction vessel as
described in Preparation Exanple 1 was placed 507 g(3 mol) of a phe

aral kyl resin (trade nanme: MIlex XLC 4L, hydroxy equivalent: 169 g/ 2% MAY 2002
Mtsui Chemical Inc. ), and the vessdl2 was heated to an internal
tenperature of 20 125 C. Wil e keeping the internal tenperature, 464.0 g of -
benzoyl chloride (3.3 nol) was added dropw se under stirringover 4 hours .
The reaction was continued at 125 C for 2 hours . Then, the m xture was
heat ed tlpaviiy € 10 vazbonsysitenyl 1 hfdrexi5fohalbégendriulikaxy hiydingen
chloride as a byproduct was 25 i medi ately exhausted outside the system by
a ni trogekto$s carbonsim isspapdmtiegemodillkad 3 ;i n 4 inddcatdngrarepest ing 16
MAY 2002 36 The resulting resin was dissolved in 2500 g of toluene and
washed wanit 300nkemiissan nteger yfirdbstiod s OawhoFkecaveyagecis dytp Wos
separated and was washed with warmwater at 60 to 70 C until the organic

| ayer bepronideditwhen aplaveragmo mvapoﬂaﬂf@@eliﬂd@g undtconwberoks of up to
150 5 mtHg, to give 810 g of a resin whose hydroxy groups were conpletely
benzdy| a@ER/ | kRe nEQTMUA & RPAES SRS 4bEsphenel adernzzata:vana ang Xolse at 150

C, and its_hydroxy equival ent was nore than 3000 g ko (undet ectabl e).
P, ~epar aRY @)Fpﬁ%ﬁ’ﬂ IcYyl wherg %Fﬂﬁéa&géﬁFlPrPfahﬁ’éieﬁeB ag¥d 8 98&1@escri bed
|n Preparatl nx e 1 was placed 507 g ( 3 nol ) of a phenol aral kyl

resin ( | ex XLC-4L, hydroxy equivalent: 169 g/eq; M tsui

E"hgmvgilsfw;?f @ﬁféﬁiﬂqyaﬁamg foSinF5PeseRit By Sonerta drfila) oo’

initiat eg é\p.en it becane possible. Then, the m xture was reacted at 125 C

for 2 ho} and heated to 150 C) The reaction m xture was matured at 150 to

15501g for 2 hours ang cooled to 20 110 C. _To the reactl on mxtu was added
g

250 of met I ne t pe QAhm)ge en20| c
acid as a byp GHz \‘_VJ car bonat e
aq. The organi r S ed wiNY" ™ 'er 0 to until a

washi ng waste becane neutral. 25 Met hyl |sobutyl ket one was(gujlpor at ed
under the condition of up to 150 C¢5 nmmHg, to give 783 g of esin,

nol % of whose 1 6 MAY 2002 37 hydroxy groups were benzoyl ated. |, Its rrelt
viscosity was 5.2 poise at 125 C and 1.5 poise at 150 C, and its hydroxy
equi val ent was 1780 g/eq. ~~paration Exanple 7 for a curing agent 5 1n a
reaction vessel as described in Preparation Exanple 1 was placed 507 g(3
nmol )15f a phencdhere al"kindiest ing ta 2dpentdng dhitxnuikertis dyiintayer

equi valent: 169 g/eq; Mtsui Chemcal Inc. ), and the vessel was heated to
an i nt erofil0 ttanpérwhose aferiftfe Gs \Mitbelﬁeeppngvn'.dedivmasr aal avengge at ur e,
348.5 g of 10 benzoyl chloride ( . 55 nmol ) was added dropw se under
stirri ngoﬁveramahbwgatmmenmlnumbﬁrm zeg@tq fhedfermulssrepresentyours .
Then, the m xture was heated to 150 C and was matured at 150 to 155 C for 2
hours. Hpidpbgenl cieoiniatd vas; RN g dgukydreden Rk ditleV)ers fgstelasut si de
the system by a nitrogen stream 15 and_trapped By an alkali trap for
neutral i FaE0nof Thedreaeniasyl rk%|%02&9 39352#\9 d in 2500 g of toluene and

dW|th warmwater at 60 fo 70 C ., Tol uene ,was e or at ed er the
con Yion of u lénl?)B‘”@’Srm CWﬁW%gs dSFcﬁlﬁggJﬂ‘a% q%]g? ) whose

Sand 1. ﬁr°&ﬁ">ssog%»%?%ﬁé"cyna)ﬁ%%%g%%paF RO Lo AR TS ﬁ%gfﬁhse .

' PrepaF SUPBICEapIe 130 BT PSRt DALY HRATRT wBgHER ) O

resin ( B]E gﬁ) ?.gﬁ 25 Ml ex XLC- 4L, hydroxy equival ent: 169 g/ eq; Mtsw
Chem cal ';J 4 339 .3 g of benzoic anhydride ( 1. 5 nol ) , and the

vessel 1 6- t 2 eLf2 urs while
stirring was i zgt ed?%%ﬁfocﬁi%@?é&ﬁ%ﬁggggl ? he ]:e%uglﬂé ?nfx%:ﬁ?e was
reacsed d e 53 C.cghhe reaction m xture was
mat u%%d gt’ %g r? EQS%&HB?O ou?saéﬁgrgga&e g d 110 C. To the reaction
mxture was adgfg ac‘%\ﬂc&ﬁd oyl gbyobut mlan'ema@t%ﬂeq Byv8ed1iggogeneous

sol ution. Benz as a byproduct was neutralized with 2000°g of 5 %
sodi um carbonate ag. The organic | ayer was washed with warmwater at 60 to
70 Cuntil a washing waste becane neutral. 10 Methyl isobutyl ketone was
evapor ated under the condition of up to 150 C5 nmHg, to give 659 g of a
resin, 50 nol % of whose hydroxy groups were benzoylated. Its nelt viscosity
was 5.7 poise at 125 C and 1.6 poise at 150 C, and its hydroxy equival ent
was 390 g/eq. 15 Preparation Exanple 9 for a curing agent In a reaction
vessel as described in Preparation Exanple 1 was placed 507 g(3 nol) of a
phenol aral kyI re5| n (trade name: M I ex XLC-4L hydroxy equi vaI ent 169

o . v o




39 The resulting resin was dissolved in 2500 g of toluene. and washed with
warmwater at 60 to 70 C . Tol uene was evaporated under the condition of up
to 150 C¢/5 mHg, to give 565 g of a resin, 20 % of whose hydroxy gr qupMAY 2002
were benzoylated. 5 Its nelt viscosifyg was 6.0 poise at 125 C and 1.8 poi se
at 150 C, and its hydroxy equival ent was 232 g/eq. Preparation Exanple 10
for a curinc~aent In a reaction vessel as described in Preparation Exanple
1 was placed 507 g ( 3 nol ) of a phenol aral kyl resin ( trade name: 10

M| ex XL frgélé' e - i egbgg_ sknc. ) , and
t he vesls_é‘?rﬂ%/\c/aosﬁ%g%?é% to a%aél%ger%a t%ﬁp%la"{%ﬁ%of 1 ?ﬁls\h{{]l e keeping
the int esfpbod BEPSH M4 FesXibed %P (Penzoyl chloride (2 . 64 nol ) ‘was

added dropwl se under stirring over 4 hours . The reaction was continued at

125 C for 2 houg$an %p%ﬂ%simeoﬁbéwe%mﬂmtﬁdggt Pajh bt arRseas
155 Cfor

matured at 150 1o 2 hours. Hydrogen chlori'de as a byproduct was
i mredi at g} FukebBoea Edepobtys | dtinpditnd Yaid o ard at te@a bEifurbidndlt r apped
by an alkali trap for neutralization. The resulting resin was dissolved in
250059 oépdxy upeeir) ey avmsitededdth Miofunotbioralatesder-cofitaGnihel uene was
evapor ated under the condition of up to 150 C5 nmHg, to give 779 g of a
resin, 8eompaindianse omair ak\legrsduipsf e eidmak esteredontasnimpgiresiscosity
was 4.9 poise at 125 C and 1.4 poise at 150 C, and its hydroxy equival ent
was 1450ag/@ccuringragentai i dh ®xakil & of fwhose ydnaxyagaoups @esi n, whose
hydroxy groups were conpletely acetyl ated 1 6 MAY 2002 40 (435 g) was

pr epar edegisexitEied petth Aeyle greupoHn @Gl )e an ageedarating @genghenol

aral kyl resin was replaced with 312 of a phenol novol ac resin (trade
name: BREASSE PFOWHYRS HEAd &xod dred@w ot KSFudHich dsmol ). 5 Its
mel t. viscosit s 3.4 poise at 100 C, 1.0 pqise at 125 C and 0.5 poi se at
150 16 a‘ﬁﬂtﬁf?%t%\@a‘fb’k@ W%ta%%r@frﬁﬁ‘%’(ﬁo g/ eq (undetectable).

P i $~ le 12 f . ' I ' |
deseri bed | n AAEhATLEPORY EReRiR & opbor iaenr8 dhs P dr SRR A novol ac

o "o S IR SPH e SR MR AR O
Lemper at yt  09f 59560 SHifd BY et EEPTOBEAHBS B GHELEqA Iqa Ve @

dropwi se under s{ i rd ¥ WodhdtOYrepatitRl Hi2¢a®N iR ngOBl Ryed at 50 to
55 C for 10 hours . Hydrogen chloride as a byproduct was i medi ately

exhasst egfp®xy St &ein Neo #HdY & Mddgdedtieqm)and neutral i zed by an
al kali trap. At the end of the reaction, chlorobenzene was conpletely 20
evapor at ed undgf) thesatinddduatadl dgvice Madhu@at@uredgbyTBealéayl &i ng resin
was dissolved in 1400 g of toluene and washed with warmwater at 60 to 70 C
Tol uensemicordapoonat Btk eguired el wornidi sdmefthep epoxy>FeSin nmHg, to give
410 g of a resin, 80 nol % of whose hydroxy groups were acetylated. 25 Its
mel t vi seompesiwben 129 dracewikad 16 (Band 0.7 poise at 150 C, and its
hydr oxy equi val ent was 554 g/ eq. 41 Prp~aration Exanple 13 for a curing
agent A resin, whose hydroxy groups were conpl etely benzoylated (618 g) was
prepared as described in Preparation Exanple 5, except that the phenol
aral kyl resin was replaced with 312 g 5 of a phenol novolac resin (trade
name: BRG#558, hydroxy equival ent: 104 g/eq; Showa Kobunshi)(3 nol). Its
melt viscosity was 4.9 poise at 125 C and 1.5 poise at 150 C, and its
hydr oxy equi val ent was nore than 3000 g/eq (undetectable). 10 Pregarati o~
Exa~ple 14 for a curing age~t A resin, 90 nol % of whose hydroxy groups were
benzoyl ated (588 g)- was prepared as described in Preparation Exanple 6,
except that the phenol aralkyl resin was replaced with 312 g of a phenol
novol ac resin (trade nanme: BRG#558, hydroxy 15 equival ent: 104 g/eq; Showa
Kobunshi)(3 nol). Its nmelt viscosity was 5.2 poise at 125 C and 1.7 poise
at 150 C, and its hydroxy equival ent was 1134 g/ eq. Preparation Exanple 15
for a curing agent In a reaction vessel as described in Preparation Exanple
20 1 was placed 312 g of a phenol novolac resin (trade nanme: BRG#558,
hydroxy equival ent: 104 g/eq; Showa Kobunshi) ( 3 nol) , and the vessel was
heated to an internal tenperature of 125 C. Wil e keeping the internal
tenperature, 371.2 g of benzoyl chloride ( 2 . 64 nol ) was added dropw se
under stirring over 4 hours . The 25 reaction was continued at 125 C for 2
hours. Then, the m xture 1 6 MAY 2002 was heated to 150 C and was mat ured
at 150 to 155 C for 2 hours . 1 6 MAY 2002 42 Hydrogen chloride as a
byproduct was i mmedi ately exhausted outside the systemby a nitrogen stream
and neutralized by an alkali trap.



