; €3e41X6ToDEPOXY COMPOUND, PREPARATI ON METHOD THEREOF, AND USE THEREOF

FI ELD OF THE | NVENTI ON The present invention relates to a novel epoxy
conmpound 5 which is solid at ordinary tenperature so as to exhibit
excel l ent handi ng property and, in its nelted state, has extrenely | ow nelt
i scosity and has excellent curing property and which can provide a cured
product which is excellent in nmechanical strength, heat resistance, and 10
ol St”ﬁgé@%&%&ﬁ‘ﬁ@uﬁﬁd £2r A%@Eﬁka&tﬁﬁoﬁfﬁg%% tRgpNovelr BRoXYE
=¢conpound. e présent Invention al'so rel"ates to a ¢éurabl e epoxy resin
conposition containing a novel epoxy conpound of the present invention
which is useful for applications such as encapsul ation material for 15

el ectri crekEBDt 0BNTEEpANCENTIINII Nng material, cast material, |am nation
material, conposite material, adhesive, and powdered paint, and to a cured
product . Theggueeﬁéﬁﬁemﬁvémfmﬁip@l Fedetes 4R epokyet 3 PKY CIIERUnNGn f or
sem conduct oy encapsul ation ich can 20 provide a cured praqdyct, having
supe |orW?F9helFeFSﬁ&§n@§\ﬂq r%dﬁﬁm@eﬁﬁFBﬁﬁnseoﬁﬁo%ﬂj%ﬁhﬁ t anti nony
conpound ret.ar n ak i.C ent uidity
because ??éﬁg%gFg&ﬁ?ﬁg@%?ﬁ?&kﬁﬁﬁﬁﬁgsgﬁéte?ﬁe%?Sg&&?%%?géﬁg1%%Cé1 %cause it

haS_|0W/@XQE@&@Q9iQb%yméwﬂjﬁi&ébé%%§e@ﬁ@OHQHCb%%eQQ@dﬁ?dﬁrﬂﬂﬁCh
sem conductor el ements and/ or sem conductor integrated circuits are

encapsul atedelby yusineg wihheclrepoxy pesvhdeoaposiredoprodhict BAGKERAMND OF THE
| NVENTI ON Epoxy conpounds are cured with various curing agents to provide
cured proddetscnfi dR Hechaidtakbnttreangehahiradl rsedpdrance niist ur e

i.St . d electrical ti d>5 th ' i d
of el dBoLaEH  SoTERLAPORFEL PR FAVORr AP ot I b eRArI BPecE ROV hr (o,
ol di ng_BRESYI Bl 65l MRl IalocLAM DRLLORIBRLehiel » OMmaS i grter il

adhesi ve ered paint. wever, astechnol ogy advances, the desire

for the highpper k@ommnce Hin epshiyo SOPPOHNEoEEaWS 1 nt0 Crasksl |dpote desire
can not be satisfied by conventional epoxy conpounds. For exanple, with the

devel opnmentpofinteclinallagypdserducingnsize ahdchhiicknesstwof &bectrica
parts in field of electric/electronic_applications, epoxy conpound is
r equi r ed2PB1R&RE HOBRerS WAl coBi ¢C2TRARS2F $OBeBaleE e §5in 15 nmust flow to

sufficiently reach.snmall spaces in a miniaturized part. As epox onpounds
eVt | WU Sodr C i Y iy ot RO OB b B b eI /ACARG BT GFYFdy | ot her
of bi sph ls e i del : l.: -§i N %§%@ ep conpounds
are Iiqu?gﬁépg&?§¥bagﬁg¥:%%%1n%?€§§gﬁ%g?ggégg}at'eQﬁgi a |?1t§%%0 shoul d be
poor becgusdetrbe dififritcul indangdi agcacear girbgulce .t he application. Mreover,

cured products fromthese epoxy conpounds are not sufficient in mechanical
strengt h, heatThespstarcé, iantnmicst urelatess stanes. ebpxgr dersito sol ve t hese
probl ens, technol ogi es using , )
composition for semiconductor encapsulation which can
20 provide a cured product having superior flame retardance
without adding halogen compound and/or antimony compound as
a flame retardant component and which has excellent fluidity
. because it has low viscosity and has excellent crack
resistance because it has low hygroscopicity, and to a
25 semiconductor device of which semiconductor elements and/cr

semiconductor integrated circuits are encapsulated by using

the epoxy resin composition.
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25 epoxy conpounds which are crystalline at ordinary tenperature and over
have been proposed. Exanples include tetranethyl bi phenyl type epoxy
conmpounds (JP-HO7-53791-B) 2 and stil bene type epoxy conpounds
(JP-H09-12674-A). However, these epoxy conpounds have high nmelt viscosity
.and insufficient curing property because it has bul ky substituents near
epoxy groups. Though cured products from5 these epoxy conpounds have heat
resi stance and noi sture resistance sonewhat better than those of a cured
-product BRORGROBNEf OFerféit iGNENDIGPhenol A-typeepoxy conpound, these are
still insufficient according to specific applications. The present
invention is izpepdedohponnavi decacnevel widhep@ot aomounthyigdants solid
at ordinary tenperature so as to exhibit excellent handing property and, in
its nelted ptavede hasresdtpendhytbowhhehtavé soosd i yemhdi hass@xael ¢@ht  curi ng
property and which can provide a cured product which is excellent in
nechaniCEF0§?F§MgﬂH?l%E%Fer%%ﬁ%ﬁ%ﬁ%%?réﬁﬂi@@eﬁﬁﬁéﬁﬁﬁepF@EP§Féﬁ§ea%ﬂd a

preparation t hod of .t he npvel epoxy ] nd_and further propvide a

Gur a6l & BHBXY T RS T AMpBST 11 orf Tkt Bt G 14 nBU Epe TONPEUNE Bl t he
present hoventLon sui ¢ s MSefU o £OFoAPR! HGRELONSIAUGH A% ANCAPsY] ati on
material for electric/electronic parts, 20 nolding naterial, cast material,
| am nat i gasfBhakiealialGompesidLe: vt enhbérialdhesow@osand pewwter 4l pai nt, and
a cured product thereof. To encapsul ate sem conductor el enments, epoxy resin
conposi t eohssare , wiae ppwiketd peanthelwwewpoi ptsstofh2sloglyi advaneys,

productivity, and cost. These conpositions are required to have fl ane
retar danEBesHRFLag FQr datetdigpPastiod mpdtcst P&l §POEYr CPRPSUNFeST d¥E « mai n

co ent.s, .a_conbi nati on af brom nat.ed epoxy. resin .such .

Cotrahy ohEarlandne TR s des ) O e R O R R P Ao ak
epoxy reébe@n@dﬁ&dﬁﬁdéﬂ”ﬁbfmé9§mb§e§dﬁﬁgha%h% fdeane Jslatdant conmponent.
From envi ronfrent al' st andpoi nt, novenent toward restriction in use of
conpoundseebfbaioriyngf hed dgeindadizgabdpasst bhé s § IS edk cerdataingadtoxi n
equi val ents and use of toxic antinony conpound has been increased.

Ther ef or én &se i@ fcohposicticds eort wur € epRddtcart imTohp Shoay opnreEernol ogy
for achieving f|lane retardance w thout usin halg% n conpound such as a

br omi nat 8 EPIXY*FELHRENG BAY &Rt RSIRS oXY dePiE G THEHE dBGVESRAE been
gra [ udi ed.. For -exanmple,.a i dant
altgﬁﬂat%ﬁékf%i‘5F5b§%f%6%%%8%&yaﬁﬁggﬂﬁ%%ggygg§?ggfﬂgaﬁ%{%gggg?ggg ing a
red phospherus ysIRJN 220080 Ms BaFBhBOA o@f AdH A BphogPhOyEEAST er
conmpound” (JP- HO9- 235449- A), a net hod of "addi ng a 15 phosphazene conpound
(JP- HO8- 225 A4~ &F b iasith @n e zhadd af L @t gy 4 atticad olfyiolt sxheecl F have
(JP-HO9- 24| 483- A) have been proposed and a nethod of increasing the adding
rate of biekneWiOIRIHOEBL34B WGV das Dieere at 39S proposEdCOMBARRES, affe net hod

f addi .a red ph h to 20 . Lt f
Serm Conaudadr o AEANR R a4 7 bl HRIOH Uet £e 1 oF AF Bh° FRCHOSbur 6

i cefica X P of 881 BT T sture
he Tea BhseahP oS R S g T KBRS ST Ael PRRE G A o8t hnd

the nmet hagfi RAdidH,. argpephosphazene perRRIEE Naven ac pe 981 epvak

deteriorated noldability due to plasticization and a probl em of
det eri or aompound g 15 utiet r esf st aheetr én al@dHani cédlhestreéhgdhef haddi ng a
nmet al - hydroxi de and the nethod of increasing the -4
resistance, and moisture resistance.
In order to solve these problems, technologies using
25 epoxy compounds which are crystalline at ordinary temperature

and over have been proposed. Examples include

tetramethylbiphenyl type epoxy compounds (JP-HO07-53791-B)




adding rate of filler have a problemof deteriorated fluidity. Any nethod
hasn't been reached to obtain noldability and reliability equivalent to

t hose of the epoxy resin conposition for sem conductor encapsul ati on using
brom nated 5 . epoxy resin with antinony oxide. On the other hand, in order
10 cope wth conpl ex nmounting configuration, the epoxy resin conposition is
required to have further inproved sol der crack resistance. To achieve this,
it is ne sal. ffici |y re, of i di 10, of osition
-achievinéﬁéﬁ%L¥H%$%§g: ‘%8§§%Xﬂ%§@5§P8§F|i%§ %%% ?%57%y§20§3%%§§$?y after
cured. Tenaabi shy dhesendagid enept snight pehrokegy@fi tsatdref yi ng both of
fluidity and | ow hygroscopicity by using a conposition conposed of a

t et ramet hykuliitpherelt topei repaxyodsdrtesbachagiend tl dwsmdutliwt scosity and a
phenol resin such as phenol aral kyl resin having nonpol ar substituents

(JP- S61- 47p2sifpents techhErogyy afranl yHusighy ahrepaxycdestd hhde of
dicyclopeRtadiene henol with the buLk§ substituentsé%ﬁ{ t he purpose of

i npr ovi nGRRYGr 68CSPE GIRP LI PrEET - 93618 SRY SHAVE D groposedS However
none of prapasal.dechpal aghes s el ronien: Ll endlay Tosse ap. pa!
achi eve sufficient anme retardance w t hout” using 5109 n conpound and

ant i mony + ganpesingast dohbane: et andant-t yihe.prageimp AYEA} ikt dsSak-at ended
to provide an epoxy 25 resin conposition for sem conductor encapsul ation
whi ch exbithilfls iexeeldientedit aneco et Andaneoe syietchiduic wHpig dwat dgen. conpound
and antinony conpound as a flane retardant, further exhibits excellent

flui dity becaufeeopressntownviesddsin is dndremmled o dapabieécof PPHSidi ng a
cured product having superior .sol der crack resistapce because of its | ow
hy gr b CoBPERtYy CAIEHE D Favicde 18 SAI-EoRUCEGIIa&Y! EETBF ERRUCR: SenFEonduct or

el ement s ar e [ nent i qpe [

conposi t;cgn&%%%@%@}l%ggﬁ??ﬁég%?or S b?%tﬁ%gg%?s‘ceeg% g!le%\lsgﬁti on
have beenadedixeategth 1 Biwdy:ng bﬂs@bgﬁﬁ:%/t aneolhees tdecaf Degpesti-engd
problenms. 10 As a result, the inventors found that a certain epoxy conpound
havi ng specickirt yclhemn calichrogstupeovsder yStealreat porabiunar ywhenpeiat ure so as
to muintain its solid state at ordinary tenperature, has extrenely |ow

vi scosi t gxaelileg gt iprLhahbes at GEEcafdhov éathaee Theledtent 80 ng
property, and can 15 provide a cured product, which.is,excellent in

echih L et Sy ie s TSt nrEsTafahoor Bhad At G a5 of ahe, heRBYeny
havi ng ¢ i i t .esent A 10 fiLst ,aspect of
t he pres%ﬁ%xﬁﬁ&gkﬁﬂgﬁﬁﬁr%%?gggkgﬁggpggfgégﬁhghﬁ%ﬂﬁge%%g@%9$glF%wﬁﬁg gener al

flork”}“ a Cohipodd 2 Gontadierned 2 RyvRl egehyreptesent dydiegereatom or
o grgigention which is useful for applications such as
encapsulation material for electric/electronic parts,

20 molding material, cast material, lamination material,
compositen@terial,adhesive,andpowderedpaint,andeacured
product thereof.

To encapsulate semiconductor elements, epoxy resin
compositions are widely used from the viewpoints of

25 reliability, productivity, and cost. These compositions are
required to have flame retardance similar to generald plastic

materials. For this, besides main components, a combination

of brominated epoxy resin such as tetrabromobisphencl A type
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having 1-6 carbon atons, and n represents an integer of O or nore. In the
general fornmula (1) , RL-RL nay be hydrogen atons 5 or R3, R4 may be nethyl
groups while R, R2, RS-R are hydrogen atons. A second aspect provides a
met hod of preparing an epoxy conpound of the first aspect, wherein an

.ant hr ahydr oqui none conpound having a foll ow ng general fornmula (I1) is
reacted 10 with epihalohydrin A" ~ 15 2 wherein Al, AZ each represent

hyd t | k t al t
eyt or BB Ra TG 106 RATBoh a%a%hg%aﬁ ROTRE=koPRGA of Bt Gy an cpoxy

Pomoundanemmeﬂ%h&%@r QUi NENe coapuada e vRikaR IBETREAR ity 0gen at ons
in the general formula (1) or an anthrahydroqui none conpound in which R3,

RO are nethyl grempsnandoRhenRzal BSRdmrienthydiogeneat oswiamdt he genera
formula (I'l) may be reacted with 25 epi hal ohydrin. Reaction between the
ant hr ahydeaann@m@nconrp@wﬂj dh epmphupds A2narénankahialastedl L3 H 2Hhe
general fornula_ (l1) and the epihalohydrin for prepari poxy. conpound

may be posééﬁa&éftéﬁswfsﬂiﬁﬂ%rh% d&r?%dh%@t}%vé&le@ttlsoﬁna%sa%f) r &Y oqui none
o v By SoliRufhd RFL 80eRYEhENL 108 CHRLTULA O Pl o
composition for semiconductor encapsulation, technology for
achieving flame retardance without using halogen compound
such as a brominated epoxy resin and an antimony oxide
10 mentioned above has been gradually studied. For example, as
a method of adding a flame retardant alternative to halogen
compound and antimony oxide, a method of adding a red
phosphorus (JP-E09-227765-A), a method of adding a phosphoric
ester compound (JP-H09-235449-A), a methcd of adding a
15 phosphazene compound (JP-H08-225714-RA), and a method of
adding ametal hydroxide (JP-H09-241483-A) have been proposed
and a method of increasing the adding rate of filler
(JP-HQ07-82343-A) has been also proposed.
However, the method of adding a red phosphorus to
20 prepare an epoxy resgin composition for semiconductor
encapsulation has a problem of deterioration in moisture
resistance reliability and a safety problem due to impact
ignitability of the red phosphorus. The method of adding a
phosphoric ester compound and the method of adding a
25 phosphazene compound have a problem of deteriorated
moldability due to plasticization and a problem of
deterioration in moisture resistance reliability. The method

of adding a metal hydroxide and the method of increasing the
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salt in the aqueous solution of anthrahydroqui none alkali 5 nmetal salt to
be reacted with epi hal ohydrin may be 5-50 o by weight. In the nethod of
prepari ng an epoxy conpound, 4-40 nol es of epihal ohydrin is used per one
nol e of the ant hrahydroqui none conpound so as to obtain uniformaqueous 10
solution. Into this aqueous solution, 1.8-5 noles of alkali netal hydroxide
i s added and reacted per one nole of the anthrahydroqui none conpound. A

bl f t,hi
Sonpost ¢ AR F it EaR S B RYE Pesr e e PR G CE U8 B St b S308T br oups
per 1ol egul eincd e 110 20N e @10y 8 EHELNG ACERLETALRL AL A ) 4138 EPOXY

resin contains 5- 100 y mass of an epoxy conpound of the flrst aspect. A

cured preduckbafl iaf diivaspeet tbSthAoskr ed phedugioxypde=diyn curing this
curabl e epoxy resin conposition. 20 The epoxy conpound of the first aspect
i's cryst abhpoe idridrsdbirds @it l oruinat yr terparat 1l o ugd nigd> haveneked | ent
handl ing property and, inits nelted state, has extremely |ow viscosity.
The éhraﬁpéxépéﬁf1Fb§Pﬁjédﬁ%%%m?ﬂbnoéﬁdﬁhe third aspect prepared by using

“th II t. 25 Ly d d d
pradutt whi o P8 SXCBF B TS nedhaRt Ehl° SCrengLr redp FarErERAES 2ng ©

moi st ur e b%%@tlﬁ%orihe{ﬁé0{%@%%9%% 9 COMPOsd L o sesebul T or

appl i cations such as encapsulation material “f 8  electric/electronic
parts, mheienguraiet almp€asédnabedeal crbam naldyramier iBb, achbposite

materi al , adhesive, and powdered paint.
this, it is necessary to sufficiently take care of fluidity
10 of a composition achieving the increased percentage of filler
and low hygroscopicity after cured.
To satisfy these requirements, a technclogy of
satisfying both of fluidity and low hygroscopicity by using
a composition composed of a tetramethyl biphenol type epoxy
15 resin having low melt viscosity and a phencl resin such as
phenol aralkyl resin having nonpolar substituents
(JP~S61~47725-A), a technology of mainly using an epoxy resin
made of dicyclopentadiene phenol with the bulky substituents
for the purpose of improving hygroscopicity
20 (JP-561-123618-A) have bkeen proposed. However, none of
proposal technolegies is environment—~friendly. These can not
achieve sufficient flame retardance without using halogen
compound and antimony compound as a flame retardant.
The present invention is intended to provide an epoxy
25 resin composition for semiconductor encapsulation which
exhibits excellent flame retardance without using halogen
compound and antimony compound as a flame retardant, further

exhibits excellent fluidity because of its low viscosity, and

~5-




An epoxy resin conposition for sem conductor 5 encapsulation of a fifth
aspect is an epoxy resin conposition conprising: an epoxy resin containing
- S-100% by mass of an epoxy conpound of the first aspect represented by the
general formula (l1); 10 a phenolic curing agent having two or nore phenolic
hydroxyl groups per nolecule an inorganic filler; and a curing accel erator.
The phenolic curing agent in the epoxy resin conposition 15 for

duct t be_at t d f
270r oup. Lo T e BRLHO e O &R TR DREar Ay T RE P AP Sont hol
novol ak restp, réeqs@%a@eh%e@ar@éé%f rf@b”1035“1%3;@9@’&)60&)@%1&5}3%5&6l on for

sem conduct or 20 encapsul ation may contain, as the inorganic filler, fused

and/ or ﬂby&rahbl ae ssidiicemquater déviee bﬁVWchﬂUIs‘éemcmﬁiLfdﬂdm and/ or
spherical formin an anount of 60-95 o by mass of the whole conposition.
The epoxglemshhscanpositapauletesenycontugtohe 25 @reapsul anede o€ not
cont ai n hal ogen conpound and/ or anti nony conpound as a fl ane retardant
conponent¥S8hl SCFRPEd tHrBtuct nmde from the conposition may have flame
retardance that neets V-0 of UL-94 standard. -9

SUMMARY OF THE INVENTICN
Inventors of the present invention have been dedicated
to studying in order to sclve the aforementioned problems.
10 As a result, the inventors found that a certain epoxy compound
having specific chemical structure is crystal at ordinary
temperature so as to maintain its solid state at ordinary
temperature, has extremely low viscosity at its melting
temperature and over, has excellent curing property, anc can
15 provide a cured product which is excellent in mechanical
strength, heat resistance, and moisture resistance, therxeby
having come up with achievement of the present invention.
A first aspect of the present invention provides an

epoxy compound having a following general formula (I):

20
R5
RG
CHy—CH—CHy—O : 1 : O—CH-GH—CH,
25
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The melt viscosity at 150C of a m xture in which the epoxy resin in the
epoxy resin conposition for sem conductor encapsul ation and the phenolic
curing agent are m xed in equival ent anobunts nay be 10-200m Pa's as a val ue
nmeasured 5 by a cone-plate rotating viscosineter. The epoxy resin
~conposition for sem conductor encapsul ation after heated and cured may have
a hygroscopic rate which is fromO |1%to O 5% Hygroscopic rate = [ (nass
of sanpl iece aften praocess 10 i ure-_a hLShur.es: trolled
chanber ‘gl?é)%% aﬁd"%g%ﬁc orreff%soetr}jré ﬁf(ﬁ%ﬁég}éf‘g?ﬁg ggrrpg}igﬁ%i ceo efore the
pr Opessg]évf%ésl—oé dhe, s sl egri betahe cbhRethy aeessle¥e08£4) or _

sem conduct or " device of a sixth aspect is a sem conductor device of which
sem conduet®r el ements and/ or 15 sem conductor integrated circuits are
~encapsul ated with cured product of an epoxy resin conposition for

seni conduct or Ienthpsatacren Heérmheaf (It hRaspecmavrhe kydkgseesiypms

conposi tion . for, sem conduct or encapsul ati on,of_,t hesfif;t h aspect is

excePl en®t i f R af@ Y2Pe ek i Vhrfoe® Wir % fidutl Safidi iy “h Ib%ena%%ﬁgfo%%%gearhd/ or
antinony_conpound as a flanme retardant conponent, is excellent fluidity
because "f”fongs | ow viscosity, and has | ow hygroscopicity. Since the

conposi tion cap sheef Qrs%e%rtoﬁkg%iée‘éué%“ﬂ{&ﬂ% p\.ﬂ/@Fﬁfiiln% gxcepdept in

sol der crack resistance, 25 the conposition is useful as an epoxy resin
conposi t &6Mpbandsen Clondiict of 2iapsulwdtd oain lam acdihtriadnyd2den seemeonduct or
device of the sixth aspect of which elenments are encapsul ated using the
conposi t tonphavd hauingr et febhacengi ghogralafarmula (II) is reacte

10 with epihalohydrin:

(1

15
wherein A’, A? each represent hydrogen atom or alkali metal
atom, R'-R'® each represent hydrogen atom or alkyl group having
1-6 carbon atoms.

