EPOXY COMPOUND, PREPARATI ON METHOD THEREOF, AND USE THEREOF FIELD OF THE

| NVENTI ON The present invention relates to a novel epoxy conpound 5 which
is solid at ordinary tenperature so as to exhibit excellent handi ng
property and, in its nelted state, has extrenely low nelt viscosity and
has excellent curing property and which can provide a cured product which
i's excellent in nechanical strength, heat resistance, and 10 noi sture
resistance_and to a preparation nethod of the novel epoxy conpound.  The
present | hventi'ona By erBradhag o Eirdbi e TEFRE i edith’ ﬁjoqr?p SHFRISH
contai ning a novel epoxy conpound of the present invention which is useful
for applications such as encapsul ation material for 15 electric/electronic

parts, nofding gut emmalnyveastromterial, lamnation material, conposite
mat eri al , adhesive, and powdered paint, and to a cured product. The

present i nventThenprelsatas ihereat iepoXxe rsass 9 t € enpesidll endhor ceemoaontiuct or
encapsul ati on which can 20 provide a cured product having superior flane
r et ar danceh Wi hbat saddichg thal wgeme Epnpoune rand/a shtddohy eshpbiid as a
flanme retardaf; conmponent and whi ch has excel l.ent fl iditg beca¥$e it has
| ow vi sco$Ft§* aRB has " IRPTT B8k esitét drice HetatSeF “Ras How

ygroscorieliune 30140 825 sen condugt ondeuloe ol whigh semggnduct or

el enent s and/ or em conductor in circuits are encapsul ated by

using therepexyyr esidn wtaMPStd i 0fr o BAGKCRONR L ik h MVENREON ERoxy
conpounds are cured with various curing agents to provide cured products
whi ch ar ezexeeltent innmedhanical strength, heat resistance, and
10 moisture resistance and to a preparation method of the novel
epoxy compound. The present invention also relates to a
curable epoxy resin composition containing a novel epoxry
compound of the present invention which is useful for
applications such as encapsulation material for
15 electric/electronic parts, molding material, cast material,
lamination material, composite material, adhesive, and
powdered paint, and to & cured product.
The present inventicn relates to an epoxy resin
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 1t has low hygroscopicity, and to a
25 semiconductor device of which semiconductor elements and/or

semiconductor integrated circuits are encapsulated by using

the epoxy resin ccemposition.
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property, noisture resistance, and electrical properties and 5 are thus
used in a wide range of fields such as encapsul ation material for

el ectric/electronic parts, nolding material, cast material, |am nation
material, conposite material, adhesive, and powdered paint. However, as

t echnol ogy advances, the desire for the high performance of epoxy conpound
grows. 10 Gradually, the desire can not be satisfied by conventional epoxy
conpounds. For exanple, with the devel opnment of technol ogy of reducing

si ze and ghieknessnobreleet ricatnpantis in field of electric/electronic
applications, epoxy conmpound is required to have |lower viscosity. This is

because the resj suf ficient L. . . a

m niaturized §§$%Q?A§H§%8§§8§B%%§h#’é"%3?%%H|%ﬁ?gﬁéggngiﬁggggﬁyégﬁy

| et her oftbisphenet A.and dighyetdywhetherref chisphenel inFrbawenikesn

wi dely used. However, since these epoxy conpounds are |liquid or viscous at
ordi nary penperaturesitheraordabst&hye?20a st @il «kthel pobo hacauses ¢ ard
difficult handing according to the application. Mreover, cured products
from Pheserepgdys uwoithéindsy afe Totdsuff ifdiedmts isnGfeélafin€ar sstlfdridth, heat

resi stance,.  and isture resistance. | n order to sol t hese pr.ohl ens,

t ochnol 0giA5EhsA g £O55 oty CoMpOtREE CHRCC R e o Yt A T PnB2&E Tafdi mar y
t t h ! - : . d eri

enper at ug s%?%gtg\f%l,aw%nﬁmysﬁpﬁqa@gg%gﬁ%@f%%g budBaceriay

t et ramet hyl . enyl type epoxy conpoun B) -2 and 'stil bene
type epoxycicespoundsnd $oide3-ck2644nA).. HERWeKeRr , a5 these epaxy seanpaiikls have

high nmelt viscosity and insufficient curing property because it has bul ky
subst i t uerts dwatrrepoxy tgrobpsih Peodghrcured gf eguctys clomgmund grows.,

10 Gradually, the desire can not be satisfied by conventional

epoxy compounds. For example, with the development of
technology of reducing size and thickness of electrical parts
in field of electric/electronic applications, epoxy compound
is required to have lower viscosity. This is because the resin
15 must flow to sufficiently reach small spaces inaminiaturized
part. As epoxy compounds having low viscosity, diglycidy
lether of bisphenol A and diglycidy lether of bisphencl ¥ have
been widely used. However, since these epoxy compounds are
liguid or viscous at ordinary temperature, the workabillity
20 should be poor because the difficult handing according to the
application. Moreover, cured products from these epoxy
compounds are not sufficient in mechanical strength, heat
resistance, and moisture resistance.
In order to solve these problems, technologies using
25 epoxry compounds which are crystalline at crdinary temperature
and over have been proposed. Examples include

tetramethylbiphenyl type epoxy compounds (JP-HO7-53791-8)



5 these epoxy conpounds have heat resistance and noisture resistance
sonewhat better than those of a cured product from the aforenentioned

bi . sphenol A-type epoxy conpound, these are still insufficient according to
specific applications. The present invention is intended to provide a novel
10 epoxy conpound which is solid at ordinary tenperature so as to exhibit
excel l ent handing property and, inits nelted state, has extrenely |ow

melt vi scosi and has, excellent curin property and which can provide a
cur ed proﬁﬁ%%gﬁﬁ#gﬁfﬁéty@?d%??%ﬁﬂcqu%g%ﬂan?ﬁ%THé??%%@Fﬁfkﬁea¥oV@§?§tance,
and 15 moiglie &5k 5t apes ANl 2 PLEPALAL O T hod of. Lihe noyel  epoxy.

conpound and further” prov de a clrabl e e OXy Frésin~ conp sition cont ai ni ng

a novel epexy: conposid efirthe presantey inveatken:whingh isuseful for
applications such as encapsulation material for electric/electronic parts,

20 nol di ng wipettarti et sastamatépokal grbamisnatiitarugraterted ,preQnposi feom
materi al, adhesive, and powdered paint, and a cured product thereof. To
encapsul at&esEnmicsdunaduct oFPerafents,v e @t r eeb hstaorposing arsl slrerei del y

used fromthe viewoints of 25 reliabilit productivity, and cost. These
conposi ti 8h% “&ré T T guyb%ﬁﬁJﬁ”?FéﬁélﬁgPSFd%ﬁébchﬁﬁl8F0§BC§eEEP§I

plastic pRLeLalSneheh ot 'cﬁbngﬁie%%ﬁ_ ﬂﬁkg %%gg’@&‘f%t %Tpo%r?&,"gih%astei op,, of
brom nat ed epoxy resin such as tetrabrono Psp enol A ype -3 epoxy resin
or brom natedlphenols ADyokak epexydies) ntang,ani rant LFRNY QX dend s added as

a flame retardant conponent. From environnental standpoint, novenent toward
restriction in dse pkesempounds:ciontdai hsngnhahadgen thavimgride a novel

10 epoxy compound which is solid at ordinary temperature so as
to exhibit excellent handing property and, in itsmelted state,
has extremely low melt viscosity and has excellent curing
property and which can provide a cured product which is
excellent in mechanical strength, heat resistance, and

15 moisture resistance and a preparation method of the novel
epoxy compound and further provide a curable epoxy resin
composition containing a novel epoxy compound of the present
invention which is useful for applications such as
encapsulation material for electric/electronic parts,

20 molding material, cast material, lamination material,
composite material, adhesive, and powdered paint, and a cured
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 general plastic
materials. For this, besides main components, a combination

of brominated epoxy resin such as tetrabromobisphenol A type
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5 possibilities of creating dioxin equivalents and use of toxic antinony
conpound has been increased. Therefore, as for conposition for

sem conduct or encapsul ati on, technol ogy for achieving flane retardance

wi t hout using hal ogen conpound such as a brom nated epoxy resin and an
anti nony oxide 10 nenti oned above has been gradually studi ed. For exanpl e,
as a nethod of adding a flanme retardant alternative to hal ogen conpound

d anti i de, t hod . of addi d h h JP- H09-227765- A),
2 ot hot BF V480 G 8 BRoSpAYR P&t SBEFUE EEmpOURE {PH0b, 295040 A)° A ot nbd

of addi ng osphazene, ¢ ngd .( 4P-HB- 4- - a t.hod of
adding a %ggéﬁoﬁ?drOXI enfﬁﬁ$€@§?2§f4é3-A) E%é%;%%gﬁg%%ogggggg%and a net hod
of increasing thecaddhng roate fa fidt hdpbd RtHOfB23d3rA) t hasrbeen al so
proposed. However, the nethod of adding a red phosphorus to 20 prepare an

epoxy resrasconpdasioti dm fiore sefri conductars cencapsulag i balhgsna hproblem of
deterioration in noisture resistance reliabijitﬁ%gnd a safety prob| em due
to i mpactPOPghPEaBitiasycsfCr PRt g Phosphersl varken ket Uef alldity @
phosphoric_gester conmpound d_the nethod of addi a 2 hosphazene
Ponpound TaGTER T CRTGI O1S bt &r PORE dd 11 Sabi 1752 BBESt o) 4t ci zat i on
and a prop}, ¢ 1 det epi.of at i [ ' I ISt e dabi Lt ys he

Tt hod oF SRAT Ry & nr bl Pyar o S Brd i R TetRed oF I Hereasl ng' TRE 4
addi ng rasenotviinkl en dhave o probhem ofi cdetiar oraiedhil ggdint yompAyndret hod

hasn't been reached to obtain noldability and reliability equivalent to

those of thehepoxy kesim reonpbdsépooy frers isemrcbnduct ot ivnoapsuliatd on usi ng

bronagat%gentioned 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-H09~227765~A), amethod of adding a phosphoric
ester compound (JP-H(C9-235449-2), a methcd of adding a

15 phosphazene compound (JP-H08-~225714-A), 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~HOT7~82343~A) has been also proposed.

However, the method of adding a red phosphorus to

20 prepare an epoxy resin 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
phesphoric ester compound and the method of adding a

25 phosphazene compound have a problem of deteriorated
noldability due to plasticization and a prcblem of

deteriocoration in moisture resistance reliability. The method

of adding a metal hydroxide and the method of increasing the

wd)



5 epoxy resin with antinony oxide. On the other hand, in order to cope with
conpl ex nounting configuration, the epoxy resin conposition is required to
have further inproved solder crack resistance. To achieve this, it is
necessary to sufficiently take care of fluidity 10 of a conposition

achi eving the increased percentage of filler and |ow hygroscopicity after
cured. To satisfy these requirenents, a technology of satisfying both of

fluidity and.l ow hygroscopicity by usin ac gsitjon co sed of a
tetramet h?ggﬁi“@hjéﬁgg %igégéﬁ’&x’ga‘ié G Qgp%lﬁgwﬁ%%w et Et‘t%‘Fr‘rp i1y-and a
phenol resi npl | kyl ' I.ng. no - ityents
(3P S61- 47735 A SE R0l 030 0t ST LSt e Aa By e e e Oy

di cycl opeqtadiaenc iphenslu wh & fehbe bl suibst | {ent Sox okokhe, pur pose of

i mprovi ng hygroscopicity 20 (JP-S61-123618-A) have been proposed. However,
none of proposadltitechinel ogiesonduenvicranmepsul biendlys 1 Thésencar thod
achieve sufficient flanme retardance w thout using hal ogen conpound and
anti nony EBRPYUAESAS &' Ftanentérandamiidrhe present invention is intended

to provide an epo ZE resin conposition for semc nductﬁr encapsul ati on
whi o exhi bi t OB PERE ARG et aF ER0E WO - O<i HEP har Ggen - cihpound
and ant| sy reoupAUNd,AS @nd! 8Bl eladant. o {dL Nelo, exhi b E%i%%e!é&nt
fluidity because of its low viscosity, and -5 1s capable of roviding a

cured proddot Havitm@ SURESEOF80kderne Clatk: |k esd $1angechbecause ofidts | ow
hygroscopicity and to provide a sem conductor device of which

sem conduthos, &tehentscareaencapsaldifed iley wisi rig: e e safeo reefmeiitu iohiedy epoxy
10 of a composition achieving the increased percentage of filler
and low hygroscopicity after cured.
To satisfy these requirements, a technology 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 phenol resin such as
phenol aralkyl resin having nonpolar substituents
(JP-S61-47725-A), a technology of mainly using an epoxy resin
made of dicyclopentadiene phencl with the bulky substituents
for the purpose of improving hygroscopicity
24 (JP-561-123€18-A) have bheen proposed. However, none of
proposal technologies 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
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5 resin conposition. SUMVARY OF THE | NVENTI ON I nventors of the present

i nvention have been dedicated to studying in order to solve the

af orenenti oned problens. 10 As a result, the inventors found that a
certain epoxy conpound having specific chem cal structure is crystal at
ordinary tenperature so as to maintain its solid state at ordinary
tenperature, has extrenely |low viscosity at its nelting tenperature and
over, has_excellent curing property, and can 15 provide a cured product

whi ch is &xé&Sdante Ph eehadiedle csresngt aduRedta ¥ B3Y Stuiftel Caf@ Lisist ur e
resistanccef tPereb% havi ng._ cone up fﬁt? a;hiegfnent of thetgrgggn%O

i nventi onSTACFi FEPELFEEE ot° THE® Br 88ent Si mP&ht 1S Piovk Hes " dn "Epoxy
conmpound i,ng.a.fallow a L) R2 RS R2
R RL R6 %@%Q%%%Gm&v&éﬁz% %’ep%\aci{’g:%%u&%%h- St gB@th TP

Rila R7T Ro1&ERA:+R8aR8 Hecapbunherei ByRlsRLG enehafepersenti diwdl egernkiat om or
al kyl group having 1-6 carbon atons, and n represents an integer of 0 or

nore. 5l n theigenergbsfiorimil.a (1) , R -RLO nay be hydrogen atons 5 or R3,
R4 may be nmethyl groups while Rl, R2, R5-R10 are hydrogen atons.
SUMMARY OF THE INVENTION
Inventors of the present invention have been dedicated
to studying in order to solve 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, and can
15 provide a cured product which i1s excellent in mechanical
strength, heat resistance, and moisture resistance, thereby
having come up with achievement of the present invention.
A first aspect of the present invention prevides an

epoxy compound having a following general formula {(I):

20
R R*
R R2 RS
RP R! R°
~CH-CHy—0- —~O—CHy—CH—CH,—0 4-0~CH,~GH-CH,
- CH,—~CH—~CH,—0 {o 2~ ) % "
OH
0 o




A second aspect provides a nethod of preparing an epoxy conpound of the
first aspect, wherein an anthrahydroqui none conpound having a follow ng
general formula (I1) is reacted R3 R4 10 with epihal ohydrin: RR RS R R6
A'OOA2 RIO R7 15 RO RS wherein A, A2 each represent hydrogen atom or

al kali metal atom R1-R10 each represent hydrogen atom or al kyl group
having 1-6 carbon atons. 20 In the nethod of preparing an epoxy conpound,
an ant hrahydroqui pong conmpound in which RlI-R Oare hydrogen atoms in the
general fdrsim & (R1IR or e&f Nanteitahyeh bqliy AERE o RFSThd L i A Wi cHI RSP R4 are

met hyl gr.oups and R2, R5-R10 are,hydrogen tons, i, eneral. _fornul a
(11)" may %‘P%%%g}té(gl%ﬁkhd%?%%?%alaorh@ﬁ irﬁ.pgrlsesaeca%%narbe]tqué%ﬁe?hég Fox

ant hr ahydroqui none conpound in which A, A2 are alkali netals in the
general formula (11) and the epihal ohydrin for preparing an epoxy conpound
may be -7 conducted Hynsuppl ybpguan agueaus-rS8lndy ere afydrogen atoms

ant hr ahydr oqui none al kali netal salt into a rleac2ti on system The

conceht r atd &1, ok’ anyhiahyelr ogliones alwel e ket ak”, aFR | A rehbydgae6is

sol ution of anthrahydroquinone alkali 5 netal salt to be reacted with

epi hal ohydr%#° may be 5-50% by

A second aspect provides a method of preparing an epoxy
compound of the first aspect, wherein an anthrahydroguinone

compound having a following genéral formula (II) is reacted

3
10 with epihalohydrin: R R*
RA R®
R’ R®
()
10 " )
R® R®

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
anthrahydroguinone compound in which R'-R*® are hydrogen atoms
in the general formula (II) or an anthrahydroguinone compound
in which R}, R® are methyl groups and R*, R?, R°-R' are hydrogen
atoms in the general formula (II} may be reacted with

25 epihalohydrin.
Reaction between the anthrahydroguinone compound in
which Al, A% are alkali metals in the general formula (IT)

and the epihalohydrin for preparing an epoxy compound may be

—7-



weight. In the nethod of preparing an epoxy conpound, 4-40 noles of

epi hal ohydrin is used per one nole of the anthrahydroqui none conpound so
as to obtain uniformaqueous 10 solution. Into this aqueous solution, 1.8-5
nol es of alkali metal hydroxide is added and reacted per one nole of the
ant hr ahydr oqui none conpound. A curable epoxy resin conposition of a third
aspect is a curable epoxy resin conposition conprising: an epoxy resin 15
havi ng two or nore epoxy groups per nolecule; a curing agent; and a curing
accel er at 6PNAWRELE] Pt HEIBPORINY e8NN2ETRCAI S CBIUDOY BY mass of an epoxy

conmpound of . the first aspect. . A._cured product.of a fourth aspect,. is a
cured proﬁﬁEbrﬁ§§QQ%ﬂ ?%@aﬁﬁ%}%iwgﬁﬁe58§§x§“£8§?E%ﬁﬁﬁﬁ%ﬁmﬁ%ﬁ%égo The
epoxy conpound f.the, ELEgt .aspect, d %hnccr%]]ssﬁjvgawguiaeqesglllmait Ry« pary
tenperature so as to have “excel I ent andl1ng property and, inits nmelted
state, hasagxtranehy: |Qmei$CcOHSLLYiokhe fCurall e lepoxyquesbrecapasiii on of
the third aspect prepared by using the epoxy conpound has excellent 25
curing properiysahd tanbprovadeed wutédepridducthwiioh nay lexcetdhtbyn
mechani cal . strength, heat resistance, and noisture resistance. Therefore,
the epoxy"®&8Pfh-conposition is useful for applications such as

Cact matori al, Ot SHTAEF OROGE GCHA " Lomoer FEer BT AR Hahes e g

cast materi al, <] esrve, and

powder ed pai Bl AR BRAXY: I €81 N, £OAPRSKt LoR Y Sem copductor 5
encapsul ation of a fifth aspect Is an epoxy resin conposition
anthrahydrogquinone compound so as to obtain uniform agueous

10 solution. Into this agueous solution, 1.8~5 moles of alkalil
metal hydroxide is added and reacted per one mole of the
anthrahydroguinone 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 of an epoxy compound of the first aspect.