The resulting resin was dissolved in 2500 g of toluene 5 and washed with
warmwater at 60 to 70 C . Tol uene was evaporated under the condition of up
to 150 C/5 nmHg, to give 580 g of a resin, 88 nol % of whose hydr oxy GaMaL3067
were benzoylated. Its nelt viscosity was 4.8 poise at 125 C and 1.5 poi se
at 150 C, and its hydroxy equival ent s 958 g/ eq. 10 Preparation Exanple
16 for a curing agent A resin, 50 nol % of whose hydroxy groups were

benzoyl ated (468 g) was prepared as described in Preparation Exanple 8,
except that the phenol aral kyl resin was replaced with 312 g of a phenol
novol ac resi n QBETAdED) HRSCRIRGIMB OF \REE RREFEERRED vBYBARIMERES g/ eq; Showa
Kobunshi) (3 nmol). Its nelt viscosity was 5.5 poise at 125 C and 1.8 poi se
at 150 C, and iThdshyaverfioautyRiedl L Provo-dfSefn EPRR¥¥tFeHlExaml e 17
for a curing agent A resin, whose hydroxy .groups re conpletely acetyl ated
20 (679 GPMRAS 1A%, CONPES SIS rlifpe AN ﬁb#@&é‘gtbﬁﬁm&a 2l | eP¥¥ept "t hat

t he phenol aral kyl resin was replaced.with 555 of a .

bhenol - RSO 2801 B 2PosT nl BrE EqeL FUREt 1BRRT28B6 %R 4Ry 6BYI 98I ent.
185 gleq;_ M. tsui Chem cal. Inc. nol)..lts.melt viscosit s 2.0 _poise at
Ts C5ondtl Leags baanchionay” ebeafaehnear iy, bolbBill afa’RE Ehort t han
3000 g/ e det. l.e). : r rati on = 18 for a
curing ag'eegﬁlg{:l %rlg% ggé‘?%’ gr]f_ \?éggg%§§%gg§&rﬁgbgggﬁ% %%e%a?g'f?ggpggﬂgre 1 was
Ryr oxy coutcargd: 8"4Eovaobe Ry RPER, “GLaNs FRe pbLEF L BENIL SN0y of
tol uene, J1CaNasEe) IRHRAGSET PR thle heaRteZhyif Ohgeflt ¢ The
internal Tenperature was nmai ntained to gi've a honbgeneous so 8t|%n. Acet yl
chlori de dsskehltial 1§ cbntainl AHIEhd BN S erépEesestéd HPOLRYEr 2
hours . Thse realct ilgncwé\s clontnig)m?e at 50 to 55 C for 12 ehour S. d?%l)gen 10
chl orpde gherdly Fordhuda Was .i Mraei apeky-eebans compasitiidm 0fe this em by a
nitrogen stream and neutralized by an alkali trap. At the end of the

react i on,inventiior coeprisesatteghosphinerox ivdé dro all16& 4w epox§. gfoupene was
evapor ated under the condition of up to 150 C5 nmmHg, to give 610 g of a
resin, 5Gdyuickiyoéndhesketyiveky rpaeipwitdr @arnestbdmigedupl asdnehts
viscosity was 1.2 poise at 125 C and 0.7 poise at 150 C, and its hydroxy
equi val erfio wad veotihe)abevePpephi amsohn Bdanphd (3)fand prawides ageared resin,

whose hydr Oc;(al roups were conpletely benzoyl ated, 20 (866 ) _.was_prepared as
descri be®iAusTeyifhE¥Geldentonechanigal RIGRREL 19, BFRSSL3AAN k9VeFesi n

was pl aced with 535 g of phenqgl - di cycl opent adj ene resjn 1§trade nane:

DPR#$B00 NHHFRSSAP ETEY aldaRe CHEShyres taMATEs BHiRel SIRSSTAE ol ). I ts
melt viscosit as 2.6 poise at 125 C and 1.1 poise 25 at 150 C, and its

hydr oxy @q‘iﬁ A ‘was nore than 3000 g/ eq (undetectable). 44 p,

reparati on Exanrpl L, a N0 = ~e:bL A resin.. % dr oxy
groups were be@&?lhé?re"hgf 83%%§lv\qggogpggé’#é‘énagéfaégérg?Béﬂen%ggg‘a?éti on
Exampl e : : | ; 196580 iHiPed 9 5
of a phe%o?ﬁ'ﬁﬁa%ﬁoglg‘g}h%g ?leﬁg&?ggf ?ﬂ@dgﬁ;‘%&n& éf‘%%ﬁ%%&g hy%yrl%lgjyéé

equi val enhii 8% en¥ petrcrMiiic@ad I Idadl 6P| dor | & SséfldoydgERSELY Was
3.4 poise at 125 C and 1.6 poise at 150 C, and its hydroxy equival ent was
194429/ edint¥ e cafcidpviidh has BeelrbBgeggedt b¥Other EsventS&Bs %0 Of
whose hydroxy groups were benzoyl ated (822 g) was prepared as described in
Pr epar at i for Btandiest, tdxeept that the phenol aral kyl resin was replaced
wi th 555 g of a phenol -di cycl opent adi ene resin (trade name: DPR#3000,

hydr oxy equi valtheire %83 1gbeqdelicisbedChaniessentical (Sompdrentl5 dts nelt
viscosity was 2.6 poise at 125 C and 1.0 poise at 150 C, and its hydroxy
equi val erghogrhilgs ®xjheq represandtedbybgansrak2féopnubac(l) ngpsigant A
resin, 40 % of whose hydroxy groups were benzoylated (675 g) was prepared
as descrianaelerawingaegendn Exanpl e 20, 20 except that the anount of
benzoi ¢ anhydride was 271. 4 g ( 1. 2 nol ) . Its nelt viscosity was 3.4
poi sédat 125 Clangemrerapofermyilaltd) c Rake Ri 2k Rbuwphichumay bt thas 349.9

g/ eq. Preparation Exa~ple 23 for a~r-~, ng accent .
same or not are hydrogen, straight, branched or cyclic alkyl



A resin, whose hydroxy groups were conpletely acetylated 25 (760 g) was
prepared as described in Preparation Exanple 1, 1 6 MAY 2002 except that
t he phenol aralkyl resin was replaced with 639 g 1 6 MAY 2002 451 § MAn00§
of a naphthol aralkyl resin (trade nafqg a-NX-3.2, hydroxy equivalent: 213
g/eq; Mtsui Chemcal Inc.). Its nelt viscosity was 2.0 poise at 125 C and
1.1 poise at 150 C, and its hydroxy equival ent was nore than 3000 g/eq 5
(undet ectabl e). preparation Exanple 24 for a curing agent A resin, 50 nol %

n ?»’?22%‘%%‘? e %"éﬁﬁf’ﬁﬁi"?%*ﬁtfldﬁ%@*?i 2%%%%95?%‘%@2?%@?%‘5?? esin
Q’aixfipza"ﬁyd?oﬁgequ‘?%%ﬁ %’ @P?su. 80 o oy gogedf Lot

Vi scosi t)é X 447%&?0@5]:3@,55 (‘s@aq Qs7m tgﬁp G- ?‘r%’%cs hydr oxy

equi val ent eq. Preparation Exa or a cur tent 15 A

resin, ﬁﬁ%pxx-sﬁeyw@é@-m geiekz-Bea?lelalp%t(y%% g@efoeﬂ(pr epar ed

as descri in Preparatl on Exanpl e except that the phenol resin
was rgpl asaqxén/u 1, BBy IVl -Bu®fl 2 Tedpémeyl Areeivylpémsyl :{-trade name :
a-Nx-3 . hyyfjroxy equl?}\,/al ent: J@jleg a/ eq,mﬂtgw Chepml?g }anc ). 20 Its
melt vi smm-vm-sbmtﬂ Panespenttilp -leaxyl, 84-Anetsiey bt2-séhtyl And its
hydr oxy equi val ent was nore than 3000 g/ eq (undetectable). Preparation
Exanpl e 2§ dlmpentyl agcighekyA, rledieptydl, Ashépbylwlesetiylgrdxycgybups were
benzoyl ated 25 (912 g) was prepared as described in Preparation Exarple 6,
except t Ratetthyd phemety by aldnptl aedl decwds arglanys wndhas3lByds(swch 1 6
MAY 2002 46 nol ) of a naphthol aral kyl resin (trade nane: a-NX-3 .2,
hydr oxy éfuinhgnshk: byl ecbenybuil-phenyiethnk. é)ndlz'sphﬁ;'l}tle/ﬂsxbﬁl ty was
{)m se at_125 C and 2.1 poise at 150 C, and its hydroxy equi val ent was
2224 0/ epreferably Aliphatdamhvdrorarhons haviing dasAt 6 /caEkoRs BTl % of

Prepar 2%%&3%32% L & e R SERBTRREND A RAGSY L GRERY bl aced.
h 639 3 I d NX- 3. 2,

\#yleroxy (requfo bal}ﬁn%gel‘\\gr)ﬁq aﬁte&l}? fOneZIn‘incgilt r?ng. )narr}et sarrel t vi sc;)si ty
5.0 '

was 1867 of oq. B éara hesok iR $5p2pebrlels b0 TR DRSS LD o6 o

whose hy@'ﬁf‘lﬁ&%}%‘é&%ﬂ:\é@rﬁybﬁ%@&/ rﬁ]?ﬁo]s%e Fﬁgng%(ygflgf)%}?@a{lfgh%pee@c” bed

in Preparation except resrn was repl aced

Wi t 11§39 n@H1h Mmoot & il 2 dwéuﬁﬁ_siﬁmiéa 8&@ nEHBL & N§g3- 2,

hydroxy equival ent: 213 g/eq; Mtsul Chemcal Inc.). Its nmelt viscosity was

5.2 poi sewstlitutedsflido}pR6EpRo2Anatasl@Oséxrived mt@ MK ey, egailval ent
was 478 g/ eq. Exanple 1 one gram equi val ent of bisphenol-A type of

di gl yci dylowtnizdr offt Garleraanthertps toptoB828e VS8R, Jf) 114B30KY9I8BPOXVIE

equi valent: 184 g/eq) and the acetyl ated phenol aral kyl resin 25 from
Prepar at ineceBsany e it nags benfurethes par iéjedvby antomma progfedury sxectan epoxy
resin and a curing agent, respectively, were 1 6 MAY 2002 47 nelted and
kneaded &S eglmnnocgmr@a’aognm@bnmﬁ:zrld@itrmﬁ andreecys talel izati ion.

conposi tion was added 0 . 055 nol of a,  phosphi ne oxide represented by
genet@l formul aTn( an )‘—’pamréeaw @@mmsscglms qff &hist Apvepthenei &) tas |
referred to_as "PzZQ' ,.and the mxture 5 was kneaded at 50 C for 1mnto

give a ré&§ ﬁ%ﬁﬁﬁcﬁ*ﬂqwlw&@@‘bfcqwq%lw Rpdfeft \A@@‘bl ended a
[iLTer R ald s, L e el Laune, PSRy Shsha s e e vre
or more epoxy groups in onemolecule. Specifically, it may have
epoxy groups formed by oxidation of an olefin, glycidyl
25 etherification of hydroxyl groups, glycidyl amination of a

primary or secondary amine or glycidyl esterification of a



for a sealer. 10 Inorganic filler: 720 g [a m xture of 50 parts by weight
of sphere fused silica (Halimc S-CO, Mcron) and 50 parts by wei ght of
anor phous fused silica (Fusedrex RD-8, Tatsunori)] Silane coupling ggemy:zgﬂz
62 g 15 (SzZ-6083, Toray Dow Corning Silicone) Carnauba wax 45 g Carbon

bl ack: 3 g Antinony oxide: 10 g A por?Fon of the nolding material thus
prepared was cured 20 under the conditions of 150 C --> 185 C5 mn, 185 C
5 mn and 150 kg/cne, and was subjected to after-curing under the condition
of 185 C/8 hr in an atnosphere of nitrogen to be adequately cured. Various
physi cal GRERR¥Y188 aRkd- deternined for the cured 25 product. The same

nmol ding material was used to prepare a sem conductor device for testing, by
| ow pressure treQEpnds whiqhmaypde subiscdi £8. spehhepoxidatsias} ect to a
crack initiation {est. usi a solder hath. The results are shown in Table
1 n gel tachnde,afyassny 3 RHPID B CELRSIND Lend RHARS S eindiot or i ned
at 150 C (hereinafter, the sane is applied). 1 6 MAY 2002 49 abl