20 In the method of preparing an epoxy compound, an

anthrahydrogquinone compound in which R'-R'% are hydrogen atoms
in the general formula (II) or an anthrahydroguinone compound

2, R°-R* are hydrogen

in which R?, R‘_I’_ are methyl groups and R, R
atoms in the general formula (II) may be reacted with
25 epihalohydrin.
Reaction between the anthrahydreogquinone compound in

which A', A% are alkali metals in the general formula (II)

and the epihalohydrin for preparing an epoxy compound may be

iy




cont ai ni ng hal ogen conmpound and/or antinony conpound and can be useful as
an environnental ly-friendly sem conductor. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 Fig. 1 is a chart show ng H NVR spectrum of an epoxy conpound
obtained in Exanple 1-1, and Fig. 2 is a chart show ng IR spectrum of the
epoxy conpound obtained in Exanple I-1. 10 DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS [ Expl anati on of epoxy conpound and its preparation nethod,

curabl e epexY-Les! BycamRasiiion And.guLeds PLodustlaThe epoxy compound of

-the present 1 nventi e aforenmentioned general formula (1)

i s obt ai pedhByn}arbeachiocnd anxant hmahydrooul nere §onposnton epfasant ed by
the af orenenti oned general forrmula (11) wherein Al, A2 are hydrogens with

epi hal ohydri n The tdenpeeseatioof ol kakh rektyalr dypdmexicden 1 K=ori exctigpl e,

ant hr ahydr oqui none conpound is solved in 20 epi hal ohydrin, of which anount

i s. 4-405#btesnpeheordussiie ¢fo hiHel amt dF aRYERELVASREEEMFGUFd X3 t he fl ow
of inert s.to ve uniformsolution. Then, with.agitating.the,sol ution,

ol kPt TEFBR LSt D BT TS T oIt oF 5P LOTLal Bk CHYAeBhos SOV BT on | <
added i nt ié g solution in an amount of 1. 8-5 noles 25 per one nole of the
ant hr ahydrodqui none conpound so as to cause reaction. This reaction can be

conducted at nof Aele REEESHIES p@epdidely EAMIEEH, RIEPTUTRS,. 4ThO mebesi on
tenperature is -11 30-120C in case of reaction at nornmal pressure or

30- 80C i afcapéhefl ohgalatinon suncezd rpelucedepmedsuprds thBuri ng reaction, the
reaction liquid is brought to boil with keeping a predetermned tenperature
as necesSBERralyAFOREI®NS GEHP IS sshes hedoByaedott hgeFappiieteased

oi S eSS THE 6P HEer PerooRRGOCRe RGEEare. 7o 7 et UPRB 06 The*Fbact  on
SYRLET BEOHS SR T DS RIS i b B pleeal afet e T
anthrahydroquinone compound.
A curable epoxy resin composition of a third aspect is
a curable epoxy resin composition comprising: an epoxy resin

15 having two or more epoxy groups per molecule; a curing agent;
and a curing accelerator, wherein the epoxy resin contains
5-100% by mass cof an epoxy compound of the first aspect.

A cured product of a fourth aspect is a cured product
made by curing this curable epoxy resin composition.

20 The epoxy compound of the first aspect is crystalline
and solid at ordinary temperature so as tec have excellent
handling property and, in its meited state, has extremely low
viscosity. The curable epoxy resin composition of the third
aspect prepared by using the epoxy compound has excellent

25 curing property and can provide a cured product which is
excellent in mechanical strength, heat resistance, and

moisture resistance. Therefore, the epoxy resin composition

is useful for applications such as encapsulation material for
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10 or continuously in small amount for 1 to 8 hours in order to prevent
sudden reaction. The total reaction tine is generally 1 to 10 hours. It is
preferable to keep inert gas atnosphere in the reaction systemuntil the
reaction termnates. Here, the inert gas neans, for exanple, nitrogen or
argon. 15 In the preparation of the novel epoxy conpound of the present
invention, the crystalline property and | ow viscosity property as
char act e st.i of .t sent. i.nventi t:h [

control | Phe e s R S P oo e Rl slPs BESFLECe YL,

ant hr ahyduequiarang eeRoush | Thempokertahize «2Q af, epihal phydrimdrel ative to
one nol e of the anthrahydroqui none conpound is preferably from4 to 40

nol es, nppedprefenahbint from8 to 20 noles. If the nole ratio is |ess than
4, the nelt viscosity of the epoxy conpound nust be high. Even if the nole
rati o i s hi ghefnt RRAXZ0 reEi@ Viosuusd iyl et Dort pemépeRyuEdPFound is no nore
reduced. I n addition, t%g | e ratio higher than 40 is inefficient because
1St} SREPESOHE LT Eiove L bACPES lebP I SRR AS AR GrTRAGL FLaBt | on,
insolublgop]%-rgﬁsg};1 1t salt is -12 renoved by filtering or water washing.
After that, "unreacted epi hal ohydrin is renoved under reduced pressures, -

t her eby ObtainhﬂgeFoQ9S&%%qfﬁkﬁkkaﬁﬂﬂﬁﬁﬂElebg Bpihakehydrkn wpedyfor this
reaction is generally 5 epichlorohydrin or epibronohydrin. The al kali netal
hydr oxi deocimpogenrerad |tyhe ofli uat hydpexitdecprgpetrassi vy hylde ox¢derahi ch may be
solid (in flake formor powder forn) or aqueous of 5-600 by mass. The

al kal i mécamUHydr OXide may be used as a solution for an organic sol vent of

I 10 . Thi act i | yst f | 4
uat B nar y. amnBnBURTEAHS SHIH e TRT ARBLAPE EAROAER GTIE b1

tetraet hyl igmgqi 1.de; I .am ne conpounds such as

benzyldiﬁ%& yl m:#?é§§%E§§?4§§?%F?g%dinethylaninonethyl) phenol

i m dazol es suchnasn2retadhiilc 4£ietdry) i amadazol e or 2-phenylim dazol e;
phosphoni um salts such as ethyltriphenyl phosphoni umi odi de; and phosphi nes
such as tripheaykuphogphlicweeldintsoreacti on nay al so use inert organic

sol vents, for 20 exanple, alcohols such as ethanol or 2-propanol; ketones
such as acet onélRGrPHeR Ayl C T HANKBE6RE; LR {CREr RPIBE I S THFERRAE 16r- 98t hyl ene
glyc di_net hyl .ether; and glycol ethers such, as_net hoxypropanol ; aprotic
o1 aF5 S0 e e e PR F SRR EOREAE B VAP Bothy LPOtaAr do PP PRSI | ner

Or gani ¢ 25 0 ¥ENLS By Den UsELoALaNE Of oL (G UhENBEEOMo M 1D eCAs, that a

saponi fi abl e ogen cont ent epoxy conpoun tained int

af or ementgrened rdHTEEy] Srd©0n ) aigeh thBE £POXYaORBEUAY BRY hapheiidleat ed,
thereby -13 obtaining a purified epoxy conpound having sufficiently
decr easedirsapon frable. hal ogen content. Specifically, the crude epoxy
conmpound is re-dissolved in an inert organic solvent such as 2-propanol,
met hyl ethyl kéb@n&Pa¥et HyFs 5 | oBRPFL tkefoner SeMiciIAuGFehe, di oxane,

met hgxypr opanol or._di net hyl sul f oxi de, an.al kal i_net al xi de i s added to
the 241 bETBAH T THECTrh gt SHEBtPd 67 A BaUBOERT AL utf o ang st
re-cyclizgld on- repgtioni i secandyched Alas EMPLLAIHES10E BheYE 3QHR0C for
0.5-8 hours. Thereafter, excess 10 al kali netal hydroxi dée or by-product

sal ts ar egmvel oy sdhedriexanie:m Wal ah washinfgofand-bhe oy ganss sbl vent
is further renoved under reduced pressure, thereby obtaining a purified
epoxy corpourihole chwpabotementi oned general formula (1), nis an

The epoxy resin composition for semiconductor
25 encapsulation does not contain halogen compound and/or
antimony compound as a flame retardant component and a cured
product made from the composition may have flame retardance

that meets V-0 of UL-%4 standard.
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15 integer of O or nore, for exanple, between 0 and 20. This val ue can be
obt ai ned by controlling the nole ratio of epihalohydrin relative to the

ant hr ahydr oqui none conpound during the preparation of the epoxy comnpound.

It is preferable that a conponent in which n=0 is 50% by nole or nore. In
case that 20 the conponent in which n=0 is |ess than 50% by nole, the
obt ai ned epoxy conpound has not low nelt viscosity, not exhibiting the
characteristics,Ofnd he PresSent LiNYeNt 5P Jhes averagee ofn nyiobERi fiesl by GPC
measurenent is preferably 0-10, "nore preferably 0-5, especially preferably
0-2. Theepyeiages2h i Uhd spaxvakueiaatcupatediby fhe foitlomdageeguati on: n
[ Average value of n]= ~(r~+1)anl A-1 n=o In the above fornula, an = area o

( GPC neasurepenflptdfon Bhd tlespekenvbipeaksiot possdy] il W¥ed obt ai ned
fromthe follow ng equation: n A=~an n=0 To obtain such epoxy conggund, t he
nol e rat PEUSI a5 eadi RAICOHYT iR Y 1t Ve ofR Frote dfvahee measur

ant hrahydr oqui none _compound r r epoxy conpound of the present
i nvent i on¥i SP@Fé%Qﬁﬁgai¥ﬁ6£§%?§s§9%89§98%2 gfably 8-20 noles. If the nole

ratio is less {han.foxihe sl dssosi t¥of rbhesepoxyntiesidd s hi gh because
t he conponent 1n which™n=0 10 becones less. Even if the nole ratio is

hi gher t baga4@ulthe o scasid heaft ddherepexyadesiy hsveroanbygroedopéd. In
addition, the nole ratio higher than 40 is inefficient because it is
t roubl esoms et whieripvies uhreach ed¥eprhll-8fydrin. I n addition, an epoxy

conpound of the present invention 15 can _be prepared al by reacting a
previously prePHPERsS&IORHG CREEAT fs(é[}atsSona?ﬁ‘ﬁngﬁre&ﬁjia%%ﬁetyBBﬁﬁ&ﬁﬁd,

preferably, an satlyatvdcoqyone.alialls et sal Lwhersl g holdt ok AZ 11

t he or general formula (I'l) each are a nmetal, preferably
A, Az eaeRral & POtASSEHE At ONMhAL sSed WNeAtomp W th @8- epéhakehydein. In
this case, anthrahydroqui none alkali nmetal salt is added into epihal ohydrin
in the fg@uoceiss Fohhdsosf athaguenlis pdkuts bafand tkeprefecabl y« ddded
intermttently in small anmount in order to prevent sudden reaction. In case
of supplying aA asmicamromi ndgelagkafi angigich aspect 1s a

semiconductor device of which semiconductor elements and/or
15 . semiconductor integrated circuits are encapsulated with
cured product of an epoxy resin composition for semiconductor
encapsulation of the fifth aspect.
The epoxy resin composition for semiconductor
encapsulation of the fifth aspect is excellent in flame
20 retardance without adding halogen compound and/or antimony
compound as a flame retardant component, is excellent
fluidity because it has low viscosity, and has low
hygroscopicity. Since the composition can therefore provide
acuredproductwhidnisexcellentinsoldercrackresistance,
25 the composition is useful as an epoxy resin composition for
semiconductor encapsulation. In addition, the semiconductor
device of the sixth aspect of which elements are encapsulated

using the composition have flame retardance without
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25 salt in the formof an aqueous solution, it is preferable to increase
the ratio of epoxidation by adding the alkali netal hydroxide in the form
of a solid or an aqueous solution after -15 renoving water in the system
on the way of reaction in order to sufficiently conduct the cyclization
reaction. The concentration of anthrahydroquinone alkali nmetal salt in the
aqueous sol ution of anthrahydroqui none alkali 5 netal salt is 5-50 o by

, i b
_n_ass preferably ?ﬁ\%gggre?%/cg%éggflg%rﬁﬁfgrqn@ﬁwtcrﬁ%&ﬂjd e$s Lhan 5 o by

mass, theé anount 0 into the system nust be | arge,

i nhi bi tipg therpnocessrdfethersppxhdal i 9b freasldign.sdmi castadfor .
concentration nore than 500 by nmass, the fluidity of the aqueous sol ution
10 nust be poor, leading to bl ockage of pipes of an apparatus. In addition,
t he aqueous sol ution of anthrahydroqui none alkali netal salt may contain

al kal i  makalk i@ der 1dly ar appENbrARGNed to formsalt or nore in order
to stabilization. OQther organic solvents) such as al cohols 15 nay be added

into the aqueoys solution if its stahility j.s,n e of
mﬂfw%hydroquin%ﬁé gl%ﬁlﬁ oA §§qy%ﬁgi%ghgﬁd%%%geggﬁu?Fo%Haggéggrting
mat eri al o an SR L HUPLNd; Gafy hRp0Rt alned Jusi ng various condi ti ons,
various reaction 20 catal ysts, various organic solvents and operations
simlar to therepoxpdats en dteact iamowing herabtoremeni aofedhe epoxy

ant hr ahydr oqui none conpound. In addition, the aforenmentioned nethod of

obt ai ni ngopwoidrice dlepoXkyedohpolindmnbiemicrlude epoxy conpound can al so be
used. 25 Since the renoval of reaction solvent is normally carried out at a
tenperature near the nelting point of epoxy conmpound or nore, the epoxy

conpoynd pusty afit &ty the §aroual ak:30) wRpl ] Sifrdel ted state. Method of

crys i zi'ng epoxy coipound 1T n e State to convert the epoxy
conpound ig 50t thiSt G G Sx POl ohb Fuk@dandnyt KnevepERERedrcas theqsed.
Exanpl es include a nmethod of crystallization and solidification by pulling
an epoxy ceaigiundepo ek éetnstateosianitom artd ayuoedthbeotlike] so that the
epoxy conpound is naturally cool ed, a nethod of pronoting the
crystal | i zat i ofihef eppxBptome cwnp einth b ek My Lpreri oyl ¥ epresared epoxy
conmpound crystals_as crystal nucleus after ling the epoxy ¢ ound out,
a et hod B ot R ehb ERS: SPReraA) gttt Ehbxy° 165E8HBE NG by
agitating or..vi t] nd | I of
pul | ?%g gfne aecpto%(@é %oﬂm%%ﬁg%ﬁ?ﬁééﬁgﬁ%% gto r %ﬁgﬁﬁ%?%g%vﬁ%ta@i@ar}g% or the
li ke, and @ aidodi Ofclr grRLIFRY tRetiyst et 1) zakéeaini hh, cohtgedling the
tenperature not to excesSively cool the epoxy conpound. These 15 net hods
can be candlet@shalwine ep iibe ledndd it iion thal speasnter o f el Ve lmapoky
conpound of the present invention, it is preferable to pronote the
crystal | ireddoni®g- conducting any of the aforenentioned operations fromthe
aspect of productivity. 20 To i npr.ov the.lom1viscosit¥ and h'gh purity of
an epoxy conpoﬁﬁg;eéaﬁﬁﬂﬁé QA DBEGI HYEPBY Feddt TN of &
puri fj.ed und Vi 1l 4 ze i Lt | vent .
A afPhr At S B oo LT i CA PRI DR SHLLANE 82

the anthrahydrogquinone compound, in the flow of inert gas to

have uniform solution. Then, with agitating the solution,
alkali metal hydroxide in the form of a solid or an aqueous
solution is added into the solution in an amount of 1.8-5moles
25 per onemole of the anthrahydroguinone compound so as tc cause
reaction. This reaction can be conducted at normal pressures

or under reduced pressures. The reaction temperature is
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25 aforenentioned reaction is any one of anthrahydroqui none conpounds
represented by the aforenentioned general fornula (Il1) wherein substitutes
R1- Rl each are hydrogen atom or al kyl group having 1-6 carbon atons. Anobng
these, preferably R-Ro -17 are hydrogen atons or methyl groups. Mre
pref erabl e exanpl es are 1, 4-di hydroant hr ahydr oqui none wherein all of R -R
are hydrogen atons, and 1, 4-di hydro- 2, 3-di net hyl ant hr ahydr oqui none wherein

R3, R4 S;8r¢- gebhyl 95%%2?)5?%%3%%1%'3%%?& Al & 0o, At oy o Most

preferab?e exanple’is roan roqui e thus obtained

epoxy CORRQWKL kg £EystabhingsdaidE: e dBkbisRe i .Nbu ol n80r 430G seasur ed by
DSC. The epoxy conpound has excell ent handling property because it easily
mel ts at tael@ebempemnatiure: i gherbtbaght heonebtilng ifpdi Medmirhave quite | ow
viscosity. Therefore, the epoxy resin of the present invention is,

pr ef er abbyerepeasemestt Byrg ratigét af diedor vaf v Qandesa v giddsr &8 in

Ex I -1, 3- d 3-B ill _be d i.bed |l ater. . st t I
Formi & PO ABEESW it ERATEaY KoERATREor 22 S o | B QLbbhPobdITARer . The.
aver age QPeQ:$§??£§B%Ea iﬁugd%gss%@a&%§ﬁx9gﬁg%'@ﬂl%HK?EBH%%@&@LOQanone
al kali meétal "Sa or the“reaction, the anthrahydroqui none al kali netal

salt 20 i;$1ah30caN¥=RRei0ly anthnahydiequiiropetalkkald taetak sehtgion
represented by the aforenentioned general forrmula (I1) wherein substitutes

R1- Rl eaeslsakea .hydihggars tateammry abk ydomdoope haim nghd - 6f caebentatoss. Anong
these, .preferably R1-R o are hydrogen atons or nethyl groups. Mre
pr ef er ablenaganpTée 28 kald aeta kdiydpexhfe shf tadded intermittently

1, 4- di hydr oant hrahydr aqui,none wherein all. of Rl- are hydroqulg%%ns ahq
an abkal PrrEPAT LEAH s tras dF@pﬁﬁg- Pﬁe%ﬁ??gﬁgﬁ?ﬁﬁ§dfh&hlﬁ%ne wher ei n
R3, R4 a%%e@%ﬁnygugagﬂp§e§89i5%a e tREFL 858 YA 008D & GRBeraily

1 to 10 hours. It is preferable to keep inert gas atmosphere

in the reaction system until the reaction terminates. Here,

the inert gas means, for exanmple, nitfogen or argomn.

15 In the preparation of the novel epoxy compound of the
presentinvention,thecrystallinepropertyandléwviscosity
property as characteristics of the present invention can bea
both achieved by controlling the mole ratio of epihalohydrin
relative to the anthrahydroquinone compound. The mole ratio

20 of epihalohydrin relative to one mole of the
anthrahydroquinone compound is preferably from 4 to 40 moles,
more preferably from 8 to 20 moles. If the mole ratio is less
than 4, the melt viscosity of the epoxy compound must be high.

Even if the mole ratio is higher than 40, the viscosity of

25 the epoxy compound is no more reduced. In addition, the mole
ratio higher than 40 is inefficient because it is troublesome
to remove unreacted epihalochydrin.

After the reaction, inscluble by-product salt is

-12-




Most preferable exanple is an alkali nmetal salt of

1, 4- di hydr oant hr ahydr oqui none. Exanpl es of al kali netals capable formng
salts are potassi um and sodi um whi ch are generally supplied as 5 hydroxides
(pot assi um hydr oxi de and sodi um hydroxide) in the natural formor the form
di ssolved in solvent such as water or alcohol. The nmethod of preparing an
ant hr ahydr oqui none conpound as the raw materi al of the novel epoxy conpound
of the i i y. i kpo 4 e, iptlaeds.edror

- exanpl e&%%%%&a??g?%;ﬂﬁ% ggn?%?%%ﬁ%%&leggb%?ed by Di el s-Al der Reaction
bet ween &y AhNBPhyhogui nene cand dautatianer ¢ usadj peeedutesi stimeriedat i on
reaction by using a aromati c hydrocarbon such as benzene or xylene as a

sol vent ainch 15ipar a- tekderes wipfcen cea@iad. a catal yst at a tenperature of

80-100C for 30 mnutes to 3 hours and, after that, jis cool ed, thereby
obt ai ni ng cry<Sth 1SR ISR EbRE RSt QT B1s53 HSREiR )L S §erﬁelraﬁ%ﬁ t he

nmet hod of prepari an_20 _ant hr.ah ogul none kak i t al It nmay be any
of k(wwﬁgﬁ??gﬁFgﬂggfﬁgdgF &%ﬁ%ﬁgﬁgékgghe?ﬁ%dggkag?sggﬁ%?ng t he

ant hr ahydr . hQpe:co | hedbYntheoat geepenti-eRed inkt hod into
aqueous Q%?ﬂ?%gﬁgi%gwﬁggﬁggﬁggfﬁineté? %%%roxide IS gissolved in at least a
corr espopgli Agx@aaBURL i Chwhe¢ B8 $®1 £d251inf £ hakér abydr ogu evoker cioempound) and
a met hod of bringing the 1,4, 4a,9a-tetrahydroant hraqui none, obtai ned by

Di el s- Al deradReact s onf bet GReno 1, b srap il rohe agide but ¥élF eakde P Y cont act
wi t h aqueous solution in which al kali netal,hydrgxid%’-%g fs digsolved in
at | eastPa B8EFedFordiSfy HiothtI1E witeCagafbfe Sgr-vent of polart ©

1,4,1 a,9a-tetﬁahydroanthraquinone) SO0 as to cause isonerization reaction of
1, 4,"4a, 99°YBPr8fydr oant hr ahydr oqui none, thereby obtaining 5 aqueous

sol ution of angfif ahydraguiRona Akl icdmipssal t robbeeangn e, si nce aqueous
sol ution of -1, 4-di hydr oant hr ahydr oqui none di sodium salt wherein R1I-Rl o are
hydr ogengahessnang AlmoArziai essbids usuahors itk tifaeedfrorlerremidoned gener a
formula (11) is already widely used 10 in the world for applications as

pul pi ng cbbkirngeawy Itielrnaslgent  am@oedys BEonHidey giertialy amine

1, 4- di hydr oant hr ahydr Qqui naone difgdiunbsilt.g%¥ be used w thout any
process. CPREOEHIELI EhAT FRFN-CHNPLEVLRGT ST Sthe present invention

conprd ses, ,as _the essent.i.al 1 ( 15; Hes| ich one
nnrggtleiréé%u§é§% &¥%ﬁt$¥%%8£%§§§9§§%&p§%9?§f’alggg?%élgﬁeﬁﬁgkaﬁg (c) a
curing aeceheratorand §sikhas 261 er bzed -iphe-hati dies £poxy resin (a)
cont ai ns the novel epoxy conpound of the present invention. Qther than the
novel epexy sponpalnd safl tisheuph esert hiydveritdhemy aphepmhprdeni ho2ddsfi whi ch
one nol ecul e contains two or nore epoxy groups can be conpounded in the
epoxy resing (cdlospiThes epoRghr esi Aréahebe lamh BIPIKHBWN sui t abl e epoxy
resins. Exanpl es i ncl ude epoxy resins of bisphenol A type, hi.sph F
type, biphenylTP&ﬁeFeFEFFSEE?%VI%f%ﬂéﬁ@@ b O (§;ﬁ%§} ’yggnghenol