A cured product of a fourth aspect i1s 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 to have excellent
handling property and, in its melted 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 1s
excellent in mechanical strength, heat resistance, and
moisture resistance. Therefore, the epoxy resin composition

is useful for applications such as encapsulationmaterial for

-



conprising: an epoxy resin containing 5-100% by mass of an epoxy conpound
of the first aspect represented by the general fornmula (1); 10 a phenolic
curing agent having two or nore phenolic hydroxyl groups per nol ecule; an
inorganic filler; and a curing accelerator. The phenolic curing agent in
t he epoxy resin conposition 15 for sem conductor encapsul ati on nmay be at
| east one phenol resin selected froma group consisting of phenol novol ak

resin, phﬁnol ar%JK¥I resin, naphthol novol ak resin, and naphthol _aralkyl
resin. ThEEFOY T/ %CEB%G)%i&’?BthdPO%‘éh?adﬁ%Ih@Féﬁ120%?\1:6[%%%?5%?& may

contain, ﬁﬁmﬁm%-nggﬁgégrgghleEtg%%%P. %ﬂgég%i%ﬁysgﬁﬂé§¥%§ilé§§ powder

filler having pulverized orm an Jspeherlca ormin an anount of 60-95%

by nmass obowliRe ashalei conposition. The epoxy resin conposition for
sem conduct or 25 encapsul ati on does not contain hal ogen conpound and/ or

anti nony conpouRd agox\f |lranei it et@ngdant tcompdrents@andcanduredr product made
fromthe conposition may have flame retardance that neets V-0 of UL-94
st andar d. engapgellipdl towyioscast  tata SIBOC: dfs amerpller ¢ Al W TR ¢ het iepoxy
resin in the epoxy resin conposition for sem conductor encapsul ation and
t he phenoffPEPeurinty ‘agent are mixed in equival ent amounts may be 10-200m

Pas as a val ue grasired 2y, 3. GoNer Bl gLesr bRl Ng, U SE0SI L8l epoxy
compound of the first aspect represented by the general
formula (I);

10 a phenolic curing agent having two or more phenolic
hydroxyl groups per molecule;
an inorganic filler; and
a curing accelerator.
The phenolic curing agent in the epoxy resin compositicn
15 for semiconductor encapsulation may be at least one phenol
resin selected from a group consisting of phenol novolak resin,
phencl aralkyl resin, naphthol novolak resin, and naphthol
aralkyl resin.
The epoxy resin composgition for semiconductor
20 encapsulation may contain, as the inorganic filler, fused
and/or crystalline silica powder filler having pulverized
form and/or spherical form in an amount of 60-%5% by mass of
the whole composition.
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-9%94 standard.

-9



The epoxy resin conposition for sem conductor encapsul ation after heated
and cured nmay have a hygroscopic rate which is fromO0.1%to 0.5%
Hygroscopic rate = ( (nass of sanple piece after process 2.0 in a
tenperature- and noi sture-controll ed chanber at 85C and 85%H for 72 hours
- mass of the sanple piece before the process) / mass of the sanple piece
before the process] x 1.00 A sem conductor device of a sixth aspect is a
sem conduct or devi ce of which sem conductor elenents and/or 15 )

sem conduct or i MP@gFatkdVEFFRATLY Afe lefcipSdl &t BdXWYH Curdd Bt ddifet of
an epoxy resly compesition Lor. seicondustor, . ancapsulatign of, hhe difth
aspect. epoxy resin conp SIti On for “sem conduct or encasz\atlon of the

fifth aspegta bsuexeeldrentnd nefd agrend ietardance; y t hout-addi-rg hal ogen
conmpound and/or antinony conpound as a flanme retardant conponent, is

excel | enteghl ukdiehy bBeeausss ifaPase! OW-yD8gOPEL ¥, aand has Jeoweasured

hygroscopi city. Since the conposition can therefore provide a cured

produét whych renexedldtentrdesbhdel iccask rdsist ance, 25 the conposition

is useful as an_ e oggoresin conposi tion for seniconductir encapsul ati on.
e

In addition, the" EPndactdr CURT et 6PNt A8 sIBAH AEPELT TG whi ch
el ement s §£8a§Q8§B§%E%F%% eHﬁh%%ééﬁ?é%ﬁ“%&%ﬁd?ﬂgﬁ%&ﬁmik@ I%yﬁé%ékﬁ@e
-1.n Co or n

wi t hout nt'ai ni ng hal ogen ‘conpound an tinmony c ound ‘and can
be useful ;88 apiepviirornent ah | ysf eihendlsy, sem conductor. BRI EF DESCRI PTI ON
OF THE DRAWNGS 5 Fig. 1 is a chart showi ng H NVR spectrum of an epoxy
conpound obt ai negytoasExpnpl eatels [amthss of sample piece after process

10 ineatemperature~andnmﬂsture—controlledChamberaﬂ:85°Cand
85%RH for 72 hours - mass of the sample piece before the
process) / mass of the sample piece before the process] x 100

A semiconductor device of a sixth aspect is 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, 1is excellent
fluidity because it has low viscosity, and has low
hygroscopicity. Since the compesition can therefore provide
a cured product which is excellent in solder crack resistance,

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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Fig. 2 is a chart show ng IR spectrum of the epoxy conmpound obtained in
Exanple 1-1. 10 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Expl anati on of
epoxy conpound and its preparation nmethod, curable epoxy resin conposition
and cured product] The epoxy conmpound of the present invention represented
by the aforenentioned general formula (1) is obtained by 15 reacting an
ant hr ahydr oqui none conpound represented by the aforementioned general

formula (11) wherein A, A2 are hydrog ens with ep |halohﬁdri§ in.the
presence %@“5?RQPPgnB?éPg@WyBPGQP&gd-?89 E¥afpF &7 O8Nt AP ARG HPGqui Adie

conpound g 5oLyed L 20 Shihal ohytin, ofe WiLh Aot oL di4g ol es per

one nole © thré% roqur hone conp om/o inert gas to
have uni f orm sol uti on. Then W th agltatlng the solution, alkali netal
hydroxide in the formof a solid or an aqueous solution is added into the

solutiond$§a€P §E§%§gﬁ¥I3N @F L@ﬁn%%dgg one nole of the

ant hr ahy npound So cause " reaction. This reaction can be
conducted at normal pressures or under reduced pressures. The reaction
tenpefature is E%ﬂ 30-1p0€ Fﬁaéésé*}"@fw#fe%c*ﬂlI&%RaFPﬁSFﬁ&Im Ar S35 i o
30-80C in_case %%ecthn undg QUC%d pressures. During reaction, the
reaction ??ﬁ%?&“ 5ﬁdﬁ? to' b F?n¥hth K epfhg a predeterm ned

tenperature as pecessaly. acen%%ag@omﬂgl dri § %&Qt@t ned byecepbkig vapor
rel eased fromthe boiling liquid. The condensate liquid is separated into

oil. and ®®ksbURE. obheimid iﬁtgkameaeyung”the nmoi sture is returned to the
reaction system Dehydration may be conducted in the aforenentioned
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
[ Explanation of epoxy compound and its preparation method,
curable epoxy resin composition and cured product]
The epoxy compound of the present invention represented
by the aforementioned general formula (I) is obtained by
i5 reacting an anthrahydroquinone compound represented by the
aforementioned general formula (II) wherein al, a? are
hydrogens with epihalohydrin in the presence of alkali metal
hydroxide.
For example, anthrahydroquinone compound is solved in
20 epihalohydrin, of which amount is 4-40 moles per one mole of
the anthrahydroquinone 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 agueous
solution is added into the solution in an amount of 1.8-5moles
25 per one mole of the anthrahydroguinone compound so as to cause
reaction. This reaction can be conducted at nermal pressures

or under reduced pressures. The reaction temperature 1is

-11-



manner. The al kali metal hydroxide is added intermttently 1.0 or
continuously in small anpbunt 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 atnobsphere 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 propert% S .

char act er3&t128°6f inheapresént- saifdmt o caribiel BbEhSHERI eved 530 C
controlling the le ratio of i hal phydrin relative ta the L

ant hr ahy dt'0§éiSfoRé %%%bhﬁa.uﬁ‘grrﬁﬁcgu s 4 ) 'e&u.rhléf%ﬁ)?grc.i‘ilr?nr'eI ative
to one nmole. o ant Rr.ahy.dr ogui und -ivs pref egablynfram4 to 40
nol es, ﬁ%&% %?% g%§@|gjf d%#BB%oﬂggsﬁgﬁggg ?g”fhgﬂﬁgFe&§§%¥05is | ess than
4, the nmebicyise08EhYOf chipe rapey: compoungds aust dendwghateBvequid itshe nole
ratio is higher than 40, the viscosity of 25 the epoxy conpound is no nore
reducéd. ¢imtaddétilon, coheimgl eappat irelhiagler frrbanthe peiilnefS iléientd because
it is troublesonme to renove unreacted epi. hal ohydrin. After the reaction,

i nsol ubl el -Gt sal ki 481 911D searcidd hy A P& A I° wat @TC washi ng.
After that,, unreacted epihalphydrin.is renoved under .re e r es,
thereby 3bt & nihg %F%%E?PgdL§609$lé&#ﬁéﬁﬁ&_r?%gréﬁ¥£éfb%§%?%ﬁ%ﬁ§§§H¥or
this reactjon.is |1y [ i D401, epi,br Wit i obes al kal i
nmet al _hy%¥%§?%é ?gﬂgéﬁéféf?grﬁ%%?ﬂ%?%@%%%ﬁ?ﬁ% %? gggagg?gn1 hydr oxi de

whi ch maybenspl i dnéi pikhake rfcaram ary poywede f 05 Mdded agueaus tafer8-160% by

mass. The al kali netal hydroxi de nmay

10 or continuously in small amount for 1 to 8 hours in order te
prevent sudden reaction. The total reaction time is generally
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 example, nitrogen or argon.

15 In the preparatiocn of the novel epoxy compound of the
presentinvention,thecrystallinepropertyandlowxﬁﬁcosity
property as characteristics of the present invention can be
both achieved by controlling the mole ratio of epihalohydrin
relative to the anthrahydroguinone compound. The mole ratio

20 of epihalonhydrin relative to one mole of the
anthrahydroguinone compound is preferably fromd 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 1t is troublesome
to remove unreacted epihalohydrin.

Aftrer the reaction, insoluble by-product salt is

-12-



be used as a solution for an organic solvent of polar or 10 nonpolar. This
reaction nmay use catal ysts, for exanple, quaternary anmmonium salts such as
tetramet hyl amoni um chloride or tetraethyl amoni um brom de; tertiary

am ne conpounds such as benzyl di met hyl am ne or 15
2,4,6-tris(di methyl am nomet hyl) phenol; im dazol es such as
2-ethyl -4-nmet hyl i m dazol e or 2-phenyli m dazole; phosphoniumsalts such as

et hyl tri phenyl phosphaoni umi odi de; = and phasphi su s triph I
phosphi net TR 8 ruadti idf ey s § A FAEN "Grgani cerng‘\?%rit gne 8r%@é§10

XA B S RIPLRBNSD 33, HAANALa Ol de B 90RO KELONGS: SUO N nBSBGET 0N

or met hyl one; "eéthers such as di oxane or ene gl ycol dinethyl

ether; and, gl ygohgekheks isuch @gsoxﬂrs&la@w%@panol; aprotic polar solvents
such as di net hyl sul foxi de or dinmethylformam de. These inert organic 25

sol vents may bertused idlonehpdrin cenli fiati onisl nekhéicase st hanegally
saponi fi abl e hal ogen content in an epoxy conpound obtained in the

af or efentéohedl prAhEA LIS oo B e genohHaTrépox yf oottt ia§tBeé re-treat ed,
thereby -13 obtaining a purified epoxy c ound having sufficiently

decr eased ¥$4&poht £Fab egﬁa%ﬁﬁ%#%o%$§h¥@ %g§&%%%§%|%€g?% *58rude epoxy
conpound i 5, f e di;ss l0,api Dkt (01 gani 5, 30lkvent sueh.a% 2-Rhapanol ,
nmet hyl et $£§% g%e€5%§?h§?y58?s§§3tsl(getong, tolueng, %ylene, di oxane,
net hoxypropangleo @8 & net byk sl faxide, Tan al kahii fetall hydirexd ide irszyadded

to the solution in the formof a solid or an aqueous solution, and
re-cycli zsd i omedeact komdls: wciomduts edaat cagkenpersstvenof of polar or
10 nonpolar.

This reaction may use catalysts, for example,
gquaternary ammonium salts such as tetramethyl ammonium
chloride or tetraethyl ammonium bromide; tertiary amine
compounds such as benzyldimethylamine or

15 2,4,6-tris(dimethylamincmethyl) phenol; imidazolés such as
2~ethyl-4-methylinidazole or Z-phenylimidazole;
phosphonium salts such as ethyltriphenyl phosphonium iodide;
and phosphines such as triphenyl phosphine.

This reaction may also use inert organic solvents, for

20 example, alcohois such as ethanol or 2-propanol; ketones such
as acetone or methyl ethyl ketone; ethers such as dioxane or
ethylene glycol dimethyl ether; and glycol ethers such as
methoxypropanol; aprotic polar solvents such as
dimethylsulfoxide or dimethylformamide. 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 is too

large, the epoxy compound may be re-treated, thereby

~13-



about 30-120C for 0.5-8 hours. Thereafter, excess 10 al kalinetal hydroxide
or by-product salts are renoved by, for exanple, water washing, and the
organi c solvent is further renoved under reduced pressure, thereby
obtaining a purified epoxy conpound. In the aforenentioned general fornula
(I), nis an 15 integer of O or nore, for exanple, between O and 20. This
val ue can be obtained by controlling the nole ratio of epihal ohydrin

relative to the. anthrahydrogui none conpound during,the reparat.i.on of the
epoxy conBBEAAMPE i M et ot BBl EPHAL SR HCHHHOIEATL I GHICH TS0 1's' 50% by

mol e or ”@%grehﬁe%?%%ﬁéﬁﬁf§9b£86h89§%%%¢@bﬂﬁ%ﬂ@iCB @ngﬁ%éﬁ¥§itﬂﬂ9 50%

by nol e, obt’ai ned epoxy conpound “has not Tow neft viscosity, not

exhi bi ti ngrthe eharacteristhes of theprsesented nvenkhonnethe oraperiage of n
obtai ned by GPC neasurenent is preferably 0-10, nore preferably 0-5,

especi al | yopreher abloh 0:2. 2 Thecpueragen2iofl retlsyad vakveccalwultatled by the
foll ow ng equation: n [Average value of n] Y(n+l)an/A-1 n=o In the above
fornulPa, a=ckuiiyda ke -COREC méiﬂﬁﬁﬁmnﬁ$l%@er- Joragfectievd PedkL AN n=n]
and Ais obtained from.the follown vuation: 4 a, ."=o0. _ To,obtain such
epoxy ConBBUREr RELADIE ety GF BIdA FaSHyAI i 5 B ai et f o dietnbre. o

E?ngm hr agydrgqui-ngne ; CorROwndf o Br 8RaniNg .t e eRLXL EOMROUNY: O, t he
and re-cyclization reaction is conducted at a temperature of
about 30-120°C for 0.5-8 hours. Thereafter, excess

i0 alkalimetal hydroxide or by-product salts are renoved by, for
example, water washing, and the corganic solvent is further
removed under reduced pressure, thereby obtaining a purified
epoxy compound.