Exanpl el mbﬁ%%?‘ti on(wt arts)-Miin ingredientsEpi coat

age 5?@%?25133 ST ey B A sy AEORTRabtuAdensy duéin pzo
0. 0055 v A E v ma s j :
(ZEBert i esc?JCR%%rsq)fif%?%lFW%in%lfl’fl-fllféfﬁlffgffgfﬁtng%ﬂgrrgtpl?rnee( O) - Fl exur al

strengt hla.; . 612, gb/lmav-Bend el astic

const 10sRETRINR AF AL 0SS 10(’&85/ 28BSl i ng -

wat er 0. 098, %k HSe 0. BRaRRoRYy AR

t est 00000000( cracke /10‘%%& ! B Ryph n@‘?@)m\é'%%ane

tines' 23" @ 2pledel % A2 i 2 SRR diybhenyt) salifonee Qb isphehdy5 2002 50 A
nol ding material for a sealer was prepared as described in Exanple 1,
excepo t ads @4 11eydembgsheny) letdwlfidey,pdigf(4epoxy resin represented by
formula (12) (trade nanme: E1031S, Yuka 5 Shell Epoxy, epoxy equival ent: 189

g/ eq) washydhekyshenmy emethylesiclohexane,~bAst@Hz ~~El, CHCH (1 2) 1 ~
CH2-CHCHf -0 ~ O-G-ISCH T The material was processed as described in

Exanpl e h¥droxiphenyhineththhanzeaneyr dpdr +débydroxybipbenylodudots 'and for a
crack test for a test sem conductor device. 15 The results are shown in
Tabl e 1. dihygyrexy-2v 3ol &g takranehhyldiphesydl el rdds prepared as

descri bed_ j.n Exa)g%ll,e 1, except that a naght hol - cresol. resol condensate type

of epoxy FENHF PR RNERYE Shhetor B 6 -G48y dEexYdd rdader 330 EOCN7000, Ni hon
Kayaky, oxy. equi valent: 204 g/.eq) was used_a n.ep resin. CH2

~HC~§g' _etyanet iyl 1 :,sge,qog%grg?qneoa@ 4&1374cts imet -d- L ) 16 MY
2002 ~51 ' S processed as described in Exanple 1 for

determ ni%%%%@lﬁr%p-el&&é?%gpqd cured product and for a crack test for
a test sem condqugci 1GE. e e Lh.Tahle 1. 5 Exanple 4
A nol ding materi aS’Q:rfs’(%qge%\eg’lscsga"'l-eE.lrill ﬁs%%#gégﬁégyggggggggfbgg in Exanmple 1,
except thﬁfm&pu&t&mdm&i Ridndayee of epoxy resin represented by

formula (14) (trade name: SPIDG Mtsui Chemical Inc., epoxy equivalent:
233 g/eq) was YfchdS rs i9iR0enckl aiseS PhenolCndverabZrepPesented by O
20 general formula (7), a residual moiety after removing the
bisphenol from the novolac (at least triphenol; referred to as
"VR"), a phenol aralkyl represented by general formula (8), a
naphthol ax:alkyl represented by general formula (10), and a
phenol-dicyclopentadiene copolymer resin (DPR resin)

25 represented by general formula (9);

aliphatic and aromatic amines such as ethylenediamine,



CHa ~a ( 1 4 ) 15 The material was prpcessed as described in Exanple 1 for
determ ni ng physical properties of a cured product and for a crack test for
a test sem conductor device. The results are shown in Table 1. 20 EK&rHpYog)
5 to8 Mdlding materials for a seal er was prepared as described in Exanpl es
1to 4, except that a curing agent was the benzoyl ated phenol aral kyl
resin from Preparation Exanple 5 and a nolar ratio of epoxy/functional
groups (hydroxy + ester) was 1/1. 25 The materials were processed as

descr i begr'ggyﬁéﬁ@a&smaet Ohéxaa&tﬁgieﬁgmrﬁlﬁ@hyﬁmn@rqpe;r-u es of a cured
pr oduct 16 MAY 2002 52 for crack test for a test senlconductor

devi ce. Ehamri%phteﬁyqiaetﬁaawn(MbATgbh% 1.d G aiphenyax aless, 1 to 4 W
attenpted to preparé nolding materials as described 57in Exanples l1to 4

usi ng an49aesaahm&nealﬁhenﬂsanﬂbhél pesipid (4 Ae- nane: M1 ex XLC 4L;
M tsui Chem cal Inc ydroxy equivalent: 169 g/eq) as a curing agent and

tri phenydpasdpbphenyyl}Bopane , an-aclyd etrertiamd neg epuxy Iyliertethiandmensi t i ons
exhi bited too poor curing properties to allow a gel tine to be determ ned
10 or5a Apkdidigminokycpobpxand. afiicanf ankl iMPRmekkyInaresdsed to 0. 015 nol
for determining a gel tine. The results are shown in Table 2. Consequently,
gel tinesepresenteddayigeoezadiformuld ¢Ve) (teradeosame nAELdip| ditsThius,

nol ding materials for a sealer were 15 prepared as described in Exanples.
The mat eEhgmdcadr dngrd¢essed as described in Exanples 1.to 4 for
determ ni ng physical properties of a cured product and for a crack test for
a test sem cNi#fuct or device. ThNHesults are shown iINH7able 2. 1 6 MAY

2002 ~53 Co anpl e12345678~ rooortlontmﬂ - Mai n | gr edi ent sEpi coat
828184184E] S 89&?9 00

agent XLC- 4L ~- 2 QA .015--~~-Cl11Z
(nnﬁﬁ 015/. - Physi cal oQertifs-d asg- tran t|on 21122125|

211221221@5)enperature(0) Fl ¢Ry)r al 2
strengthl2.212. 412. 412. 612. 813.012. 212. 4( Kgf | nm~- end el dstic
coast . 14501440142014101460146014501440( Kgf / mm~- Boi | i ng
wat er 0. 130. 150. 160. 120. 130. 150. 150. 13absor pti on (% - VPS

test12211222(c .
ved o35 6 WRESEH N nF8rogen pn syzaiolt, pranchedor cycligatkyd, o,
Conpar at h‘é@lﬁéimc¢§ Gatiborfs Yandt f oI iRG thifgPs Heped tiRlgdh At Min®dal s as

described in anples 1 to 4 using an unesterlfled phenol aral kyl resin

(trage nageo dbl 5K witsetlavedlalgeuiisCoerd OB, brovideddwrey £n efidrayeent: 169
g/eq) as a curing agent and 2- undecyllnldazole (Adlz ) as an accelerating
agent, boff il aor@oesat imgundthhmber ilsogepoprthaufopmupsa oEyidsemts0 al | ow a
gel tinme to be determned or a nolding to be prepared. Therefore, Cl12 was
i ncreased bdas@n@lineotofippuddgermining a gel tine. 10 The results are shown
in Table 2. Consequently, gel times were reduced to a simlar level to
those in Exanphminophianelsnohdhngs nataninephennl o praaiaophenelpr @pared, as
described in Exanples. The materials were processed as described in

Exanpl es ($#- QElP@nBeﬂMl)d@réﬁnthﬁgoﬁﬁpgﬁ%bf)RﬁQﬂﬁﬂQi and ¢ a cured product
and for a crack test for a test sem conductor device. The results are shown
in T4b e 2minopheayarivhydxaxypraenyliBetkansi di ng naterial s as described in

amount of 0. 015%KBPAVHC AR PR e A ThcRa 8 ﬁ%‘ﬁﬁhﬁbg B4 he
ot for mk &re?h%tﬁaﬁéem@“’ie&ha?eﬁ%agﬁ%%%? 8 R AR5, V5L
i <cont | RGad( SaBeE” %f%goafd"infivgzgakgc'%?%%f@%%ﬁ%r g determ nation was
Ezg‘iéiiéﬁéiéiiﬁi@%ﬁ%ﬁE&ﬁﬁ%&%@O%bﬁééﬁ%%ﬁ%ﬁf e

agen §Pr§9d§é§gb£%%$lﬁ ac ep Exam S273.-.-.--Accel erating agent TPP
01
pr O~ert| es-3d aﬁgchr gg Bhﬁ EeHQ??{ﬁ?UEE(Qtf\L@W@fogﬁr{ g,[%; Kaf / nm-- Bend

el astic const cure pro ucts /[ mm~--Boi | 1 ng wat’era rption (9 - VPS
test(cracked/ 10)-Gel tine(mn, sec) 1 6 MAY 2002



56 onparative Exanples 17 to 24 Mol ding materials as described in Exanpl es
1 to 8 using 2-undecylimdazol e(Cl1Z) as an accel erating agent in an anount
of 0.015 nol. We have attenpted to prepare nol dings, using the 5 ter) hﬁ
whi ch were, however, flown out befork curing and nol di ngs were not fﬁpﬁg .2
Then, we have attenpted to determne their gel times, but they failed to
gel at 150 Cor 200 Cin 15 mn. Thus, the determ nation was di sconti nued
(Table 4). : 1 6 MAY 2002 57 Conp.

Exanpl elglyd HPPd e 334 Br Riowh i eds yartshaybbe ¢aghed it hsdaue eat
828184184E1031S189189EOCN 7000204204SPI DG233233- Curi ng .

agent s Prepmpodnd 12ith an-dpizthloretyd2ia- in -thie prleseaicengf a hydrogen

agentCli Z(np~0. 015- ~-~. - ~. - Physi cal oro

eg-rti eshaldidssad¢ecepixn. ofitebperel Lirkc@n Rihatu@alglytaicyyt festesy may Bend

el astic coast.No cured products(Kgf/nmm--Boiling waterabsorption (% VPS

t est (cr dokeprepared| prefrax(ahly, bycreacting mevhgdozasboRyldatecwi¥ht o 16

Mol ding materials for a sealer was prepared as described in Exanple 1,
except tohycigokpesing asimetads catalyste' inepaxtachiiasi phahelldugl yci dyl
ether (trade nape: YX-4000H 5 Yuka Shel| Epoxy, epoxy equivalent: 184

g/ eq), aCoMPPRRA Feeh amTIdRe andtRb(QRYFEed phenol resins listed in Table
5, and a nolar_ratio of epoxy/function droxy + ester ) was

| h

1/1. The mat erfEgkerahle ﬁﬁ@@é§§e3°asad%ﬁ@géggagFg°E§&HﬁFSritEG f or
det i Nni hysi | di f d t df . k test f
2 tost SEAFEORUES OYhiRlidis Fnwensdan, BEIpLYCRSRACER Hal dngludess fapic 5
o T bRt A AREd 27 BREAS] ddhigbund or phenol resin;

P P ~ | P . Ex | 3208P . Ex
P Ae EBeEX AR AT A Rerlonty KonpAnb Bl {08l kLBHTRER TR L S o ot

do. 00 -~~~ i . .