25 noyol gk type bhsphendl of Hoavsg'e%a eorﬁgﬁ(y?ﬁgﬁBﬂ? bt G fed

C
condensation ‘redction of dicyclopentadiene enol™ and phenol aral kyl,

alicycli gepexy JrRsbh mandyal Ephali geepaxy £€6khs Jheseaepxyxd®siars can be
used alone or in mxed state -20 of two or nore. The proportion of the

epoxy comuouiced ¢hecpt edéntthmlerttihen ;i 153 100960 ahbsref stlkd ol e
epoxy resin. If the progortion of the epoxy conpound of the present

i nvent i oMetSdxeRT ehaRo by BYIREdS, PEHETact STt tesSBFRt RE 5 present
invention are n

dlmeth§gsgf%éggagqg£¥M%éIﬁ@ifﬁ%mamide.These inert organic
25 solvents may be used alone or in combination.
In the case that a saponifiable halogen content in an

epoxy compound obtained in the aforementioned manner 1s too

large, the epoxy compound may be re-treated, thereby
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The curing agent (b) is not particularly specified and may be any of known
suitabl e curing agents. Exanples of the curing agent include various

pol yhydri c phenols, such as bisphenol A, bisphenol F, bisphenol S,

t hi odi phenol, 10 hydroqui none, resorcin, biphenol, tetranethyl biphenol,

-di hydr oxynapht hal ene, and di hydr oxydi phenyl ether; various phenolic resins
such as phenol novol ak resin, cresol novol ak resin, bisphenol A novol ak
resin. naphthak g0l {28l o phepolbaobesting0ata nef b condepsati on
-reaction of various 15 phenols "and various al dehydes such as benzal dehyde,
hydr oxybeszakdebyides gwmiinid 4t obearabdahydeat cerat aal clehivetel oy, gtlyexal ,
phenol aral kyl resin, phenol denatured xylene resin, phenol terpene resin,
and di cyckogeneadizene quremold cis eseéngdiaspilvaded nestreri reonp our@i 20 obt ai ned
by converting all or a part of phenolic hydroxyl groups of varioys phenol s
(T esi ns) SPAVENEs B&Cs fch a hezal e BRtAYEt &L&Y ladicd Aty it de% such as

nmethyl tetra ropht hal i ¢ anhydri de, _hexahydr.oph | |

pyr o II?PPE%gHﬁygFFggfan%4¥gﬁ%ﬁﬁuf:¥?Qﬁﬁcélé%éﬁ%gﬁﬁéégg%gékggagP%thyIene
25 trian,peq; fSPRYOLONE A3 Nen dianodiRhanyl, qreinane 1 sdhasiaodbphenyl
sul fone and di cyandi am de. These curing agents may be used alone or in
conbi nat tae. sthetampunty ehet Heraubitng agentl 6b) ahsapuebesabbyusich,-21  an
anount that the noles of groups reacting epoxy groups in the entire curing
agent isaodsre-Oycibretpoef epablty ol Isicondetaefvet t2o temg emsital 6f oépoxy
groups in_ all components of the epoxy resin (a)._5 The curing accel erator

(c) is ndPoP&r S%tidt 1y Spechfredl ardTRay IHE SR G ke Sdi t abl e curing
accel erators.. .Ex | es .of t. ni.n r.at i.ncl [
conmrsunds A TE Ty oty T g PRe PP E i Sroepg hafoPawRyY 26
tris(dimath 1€ME PN QSN N8y, 10hd 14154 hyFgexyBr 98YL:RR0SBhiER@Lher _
tri s(cyanoet hyl ) phosphi ne; phosphoni um salts such as tetraphenyl phosphoni um
t et r aphemyghbacat andeet hytteiebub yé phasphotrieneb etataphienyhder pteified

met hyl t ri cyanoet hyl phosphoni um t et r aphenyl bor at e;

tri phenykepleypiaredantoqui none 15 adducts; imdazol es such as 2-nethy

i m dazol e, 2-phen%I i m dazol e, 2-ethy|-4-ne&h%l i m_dazol e, 2-undecyl

i ni dazol e, 1-cyAnGEEhAT XAy IOTHT dagppeal Tormula (L), n is an

2, 4-dicy -6-[2- | . n.da |- - et -s-triazi a

2, 4-13% cygl%%-e%-e{]%9 t%gﬁy*%gdg%o ;?f{fa %%]]e-’eg\é;lﬂﬂf%g%lt? iaag{zc?%g;' nﬁln%%gzao YUum salts
such as L=6ynaesitwd ndd updesyt 181 dazgld sninienBht i bl ep2nadbyiddtirdazol i um
i socyanurate, 2-ethyl-4-methylimdazéliumtetraphenyl borate an

2- et hyl - ke4-=diimet hyd | thdazot huahtyetroaphiemnddorateeuad desidf sbeh as
2,4,6-tris(dinmethylam nonmet hyl)phenol, benzyl dinethylam ne,

t et r anet Pylemanat geane 8i e dPowY hyPpPpendzi A& dRdpreferable that a

2-di met hyl am no- 1- pyrral i ne; oni alts such as triethyla ium

Lot r apherRTRHERE: 2050 G Ayl ol LF SO S diH s 17 Case that

11, 554di a e 4, 0] - 7- yndecene, - - di 1 CYERD[ 4.,3 =o- hgnene and
1,4-%?az§%?%§%%%%%?3?5]lgc g%g? gn? fé%?é%#gﬁégggrg?§s$y5m%%§ﬁol salts,
phenol newrl Ak sl ¢scapde3mpbhvkhexaneaiies) ®F hbeseviisazabicgyclhetconpounds.

Anong t he conpounds as curing
exhibiting the characteristics of the present invention. The
average of n obtained by GPC measurement is preferably 0-10,
more preferably 0-5, especially preferably 0-2. The average

25 of n is a value calculated by the following equation:

[Average value of nl= i (n+Dan/ A-1
n=0

oe

In the above formula, a, = area (GPC measurement) of
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accel erators, phosphi ne conpounds, im dazol e conpounds, diazabicyclo
conpounds, and salts of these are preferable. These conpounds as curing
accel erators can be used alone or 10 in mxed state of two or nore. The
proportion of the curing accelerator (c) is 0.1-7%by mass relative to the
whol e conponents of the epoxy resin (a). If necessary, filler, coupling
agent, flanme retardant, flanme retardant aid, plasticizer, solvent, reactive
di | uent, . 13,L-gM&Al ne 2Rd AP nLikeaf8Th 2BRIOPE{ AL E! S PE LhMPOLIEREn N the
-curabl e epogy resin conposition of the present invention. The curabl e epoxy
resin coapasiticen of the present invention is a conposition in which all
conponents including the epoxy resin (a), the curing agent (b), and the
curing 20 accel erat (c) are uniformy mxed by a nethod simlar to any of
conventional | y krocwd.¥ret hods . Exanpl es of such nethods are the kneadi ng
method in nelted state using a kneader, a roll, or an extruder and the dry
bl endi ng nmet hod _of, m xi ng_conpaonents_in granul faor obtai ned
conposition na OngBélBu%W%gﬁé%%?%%uﬁ%wp %%Si?#%dﬁogk %%gégégﬁi. The

cur abd e eRoXY eRidL GOTROSILIANEBI oD & M ESENt nb UoN § Ol aRY ghendhesol ved
in a solvent such as acetone, nethyl ethyl ketone, nethyl cellosolve,

di net hyl chapmmmide o r 38repd P1 WE€NEheOEpYYye @GR AR tOf fioien yaepesh- | i ke
conposition. The varnish-like conposition is inpregnated in a substrate
such as ghasstficdyeriss waebenabipedssOpobyestemdidharecfporyhwi 8Be2fi bers or
paper and iis heated and dried so as to 5 forma prepreg. Thi s Ere@reg IS
pressed M9t6Sa dHapE oWl en&1t Bér é6y SobPatntngtRSclirdd Brogaet¥The
cured praq of the present_ inventign can i b r Lhe

U abl ' SposhereRIRT BHEEErs brof Prefest s SRSRash- 2 SN 0as o

mol degl aitd iy s 8 dAM Batdon.r 1 AncAY rarticlie nadhesi vaarcaat,i ke Or a
film For exanple, in case of the formof a nolded article, the conposition
i S heat edriatcos iteper ahdrep oty I 250C f nb mOrsaecahdssd 0 TH0akddts ousi ng a
cast nold, a transfer nolding nachine, an injection nolding nachine,

. thereby ofteaimsiley e icir doi ghoduehan| 40 chselnsidtcihaty@esivsisd ike fSorm the
conposition is inpregnated in a substrate such as gl ass fibers, carbon

fibers, pASESIETONS beP TPV Faide G H5Er SRHIMFHPEYIEnE- i s heated and dried
so as to forma_prepteg, Thi renr i r i nt it eat,
t her eby obtain?ﬁgagg%ggga’p%%éﬁgi. g%mkgugggégi é%QF%Hﬁﬁghgggﬁg%lgngovel

epoxysCconpoUpd Ofebhe-Rr£56MNtJ PUERLEARY b 80l sh el y Qi didFyd anpariat ure so
as to exhibit excellent handing property and, in its nelted state, has
extrenel yndtol N1t vb Scasthyaandrhas iexosd |enmpeund ngppedpesbyy lam
addition, a curable epoxy resin conposition 25 grepared 2%1u§in , the epoxy
conmpound agah priavd teaalisonedapradicrerhilchals Exeadienoth dechiniidal

strengt h, heat resistance, and npi.sture tesistance. Therefor t he (0)'¢
r esi ngcoﬁﬁﬁsﬁgpéﬁrﬁe?tdsoé"ﬁﬁ gﬁ&reré’ﬂp%%’aflﬁé‘n@ih@r?%{"safﬁf k%ﬁ%éfbesr]iﬁifl o%

mat er i al (groerf el ogt 11,0/ ei\E%taE%ngfe%ﬁg?sz{qdal%@ggg‘}.‘hm £osh, "RteL i al,
| ami nati on materiaf, donposite nmaterial, adhesive, and powdered paint.
20 epihalochydrin. In this case, anthrahydroguinone alkali metal
salt is added into epihalohydrin in the form of a solid or
an agqueous solution and is preferably added intermittently
in small amount in order to prevent sudden reaction.
In case of supplying an anthrahydroquinone alkali metal
25 salt in the form of an aqueous soluticn, it is preferable to

increase the ratio of epoxidation by adding the alkali metal

hydroxide in the form of a sclid or an aguecus solutiocn after
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Herei nafter, exanples of the epoxy conpound and its 5 preparing nethod and
exanpl es of the curable epoxy resin conposition and its cured product w |
be described in detail. However, the present invention is not limted to

t hese exanpl es wi thout departing fromthe scope of the invention. 10
(Exampl e 1-1) 1050g of epichlorohydrin and 410g of 2-propernol were charged
into a four-necked flask of 3 liters capacity equi pped with a stirrer, a

L R i Al s e

repl aced” By "ni géen.” Un rogen a

1, 4- di hydpoanthrahywdrogui nanevastpddedct heret enand danpar at ure was

el evated to 40C to dissolve themuniformy. After that, 180g of 48.5 nass
aqueous sodi unThydeoxidatsaltubinor fnas taddeg; draopwisenevel k901 et bs.
During the addition, tenperature was gradually 20 el evated such that the
t enper at @Réti ANt [fécsyEsTEgR t2a2hbdt 69T aff BRéE hrpmy GO TomARR | Dh<dEL t he

ddi ti . Th r, th t i i ned at f 30 m t
Comp bt o TPEA PR APt &1 Bomml GEIANE o RIS TS0 Lok, 2 He SPeBeePon: i xt ure
was washed . &Pcﬂ%ﬁégnéﬁé{fﬂﬁggfﬁﬁgﬁ%ﬁQﬁpggQﬁa JEﬁe@Qﬁo@ﬁEQﬁ§w§99kum

hydr oxi de. cess epichloro 2-propanol” were distilled off under
reduced peepsupechgam theopraduststemohtiditnpa tavde, epaxyohesng nhxture.

-25 Thi s rough epoxy resin m xture was dissolved in 460g of nethyl

i sobut yl pketene, canthg groik 4Bt5 orassac tdqueolis ek wrh hydeerigdatdehut i on
was added thereto to conduct reaction at a tenperature of 65C for 1 hour.
After tha&oreagliésusdO$olivupass, the fluidity of the aqueous sclution

10 must be poor, leading to blockage of pipes of an apparatus.

In addition, the aqueous solution of
anthrahydroguinone alkalimetal salt may containalkali metal
hydroxide in an amount required to form salt or more in order
to stabilization. Other organic solvent(s) such as alcohols

15 may be added into the agueous solution if its stability is
not damaged.

In case of anthrahydroquinone alkali metal salt or its
aqueous solution as starting material, an epoxy compounc can
be obtained using various conditions, various reaction

20 catalysts, various organic solvents and operations similar
to the epoxidation reaction of the aforementioned
anthrahydroquinonecompound.Inaddition,theaforementioned
method of obtaining purified epoxy compound from crude epoxy
compound can also be used.

25 Since the removal of reaction solvent is normally
carried out at a temperature near the melting point of epoxy
compound or more, the epoxy compound just after the removal
of solvent is in melted state. Method of crystallizing the.

-16—-




5 primary phosphate solution was added to the reaction liquid to neutralize
excess sodi um hydroxi de, followed by water washing to renove by-product
salts. During water washing, the tenperature of the |liquid was kept at
tenperature from 65C to 90C by tenperature control. After methyl isobutyl
ket one 10 was conpl etely renoved under increased tenperature and reduced
pressure, resin matter in nelted state was pulled onto a tray and stirred

dozen ti EEQXQX??ngJQﬁé 8 iredq B0E.s B L o thve‘ﬁ@:stﬂété'é@(%}’c&%%@% at room

tenper at er a lapse of 2 hours, entire crystallization was

experi enggdo ddei dStertwstial hbzadinmbid®r amaskhakametiod tdwer Bhyuobd ai ni ng
2859 of yellow crystallized epoxy conpound. The obtai ned epoxy conpound had
an epoxyEggupvalsenncgfi:dey 6y/reg;hdgde bl gsabke Ldhlzertiime gfnddt50 ppm and a
melt viscosity of 16mPa's at a tenperature of 150C, and a neltjing point of
104C accéPdiiAg fagatd meEympaddrimrghen ?ﬁ@Xéfbf:aiﬂﬁ@éinéipéﬁym%bﬁggu%a‘gﬁs solid

at room tenpperature sq.as.to hav od. handlin roperty. ﬁh pgctrum of
The' abt aPRER Epcdy Bonibudd HecCSRa TROFTE ] P GaATe oy ey
respect i ug Reaks, L 1550w wo}ﬁa*e'iﬁglthé%%ﬁs@gﬁuweioh%%@@éwgyof the
obt ai ned epoxy conpound was shown i Fig. Z. In the aforenentioned manner,
it was ceshipbrid thatadd epoxyeeospolpdpiepesente:by ddepdohd owi ng
structural -26 formula (111) was obtained. According to GPC, the epoxy
conpound cwastals REuceyesbalaine hgu8t finde rolofinprifeneprxiynCWRPeRNA=0, 17
nole s of conponent in which n=l, and 3 nol e of conBonent in which n=2 or
more, whéb&inat RETARE Sde IO B RGAS e 2y B2 FhbFet108n8hi 881 SBREY
(ppn% si gned Q%Pro en éfo mul a . . d in
VR S A e e i

melted state, a method of pulling an epoxy compound with

applying strong force with a kneader or the like, and a method

of promoting the crystallization with controlling the

temperaturequﬁ:toexcessivelycooltheepoxycompound.These

15 methods can be conducted alone or in combination. Also as for
the novel epoxy compound of the present invention, it is
preferable to promote the crystallization by conducting any
of the aforementioned operations from the aspect of
productivity.

20 To improve the low viscosity and high purity of an epoxy
compeound, a crude epoxy compound obtained by reaction or a
purified epoxy compound may be recrystallized by using a
suitable sclvent.

An anthrahydroquinone compound used in the

25 aforementioned reaction is any one of anthrahydroguinone
compounds represented by the aforementioned general formula
(II) wherein substitutes R'-R'Y each are hydrogen atom or alkyl
group having 1-6 carbon atoms. Among these, preferably R'-R*?

-17-




15 -27 5 (V) (Exanple 1-2) 10 The sanme operation as Exanple |I-1 was
conduct ed except using 225g of 1, 4-di hydro-2, 3-di net hyl ant hr ahydr oqui none
i nstead of 200g of 1, 4-di hydroant hrahydroqui none in Exanple |I-1, thereby
obt ai ni ng 306g of epoxy conpound represented by the foll ow ng structural
formula (V). 15 20 The obtai ned epoxy conpound had an epoxy equival ent of
25 1949/ eq, hydrolysable chlorine of 435 ppm and a nelt viscosity of 17m

Teasur enBAE. L RAEOF AN 7 Cocte R LaBER Eo BB RS A o PR e 28
B e B o G e TR B AN N T
aver age @fydroses Gt2Ses ,Then@bt ai ned epoxy conpound was yel l ow crystallized
5 solid at roomtenperature so as to have good handling property. (Exanple
| - 3) (Exémﬁhguhyﬁﬂg—Z,3—dlmethylanthrahydroqulnone wherein R°, R
5 are methyl groups and R*, R?, R°-R'® are hydrogen atoms. Most
preferable example is 1,4-dihydroanthrahydroguinone. The
thus obtained epoxy compound is crystalline having a melting
point of 80-130°C measured by DSC. The epoxy compound has
aexcellent handling property because 1t easily melts at a
10 temperature higher than the melting point to have quite low
viscosity.

Therefore, the epoxy resin of the present invention is
preferably represented by a structural formuia (III) below
prepared in Examples I-1, 3-A, and 3-B as will be described

15 1later or by a structural formula (V) below prepared in Example
I-2 aswill be described later. The average of n is preferably
0-10.
In case of using an anthrahydroguinone alkali metal salt
for the reaction, the anthrahydroguinone alkali metal salt
20 is also any one of anthrahydroguinone alkali metal salts
represented by the afcrementiconed general formula (ITI)
wherein substitutes R'-R'® each are nydrogen atom or alkyl
group having 1-6 carbon atoms. Among these, preferably R'-R'
are hydrogen atoms or methyl groups. More preferable examples
25 are an alkali metal salt of 1l,4-dihydroanthrahydroguinocne
wherein all of R'*~R' are hydrogen atoms and an alkali metal
salt of 1,4-dihydro-2,3-dimethylanthrahydroquinone wherein

2

R?, R® are methyl groups and R}, R?, R*-R*® are hydrogen atoms.
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1050g of epichlorohydrin and 410g of 2-propanol were 10 charged into a
four-necked flask of 3 liters capacity equipped with a stirrer, a flux
cooling pipe and a thernoneter. A system was vaccuned and repl aced by
nitrogen and was kept at a tenperature of 40C. Under the nitrogen

at nosphere, 900g of 28 nmass % aqueous sol ution of

1, 4- di hydr oant hr ahydr oqui none 15 sodi um salt was added dropw se over 90

m nut es. [ dit] ratur al | evat ed such t hat
t he temg?g%ugge&%qﬂ%gésyés}?e ;ggggeg%geék\éﬁit %{eea%irreg%]f@c%%pl etion of the
addi tion; Ther el antihe,systequvasnari ntained at 65C for 30 mnutes to
di scharge water 20 contai ning by-product salts due to liquid-liquid

separ ati on. W Ehampiipkaiofi rd kdiel teeper at aagabhet Hersysicermadtt 65Ce 32g of
48.5 mass o aqueous sodi um hydroxi de sol uti on was added thereto dropw se
over 15 wotases andinthese@heni shighs agenviemesas!yy avivrelveedf®% 30 m nut es.
After_conpl etion of the 25 reaction, the reaction m xture, was wa Red W th
wat er® t o VSRV R PPOGESS SHt 1Y TR He AR deXR@E e %Jr%%i/dﬂ ?1 &nd

2-pr opangl, NELS $3h hed 1l b unden JSeduasd (bl 893ve. IO e pheduct to
obtain a crude epoxy resin mxture. - hi's roué% epoxy resin mxture
was di ss@lived ddns460g of nethyl isobutyl ketone, and 7g of 48.5 mass o
aqueous sodi um hydr oxi de sol ution was added thereto to conduct reaction at
a tenperature DheGb&hod df hrwpa Afierant hathragyeeususodinamcbmpoumelr y
phosphat e sol ution was added to the reaction liquid to neutralize excess
sodi um hygdr bhede v fraitieoviel I Wae ero W@t FPegEt eoneruve oY -grogddeeesal ts.
After nethyl isobutyl ketone was conpl etely renoved under increased

t enpe? at ¢ Arid e diFde B Spre¥sar PP T ietR ¥ MSFIHRHE ed ¥t &8RS pul | ed
onto 10 3 tray, and stiriedadozen ties fhy, o glass,shi o 8nd; ahher,that,
4I’y ool ed” at “rdom’t SPat Ui % o? %

a
S !
was nat urdl enpéerature. After a Iaps hours, entire

crystal | igzatdon, Yase. xPehi enaedapthe Lfyisiald ized satherewas ikaken out,
t her eby obtai ning 290g of yellow crystallized epoxy conpound. 15 The

obt ai ned o)t cadipodnisbad rar aepexy regiitviadreriby ofs 174gkeqrohwpdrial ysabl e
chlorine of 390 ppm and a nelt viscosity of 15mPa's at a tenperature of
150C, andualartaiben poiah of be6E s ordliig-ame DSE. a The L& REE epoxy

conmpound was soljid at rogmtenperature so as to have good handlin 0
pr opePt y PAENNE - SHRRE F Uit SRd Ol RE<Petfram b2t vt bt pe%tb%%/”%% und

ver e SUbSIAN P K Lheg SRR, DL LIP seRgx Y. copound btabaed: | n. ol e I -1

so t hat was confir e he” 6bt al ned "epox ound was an epoxy

conpound {eprasentied, by i 25 the afonementdaned sbhystiHual formula (111).
According to DSC, the epoxy conpound was a m xture containing 84 nole o of

component (Jm-3%d €h2nz@3-44 .nol e o of conponent in which n=1, and 2 nole o
of conponent in which n=2 or nore, wherein the -30 average of n was 0.18.
(Exanpl e |-3-Bpimilarly, the method of preparing an
20 anthrahydrogquinone alkali metal salt may be any of known
suitable methods. Examples are a method of dissolving the
anthrahydroquinone compound obtained by the aforementioned
method into agqueous solution in which alkali metal hydroxide
is dissolved in at least a corresponding amount (twice asmole
25 of anthrahydroquinone compound) and a method of bringing the
1,4,4a,%a-tetrahydroanthraguinone, obtained by Diels-Alder

Reaction between 1, 4-naphthoquinone and butadiene, into

contact with agqueous solution in which alkali metal hydroxide
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100g of epoxy conpound obtained in Exanple 1-3-A was recrystallized by
using 100g of nethyl ethyl ketone, thereby 5 obtaining 45g of
recrystallized conpound. The obtained recrystallized conpound had an epoxy
equi val ent of 163g/eq, hydrol ysable chlorine of 20 ppm a nelt viscosity of
8mPa 's at a tenperature of |50C, and a nelting point of |20C according to
DSC. According to GPC, the recrystallized 10 conpound was a mxture
containin in_which | e. % of co onent in

7 t
i 2d A IR1 S8 %?f%%%ﬁ%?%&@&%ﬂ#&%mum | TV G Gt
average ofc 1 ues,.0 5 {EADh s, b Lhrayahd- B, 16y FACh,afsepoxy

conpounds nmade ‘i n rough I-

resi n( sofits@med G iHn ofe 846 chydEoxyl eqU|vaIent of 103g/eq) or pheno

aral kyl resin (softening point of 83C, hydroxyl equivalent of 175g/eq) as a
curing adert, 4seria -dhargedydnocanghass yoleakerinangyr ddet esiny neldt 20ntvgpecti ve
anounts and were dissolved and m xed at 120C. Further, triphenyl _phosphine
was adlded %S ot sc i I Bk ef &r A bR rph VA roed et etk %hﬁ%%ga a4nd2has ni xed
wel | so to _obtain a COHEOSItIOﬂ The cogﬁﬁ5|t|on was nol ded and was

post cur edfOFECTREC B9 hRUPEOUPh&Pebly *6Bt &Mmi ng a cured 25 product. The

conmpoundiyng 7, r obt ﬂ@d cured
products a%ed%ﬁxﬁ?éﬁnﬁﬁ%?HQHPB?%%%%g%éﬁpggﬂ%ggﬁ %éf@ ﬁﬁe£??3)§-g% ~Cured

product s swey ey yiderdn 4 hemsagBdamahpen? agr&Exanph éml 24oby Usi nghebi sphenol A
type epoxy resin (liquid at ordinary tenperature, viscosity of 10m Pa's at
1500) and fostarmret tyhdd phenetal yperspory (£8si ns( pelkeedy pidetl yolis®0b5C, 5
viscosity of 15mPa's at 150C) , respectivel i nst ead ,of the epoxy
conpb%ndlébﬁéﬁh@@ﬁhﬁ-é@%ﬂﬂﬂ? 19§§&?%Sc%%pﬁﬁiﬂﬂﬂ@ FaPrd8ds A LitF “Fabl e 2.