In the aforementioned general formula (I), n is an

15 integer of 0 or more, for example, between 0 and 20. This value
can be obtained by controlling themole ratio of epihalohydrin
relative to the anthrahydroguinone compound during the
preparation of the epoxy compound. It is preferable that a
component in which n=0 is 50% by mole or more. In case that

20 the component in which n=0 is less than 50% by mole, the
obtained epoxy compound has not low melt viscosity, not
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 eguation:

In the above formula, ap = area % (GPC measurement) of
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invention is preferably 4-40 noles, nore preferably 8-20 noles. If the
nole ratio is less than 4, the nelt viscosity of the epoxy resin is high
because the conponent in which n=0 10 becones less. Even if the nole ratio
is higher than 40, the viscosity of the epoxy resin is no nore reduced. In
addition, the nole ratio higher than 40 is inefficient because it is
troubl esone to renpbve unreacted epi hal ohydrin. In addition, an epoxy

conmpound of the present inventio 15 can be prepared al so by reacting a
pr evi ous| ¥ FPEFArEE RERALS © rgré”t:dﬂ $a%t Bofs éem%}ﬁ;%%a&m hofRe" Tonpdting,
preferably ggti%gﬁhrahydroquinone al kali metal salt wherein both A, A2 in
the af orementioned general fornmula (I1) each are alkali nmetal, preferably
A, A2 each are potassiumatomor sodiumatom w th 20 epi hal ohydrin. In
this case, anthrahydpogui none alkali netal salt is added into

epi hal ohydrin in thesformof a solid or an aqueous solution and is
preferably added intermttently in small anount in order to prevent sudden
reaction. | n cake ebtsdpplopiaiy aweant Apahydnsquitdonenal karftiet 8 25 salt

in the form of _.an aqueo olution, it i referable to .increase the ratio
of epcki JEPE BR B AR I 3 onhabat & b i PaS MR DI T e S

sol id or _an, ateaus: S0l L1 on, aLLEL yo i3, LAV NG NALET £ Brlhe, system on t he

way of reactfon in ord o sufficiently ‘cont e cyclization reaction.
The concenhkahit@Rrofi At s abydroguisnane il kad | ABtal predletral o he-agueous

solution of anthr.ahydroqui none alkali 5 metal salt is 5-50 % by nass,
pref er abl y0lBs30I% byremasd e kntcase sofl e@oncentr at,i orhd essl it hae &6 byymass,
t he anmount of water to be brought into the system nust be |arge
inhibitin@ftWQﬁ epoxy resin is high because the component in which n=0
10 becomes less. Even if the mole ratio is higher than 40, the
viscosity of the epoxy resin is no more reduced. In addition,
the mole ratio higher than 40 is inefficient because it 1s
troublescme to remove unreacted epihalohydrin.
In addition, an epoxy compound of the present invention
15 can be prepared also by reacting a previously prepared alkali
metal salt of anthrahydroguinone compound, preferably an
anthrahydroguinone alkali metal salt wherein both a', a? in
the aforementioned general formula (II) each are alkali metal,
preferably A, A® each are potassium atom or sodium atom, with
20 epihalohydrin. In this case, anthrahydrogquinone alkali metal
salt is added into epihalohydrin in the form of a solid or
an agueous solution and is preferably added intermittently
in small amount in order to prevent sudden reaction.
In case of supplying an anthrahydroguinone alkali metal
25 salt in the form of an agueous solution, it is preferable to

increase the ratio of epoxidation by adding the alkalil metal

hydroxide in the form of a sclid or an agueous solution after

-15~



process of the epoxidation reaction. In case of concentration nore than
50% by mass, the fluidity of the aqueous solution 10 nust be poor, |eading
to bl ockage of pipes of an apparatus. In addition, the aqueous sol ution of
ant hr ahydr oqui none al kali netal salt may contain alkali netal hydroxide in
an amount required to formsalt or nore in order to stabilization. Oher
organi ¢ solvent(s) such as al cohols 15 may be added into the aqueous

solution if its stability is not damaged. In case of anthrah drogﬁénone

al kal i netarogang Hﬁtﬁﬁsl“aEU@o%¥S§8WuPPoﬁh§sW%Yd??|?Eﬁ%h1%?| epoxy
conmpound can oht ai ned using various conditio reactlon 20

cat al ystsE var g&é: 5?8‘;]# CC%%Cli@(é glngn§ ‘operat ti]ognlz E%/%E}:QB% to

epoxi dat i on rea?ﬁéopoggeﬁL%a%hgﬁ?m%“dﬁ%ﬁ%%h?@%@ﬁﬁhﬁg%QQ%lﬂQﬂQ.QQﬂQQUnd I'n
addition, the atorenentioned nethod of obtaining purified epoxy conpound
from crudeagpoxy teenpaunbcansal aeibe usedin 25 Shpdeothe noermo\adlkof i
reaction solvent is normally <carried out at a tenperature near the nelting
poi nt Sof wpory seékpdand-bp %ﬁ?%lﬂ@%@:@@b&?eééhﬁwuha pPlsk %Yt@@sﬁheIWeanal
of solvent is in nelted state. Metho rystaII|2|n the -16 ep

conpound FRASREIt EATSEALE 1ot Tover ﬁé‘%b Y@ BRpIUN aWQﬂ%Fggl %#ate is
not limted., Any K Q8SO|F§EE°gh%aQ %e%?%%ﬁt %éaqglgék'THHEﬁaéhﬁEt@@Q of

crystallization an i cati on y pulling an e y conpound in nelted
state 5 Qpbecasts AN HY ebb& ildde $@ ehatt the. epoxysesanpewnd:d:s: nat isal | y

cool ed, a nethod of pronoting the crystallization of an epoxy conpound by
addi ng previeushynptepabedmepexytbenpdurdiity of the agueous solution

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

In addition, the aqueous solution of
anthrahydroquinone alkali metal salt may contain alkali metal
hydroxide in an amount required to form salt or more in order
to stabilization. Other organic solvent (s} such as alcoheols

15 may be added into ﬁhe aqueous solution if its stability is
not damaged.

In case of anthrahydroguinone alkali metal salt or its
aqueous solution as starting material, an epoxy compound 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 ncrmally
carried out at a temperature near the melting point of cpoxy
compound or more, the epoxy compound just after the removal
of solvent is in melted state. Method of crystallizing the

—-16~



crystals as crystal nucleus after pulling the epoxy conpound out, a nethod
of pronoting the crystallization of an epoxy 10 conpound by agitating or

vi brating the epoxy conpound in nelted state, a method of pulling an epoxy
conpound with applying strong force with a kneader or the like, and a
method of pronoting the crystallization with controlling the tenperature
not to excessively cool the epoxy conpound. These 15 nethods can be

conducted alone or in conbination. Also as for the novel e ox% congfund of
the presePPC¥RVEMIPBHNC t1i8e L bpaferabt d ¢ & Proivot & thEPG Vs CAIPIZA on by

CO”dUCti”??Q”XKEQL%Eﬂﬁi%{%LFH?@tjQQEQQQP%L$§h9ﬂR”{h%%h%@ﬁcgﬁq&ghggh_

producti v y? 0 Fove the Tow Vi s¢os ty and hi'gh purity of an epoxy

Comound,gﬁaﬁ%yeg EROXY, KOMPOHBE, OBt Bicned Y- Jeactd ONo8r aAa purified epoxy
conpound may be recrystallized by using a” suitable solvent. An

ant hr ahyds eguinone aedrpounid pisad ddn atrhe p25vaboigrentd dnecheriaact isomties any
one of anthrahydroqui none conpounds represented by the aforenentioned

gener & forpmlaatr@ll yrber eiikesabsitiautds RroRYOCearhu At el hydrogen dat om or
al kyl  group_having 1-6 carbon atons. Anong thesig,prefera y R1-R10 -17

are” hydr ogen’ &t ors "6r- 1t Y1 PGPBESS- " MbrE pFeéFer Féagﬁéﬁbgg§“1§ﬂgxy

and 1, 4. 4ROV BC3. VarRe Tt R ARy 8y Sabi e Sherl heRaC R 8 ar e met hyl
groups and-Rly 22 R5-RAPsane hydr egen: ot O8%,u Mshg 1 &fgrabl e cepanple is

1, 4- di hydr oant hr ahydr oqui none. The thus obtai ned epoxy conpound is

crystal | i met haxi mgtacnebtfi pgometing the crystallization of an epoxy

10 compound by agitating or vibrating the epoxy compound in
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
temperature not to excessively cool the epoxy compound. 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
compound, a crude epoxy compound cobtained by reactilon or a
purified epoxy compound may be recrystallized by using a
sultable solvent.

An anthrahydroguinone compound used in the

25 aforementioned reaction is any one of anthrahydroguinone
compounds represented by the aforementioned general formula
(1T} wherein substitutes R*'-R' each are hydrogen atomor alkyl
group having 1-6 carbon atoms. Among these, preferably RM-RH
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poi nt of 80-130C neasured by DSC. The epoxy conpound has excell ent
handl i ng property because it easily nelts at a 10 tenperature hi gher than
the nelting point to have quite low viscosity. Therefore, the epoxy resin
of the present invention is preferably represented by a structural fornula
(111) below prepared in Exanples I-1, 3-A and 3-B as will be described 15
| ater or by a structural fornula (V) bel ow prepared in Exanple 1-2 as wl|

be described | ater. The avera referabl 0- n case of using
on ant hr APy BAUT RBAE S RAF I mBedr Sabt BRr %ﬂéer%@cﬁ%ﬁb%@amp Pes

anthrahydrquﬁnqn%fﬂggﬁéaﬂgﬂﬁ% Ft§u39uhﬁa é%gﬂy Oge a¢ R are

ant hr ahydr oqui none “a net a represente orenentloned

general faraHadd 13t omber ghA substitutes R1- R10 each are hydrogen atom or
al kyl group having 1-6 carbon atons. Anong these, preferably R1L-R7 are
hydr ogen abéﬁﬁuhydmah@i3gdmmgShmeniﬂn&ﬁyﬂa@@elexaapwasﬁﬁimu&?anialkah
nmetal salt of 1,4-dihydroanthrahydrogui none, wherein all of R-R10 are
hydr ogen aﬁan@eaﬁalaﬁraw@a Bngefal RsalR -&f are hydrogen atoms. Most
1, 4-di hydro Ia t hr ahydr oqui none wherein R3, R4 are hyI
groups and” ﬁ%eﬁé%l %P ?e ﬁyér %ﬁQﬂQ%ﬂﬁnthia§yﬁ6§ﬁuﬁpéﬁg?ab exanple
i's an al kahj,smet,al ait by lcd r u

s Bﬁ g xxgc: mpbﬂ%‘éﬁ %QaE‘J:?E@QX?ERQ a{}? |um Vﬁ%ﬁgr

al kali metal s capa ts are aSS|un1an
gener al | ypstpp! iogd mﬁ3®?@r@éagg$e@p@i@m@m Tydr @beSl? @@ehpsﬁmdmas

hydroxide) in the natural formor the formdissolved in solvent such as
wat er oreakedReint handling property because it easily melts at a
10 temperature higher than the melting point to have guite low
viscosity.

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

15 later or by a structural formula (V) below prepared in Example
-2 as will be described later. The average of n is preferably
0~10.

Incase of using an anthrahydroquinone alkalimetal salt
for the reaction, the anthrahydroguinone alkali metal salt

2G  is also any one of anthrahydroguinone alkali metal salts
represented by the aforementiocned general formula (II)
wherein substitutes R'-R' each are hydrogen atom or alkyl
group having 1-6 carbon atoms. Among these, preferably RI*-R*®
are hydrogen atoms or methyl groups. More preferable examples

25 are an alkali metal salt of 1,4-dihydroanthrahydroguinone
wherein all of R*-R' are hydrogen atoms and an alkali metal
salt of 1,4-dihydro~2,3~dimethylanthrahydroquinone wherein

R*, R are methyl groups and R', R?, R°-R*® are hydrogen atons.
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The net hod of preparing an ant hrahydroqui none conpound as the raw materi al
of the novel. epoxy conpound of the present 10 invention nay be any of
known suitabl e nethods. For exanple, 1,4, 4a,9a-tetrahydroanthraqui none
obtai ned by Diels-A der Reaction between 1,4-naphthoqui.none and but adi ene
is subjected to isonerization reaction by using a aromatic hydrocarbon
such as benzene or xylene as a solvent and 15 para-toluenesul fonic acid as

a catalyst at a tenperature of 80-1.00C for. 30 mnutes.to 3 hours and,
after thalloSits PEGHITADL S her 689 Bota Aing ryst ah FAG Spoky dompounds

JP- S54- 122263, s i & | ty
( 2 éaﬁﬁﬁk?éﬁ%ﬁﬁﬁgﬁﬁYgﬁgguq%om%- of preparing an

ant hr ahydré al't nmay be any of known suitable nethods.

Exanpl es are a nrbhed-ef 4H ssolyinonéhg) sapthsahydroguh neges0RBOWRE
obtai ned by the aforenentioned nethod into aqueous solution in which

al kal i metal:abypdroxiadel ssddissehveth iarcatgdreasdl aycenpespendiary anount
(twice as nole 25 of anthrahydroqui none conpound) and a net hod of bringing
the B 4, hydgaxistas drpdecditHi agdntonicie gmcaradd WwyhprérsiAcdet ™ Reacti on’
bet ween 1, 4- napht hoqui none and. but adi ene, into contact w th aqueous

2ol utton TACHRECH SARRLAE il oy ot g SLIeH A TR T st a
correspondi.ng ;anpunt (twice as nole of 1,4, 4a,9a-tetrahydroanthraqui none)
SO0 as to cause isonerization reaction of

1, 4, 4a, 9a- t et r ahydrmOamnt Arah Qg NoNen Eheneby ebtad i fgn e & @EHbEoNs
solution of anthrahydroquinone alkali. netal salt. Mbreover, since aqueous
sol ution et hdadivhypdreantair aliydhequ nwhe pdissodicnmasald owhehei pwr &leRLO
10 invention may be any of known suitable methods. For example,
1,4,4a,%a-tetrahydroanthragquinone obtained by Diels-Alder
Reaction between 1,4-naphthoguincene and butadiene is
subjected to isomerization reaction by using a aromatic
hydrocarbon such as benzene or xylene as a solvent and
15 para-toluenesulfonic acid as a catalyst at a temperature of
80~100°C for 30 minutes to 3 hours and, after that, is cocled,
thereby obtaining crystalline epoxy compounds
(JP-854-122263~A) .
Similarly, the method of preparing an
20 anthrahydroguinone alkali metal salt may be any of known
suitable methods. Examples are a method of dissolving the
anthrahydroguinone compound obtained by the aforementioned
method into agqueous solution in which alkali metal hydroxide
is dissclved in at least a corresponding amount {twice asmole
2%  of anthrahydroguinone compound) and a method of bringing the
1,4,4a, % ~tetrahydroanthraquinone, obtained by Diels-Alder
Reaction between 1,4-naphthoguinone and butadiene, into

contact with agqueous solution in which alkali metal hydroxide
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are hydrogen atons and Al, A2 are sodiumatons in the aforenentioned
general fornmula (Il1) is already widely used 10 in the world for
applications as pul ping cooking auxiliary agent, aqueous sol ution of

1, 4- di hydr oant hr ahydr oqui none di sodiumsalt may be used w t hout any
process. The curable epoxy resin conposition of the present invention
conprises, as the essential conponents, (a) an 15 epoxy resin of which one

I |l e i.ncludes .t b [ t, d
Curing accel SESEr AR i CRAPROE 61 2Rt T At AR UREUBp oY TGSt Faye
contains the ; npvel, %’?&t?%’&%%%rpéhﬁ PLSREN shnventdon., QA her than the

novel epoxy conpound of the present 1nvention, an epoxy resin 20 of which
one nol eculseneont ad NBok Woe QE+ABME SPOXY groups can be conpounded in the
epoxy resin (a) . The epoxy resin can be any of known suitabl e epoxy
resins. BEXarplies factedeakpdxpantésiatsydf odpii sphenol tAdange; disphenot F
type, biphenyl type, tetranethyl bi phenyl type, cresol novol ak type, phenol
25 novdl aRI4R5eS bi sphehon ané‘\’ﬂélhdﬂr@ﬁv%@?q‘éb%‘weréé—ikﬁslloﬁ‘%%ti%dsa%";?-
condensat&%négﬁggiqgigfedgc clopentqghgne phgnol and phenol ar.al kyl.