(Pes. o aehyardirnagithnat AcdetBnted by gsperal formula (2050

strengthl2.212.212. 812. B12. 212. 112. 412. §J Kgf / nm~- Bend el astic
const . 16501650166016601650162 16291@3 giymm~- Boi | i ng

wat er 0. 080. 080. 080. 100. 10. ¥raBsorpti on (% - VPS

t est 00000000( ¢r acked/ 10) ﬂ&%&

time5' 23' 5' 48Hs—oCGH0H, 4B 3™N5T5' 42' 5'33' (nin,sec) 1 6 200Z 60
E~p~, es 17 to‘Qe/i 6 MAY 2UQ2 Mol ding materials for a sealer was prepared
as déscribed in Exanple 1, except that an epoxy resin was o-cresol novol ac
type of epoxy resin (trade name: EOCN 102S; N hon Kayaku, epoxy- 5

equi valent: 210 g/eq), a curing agent was one of the acyl ated phenol resins
listed in Table 6, and a nolar ratio of epoxy/functional groups (hydroxy +
ester) was 1/ Whemgthagdndaisswestelipibedyddd 2c3 vRRXYPERPYhIERSPSI e 1 for

determ ni ng. physi cal _ properties of a cured product and for 10 a crack test
for a ted3t Semtontktort devi ce6-TRE PeduPPEi4i8N8Hown in Table 6. 1 6

I mor edi ent EQNM A, Fesin, derived drpp g biphensl' FepPlseited by
agentsPrep. Ex 211PRrep..E~mm 5273pr ep. Exam

| 14 rep9€&35$£EéRﬁﬁﬁkﬁl(é5énl17227Prep.Exan1I9289Prep.E~an123255Prep.
Exam 25317- Accel er atj ng agent PZQ ( nod0. 0055~. -. -~. -. -. - ~hysi cal
properties-G ass-traNsiti onl41129156150130119148132t enper at ur e( C) - Fl exur al
strengthl2.412. 312. 112 312. 113, 1( Kgf / mm~- Bend el astic
coast.1690mﬁﬁdﬂﬁﬁﬂl'<£} @t / nm-- Boi | i

wat er 0. 080. }§d, 090.-1
t est 00000000( cr ackeg
tine4'51"5'48"4'33""27"5'04"5'&%"5'10"5'33"(nin,sec) 1 6 MAY 2002 62
Exanples 25 to 32 Mblding materials for a sealer was prepared as descri bed
in Bsanple 1, except that an epoxy resin was 1,6 di hydronapht hal ene

di gl ycidyl ether (trade name: Epicron 5 HP4032; Daini hon I nk Chem, epoxy
equi val ent: 15fhdife®).all S WRECRIR bthensanté shenditeilsahgdridlyemol resins
listed in Table 7, and a nolar ratio of epoxy/functional groups (hydroxy +
ester) was 1/1. The materials were processed as described in Exanple 1




10 for determ ning physical properties of a cured product and for a crack

test for a test sem conductor device. The results are shown in Table 7. 1
6 MAY 2002 63 Ta_ ble 7 F~npl e2526272829303132~roportiont ~rtsl- l\/aqr[g MAY 2002
i ngr edi ent HP4032150. - . - ~. -.-.-.--Curing

agent sPrep. Exam 2203Pr ep. Exam 6263Pr ep. F~cam | 2138Pr ep. 6mm 14198Pr ep. Exam 1
8206Pr ep. F~m 20279Pr ep. F~cam 24234Pr ep. Exam 26307- Accel erati ng agent PZO
(rmod0. 0055~~. - . - p~ysi cal

properti eg g@@ir ansi tionl25119136134125119140125t enper at ur e( C) - Fl exur al
strengt hl 2! 812.812.912.913. 613. 5( Kgf/ mm~- Bend el astic _

const. 1620161515&4 %ﬁ%&l{)&é&%m/%o%w&&gpe of resin
wat er 0. 090. 08d. 090.7090. 080. 090. 090 08absorpt| on (% -V

testOOOOOQQQfééeﬁt@ai/ﬂ )gékéral formula (4);
(i med’ 38" 4 A2 4 20" 4" I A 2174 45 3 294" 5 "(m n,sec) 1 6 MAY 2002 64

Exanples 33 to 4,00\Q/bl di ng MQI’I als for a sealer vvas epar ed as descri bed
in Exanple 1, mgegﬂcm-lgat resin was a al kyl type of epoxy

resingtrade nanme: E-XAC L ‘Chemi cal In oxy equi val ent: 235
g/eq), a curing agent n ac\ at ed noI resins listed in Table
8, and a nolar ratio OXYWHEU hydroxy €4gster) was 1/1.
The materials were prAcess as i dln |l e Z for determning

physical properties ff a cured ggoduct and fcRr 10 a crack test for a test
sem conduct or device. The results are shown ih Table 8. 1 6 MAY 2002 65
ab a Exanpl e3334353637383940Proportion(wt nartsl-Main

i ngredi ent E- XLC-| L235r-m~-rrr-r

agent sPr ep. Exan¥R8XR Bs di§ EXQHPQQB?PP%@EE@’H ety ES 2D demegerExam | 5

%ggf;kpoogxgnbl 928?&5 ev%lgx%a\né‘rz%gggrfg Exgo ﬂ:}OS Accel erati ng agent PZO

OB 2% L B g 7 e
ot B SIS ST 0

t est 00000000( cr acked/ 1
tine4' 48"4' 13" 3' 15" 4’ q{ 15"4 37"4' 19" 4" Z%\Céa,;n n, se,z@ 1 6 MAY 2002 66
Mol di ng materi aI S C tal er was pr des(;}]rz HoEeh,ion Exanple 1,

except that an 7 .eS|n S a phepQl dicycl ope t adi ene t ype of epoxy
?“ﬁ %Fﬂfz
sgent one o

resimgtrade na m, oxy equi val ent :

262 g/eq), a cu x (3 i n€5Disted in
Tabl e 9, and gﬁlar rati o of epo? [ functT dnal groups (h oxy + ester) was
1/1. The naterF s were processed(faddescribed in Exa R@ml 10 for

determ ning physical properties of a cured product and a crack test for

a test sem conductor device. The results are shown in TabI e 9. Agel tine
for a resin corwhere Rorishdydreogenl,| skradghty haenedesi ordeyelia mdkydt 150 C
(hereinafter, the sane is 15 applied). Physical properties were herein
det er mi neBa¥ing 3l told. Can’BO(lgb&J&Q*&éh@l"tﬁ%h@@&@@ﬁb@?s derdgoriyded by a
TMA needl e i nserting technique (Shimazu, TMA-DRW DT-30); -Flexural

str en@q h, PReRY} jofi katogen pmaks iad) %9t996r0%¥érﬁﬁ’r%d anccb/ dlsnﬁntl@tﬂgsn(- 6911,

-Roi l'ing ter absorptl on: determ ned gy ur| a weight increase after
heating 2°hofirkoi o QJd'I'}F‘?% RIS 10 t: i rmedi at ely after
being placed in a 25 therm-h t 85 Cand 85,.% f Qurs, test
Do 1 B ae 1 o el ST M R RS, GBS ash A 50,

67 3M FC at_ 240 C.._ Sem conduct o age resin had a crack were
count ed. ’f%gl?eﬁ‘fﬂ%s%‘?tee‘& ng%%elaa#: 5%%25\/\2%% a nunerator is the
nunber of sem conductors having a crack and a denomi nator is the nunber of
tested devi ces/o 1 6 MAY 20028 68 a 9 Exarrpl e4142434445664748 Proportion
~i ~argsl - Mai i ngepdipent . HP- ~-~-.-~.--Curing

agent sPrep. fn X " Exam | 0261Pre @(%QHiSlSGPrep Exan?1l
277Prep. Exanf?2227Pr RD- Acce ating agent PZO
(not)0.0055.-.-~-.-

orooerties-G ass-tr st ty Z eAper at ure( C) - Fl exur al
strengt hl3.212. 91 12.813. 113 5%513 5( gf/rrm~ &éf]d el astl c coast . 15301
$401560152515401500%8501550( Kgf / Boi | i ng

wat er 0.1 20. 100. 090. 110. 090. 090. 090. 10absor ption (% - VPS

t est 00000000( cr acked/ 10) - Gel

time3 28"4' 06" 4'42"4'01' 4" 47" 3' 57"5' 25" 4' 05' (m n, sec)




1 6 MAY 2002 69 The resin conposition of Exanple |7 (epoxy

resi n/ benzoyl at ed phenol aral kyl resin/PZO before kneading an inorganic f
filler ) was cured under the conditions as described 5 in the abowqb ?
Exanples , and it was nmlled with a sngJl mll ( Sanple MII|, SK-M MA&H@,
Kyoritsu Ri ko). The mlled powder (30 g) was extracted with 300 g of
acetone using a Soxhlet extractor for 2 hours. After drying up the extract,
an extraction ratio of 0.15 % 10 was obtained. As described with reference
to exanples in detail, an epoxy-resin conposition of this invention
conprising a phosphi ne~oxi de as an essential accelerating agent and an
ester-containing conpound as a curing agent can give a cured 15 product
much nmore inproved in hygroscopicity and flexibility than a conventi onal

i n-ph i d : { t
opocy T es! 1 Phepgle 881 A e tee Bhetoh oS NE N WOIRIRYS 0
crack res §9§Hg% 28 B 882bdhs’, U1 RoXy HavAMUE Y 1b"$§£53ﬁ§drt]1§:'gr%& §. 20 As

seen in Conparative Exanples, ‘a conposition conprising a co nal curi ng

catal st pREhYHidiOnh1bgERMM REQEPANRRgRE & 1 A7 aha &@E@%gnft@gle§ to
give a cured product, i.e., an ester-Containing noiety is inadequdtely

cured. ltoffey b6 S¥i wWrOSEUJatE8RaAganigsbetofi1sd curing agent and 25 a
phosphi ne oxi de catal yst are essential for achieving excellent physical
properties for pnsamlepoxy*ridsin cowpdkition of ChiBYiR0éRt ivn Wal) ag
clainmed is: 1. An epoxy-resin conposition conprising (A an at | east

bi f unct i oatl 1epsk yb iumpstivhalh Esttermvcaritd Haixig ompmind rsald /080 &aesi n,

(B) an at l|east bifunctional ester-containing 5 conmpound and/or an at |east
bi f unct i ohe&stshifuncticonal resters+icomsaining imes byent( tid X0d NdQ odf whose
hydroxy groups are esterif ied with aliphatic or aromatic acyl groups , and
( C)lGan whesedivdraony gyoenps are esdenidriad withgahipbatiatamarpmedditai ni ng
a phosphi ne oxide 10 represented by general fornula (1): R Rz ~N 0=P
N=p_N~R3 f¢Y1l| JRRUPS. ROmEOUNGSs; wgl'emthﬁ Feakjgchf tansedh may be the
sane or not are_hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons ofSEeFELdrabian @Ry RGIRFe these 1}9&%%3%9%@%&99@9&%

conposition.as clained i.n daimdl where 20 (A). th | east bifunctional
cpoxy confBRRaRE H bRt PrEcRateRREan uh ALk f Eheadienols &8 Ebecd 1 rom
Formui  (PBShB1 L RS ok "EhwPbaY, DREEFFBE, 42h BRcRBRFopresertte sy -
generg falroulfaf §nélud n epoxy resin derived froma novolac type of resin
25 represented by general fornula ( 4 ) , an epoxy resin derived froma
phenol aral kyl & esbdol P! 28208 OFepyefenELal by ChBHERal Skodfitha [74;VAY 2002
71 5 an epoxy resin derived from'a phenol -dicyCTl opent adi ene re

represented by generalghﬁriitula (6); 0 0-CHZCH CHz _~J CHz CHCHz-0 0 (2)
where the ring is subs H 3-epoxypro groups 10 at 1, 5-,
1,6-, 1,7-, 2,6- or 2 ogitions ; Hz- o0 0-CHzCH-cHz 0 0O R R 15
Zo C3) where R all o } IS hydrogen(? nmet hyl ;
~~\ ~~\ CHz-CHCH=-0 n R Ra R ere RBis
hydr ogen, nethyl or and n ¥s an integer £f 0 to 100 whose average is

0 to26; /~\ O-HZCH 25 CHz v (R)mCH8z CcHz -CHOH ~-0 CHz CHz
(5 nr (R9)m

p—

where R, is hydrogen, methyl or ethyl; and n indicating

a repeatind unit number is an integer of 0 to 100 whose average

is 0 to 15, such as a phenol novolac resin and a cresol novolac

25 resin, provided when an average of n as a repeating unit number

is zero, the formula represents a bisphenol compound;