The results measur ed rtles f the bt ned cu are shown
in Tabl e #° éﬁ]'ﬁﬂﬁ%?%s %ﬁgﬁgﬁ é%¥§% %h%%gﬁp §Plve%§xanple
1Conpar atdlvsf‘o@iﬁmaelg[ﬁ{g B%' hts%raﬂ w(lr:ﬂHaLanoaw cg%)e@gg of Exanple

11 00. OEpoxy conpound of anpl e 2100. OEpoxy conpound of Exanpl e

3100. OBi sphenolihA typeEpoxpsLsi Ad00n0Tempamatiyrbiqhettod pypeerpoxy
resi nl 00. OPhenol novol ak resi n58. 553. 155. 4Phenol ar al kyl

resi n100.169&MTréhenyhrphosphi asl thk (ﬁlsmnmab[@pm]p@nehég],eéla tiame(* 1)
(seconds) 6063727095d ass_transition tengfrature %
(C)l%?l62¥¥§$&§ﬁ?ﬁ#}@%UWQPC§tP8ﬁdFﬁlF§§ P ¢RglRAEs Two Or more epoxy

nmR) 1615. 815, 2| 4. 713. 3Flexural ul us .2
m) 3703&%'52;’ FlPeXUFare Sﬁgt'h gogfq ¥ ‘Qlilkng accelerator and

me) 0. 34qg&%hé¥%%ég91%éﬁl@ﬁUE@aﬂ“¥HEL€P&Q§OEé§ §)éég contains the
xnnmR) 3. 43. 32. 92. 91. 8Hygroscopic rate ) (99 0.710. 690. 640.90.72 (*1)

Measur ed radvdll 26 dayy aochebhenrchftiess p(r*e%)eri‘ﬂeaslwfeel(tlkm usichg rTMAafi* e Test s
were conducted according to JI'S K6911 (*4) Hygroscopic rate after 72 hours
at 85C an&SvRpoxgdRcompound of the present invention, an.epoxy're51n
20 of which one molecule contains two or more epoxy groups can
be compounded in the epoxy resin (a). The epoxy resin can be
any of known suitable epoxy resins. Examples include epoxy
resins of bisphencl A type, bisphenol F type, biphenyl type,
tetramethylbiphenyl type, cresol novolak type, phenol
25 novolak type, bisphenol A novolak type, epoxy resins obtained
by condensation reaction of dicyclopentadiene phenol and
phenol aralkyl, alicyclic epoxy resin, and aliphatic epoxy

resin. These epoxy resins can be used alone or in mixed state

w20—




Apparent fromthe above, the epoxy conpound of the present invention is a
crystalline resin and solid at ordinary tenperature so as to have excel |l ent
handl i ng property and, in its nelted state, has extrenely | ow viscosity.
The results 5 further show that the curabl e epoxy resin conposition
prepared by using the epoxy conpound is excellent in curing property, and
t he epoxy conpound can provide a cured product having excell ent nmechani cal
strength hgat resistaan and noiﬁture reihstance. 10 LExghanﬁf'gQ of
epoxy re8fn"EgnpbsT?Ton 1oF REAPREAAHR 8F BhcapRifdt FoR°ahd s 8hi t3Rduct or
device] AncsparyscomReYRd Userl {@fs &y RROXYOE 1D EQTROSHbLON L0y

sem conduct or encapsul ation of the present Invention is 15 the epoxy
conpound1gf thie priopsirtispecd £ (1es ebpakietonponeld S Hief efreger® as the
first epoxy conpound) which can be prepared by causing reaction between an
- ant hr ahydnugoitnone iconpmmd-hra&pr @sehyedaby , t lhd aafaortemem i oredogebee a
formula (11) and epihal ohydrin in a known suitable nmanner. 20 As di scussed
above t RES&RTr ARAVETGRThoeS cdfhoBHA L aRd caktlr &3 driviShone al kali met al

salt (or its ueous_sol ution t.he material of the epoxy.caompound can be
prepared in aaﬂﬁ%W%uﬁh??éﬁ¥%“%aﬁ§eﬁf?&gﬁsgi¥?éﬁﬂg§F2¥LSBﬁcéééﬁﬁi%HQ si nce
aqueous 5ol UbEORA of o 25kt dn db By de.gaat Buabyudr gguhagnepdhsodicum.gal houher ein
R1-Ri o are hydrogen atons In the aforenentionéd general fornula (I1) is

al ready wudehy usectht nddeuaertdrf etsapplliyeatdr-ans msersld ) nguewoksng
auxiliary agent, aqueous solution of -33 1, 4- di hydr oant hr ahydr oqui none

di sodi umbsaiphemmy Be Usetbindtbhoul, ahyspheceds.S,| hvieW miefdlne retardancy
and low nelt viscosity of the epoxy resin conposition of the present

i nvert i oftY RS- Ty FRIPRCLR " aR1BPERY Lleofsdthid G epr ERERERTUCHY t he
aforenmentj.oned structural . formula (l11) .or nd_Is npaQs f
conpound LV EEE T 50 or St oty e e AR R BB a7 8588 % o and
Al = AZ phlydriqgen-atonsshint he A orementdoned .genel al- faiguhavohbk a

conmpound 10 (1, 4-di hydroant hrahydr oqui none di sodiumsalt) wherein RL-Rl o
I

hydr ogen ratsdng ancpAlerro AZa =ndlacilakt ke safgr engpiidlonedngesesal reedmyl a (11),

a conpound (2, 3-di net hyl - 1, 4- di hydr oant hr ahydr oqui none) wherein R3, Rq
met hyl gpbeps, iRl reRd nsRSbRa inehyldy cyarden oasl cante ¥t romo f] Fa= ipypdr ogen
atons, or a canpound (2, 3-dinmethyl-1,4-dih droanthra2¥dro§uinone di sodi um
sal t35mé’ﬁéﬁr¥?1ﬁ3,afﬁb CaRRPRG| AGFBOYSSSREVIRD 2 RPFAZELAFAY6Fen at ons,

hydroxybenzaldehyde, methylthiocbenzaldehyde,
crotonaldehyde or glyoxal, phenol aralkyl resin, phenol
denatured xylene resin, phencl terpene resin, and
dicyclopentadiene phenolic resin; activated ester compound
20 obtained by converting all or a part of phenolic hydroxyl
groups of varicus phenols (resins) into ester such as benzoate
or acetate; acid anhydrides such as methyltetrahydrophthalic
anhydride, hexahydrophthalic anhydride, pyromellitic
anhydride and methylnadic acid; and amines such as diethylene
25 triamine, isophorone diamine, diaminodiphenyl methane,
diaminodiphenyl sulfone and dicyandiamide. These curing
agents may be used alcne or in combinaticn.
The amount of the curing agent (b) is preferably such

—-2]1-




and AL = Az = Na. The average of n is preferably 0-5, especially preferably
0-2. 20 The epoxy resin contained in the epoxy resin conposition for

sem conduct or encapsul ati on of the present invention nmay be conposed only
of the first epoxy compound or a conbination of the first epoxy conpound
and one or nore of second epoxy conpounds) different fromthe first epoxy
conpound. The 25 second epoxy conpound prepared separately fromthe first

epoxy conpound y. be, mxed with the first epoxy.conpound. A conpound as
The at orRarGREEN B SECbiT BRORY ConBORHASTEESBELREXERCA: R 2080npBUNd  as
the mateghal of sthe fLEaL GROXY 1§4o.599%0%9rérﬁréférgb§ uge;Lg peacted
wi th epi hal'ohydrin so as“to”prepare an epoxy resin of the xture of the

both epox¥:genpeuadseond m%p@wép@&gxgr@qpaoyﬂcgmbob@cﬁf%ﬁ Jenena
suitabl e 5 epoxy conpounds and specifically may be an epoxy resin prepared

from a pebyphydmriesiphefyol . or a phenolic resin with anepi hal ohydrin. Exanpl es
i ncl ude epoxy resins prepared from various polyhydric phenols such as

bi sphenol F, bFBpheH&HnAD2dsissifHeHe?r @t r afrebAyl BRpREFEIL2 Ty :

bi s(4- hydr oxyphenyl t hape, bi s(4- hydroxyphenyl ) propane, terpene_di phenol,
vt 0qu) HERET HHEN PV RE HOREE BRUEA PHoHEY FESBIRTA TS

nmet hyl r egQr¢i.},. Di I .1 hi odi.ph L, di. r i t her,
dihydrox?%ggkgﬁgféﬁg, p e%%%lﬁgvg gEl%g%FﬁF ort ég%%g%pgﬁgﬂ%%golak resin,

bi sphenokchpn] Aks U E&ST &5 ﬂ'twgtgm@ﬂb@gihqm@,ph&m%ﬂ@n Efﬁhcﬂsph@ﬁﬁene
phenol i cresin, phenol aral kyl resin, and naphthol novol ak resin, or various

phenol i ¢ tedmpaumdst Isucyplasnphepbbephriesi,ns, obt ai ned by condensati on
reaction of various phenols and various al dehydes, such as 20 benzal dehyde,

hy driboky bérdl (detfirs: YR 62 bhaPBERPHE N eand IS/ sken oD phpbP SAEAREr ed
Yl ene \SLRQAUAN <pibel oDyl LD chorxyres e, brspat o rom an am ne
PO P20, RRRSLe B ARG NN
epi hal ohy@tmspHary Bxarpt e, RPOXY1teSidVs ryanafBshdseRvanuam ne conpound
such as net hyl hexahydroxyphthalic acid or dinmer acid with an -35
tetraphenyliborate; triphenylphosphine-benzoguinone
15 adducts; imidazoles such as 2-methyl imidazole, 2-phenyl
imidazole, 2-ethyl-4-methyl imidazole, 2-undecyl imidazole,
| l-cyanoethyl-2-methyl imidazole,
2,4-dicyano~-6-[ 2-methylimidazolyl-(1}] —ethyl-s-triazine
and
.20 2,4~-dicyano—6-[ 2~undecylimidazolyl—(1)] —ethyl-s-triazine;
imidazolium salts éuch.as l-cyanoethyl-2-undecylimidazolium
trimellitate, Z-methylimidazclium isocyanurate,
-2—ethyl—4—methylimidazolium tetraphenylborate and
2-ethyl-1,4-dimethylimidazolium tetraphenylborate; amines
25 such as 2,4,6-tris{dimethylaminomethyl)pghenol, benzyl
dimethylamine, tetramethylbutyl guanidine,
N-methylpiperazine and 2-dimethylamino-l-pyrroline;

ammonium salts such as triethylammonium tetraphenylborate;
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epi hal ohydrin. These epoxy resins may be used in conbination. The m xing
proportion between the first epoxy conpound and the second epoxy conpound
to be enployed in the present invention is set such that the second epoxy
conmpound is 5 between 0 o by mass and 95 o by mass in case of the first
epoxy conpound being between 5 o by nmass and 100 o by nmass, preferably that
t he second epoxy conpound is between 0 o by mass and 85% by nass in case of
the first,.epo ound bei ng bet ween 150 by mass and 100 o by mass, nore
preferabp§a?ﬁ§¥ Wﬁ séﬁ%%ﬁ“@ﬁ%%y 36 cBfipound is between O% by mass and 60%
by mass ha @aggéy 5'§¥51&§5 @p@ﬁy7cgﬁgggggebelng bet ween 40s by nmass and
1000 by nass. Xi ng proportion of thé first epoxy compound is too
smal |, smfspauaabbm@yaﬂﬁeﬁ;§;®p35eﬁohaaeeg@my resin conposition of the
present i nvention can not be provided. 15 "A phenolic curing agent having
two or by é-pherelkicyidioky?, gr oupsaper ankedwite'aperan. essehe s al
conponents in_the_epoxy resin conposition for sem conductor encapsul ation
of the ppéeeﬁtl PRvERti BREARY B@V%?koﬁéléﬁ Rﬂ@}m%-%wéhﬁéaeeﬁtﬁ& aaents

| | ol yhyd h o h
o1 Sphenol F o2t SRBROL IR Y OO LRy G0 FORRC T elor AL b Bhenol

tet ramet hylbiiphenal., dihyds XHQPEBE%%%’S,afl%ﬂa@yéjlré)xé’&hﬁ@@ﬂé{é ether

phenol novol ak resin, creso novol ak resin, bisphenol A novolak resin,

napht hol dme\tetbak:yrcﬂsj N onvAd h10dlS, eA0s 4 Tt £ eSF nshssieha 26 psepekybydri c
phenol resin obtained by condensation reaction of various phenols and

vari ous &heekydespsuctisas shenzdirde hyde 1 enadraxy menz dledelppdealone or
net2%$th|obenzaldehyde crot onal dehyde or gl yoxal, phenal aral kyl resin,

phe 36 ml?@ﬂpeﬁetﬁe&f twan8TIdey el opBRt EHP@ﬁét&I‘P@nGIf EhFeSPRI"End

nmodi fi ed he resin obt ai pe ondensatl n reactlon fh oils or

pi t ches, % emar? andacﬁd%%ygegczﬁpggn@ass %%ﬁﬁ?ﬁ FOW/ ygro§¥0p|C|ty and

flanme re%gm@yﬂgh &r thiee COPPRQS thannaftgr, curing, phenol novol ak resin
[e.g. the follow ng formula ?@ ?] phenol aral kyl resin [e.g. the follow ng

formulae (VI1) 18nteddbstyis, fwmmehmcdupmdmgagﬂnﬁy&eamethea&MdmmMrm
formula (1 X) ] , and naphthol aralkyl resin [e. g. the following fornula

(X)] are fdgpecratbydpnéf eidblrl A9 bpbngrt Fo laforenamacnied: ghdnsiite curi ng
agents. It should be noted that x designates an integer of 0 or re. OH
OH CHz ~AlgmerGHzand the 1EKp\FIn GPRIPLIpRe EP e cofpounfed pn The |

(M) ZSSEQable epog§ resin compositicon of the present invention.

The curable epoxy resin composition of the present
invention is a composition in which all compenents including
the epoxy resin ({(a), the curing agent (b}, and the curing
20 accelerator (c¢) are uniformly mixed by a method similar to
any of cenventionally known methods. Examples of such methods
are the kneading method in melted state using a kneader, a
rcll, or an extruder and the dry blending method of mixing
components in granular form. Thus obtained composition may

25 Dbe pulverized and/or classified, if necessary.
The curable epoxy resin composition of the present
invention may be dissolved in a solvent such as acetone,

methyl ethyl ketone, methyl cellosolve, dimethyl formamide,
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HaHH-~-CH2 r~~ ~CH\ \ \ \ ~\ 5 10 X These phenolic curing agents
may be used alone or in conbination. These phenolic curing agents of
various types 15 are available as commercial itens. Exanples of phenol

aral kyl resin include MEH7800 avail abl efrom Meiwa Plastic Industries, Ltd.
[corresponding to the formula (VI1)] and MEH7851 avail able from Meiwa

Pl astic Industries, Ltd. [corresponding to the formula (M 11)], exanples of

ht hol | ak 20 0 | abl.e from Qu |
rapni e YRR, Ry 20 el e MO pva Al fron Sngl Shehenl

napht hol rapalkyh iLesin Hé’@c}ﬁ%é\ﬁﬂ&%%@Vﬁhﬂ%ﬁaié@”l%é%ﬁé@%té

I ndustries, Ltd. [corresponding to the fornula (X)]. The epoxy resin
conposi tlsQElhf als SAMGONTiUSs OF , Oéafb@nZSJ_bl’eQ%en‘pdl@\éeiﬁmortE:Cladélral so enploy a
curing agent other than the phenolic curing agent to be mxed with the
phenol i cpedwieng degdritoe Ex anpl wspof  ame tmrme@to@e@mdtorbédnﬁs@eés\/\mh t he
phenol i c curlng agent |ncIude anhydri des such as -

met hy? t ef Péi%pé@m&%ﬂ i €NARHYEFPHRT %Réﬁ?é?@p‘m%ﬁ %h%nﬁyﬁr%@eat

pyronell ri de and neth | nadi_c aC|d am nes, such as diethyl ene
trlanlne e§§ % a%P%%%n% H¥3 ﬁggﬁﬁhenyl nethane di am nodi pheny

sul fone and 5 @h%yéﬁgbﬁﬁkQQxhﬂﬂg<§§ttN@I§9e§éB€r189€BQHQ91Qﬁﬁﬁuﬂﬁd by
converting all or a part “of phenolic hydroxyl groups of various phenol

conpoundskspdcidd ed asrexanmphescafrabhe apexenmeatianedmnpbedaliice: edtihng agent
into ester such as benzoate or acetate.
heat and can have a form such as amolded article, a lamination,

10 a cast article, adhesive, coating, or a film. For example,
in case of the form of a molded article, the composition is
heated at a temperature of 30-250°C for 30 seconds to 10 hours
using a cast mold, a transfer molding machine, an injection
molding machine, thereby obtalning a cured product. In case

15 of the varnish-like form, the composition is impregnated in
a substrate such as glass fibers, carbon fibers, polyester
fibers, polyamide fibers or paper and is heated and dried so
as to form a prepreg. This prepreg is pressed into a shépe
with heat, thereby obtaining a cured preduct.

20 As described in the above, a novel epoxy compound of
the present invention is solid at ordinary temperature so as
to exhibit excellent handing property and, in its melted state,
has extremely low melt viscosity and has excellent curing
property. In addition, a curable epoxy resin composition

25 prepared by using the epoxy compound can provide a cured
product which is excellent in mechanical strength, heat
resistance, and moisture resistance. Therefore, the epoxy

resin composition is useful for applications such as
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10 The respective conponents of the curing agent may be previously mxed to
prepare a m xture curing agent before use. Alternatively, the conponents of
the curing agent nmay be separately added when conponents of an epoxy resin
conposition are m xed for preparing the epoxy resin 15 conposition so that
all conponents are then m xed sinul taneously. The anount of the curing
agent to be used is set that groups reacting with the epoxy groups in the

entire cUllng, 208t oAr faREehenatler G Rsd O OPLESLt gBREcPpakerably 0. 7- 1.2

mol es refa 0 one epoxy groups 1 n al conponents of the
epoxy r&shiHiAY hALEYARNG Haldtefnd e conpoungednsdi bhemapexy alesi n
conposition for sem conductor encapsul ation of the present invention. Kinds
of the inangasicefnkkeriane, ddresekanpl ®npdfosedeseti painérystalline silica,
gl ass powder, alum na, and 25 cal ci um carbonate. The shape th re%f is a

pul veri zed forfaxgizaSpheri EERTPSLH Oﬂu&ﬁ?iQRR%%Uﬁ%m??PFgrgngré fised al one

i Xt cof t ki nd th . A t . sed sil
and” BrysbEPPT NG MFEROS Ehst PRV ebat e 300 Arhe” SRSIH Harbof used
I's 60- 95C8m Xs????g?&fn& rﬁ: s"‘@Qdegﬁﬁ%ﬂ%E QA1 hE Gass-afed 00 sl 11 anount  of

the inorganic t he hygroscopicity nust be large so as to affect the
sol der Cﬂéﬁgvé§§i%h@n?%eédhﬂ%ﬁﬁhéﬁti@@ I ar getamamitocaf tchetedaor gani c
filler, the flurdity during nolding nust be spoiled. The particle dianmeter
of the iapagahee #ilLhentdépendsiow fhercobhki gaeaei oh oietHeveewm ednduct or
device to which the resultant epoxy resin conposition is adopted and the 10
characteristics required. However, the average particle dianeter is
preferablg 1-130 ym, ,mor e preferably 5-50 um To increase the filling ratio
for dtj udEFAPPL fe "eXpansi on coefficient, to adjust the fluidity, and to

reduce def ecti ygs proghels: digotBnlkash diel BgorDbei AgerbPeEABNI Gekbl | er of

15 which average particle dianeter is 0.01-1 um may so be added. The

curing agggh-gedt oft ¥sedohR-hBe keRORYa £ RS M3 ddmmost tepn fiary sguippaduct or
encapsul ation of the present invention is a conpound that accel erates the

curing reachi ans20 riretveen mpoxyx grovpong reihe apdxy Eesimoaad eKydfoxyl
groups in the phenolic curing agent. Specific exanples incI%%%rpQ%%phine

conpound$YStieh 8 st FREGIehREShHESe LEPLRERENYY PhESPRERe, U

tri s di met hoxyphenyl) ARASPRI NG o4& 154 My 4 R] AP PPSRDERE B done
was added thereto and temperature was elevated to 40°C to
dissolve them uniformly. After that, 180g of 48.5 mass %
agueous sodium hydroxide solution was added dropwise over 90
minutes. During the addition, temperature was gradually

20 elevated such that the temperature in the system reached 65°C

at the time of completion of the addition.