al i cyclic epoxy Tesin’and dHghat i°¢ epoXy”" Tesin. These epoxy resins can
be used ah?Qedyhydk6@%@ﬁr§ﬁ§ﬁ§pqd¥%éﬁet&%%&@iﬂﬂr%alEh%HH£H¥HtRQ@ﬂﬁ the

epoxy conpound of” the present invention i1s 5-100% by mass of the whol e
epoxy resime Hfditdwe=propoenti andofnlt helepoxy seampaund ofist he phesent

invention is |l ess than 5% by mass, characteristics of the 5 present
i nvent i onadog emstn Sudiedi eareyadxhcbivgd. (THe Gur iag egéntwidylisupet
part Lol acly specified and | mmy, be, any of knoyn syl table ourlng; agents.
agent, aquecus solution of 1,4-dihydroanthrahydroquincne
discdium salt may be used without any process.
The curable epoxy resin composition of the present
invention comprises, as the essential components, (a) an
i5 epoxy resin of which one molecule includes two or more epoxy
groups, (b) a curing agent, and (¢) a curing accelerator and
is characterized in that the epoxy resin (a) contains the
novel epoxy compound of the present invention. Cther than the
novel epoxy compeund of the present invention, an epoxy resin
20 of which one molecule contains two Oor more epoxy groups can
be compounded in the epoxy resin (a). The spoxy resin can be
any of known sulitable epoxy resins. Examples include epoxny
resins of bisphencl A type, bisphenol F type, biphenyl type,
tetramethylbiphenyl type, cresol novoclak 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
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curing agent include various polyhydric phenols, such as bisphenol A,

bi sphenol F, bisphenol S, thiodiphenol, 10 hydroqui none, resorcin,

bi phenol , tetramethyl bi phenol, di hydroxynapht hal ene, -and di hydr oxydi phenyl
ether; various phenolic resins such as phenol novol ak resin, cresol
novol ak resin, bisphenol A novolak resin, naphthol novol ak resin,

phenolic resins obtained by condensation reaction of various 15 phenols and

vari ous algeh§des such aslgenzaldehyde, hydr oxybenzal dehyde,
met hyl t hi Gbeh#&l 8&hJides - CF6t BRAFPeHydd & difosto* preHbr O ardl kY1 “Psi n,

phenol _dgpatured; xyLena Je3lns_pREROL, LI PENG: L8R! Mho@lldepgyy resin,

di cycl ope i'ene phenolic résin; "activate conpoun tal ned by
convertingrakhOn @ marti &4 phepaki & ydr Mipc8hOUBS @fh eV gydishphenol s
(resins) into ester such as benzoate or acetate; acid anhydrides such as
met hyl t et takygdrtdpht hiad | tesanhydni d&, thexalwydr opht hakice rashyidrd def the
pyronel litic anhydride and methyl nadic acid; and am nes such as diethyl ene
25 trifanm RESsespHarGHe: Bpani ke, nditamwiddi prenylynexkhaketed.
dianlinodi.phenﬁﬂ sul fone and di cyandi am de. These curing agents Imy be
used al one or i h Eorbf hadi dAE Fh bﬁﬁﬁﬁFﬂbPQﬁﬁ%?ﬁﬁ?ﬁgydﬁgﬁ? ?B? i g

pref et abl ¥ 3uSh =53 1o BN ANRUNE oL hab the J10lies Ao B QURS, £RASLLNG-ePRXY

groups in he entire curing agent i _ re prefer 7-1.2
rel ative £0r@ng e t0fi @POXYegra¥RS Ul pﬁiﬂyﬁ@@?@ﬂe?hén@flst,hesuﬁpoa@ resin
y

(a). 5 The curing accelerator (c) is not particular specified and may be
any of knbwapseintdblre duksmpigeactelFer ationrsiendXkadpl esioflipheculri ng
accel erator include phosphine
10 hydroguinone, resorcin, biphenol, tetramethylbiphenol,
dihydroxynaphthalene, and dihydroxydiphenyl ether; variocus
phenolic resins such as phenol novolak resin, cresol novolak
resin, bisphenol A novolak resin, naphthol novolak resin,
phenclic resins obtained by condensation reaction of various
15 phenols and various aldehydes such as benzaldehyde,
hydroxybenzaldehyde, methylthiobenzaldehyde,
crotonaldehyde or glyoxal, phenol aralkyl resin, phenocl
denatured xylene resin, phenol terpene resin, and
dicyclopentadiene phenolic resin; activated ester compound
20  obtained by converting all or a part of phenolic hydroxyl
groups of various 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, isophorcone diamine, diaminodiphenyl methane,
diaminodiphenyl sulfone and dicyandiamide. These curing
agents may be used alone or in combination.

The amount of the curing agent (b) is preferably such
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conmpounds such as tri butyl phosphi ne, triphenyl phosphi ne,

tris(di met hoxyphenyl ) phosphine, 10 tris(hydroxypropyl) phosphine,
tris(cyanoet hyl ) phosphi ne; phosphonium salts such as

t et raphenyl phosphoni um tetraphenyl borate, nethyltributyl phosphoni um

t etraphenyl borate, nethyltricyanoethyl phosphonium tetraphenyl borate;
tri phenyl phosphi ne- benzoqui none 15 adducts; i m dazoles such as 2-nethyl

i m dazol e, _2-phenyl _.imdazol e,, 2-ethyl-4-nethyl |mdazole, 2-undec
i dazol o= RSBt Senatigt Sniarains  ract Th§*008y F8058%Yn

2, 4-di cyang-.6;[.2=net hyl.i:m (] =ethyd - s-tri -
> 4 di cyanc’e F%i E%dg)gﬁﬁmr%d %?zyé?iyﬁgs(l?o)']‘c’- @ 'h%/l o Hter AWt m
sal ts sucheastli~veyanoehbyho 2e untdegyd:t yidazrald um atni FBkbichate.s of the
2-nmet hyl i m dazol i um i socyanurate, 2-ethyl-4-nethyl.imdazolium

t et raphengbbervatresand (2F et hyl - 1, 4-di net hyl i m dazol i um t et raphenyl bor at €;
am nes 25 such as 2,4,6-tris(dinethyl anm nonet hyl ) phenol, benzyl

di net Wyl ani ne, TeE. FEMRY IV GrRBArdi(Re, L aNHel hyd pE peliaZiive and

2 et VL A PYELSL 5 ATTANLT S O 35 100 apaim

t et rapheny rate;” -

11, 5-di azgbiayakol 8.4, e Topdpgete.e ilusrcli azabl eyalol el o nonene and

1, 4-di azabi cycl o[ 2, 2, 2] - oct ane; "and tetraphenyl borates, 5 salts,
phenol nowohakusals switd 2= et hybheyapoaigsh Ofe, t hesendingzali sl tne,
conpounds. Anong the conpounds as curing accelerators, phosphine
conpoundst riiAildareltér wunpoemds ) phosphine,

10 tris{(hydroxypropyl)pheosphine, tris{cyvancethyl)phosphine;
phosphonium salts such as tetraphenylphosphonium
tetraphenylborate, methyltributylphosphonium
tetraphenylborate, methyltricyvancethylphosphonium
tetraphenylborate; triphenylphosphine-benzoquinone

15 adducts; imidazoles such as 2-methyl imidazole, 2-phenyl
imidazole, 2-ethyl-4-methyl imidazole, 2-undecyl imidazole,
l-cyancethyl-Z-methyl imidazole,
2,4-dicyano-6-[ 2-methylimidazolyl~ (1)} -ethyl-s~triazine
and

20 2,4-dicyanc-6-[ Z-undecylimidazolyl~(1)] ~ethyl~s~triazine;
imidazeolium salts éuch.as l-cyanocethyl-2-undecylimidazolium
trimellitate, 2-methylimidazolium isoccyanurate,
Z-ethyl-4-methylimidazolium tetraphenylborate and
2-ethyl~1,4-dimethylimidazolium tetraphenylborate; amines

25 such as 2,4,6-tris{dimethylaminomethyl)phenol, benzyl
dimethylamine, tetramethylbutyl guanidine,
N-methylpiperazine and 2-dimethylamino-l-pyrroline;

ammonium salts such as triethylammonium tetraphenylborate;
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di azabi cycl o conpounds, and salts of these are preferable. These conpounds
as curing accelerators can be used alone or 10 in m xed state of two or
nore. The proportion of the curing acdelerator (c) is 0.1-7% by mass
relative to the whole conponents of the epoxy resin (a). |If necessary,
filler, coupling agent, flanme retardant, flane retardant aid, plasticizer,
sol vent, reactive diluent, 15 pignent, and the |ike can appropriately be

conmpounde iEQaEH%4%HL9bé§me88é rg&L} conposition of the present invention.
The curabl"é epoxXy T €sin"co 051t o ot the present invention is a

conposi ti @n  isn mhich, Akl - eomponenys.i.ngludi ng. the epoxy resin (a), the
curing agent (b), and t%e curing 20 accelerator (c) are uniformy m xed by
a met hod $§i Bi-lddra 4:001 @yl of 4conventi-onaldiye kagwn nmet hods. Exanpl es of such
met hods are the kneading nethod in nelted state using a kneader, a roll,
or an ext fudediamdhiheydiyl Bl éndi ngatetrtrod @fidnigikngpheonpdrentse$n
granul ar form _Thus obtained conposition may 25 be pulverized and/or

cIassﬁ%ieBFePPlp€8§§§ar?heTﬁ§-@ﬁ?ﬁb%%kéﬁﬁyygFﬁgﬂﬁ"éﬁﬁﬁb%???%ﬁoéFeﬁh@f
pesen L pusohen e b i ssolved un el ven such g, el one, . i 1

et hyl ketone, ne |ne?hy tofiehel *o
xylene sozaseterh@upyarghsiphike comMmRIAdON. inThg vanishld ks,
conposition is inpregnated in a substrate such as glass fibers, carbon
fibers, pdigestérfdlbersyrppohyam dadf shers of papere and is-deat edland
dried so as to 5 forma prepreg. This prepreg is pressed into a shape with
heat, thékReby BBMEIONING & Sceiad Tpr cdueele Theorar ednpbedueedoflohe present

inveqtion.can.be , .
i 0 in mixed state of two or more. The proportion of the curing

accelerator (c¢) is 0.1-7% by mass relative to the whole
components of the epoxy resin (a).
If necessary, filler, coupling agent, flame retardant,
flame retardant ald, plasticizer, sclvent, reactive diluent,
15 pigment, and the like can appropriately be compounded in the
curable epoxy resin composition of the present invention.
The curable epoxy resin composition of the present
invention is a composition in which all components including
the epoxy resin {a), the curing agent (b), and the curing
20 accelerator (¢) are uniformly mixed by a method similar to
any of conventionally known methods. Examples of such methods
are the kneading method in melted state using a kneader, a
roll, or an extruder and the dry blending method of mixing
components in granular form. Thus obtained composition may
25 be pulverized and/or classified, if necessary.
The curable epoxy resin conposition of the present
invention may be dissolved in a solvent such as acetone,

methyl ethyl ketone, methyl cellosolve, dimethyl formamide,
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obtai ned by curing the curable epoxy resin conposition with heat and can
have a formsuch as a nolded article, a lamnation, 10 a cast article,
adhesive, coating, or a film For exanple, in case of the formof a nol ded
article, the conposition is heated at a tenperature of 30-250C for. 30
seconds to 1.0 hours wusing a cast nold, a transfer nolding machi ne, an
injection nolding nmachine, thereby obtaining a cured product. In case 15
of the varnish-like for the conposition is inpregnated in a substrate
such as glds'$9Bere” EALBBAR FPbEPs topdioyasvar nisibel ke pppyaids ifiber s or
paper and .S, d.and.dried so _.as to forma prepreg.,This epreqg is

P besed it S onaoe SR ReEP Db, oM R S tui Bt P BHGEE S 150" As
described di;if hes aboygs &;peveal W}é’oﬁoﬁ)ﬁggg,ogoﬂ &presenf lavention is
solid at ordinary tenperature so as to exhibit éxcellent handing’ property
and, in it®inehtiedestabers baspexaently 1owdetdqviseosirtxdard has to
excellent curing property. In addition, a curable epoxy resin conposition
25 pr epar €@ 5y 2 Uz ¢igr ¢ e Wpox p remmpound [cans peovirde a sured wiprledeett ,whi ch
is excellent in nmechanical strength, heat resistance, and noisture
resi st ancd ! CHTETEfOr 82 L PRBYefoyi T G sP ROGBABosi tion is useful . for

appl i cations su%lplea%u- 4d elpgg{gggkagifp%h@fp:%%%# ganﬁlg{elgﬁ_iro&ic/cegrg tronic

parts, nolding material, Tast ndteri osite

material , cadhesiae piand powdenad Aai i e "@Esgjﬁgfééﬁ? fﬁﬁﬁ@éﬁ%i%fn t.he Lepoxy

conpound and its 5 preparing nethod and exanples o e curabl e epoxy
resin compesi dndrcantdaivisa cureds peraduct mdl debe xdeserd bedl dnidetaich,
However, the present invention is not limted to these

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 obtaining a cured product. In case

15 of the varnish-like form, the compesition 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 shape
with heat, thereby obtaining a cured product.

20 As described in the above, a novel epoxy compound of
the present invention is sclid 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 additicon, 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, Lhe epoxy

resin composition is useful for applications such as
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exanpl es without departing fromthe scope of the invention. 1.0 (Exanple
| -1) 1050g of epichlorohydrin and 410g of 2-propernol were charged into a
four-necked flask of 3 liters capacity equipped wth a stirrer, a reflux
cooling pipe and a thernoneter. A system was vaccuned and was repl aced by
nitrogen. Under the 15 nitrogen atnosphere, 200g of

1, 4- di hydr oant hr ahydr oqui none was added thereto and tenperature was

el evated to 40C to .dissolve themuniformy. After that, 180g of 48.5 nmass
% Caaneout SEBRE I A D A SR L EO e ke ST Gl CB v eI ¢ m mut e,

During thﬁo%ﬂ%gh%’téﬁi@ff a&é‘ﬁ%‘ d\@(ggé%%%a'ﬂéfm%‘?a El.g}{a%@fq@%ﬁ%ﬁ that the

tenperature in e systemreache at ‘the tine of conpletiord of the

addi ti on. chhepeaftema tde: syst eanwas vimi ntrai nedy @t r68CEeH30 mnutes to
conplete reaction. After conpletion of the reaction, the reaction m xture

was washed wi t hHswtenatto erenoven@5l by - pf otdbet epalktys camexcessngoditgm
hydr oxi de. Excess epichlorohydrin and 2-propanol were distilled off under
reduced pPESBAFé Fr SRt produekai® L6t Siin e reldeaBpBx ¢ P OoPYsine Hitkt ur e.

-25 Thi s rough epoxy resin mxture was disso d i,n 460 f t hyl
sobutyr KolRe TR FE3or A8 s Hrat B R bt otranT LR ORI Kot uti on
was added;tPELeto o LConduct  feaptlon at, & tr%‘tPeJ;ﬂ%EEédOfto@ﬁ&Jng 1 hour.
After that, aqueous sodiumb5 prinary phosﬁhate solution was added to the
reaction ékgupdest 0inautrakicze exces st saditi hydioxide « Holilromad: yn wat er
washing to renove by-product salts. During water washing, the tenperature
of the Iiquid was kept at tenperature from 65C

10 (Example I-1)

1050g of epichlorohydrin and 410g of 2-properncl were
charged into a four-necked flask of 3 liters capacity equipped
Wwith a stirrer, a reflux cooling pipe and a thermecmeter. A
system was vaccumed and was replaced by nitrogen. Under the

15 nitrcgen atmosphere, 200g of 1,4—dihydroanthrahydroquinone'
was added thereto and temperature was elevated to 40°C to
dissolve them uniformly. After that, 180g of 48.5 mass %
aqueous 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

25 by-product salts and excess scdium hydroxide. Excess
epichlorohydrin and Z-propanol were distilled off under
reduced pressure from the product to obtain & crude epoxy

resin mixture.
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to 90C by tenperature control. After nethyl isobutyl ketone 10 was
conpletely renoved under increased tenperature and reduced pressure, resin
matter in nmelted state was pulled onto a tray and stirred dozen tinmes by a
gl ass stick and, after that, was naturally cooled at room tenperature.
After a lapse of 2 hours, entire crystallization was experienced. The 15
crystallized matter was taken out, thereby obtaining 285g of vyellow
crystallized epoxy conpound. The obtained epoxy conpound had an epoxy

equi val ent of 17#6G/%d,OHifdrdP9sEbE s iehméritie cofv 450 ppap L dad anméle g
viscosity of 1 Pa:s at. a. tenmperature.of 150C,_ and nmeltin oi nt of
104C accor Hﬁaﬁggé'%%O?Ek¥%€8§€$ﬂ%nﬁﬁ“$ﬁgfb ﬁ%rﬁbﬁaéﬁgiﬁQEﬁﬁﬁ%hﬁadﬁa@ solid
al room GEARELALM & 50,880h0, 8vE,0000, fapdl kg PLORALLY. MR, spgct rum
of the obtained epoxy conpound is shown i n Fig. 1 "an assignnments o
respecti ve peaks rareshown gyt clTalle1lholh . 2hraddi £h90, LRuspect tumioh the
obt ai ned epoxy conpound was shown in Fig. 2. In the aforenenti oned manner,

it was® coifiimpedy thats@m tepoxyutonpouad agpedsentedebyetheibal Lowung
structural -26 fornula (111) was obtained. According to GPC, the epoxy
conpound W&s "E Uh 5& b 8¢ cBREEERI F HOwO e 1pBE deonperdmtvet Pwhieher=0, 17

o o % of SORANEDE LpUOLOL TR0 S4TBLS . oL, OPEPEI, |, L5 12

or nore, WIere€i e aver -
CH CHZ O'témpexégﬁée 6f}@%e]fﬁ§hfﬁ wa§}ié%t at temperature from 65°C

to 90°C by temperature control. After methyl isobutyl ketone
10 was completely removed under increased temperature and
reduced pressure, resinmatter inmelted state was pulled onto
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
15 crystallized matter was taken out, thereby obtaining‘285g of
yellow crystallized epoxy compound. The obtained epoxy
compound had an epoxy eqguivalent of 176g/eq, hydrolysable
chlorine of 450 ppm, and a melt viécosity of 1l6m Pa's at a
temperature of 150°C, and a melting point of 104°C according
20 to DSC measurment.