72 16 MAY 2002 where R9 is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, al koxy having 1 to 10 carbons, hydroxyl, 5 phenyl
or halogen; mis an integer of 1 to 3 ; and n' is an integer of O t@ﬁéﬁg
whose average is 0 to 50; /-\ /.~\ /- GH2- CHCHz-0 CHz- CHCH2 CHzCH 2.
ww w~Ra)ym (R~)m (Ro)m (6) where RO is hydrogen, straight, branched or
cyclic alkyl having 1 to 10 carbons, al koxy having 1 to 10 carbons,

hydr oxyl, phenyl or halogen; mis an integer of 1 to 3 ; and n" is an

integer 15 of Q to 5 ose.ayer LS . -J.esin
conposition as %Irﬁsrﬁ%é‘\giqhﬁ“éﬂ'gi%i %%ﬁﬁr%&%&%ﬁghgtb%‘gﬁ?@#ﬁﬁa itBﬁa_I.
ester-contgini é!ﬂgt aﬁg{ . SASdq W ctuk/9mal, ester-containing
resin, 1 th}éhfg% é% R’ﬁose hy r@"’yﬁ%’?bﬂfp%f aredels}'ltofelrél%fi gg ali’th al i phatic or
20 aromati c acy. éﬁ.&?ls j f Esdfted B AR r esi erived
froma novol ac%fg}[a 0 raegfln@eg'?éeffehlt%%y ger?era ?g?rb}g?% f%ﬂﬁ QA QA
25 CHz (/) Re Ra RB 73 16 MAY ZOOZ where Ra is hydrogen, nmethyl or
ethyl: A'is’hydrogen or 5 acyl where the nolar ratio of hydrogen/acyl is 9
0/ 19 to 0/ 100 ; and v indicating a repeating unit nunber is an integer
of 0 to 100 who average is 0 to 19Hprovi ded when an rage of n as a
repeating unit Jfumber is zgro, the formyl a reprgsents bjsphenol
derivatives: hepel | rf@s\\n r &pRES d. by eral fornmula (8):
OA OA OA CNZ , CHQ%CT-@'@ZW h‘fz @Pz re R9 is hydrogen,
straight, br ed or cyclrc alky aviMgil to ¥ carb , al koxy having 1
to 10 car bon@s)mphenyl, hydroxy ofR,hl ogen; mis an iq’ﬂ%ergﬂl l1to 3 n
indicating 20 a repeating unit nunber is an integer 0O t 00 whose
average is 0 to 50, provided when an average of n' as a repeating unit
nunber is zero, the fornula represents bi sghenol derjvatives;, and Ais

hydr 88en or acyWhe¥rRe ihdydgogen astsadghhy dAnahescor s¥eldyy adkyd 0/ 100;
25 a phenol -di cycl opent adi ene resin represented_by general formula (9);

74 0A OATawing'l t®RIFaTPens) Rheryd) nhgdroxy /RFloged amatkoxy Bavingydr ogen,
straight, branched or cyclic,alkyl having 1 to 10 carhons, .phenyl, hydroxy,
hal ogen or &0 kb%yCRERPRY 1Mt S Qa%aHﬁBﬁ%?’gn?#sl P i3t @gellnﬁlflgittl gsa p»

i ndicating a repeating unit nunber is_an integer, of tq 50 whose average
50" to ToeBaRE ER B Vit RHMAFtt o 08: JHEC8rE or 35t8 1EDaiatR, NRFETRumbor | s
zero, the f | arep ' 0 | i Ves, |,Se rQgen or
acyl where” ﬁ]g% rrspér érgf‘?:gé%? %@eﬁ{r}%grﬁehyggébglaésf 310/§l TOQ{ESE E%éltéﬁ!ygﬁg a

napht ol | 4 inr ForRa ksfor ( ; QA QA CH2
CHz15 G@@éﬁlnﬁﬁé’%’ glg{ee\;\here nab%r?%?%glté?na a%gea%?nlg%un togﬁtc}r?ber is

an integer of O e 1W0R_AWARAdierd Fosip represetedahirgepgrayer age of
n" as a repeating unit nunber i's zero, the formul'a represents bi sphenol

deri vat i veSrmana gg’i s hydrogen or acyl where the nolar 25 ratio of
hydr ogen/ acyl is 0)10 to 0/100. 4. An epoxy-resin conposition as clained

in Claim?2 V\/nereOA75 OA OA

/

- > (9)

20
(Rio)a (Ruo)a (Rus)a

where R,, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, phenyl, hydroxy, halogen or alkoxy having
25 1to9carbons;misanintegeroflto3;n" indicatinga repeating

unit number is an integer of 0 to 50 whose average is 0 to 15,



1 6 MAY 2002 (B) the at |east bifunctional ester-containing conpound and/ or
the at | east bifunctional ester-containing resin, 10 to 100 % of whose
hydroxy groups are esterified with aliphatic or aromatic acyl grougqipm§mm
sel ected from ester-containing resin2? derived froma novol ac type o

resin represented by general formula (7): OACAQCACHz CHz ( ? ) toin Re
Re R, where RB is hydrogen, nethyl or ethyl; A is hydrogen or 15 acyl where
the molar ratio of hydrogen/acyl is 90/10 to 0/100; and n indicating a
repeat i nproviidediniden aa averagegef rf a& Borépeantiose wnidr agmber Gg 0 15,
provi ded when an average of n as a repeating unit nunber is zero, the.
formul a rzmpegsatttes formudpheepresenbsuadhigphenpheaompanadsylandesi n ’
represented by general fornmula (8): CAOA OACH2 CH2 ~2 CH2 v wv i h~ 2 5
(R9) m (R9) m ( R®) maph8hdl ar@Akyd ©esinCrepxX@eented-byiger@raln flormi)lal 6 MAY
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may not be restricted when used as a solvent, but may be up to
10-fold mol in the light of an economic efficiency and a
volumetric efficiency of the reaction. The amount may be
similar in a reaction later described where an organic

15 carboxylic acid is used.

In general, anesterification reaction is often conducted
in the presence of an inert organic base such as pyridine,
piperidine and triethylamine. When an epoxy-resin composition
of this invention is to be used for an electric or electronic

20 application such as sealing a semiconductor integrated circuit,
it is, however, recommended to prevent such a nitrogen-
containing organic base from remaining in the system. It may
be, therefdre, desirable to finally introduce a water-rinsing
process. However, since the reaction may be sufficiently

25 completed without such an organic base, it is most desirable

to conduct the reaction without any organic base in this



1 109%00% ()-! s2 10%00% ()- @+ 109%0% ()- ! (10% 2 2& ()-3!D (109K K

& ()-3y 10%08' ()-WYOZO[ O\ 0i Ol 000q0yZ; 110%&' ()-L 10%&' ()-10%& ()-' 10%& () -
1000 1000 1000 (S10%X0¥ () - &q000. 1S112dEyZ; 1M 10%& ()-#10%' ()- 1§ MAY 2002
109& ()-M 109& ()-, & 109 ()- 9109%& ('é- 2222222a?yZ:;

11 @S) " 10%CC& ()-S) " 10%& ()-!S)"10% 3\ 38 ()- & 10%& ()- 3

304008 () - SH10%&' () - 243v3333333{peF 1! @& mlo%@& ()- 10 10 10

109 ()-m 8.1 109%& ()- 96#109%& ()- 3 YA"109%& ()- 33D4[ 4444dBpeF

111 sS109& () - MF310%@& () - 10%@& () - &Lz10%@& () - 93" 109%&X& () - 3FL0%E& () -
4445@5) 553EYEATLON-gI M 10%G () - LFM 10%@’ () - LS! 10%& () - S10%@ ()-

10U S10% NB5=6~6666dEpeF 1! 0% *10%

o A e e
0 0 0 0 Iy

. 10% 5’7@/73 gBaghicy rlép@tf’) {‘%, 189z’ () -

'1,10,‘:/‘;@‘1(()2, /<7n{$n$ g 6@%&1&9 t]i%%@ag(r)sn.gnl lg‘n{iy %Sasry 5‘3&3#&& on types

{0 A A R RIS e
g T 1Y e W 6 i

111109 & G 8R4 /;%8@1& (v)lulge jf%%di‘(évfz)nqg@eﬂl@ﬁn;( ¢ of an esterification
109578 () - &F &109 T SSVESe2<2dEDC T T 10%T& () - 1 10%& ()= & 10 & () &@

10947 & LA Thé: 4oh & ()-1 10T
10T 10(T3&(1 W?{&)r( ﬂaowg%&b )$1ow}zg}( )79? @ @%@%‘Eﬁ% h a HA

11" s! 10% &e(r)fofrﬁhﬁh‘iﬁe&l(l)quiﬁl%ﬁr&n(a)tog&myg‘ dnd d9%Krdmatography.
&10% & () - A%B&CaCmCCCIEDC 1!') "1 10% & () - & &10% & () - FAA0% & () -
f#s! 1004 & () - s! I1a%tRe( reak'tion, &a( )sol ey Ma3pdid Gided nod W4 ( rhe2@
10%4 & ()-Z010% & ()-.m 10% & ()- ,#10% & ()-* !'10% & () - D5SEr EsEt EUEEEELC
1! : 1 10908 repctionD&an) b&l cupductedi leat)( WEnoBA | NP XY contGHHIMPHR () -
material may be adequately fused at a reaction temperature as
well as an esterification agent is a liquid or can be dissolved
in the resin at the reaction temperature without adversely

15 affecting the reaction.

If necessary, any solvent which is inert to the reaction
may be used; for example, aromatic hydrocarbons such as benzene,
toluene, xylenes, chlorobenzene, o-dichlorobenzene and
diphenyl ether; aprotic polar solvents such as N,N-

20 dimethylformamide, N,N-dimethylacetamide, N-methyl-2-
pyrrolidone, N,N-dimethyl-2-imidazolidinone, dimethyl
sulfoxide and sulfolane; ethers such as tetrahydrofuran,
dioxane, e.thyleneglycol dimethyl ether and diethyleneglycol
dimethyl ether; and ketones such as acetone, methyl ethyl ketone

25 and methyl isobutyl ketone, which may be used alone or in any

appropriate combination.
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4100/& (0)- Sazmlcg)tgn Qf ba|155éL WoﬁlCQ is inert to the reaction, such as pyridine,
piperidine and triethylamine, or may be immediately, as a gas,
discharged from the system during the reaction to be trapped

15 by a water or alkali trap placed outside of the reaction system.
The latter alternative where the hydrogen halide gas is
immediately discharged from the system may be preferable for
avoiding contamination with a nitrogen-containing or ionic
compound as described above.

20 It may be more preferable to conduct the reaction under
a stream of a gas inert to the reaction.

For partial esterification, an organic carboxyl halide
may be used in an appropriate amount to hydroxy to be treated,
specifically at least 10 mol% since a compound at least 10 mol$%

25 of which has been esterified is used in this invention, while

for complete esterification, it may used in an equal or slightly
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. 10 esterification agent, a procedure may be as described above for
an organic carboxylic anhydride, and in addition the reaction
needs an acid catalyst; for example, inorganic acids such as
hydrochloric acid, sulfuric acid, phosphoric acid and
polyphosphoric acid; organic sulfonic acids such as p-

15 toluenesulfonic acid, methanesulfonic acid, ethanesulfonic
acid, dimethylsulfonic acid and diethylsulfonic acid;
superacids such as trifluoromethanesulfonic acid; acidic
ion-exchange resins such as alkanesulfonic acid resins; and
superacid type of ion-exchange resins such as

20 perfluoroalkanesulfonic acid resin.

The amount of the acid catalyst may be, to the weight of
the reactants, 0.00001 to 5 wt%, preferably 0.0001 to 1 wts,
more prefei‘ably 0.001 to 0.1 wt% for a superacid; 1 to 100 wts,
preferably 10 to 50 wt% for an ion-exchange resin; and 0.01 to

25 10 wt%, preferably 0.1 to 5 wt% for the others. A lower level

may make the reaction too slow to be completed in a practical
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In this invention, an esterification rate may be 10 to

100 mol%, preferably 50 to 100 mol%, more preferably 80 to 100

mol%, most preferably 90 to 100 mol%.

15 An esterified compound with an esterification rate of 10
to 100 mol% thus obtained may be used as a curing agent for an
epoxy resin, as is for a conventional phenol resin.
Specifically, it may be used as a curing agent for an at least
bifunctional epoxy resin to provide a product as a thermosetting

20 resin which may be utilized to those applications using a
conventional epoxy-phenol cured product.

Physical properties for a cured product demonstrate that
epoxy groups are efficiently reacted with ester groups to give
an epoxy-resin cured product of this invention. It may be also

25 supported that a solvent extraction rate is very low for the

cured product.
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15 in an application as a sealer. Its performance improvement is
significantly related to reduction in its coefficient of
moisture absorption. Moisture contained in a resin may be
instantly gasified when being suddenly exposed to higher than
200 °C as in IR reflow, to generate force as observed in phreatic

20 explosion. It may cause cracks, which adversely affect a
variety of physical properties and may cause peeling of a sealer
from a chip in the worst case.

As evident from the above characteristics, this invention
may contribute to solving the problem for both low

25 hygroscopicity and crack resistance.