Thereafter, the system was maintained at 65°C for 30
minutes to complete reaction. After completion of the
reaction, the reactionmixture was washed with water to remove

2% by-product salts and excess sodium hydroxide. kxcess
epichlorohydrin and 2-propancl were distilled off under

reduced pressure from the preduct to chtain a crude epoxy

resin mixture.

-25-




25 tris(cyanoet hyl ) phosphi ne; phosphoni um salts such as

t et raphenyl phosphoni um t et raphenyl borate, nethyltributyl phosphoni um

t et raphenyl borate and net hyl tri cyanoet hyl phosphoni um tetraphenyl bor at e;
-40 tri phenyl phosphi ne- benzoqui none adducts; i m dazoles such as 2-net hyl
i-m dazol e, 2-phenyl imdazole, 2-ethyl-4-nethyl im dazole, 2-undecyl

i m dazol e, 1-cyanoethyl-2-nmethyl im dazole, 5

2, 4-di cyano-6-].2-met hyl i m dazol yl -(1)]-ethyl -S-triazj .
.2,4-dicyano-6-Iﬁ%%nﬁ%%9biﬁP8§¥o¥§FgP1 F%%ﬁﬁﬁfgi fﬁ%%%ﬁggggn%%aé%??un1salts
such as GHANnaet k d fai dazehi gl LLtat gquidomtdydiamdazol i um
isocyanu%%te, 10 2¥EF%§&g4?%%%%g}inidg§@$?gﬁlggﬁég%henglborate and

2- et hyl -Ayd4rdkagehybi gkdazolbdmtiekraphepykbot at @ nantbesesuthoasat
2,4,6-tris(di methyl am nonet hyl ) phenol , benzyl di net hyl am ne, .

t et r anet Ayt dupyraguari of neh ° N-fmet Hy hpiuper AZtme Bhdt, agueous sodium

2-di net hyl am no- 1-pyrroline; 15 ammoni um salts such as trlethyla ni um

t et r dpheRyLBaEt BNOGPRZAST Q&G 1ConYEEn88§Gchoakhe reaction fiqus

1, 5-di bi I .9, 0] -7-und 1. 5-di bi I 3 - 5- d
SO a2ER! RekeLe S Dl anterse . L OLatal cvol ol Qly Sy opene an
phenol ngyalak sl tsand 2vethdhexangates of riRese i Azakinaye oraenpounds.

Anong these curing accelerators, tertiary am nes, phosphi ne conmpounds,

i m dazol +epppouRds;e difazabi Cyeho dcaapouads, aantespbirs tulrer éebmasé®C
preferable. 25 These conpounds as curing accel erators can be used al one or
in mi xedtst ab &Cdfy twonmmratores Chne mbudt tofr misd hadr L agLacydl EREEBR to be
used is 0. 1-7 o _by nmass, preferably 0. 5-5% by mass, nore preferably O.

5-3363byWﬁ§s§qm9%%q@k¥t?ﬁ?@%ﬁ@h%?@gr4}ncﬁﬁii%ﬁrﬁ%ﬂRF?ﬁtTﬁ 20ftposi ti on of
the present. i nvention. _Since th ring_accel e r..S i.mes. si.gnificantl
of fent o CREUEHA HECRrBRar (or B e o i e a1 oy o The i d pie ! cantly

conposi t boRstherld nd ;andd e, Apuin®s bhe, ugeds sust nEkSaneGeberator can
be adjusted not to spoil the characteristics of the present invention. If

necessar ¥hz¢qQuphknga @@esl 1 ycasdbad bl aekomcotope ngtagent AL £ kane leetsar dant
flame retardant aid, nold-releasing agent, ion supplenent, stress soothing
agent, and thédike 19nthne bersppropdizattalon s rFiRe-¢RCERe €pSxy resin

conposition for. sem conductor encapsul ation of the present i ti not to
spoi15chéﬁ%&ﬁ%ﬁ%%&?%@IWﬁt?qﬁﬂ%%%ﬁﬁgﬁPi8HtoftW%%e$¥é@%%?l?h9%2¥%%%F%#hough
t he anount .can be changed C iLng to.t i f : 1 tor device
to mhichyﬁyﬁ %;%%%%ﬁ?gﬁ%Z§§o§§g%§gfﬁggéﬁ§%§iﬁﬁg% ?%Pgéﬁgggggg% general ly

is 0. Ol &%Mal?drﬁﬁag%éﬁﬁyt@qhﬁ%am& conppaents, Eyamplesaefld he

flame retardant include hal ogen type flanme retardants such as brom nated

epoxy r ey cich Hrofm 154 egppheanti & mesitnyiarbismaRy O MRS such as 20
antinony trioxide, phosphorus type flane retardants such as ,
temperature of 150°C, and a melting point of 104°C according
20 to DSC measurment.

The cbtained epoxy compound was solid at room
temperature so as to have good handling property. H-NMR
spectrum of the obtained epoxy compound is shown in Fig. 1
and assignments of respective peaks are shown in Table 1. In

25 addition, IR spectrum of the obtained epoxy compound was shown
in Fig. 2.
In the aforementioned manner, it was confirmed that an

epoxy compound represented by the following structural

26—




red phosphorus, surface-coated red phosphorus, phosphoric esters and
phosphi nes, nitrogen type flane retardants such as nel am ne derivatives,
inorganic flame retardants such as al umi num hydr oxi de and nagnesi um

hydr oxi de, phosphazene 25 flame retardants, and special silicone flane
‘retardants. Since the cured product of the epoxy resin conposition for
sem conduct or encapsul ati on of the present invention has excellent flane

retardance, the f such flane retardant, -4 peci.al | t he hal ogen
type flaﬁ%rWBFQrgiﬁg $Fch W BTt natedCefoRy %Ssﬁﬁébr%%¥%ﬁ%ﬁgﬁéd phenol i ¢
resi N andoABbLARNY - 6OITRNRAR - 8UCDN RS, ARLIMRY bl LOX! 9f dBishnahe eancer ned
about environnental safety can be el[imnated or 5 very small anount of such
flame regaidant=gani henenoughvr Hampaiensincetitg hl=ame znet ar danees depends
on the kinds and the anmounts of the respective conponents of the

conposi t béngombeneeaspent wuecbonpdnent scare sekectadthadavheagroaits t her eof
must be adjusted in order to ensure flane retardance 10 according to V-0 of
UL- 94 stdAdaFPd<ér equivalent. It is required to consider the combination of
an epoxy resin and a phenolic curing agent to be used in the epoxy resin
conposition for sem conductor encapsul ation of the present invention in

such a manner that the ne {scosity at 150C 15 o i xture in which the
epoxy resin and the pheng ring agent are m xe equi val ent anounts
is 10-200m Pa's, preferab 0-120m Pa's in view o

epoxy resin conposition. vijscosity | ower than

g fluidity of the
because de&HgtGHrE€Hy

Om\Pa's i s not suitable
_ o ab—tow,bokept, f | ow
of conp05|t\ h occurs

whiciP air i Ltrapped) a

gs /a cured pryoduct in

(ly produced. Melt vig ity higher an 200m
Pa's is also not suitabl¢ ch as shifts of
sem conduct or chi ps and uced. 25 The
measurenent of the melt viscosity was made with by using a Cone-qnan)
rotating viscosineter (for exanple, CV-1D manufactured by M sec
Corporation) with conditions that the plate tenperature was 1S0C, a cone
had 5 poises, the rotation -43 speed was 750 rpm and the sanpl e anount
was 0. 5gTabhel epoxy resin conposition for sem conductor encapsul ati on of
t he presgmt_inventiom s nede such that the hygroscopic rate of a cured
product af (emhedtddftand cAssighed hiydrageBm p. 1 0 to 0. 5 0 . The hygroscopic
rate in this igﬁl'cation IS @ﬁ%ﬁﬁnké recogni zed that the | ower the better.
However, | an exfPZhely |farge it Y8f inorganic filler is required to nake
the hygropscophg sate | ower thangyQ.1s. The|production of a product having
hygroscopic rate Tower than 0 1%1is 10 inpossible in practice. In case of
hygroscopi c rafe &y gher| than 0. % defectijve products due to sol der cracks
are
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3.56 Hd
3.8-4.3 He -
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frequently produced so that it is ineligible for application of

sem conduct or encapsul ati on. Though the epoxy resin conposition for

sem conductor 15 encapsul ation of the present invention has a
characteristic of noisture resistance, the characteristic depends on the
ki nds and the anmounts of the respective conponents of the conposition and
additives other than essential conponents. Therefore, it is required to
sel ect the respective conponents 20 and adjust the anounts thereof not to
make hygroscopic rate exceggi ng Be5% The hygroscopic rate i s obtained by
the foll owm ng equati on: Fgg pic rate = [ (mass of sanple piece after
process in a tenperaturetl :Fﬁ[e-controrled tank at 85C and 25 85%H
for 72 hours - mass of t ip'ece before the process) / mass of the
sanpl e pi ece bef e e 00 The method of m xing the essenti al
conponent s gﬂg t e otlher. cofponent s Bi{ipgbﬁpgé%tresin conposition for .-44

sem conduct or gﬁépsﬁlafﬁon of the preseft ip ion is not particularly
k5 b

li mitd and may<be af¥ of nerfods capable ol uniformy dispersing and

m xi ng the conponents. @ general nethods is a net z(mocorrpri si ng
sufficiently mxing 5 prede amounts of conponents by i/xer or the
like, then nelting and m xing—tWe mi xture by using a mxing roll 'or a
kneader with being heated, Hi f nedléssary, cooling the nelted m xture to
solidify it, and pulverizing the solid m xture. The conposition after

pul veri zed can be fornmed to 10 have such size and weight as to satisfy
nol di ng demditoilensi-ahd be in formof tablets by a tableting machine. Since
theéﬁfoxy resin conposition for sem conductor encapsul ati on of the present

i nverti on has ERBeFFBAORRIRFTAY PF PRl hdcau¥é s FOPSuUSHEIdSFCEtdi nary
t enper at ure_an s 15 ] ow blocking.,pr,operty,. t-he.epoxy. resin. osition
a1 56 has [GUBY BT or 31 gl BTbRErEy and FaBiSrIRg RO TS Reme

sem condyglQls devisCeo ok é&‘f"l%"ﬂ%?i‘i‘l?&?%ﬁ%ﬁ&aﬁ&%% LSRR GRCapsHiated of
the present invention can be produced by encapsul ating. sem conducCtor chips
with ther2Q,ataeesent booedntagpdsibli N .cEay comgiutint refiresdrocde by
encapsul ated are not particularly Iimted and may be integrated circuits,

| ar ge- scahe ifwtldgreitregl sireuivsalt famsiudteord)) thyristors, and di odes. The
configuration of sem conductor package is also not particularly limted. An
25 apsul ating method is generally | ow pressure transfer nolding and may
be injection nolding, conpression nolding, cast nolding, or potting.

Sem conduct or device g -psulehgd by the transfep @l dipg.is installed to

el ectroni c equi pnments -?
O—CH,~CH—CH,—0 O—CHy—CGH—CH;
&H . n \ /
0]
) W

The cocbtained epoxy compound had an epoxy equivalent of

25 19%94g/eq, hydrolysable chlorine of 435 ppm, and a melt

viscosity of 17m Pa's at a temperature of 150°C, and a melting
point of 94°C according to DSC measurement.

According to GPC, the epoxy compound was a mixture
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or the like directly or after conpletely cured at a tenperature of 80-200C
taking from 15 seconds to 10 hours. As described in the above, the epoxy
resin composition for sem conductor encapsul ation of the present invention
and 5 the sem conductor device encapsul ated by using the epoxy resin
conposi tion have superior flane retardance w thout addi ng hal ogen conpound
and/ or antinony conpound, which are concerned about environnental safety,

and have excellent ol d cr c r afiter,,1@xanpkes of the
xosllient qohder, er aek.rgsiatance, B Henelnaienoiexan

epoxy r&SH F Seni conduct or encapsul ation of the present

'nvent'%%H&ngﬁH?J§PWMQQBQQQ£Pr Heyizendi & 3 bef desapbbedti andeharh with
experi nent “exanpl es. However, t he present invention is not limted to these

exanpl eg;-= thoutortepariié ngihr omet heeseape o5 ofwahed i Avent i on. (Exanpl es)

As shown in Table 3, each exanple was nmade by charging an e:%f%%-§SIn and a
curing agent Ehee@mbﬁmnﬁﬂ eIt SORPOWAEr BRE Ve 130X ¥ &~ each of

epoxy conpounds prepared in the aforenentlo d Exa e dI- a
conmbr cisd i HA dfai TabR et BFPRESFESE oVl a e e ggé ﬁ%éﬁilﬁ bronlnated

epoxy reS| nd a bi phenyl type epoxy reS|n and the curing agent was one
of phendl® %% %k re5|n phenol aral kyl resin, 25 naphthol novol ak resin

and naph(&& ﬁg yesin, and heating to nelt and m xing them The nelt
vi scosity at 1500 of each exanpl e was neasured. The results are shown in
Table 3 . -4 Grxahadlle B-Nen) 234567891011Proportion of First

E LY (D) (T (1 L) (1] Conpound( par t
ngg§§/(10012)(()10c1)10§f@m%;f(2® )(V)( %@reglg?néf 4é%ll’$2r°(fp%r ; Oéyazml were

10 chargedjjﬂx>afour—neckedflaskofiSllterscapac1tyequlpped
withjastirrer,eafluxcoolingpipeandeathermometer.Z&system
was vaccumed and replaced by nitrogen and was kept at a
temperature of 40°C. Under the nitrogen atmosphere, 200g of
28 mass % agueous solution of 1, 4-dihydroanthrahydroguinone

15 sodium salt was added dropwise over 90 minutes. During the
addition, temperature was gradually elevated such that the
temperature in the system reached 65°C at the time of
completion of the addition. Thereafter, the system was
maintained at 65°C for 30 minutes to discharge water

20 containingby—productSaltsdue1x>liquid—liquidseparation.
With maintaining the temperature in the system at 65°C, 32g
of 48.5 mass % agueous scdium hydroxide solution was added
thereto dropwise over 15 minutes and the reaction was
Continuouslyachievedforiﬂ)minutes.AftercompletL31ofthe

25 | reaction, the reactionmixture was washed with water tc remove
by-product salts. Further, excess epichlorohydrin and
2—propanolweredistillaﬁoffunderreducedpressurefromthe

product to cbtain a crude epoxy resin mixture.
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E-3 E-3 E-1 E-1 E-40. Epoxy Conpoundo(parts by nmass) 8050201001001 0010VPr o
oni on of Phenolic p P-1 P-2 P-3 P-4 P-5 P-2 P-2 P-1 P-1 P-2 P-2Curing
Agent (parts by mass)5999113721089510152499499Melt Vi scosity (*) (m

Pas) 4163524269651126226264| 53Conpar ati veRemar ksExanpl esExanples (111)
'Epoxy conpound represented by the structural formula (I11) prepared in
Exanple 1-1 5 (V) Epoxy conpound represented by the structural fornula (V)

prepared in EX le 1-2 E-1 Bi phenyl -ty epoxy resin i kot e YX4000,
br anﬂ name of @é"g%nr%‘b‘&yeﬂ%iyﬁeéén, “{l&%u GEFY‘}/&& %ﬁﬁéﬁ‘?‘%ﬁ&gl 9/ eq) aE—2
Tri phenyl| -t X i.n [ A F.an of
Japan Epg@%%g%g%%%.u%%%égfcgiéEp%@ 7@8%?\%?’%?:99F?‘baé?ee%)u%g%@%ﬁﬁsoI
novol ak- hype-&pexy sbesitn cnERiakote 1480803 r c@ cbEandonatetotcdapannEpoxy

Resins Co., Ltd., Epoxy equivalent: 210 g/eq) 15 E-4 Brom nated epoxy resin
(BREN- S, aat bmpadaname of &b ppafoKdy alowrCoAftetrdthaEpoaguequisvabentm 385
g/eq’BbrggE%gry phosphate solution was added to the reaction liquid

to neutralize excess sodium hydroxide, followed by water

washing to remove by-product salts. After methyl isobutyl

ketone was completely remocved under increased temperature and

reduced pressure, resinmatter inmelted state was pulled onto

10 a tray and stirred dozen times by a glass stick and, after
that, was naturally cooled at room temperature. After a lapse
of 2 hours, entire crystallization was experienced. The
crystallized matter was taken out, thereby obtaining 29Cg of
yellow crystallized epoxy compound.

15 The obtained epoxy compound had an epoxy equivalent of
174g/eq, hydrolysable chlorine of 390 ppm, and a meit
viscosity of 15m Pa's at a temperature of 150°C, and a melting
point of 106°C according to DSC. The obtained epoxy compound.
was solid at rocm temperature so as to have good handling

20 property.

H-NMR spectrum and IR specirum of the obtained epoxy
compound were substantially the same of the epoxy compound
obtained in Example I-1 so that it was confirmed that the
obtained epoxy compound was an epoxy compound represented by

25 the aforementiocned structural formula (III). According to DSC,
the epoxy compound was a mixture containing 84 mole % of
component in which n=0, 14 mole % of component in which n=1,

Q

and 2 mole % of component in which n=2 or more, wherein the
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content: 480) P-1 Phenol novol ak resin (Resitop PSMA261, a brand nane of
Gunei Chem cal Industry Co., Ltd., Hydroxyl group equivalent: -47 | 03

g/ eq, Softening point: 85C) P-2 Phenol aral kyl resin (MEH 7800S, a brand
name of Meiwa Plastic Industries, Ltd., Hydroxyl group equivalent: 175
.g/eq, Softening point: 75C) 5 P-3 Phenol aral kyl resin (MEH 785l, a brand
name of Meiwa Plastic Industries, Ltd., Hydroxyl group equivalent: |98

g/ eq, Softeni n% ggi nt; 73%) &58-4 Napht ol novol ak resin (NC- 30, a brand nane

a :

of Gunei®then? | RdUECTy , Ltd., Hydroxyl group equivalent: 126 10

g/ eq, Softening:poimie83Cx_Ey5 Naphtol aralkyl resin (MEH7810, a brand
name of Meiwa Plastic Industries, Ltd., Hydroxyl group equivalent: 210

g/ eq, Softening@pidt eB6Ly &ohMpasutiepent iGendiin axabiplCone-Pptatwest ype

vi scosi neter (CV-1D manufactured by M sec Corporation) Plate tenperature:
150C, roratipatspéédedsBy wphngcohes of petsed ®EATUrenentePrideeifes 20 1)

0.5g of a sanple is left on a plate at rest for m_nute.and is,conpletely
mel t &d. 2°FahndBHe 4Pg BfodfRTYH Toht 48¢ GPTROVR 'r’rglhtee(?bg%f’r?ﬁ]eed and, as the

| ate t t b t abl t 0C. -1 i ned
R R e S e e

nEasuredh%Q56§§Eb%§é|dHh6ﬁHﬁ%KHE|205§§%¥jélﬂﬁﬁﬁiﬁiy@oﬁiﬁgpb§88mlPé t hrough

|1 -3) Each epoXy resin conposition for sem conductor -48 encapsul ati on
was nmade-§nathg sanBepPRANgE aF eao (of doxpef et idxapples &6.12Ctarough

No. 11 except further using spherical nelted silica powder (average
parti cl eadamdtiop: t28 NFF. Acanrihoggani EPFI tée naqphEmA L pRdSphi ne as a
Cur%ﬂ? 5cg%§85%%a%32’ab&gﬁkﬂﬁgegoﬁﬁig%kngﬁggl%ﬁl%p%XXfeékﬁp%%e%th%”e
which n=0 and 2 mole % of component in which n=1 in the
aforementioned structural formula (III), wherein the average
of n was 0.C1.
(Examples I-4 through I-6)

15 Fach of epoxy compounds made in Examples I-1 through
I-3 and phenol novolak resin(softening point of g4°c,
hydroxyl equivalent of 103g/eq) or phenol aralkyl resin
(softening point of 83°C, hydroxyl equivalent of 175g/eq) as
a curing agent were charged in a glass beaker in predetermined

20 respective amounts and were dissolved and mixed at 120°C.
Further, triphenyl phosphine was added as a curing
accelerator in a predetermined amount and was mixed well so
as to cobtain a composition. The composition was molded and
was postcured at 175°C for 7 hours, thereby cbtaining a cured

25 product. The compounding ratios of the compositions and
properties of the obtained cured products are shown in Table

2.

(Comparative Examples I-1, I-2)
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retardant, antinony trioxide as a flanme retardant aid, carnauba wax as a
nol d rel ease agent, and epoxy silane as a silane coupling agent, with
proportions of the respective conponents shown in Table 4. 10 The
conponents were nelted and m xed by using a mxing roll at a tenperature of
70-130C for 5 mnutes. Thus obtained nelted m xture was pulled onto a sheet
and was solidified with cooling at a tenperature of 20-25C. After that, the
solidified mx ri 0,4as, .t o.obtaj | di rial.
The nol di ng naﬁ%%%%ﬁga%ggé%gd%%E%ﬁaﬁggﬁﬁl%hfb%%%%egggggqt%gn%$%$8%§lding
machi ne at 43,y depReLAdH Sl gftggé%ﬁ@gyf&rsiafl makding bicne-penheg of 90
seconds, thereby obtaining a sanple piece and a 160-pin TQFP type resin
encapsul abege2Q tsemE, candied O1+ deyfceomThe - ebhai ned °sanpirei pi ece and

sem conductor device are postcured at 175C for 5 hours. In order to

eval uat etehsaggiinyg prdparal tape ehexying it ymas tiindi pat of ©oi 0bhe,

mol dabi lity of each nolding material, each nolding material was neasured
for Fardiéssorstvust bit & redbvldl ¢ bmiard st iVahd shsedad cduwthen

addi tion h | di | atte tcure te . gl ass
transitigﬁgggnﬁggggﬁﬁg%qﬂ%g%%@%%pgé ?%E@%l%n f g@éj?éiéﬁgﬁéﬁé%g reover,
each resi-grengapsulat ed sepheondusharr=491tsdsyiLes¥@sckiestedet o 50l der
crack resistance after absorbing noisture. These results are shown in Table
4. Tabl ec4 ExanplesConphratt&d ExadpkesExam shown in Table 2.
lepl1-211-211-311-411-51i-611-711-8I-11-21-3Proportion of First :
Epoxy(111)(CLEL)YCHELYCEEEY (V) i) rtn)(v) oConpound100100100100100205080. 0. P
roportion of Ot her EpoxyE- 1E-2E- 3&3E- 1E- | E- 40Conpound8050201001001 0010v C
Pm&ﬂﬂonﬁ Phenolic P-1 P-2 P-3 P-4 P-5 P-2 P-2 P-1 P-1 P-2 P-2Curing
Agent 5999113721089510152499499Si | i ca

Powder 10741348143611621407131913601033101 113121496a

Table 2
Comparative | Comparative

Example 4 | Example 5 Example 6 | Example | Example 2
[Composition] {phr)
Epoxy compound of Example 1 100.0
Epoxy compound of Example 2 100.0
Epoxy compound of Example 3 100.0
Bisphenol A type epoxy resin 100.0
Tetramethylbiphenol type epoxy resin 100.0
Phenol novolak resin 58.5 53.1 554
Phenol aralkyl resin 100.6 94.1
Triphenyl phosphine 1.0 1.0 1.0 1.0 1.04 .
[Properties]
Gel time(*1)  (seconds) 60 63 72 70 95
Glass transition temperature (*2) (°C) 167 162 145 115 120
Flexural strength (23°C) (*3) (kg/mm°) 16 15.8 15.2 147 13.3
Flexural modulus (23°C) (*3) (kg/mmz) 370 361 324 315 274
Flexural strength (250°C) (*3) (kg/mm?) 0.34 0.31 0.25 0.12 0.11
Flexural modulus (250°C) (*3) (kg/mm®) 34 3.3 29 2.9 1.8
Hygroscopic rate (*4) (%) 0.71 0.69 0.64 0.9 0.72

(*1) Measured at  175°C by a hotbench test

(*2) Measured by using TMA

(*3) Tests were conducted according to JIS K6911

(*4) Hygroscopic rate after 72 hours at 85°C and 85%RH
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~t'~., Triphenyl Phosphine 1.5 1.5 1.5 1.51L51.51.51.51.5 1.5 L50

Antinony Trioxide 0 0 0O 0 0 0O 00 0 O 120Carnauba Wax11111111111c~ o Carbon
Bl ack 0.5

Apparent from the above, the epoxy compound of the
present inventionis a crystalline resin and solid at ordinary
temperature so as to have excellent handling property and,
in its melted state, has extremely low viscosity. The results

5 further show that the curable epoxy resin composition
prepared by using the epoxy compound is excellent in curing
property, and the epoxy compound can provide a cured product
having excellent mechanical strength, heat resistance, and
moisture resistance.