The obtained 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 spectrumof 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
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Tabl e 1 Chem cal Shift Assigned hydrogen (ppm) (fornula V) 2.8-2.9 Ha
3.4-3.50 Hh 3.56 Hd 3.8-4.3 He 6.0 He 7.4-7.5 H 8.0-8.1 I~lg 15 He He
Hd Hd Ha Hb He Nd ---_ Nd HH-GCCOOCH2 CHCH2 5\0 He 0/ Hg---\ /--Hg
(1v) Hf Hf (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 1[1-1, thereby
obt ai ni ng r3066 10f @wy £98PeuRd ;i hepr esetedi by thechel | aMdgsd£uct ural
formula (V). 15 H3C CH3 H3C % H3 20 CHz CH CH2---O 0---- CH2--CH CH2 O--

. 0- CH2- Cblomblzun\d)/wa@-la_mmt&re Thetoht ai neds @ poxye cdnpdHunchuhadeah &poxy
eqw val ent of
which n=0, 17 mole % of component in which n=1, and 3 mole %

of component in which n=2 or more, wherein the average of n

5 was 0.21.

GHp—CH-CHy—0~— -O—-CHy~CH-CH;

/N é -wCHz—CH CHy=-0 -

10 d Y
) (i
Table 1
Chemical Shift Assigned hydrogen
{ppm) (formula V)
2.8-2.9 Ha
3.4-3.50 Hb
3.56 Hd
3.8-4.3 He
6.0 He
7.4-7.5 Hf
8.0-8.1 Hg
15
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25 1949/ eq, hydrolysable chlorine of 435 ppm and a nelt viscosity of 17m
Pa,s at a tenperature of 150C, and a nelting point of 94C according to DSC
measurenent. According to GPC, the epoxy compound was a m xture -28
containing 78 nole % of conponent in which n=0, 19 nole % of conponent in
which n-1, and 3 nole % of conmponent in which n=2 or nore, wherein the
average of n was 0.25. The obtai ned epoxy conpound was yell ow crystallized
5 solid at roomtenperature so as to have good handling property. (Exanple
1-3) (Exanple 1-3-A) 1050g+ef epiqghl . orohyd.rin and 410g of 2-propanol .
were 10 charged into a four.snec edf| . askof 3 liters capacityequi pped

with a stirrer, a flux cooling pipetdnd a thernoneter. A system was
vaccumed and replaced by ni txogen /and was kept at a tenperature of 40C.
Under the nltrﬁ npsphét e)..9Q0g"6f 28 mass % aqueous sol ution of

1, 4- d|hydroant ra drqu|non 15s0dium salt was added dropw se over 90
mnutes. DU Sﬁg “Hddit t epper &t Ur'e @S “Gradual |y el evated such that
t he ﬁenperatur in the system+€ached 65C at./the tinme of conpletion of
the addition. Thereafter, th

system was mai‘ht ai ned at 65C for FO m nut es
to di scharge water 20 cohtai i ng VTB$oduct salts due to I|qU| QU|d
separation. Wth maintaini ng)t tenperature in-the systemat 65C, 32g of
48.5 mass % aqueous sodi um hydr oxiqgde sol uti on was added thereto dropw se
over 15 mnutes and the reaction was continuously achieved for 30 m nutes.
After conpletion of the
(Example 1-2)

10 The same operation as Example I-1 was conducted except
using 225g of 1,4~dihydro-2,3-dimethylanthrahydroguinone
instead of 200g of 1, 4-dihydroanthrahydrogquinone in Example
I-1, thereby obtaining 306g of epoxy compound represented by
the following structural formula (V).

15

20 CHy~CH-CHy—0— -A%--o-«c Hy~CH—CH;

OH
O

(V)

The obtained epoxy compound had an epoxy eguivalent of
25 194g/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

~28_



25 reaction, the reaction mxture was washed with water to renove
by-product salts. Further, excess epichlorohydrin and 2-propanol were
distilled off under reduced pressure fromthe product to obtain a crude
epoxy resin mxture. -29 This rough epoxy resin mxture was dissolved in
460g of nethyl isobutyl ketone, and 7g of 48.5 mass % aqueous sodi um

hydr oxi de sol uti on was added thereto to conduct reaction at a tenperature

of 65C for 1 hour. After that, aqueous sqdi.um5 .pri nar 0 it e | ution
was added S e Yeddt f6h-§ i g&itd “ oG WGt ai 2 L s g iﬁ%ﬁﬁyarggi de,

fol | oved Gy Maler. WA NG, _hemaya ByrRraduct, saldsoAlier meihykn

isobutylc‘1§¥bne was conpletely renoved under -increased tenperature and
reduced PLeSSUr 6. F&Si PnBBLLEr dit neldedystarenvwasspullzzd onto 10 a tray

and stirred dozen tinmes by a glass stick and, after that, was naturally
cool ed at roonmrhenpératiuted Abvey aochgpserd ofa® houtsw entistellized
crystallization was experienced. The crystallized ne%% r . taken out,
t her eby eistldichiatg 2009 bEMPEelAtew Tristal | FeebadFody mﬁ-“‘is The
obt ai ned epoxy conpound had an epoxy equival ent of 174g/eq, hydrolysable
chl ori ne PR30 ppm and a nelt viscosity of 15m Pas at a tenperature of
150C, an ting_-point of 1.06C according to DSC. The obtai ned epoxy
i 1% ng 3f
conmpound *was 'solid at roomtenperature so as to have good handling 20
property. H NVRpspegiraimapdal R spectrum of the obtained epoxy conpound
were substantially the sane of the epoxy conmpound obtained in Exanple I-1
so that it was 166f ranfedet hatb lohehydbtiai med! ebdky ebnpobhdPrias lai céoxy
conmpound represented by , . . d
10 charged into a four-necked flask of 3 liters capacity equlppe
with a stirrer, a flux ccoling pipe and a thermometer. A system
was vaccumed and replaced by nitrogen and was kept at a
temperature of 40°C. Under the nitrogen atmosphere, 900g 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~productsaltschxetoliquid~liquidseparation.
With maintaining the temperature in the system at 65°C, 329
of 48.5 mass % aqueous sodium hydroxide solution was added
thereto dropwise over 15 minutes and the reaction was
continucusly achieved for 30 minutes. After completion of the
25 reaction, the reactionmixture was washed withwater to remove
by-product salts. Further, excess epichlorchydrin and

2~propanolweredistilledoffunderreducedpressurefromthe

product to obtain a crude epoxy resin mixture.
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25 the aforenentioned structural formula (111). According to DSC, the
epoxy conpound was a m xture containing 84 nole % of conponent in which
n=0, 14 nole % of conponent in which n-1, and 2 nole % of conmponent in
which n-2 or nore, wherein the -30 average of n was 0.18. (Exanple |-3-B)
100g of epoxy conpound obtained in Exanple 1-3-A was recrystallized by
usi ng 100g of nethyl ethyl ketone, thereby 5 obtaining 45g of
recrystallized conpound. The obtai ned recr%stallized,conqound‘had epoxy
equi val ent of 18347 e§O IRy GPG1YYs a5 T EHIoF F hES of 2809pFm° 1 Stel " vﬁ‘@[@%sity

of 8mPa .5 ol3 § STRELA Y 6 01, 450G, and 2 pel ting poin,0h, 120G

accordi ng ccordi‘ng ' to ecrystalli conpound was a

m xture cephabning 97108 Y0.0fs GOIRONeMe ddto Wi ¢y RO and: Z-#pbe 2 of
conmponent in which n=l in the aforenmentioned structural fornula (111),

wherei n theavesageurefof @ASCOLOL.1 (Hexanplras: dr 4w oughude ) <kiiikach of
epoxy conpounds nmade in Exanples |I-1 through 1-3 and phenol novol ak

resi nCsof PERNAGYpBIAE Pof t84EG0 L iHyidroxid s edidadl entt hef YEG3Y/e?) ordpiténol

| kyl i fteni i nt of .83C, hydroxyl i val ent of 175q/
" Cur ng EoeNEURER IGTrEi T 308 A8S PSR 5 of BULCEFR o 2o T o
dj sgebyed and i xed, alo 120C » FULIR, )

respectiv ts . and yer
triphenylﬁ%ﬁgggﬁiﬁg &gé ad%ed' a curing accelerator in“a predeterm ned

anount  angeWase e o) lle 01 v 3% nldy LPLANR 13 £OAPASEHI Odpdheraeapasdti on
was nol ded and was postcured at 175C for 7 hours, thereby obtaining a
cured reduced pressure, resinmatter inmelted state was pulledonto

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 cut, thereby obtaining 29C0g of
yellow crystaliized epoxy compound.

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

20 property.

H-NMR spectrum and IR spectrum 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 aforementioned structural formula (I1I}. 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,

and 2 mole % of component in which n=2 or more, wherein the
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25 product. The conpounding ratios of the conpositions and properties of
t he obtai ned cured products are shown in Table 2. (Conparative Exanpl es
-1, 1-2) -31 Cured products were nade in the sanme nanner as Exanple 1-4
by using bisphenol A type epoxy resin (liquid at ordinary tenperature,
viscosity of 10m Pa's at 150C) and tetramnethyl bi phenol type epoxy resin
(nmelting point of 105C, 5 viscosity of 15m Pas at 150C), respectively,
instead of the ep conpound_obtained in Exanple I-1 with conmpoundi ng
ratios sh%ﬂﬁr?ﬂeTQ%?é'?”i Hg'f%sults of neasured properties of the

obtai ned cured pfo re_shown in Table 2. 10 Table 2 Conparative
Conparative Exgap?@ﬁgéEgaﬁpﬁg 5 Exanple 6 Exanple | Exanple 2

[ Conposi tion] (phrg EPoxyoeompeund ofd Exardl €ed 1Q0p0Qakpaxy 1campound of
Exanpl e 2 100. 0 Epoxy conpound of Exanple 3 100.0 Bi sphenol A type epoxy
resin 100r&cr¥etradetdeyl biyphenoly 19He @pometiresiet MO0 k@t Phendlhaovgt ak
resin558.g E3i1i55.4 Phenol aralkgl resin 100.6 94.1 Téipgen%l %Posphine
1.0 120 19031011904 5EPcdpers F o8} - Edtdizmel CoRREEEONdS) 260268172970 95
dass traPSé%;QQaE?gg%QP%%%%éJﬁQ éégeﬁpép%g%'%é%i%% é%%)of 163g/eq,
hydrolysable chlorine of 20 ppm, a melt viscosity of 8m Pa
‘s at a temperature of 150°C, and a melting point of 120°C
according to DSC. According to GPC, the recrystallized
10 compound was a mixture containing 97 mole % of component in
which n=0 and 2 mole % of component in which n=1 in the
aforementioned structural formula (III), wherein the average
of n was 0.01.
{Examples I-4 through I1I-6)
15 Each of epoxy compounds made in Examples I-1 through
I-3 and phenol novolak resin(softening point of 84°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 obtaln a composition. The composition was molded and
was postcured at 175°C for 7 hours, thereby obtaining a cured
25 product. The compounding ratios of the compositicns and
properties of the obtained cured products are shown in Table

Z.

(Comparative Examples I1-1, I-2)
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Fl exural strength (23C) (*3) (kg/mm2 ) 16 15.8 15.2 14.7 13.3 Fl exural
nmodul us (23C) (*3) ft/mm2 ) 370 361 324 315 274 Flexural strength (2500
(*3) (k /mmR2) 0.34 0.31 0.25 0.12 0.11 Flexural nodulus (2500 (*3) (k
mi') 3.4 3.3 2.9 2.9 1.8 Hygroscopic rate (*4) (% 0.71 0.69 0.64 0.9
0.72 (*1) Measured at 175C by a hotbench test (*2) Measured by using TVA
(*3) Tests were conducted according to JIS K69 1 1 (*4) Hygroscopic rate
after 72 hours at 85C and 85%RH - 32 Apparent fromthe above, the epoxy
conpound of theCupedserrdimienticor Mede tryshal$ane masharand Soinpl at
ordi nary &t_g erature so as to_have excellent handl

! ing Erogerty and, in
its melted §t'aY é1° Had PoxdmePy 4 GWRG ER6EYt §eSFhe (+29HEEs? 5 FH T HRFY show
that the | e .epoxy resin _conposi tion _ prepare y.using the epoxy
conpound ?%Fﬂé%gealtl ent” i neart gy fo)ioggﬂ ﬁapfnaa h€5gp%§y38grrpound can
provi de atedkecheprodusiohdayi %p%@%b'x?nﬁegﬁﬁh@@lc@inétprﬁnﬁf Br Teatc,

resi stance, and noisture resistance. 10 [Explanation of epoxy resin
conpodi ti ehistork isgmbeontuators aencapsuh at ro8pand iseniycondyetiars devige] An
epoxy conpound used for an epoxy resin conposition for sem conductor
encapsul atPBH Yol e \Present 2 i pventnofagp s he epbhy ceompourtdiiof t he

first .(h i naft i f dt the fjrst \
corpound) JGREEN ERR" b ‘pF8FaFed by EatErg Fedet A B baT AELL Los
ant hr ahyds pauhRRe . COIMPUNY, LePEEsBRLed b d hey af or eprentioned general

formula (I1) and ep a known suitabl e manner.

10
Table 2
Comparative | Comparative
Example 4 Example 5 Example 6 Example 1 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
Triphenyi phosphine 1.0 1.0 1.0 1.0 1.0
[Properties]

{Gel time(¥1)  (seconds) 60 63 72 70 95
Glass transition temperature (*2) (°C) 167 162 145 15 120
Flexural strength (23°C) (*3) (kg/mm?) 16 15.8 15.2 14.7 13.3
Flexural modulus (23°C) (*3) (kg/mmz) 370 361 324 315 274
Flexurat strength (250°C) (*3) (kg/mm’) 0.34 0.31 0.25 0.12 0.11
Flexural modulus (250°C) (*3) (kg/mmz) 3.4 3.3 2.9 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 K691 1

(*4} Hygroscopic rate after 72 hours at 85°C and 85%RI]
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20 As di scussed above, the ant hrahydroqui none conpound and

ant hr ahydr oqui none al kali netal salt (or its aqueous solution) as the

mat eri al of the epoxy conpound can be prepared in a known suitable manner
(JP-Sb4-122263-A). In addition, since aqueous solution of 25

1, 4- di hydr oant hr ahydr oqui none di sodium salt wherein RL-R1L are hydrogen
atons in the aforenentioned general forrmula (11) is already widely used in
the world for gpllcatlons as pul ping cooking auxiliary agent, aqueous

sol ution of -33 mparémﬁycfrrdarhttm%h@}d%auu hore edncs;@duweawdrrayfi Béeused

W t hout any progess. ln.view o r et ar danc t 5005|ty of
t he epoxyp¥8§9ﬁ cbﬂﬁSEtﬂPBnl%@'?ﬁésggé%éﬁﬁ Fﬁ@éﬁt Scﬁﬁéfeg @a?¥5|n i's
an epoxy r e | a
(rrr) or ?vﬁB qlﬂ%pé%ﬁ%%%?%)q¥‘%Qé%%%%aﬁgﬁ? hgﬂgg é{gﬁkﬂﬁré%§ %%UIHOHE)
wher ei N R1nR10s Fadyitk @gen &t omSa@QtAbmé1@21cawhw5@ggm@t.ome dds it hes

af orenenti oned general fornmula (I1), a conpound 10
(1,4-dihy@m@&h@hr@mﬂﬂwﬂn&honbedbsodbamfﬁﬂdgymheséhncampaﬂatrmﬁwdrogen
atoms and Al = A2 = Na in the aforementioned general formula (Il), a
conpound PZeBadieePhy HSIN4L §inky 8PO &Nt ﬁp&wﬁm%me%@%.ww@wmg =

hyl h
Trom o BB R BRe ey Ot BT o b 3R T Pt e e s od um

salt) “hﬁé@hﬂ R%xc@%ledgﬂﬂ@@h PUps, sRlen R%e%koreghgg 0, al 9gs,
and A" = . The average o %Hn I's pre?eggg -9, espe0|§w?
preferabIM0952ure resistance.