A mix proportion of an epoxy resin / a curing agent may
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In an epoxy-resin composition of this invention, the
phosphine oxide may be used with a common well-known
accelerating agent including imidazoles such as 2-
20 methylimidazole, phosphines such as triphenylphosphine,
tertiary amines such as triethylamine and diazabicyclo
compounds such as 1,8-diazabicyclo(5,4,0)undec-7-ene in an
amount of 0.5 to 500 wt% to the phosphine oxide, as long as it
does not adversely affect the effects of this invention.

25 In an epoxy-resin composition of this invention, (D) an

organic and/or an inorganic filler or other additive may be,
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The amount of the organic and/or inorganic filler may be
10 100 to 1900 parts by weight, preferably at least 250 parts by
weight, more preferably at least 550 parts per 100 parts by
weight of (A)+(B) in the light of moisture resistance of
mechanical strength.
Organic and/or inorganic fillers which may be used
15 include powders such as silica, alumina, silicon nitride,
silicon carbide, talc, calcium silicate, calcium carbonate,
mica, clay and titanium white; and fibers such as glass fiber,
carbon fiber and aramid fiber. Among these, suitable fillers
for a sealer are crystal silica and/or fused silica, which are
20 preferably sphere or a mixture of sphere and amorphous in the
light of their fluidity duringmolding of the resin composition.
Furthermore, it is preferable to add a variety of
additives in an epoxy-resin composition of this invention, in
the light of mechanical strength and heat resistance. For
25 example, it may be preferable to use a coupling agent for

improving adhesiveness of a resin to an inorganic filler; such
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5 Specific coupling agents which may be used include
vinyltrimethoxysilane, vinyltriethoxysilane, N-(2-
aminomethyl)-3-aminopropyl-methyl-dimethoxysilane, N-(2-
aminoethyl)-3-aminopropyl-trimethoxysilane, 3-aminopropyl-
triethoxysilane, 3-anilinopropyl-triethoxysilane, 3-

10 glycidoxypropyl-trimethoxysilane, 3-glycidoxypropyl-methyl-
dimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl-
trimethoxysilane, 3-methacryloxypropyl-trimethoxysilane and
3-mercaptopropyl-trimethoxysilane, which may be used alone or
in combination of two or more.

15 Such a coupling agent is preferably pre-immobilized on
the surface of the inorganic filler via adsorption or reaction.

An epoxy-resin composition of this invention may be used
to seal a semiconductor integrated circuit to give a
semiconductor device, commonly by low-pressure transfer

20 molding, but other processes may be used; for example, injection
molding, compression molding and cast molding. Furthermore,
a special process using a solvent may be employed.

xamples
This invention will be detailed with reference to, but

25 not limited to, examples.

Preparation Example 1 for a curing agent
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5 heated to an internal temperature of 125 °C. While keeping the

h

internal temperature, 336.9 g (3.3 mol) of acetic anhydride was
added dropwise under stirring over 2 hours. The reaction was
continued at 125 °C for 2 hours, and then the mixture was heated
to 140 °Cc. After maturing the reaction at 140 to 150 °C for 2
10 hours, the excessive acetic anhydride and acetic acid, by-
product, was evaporated in vacuo under the condition of up to
150 °C/10 mmHg.
The resin thus obtained was dissolved in 1400 g of toluene,
washed with warm water at 60 to 70 °C until a washing waste became
15 neutral, and toluene was evaporated under the condition of up
to 150 °C/5 mmHg to give 609 g of a resin whose hydroxy groups
were completely acetylated.
Its melt viscosity (as determined with a cone type of
melt-viscometer (ICI); hereinafter, the same is applied) was
20 3.4 poise at 100 °C, 1.0 poise at 125 °C and 0.5 poise at 150
°Cc, and its hydroxy equivalent was more than 3000 g/eq
(undetectable).
Preparation Example 2 for a curing agent
In a reaction vessel as described in Preparation Example
25 1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:

Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
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over 2 hours, and then the mixture was treated as described in
5 Preparation Example 1 to give 590 g of a resin, 80 mol% of whose
hydroxy groups were acetylated.
Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise
at 150 °C, and its hydroxy equivalent was 880 g/eq.
eparatio a e [o) curi e
10 In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 153.1 g of
15 acetic anhydride (1.5 mol) was added dropwise under stirring
over 2 hours, and then the mixture was treated as described in
Preparation Example 1 to give 561 g of a resin, 50 mol% of whose
hydroxy groups were acetylated.
Its melt viscosity was 2.0 poise at 125 °C and 1.1 poise
20 at 150 °Cc, and its hydroxy equivalent was 359 g/eq.
repa io e 4 fo curi ent
In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical

25 1Inc.), and the vessel was heated to an internal temperature of

125 °C. While keeping the internal temperature, 23.6 gof acetyl
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10944& ()-1"(h %Ré““é&éhé (Ji,'stem became red due to hydrogen chloride

5 as a byproduct. The reaction mixture was matured at 140 to 150
°C for 2 hours, heated to 160 °C and was slightly vacuumed with
a tap aspirator to become slightly yellowish and clear as was
before the reaction. Hydrogen chloride as a byproduct was
exhausted from the top of the reflux condenser outside the system
10 and trapped by an alkali trap via an inlet tube.
The resulting resin was removed to give 520 g of a resin,
10 mol% of whose hydroxy groups were acetylated.
Its melt viscosity was 2.0 poise at 125 °C and 1.1 poise
at 150 °C, and its hydroxy equivalent was 192 g/eq.
15 eparatijo a e 5 fo curi e
In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
20 125 °C. While keeping the internal temperature, 464.0 g of
benzoyl chloride (3.3 mol) was added dropwise under stirring-
over 4 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was matured at™150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
25 immediately exhausted outside the system by a nitrogen stream

and trapped by an alkali trap for neutralization.
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In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical

15 1Inc.) and 610.8 g of benzoic anhydride (2.7 mol), and the vessel
was gradually heated to 125 °C over 2 hours while stirring was
initiated when it became possible. Then, the mixture was
reacted at 125 °C for 2 hours and heated to 150 °C. The reaction
mixture was matured at 150 to 155 °C for 2 hours and cooled to

20 110 °C. To the reaction mixture was added 2500 g of methyl
isobutyl ketone to give a homogeneous solution.

Benzoic acid as a byproduct was neutralized with 2000 g
of 10 % sodium carbonate ag. The organic layer was washed with
warm water at 60 to 70 °C until a washing waste became neutral.

25 Methyl isobutyl ketone was evaporated under the condition of

up to 150 °C/5 mmHg, to give 783 g of a resin, 90 mol% of whose
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Its melt viscosity was 5.2 poise at 125 °C and 1.5 poise
at 150 °C, and its hydroxy equivalent was 1780 g/eq.

ati 71 for a i e

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °c. While keeping the internal temperature, 348.5 g of
benzoyl chloride (2.55 mol) was added dropwise under stirring
over 4 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was matured at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream
and trapped by an alkali trap for neutralization.

The resulting resin was dissolved in 2500 g of toluene
and washed withwarmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 779 g of
a resin, 85 % of whose hydroxy groups were benzoylated.

Its melt viscosity was 4.9 poise at 125 °C and 1.4 poise
at 150 °c, and its hydroxy equivalent was 1420 g/eq.

re rat'o_ a e 8 fo curi agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical

Inc.) and 339.3 g of benzoic anhydride (1.5 mol), and the vessel

J* 86

6

fJ 46
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was gradually heated to 125 °C over 2 hours while stirring was .
initiated when it became possible. Then, the mixture was
reacted at 125 °C for 2 hours and heated to 150 °C. The reaction
mixture was matured at 150 to 155 °C for 2 hours and cooled to

5 110 °C. To the reaction mixture was added 2500 g of methyl
isobutyl ketone to give a homogeneous solution.

Benzoic acid as a byproduct was neutralized with 2000 g
of 5 % sodium carbonate ag. The organic layer was washed with
warm water at 60 to 70 °C until a washing waste became neutral.

10 Methyl isobutyl ketone was evaporated under the condition of
up to 150 °C/5 mmHg, to give 659 g of a resin, 50 mol%$ of whose
hydroxy groups were benzoylated.

Its melt viscosity was 5.7 poise at 125 °C and 1.6 poise
at 150 °C, and its hydroxy equivalent was 390 g/eq.

15 ©Preparation Example 9 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of

20 125 °c. Wwhile keeping the internal temperature, 84.3 g of
benzoyl chloride (0.6 mol) was added dropwise under stirring
over 2 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was matured at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was

25 1immediately exhausted outside the system by a nitrogen stream

and trapped by an alkali trap for neutralization.
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The resulting resin was dissolved in 2500 g of toluene .

and washed with warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 565 g of
a resin, 20 % of whose hydroxy groups were benzoylated.
5 Its melt viscosity was 6.0 poise at 125 °C and 1.8 poise
at 150 °C, and its hydroxy equivalent was 232 g/eq.
aratio e 10 fo
In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
10 Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 371.2 g of
benzoyl chloride (2.64 mol) was added dropwise under stirring
over 4 hours. The reaction was continued at 125 °C for 2 hours.
15 Then, the mixture was heated to 150 °C and was matured at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream
and trapped by an alkali trap for neutralization.
The resulting resin was dissolved in 2500 g of toluene
20 andwashedwithwarmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 779 g of
a resin, 88 % of whose hydroxy groups were benzoylated.
Its melt viscosity was 4.9 poise at 125 °C and 1.4 poise
at 150 °C, and its hydroxy equivalent was 1450 g/eq.

25 Preparation Example 11 for a curing agent

A resin, whose hydroxy groups were completely acetylated
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5 Its melt viscosity was 3.4 poise at 100 °é, 1.0 poise at
125 °C and 0.5 poise at 150 °C, and its hydroxy equivalent was
more than 3000 g/eq (undetectable).
e ti e a curi
In a reaction vessel as described in Preparation Example
10 1was placed312 gof aphenol novolacresin (trade name: BRG#558,
hydroxy equivalent: 104 g/eg; Showa Kobunshi)(3 mol) and 500
g of chlorobenzene, and the vessel was heated to an internal
temperature of 50 °C. The internal temperature was maintained
to give a homogeneous solution. Acetyl chloride (188.4 g, 2.4
15 mol) was added dropwise under stirring over 2 hours. The
reaction was continued at 50 to 55 °C for 10 hours. Hydrogen
chloride as a byproduct was immediately exhausted outside the
system by a nitrogen stream and neutralized by an alkali trap.
At the end of the reaction, chlorobenzene was completely
20 evaporated under the condition of up to 150 °C/10 mmHg.

The resulting resin was dissolved in 1400 g of toluene
and washed Yvith warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 410 g of
a resin, 80 mol% of whose hydroxy groups were acetylated.

25 Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise

at 150 °C, and its hydroxy equivalent was 554 g/eq.
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5 of a phenol novolac resin (trade name: BRG#558, hydroxy

equivalent: 104 g/eq; Showa Kobunshi)(3 mol).

Its melt viscosity was 4.9 poise at 125 °C and 1.5 poise
at 150 °C, and its hydroxy equivalent was more than 3000 g/eq
(undetectable).

10 eparatio 4 i agent

A resin, 90 mol% of whose hydroxy groups were benzoylated
(588 g) was prepared as described in Preparation Example 6,
except that the phenol aralkyl resin was replaced with 312 g
of a phenol novolac resin (trade name: BRG#558, hydroxy

15 equivalent: 104 g/eq; Showa Kobunshi)(3 mol).