10
[ Explanation of epoxy resin composition for semiconductor
encapsulation and semiconductor device]

An epoxy compound used for an epoxy resin composition
for semiconductor encapsulation of the present inventiocon is

15 the epoxy compound of the first aspect (hereinafter,
sometimes referred to as the first epoxy compound) which can
be prepared by causing reaction between an anthrahydroguinone
compound represented by the aforementioned general formula
{(II) and epihalohydrin in a known suitable manner.

20 As discussed above, the anthrahydrogquinone compound
and anthrahydroguinone alkali metal salt (or its agueous
sclution} as the material of the epoxy compound can be
prepared in a known suitable manner (JP-554-122263-A). In
addition, since aqueous solution of

25 1,4-dihydrecanthrahydroquinone disodium salt wherein R'-R?
are hydrogen atoms in the aforementioned general formula (II)
is already widely used in the world for applications as

pulping cooking auxiliary agent, agqueous solution of
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0.50.50.50.50.50.50.50.50.5 0.5Usi | ane Coupling Agent 1
1111111111ote 1Spiral Flow (cm 7885898179857070459085Har dness j ust
afterrenoved from nol d8580758574718683876570( Not e 2Hygroscop Te Rate
(% p, 230. 210. 180. 2| 0. 190. 250. 280. 270. 410. 300. 350c '~ d ass Transition 145
125 120 155 128 120 175 148 150 115 118VTenperature(Note 4) Sol der Crack
Resi st ance0O/ 160/ 160/ 160/ 160/ 160/ 160/ 160/ 1616/ 169/ 1611/ 16( Not e 5) Fl ane
Ret - 0QV- 0OV- OV-0V- 0V- 0Y- OV- -
,e ardanﬁ?g—%gﬁ?éégéé% §2ﬁ3 rgéggggggogggggy$ﬁ\ééitE%ay be used
without any process.
In view of flame retardancy and low melt viscosity of
the epoxy resin composition of the present invention, the
5 epoxy resin is an epoxy compound represented by the
aforementioned structural fermula (ITI1I) or (V) and 1is
composed of a compound (1,4-dihydroanthrahydroquinone)
wherein R'-Rr' = hydrogen atoms and A* = A? = hydrogen atoms
in the aforementioned general formula (II), a compound
10 (1,4-dihydroanthrahydroguinone disodium salt) wherein R*-R'®
= hydrogen atoms and A" = A? = Na in the aforementioned general

formula {(II), a compound

(2,3-dimethyl-1, 4-dihydroanthrahydroquinone) wherein R,
2

R‘l
methyl groups, RY, R?, R°-R'® = hydrogen atoms, and A' = AZ

15

hydrcgen atoms, or a compound
(2,3-dimethyl-1,4-dihydroanthrahydroquinone disodium salt)

wherein R®, R' = methyl groups, R', R’

, R°-R'® = hydrogen atoms,
and A' = A% = Né. The average of n is preferably 0-5, especially
preferably 0-2.

20 The epoxy resin contained in the epoxy resin composition
for semiconductor encapsulation of the present invention may
be composed only of the first epoxy compound or a combination
of the first epoxy compound and one or more of second epoxy
compound{s) different from the first epoxy compound. The

25 second epoxy compound prepared separately from the first
epoxy compound may be mixed with the first epoxy compound.

A compound as the material of the second epoxy compound may

be mixed with a compound as the material of the first epoxy
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The proportions in the table are indicated as parts by mass. (111) Epoxy
conpound represented by the structural fornmula (11l1) prepared in Exanple
-1 (V) Epoxy conpound represented by the structural formula (V) 10
prepared in Exanple [-2 E-1 Bi phenyl-type epoxy resin (Epi kote YX4000, a
brand nanme -50 of Japan Epoxy Resins Co., Ltd., Epoxy equivalent: 186

g/ eq) E-2 Triphenyl net hane-type epoxy resin (Epi kote 1032H60, a brand nane
of Japan Epoxy Resins Co. ,

Ltd. , Epoxy equiyv Ient;ﬁé?%f%{glg%jl 5 E-3 Cresol
novol ak- EYBEOHPEXF e ® TEDF Kbt & 51866367 °h "BiingPhbAe OO UFapan CEpdxy
Resi ns . wn EROX j valent: / e -4 Brom e resin
( BREN- S,ng r%%%arﬁair%gl %P%%llyp\é:gens ayoailijl%.n,?ﬂ%t[%e, %O%Qg%(g?}\}a%gﬁéy 385
g/ eq, brephpeub@scontent: 480) P-1 Phenol novol ak resin (Resitop PSMi26, a
brand nanme of @unei Chem cal I ndustry Co., Ltd., Hydroxyl group equival ent:
103 g/ eq, Sof tenengeponhdtep8bf)cdhobhénody aralaky cifeghnwhOMeERE 78DDS, a
brand nanme of Meiwa 15 Plasticlndustries, Ltd., Hydroxyl group equivalent:
175 ¢7 eqep8ait vy Polhtandsepe el §iphdasl mavaldeylary e ¢xY MEFF¥851, a brand

nane of Meiwa Plastic Industries, Ltd., droxyl group,equival ent; 198
g/ eq, SoPEERPAGSH® 37?@13’2'@’&340 @b‘?ﬁ%&l Aovol B e?‘égilﬁ ERE130% 5 br and

name of nei . 1 .l.n iy At 0 . i t: 126
g/ eq, Sof%{ ee%%1%%@?ﬁ?kébcﬁjﬂ%@g?\%kﬁno(*l]“gc}eaﬁ%%g]r%e%s(%hlg%%%&édﬁoé@g% r and
nane of Naiwe kR géiyﬁyb&qt&%ﬁéﬁéas@@ch atyeE 9p¥knan opp aHHEd €nip, 21 0

g/ eq, 25 Softening point: 86C) Note |: Epoxy silane (KBM 403, a brand nane
of Shi n- BiswhEmern caletCoamethdlhipdht@o2:;, Val ue of ASTM Shore D -51 Not e
3: Hygroscopic rate after 75 hours at 85C and 850RH Note 4: Measured by TMA
met hbd Nbtle (4-hsidaeenr ey pi ie FOERS . whie (4eflty ditoREeh andl BBERARTEr 72
hours so that the TQFPs absorhed moi sture. Afteir that, 5 these were soaked

in a sol d&FPRsHh P f oPYFEOGHIONES  MFHIRF I L ARkECRES count ed. Note

6. ULo4 dibutylhydroguinone, resorcin, methyl resorcin, bisphenol 5,

thiodiphenol, dihydroxydiphenyl ether,
dihydroxynaphthalene, phenol novolak reéin, orthocresol

15 novolak resin, bisphenol A noveolak resin, dicyclopentadiene
phenolicresin,terpenephenolicresin,phenolaralkylresin,
and naphthol novolak resin, or various phenolic compounds
such as phenolic resins, obtained by condensation reaction
of various phencls and various aldehydes, such as

20 benzaldehyde, hydroxybenzaldehyde, crotonaldehyde, and
glyoxal, or phenol denatured xylene resin with an
epihalohydrin; epoxy resins prepared from an amine compound
with an epihalohydrin, for example, epoxy resins prepared
from diaminodiphenylmethane, aminophenol, or xylenediamine

25 with an epihalchydrin; and epoxy resins prepared from
carboxylic acids with an epihalohydrin, for example, epoxy
resins prepared from an amine compound such as

methylhexahydroxyphthalic acid or dimer acid with an

w3If—




As indicated in Table 4, as conpared to conpositions of Conparative
Exanples Il1-1 through I1-3, conpositions of 10 Exanples II1-1 through I1-8
are excellent in flame retardance w t hout containing hal ogen conpound
(brom nat ed phenol novol ak epoxy resin) and antinmony conpound (anti nony
trioxide) as a flanme retardant conponent, as well as |ow viscosity,
excellent fluidity, and | ow hygroscopicity. In 15 addition, the

sem conduct or devi ces encapsul ated using these conpositions have excellent
sol der ceadkaledivimiice Thesz ep YRR ¢ SLICE AavERe IUSied 1naposbargtésRpound

havi foll i | f | 1) Ge | f I ) 5 10 15 wh i
havino & 1ol Lopng oeneral, Lot 2 (1), ceneral, Lot g, (L) Sodgotp nereir
d i.nt f e . | ai ned

and ¢ CBLESERL SN 98K LLLOLIPLS 12 cAMIERR comauRd-as el ol o

whil e Rlid%énﬂ%bﬁ¥%éﬂsé%es@&ﬂreag@ ahesecdhnd d@ihpdeShppngpaiEng an
epoxy conpound as clained in claiml1l or 2, wherein an anthrahydroqui none

conpobnd beaviawn &%f blyl ok agrg@rigralof owmsl an(tddeicst méactiedsm epoxy
epi hal ohydrin: 25 General formula (11) -53 5 A F 10 wherein Al, Az each
r epr esentCoHRIrEgbReANENPOFWaPRalY biehas s @lohl CRE-IRL médich PEBLEeSéRt Yhydr ogen
atom or %%g@ t%%og cg%%iggoxy compound is between 0% by mass and 85%
by mass in case of the first epoxy compcund being between 15%
bymass and 100% by mass, more preferably that the second epoxy
10 compound is between 0% by mass and 60% by mass in case of the
first epoxy compound being between 40% by mass and 100% by
mass. If the mixing proportion cf the first epoxy compound
is too small, sufficient characteristics of the epoxy resin
composition of the present invention can not be provided.
15 “A phenolic curing agent having two or more phenolic
hydroxyl groups per molecule” as an essential components in
the epoxy resin compeosition for semiconductor encapsulation
of the present invention may be any one of known suitable
curing agents. Examples incliude various polyhydric phenols,
20 such as bisphenol A, bisphencl F, bisphenol S, thiodiphenol,
hydrogquinone, resorcin, biphencl, tetramethylbiphenol,
dihydroxynaphthalene, and dihydroxydiphenyl ether, phenol
novolak resin, cresol novolak resin, bisphenol A novolak
resin, naphthol novelak resin; various phenclic resins such
25 as polyvhydric phenol resin obtained by condensation reaction
of various phenols and various aldehydes such as benzaldehyde,

hydroxybenzaldehyde, methylthiobenzaldehyde,

crotonaldehyde or glyoxal, phenol aralkyl resin, phenol
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1-6 carbon atonms. 4. A nethod of preparing an epoxy conmpound as clained 15
inclaim3, wherein RL-RL in the general forrmula (11) are hydrogen atons.
5. A nethod of preparing an epoxy conpound as clainmed in claim3, wherein
R3, R~ are nethyl groups and Rl, Rz, RS-R o are hydrogen atons in the
general formula (I1). 20 6. A nethod of preparing an epoxy conpound as
claimed in claim 3, wherein, reaction between the ant hrahydroqui none

conmpound in which Al, A2 are alkali netals in the neral formula (11) and
t he epihEFBH?H?iﬁeﬁdp*pﬁﬁﬁgﬁ4%@V O%%%QﬁdﬁﬁﬂﬁoﬁﬂﬁngzlEoﬁﬁﬁEfbdEﬂyjsupplying
an aq.“e%@d%?h%&' gﬂeﬁglzfﬁégEBrS‘Q%’QEBgH' B?“@oﬁééﬁéét%ha{eﬁ%ioh”&f a
reacti on system ¥. met hod of preparing an epoxy conpound as clalined in
clai m 6, huherepn160REeHiAHON, ofnans Ds ahydroguideeRIcalddourial salt in
t he agqueous sol ution of -54 ant hr ahydr oqui none al kali netal salt to be
reacted with epihal@hysf irow $byS6dyi et ghind 8 1 Anaet dodrdbnpyephri ng an
epoxy conpound as clainmed in claim3, wherein 4-40 nol es of epihal ohydrin

i s rdact siescpppodhblabl @f bertder Bng hridsi b Aok ¢erdduné.- 99. TRenet hod

of preparing an epoxy conpound as clained in_claim3,, wherein 4-40 nol es of
epihaloh§8}gﬁwéﬁ8 fﬁ§m3ﬂ2§|g%IbfraPQanEn€F3#%H3d66¥de Ge9retdted per one

mol e of th 1%%%?98?%@?%%”8{??%?OM&%%fﬂ WG Al 1AZ 318 Sy dEQggn 10 1N

the general i a 1 curabl € "époxXy resin conposition cont ai ni ng:
an €epoxy [%Q%‘.%I@@‘EM&M@EM&&EQQXY]ng%aQﬁfthol aralkyl resin

[e.g. the following formula (X)] are especially preferable
10 among the aforementioned phenolic curing agents. It should

be noted that x designates an integer of 0 or more.

OH OH
e
AN %&‘\

Ot
|

15

(Vi)

OH OH oH
™ f}ﬁt “
20 . ‘|—‘CH2—‘©‘CH?_ Q*CHE Hp XL\\

vVib

OH OH OH
X

VI
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nol ecul e; a curing agent; and 15 a curing accelerator, wherein the epoxy
resin contains 5-100s by nmass of an epoxy conpound as clained in claim1.
11 . A cured product made by curing a curabl e epoxy resin conposition as
claimed in claim210. 20 12. An epoxy resin conposition for sem conductor
encapsul ati on conprising: an epoxy resin containing 5-1000 by mass of an
epoxy conpound as clainmed in claim1l; a phenolic curing agent having two or
nore phenolic 25 hydroxyl groups per nolecule; an inorganic filler; and a
curing accelergfor. 13. An eRpxy resin ggnposition for sem conductor -55

encapsul ati on .‘.;- n 2, exel. D e phenolic curing agent is
g - Ciom consi sting of phenol
ara ky\\ estn, napht¥o ovol ak resimég@nd napht hol

at least one p

novol ak resin,‘ﬁ' .

aral kyl resin. 5 14. An epoxy resin conposition for sem co tor
encapsul ation as claimed in claim12, wherein fused and/or crystalline
silica powder filler having pulverized formand/or spherical formis
conta ned as the inorganic filler in an anbunt of 60-95% by mass of the
whol e conposition. 10 15. An epoxy resin-conposition for sem conductor
encapsul ation as clainmed in claim 12, wherein the conposition does not
contai n hal ogen conpound and/ or antinony conpound as a flane retardant
conmponent and HD cured product madggfrom the conpositiqp has flame

retardance that fiegts; V- 0 L- 94 ¥5. gtandar d. . A >onduct or devi ce
of which senicd%gyg%;ﬁ QW%%E?}%?H&i@igggggnf@ cly Hﬁ’ [ [
ar e 'encapsul at ed™w cured produél f “&n epoxy Tesin

sem conduct or encapsul ation as clainmed in any one of claims 12-15. -56

. A MO A@i. Aub. Aub. Ab. Al b. Al b. A;

| b. A@XPb. A@Xl | . AXPE. Au3b. AuP. A@. A) | . AXP. Au. A) Xb. AX. Au. AuE. Aub. A. Aul E. A#XDb.

AQgB. An| . Au3b. A. Aub. Al . AE. AX) . A#XE. A. A. A

S) . Au. A#u. A) X. AXb. A. Au) . AXE. AX. A) . AX. AXb. AFj . A). A Au. AX) . A#X. A, 13" 45 C

(]| xx™ xp<<x<8x<p<?<qp8pq a<p<p8p?0~8p<=pp0<8pal| 8pqOp8p0p?8p88p?x8pxp?px" 80p
=80x| 88<807?p " 8<xpns|p p<s xps <| x X | 8.8 38|,88|.8 | Xx8<| xp<
| 3<p| p | p| OSOSFB%%%“ gl%glﬁzi]‘%‘%d‘{%%%%&%%g%prggg geogg%g %p%%g‘ @é:lg Xp0™ p* <<
8" <ppp< @%%hinéﬁiéhB'ﬂ5§§éﬁﬁm§hsﬁxb8aﬁx§8§ Qg%hﬁﬁ8%& §38a83G8x =| 888<p@
8<88p 8>78ppx8_" " 8<?8pp<x0" ?8800p| x0O" ??80008x8?p?80000x08p" | 8pp8 x000p0" 800
8p8 pDB0x3EP8ppxQp8AESH8 8 {miOploaD Ot B8P &8 2m<000 R0prdl x@383808p0° "

0x8~8pp0" 0<8<p8” Opppp8  p80<" <<00x  8< 8x?0 qpg0?q80q<0" p80 " 8qOp " a8 pp| 8p<8
PP78pOpE IFT BBIRE@PABEH K000 FrG0EkPEt ¢ GETIe: waGH 00 [lEEuS L1 s,

<p0008<x8  08x<x0 888<<x0@O0<xpp<xx ? 8xpp> 88px pPX8pxX 2 | X8 ?xp00?° 0
>088" 0] <%&éﬁ®%§s$%gﬁgsgﬁo%ﬂ ‘Ogéﬁg%ﬂoappg“ﬁﬁgh 0shd mERRBER

X8x " p8x8 -QBgf Ap2<8a> 220> <8{.?80 28p2<p8nl 08p<<’p
p?8p<p8p§2< glp igf 6&@%2§§§§§g§§2§< (%%gigg%%kxiﬁgkggéégxh 5§§¥Dp xx?00x8
Xxp=88p8xpQx&he fdwmBla PPV Xt 88, 082%yBX8s  B8XR8ppeRSA@R o3 RR08QQE 300° 0p8@
0" Oppp OpOp 00" " 8p8@p8 p Op08p 000088  Opp™ "p @p8x880° Cxp pp8 0 pp 8 px<88
px" 80&?0 ixxpppid O|C830p80LO[LpR8 2" B8P (D880 I0E 8> B @81y S«?patgi * <p88p?
8p80<8p?p0?p<’ pp0<88pp>" >a<cg<x88p>8p8 g 08 gxp x 000<800p88000<8p 88 " 0>x"
*<<p’ <Op8BEE SERKPLSDY X BOPRpEBRBP>R pBipMy Rk p*aRpdRxP kEABEEBYY p00” p0o0

RPUSE. e % 0% .
X @ x8 ﬁﬂﬂ?ﬁk%ixfégi% chlude MEE7810 available from Meiwa Plastic

Industries, Ltd. [ corresponding to the formuia (X)].
The epoxy resin composition for semiconductor of the
25 present invention can alsc employ a curing agent other than
the phenolic curing agent to be mixed with the phenolic curing
agent. Examples of the curing agent to be mixed with the

phencolic curing agent include anhydrides such as
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25 tris(cyanoethyl)phosphine; phosphonium salts such as
tetraphenylphesphonium tetraphenylborate,
methyltributylphosphonium tetraphenylborate and

methyltricyanoethyl phosphonium tetraphenylborate;
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5 2,4-dicyano-6-[ 2-methylimidazolyl-(1l)] ~ethyl-S-triazine

and

2,4-dicyano-6-[ 2-undecylimidazolyl-(1)] —ethyl-S-triazine;

imidazolium salts such as 1-cyanoethyl-2-undecylimidazolium

trimellitate, 2-methylimidazolium iscocyanurate,

10 2-ethyl-4-methylimidazolium tetraphenylborate and
2-ethyl-1,4-dimethylimidazolium tetraphenylborate; amines
such as 2,4,6-tris{dimethylaminomethyl)phenocl, benzyl
dimethylamine, tetramethylbutyl guanidine,
N-methylpiperazine and 2-dimethylamino-l-pyrroline;

15 ammonium salts such as triethylammonium tetraphenylborate;
diazabicycio compounds such as
1,5-diazabicyeclol 5,5,0] -7-undecene,
1,5-diazabicyclol 4,3,0] -5-nonene and
1,4-diazabicyclol 2,2,2] —octane; and tetraphenylborates,

20 phenol salts, phenol novolak salts and 2-ethylhexanocates of
these diazabicyclc compounds.

Among these curing accelerators, tertiary amines,
phosphine compounds, imidazol compounds, diazabicycloe
compounds, and salts thereof are preferable.

25 These compounds as curing accelerators can be used alone
or in mixed state of two or more. The amount of the curing
accelerator to be used is 0.1-7% by mass, preferably 0.5-5%

by mass, more preferably 0.5-3% by mass relative to the whole
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composition for semiconductor encapsulation of the present
invention not to spoil characteristics of the composition of
the present invention. Though the amount can be changec
according to the kind of the semiconductor device to which
15 the resultant epoxy resin composition is. adopted and
generally is 0.01-3% by mass relative to the whole components.
Examples of the flame retardant include halogen type
flame retardants such as brominated epoxy resin and
brominated phenolic resin, antimony compounds such as
20 antimony trioxide, phosphorus type flame retardants such as
red phosphorus, surface-coated red phosphorus, phosphocric
esters and phosphines, nitrogen type flame retardants such
as melamine derivatives, inorganic flame retardants such as
aluminum hydroxide and magnesium hydroxide, phosphazene
25 flame retardants, and special silicone flame retardants.
Since the cured product of the epoxy resin composition
for semiconductor encapsulation of the present invention has

excellent flame retardance, the use of such flame retardant,
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10- u(#lO{an& (r)espectlve components are selected and the amounts

thereof must be adjusted in order to ensure flame retardance
10 according to V-0 of UL-94 standard or equivalent.