16
[ 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 invention 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
{IT) and epihalohydrin in a known suitable manner.

20 As discussed above, the anthrahydrogquincne compound
and anthrahydroquinone alkali metal salt {(or its aqueous
solution) as the material of the epoxy compound can be
prepared in a known sultable manner (JP-554-122263-~A). In
addition, since aguecus solution of

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

pulping cooking auxiliary agent, agueous solution of
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20 The epoxy resin contained in the epoxy resin conposition for

sem conduct or encapsul ati on of the present invention may be conposed only
of the first epoxy conpound or a conbination of the first epoxy conpound
and one or nore of second epoxy conpound(s) different fromthe first epoxy
conpound. The 25 second epoxy conpound prepared separately fromthe first
epoxy conpound may be m xed with the first epoxy conpound. A conpound as

the material of the second epoxy conpound rmay _be m xed with a conpound as
the mat eri‘al® SF R¥E 3P SR apoRy C 34 UBhpduhal ke ERe tniBaNire® i $5#4act ed

W th epih%E%g%ghgqﬂ§o as_to prepare an epoxy resin of the mxture of the

bot h epoxy ™ "conmpoun FrRs"g&¢ond epoxy conpound may be any of known

suitable 5 epoxy compounds;apd sRecifdLal) Y. @yl b RO EPOXY E8SHR of
prepared from a pol yhydric phenol or a phenolic resin wwth an

epi hal ohydhien.e dosanpt€sihnebuge sepaxn resi ise ppepaced firomnvash pushe
pol yhydri c phenols such as bi sphenol F, bisphenol AD, bisphenol,

t et r anfet hgbbixphertsl in 10s bis (4phydr coxypheny| Faptrhareted by the
b.i.s(4-hy%roxyphepyl.) ropane, terpene dj phenol hydrg&uinone,

met hy| hy dFSGEETGHE, O &S bt YHChYAE lodiii ibhks F 887 cOF, et HYIF . €%or ci n,

bi sphenol (8., (i pdl phenol,. .1 hydioxydl phenyl eLBLs, vaou nope

di hydr oxynap ene, phenof "novol'ak resi rthocres novol ak resin,

bi sphenol yAchevel ak-kesin.,di cyctepenbadi ane aphengtic {eshHgeherpPene
phenolic resin, phenol-aralkyl fesin, and naphthol novol.ak resin, or

vari ous phenalhiec acionpaumasiosachgasephEnat ¢ cmtisi N1S,1)Qbtaai aradh dynd
condensation reaction of various phenols and various al dehydes, such as
10 (1,4-dihydrecanthrahydroguinone discdium 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?, R*
= methyl groups, R*, R?, R°-R'? = hydrogen atoms, and A' = A?
15 = hydrocgen atcms, cr a compound
(2,3~dimethyl-1,4-dihydroanthrahydroguinone disodium salt)

‘2, R°-R'% = hydrogen atoms,

wherein R’, R' = methyl groups, R!, R
andA?xzf==Na.Theaverageofr1ispreferablyO—S,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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20 benzal dehyde, hydroxybenzal . dehyde, crotonal dehyde, and gl yoxal, or
phenol denatured xylene resin with an epihal ohydrin; epoxy resins prepared
from an am ne conmpound wi th an epihal ohydrin, for exanple, epoxy resins
prepared fromd.i.am nodi phen y. nethane, am nophenol., or xyl enedi am ne 25
wi th an epi hal ohydrin; and epoxy resins prepared from carboxylic acids
with an epi hal ohydrin, for exanple, epoxy resins prepared froman am ne
conmpound such as net hyl hexahydroxyphtha.l.ic acid or diner acid with an

- 35 epi hakohypdring. aThesbeepoxyuresiasraaytbd wsed ¢mikambhmatiionso The

m xi ng proportion between the first epoxy conpound and the second epoxy
conpound 8 BECEAPIFoVEM SHY The Ht eRent t%ﬁv@hf"itblﬁq STt S RN nat ¥ Ke
second epoxy 8nggynd is 5 between 0% by mass and 95% by mass in case of
the first epry conpound bei ng between 5% by mass and 100% by nass,

preferably tha@héh@eé@ﬁ@“Q%§Q9X&oﬁ969%@nﬁa§sbge£Mgaﬁf0@@@Wnﬂ§§§t§8@98596
by mass in case of the first epoxy conpound bei ng between 15% by mass and

100% by mapsxymopeppnafer abhy that itfheasieconek epoxyahlcporpountd:is bet ween
0% by mass and 60% by mass in case of the first epoxy conpound being

bet ween 409688y rREls $ rand a1 EE% WYY S ads sphEhothe rmiex Phignwrlioporie ohh of 1 the
first epoxy co oung is too snaLI, sufficient characteristics of the epoxy
resin coﬁ%ﬁéﬁ DrPloY A hE - predBit SPivENt FOR STUHONSE B pPodPaed 159 A

phenol i sggwgsg@ggg?pgya_g%%% IRLE P0eel glgeynor*ggr%yg%%%&pﬁoper

nmol ecul e" as an onents in i‘'n"conposition’ for
seniconduglthgn@qps@éﬂgémbt@§lgmgh@&@§gnt i nvention nmay be any one of
e

known suitab curing agents. Exanpl es include various polyhydric phenol s,

10 bis(4-hydroxyphenyl)methane, bils(4-hydroxyphenyl)propane,
terpene diphenol, hydrcguinone, methylhydroguinone,
dibutylhydroquinone, resorcin, methyl resorcin, bisphenol 5,
thiodiphenol, dihydroxydiphenyl ether,
dihydroxynaphthalene, phenol novolak resin, orthocresol

15 neovolak resin, bisphencl A novolak resin, dicyclopentadiene
phenclic resin, terpene phenolic resin, phencl aralkyl resin,
and naphthol novolak resin, or various phenolic compounds
such as phenclic resins, obtained by condensation reaction
of various phenols and various aldehydes, such as

20  benzaldehyde, hydrozybenzaldehyde, crotonaldehyde, and
glyoxal, or phencl 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 epihalohydrin; and epoxy resins prepared from
carboxylic acids with an epihalonhydrin, for example, €epoxy
resins prepared from an amine compound such as

methylhexahydroxyphthalic acid or dimer acid with an
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20 such as bi sphenol A, bisphenol F, bisphenol S, thiodiphenol,

hydr oqui none, resorcin, biphenol, tetranethyl biphenol,

di hydr oxynapht hal ene, and di hydr oxydi phenyl ether, phenol novol ak resin,
cresol novol ak resin, bisphenol A novolak resin, naphthol novol ak resin;
vari ous phenolic resins such 25 as pol yhydric phenol resin obtained by
condensation reaction of various phenols and various al dehydes such as
benzal dehyde, hydroxybenza.l.dehyde, nethylthi obenzal dehyde,

cr ot onal dehyde loh wylyioxaltheplienob xar abkyhsresy me phenoln-36ut arpenent esi n,
and di cycl opent adi ene phenolic resin; and nodified phenol resins obtained
by condensatlonTPﬁdﬁ%¥bﬁgd?roﬁ%é§9O@1P@tﬁﬁeﬁiFéﬁeglrﬁﬁe%®@§y‘%ﬁﬂp%ﬁﬂ%hyde

conpounds iew of |.ow hygrosco
i K

d fl d h
conposi ti 8 aFt'&r ° &Py PFRen S At ICI$§%D %r?ﬁ%ﬁ?%ﬁ ?%%agg%l?oﬁf%8£ ©

f.or mul I k VI d
(11T Raph b navol a r2arn (o g the ol Tou hg Tormis (1% ]; and

napht tol mealdkylh veshp mdes gand hes$ o} ewiang 1fnobﬁls!|eao(fxﬂieaf€r§$p£§mai/| y
preferable 10 anong t he aforenentioned phenolic curing agents. It should
be noted ¢hapoxndesegndtiestanenredernafstod livrebyOke OH, G eferalChy pl -
-dip 15 /X NOOHOHOHd 20 HZ\ i -CHz \_ J CHp _~\ ~ (Vv
nat the second epoxy compound,ls betweern 0% by mass and 85%
by mass in case of the first epoxy compound being between 15%
by mass 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 of 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
tLhe epoxy resin composition for semiconductor encapsulation
of the present invention may be any one of known suitable
curing agents. Examples include various polyvhydric phenols,
20 such as bisphenol A, bisphenol ¥, bisphencl 5, thiodiphenol,
hydrequinone, resorcin, biphenol, tetramethylbiphenol,
dihydroxynaphthalene, and dihydroxydiphenyl ether, phenol
novelak resin, cresol novolak resin, bisphencl A novolak
resin, naphthol novolak resin; various phenoclic resins such
25 as polyhydric phenol resin obtained by condensation reaction
of various phenols and various aldehydes such as benzaldehyde,

hydroxybenzaldehyde, methylthiobenzaldehyde,

crotonaldehyde or glyoxal, phencl aralkyl resin, phenol
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OHOHOH25 ---CHz- ~. t,~-cH2 " ~.~\~fir'c,i~_ .l -cHzX (MIIl) -37 HO
_OHHOCHJ Xy 5HOI-{ \ =] CHzZCHz \ [ CHz \\~CH2 Y. 10 These
phenolic curing agents may be used alone or in conbination. These phenolic
curing agents of various types 15 are available as commercial itens.
Exanpl es of phenol aral kyl resin include MEH7800 avail abl e fromvki wa
Plastic Industries, Ltd.- [corresponding to the fornmula (VI1)] and MEH7851
avail able from Meiwa Plastic Industries, Ltd. ( corresponding to the
fornul a (VBFPFIE ég&nipl-esto RhPHEROP eidwS] dl & a3t a2 Fnékdde /NGB0

avai |l abl e from Gunej Chem cal, | ndustry .. Ltd corresponding to_ the
PSR BT i e 23 PSS R KT T Rt A
avai |l abl e i P £ nd i , Lt , ondi 1t he
Forma (o O o A e DR Lt R e
present invention £adw ab 50 &AL QY raseUbliRg tagenty ghhele thamrdhecphenol ic

curing agent to be mxed with the phenolic curing agent. Exanples of the
curing agent dwubesinixed s thrtheriphenphecotundnglagenesiinclede. athydri des
such as -ggllowing formula (VI)], phenol aralkyl resin {e.g. the
following formulae (VII} and (VIII)], naphthol novolak resin
[e.g. the following formula (IX)], and naphthol araikyl 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 GH
o s
o o)
N \ S ’Q\\

15

Vi)

OH OH CH

Vi

OH on Ny

VHID
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met hyl t et rahydr opht hal i ¢ anhydri de, hexahydrophthalic anhydride, :
pyronellitic anhydride and nethyl nadic acid; am nes, such as diethyl ene
triam ne, isophorone diam ne, diam nodi phenyl nethane, di am nodi phenyl

sul fone and 5 di cyandi am de; and activated ester conmpound obtai ned by
converting all or a part of phenolic hydroxyl groups of various phenol
conpounds specified as exanples of the aforenentioned phenolic curing
agent into ester such as benzoate or acetate. 10 The respective conponents
of the curing agent may be ppgviously mxed to prepare a m xture curing

agent before us Aﬁxﬁkrﬁrnativ of the curing agent may be
separately addeg\gggg;gGWpéﬁe
for preparing the*epoxy re in o

n conposition are m xed

that all cog])ggents are
then m xed sinultaneously. The anount of the curing agent t used is
set that groups reacting with the epoxy groups in the entire curing agent
are preferably 0.5-2.0 noles, nore preferably O0.7-1.2 noles relative to
one nmdl e of epoxy groups in all 20 conponents of the epoxy resin. An
inorganic filler is conpounded in the epoxy resin conposition for
sem conduct or encapsul ation of the present invention. Kinds of the
inorganic filler are, for exanple, fused silica, crystalline silica, glass
powder, al um n&o and 25 cal ci um carfonate. The shape thggeof is a

pul veri zed for mar~=a~gpheri for,*“ﬁhésg i norganj c fi L re used
al one or as m@@ﬁﬁ?“ Kj o Tt =® nr
I

¢, the fused
silica and crystalline silica are Are er y used: -3dX

10 X)

These phenolic curing agents may be used alone or in
combination. These phenolic curing agents of various types
15 are available as commercial items. Examples of phenol aralkyl
resin include MEH7800 available fromMeiwa Plastic Industries,
Ltd. [ corresponding te the formula (VII)] and MEH7851
available from Meiwa Plastic Industries, Ltd. [ corresponding
to the formula (VIII)], examples of naphthel novolak resin
20  include NC-30 available from Gunei Chemical Industry Co., Ltd
[ corresponding to the formula {IX)], and examples of naphthol
aralkyl resin include MEH7810 available from Meiwa Plastic
Industries, Ltd. [ corresponding to the formula (X)].
The epoxy resin composition for semiconductor of the
25 present invention can also employ a curing agent other than
the phenclic curing agent to be mixed with the phenolic curing
agent. Examples of the curing agent to be mixed with the

phenolic curing agent include anhydrides such as
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The amount thereof used is 60-95% by nmass of the whole conposition. In
case of too small anmpunt of the inorganic filler, the hygroscopicity nust
be large so as to affect the solder crack resistance. In case of too |arge
anount of the 5 inorganic filler, the fluidity during nolding nust be
spoi l ed. The particle dianeter of the inorganic filler depends on the
configuration of the sem conductor device to which the resultant epoxy
resin conmposition is adopted and the 10 characteristics required. However,

t he aver a§é€ tharitticdimah wiapphenaild cprethercabl ge 1- 100 apyyd reprhd tprlef@er abl y 5- 50

pm To increase the filling ratio for adjusting the expansion
coefficieﬁpaﬁa§%§ﬁ1ﬁﬁy¥ﬁ%egﬂ&F&Ft?P Hf%Q?r%%%c@eagﬂé@ﬁQA§ rioduct s due

to flash duriag mldiing, .1 0ecengy el L.ar, of 45 \{@ioélﬁo%\éerea R gLcle

di aneter Is pm nmay al so adde e turing accelerator used in

t he epoxyghesiimo GRSy 11 bt haheSemiGendied O5nepgapsuhatien Hiqthe present
invention is a conpound that accelerates the curing reaction 20 between

epoxy gr odps yviemctikeniepoxyangsantand chydraoxyd r gt omps unidn othes ipheehaby ¢ curi ng
agent. Specific exanples include phosphine conpounds such as tributyl
phosphi neCotveghdmd 2 bhosphitneartr io( dinmetthbky pheayPyyRospiauies of

Sal 15 Such- K8 By e EIehy T BRBGRREAT GRFatr heny| boFBPacs of che oo o U
TR o S 2L e Ry AP BUAAL St
benzoate or acetate.

10 The respective components of the curing agent may be
previouslymixed to prepare amixture curing agent before use.
Alternatively, the components of the curing agent may be
separately added when components of an epoxy resin
composition are mixed for preparing the epoxy resin

15 composition so that all components are then mixed
simultaneocusly. The amount of the curing agent to be used is
set that groups reacting with the epoxy groups in the entire
curing agent are preferably 0.5-2.0 moles, more preferably
0.7-1.2 moles relative to one mole of epoxy groups in all

20 components of the epoxy resin.

An inorganic filler is compounded in the epoxy resin
composition for semiconductor encapsulation of the present
invention. Kinds of the inorganic filler are, for example,
fused silica, crystalline silica, glass powder, alumina, and

25 calcium carbonate. The shape thereof is a pulverized form or
a spherical form. These inorganic fillers are used alone or
as mixtures of two kinds or more thereof. Among these, the

fused silica and crystalline silica are preferably used.

~30_



tri phenyl phosphi ne- benzoqui none adducts; i m dazoles such as 2-nethyl

i m dazol e, 2-phenyl. im dazole, 2-ethyl-4-nmethyl i.m dazole, 2-undecyl
i m dazol e, 1-cyanoethyl-2-methyl im dazole, 5

2, 4-di cyano-6-[ 2-nmet hyl i m dazolyl-(1)]-ethyl-S-triazine and

2, 4-di cyano- 6-[ 2-undecyl i m dazolyl -(1)]-ethyl-S-triazine; imdazolium

salts such as 1-cyanoethyl -2-undecylim dazolium trinellitate,

2-met hyl i mi dazol i umisocyanurate, 10 2-ethyl -4-methylim dazol ium

t et r aphenyl bor at Beaatioupt et hgrepfaugefet By PP niPdazblyi nattet f aphenyl Dotat e;
am nes such as ,2,4,6-tris(dinethyl am nonethyl)phepol enzyl .