Its melt viscosity was 5.2 poise at 125 °C and 1.7 poise

at 150 °C, and its hydroxy equivalent was 1134 g/eq.

ratio 5 for a curj agent

In a reaction vessel as described in Preparation Example
20 1lwasplaced 312 gof aphenol novolacresin (trade name: BRG#558,
hydroxy equivalent: 104 g/eq; Showa Kobunshi)(3 mol), and the
vessel was heated to an internal temperature of 125 °C. While
keeping the internal temperature, 371.2 g of benzoyl chloride
(2.64 mol) was added dropwise under stirring over 4 hours. The
25 reaction was continued at 125 °C for 2 hours. Then, the mixture

was heated to 150 °C and was matured at 150 to 155 °C for 2 hours.
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Its melt viscosity was 4.8 poise at 125 °C and 1.5 poise
at 150 °Cc, and its hydroxy équivalent was 958 g/eq.
10 eparation Ex 6 _fo curi a t
A resin, 50 mol% of whose hydroxy groups were benzoylated
(468 g) was prepared as described in Preparation Example 8,
except that the phenol aralkyl resin was replaced with 312 g
of a phenol novolac resin (trade name: BRG#558, hydroxy
15 egquivalent: 104 g/eq; Showa Kobunshi) (3 mol).
Its melt viscosity was 5.5 poise at 125 °C and 1.8 poise
at 150 °C, and its hydroxy equivalent was 260 g/eqg.
ratijo e o curi agent
A resin, whose hydroxy groups were completely acetylated
20 (679 g) was prepared as described in Preparation Example 1,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).
Its melt viscosity was 2.0 poise at 125 °C and 1.1 poise
25 at 150 °C, and its hydroxy equivalent was more than 3000 g/eq

(undetectable).
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5 1Inc.)(3 mol) and 1500 g of toluene, and the vessel was heated

to an internal temperature of 50 °C. The internal temperature
was maintained to give a homogeneous solution. Acetyl chloride
(111.8g, 1.5mol) was added dropwise under stirringover 2 hours.
The reaction was continued at 50 to 55 °C for 12 hours. Hydrogen
10 chloride as a byproduct was immediately exhausted outside the
system by a nitrogen stream and neutralized by an alkali trap.
At the end of the reaction, the mixture was washed with
warm water at 60 to 70 °C. Toluene was evaporated under the
condition of up to 150 °C/5 mmHg, to give 610 g of a resin, 50
15 mol% of whose hydroxy groups were acetylated.
Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise
at 150 °C, and its hydroxy equivalent was 391 g/eq.
reparatio a e or a _curi a t
Aresin, whose hydroxy groups were completely benzoylated
20 (866 g) was prepared as described in Preparation Example 5,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy eqdivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).
Its melt viscosity was 2.6 poise at 125 °C and 1.1 poise
25 at 150 °C, and its hydroxy equivalent was more than 3000 g/eq

(undetectable).
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X109 N& X109YNX X1O0YNX SN&
OANM$ (g heno dlgyclg entadgene$res£% (trade name: DPR#3000,
P

hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).
Its melt viscosity was 3.4 poise at 125 °C and 1.6 poise
at 150 °C, and its hydroxy equivalent was 1944 g/eq.
Preparation Example 21 for a curing agent
10 A resin, 88 % of whose hydroxy groups were benzoylated
(822 g) was prepared as described in Preparation Example 1,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).
15 Its melt viscosity was 2.6 poise at 125 °C and 1.0 poise
at 150 °c, and its hydroxy equivalent was 1633 g/eq.
atio e or a curij e
A resin, 40 % of whose hydroxy groups were benzoylated
(675 g) was prepared as described in Preparation Example 20,
20 except that the amount of benzoic anhydridewas 271.4g(1.2mol).
Its melt viscosity was 3.4 poise at 125 °C and 1.7 poise
at 150 °c, and its hydroxy equivalent was 349.9 g/eq.
eparation Ex e 23 for a curi agent
A resin, whose hydroxy groups were completely acetylated
25 (760 g) was prepared as described in Preparation Example 1,

except that the phenol aralkyl resin was replaced with 639 g
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A resin, 50 mol% of whose hydroxy groups were acetylated

(695 g) was prepared as described in Preparation Example 18,

except that the phenol-dicyclopentadiene resin was replaced

10 with 639 g(3 mol) of a naphthol aralkyl resin (trade name:
a-NX-3.2, hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.).

Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise
at 150 °C, and its hydroxy equivalent was 447 g/eq.
Preparation Example 25 for a curing agent

15 A resin, whose hydroxy groups were completely benzoylated
(946 g) was prepared as described in Preparation Example 5,
except that the phenol aralkyl resin was replaced with 639 g(3
mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy
equivalent: 213 g/eq; Mitsui Chemical Inc.).

20 Its melt viscosity was 4.9 poise at 125 °C and 1.8 poise
at 150 °C, and its hydroxy equivalent was more than 3000 g/eq
(undetectable).

epara 'c; a e 26 fo curi agent
A resin, 90 mol% of whose hydroxy groups were benzoylated

25 (912 g) was prepared as described in Preparation Example 6,

except that the phenol aralkyl resin was replaced with 639 ¢g(3
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A resin, 88 mol% of whose hydroxy groups were benzoylated
(910 g) was prepared as described in Preparation Example 10,
except that the phenol aralkyl resin was replaced with 639 g(3
mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy

10 equivalent: 213 g/eq; Mitsui Chemical Inc.).

Its melt viscosity was 5.0 poise at 125 °C and 1.9 poise
at 150 °C, and its hydroxy equivalent was 1867 g/eq.
Preparation Example 28 for a curing agent

A resin, 50 mol% of whose hydroxy groups were benzoylated

15 (790 g) was prepared as described in Preparation Example 8,
except that the phenol aralkyl resin was replaced with 639 g(3
mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy
equivalent: 213 g/eq; Mitsui Chemical Inc.).

Its melt viscosity was 5.2 poise at 125 °C and 2.1 poise

20 at 150 °C, and its hydroxy equivalent was 478 g/eq.
Example 1

One gram equivalent of bisphenol-A type of diglycidyl
ether (trade name: Epicoat 828, Yuka Shell Epoxy, epoxy
equivalent: 184 g/eq) and the acetylated phenol aralkyl resin

25 from Preparation Example 1 (estimated ester equivalent = 211

g/eq.) as an epoxy resin and a curing agent, respectively, were
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6109 #& ()-!; 6109 #& ()-!,;
are methyl (hereinafter, referred to as “P20”), and the mixture
5 was kneaded at 50 °C for 1 min to give a resin composition.
To 200 g of the resin component were blended a filler and
other additives in the following proportions, and the mixture
was heated and kneaded with a roll to give a molding material
for a sealer.
10 Inorganic filler: 720 g
[a mixture of 50 parts by weight of sphere fused silica (Halimic
§-CO, Micron) and 50 parts by weight of amorphous fused silica
(Fusedrex RD-8, Tatsumori)]
Silane coupling agent: 62 g
15 (SZ-6083, Toray Dow Corning Silicone)
Carnauba wax 45 g
Carbon black: 3 g
Antimony oxide: 10 g
A portion of the molding material thus prepared was cured
20 under the conditions of 150 °C — 185 °C/5 min, 185 °C/ 5 min
and 150 kg/cm’, and was subjected to after-curing under the
condition of 185 °c/8 hr in an atmosphere of nitrogen to be
adequately cured.
Various physical properties were determined for the cured

25 product. The same molding material was used to prepare a

semiconductor device for testing, by low-pressure transfer
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A gel time for a resin composition before roll kneading

5 was determined at 150 °C (hereinafter, the same is applied).
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Eplcoat 828 184 184

E1031S 189 189

EQOCN 7000 204 204

SPIDG 233 233

-Curing agents
Prep.Exam.1 211 - - -
Prep.Exam.5 273 - - -—

-Accelerating agent

PZO (mol) 00055 | < - - - - -— -

Physical properties

-Glass-transition 110 111 113 114 114 115 113 117

temperature(°C)
-Flexural strength 12.2 124 | 124 | 126 | 122 | 124 | 124 | 126
(Kgt/mm?)

-Bend elastic const. | 1650 | 1640 | 1620 | 1610 | 1450 | 1440 | 1420 | 1410

(Kgf/mm?)

-Boiling water 0.09 0.09 0.09 0.08 0.09 0.09 0.09 0.08
absorption (%)

-VPS test 0 0 0 0 0 0 0 0
(cracked/10) '

-Gel ‘time 5'23" | 5'28" | 5§'42" | 5'42" | 5'23" | §'28" | 542" | 541"

(min,sec)
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resin.

CHz /CHCH: \@\ @/O-Cﬂzﬂl ;H

CH-CH (12)

10 CH —cacm—o/@ \©\ 0-CH. CH—

No/ O/CH
The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device.
15 The results are shown in Table 1.
Example 3
A molding material for a sealer was prepared as described
in Example 1, except that a naphthol-cresol resol condensate
type of epoxy resin represented by formula (13) (trade name:
20 EOCN7000, Nihon Kayaku, epoxy equivalent: 204 g/eq) was used

as an epoxy resin.

Cl'{za;HCHz-U 0- CH:QH CHs 0~ﬁ-IzC\H—LHz

boe 76"

25
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5 Example 4
A molding material for a sealer was prépared as described
in Example 1, except that a spirobiindane diphenol type of epoxy
resin represented by formula (14) (trade name: SPIDG, Mitsui
Chemical Inc., epoxy equivalent: 233 g/eq) was used as an epoxy

10 resin.

(14)
15

The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device.

The results are shown in Table 1.

20 e to -

Molding materials for a sealer was prepared as described
in Examples 1 to 4, except that a curing agent was the benzoylated
phenol aralkyl resin from Preparation Example 5 and amolar ratio
of epoxy/functional groups (hydroxy + ester) was 1/1.

25 The materials were processed as described in Examples 1

to 4 for determining physical properties of a cured product and
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We attempted to prepare molding materials as described

5 in Examples 1 to 4 using an unesterified phenol aralkyl resin
(trade name: Milex XLC-4L; Mitsui Chemical Inc., hydroxy
equivalent: 169 g/eq) as a curing agent and triphenylphosphine
(TPP) as an accelerating agent, but the compositions exhibited
too poor curing properties to allow a gel time to be determined

10 or a molding to be prepared. Therefore, TPP was increased to
0.015 mol for determining a gel time.
The results are shown in Table 2.
Consequently, gel times were reduced to a similar level
to those in Examples. Thus, moldingmaterials for a sealer were
15 prepared as described in Examples.
The materials were processed as described in Examples 1
to 4 for determining physical properties of a cured product and
for a crack test for a test semiconductor device.

The results are shown in Table 2.
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-Curing agent
XLC-4L 169 | o - - | - - - -
-Accelerating agents
TPP (mol) 0.015 - -— -
C11Z (mol) 0.015 - - -—
sica erti
-Glass-transition 119 121 122 125 121 122 122 125
temperature(°C)
-Flexural strength 12.2 124 124 126 12.8 13.0 12.2 124
‘(Kgf/mm?)
-Bend elastic const. 1450 | 1440 | 1420 | 1410 | 1460 | 1460 | 1450 | 1440
(Kgf/mm?)
-Boiling water 0.13 0.15 0.16 0.12 0.13 0.15 0.15 0.13
absorption (%)
-VPS test 1 2 2 1 1 2 2 2
(cracked/10)
-Gel time 4'03" | 848" | 3'52" | 421" | 3'58" | 3'39" | 3'43" | 4'08"
(min,sec)
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(C11Z) as an accelerating agent, but the compositions exhibited
too poor curing properties to allow a gel time to be determined
or a molding to be prepared. Therefore, Cl1Z was increased to
0.015 mol for determining a gel time.

The results are shown in Table 2.

Consequently, gel times were reduced to a similar level
to those in Examples. Thus, molding materials for a sealer were
prepared as described in Examples.

The materials were processed as described in Examples 1
to 4 for determining physical properties of a cured product and
for a crack test for a test semiconductor device.

The results are shown in Table 2.

Co ative es 9 to

Molding materials as described in Examples 1 to 8 using
triphenylphosphine as an accelerating agent in an amount of
0.015 mol. We have attempted to prepare moldings, using the
materials, which were, however, flown out before curing and
moldings were not formed.

Then, we have attempted to determine their gel times, but
they failed to gel at 150 °C or 200 °C in 15 min. Thus, the

determination was discontinued (Table 3).
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-Glass-transition
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absorption (%)
-VPS test
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-Gel time
(min,sec)
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of 0.015 mol. We have attempted to prepare moldings, using the

5 materials, which were, however, flown out before curing and
moldings were not formed.