It is required to consider the combination of an epoxy
resin and a phenoclic curing agent to be used in the epoxy resin
composition for semiconductor encapsulation of the present
invention in such a manner that the melt viscosity at 150°C

15 of a mixture in which the epoxy resin and the phenolic curing
agent are mixed in equivalent amounts is 10-200m Pa-s,
preferably 20-120m Pa's in view of the fluidity of the epoxy

resin composition. Melt viscosity lower than 10m Pa's is not

suitable because defective products due to voids (phenomenon
20 that turbulent flow of composition occurs in a mold during
molding and makes a cured product in which air is trapped)
are easily produced. Melt viscesity higher than 200m Pa-s
is alsonot suitable because defective products such as shifts
of semiconductor chips and shifts of wires are easily produced.
25 The measurement of the melt viscosity was made with by using
a cone-plate rotating viscosimeter {(for example, CV-1D
manufactured by Misec Corporation) with conditions that the
plate temperature was 150°C, a cone had 5 poises, the rotation
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hygroscopic rate of a cured product after heated and cured
5 is from 0.1% to 0.5%. The hygroscopic rate in this application
is commonly recognized that the lower the better. However,
an extremely large amount of inorganic filler is required to
make the hygroscopic rate lower than 0.1%. The production of
a product having hygroscopic rate lower than 0.1% is
10 impossible in practice. In case of hygroscopic rate higher
than 0.3%, defective products due to solder cracks are
frequently produced so that it is ineligible for application
of semiconductor encapsulation.
Though the epoxy resin composition for semiconductor
15 encapsulation of the present invention has a characteristic
of moisture resistance, the characteristic depends on the
kinds and the amounts of the respective components of the
composition and additives other than essential compcnents.
Therefore, 1t is required to select the respective components
20 and adjust the amounts therecf not to make hygroscopic rate
exceeding 0;5%. The hygroscopic rate is obtained by the
following equation:
Hygroscopic rate =[ {(mass of sample piece after process
in a temperature- and moisture-controlled tank at 85°C and
25 85%RH for 72 hours - mass of the sample piece before the
process) / mass of the samnple piece before the process] x 100
The method of mixing the essential components and the

other components of the epoxy resin composition for
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then melting and mixing the mixture by using a mixing roll
or a kneader with being heated, if necessary, cooling the
melted mixture to sclidify it, and pulverizing the solid
mixture. The composition after pulverized can be formed to
10 have such size and weight as to satisfy molding conditions
and be in form of tablets by a tableting machine.

Since the epoxy resin composition for semiconductor
encapsulation of the present invention has excellent handling
property because it is solid at ordinary temperature and has

15 1low blocking property, the epoxy resin composition alsoc has
good pulverizing property and tabieting property.

The semiconductor device of which semiconductor
elements are encapsulated of the present invention can be
produced by encapsulating semiconductor chips with the

20 aforementioned composition. Semiconductor chips to be
encapsulated are not particularly limited and may be
integrated circuits, large-scale integrated circuits,
transistors, thyristors, and diodes. The configuration of
semiconductor package is alsoc not particularly limited. An

25 encapsulating method is generally low-pressure transfer
molding and may be injection molding, compressiocn molding,
cast molding, or potting. Semiconductor device encapsulated
by the transfer molding is installed to electronic equipments
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1) +#10%< €& 321 B¥2¥6E£or encapsulation of the present invention and
5 the semiconductor device encapsulated by using the epoxy
resin composition have supericr flame retardance without
adding halogen compound and/or antimony compound, which are
concerned about environmental safety, and have excellent
solder crack resistance.
10 : Hereinafter, examples of the epoxy resin composition
for semiconductor encapsulation of the present invention and
the semiconductor device will be described in detail with
experiment examples. However, the present invention is not
limited to these éxamples without departing from the scope

15 of the invention.

(Examples)
As shown in Table 3, each example was made by charging
an epoxy resin and a curing agent in equivalent amounts
20 wherein the epoxy resin was each of epoxy compounds prepared
in the aforementioned Examples I-1 and I-2, a commercially
available orthocrescl novolak type epoxy resin, a brominated
epoxy resin, and a biphenyl type epoxy resin and the curing
agent was one of phenol novolak resin, phenol aralkyl resin,
25 naphthol novolak resin, and naphtol aralkyl resin, and
heating to melt and mixing them. The melt viscosity at 150°C

of each example was measured. The results are shown in Table
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0 ! ! ' 4
:é Proportmn of Other EllEal B3l B3l 1l E1]| B4
2 | - Epoxy Compound
Proportion of Phenolic | p.y [ p2 [ p3 | P4 |P-5|P2|P-2|P-1|P-1|P2| P2
Curing Agent
Melt Viscosity (*) (mPa®) | 41 | 63 | 52 | 42| 69 | 65 | 112] 62 |262| 64 | 153
Remarks Examples C](E)‘,ifriitge

(III) Epoxy compound represented by the structural formula
(I1I) prepared in Example I-1

5 (V) Epoxy compound represented by the structural formula (V)
prepared in Example I-2
E-1 Biphenyl-type epoxy resin (Epikote YX4000, a brand name
of Japan Epoxy Resins Co., Ltd., Epoxy equivalent: 186 g/eq)
E-2 Triphenylmethane-type epoxy resin (Epikote 1032H60, a

10 brand name of Japan Epoxy Resins Co., Ltd., Epoxy equivalent:
170 g/eq)

E-3 Cresol novolak-type epoxy resin (Epikote 180862, a brand
name of Japan Epoxy Resins Co., Ltd., Epoxy eguivalent: 210
g/eq)

15 E-4 Brominated epoxy resin (BREN-S, a brand name of Nippon
Kayaku Co., Ltd., Epoxy eguivalent: 385 g/eq, bromine
content: 48%)

P-1 Phenol novolak resin (Resitop PSM4261, a brand name of

Gunei Chemical Industry Co., Ltd., Hydroxyl group equivalent:
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P-4 Naphtol novolak resin (NC-30, a brand name of Gunei
Chemical Inductry Co., Ltd., Hydroxyl group equivalent: 126
10 g/eq, Softening point 83°C)
P-5 Naphtol aralkyl resin (MEH-7810, a brand name of Meiwa
Plastic Industries, Ltd., Hydroxyl group equivalent: 210 g/eq,
Softening point: 86°C)
* Measurement Condition
15 Cone-plate type viscosimeter (CV-1D manufactured by
Misec Corporation)

Plate temperature: 150°C, rotation speed: 750 rpm,
cone: 5 poises

Measurement Procedures

20 1) 0.5g of a sample is left on a plate at rest for 1
minute and is completely melted.

2) A cone is brought in contact with the melted sample
and, as the plate temperature becomes stable at 150°C, is
rotated at a predetermined rotational speed. After a lapse

25 of 10 seconds, the viscosity is measured.
(Examples II-1 through ILI-8 and Comparative Examples II-1
through II-3)

Bach epoxy resin composition for semiconductor

—48-




1 i pc+$10%I$d& ()- b.c+$10%/$VE ()- YF3"#1098& ()- ) PHL0YBE () -

i ) P#1094 $] & ()- #1098& ()- @FGHovUA 1 pP#109%8& ()-F i P#10%SY& ()-F

L CH109B& ()- Oc#10% % & ()-10$10$10$ : 1096& ()-CH [:vW4 1 p < v7109%& () -

) *#1098& ()-z x)*#1098& ()-zO | #1098& ()- xx| #109& ()- 109B& ()-CvU4 1
1098& ()- H#109RE& ()- ##10%J & ()- h5%A0%E&b& () - 10$10$10$

FO1098& ()-KK/ 4-' 109&& ()--' 109&& ()--' 109&& ()--' 109&& ()--' 109&& ()--' 10%
&&' () |

81098 éplcapsnﬂmtlcnlmn(a)de n@%@(;amelm@@&e@) as mm&cp; ' 10988 () -
tX 47K - 10%& () -~ 109& () - %' 1098& ' 1098& Wg?) {qg& ' 109R& () -
2345t x<FAPRFLIGVREETFTPLe60kR () Fhr ey &N‘E) “9h CXGRE E)FI PEVRRITY- / K 567

STZ[ xX</ 4/ K-"' 10% 0% V1A
{|x{?@2/s< s (7L< (= Sl (1 (‘%%agl oo 115 RS
141 K 109880() ol o JOUE (K2 0 TLOREL b} 09BE0 b LOIEE G} sh! 4/ ' 10
%8 () -1 K" 10088 () -~ 100@& ()-- TOY&&E () -2 109R& ()-p@ 4/ KI K'* - " 10%&&' ()

' 1R&E (3):e1 e1R%RE ,( broml&%&&c( bhean%&&v@)LahtLéﬁbK&l@éﬂlﬁ)ma( Jiam&0%R&' () -
10%&& ()-&"10%&& ()--"10%&R& ()--'109&& () -!"xX</ 4/ K-' 109&& é)--' 109&& ()
10(3/&&r@yar'd§®1%&a@tmqr@%gjgg%cyxiqie zs(a flame retardant ai

’?CGSS3/ 4/ -' 109%&&' () --' 109&& ' 109&& g 10%&% QD " 109%&& ()d- GKOP] M _
carnauba wax as a mo d release gent, an oxy s:s_lane as

L O A RIS o S

1@%&%0%1’1‘1:&%%&)11’1 BOYRE () -- ' 109&& () - _/14/K'" -" 109&& ()--" 109&&
' 109&&" ( T09RE () - - 1008& () -dDl 4/ K" - 100&& () --' 10%&& () - -' 10%&
()- 1{10%&& () ThéO&/&&p@lent%OW&&e(rﬁe&feﬁ&ﬂd/rﬂxéd&ﬁ’@&s(i)ng 21 QUBING) - - ' 10%&
& ()--' 10%&& ()--' 10%&& ()-/ K" 6
af kpsS3/ A‘Plllcﬁ)ﬁ/&&t(ﬂmperli@w& o¥ 70'11)3/&823@)01 5I@0MG€§ [Mus DQG%&&G@) puz{sS

3/:1/ 10%4, gm}%ggﬁagl%%m%ol%%fgow ories Soves % Q8 () %/4/ 10%.
3109 & (FoOIONE (3 HTEORRER (1 UsFonsha 1) T s %@i%égé?%-

| #109%8&" (5)y1 il fALO%RS rnfi)ct u AD URes @ulﬂé\ﬂllﬁ/&?s&)aé) HELRYRSE A ) 2 il U4/
109&& () - 10&10&10& FOL0UEE ()- X) 3+#109&& ()-C ) 3+#109%&& ()-C

P' #1098 a0l bU4/ V¥ 109R& ()- 109%R& ()- 109%&&' ()- ! 109&& () -
@O0%&& ()- s]10%&& ()-Pc|[:bus/ 109R& (Clﬂgho' 109&& ()- 9 109&& () -

xf #1098&" () - #IO%@p@lngm@w iwa@ qidadby FF2BE1D0ER pPressure

21| L0vin s o it S SISO Ui 1% s (-
o1 100’0~ R a g AT 2 PBIASTa R ) S s

cf 2i 1 109 & dnp1 SHid 0@ & (X UGEf-b'llp%Q;(B‘gP (Dyp&" M A0HOE&CEpsuated
#10%)( & ()- 1110%I (& ()- M bghij | obUA/ A#109685& () - 10q( 10q(10q(" 910%( & ()-
7| 10%:1(&s(e)zmcfijlr()ﬂmﬁﬂbf)deﬁdNblO%p(e&o(b)t-aS{r{edblﬂa{miAlée#@@@’&& Gnd ) #10%68s& () -
#1088 () - #1098& () - #1098 ()- #10%& ()-' | [NA4 108108108 ) 10%& () -
qu+V$10%wn(9eredu Y/$dOVEES( )ar@ p)qstﬂmm %1) 1Yp"g169&8 ()hoql{s NA4/ 10 °
100&& ()- ##109%&z& () - M ##1008& &g () IOl 109agag’ ()M

LO! 109&&' () - M [-ENRA c@io%%‘ P Toé}&él(“) 2”3%0%‘5)&&5‘?5 D

svioeg | mﬁ%ﬁ%%&%ls&/%@é@% ﬁ,»ff[ RO AR (1) 10050 moi\éthl/%& 0-)

#1098 (o N ADYERE €dch MBOUERSE o hra tOM0VBSE 4 S - T8 E ey XTok kﬁ%dﬂé)é’&& () -
) 2#109&&' ()- 0109%&R& () - /&10%&& ()-1 9-0!10%&R& ()- | +M 109R& ()-ZsfY8/1
3" 10%8& (JustlB&LE&10880YOURRE ¢ -t ey HOUAR (Y S LALOVELO().- 16 addltlon,
109&& ()-|[:fys/1 I #10%&& #109% & #109%8&' () - #109&&' (
#109D%& (9ACIBTIRLRENY )17 BHEAF #@@&@W@]P&Séﬁ)‘:uf@&(ﬁféfO@%‘5’“1‘%)0/@?( laSS

0, 0, 0, 0,
) P10 (120 18 PLELOVEL O 0 |00 ML DYy e O

retardance. Moreover, each resin encapsulated semiconductor

-49-




0! 10%(& ()-1 \'10%(& ()- !'10%(& ()->||[:bUs/ "ClO%g(& ()- ) #10%(& ()-
M 10%( & ()-M"10%(& ()-1 &10%(& ()- @ 10%(& ()-1|[:bus/ F2 10%(& ()-
P+L! 10%( & ()-L ))#10%(& ()- ' LI 10%(& ()-1 &0! 10%(& ()- 9$10%(& ()-
PA| obU4/ " 109%&&' ()-10q(10q(10q( c):10%g(& ()- 710%(& ()-1 610%(& ()-
PA10%)( & ()-A{ %) g| [: bU4/  F"#10%e& ()- )#109%&& ()- )#10% k&l & () -
Y#10% & () -1 ) #10%k&e& ()- "10%%&' ()-d| obU4/ x#10% & & () - 10k&10k&10k&
C): 109K&& () - XF9- #10%sk&s& ()-1 <F9- #10%e$e& ()- xF'#10%k&e& ()-9|[: bU4/
x J) V$#191W&C(e)wws>®eh51to@/&ﬁ&r( ;olylﬁxow/s%g&r(e)&lsilmﬁe &f(C)e—rlabﬁ%%& ()-
#10%8&' (éf .F389: : | [ NA4/ 10&10&#)& 9100/&%&%) 09%8& ()- Fl +#10%&' ()-1
FI +#10% 82&5(%9 w%%—“o/%‘g??? BCREF[ SRREPLE D)% &28 () - #109% & () -
#109&& ()-L )1 10%8& ()-1 "109%94& ()- "1000%& ()-f|[:-410& c910%&& () -
FP+: $10%&& ()- FP+: $109%&& ()- )" #10%&& ()-1 )"#109%R& () -

) #1098 (Dapie $A410& 6#10%&& ()- F o 100/&& ()- |y0' 100/&& ()- 710%&& ()

1098& () 8 . R
#109%&& () - 0! 10%8& () - 0=y .A410& /1@9{&&166) 8 (:),mpaiaﬁvm%&&te()-
)) #1098&] () - " VEARBHESR' () - M—H#1098& (YO [+410& 9100488 ()} 710
610%&&' ()- PAL! 10%&&' () - >n#10m&u¢)ﬂ-4ou.l-1 W&&'H(—?)-n@bAzt—lo& I-K) 10% gk & ()-
X#109&&' ()~ /&%ﬁ&)—# 2 9 O8] ros7~ - 410&
0100k (] A ERTBUD eLs (pot AT ﬁs@iaﬁ’%‘%,&- () 1M
<) s$#10%E () 108 o FOR 180! 100 et 30 1) 01 09@&k) -\
10%&& ()1 2 1PRRioh rOtkORES| () -|10&L0& 1" Ll | [| EAATRR) &310%&&  ( F=! VEd] () -
) ' 109%&&] (§-{ M 1@%&1@) 0 #109&& ()- 0! 10%R&'s6)|- K [ 28410& GMid0%Y@R! (9
4i 1 109%&&| (3 - - | BAL LDV (ol Lo X BEURE] )| pROYREL( - Wa 1D&

" ~ Wp gnb c_ -1" -~ =3 4_ PI / : ’ P 2
o oy ) FRIEERTY (RO i odiondd | s |
A" 10%K & -i) s Sﬂ@a/mgpr()- $1074]0948 kigsq|y Ls3 eonoa Rl 4360] 1033~ 10004 812 )|- 1496 1 hos &&:
()-c?W; 10% | Triphenyl Phosphine | 1.5 | 151 15|15 1515|115} 15| L5 1.5 1.5
+N" 109K & § ) [ FRT ITITRERC 0] - 1770 LORK&EE () o F [ oLP7KER (]~ g7 LVKEEq ()|- +{2 IPYK&&
() - dD$?2wWH g 1 OO TR FOOKR&RL O ZgSBTX] | +17;
200" 104K ES! (- 4% 1odacpel () Tanvlygogedet N LA 1hogdesl (VoA 1 hog g
() - +"" 109KB& () -CosbenBlaghow | 0Ac|SRS | 0.5 (0.5 10505105705 05 0.5 0.5
X" 0N 109 SYane Gouplb@oER! () -[" 10PA&E [ ) +A'1'10%§L&1 ()-@\JKLM\ICpT8+_H\" 10%
K&&' () - +100 ote A" 1004 &R ()~ k" U004kE () - HA"1Q) Ak_gl&'()_w\ U EEY ) - +1"
109K &E' () - [PAORSHIMEKer-emp~ " JOBKISES ()89 47 811D 74 4885()) 704 70 ohg: () 204" 1 Bk §&' ()-
+A" 109K &&' { ) | +Hatiedde&eate) - +°" 109k && () - VIKhI[pd Ot X34 109 & () - H*" 1094 && ()
-+ 109K &&.- -ﬂeﬁféxﬂg@%@&bl@)-_SSzc&B 75 18 1 74| 71 ] 8 | 83 87 65 70
X' pt x| _?12[ A0k &&M2] 00K &&' () F +7'| 109K &&Y () +1" O%F&&' O -+ 10%&&' ()4 +7" 10
& () - 18 '300}3"&"@“@“1@&4%) 2698 021 0.18|0.21]0.19] 025 0.28] 027| 041 | 030 | 035
x"tyow\"locrgg@‘ \ N @eote PO 88! L) - A" LQUKLE [V 4" " TN0K &L (1) - oS7H 2011 Q0KEE' () - +
A" 109K && | B)E I+ @Ww@ +A1OPA08L 160 | 154 1 1780 Asig 76 ) 1457 "13O UK &S (] - (187'] 100K &
&'()-tx<+-_+‘7" smpestrg NoRA) 4goqeee AN Y 100448 (B +A" 1004c88 (VA 1O%KES () -
+A" 109K & () i H 006 porrs+0/14 (00t 81 | P 6oy 0 OA@I& 1  )6- [+ o118 OPREES () - +1
109K &8 () - SB .
X't s abanistmdnee oo A o 50 [3alags V0L v Ll el Y8l ()

RS

AT 1QOKER! () -+ 10%K&E' () - LOt X<++A" 109K&&’ () - zcSB
X' 41" 10UK&& () - +M" 109K&& () - +A" 109K&&E' () - gK/ +A " 109K && () - +M" 109K&&' () - +A" 10
V&S () - Y1 (AR L)+ @0 10VKER (pbike m%&&d@):a#edm%&&r@s PPORa3 9 00K&E ()

S LOUKER ()7 +0" 10UKRE! () -+ 10UKER: () +0" 109RE! () 40" Aﬁ%%‘g +A" 109K &&,
"()-1 Lo+~ 11 &&éqqxn@%@@&w(seme%%%? -2 FYRRRF(y e RER () - +7"
109K && () 09k && ( )f cC| 10 1;6(@8%_ () - +A" 109K &&’ () - +A" 109%K&&’ ()-  2CSB
X" +n" 100KEE 1) - DXERR 6‘0/«8& DK 10UK&E () - &+A" 10UK&E' () - +7" 10%K
&&' () - +M" %(%cﬂ n%%@?@r@%ar'ése%%@&g@y@he QXY ur ZCBBrmula (V)

X 1" 109Kak: () 4R 5 S 100K && && () -

"KOBHN" preAavkEssin) ﬂk’émﬁb(l%(&&z() FAn 100/«&& ()-+"" 109K&& () - +7" 100K&& () - +
AT 1OUKERT () - +7" 109K&E' () - " 94 +/ 37_23+A" _+A" 10+A" 100K&&’ () - +A" 109K&E' () - +7" 10
Uk&& () - mﬂlomeel)y%tyg%@gpz@y ne\sm@%m}(c)ta ¥X4000, a brand name
<=>CGH?3+7" 109K&E () - +A" 109K&& () - +7" 109 && () - _ zcSB
X" +A" 100K &8 () - >? @GANBCDEL X<+1" 109K &+ " 1T &L’ () - &+"" 10U &S () - &+M" 109K&E' () -
A" 109K&E& () -+ 10UK&E' () - +M" 109K&& () - +M" 109 && () - EFGH JOt X<_ zcSB
X' +7" 100KEE () - +7" 100K&&! () - +1" 109KE& () - +" 10Y%K&& () - JLMNCPQROST_+1" 109 &&
Y() -+ 100KES () -+ 10UK&E () - +M" 109K&& () - (+1" 109K&&E () - (+"" 10YK&E () - (+7"
109K &&' () - RSTUMKYt X<_+7" 100K&&' () - +1" 109K&&’ () - +/" 109K &S’ () - +7" 109K&&E' () - +
AT T0UKEE () - +M" 109K&&T () -+ 10%K&E () - YZ[ qst dD( t X<+"" 109K&&' () - +A" 109K &&' ()
- +" 109K&&' () - +/" 100k8&& () -_ 2CSB
X"t Xy} ~gK++A" 109K&& () - +A" 109K&& () - +A" 10%<&& ()-+" 10%K&& () - +M" 109K () -

rS A NAA S A1 rS A NAA A1 1 A - Al A PASNAA O NO1 Al APANAA OO Al A PANAA OO Al A PNAA




zC+A" 10%<&&' ()-+7" 109K&&' () - +7" 10UK&&' () - +M" 10YK&&' () - +" 109K && () - +"" 109K &
& ()-

AT 1o%<&& ()-+7" 109K&& () - +"" 109K&& () - +"" 109K&& () - +"" 109K&& () - +"" 109K &S
()-cC 2<+A" 109K&& () -+ " 109%K&& ()-_ zCSB X" +7" 109K&& () - +"" 109K&E () -

#&), _?<+"N"109K&R' (+M" 10K&&' () - +M" 10K &' () - +M" 10K &&' () - +M" 109K &&' () - +7" 10
OKE&' () -+""109%K&&' () -, 037:>?_C<+"" 109K&& (+"" 109K&&' () - +M" 109K&&' () - +M" 109
&8 () - +7" 109K&E' () - +A" 109K&&E () - +A" 109K &&' () - ?@ABCDhLOC<+A" +A" 109K &&! () - " +7
"109K&&' Of- Fap20okBAx[)Re5110%4E& (Otd. zEBRxY equivalent: 186 g/eq)

X"DEFGHIJVtX8 AN AT ] A"lO%k&& A" 1009 At -+7M"10%
k&&' () - +F R0 +£&5§fn¥%mﬁgf§%@%{ﬁyww %émlék/&za&g%);lo%'gé%%& K-

T R PN BRI s e

pT8++""1 ADqF" " 10UK&E: () - +M" 109K&& () - +1" 10%<&& () +A" 109K &&' () - +2" 10%
k&&' ()-+7" 109 &8 ()-5f EST ) #10%| $y& () -
) ! 10% $&EQ)3 +CTEQUMERH T D1 4k 1OUCEH ¢ Xy & e ZOBBEX 1 Gthrd [805520% b®and

L10% $& ()-$ ), L1 10% $& ()- )*L!10% $& ()- )f)10% $& ()- ))#10% $& () -
)#10% $&TERE of J apan| ERAKYH REE0IN$160$10E$S -y FEPOWYS&ICY vl EintE0BlSe, ()
)41 10% $&'/(e) ), 210% $& ()- )F 0#10% $& ()- i|[: NA4)#1010 ) 109%8& () -
) 110988 (SN #1096& ()- 6\#1096$*& ()- )!1096& ()- )!10% ()- 7 n

5100k () ) Carov (1 00T ) PRRD ) A OREE P 1) 165 ) -1
C)) #1098 &) JIFTONMBE( ) - Egbx}o &&1&)511@1&&10_’?@& §)elyySZLHIAL ) #1096& () -
#1098& () - ) #109%B& () #10% % & ()-10M 10M 10M

10 content: 48%)

P-1 Phenol novolak resin {(Resitop PS8M426, a brand name of
Gunel Chemical Industry Co., Ltd., Hydroxyl group equivalent:
103 g/eq, Softening point: 85°C)

P-2 Phenol aralkyl resin (MEH-7800S, a brand name of Meiwa

15 Plastic Industries, Ltd., Hydroxyl group equivalent: 175 g/eq,
Softening point: 75°C)

P-3 Phenol aralkyl resin (MEH-7851, a brand name of Meiwa
Plastic Industries, Ltd., Hydroxyl group equivalent: 198 g/eq,
Softening point: 73°C)

20 P-4 WNaphtol novolak resin (NC-3C, a brand name of Gunei
Chemical Inductry Co., Ltd., Hydroxyl group equivalent: 126
g/eq, Softening point 83°C)

P-5 Naphtecl aralkyl resin (MEH-7810, a brand name of Meiwa
Plastic Industries, Ltd., Hydroxyl group equivalent: 210 g/eq,

25 Softening point: 86°C)

Note 1: Epoxy silane (KBM-403, a brand name of Shin-Etsu
Chemical Co., Ltd.)