G ot hyl SERE S et Ty BUED1 o BB | TR | ot b e S e
2-di met hyl-apmh,no- | - pyr i.ne; - j t.s .such_ as_trje L,um
et aphonyl borate  al Aah  SyblS ConBoLnHe Uoh o e EbEATYLARTRAL

1, 5- di azabbeyelrol5:%.0kvé-iundacene, rn s Ss di @z abb € yrd 8fc 480 Qht 5o nonese and
1, 4-di azabi cycl o[ 2, 2, 2] - oct ane; and tetraphenyl borates, 20 phenol salts,
phenol> novobakagald st ianide2- et hy| héxandatesiwof ing heseddingz abistyclo
conmpounds. Anong these curing accelerators, tertiary am nes, phosphine
conpoundsSPPrit@&zol compounds, di azabicyclo conpounds, and salts thereof

are prof ot abl o, 28 TheRcGOIOUIds o5 L0 ocel sTal s cap bepysgd al one
2_633833 ' SnQrds EADY JBES: 1 O LLLHR) ¥ i 2 Do RS JBRS PRELET8RLY O
resultant epoxy resin compositicn is adopted and the
10 characteristics required. However, the average particle
diameter is preferably 1-100 um, more preferably 5-50 um. To
increase the filling ratioc for adijusting the expansion
coefficient, to adjust the fluidity, and to reduce defective
products due to flash during molding, inorganic filler of
15 which average particle diameter is 0.01—1 um mey also be
added.

The curing accelerator used in the epoxy resin
composition for semiconductor encapsulation of the present
inventicn is a compound that accelerates the curing reaction

20 between epoxy groups in the epoxy resin and hydroxyl groups
in the phenolic curing agent. Specific examples include
phosphine compounds such as tributyl phosphine, triphenyl
phesphine, tris{dimethoxyphenyl)phosphine,
tris (hydroxypropyl)phosphine and

25 tris{cyanoethyl)phosphine; phosphonium salts such as
tetraphenylphosphonium tetraphenyiborate,
methyltributylphosphonium tetraphenylborate and

methyltricyanoethyl phosphonium tetraphenylborate;
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epoxy resin of the conposition of the present invention. Since the curing
accel erator sonetines significantly effects the curing property and
storage stability of the resultant conposition, the kind and the anount of
the used curing 5 accelerator can be adjusted not to spoil the
characteristics of the present invention. If necessary, coupling agent,
carbon bl ack, coloring agent, flanme retardant, flanme retardant aid,

nol d-rel easi ng agent, ion supplenent, stress soothing agent, and the |ike
10 can be tapgroprilatied ypconpebrded duni itdree ey tesiim icknpols: ¢ isor:if es

sem conduct or encapsul ation of the present invention not to spoi

char act er Fstiedd o %Wkﬁ%éﬁﬁ8$|9|@WQﬂy1tﬁ%ﬂ%?é§éﬁt mediti lort ~tThelugh t he
amount can_bhe, ch ordln t.o, the kind of the ond device to
whi ch 15 tﬁédﬁég)f%aq% ??Y}e i Si t —ﬁyﬁgogﬁiﬁgég"gﬁﬁghﬁgneraIIy i's
0.01- 3% by m@g&gfgeulve to the whole conponents. Exanples of the flane
retardant include hal ogen type flame retardants such as brom nated epoxy

resi n sand2breriinatat phanpline cheSiimi BN IPNY ( CONPeynds -suah: sz 2= ant i mony
trioxi de, phosphorus type flanme retardants such as red phosphorus,

surf ace-ceatled red phosphorus, phosphoric esters and phosphi nes, nitrogen
type flane retardants such as nelam ne derivatives, inarganic flanme

retardant - §U§H9¥?nQﬂQNh%uﬁ?ﬁ?&ﬁé%m$9%%ﬁﬂhﬁghééiUﬁﬁﬁ#&r i idfel 2 phd8 phazene
26 flame LSApga 20d spogt l. Slicone, LLae tejardanisn, Snse the
encapsul at:tc%eqfllttmec epr ezsef@@thw%t ld%dlaﬁum excgklgnt Llane retardance, the
use of such flane retardant,

10 Z2-ethyl-4- methyllmldazollum tetraphenylborate and
2-ethyl-~1l,4-dimethylimidazolium tetraphenylborate; amines
such as 2,4,6-tris{dimethylaminomethyl)phencl, benzyl
dimethylamine, tetramethylbutyl guanidine,
N~methylpiperazine and 2-dimethylamino-l-pyrroline;

15 ammonium salts such as triethylammonium tetraphenyiborate;
diazabicycle compounds such as
1,5-diazabicycle] 5,5, 0] -7-undecene,
1,5~diazabicyciof 4,3,0] ~5~nonene and
1,4-diazabicyclol 2,2,2] —octane; and tetraphenylborates,

20  phenol salts, phenol novolak salts and 2-ethylhexanoates of
these diazabicyclo compounds.

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

25 These compounds as curing acceleratcors 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 0.5-0%

by mass, more preferably 0.5-3% by mass relative to the whole
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especially, the hal ogen type flane retardants such as brom nated epoxy
resin or brom nated phenolic resin and antinony conpounds such as anti nony
trioxide which are concerned about environnental safety can be elin nated
or 5 very small amount of such flane retardant can be enough. However,
since the flanme retardance depends on the kinds and the anounts of the
respective conponents of the conposition, the respective conponents are
sel ected and the amounts thereof nust be adjusted in order to ensure flane
r et ar danc&PPH Yakedt dicHgthé @\PII’BP%FlUE0@4O%thEF@SQﬂteh@VQ%FéﬁP 1in¢e
required to ? nsi.der the .comhi nation an e oxy and

h
curing agent to be use&%%%%ﬁFo%p%%@egégﬁﬁ ggg§y4¥¥cﬁf€%ﬁ%§gﬁ%ﬁctor
encapsul a&ugang% gtﬂ%%eq_fﬁ?eﬁd gezs%gtgleorgﬂaﬂjﬁﬂﬁ@yaoﬁae;@r Al 4 e mel t

viscosity at 1 of 'a mxture in whi epoxy resin and the phenolic
curing agenpoarieimirxed:idl eqguivahent: ramoutisnt So 0+ 2880m=Ral ssuriptef erably
20-120m Pas in view of the fluidity of the epoxy resin conposition. Melt

Vi scosi t yareree religr t20nbPasdisshet nstitalre beddus ehdefedtd vies product s
due to voids %%henonenon 20 that turbulent flow of conposition occurs in a
mol d duriﬂg | §FG SEd ket 4%Bur ed product |n mhlch air |s trapped)

are easily prodyfdg? g?gg yls%95|ty hlgher Eha ?F on Eﬂack | so. not
§hi

sui t abl e because rve pro 5" 'stchias $etfi ‘conduct or° ChIpS

and shiftsgehewi f§§m@r§e§§§!:l|alﬁtpr @%%dre%%rm%ﬂ‘r%qw IR Qf1 d e gl t
viscosity was nmade with by u5|ng a cone-plate rotati'ng viscosi meter (for

exanpl e, &yehD, menutagplreedby, MseesCospotatingn)gurith condidiensikdat the
plate tenperature was 150C, a cone had 5 poises, the rotation -43

10 can be approprlately compounded in the epoxy resin
composition for semiconductor encapsulation of the present
invention not to spoil characteristics of the composition of
the present invention. Though the amount can be changed
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 tc the whole components.

Ezamples of the flame retardant include halogen type

flame retardants such as brominated epoxy resin and
brominated phenolic resin, antimeny compounds such as

20 antimony trioxide, phosphorus type flame retardants such as
red phosphorus, surface-coated red phosphorus, phosphoric
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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speed was 750 rpm and the sanple anmount was 0.5g. The epoxy resin
conposition for sem conductor encapsul ation of the present invention is
made such that the hygroscopic rate of a cured product after heated and
cured 5is fromO0.1%to 0.50. The hygroscopic rate in this application is
commonly recogni zed that the |l ower the better. However, an extrenely |arge
anmount of inorganic filler is required to mneke the hygroscopic rate | ower
than 0.1% The production of a product having hygroscopic rate | ower than
0.1%is 16sprpasdilbi.e time prattvesn. typecdSernd hygroseopisc smathe 48 gher  t han
0.5% defective products due to solder cracks are frequently produced so
that it i 8TPREFRFN HOFY appFi Eabifor SO 'sEnt ¢ oRdBL L6 r Ce FEEFSUIZT on.
Though thg e OXé resin co ositign for _sem conductor . .15 énc ps%kgtion of
the preseft i AVERt i CHHAS 2> cRAFRCEET ISt d O 0 hbi SFUFE F8sit aiide, the
charact erpshi-¢ (depends, on Lhe; (KiLadsand L6, apounfs,af 4he hespeetdve
conponents of the conposition and additives other than essenti al

conporent seryTherafiorgroudt | S£requhr ed s sedectdihe easpeet i wepnponent s
20 and adjust the anmounts thereof not to nmake hygroscopic rate exceeding
0.5% Theblhygrescopiiocratbei §1lobealacdrbynichke depenidowiongt bgulat ion:and
Hygroscopic rate (nmass_of sanple piece after process in a tenperature- and

moi st ur e- EORtFBPFREStANK IR TS5 V25 BEURIRTEBP 72 HEuCS™P GHaiss Ot - t he
sam o pi gk BELLe L Bagesal Lorasa ol oarele Blgcebelare (he
other conppagdbs Qfsthee epPXY s e8! Mn COrPOsitd U f0Fc -Ahme retardance

10  accerding to V-0 of UL-924 standard or eguivalent.

It is required to consider the combination of an epoxy
resin and a phenolic 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 1s 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 viscosity 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 b poises, the rotation
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sem conduct or encapsul ation of the present invention is not particularly
limted and nay be any of nethods capable of wuniformy dispersing and

m xi ng the conponents. An exanple of general nethods is a nethod
conprising sufficiently mxing 5 predeterm ned anounts of conponents by a
m xer or the like, then nelting and m xing the m xture by using a m xi ng
roll or a kneader with being heated, if necessary, cooling the nelted

m xture to soljdify it, and pulverizing the solid mxture. The conposition

after pul FEFFed&an’ He FoRned fo tTe HaVer such"eraé #Ad Weight as to
satisfy nolding.caonditions and be in formof. tablets by a tableting

nmachi ne. Since Fﬁg %F&%@pfg§?%nc%%%%gﬁfg6ﬁnf5P§ﬁﬁﬁ%%%%%@?8ﬁorencapsu!ation
of the presenbdvantdon hasexceldent ;handling, ;propert ¥ becanse tteis
solid at ordinary tenperature and has 15 Iomﬂblocklng property, the epoxy
resin conpesirbisanalsahas o goodepubyepizing tpaapert ywandkd abletdnged
property. The sem conductor device of which sem conductor elenents are
encapsul at-&édf o3 tthe presend % i itentivar ccareibec rpriaduoed: by sgndapsat aoing

sem conductor chips with the 20 aforenenti oned conposition. Sem conductor

chips to be “BREEPSU dted Hte? Aot “paFt Fetil aPl§ Tl et &6 tdifd malP e
|ntegrategnCé§Ey%#§%gggggﬁ§Sgﬁg n%ngﬁg{ﬁ£§%§%accg&5igﬁciéggggﬁigég’?% al so

thyristors, and 0 configuration Seni con

not partigukartyelnphtedeopnc 2a-encapsyl ahhng meshogh s, general by of
| ow- pressure transfer nolding and nmay be injection nolding, conpression

mol di ng, acpsbtdaoldimg;iror PpedtongopSemrearduct s r dexMbae oencapsul ated by
the transfer_nolding .is installed to electronic equi pments -45
impossible in practice. In case of hygroscopic rate higher
than 0.5%, defective products due to solder cracks are
frequently produced sco 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 components.
Therefore, it is reguired to select the respective components
20 and adjust the amounts thereof not to make hygroscopic rate
exceeding 0.5%. The hygroscopic rate is obtained by the
following equation:
Hygrcoscopic rate ={ (mass of sample piece after process
in a temperature- and moisture-controlled tank at 85°C and
25 B5%RHM for 72 hours - mass of the sample piece before the
process) / mass of the sample plece before the process]) x 100
The method of mixing the essential components and the

other components of the epoxy resin compositicon for
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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 conmposition 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 adding hal ogen conpound
and/ or antinony conpound, which are concerned about environnental safety,
and have excellent solder crack resistance. 10 Hereinafter, exanples of

t he epoxy sessiarrcbnpliost téormp fotasénincondute grreneapsuhatinbnocof 1shecpr esent
invention and  the sem conductor device will be described in detail with
exper i nenpaé%&ﬁsmlégrl%méiz?dt Represehe i #vent f oS ofst caaaRted to

t hese exagghigz_ tho t de artln fromthe ﬁope 15 of the j n%52§|093
(Exanpl es} " "AS SHotrs %?P %%%QB %a@ﬁxé§§n§ & RSP By HArgTHGT " 8n
ePOXY I €5t A0Mo RaGUfd D90 A0SN 4l LAYLVALRAL ; BHRUNLSe 200 NORE Sl ML A EPOXY
resin was each of epoxy conpounds prepare In the aforenenti oned Exanpl es
-1 ard lpZedawcomeied alddyunavad t abbeoofithoer esohk moxekakrtype epoxy
resin, a brom nated epoxy resin, and a bi phenyl type epoxy resin and the
curing agésn wed tome ofnphenol nnovbeakikesioe, yherclnaralkitir@sinal 125
napht hol novol ak resin, and naphtol aralkyl resin, and heating to nelt and

m Xi ng th@ﬁlaﬂ%§9ﬁﬂqer%E%s??9n§t hegged foFL%a%ﬁcéiéﬁﬁWe ﬁé§”ﬁé&%d¥%ﬁ The
results ar%l‘%hown IncJ@e?'@o sollé§f-§iaqlte 3 nl\c? pulver121ng tzle8 sgof

mixture. The composition after pulverized can be formed to
10 have such size and weight as to satisfy melding conditions
and be in form of tablets by a tabletindg 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 low blocking property, the epoxy resin composition also has
good pulverizing property and tableting 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 circuilts, large-scale integrated circuits,
transistors, thyristors, and diodes. The configuration of
semlconductor package is also nct particularly limited. An

25 encapsulating method is generally low~pressure transfer
molding and may be injection molding, compressicon molding,
cast molding, or potting. Semiconductor device encapsulated
by the transfer molding is installed to electronic equipments
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Proportion of First Epoxy (l1211) (111) (211) (111) (V) (L) (i) (v
Compound (parts by mass) 100 100 100 100 100 20 50 80 O :2 Proportion of
QOher E-1 E-2 E-3 E-3 E-1 E-1 Ek4 N Q Epoxy Compound (parts by mass) 80
50 20 100 1.00 100 10 U Proportion of Phenolic P-1 P-2 P-3 P-4 P-5 P-2 P-2
P-1 P-1 P-2 P-2 Curing Agent (parts by mass) 59 99 113 72 108 95 101 52 49
94 99 Melt Viscosity (*) (mPaS) 41 63 52 42 69 65 112 62 262 64 153
Remar ks Exanpl es Conparative Examles (I11) Epoxy conpound represented by
the structdralS orkit &8 {FFF} YpPEpared® s reEanpl el V- £U8 ¢0v)atEgboxy conpound
repr esent r Uct Uy @ ormul a. (V) repared in Exanp 1-2 E-1
Biphenyl-ﬁggg%g%%§§§%é%fﬁ“{%%%id%épﬁ&ﬁégo?r b gnﬁeﬁaﬂgs g? ggp%%uE50xy
Resins Co., Ltdpe &ROXY1BQHI YAlENL: 411860/ 84 k2, Trd Phenyd et banesLype
epoxy resin (Epi kote 1032H60, a 10 brand nane of Japan Epoxy Resins Co.
Ltd. , Epdxy equiivahentctorlétcghbeml & B30 0esehenoyekaktt ypecapaxy: E88i n
(Epi kote 180562, a brand name of Japan Epoxy Resins Co., Ltd., Epoxy
equi val enthe2 5@nigayjudt 6r Eddv Beemcnatoads whoxydresi ns(BRENIS: @pdxand nane

of Ni ppon Ka%aku Co.,. Lid., Eeoxy equi val ent: 385 %/e , bromine content:
48% resin composition have superior flame retardance without

adding halcogen 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 semicenductor 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 examples 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 orthocresol novolak type epoxy resin, a brominated
epoxy resin, and a biphenyl type epoxy resin and the curing
agent was one of phenol neveolak resin, phencl 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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P-1 Phenol novol ak resin (Resitop PSy4261, a brand nane of Gunei Chem cal
I ndustry Co., Ltd., Hydroxyl group equivalent: -47 7.03 g/eq, Softening
poi nt: 85C) P-2 Phenol aral kyl resin (MEH 7800S, a brand nanme of Meiwa
Plastic Industries, Ltd., Hydroxyl group equivalent: 175 g/eq, Softening
point: 75C) 5 P-3 Phenol aral kyl resin (MEH 7851, a brand nane of Meiwa
Plastic Industries, Ltd. , Hydroxyl group equivalent: 198 g/eq, Softening
poi nt : 73%:) P-4 Naphtol novol ak resin (NC- 30, a brand nane of Gunei
Chemical Wablecdry Co., Ltd., Hydroxyl gr oup equi val ent : 126 10 g/ eq,
Sof t eni ng[ poiTit™83C) I-’-b Nap tof [ argl Ky S (IVI:H- /nu rand nane Jof
Meiwa Plastic Indistries, Ltd!, Hycréxyl4 dr éup ®dui’val ent :9 2189/ eq!