Then, we have attempted to determine their gel times, but

they failed to gel at 150 °C or 200 °C in 15 min. Thus, the

determination was discontinued (Table 4).
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Epicoat 828 184 184
E10318 189 189
EOCN 7000 204 204
SPIDG 233 233

-Curing agents
Prep.Exam.1 211 -— - -
Prep.Exam.5 273 - -— -

-Accelerating agent
C11Z (mo) 0.015 - -— -— - -— -— -

Physical properties

-Glass-transttion

temperature(°C)
-Flexural strength
'(Kgt/mm?)
-Bend elastic const. No cured products
(Kgf/mm?)
-Boiling water
absorption (%)
-VPS test
(cracked/10)
-Gel time
{min,sec)
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in Example 1, except that an epoxy resin was 2,2',6,6'-

tetramethylbiphenol diglycidyl ether (trade name: YX-4000H;
5 Yuka Shell Epoxy, epoxy equivalent: 184 g/eq), a curing agent
was one of the acylated phenol resins listed in Table 5, and
a molar ratio of epoxy/functional groups (hydroxy + ester) was
1/1.
The materials were processed as described in Example 1
10 for determining physical properties of a cured product and for
a crack test for a test semiconductor device.

The results are shown in Table 5.
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Prep.Exam.5 273
Prep.Exam.11 146
Prep.Exam.13 208
Prep.Exam.17 227
Prep.Exam.19 289
Prep.Exam.23 255
Prep.Exam.25 317
-Accelerating agent
PZO (mol) 0.0055 - -— - - - - -
sical properties
-Glass-transition 108 100 | 110 | 108 | 106 | 102 | 113 | 105
temperature(°C)
-Flexural strength 12.2 122 | 128 | 128 j 122 | 121 | 124 | 128
(Kgt/imm?)
-Bend elastic const. 1650 1650 | 1660 | 1660 | 1650 | 1620 | 1620 | 1690
(Kgf/mm?®)
-Boiling water 0.08 0.08 | 008 | 0.10 | 0.10 | 0.08 | 0.11 | 0.07
absorption (%)
-VPS test 0 0 0 0 0 0 0 0
(cracked/10)
-Gel time 5'23" | 5'42" | 5'28" | 5'48" | 5'23" | §'57" | 5'42" | 5'33"
(min,sec)
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equlvalent 210 g/eq), a curing agent was one of the acylated
phenol resins listed in Table 6, and a molar ratio of
epoxy/functional groups (hydroxy + ester) was 1/1.

The materials were processed as described in Example 1
for determining physical properties of a cured product and for

a crack test for a test semiconductor device.

The results are shown in Table 6.
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Prep.Exam.13 208
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Prep.Exam.19 289
Prep.Exam.23 255
Prep.Exam.25 317
-Accelerating agent
PZ0 (mol) 0.0055 | « - - - - - -
Physical properties
-Glass-transition 141 120 | 156 | 150 130 119 148 | 132
temperature(°C)
-Flexural strength 12.4 123 | 121 | 127 | 11.7 | 123 | 121 | 1831
(Kgt/mm?)
-Bend elastic const, 1690 1660 | 1570 | 1660 | 1500 | 1640 | 1620 | 1680
(Kgt/mm?)
-Bailing water 0.08 0.13 | 009 | 0.17 | 0.06 | 0.11 | 0.07 | Q.11
absorption (%)
-VPS test 0 0 0 0 0 0 0 0
(cracked/10)
-Gel -time 451" 5'48" | 4'33" | 5'27" | 5'04" | 5'58" | 5'10" | 5'33"
{min,sec)
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109%8$&' () - n<Ex8RpRe( ], YexcaPPHihdl - dhodpoky~xresin was 1,6-

dihydronaphthalene diglycidyl ether (trade name: Epicron
5 HP4032; Dainihon Ink Chem., epoxy equivalent: 150 g/eq), a
curing agent was one of the acylated phenol resins listed in
Table 7, and a molar ratio of epoxy/functional groups (hydroxy
+ ester) was 1/1.
The materials were processed as described in Example 1
10 for determining physical properties of a cured product and for
a crack test for a test semiconductor device.

The results are shown in Table 7.
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-Accelerating agent
PZO (mo}) 0.0055 -— - - - -— - -—

Physical properties

-Glass-transition 125 119 136 134 125 119 140 125

temperature(°C)

-Flexural strength 12.9 128 | 128 | 128 | 129 | 129 | 136 | 135

(Kgf/mm?)

-Bend elastic const. 1620 1615 | 1545 | 1555 | 1550 | 1550 | 1610 | 1580

(Kgf/mm?)

-Boiling water 0.09 0.08 | 009 | 009 | 008 | 009 | 0.09 | 0.08
absorption (%)

-VPS test 0 0 0 0 0 0 0 0
(cracked/10)

-Gel time 4'38" | 4'92" | 4'20" | 4'25" | 4'21" | 4'45" | 3'29" | 4'52"

{min,sec)
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acylated phenol resins listed in Table 8, and a molar ratio of
epoxy/functional groups (hydroxy + ester) was 1/1.
The materials were processed as described in Example 1
for determining physical properties of a cured product and for
10 a crack test for a test semiconductor device.

The results are shown in Table 8.
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al0% dicyclopentadiene type of epoxy resin (trade name: Epicron
5 HP-7200; Dainihon Ink Chem., epoxy equivalent: 262 g/eq), a
curing agent was one of the acylated phenol resins listed in
Table 9, and a molar ratio of epoxy/functional groups (hydroxy
+ ester) was 1/1.
The materials were processed as described in Example 1
10 for determining physical properties of a cured product and for
a crack test for a test semiconductor device.
The results are shown in Table 9.
A gel time for a resin composition before roll kneading
was herein determined at 150 °C (hereinafter, the same is
15 applied).
Physical properties were herein determined as follows.
-Tg (glass-transition temperature): determined by a TMA
needle inserting technique (Shimazu; TMA-DRW DT-30);
~Flexural strength, coefficient of elasticity:
20 determined according to JIS K-6911;
-Boiling water absorption: determined by measuring a
weight increase after heating 2 hours in boiling water at 100
°c;
V.P.S.test: immediately after being placed in a
25 thermo-hygrostat at 85 °C and 85 % for 168 hours, test

semiconductor devices were soaked in Frolinate liquid (Sumitomo
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a denominator is the number of tested devices.
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HP-7200 262 - - - -— - - -
-Curing agents
Prep.Exam.4 173
Prep.Exam.8 221
Prep.Exam.10 261
Prep.Exam.16 156
Prep.Exam.21 277
Prep.Bxam.22 227
Prep.Exam.27 305
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-Accelerating agent
PZ0 {mo) 0.0055 - - -— - - - -
Physical properties
-Glass-transition 128 125 | 120 | 145 | 118 | 120 | 124 | 128
temperature(°C)
-Flexural strength 13.2 129 1 127 | 128 | 131 | 135 | 13.1 | 135
(Kgt/mm?)
-Bend elastic const. 1530 1540 | 1560 | 1525 | 1540 | 1500 | 1550 | 1550
(Kgf/mm?)
-Boiling water 0.12 0.10 | 009 | 0.11 | 0.08 | 0.09 | 0.09 { 0.10
absorption (%)
-VPS test 4] 0 0 0 0 0 0 0
(cracked/10)
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The milled powder (30 g) was extracted _with 300 g of
acetone using a Soxhlet extractor for 2 hours.

After drying up the extract, an extraction ratioof 0.15 %

10 was obtained.

As described with reference to examples in detail, an
epoxy-resin composition of this invention comprising a
phosphine  oxide as an essential accelerating agent and an
ester-containing compound as a curing agent can give a cured

15 product much more improved in hygroscopicity and flexibility
than a conventional epoxy resin-phenol resin cured product, as
well as very advantageous as to crack resistance. Thus, it may
be understood that it exhibits quite good crack resistance as
a sealer for a semiconductor integrated circuit.

20 As seen in Comparative Examples, a composition comprising
a conventional curing catalyst including triphenylphosphine or
an imidazole compound fails to give a cured product, i.e., an
ester-containing moiety is inadequately cured.

It may be evidenced that an esterified curing agent and

25 a phosphine oxide catalyst are essential for achieving

excellent physical properties for a sealer in this invention.
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as a curing agent, 10 to 100 % of whose hydroxy groups are
esterified with aliphatic or aromatic acyl groups, and (C) an
accelerating agent,

the accelerating agent essentially containing a phosphine oxide

10 represented by general formula (1):

Rl\ /RZ
N
| R
N=P"N\ (1)
| R,
NO
Re Rs 3

o
]
o

15
where R, to R, all of which may be the same or not are
hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons or aryl or aralkyl having 6 to 10 carbons.
2. An epoxy-resin composition as claimed in Claim 1 where
20 (A) the at least bifunctional epoxy compound and/or an at least
bifunctional epoxy resin is selected from an epoxy resin derived
from a dihydroxynaphthalene represented by general formula (2),
an epoxy resin derived from a biphenol represented by general
formula (3), an epoxy resin derived from a novolac type of resin
25 represented by general formula (4), an epoxy resin derived from

a phenol aralkyl resin represented by general formula (5) and

. Y%A0A

98N
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where the ring is substituted with 2,3-epoxypropyl groups
at 1, 5—’ 1,6—’ 1,7"', 2,6— or 2,7-p0$iti0ns

10

Rs R4
=1 OO - (3)
R+ Rs
15 where R, all of which may be the same or not is hydrogen
or methyl;
0 AUN /0\
(H, —CHCH.-0 CHz‘CHCHzﬁ\ 2CH—CH.
( et~ }Cﬂz (4)
20 /l - n
Rl RB Rl
where R, is hydrogen, methyl or ethyl, and n is an integer
of 0 to 100 whose average is 0 to 15;
AN AN AN
- 0-CH.CH—CH, 0-CH.CH—CH, CH, —CHCH.-0

OGO e-Oul)

Rs)m Ro)m Re)m
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(Redn Rs)m Ram (6)
where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; mis an integer of 1 to 3; and n" is an integer
15 of 0 to 50 whose average is 0 to 15.
3. An epoxy-resin composition as claimed in Claim 1 where
(B) the at least bifunctional ester-containing compound and/or
the at least bifunctional ester-containing resin, 10 to 100 %
of whose hydroxy groups are esterified with aliphatic or
20 aromatic acyl groups, is selected from ester-containing resins
derived from
a novolac type of resin represented by general formula
(7);

OA OA

OA
25 (cnz @ )ncm 1

Rs Rs Rs
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and n indicating a repeating unit number is an integer of 0 to
100 whose average is 0 to 15, provided when an average of n as
a repeating unit number is zero, the formula represents
bisphenol derivatives

10 a phenol aralkyl resin represented by general formula

(8);

0A
Hz‘@'mz ’\——}mz—@rmz
n’

15 (Re)m Rs)m Rs)n (8)

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 9 carbons, alkoxy having 1 to 10 carbons, phenyl,
hydroxy or halogen; m is an integer of 1 to 3; n' indicating
20 a repeating unit number is an integer of 0 to 100 whose average
is 0 to 50, provided when an average of n’ as a repeating unit
number is zero, the formula represents bisphenol derivatives;
and A is hydrogen or acyl where the molar ratio of hydrogen/acyl

is 90/10 to 0/100;
25 a phenol-dicyclopentadiene resin represented by general

formula (9);
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unit number is an integer é\)rerage is

10 provided when an average of n” as a repeating unit number is
zero, the formula represents bisphenol derivatives; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10
to 0/100; and

a naphthol aralkyl resin represented by general formula

15 (10);
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where n" indicating a repeating unit number is an integer
of 0 to 50 whose average is 0 to 15, provided when an average
of n” as a repeating unit number is zero, the formula represents
bisphenol derivatives; and A is hydrogen or acyl where the molar
25 ratio of hydrogen/acyl is 90/10 to 0/100.

4. An epoxy-resin composition as claimed in Claim 2 where
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5 where n" indicating a repeating unit number is an integer

of 0 to 50 whose average is 0 to 15, provided when an average
of n” as a repeating unit number is zero, the formula represents
a bisphenol compound; and A is hydrogen or acyl where the molar
ratio of hydrogen/acyl is 90/10 to 0/100.

10 5. An epoxy-resin composition as claimed in any of Claims
1 to 4 comprising (D) an organic and/or inorganic filler in the
range of 100 to 1900 parts by weight per 100 parts by weight
of (A)+(B).

6. A cured product prepared by heat curing of the

15 epoxy-resin composition as claimed in Claim 5.

7. A semiconductor device manufactured by sealing a
semiconductor integrated circuit using the epoxy-resin

composition as claimed in Claim 5.