Note 2: Value of ASTM Shore D
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)) #109M & ()-1|[:-710$ )910%B& ()- )9-$10%B& ()-z Y)9-$10%& ()-z )" #10%
& ()- <)"#109$& ()- )#109$& ()- 1" gK/ ni 10%06& () - nt 10%06&" () - 9t 10%06& () -
)F &10%08&' ()- ) 10%08& () -

)1 10%08&' () - 10$10$" +, - . / 010S7/ nmi 10%08&' () - i 10%08&' () - i 10%08&' () - i 10%O8&
() - m 109%0B& () - - ni' 10%06& () - ni' 10%06& () - 12CHI JpoS7/ mi 10%06&’ () - ni' L0%BE’ (
) - 109088 () - it L0%0B&: () - i L0YOBE’ () - i L0YDBE: () - 1ocym& () - JIKPSTUzZ>" 0Sm

" 10%08&' () - i 10%08&' () - ni 10%08&' () - ni' 10%08& () - e
T UVWKYZ[ Ve RentBE0 Ve (IR 10 % Re (3 FL AT 1090bgu@p- & 1@/&%@@(@ FPABTB& () -m

" 10%058 0%B& 0% at t X<nt 10%06& () - i 10%06& () - - ni 10%
BE () - ﬁPE&ozﬁs ﬁ%ﬁﬁ/&ﬁﬁ%%g@& () - ' 10%6&’ (§) m' 10905 & (§)abdef 92
~B&t X< ﬂ%@ Y ) s

"ghi j ki nﬁg{@nﬁlo%&é%{%@%}ﬂ f&d%)g ?E%Q %‘V&%&c %Aém%?’lo%{ﬁg ()-n10%0

$& () - M’ 30%EB&'(s) -98 LOM4H& Q- nOPHESEbXse b A dicisture. After that,
"t 10%CB& () - i LOY%B& () - m 10%0B&' () - mt 10%06& () - st uv{ L, ent 10%06&' ()Nt 10%
BE& (3§ - ntheMeB el sHAUIBE( b- Fb1OUEBRACH- At 10608& Eprnil00sEB&nAF-~ 2, ent 10
ot 10%OB& () - nt LOYCB&’ () - Nt LOUOB&' () -t LOYOB&’ () - nt L0%B& () - nt 10UOB& () -] A
%nt 109088 )ermom‘bomk&) -@2K ggpnted.

" 10%08& () - 1 1% () - 2 10%33& () - i 10%3B& () - i 10%3B& () - i L0%BE () -
m' 109%CB&" O)~m°T0o () - n 10%08& () - gK/ i 1nt 10%08& () - ni' 10%08& () - ni' 10%06&’
() - nt 10%8& () Y& ( z 109CB&
1 Lovose ()Ag‘ %ggﬁg 8@ %KQ%@% @)~ 'L QYRS £dazE et LRMERE T G hnal
2 10%08& ChmpakQih& Exdn ptg/ﬁﬁi-(i - AOYEBET € ) 30 20D &1 ()i ozl @ROB&' () - m
T10%06&' () - " #$%&0?2n 10%08&' () - i 10%06&" () - nf 10nt 10%406& () - ' 10%06&' () - nt 10%
OB& 1] - NEXGIENS S T Ir110MEBRIN) I &8, £tk e A UOUDEE! E)Lame] 090B&oencs 109068

ont' 10%8& ()-e K 43
()GHI JK@M&M&O%@%@M@@W%%%&O{HP%ﬂm o D AT §D0RBRIPYL- N 10%06& (

i 10%088 '10%B&' () - WA bf pPOnt O%m 1ocy BE () 1 109 ' 1t 109088

) i 100688 = iSRS % I 16b6nE" ot %&% m 10968 ()

- m" 10%0% i/o 0 m ant c

"t Uy Wi ~ %&)%%ﬁe}oom& e fos %’%3 o r11:1 163?“ Oél?)t’m 19088’ (5ot L0vosa ()-m

" 10%TB8! ()i kOUTBA & coPOEH EMELOYEBR'Y,) -l 0GB A ¢y r 0% oD 1OUEHE’ (- N’ 10%0H
& ()-m 10%8& () -m 10%08&' () - ~bF* pPOM' 10%08&' () - ' 10%06&' () - n' 10%06&' () - 1nd'
100/@& ()pcelik 48} . the semiconductor devices encapsulated using these
t X<m' 10906’ 10%06&' () - m' 10%6086&' () - m' 10%06& () - ni' 10%08& (c) m 10‘%@5& ()-nm10

%'E& ()- rﬁW%?ﬂstb@EeK‘eﬁﬁj@l ent solder ¢rack resis

"M 10%08& () - m' 10%06& () - n' 10%086&' () - M 10%606& () - gK+ent 10%06&' () - ' 10%606&" (
) -m' 10%06&' () - m' 10%08&' () - m' 10%08&' () - m' L0%086&' () - n' 10%06&' () - | LOent' 10%086&
() - 10%B& () - M 10%06&' () - ni' L0%608&' () - m' 10%06&' () - ni' 10%08&' () - m' 10%06& () -
gK+em' 10%86&" () - ' 10%06&' () - M 10%606&" () - ' 10%06& () - M 10%606&" () - ' 10%06& ()
- 10%08&' () -1 LOem' 10%08&' () - m' 10%08&' () - m' 10%06&' () - n' 10%06&' () - ' 10%606&" (
) - mi 10%08& () - ni' 10%06&' () - ~bB" I Lm' 10%06&' () - mf' 10%08&' () - m' 10%08& () - ni' 10%06
& ()-e K 43j:
2 109%6086& () nt 109%6086& () - M 10%6086& () - ' 10%0B& () - mi' 10%608&' () - m' 10%606&' () - m
"10%08& () -1 S+ 109%CB& () ni' 10%06& () - ni' 10%606& () - ' 10%606& () - m' LOYEOB& (
) - m' 10%06&' () - m' 10%08&' () - +, - . <A~bB" ?m' 10%6&' () - m' 10%08&' () - m' 10%08& () - ni
10‘%@5&' ()-e K 49j:

"AFKPUZ__ 7t 10%15& () M 10%06& () - M 10%686&' () - m' 10%06& () - ' L0%086&' () - m' 1090
$& () -t 1 10%06 & () - _dinstc?m 10%086&' () m' 10%08&' () - m' 10%08&' () - m' 10%08&' () - ni'

10%06& () - M 10%606& () - m' 10%06&' () -t uw~z2Z>" ?2m' 10%086&' () - m' 10%08&' () - m' 10%08&
() -m10%86& ()-e K 49 :
"gK+m' M 10%606&" () - M 10%06& () - ni L10%08&' () - m' 10%06&' () - ni L0%08&' () - m' 10%606&
()-m 10%8& () -1 LOmM m' 10%08&' () - n' 10%06&' () - ' 10%06&' () - M 10%606& () - m' 10%06
& ()-m 10%8& ()-m 10%08& () - gK+ni' ni' 10%06&' () - ' 10%606& () - m' 10%66&' () - m' 10%
GB&' () - 10%08&' () - m' 10%6&' () - M 10%06&' () - B" gKni' 10%608&' () -e K
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43%j :

"m 10%08& () - i 10%CB& () - m' 10%06& () - | PO 1t 10%06&' () - m' 10%06& () - ' L0%B&

" () - nf 109%06& () - m 10%6& () - M 10%06& () - ' 10%6&' () - | LOnt' 1nt 109%06& () - nt 10%

OB& () - m' 10%08&' () - mi' L0%0B&' () - mi' L0%0B&' () - mi' L0%OB&' () - mi' LO%OB&' () - gK+ni' 10%

o$&' ()-m 10%08& () - m' L0%06&' () - m' L0%08&' () - mi' L0%OB&' () - mi' L0%O8&' () - mi' L0%O$&
“() - | gK+m 10%06& () - i 10%06&' () - m' 10%06& () - i 10%B&' () - m' 10%06& () - ni' 10%06

& ()i 10%38& () - 2*>nt 109%08& () - mf 10%08& () -t 1090B& () - nf 10%08& () - K
4$ _ WHAT IS CLAIMED IS:

"1# 2 10%06& () - i 10%0% YB&: () - M.10%0B& () - nt 10YEB& () - mi 10%06&’ (
) - i 109088 () - B 68’9@165/%%&“? -%&b&éﬁ&feﬁiﬁwmwﬁﬁ%%@%()-m' 10%
o6& () Ag%cﬁ& () - 109%6& () -, -./ 01~bF* 2mi 10%06& () - m' 109%6&' () - i 10%6&

T0) - 10988& () - K 48 :

" 123456786 Xsmal 1GUBMILOY%BR () - i L0%06&" () - i L0%O6& () - i L0%O6& () - i’ L0%0%
& () - 10%06& () - nt 10%06& () - 89: ; <=*t X<me K 4$j :

" 1E08& () - i 10%08& () - mi' 10%06&' () - ni' 10%0B& () - =@BCDQRVgK+ment 10%06&' () - m
"10%08& () - nf 10%06& () - nt LOYOBE& () - i LOUOB&! () - nf 10%06& () - nt LOYDBE () - VW \
*aef | LOment 10%06& () - 1Q9/@$&R() i 109%06& () - i 109606& () - i L0%0B& () - i 10%0

$& () -t 10%06& () -] kopt UygKyrrent 10%0B& () - nt L0%SB& (- nt L0%UB& () - nt 10%BE

"() - n 10%06& () - m' LOYER& A LYOB& () - yz~ Leaent-T0%06& () - ' 10%06&' () - ni'1

() M L0%OB& () - m LOYOB &) ) ~bF* | LOnm' 10%08& (

%& ()-e K 4%j R

OB& ()- m' 10%06& () -

0%0B& () - m' 10%06&' () - i 2
) - i LOY%OB& () - nf 1096 & ()

"t X< 10(me 1owm& ) -1y $&' () - m' 10%08&' () - ni' 1

ocym& O)- m — 50— CHyCH—CH,—0 O—CHy—CH—CH,

" IOVCB & () owm& () - W20UOB&! () - nbRO%UBE () -y o 10988 A - nt L0908&;
() - nt 10%8& () - 100/ () - PLOYBE () - nt 10%{@& @ 10%08& () ©t xgment 1090
$& () - m 10%08& () - oo&' m' 10%08& () - UOB& ATt 10908B& () - ' 10%0%

& () - B&t X8ni' 10%XB& ()-e K-

" 10%08& () - m' 10%08&' () R 10%3& () - hH8NY 10%0B&RY ) - et 10%06& ()(Hlo%ﬁ&' (
) - i 10%08& () - m' 10UOB&' () - ' 10%088& () - nt' 10%OB&' () - _C8ni' 10%08& () - end' 10%068&,
() - 10%08& () - M 10%0B&' () - m' 10%408& () - ' 10%0B&' () - m' 10%408&' () - bF* C8ni' 10%08
& ()-n 10%08& ()-e K 4%j:

"t 10%UTBE () -t 10%0B& () - 0S7nt 10% 10%408& () - ni L0%UB& () - 4 10%B& () - i 10%
Ob& 13 - nivbey @Bl (B'R" 100088 ErpEristdNOBg AD)od XY r 10%d £ 0e@b &L ( Tror0 %068 ()
- 10%088& ()- nt 10%)35& ) - 10%08& () - m' 109%086&' () - m' 10%0B& () - ~bB X 10%06&'
()-n 10%%&2 2 Mo alﬂﬁowm&d( y_gekrggjants an integer of 0
"ot 10%(?& () m' 10%3& () ' 109088 () - mt 10%08&' () - ' 10%06& () - nt 10%OB&' () - m

10%6&
#& cont 10%BE: @) i 1Q9 &&g}éﬂé@&c@am@w@&a@m 7 ARG § Jrenb10UBE ()
- 10%68& () - () *>?~bB&Znt 10906&" () - m' 10%6& () - M 109%6& () - i 10%8& ()-e
4$j are hydrogen atoms or R®, R* are methyl groups while R}, R?,

" 2 @G\BCDEFt_X<n{ 100/©$& ' L0%CB& () - i L0%CB& () - m 10%06&' () - nt L0%UB&! () m' 10%0
$& (30m FOYRBE {)e nil 1090s&n( pth@EE-JK*t X<e K 4$j : '

" 109088 () - i 10%0B& m' 109%08& ().- M 10%0B& () KLM beh H<e

" 10%06& () maloé}m&tgpdm@fo%ﬁga(r)l% POVERLXY) LAY ﬁ%@ﬁ%& () - hk
nq twz ?<e
48] 10%%‘&9%5“1%“1 ﬁBﬁﬁ&W@errﬁ%M‘iSr?ﬁ‘%%ﬁ&lan ‘:’L%%ﬁ&n?)}?arﬁ"ﬁrb%/m&' ()-
z} =! 7t 10ARG (JunK dheral formul (I_ d with :

"m 10%06& () - 10%3$& () - m' T0%$& () pT8" 1096088 (m' 10%3&' ()-m 10%%& () - nt

10%8&' ( )eptHLOLEHEAE ) ned 10%08&' () - m' 10%0B&' () - ' L0%OB&' () - t X<" 10%06& (' 10%
CB&' () - m' 10%0B& () - ' 10%06&" () - mi' L0%OB& () - i L0%OB&' () - nt' L0%B& () - ni' L0UOB&
' () - 2bF* tO&tqi A DoBBRNE ) e IGYOB& () - nt' L0UOB&' () - mt 10%B& () -e K
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4%j : ' '

"t X<" i 1090601 10%06& () - m' L0%OB& () - nt' 10%06&' () - i 10%C6& () - m' LO%OB& () - i’ 1
0UB&' () -t L0UBE () -*t X<"e K 4%j:

" 10%0B& () - ' 10%06& () - m' 10%08&' () - i 10%06& () - hH<"e K 4$j :

" 10%08& () - i 10%06& () - m' 10%06&' () - nf L0%B& () - nt 10%06& () - m' L0%B&' () - _?
<"e K

4§j n' 10%06& () - m' L0%B&' () - i 10%06& () - m' 10%36&' () - i L0%BE& () - ni' 10%06& () -
- ?<"e K

4%j nt 10%06& () - m' 10%06&' (),- i L0%B& () - ' 10%06& () - m' L0%CB&' () - i LO%BE () -
~bB&?<nt 10%08&' () - ' 1098 () - R*LO%UOB& () - i 1096088 ()- (e K 4% :

"t X<t 10%08& ' 1004068 () - DEIOYUCBE () - nt 10%0B& () - i 10%408& () - nt' 10U () - nt
10%06& () - nf 10%06& () RNt A%%>

" 10%06& () - i 10%CBE&._¢
& () -t 10%3B& () -nt 10
LOentSL0%BE: () - n LOUOB&! ()

QB8 () - M 10%06& () - #$( hL, ent 10%36& () - nt 10%06
gt OUOB& () - nt' 109%08& () - nt' 10%B& () - () - . 2378l
NOUOBE () - m LOUDB&' () - i 10%06& () - nt LOUBE () -
OBE. QAP L0%TB8 () - ni 10%3B& () - n 10%06& () - ni' 1
0%B& () - m' 10%0B& () - nt' 1006068 A ) - KLPQUVZ[ | LOent' 10%06& () - i 10%06&' () - i 10%0
$& () -t 10%06&' () - ni 10%058 m' 10%06& () - m' 10%06& ()-[\]_st~*>"1 Lni 10%06&'
() - 10%06& () - i 10%3B& QUBR' () -e K 4% :
"t uvwxyz{ t X<nf 10%06& () - n{, 10%6& ‘() - nt 109%%& () - nt 10%3B& () - nt L0%BE () -
10%08&' () - ' 10%0B&’ () - n 10%48&' () - { |} ~*t X<(f R 43j :
"t 10%06&' () - i 10%06&' () gPt 109B& () - i 10%06&" () - hH<ne K 4$j :
" 1]%/&3&' () - nt 10%08& () - nt 10%08&' () - m' 10%06& () - m' 10%06&' () - i 109%36& () - _?
<nme

im10%08& () -m 10%8& () -m 10%8&" () - 10%88&" () -m 109%8&' () - m' 10%8&' () -
D Toreberair mo a2 adh "tepresent) AThrOgER  Ehil o104 TRELY HlR]EE O

" 10%08&', () - i 10%EBE () -t 10%B&' ().-pT8-10%40%& (M 10%B&: () - mi10%B& () - ni
| 10v0e (Y OBGEY (2R FORBE LI I ROVEEE 170 L0TORR (1= {0 LS e (it 10%
OB&' () - M 1QYRB& Y I M AOYEBE () - ' 10%06& () - i 10%36&' () - nt' L0%UBE& () - ' LOUOB&
"()-~"B"t Xt T0%08&' () - i 10%0B& () - mt 10%0B&' () - mi' 10%0B& () -e K 4% :
" Iggp&gy«(c?&' () 1 10%D8 &N 6)- 0 1 PYEB& i hamb h04EH&y( LonbtRHH&'s( - LaitGHOs&' () - m
(04520t 109@8& i i 1 0vEses i 1- Rt 18Y08& (HDhanaovesal (FormedecddT() AReL0%08& (
) -t 10%%%( -5679; x"? F. 0! 10%& ()-) F, s10%& ()-m 10%86& ()-m 10%3B& ()-e
K 4%j: " gen HrAABS( F| 91098& ()-( FY7M 10%& ()-) FF51098& ()- F3

1096& () - F210%5&,(hor ROW LO%BELLHINTG 21PBpRAL OBbnfo I MPLUE (ikidg F) VB10%
in claim 3, wherein R}, R? are methyl groups and R*, R?, R’>-R'’
are hydrogen atoms in the general formula (II).

20 6. A method of preparing an epoxy compound as claimed
in claim 3, wherein, reaction between the anthrahydroguinone
compound in which A®, A® are alkali metals in the general
formula (iI) and the epihalohydrin for preparing an epoxy
compound is conducted by supplying an agqueous soluticn of

25 anthrahydreoquinone alkali metal salt into a reaction system.,

7. A method of preparing an epoxy compound as claimed
in claim 6, wherein concentration of anthrahydrogquinone

alkali metal salt in the aqueous solution of
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& ()-1 YVB10%Ht&' () -/ )Ws10%+& ()-/ )WB10%#& ()-/10$10$_ !"f""|[: A 0! 110%(
F71098& ()- )Wb10%t&' ()-/ F)WS1098& ()-/ x)Ws1098&' ()-/ )WB1098& ()-/
F)W109$&' ()-/""""""####vU410 F10% $: & ()- F) "10% $: & ()- F\110% $: & () -
Fi110% $: & ()-10$10$10$ Fc): 109%&' () - ##6$$U00806] </ 410: $: F&I10% $: & () -
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an epoxy resin containing 5-100% by mass of an epoxy
compounc as claimed in claim 1;
a phenolic curing agent having two or more phenolic
25 hydroxyl groups per mclecule;
an inorganic filler; and
a curing accelerator.

13. An epoxy resin composition for semiconductor
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encapsulation as claimed in claim 12, wherein the phenolic
curing agent is at least one phenol resin selected froma group
consisting of phenol novolak resin, phenol aralkyl resin,
naphthol novolak resin, and naphthol aralkyl resin.

14, An epoxy resin composition for semiconductor
encapsulation as claimed in claim 12, wherein fused and/or
crystalline silica powder filler having pulverized form
and/or spherical form is contained as the inorganic filler
in an amount of 60-95% by mass of the whole composition.

15. An epoxy resin composition for semiconductor
encapsulation as claimed in claim 12, wherein the composition
deoes not contain halogen compound and/or antimony compound
as a flame retardant component and a cured product made from
the composition has flame retardance that meets V-0 of UL-94
standard.

16. A semiconductor device df which semiconductor
elements and/or semiconducteor integrated circuits are
encapsulated with cured product of an epoxy resin compositicn
for semlconductor encapsulation as claimed in any one of

claims 12-15.
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