Sof t eni ng| PO 5o BEGE First MEASUT SR JJRNIe ‘ gte type

Vi scosi et er C[,J\/1 Lg@fgsgygcttpgg @;I/) 8%151 in) ég @rl)a?{'l'g E)V Pl at ¢ t gnperat ure:
150C, rotati on SBM% ol T PMiog CQRE 108 RN qg@ Iygasw nt Procedures 20 1)
0.5g of & & ( 4 lat festl f wf g-and-is-coppldgtely
nel ted. 2)EA crpoitgrbf@light i n contlact| wi tih thEnil"”EH—I od-39anpl e-1 |ahd| Bais t he
plate te &at-u&r@Xb@Qmmdstabl el at |7.5DC, {is |rotlated at| a predetelni ned
rot ati onal Ssipeedparfiyerasd | apse | 25 |of 10 gecohd8,| tthe 20i|de851404 08| 10
measur ed.| CEXRLRRA bpHEabTE 0RO £ 18 AN SR TS| BATRI 651 3.2
Curing Agent
(parts by mass) 59 199 113 72 | 108 95 [ 101] 52 | 49 | 94 99

Melt Viscosity (*) (mPa&) | 41 { 63 | 52 | 42 | 69 | 65 | 112] 62 | 262 64 153
Comparative
Examples

Remarks Examples

(III} Epcxy compound represented by the structural formula
(II1) 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 eguivalent:
170 g/eq)

E-3 Cresol novolak~type epoxy resin {Epikote 180362, a brand
name of Japan Epoxy Resins Co., Ltd., Epoxy eqguivalent: 210
g/eq)

15  E-4 Brominated epoxy resin (BREN~3S, a brand name of Nippon
Kayaku Co., Ltd., Epoxy equivalent: 385 g/eg, bromine
content: 48%)

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

Guneil Chemical Industry Co., Ltd., Hydroxyl group equivalent:
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t hrough 11-3) Each epoxy resin conposition for sem conductor -48
encapsul ati on was nmade in the sane manner as each of Experinent Exanples
No. 1 through No. 11 except further using spherical nelted silica powder
(average particle dianmeter: 28 pm as an inorganic filler, triphenyl
phosphine as a curing 5 accel erator, brom nated phenol novol ak epoxy esin
as a flane retardant, antinony trioxide as a flanme retardant aid,
carnauba wax as, a nold rel ease agent, and epoxy silane as a silane
coupl i ng agént/ &irt IFPricHok Y oR’ 1B it K @spective conponents shown in

Table 4. 10,Thg_conponen re melt 1 xed using a mxing. roll at
a tenper a%urze g?e%- 1§6é%§f§eﬁi%t(§&£%@%bt%i %Indnlg?l?%doﬁi[\ﬁﬂ?% was
pul | ed on sof i di fii ] i - I of

D0- 250 AT Lar et TRE ST dr F1 ot T U E vae B Vet rEer b B b 6Bt ai n a
mol di ng 4b6fmatenigalpoite Mot dcng naterial was nol ded by using a | ow
pressure transfer nolding machine at a nold tenperature of 175C and for a
nmol di Bg tPme pRihé¢odlofr90 kydcordsin t HEERDYS Dbt aknbmgnca reampl & piecez and a
160- pin TCEP tﬁpe resin encapsul ated 20 sem conductor device. The obtained
sanpl e pi BE@Shnrd SEniebhdtet ot devilbB E 6 AU BHVAN AITBE F 3P 853 fdflr s.

I n order l.uate t.he curing, property and the fluidity as indicators of
t he nDIda%?F?%ﬁ%Hgfﬁgﬁc%ﬁéﬁ%i%b material -, each nolding naterial was

measured oy haigdness 2svbuslc afdernr emeved, f Lom,the, npld.an¢ spikal flow
In addition, each nolding material after postcured was tested for gl ass

Chemical Inductry Co., Ltd., Hydroxyl group equivalent: 126
16 g/eq, Softening point 83°C)
P-5 Naphtol aralkyl resin (MEH-7810, a brand name of Meiwa
Plastic Industries, Ltd., Hydroxyl group egquivalent: 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) 0.5¢ 0f 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 1is measured.
{(Examples II-1 through II-8 and Comparative Examples II-1
through II-3)

Each epoxy resin composition for semiconductor
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transition tenperature, hygroscopic rate, and flanme retardance. Moreover,
each resin encapsul ated sem conduct or -49 device was tested for sol der
crack resistance after absorbing noisture. These results are shown in
Table 4. Table 4 Exanpl es Conparative Exanples Exanple 11-1 11-2 11-3 11-4
11-5 11-6 11.7 11-8 1-1 1-2 1-3 Proportion of First Epoxy (l1I11) (111)
(rer)y ¢rery (vy (rer) (i) (V) Conpound 100 100 100 100 100 20 50 80 R
Proportion of Qther Epoxy E-1 E-2 E-3 E-3 E-1 E-1 E-4 0 Conpound 80 50 20
100 100 160<%0 s aprighortadnnaficPAéndllicc sare prgnpeg psqepE D p-2 P-1
P-1 P-2 P2 Curin ent .59 99 113 72 108 95 1 5249 94 99 0 Sjlica
Powder - 105972548 T1a6 1163 SFab? 13741 2586 1033 1101101812 14BRS T Hhihy)

oS P 0T S dfaba? i hoh B T o g
0.5 0.5 025 \h5aQ 5n0.50PgBncr 01 Be B, & O 5 Shla &mpih@%s%eéﬁrin% 111
11 111i (Notel Spiral Flow (cm 78 85 89 81 79 85 70 70 45 90 85
Har dnéss jaustalaﬁftieror_r,e&vmdrfarmni molech @6 B0 5 B pld 7 B 861 83 87 6Hnd0 0
(Note 2) geggggg%%?m$%g¥%§%§g%rioxide as a flame retardant aid,
carnauba wax as a mold release agent, and epoxy silane as a
silane coupling agent, with proporticns of the respective
components shown in Table 4.

10 The compenents were melted and mixed by using a mixing
roll at a temperature of 70~130°C for 5 minutes. Thus cbtained
meltedmixture was pulled onto a sheet and was solidified with
cooling at a temperature of 20-25°C. After that, the
solidified mixture was pulverized so as to obtain a molding

15 material.

The molding material was molded by using a low pressure
transfer molding machine at a mold temperature of 175°C and
for a molding time period of 90 seconds, thereby obtaining
a sample piece and a 160-pin TQFP type resin encapsulated

20  semiconductor device. The obtained sample piece and
semiconductor device are postcured at 175°C for 5 hours.

In order to evaluate the curing property and the
fluidity as indicators of the moldability of each melding
material, each molding material was measured for hardness

25 just after removed from the mold and spiral flow. In addition,
cach molding material after postcured was tested for glass
transition temperature, hygroscopic rate, and flame
retardance. Moreover, each resin encapsulated semiconductor
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a Note 3 0.23 0.21 0.18 0.21 0.19 0.25 0.28 0.27 0.41 0.30 0.35 w C dass
Transition 145 125 120 155 128 120 175 148 150 115 118 Tenperature Note 4
Sol der Crack Resistance 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 16/16 9/ 16
11/16 (Note 5 Fl ane Retardance V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 Burnout
Burnout V-0 5 The proportions in the table are indicated as parts by nass.
(1) Epoxy corrpound represented by the structural formula (111) prepared
i n Exanpl Epoxy compound represented by the structural fornula (V)

10 pr epar éavﬁﬁee&%ﬁﬂq@eﬁre@ ) silkeng F aEfpes 2ok §nFest ht ¢ Etie? @000, a

b d f E | ent: 186
g/r 23) ng_ P?gﬁ%nyl rre?a%n Oxéﬂ)g eﬁ&?yc%es"frh J(%p?%%?% gggh\ég eg br and

nane of Japan Epoxy Resins Co. , Ltd. , Epoxy equivalent: 170 g/eq) 5 E-3
Cresol novol ak-type epoxy resin (Epi kote 180562, a brand nane of Japan
Epoxy ResiTableCp., Ltd., Epoxy equivalent: 210 g/eq) E-4 Brom nated epoxy

resi n ( BREN-S;—a—btrantd—rarerof-—N-ppon—Kayaku—Co——+Lt-d—Epoxy—equivalent .
385 g/ eq,| brom ne 10 content: 48% P- 1 ERhginsl novol ak res;rormpz(rdﬂesnmmgﬂes
PSVM4A26, 4 br and Iﬁ{alﬁ@e of Qurei—chemceal— |du'?ti”y' Cory bt ; ||yUI Ul\_yl gHoup
equi val ent: 103 g/ eq, Soft eHilnd-pplidt .H"BS’@? L6 |17 | g | 1l 12 I-3
Proportion of First Epoxy | (I | ) | (11D § (HD) ] (V) | A | ) § (V)
8 Compound 100 | 100 | 1001 100 { 100 | 20 | 50 | 80
& |Proportion of Other Epoxy E-1 | E2|E3] B3 | B |E-l{E4
§ Compound 80 §{ 50 | 20 } 100 100 | 160} 10
& Proportion of Phenolic | P-1 | P-2 | P-3 [ P-4 | P-5 | P2 P-2| P-1 P-i P2 P-2
o Curing Agent 59199 {113 72 | 108 | 95 [ 101] 52 | 49 94 99
g: Silica Powder 1074|1348 1436 1162]1407{1319| 136011033] 1011 1312 1496
&”5 Triphenyl Phosphine | 1.5 | 1.5 | 15| 1.5 ] 151 1.5 15| 1.5 LS 1.5 1.5
2 Antimony Trioxide 0 0 0 0 0 0 0 0 0 0 12
% Carnauba Wax I 1 1 1 [ I 1 i 1 | i
j=%
g Carbon Black 0510510510505 051057105 0.5 0.5 0.5
© Silane Coupling Agent
(Note 1) I 1 1 1 1 1 1 1 1 1 i
Spiral Flow (cm) 78 { 851 89 | 81 | 79| 85 | 70 | 70 | 45 90 85
. Hardness just after
.% removed from mold 85180 | 75} 8 | 74| 711 8 | 83 87 65 70
) §‘ (Note 2)
2 =] Hygroscopic Rate (%)
G|~
& o (Note 3) 023102110.18102110.19{0.25|0.28 [ 0.27] 0.41 0.36 0.35
%S Glass Transition
Ul
= Temperature (Note 4) 145 125 120§ 155 | 128 ¢ 120 | 175 | 148 150 115 118
Solder Crack Resistance
_ 0/1610/1610/16 1 0/16 | G/16 [ 0/16 | 0/16 | 0/16 1 16/16 9/16 11/16
(Note 5)
Flame Retardance VO V-0 V-0 VO] V0]| V-0] V-0[ V-0 | Bumout | Bunout| V-0

The proportions in the table are indicated as parts by mass.

(ITI) Epoxy compound represented by the structural formula

(LIT) prepared in Example I-1

(V) Epoxy compound represented by the structural formula (V)
10 prepared in Example I-2

E-1 Biphenyl-type epoxy resin (Epikote ¥YX4000, a brand name

G0



P-2 Phenol aral kyl resin (MEH 7800S, a brand nanme of Meiwa 15 Plastic

I ndustries, Ltd., Hydroxyl group equivalent: 175 g/eq, Softening point:
75C) P-3 Phenol aral kyl resin (MeEH 7851, a brand nane of Meiwa Plastic

I ndustries, Ltd., Hydroxyl group equivalent: 198 g/eq, Softening point:
"13C) 20 P-4 Naphtol novol ak resin (NG 30, a brand name of Gunei Chemi cal
I nductry Co., Ltd., Hydroxyl group equivalent: 126 g¢g/eq, Softening point
83C) P-5 Naphtol aral kyl resin (MEH 7810, a brand nane of Meiwa Plastic

| ndustri e€f €eBan Egaraxftsgnoupoequival entro2yoegpeyalens :Sdfeai ag) poi nt :

86C) Notel: i | KBM 403, a brand f_ Shin- Et i cal
Co.) Lid. | Rot 808P a1 RSTI BRBr BOBLY: SE TNt & £5 L 1/gt oLlopl 67 afo

Si xtoen 100 Bin TRERS War T ARL "l REEC At B9 1 75 NG e RbCLRar € he

TQFPs absorbed; mmjsture. After that, 5 these were soaked in a solder bath
at 260C for 10 seconds. Nunber of cracks was counted. Note 6: UL94 As

i ndi cat edEird Tébkeod, nagotehpared tpoggnposihi Ohsi kof e Cafpad At iavier Exdnpl es
I1-1. through 11-3, conpositions of 10 Exanples II-1 through 11-8 are
excel | ent PRRef PAngapétaFgaide REiStHGUL ccontldichi ng el o e compothd 210
(broninateg %henol novol ak epoxy resin) and antinony conpound (anti nony
trioxide)g § & flame retardant conponent, as well as | ow

E-4 Brominated epoxy resin {BREN-S, a brand name of Nippon
Kayaku Co., Ltd., Epoxy equivalent: 385 g/eqg, bromine

10 content: 48%)

P-1 Phenol novolak resin (Resitop PSM426, a brand name of
Guneil Chemical Industry Co., Ltd., Hydroxyl group equivalent:
103 g/eq, Softening point: 85°C)

P-2 Phenol aralkyl resin (MEH-78003, a brand name of Meiwa

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

P-3 Phencl 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 Naphtol novolak resin (NC-30, a brand name of Gunei
Chemical Inductry Co., Ltd., Hydroxyl group egquivalent: 126
g/eq, Softening point 83°C)

P-5 Naphtol aralkyl resin (MEH-7810, a brand name cf 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., Litd.}

Note Z: Value of ASTM Shore D
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viscosity, excellent fluidity, and | ow hygroscopicity. In 15 addition, the
sem conduct or devi ces encapsul ated using these conpositions have excel |l ent
sol der crack resistance. -52 WHAT IS CLAIMED I'S: 1. An epoxy conpound
having a follow ng general formula (I): CGeneral formula (I) RBARI R4 R2
RBRR- RS RBRERR R \2--CHCHZ O-OCH2-CH-CH2~ / -~7-O-CH -CH-CH OH
~2z2 0z RIO\ / RRRIO\ 7/ RO R3 RR5 wherein R1-R10 each represent

hydr ogen %t_ﬁ]O[ aIK%£ group having 1-6 carbon atoms, and n represents an
i nteger of 90 | MY C2CCRMCepoky cdifount” a8 el Add &t It 455 Wher ei n

R1- R10 a&%t@y%gogﬁga$%%€g g& n R tﬁﬁginethyl groups while R, R2,

R5- R10 are hydrogen a curabl'e ‘epoxy resin conposition containing:
an epoxy kesicnshayi pgeEWo1 0 -ARLerEPOXY, OF QURSt P&t s egil £ 58 RUUELRY

agent; and a curing accel erator, erein the epoxy resin contains 5-100% by
mass of afizepoxyrs conpound aseclrgimped dosetleddn doish3re. After that,
5 these were soaked in a solder bath at 260°C for 10 seconds.
Number of cracks was counted.
Note 6: ULS4
As indicated in Table 4, as compared to compositions
of Comparative Examples II-1 through II-3, compositions of
10 Examples II-1 through I1-8 are excellent in flame retardance
without containing halogen compound {(brominated phencl
novolak epoxy resin) and antimony compound (antimony
trioxide) as a flame retardant component, as well as low
viscosity, excellent fluidity, and low hygroscopicity. In

15 addition, the semiconductor devices encapsulated using these

compositions have excellent solder crack resistance.
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4. A cured product nade by curing a curable epoxy resin conposition as
claimed in claim3. 5. An epoxy resin conposition for sem conduct or
encapsul ati on conprising: an epoxy resin containing 5-100% by nass of an
epoxy compound as clained in claim1; a phenolic curing agent having two
or nore phenolic hydroxyl groupsaTpéers nokésulbe;rsan inorganic filler; and a
curing accelerator. 6. An epoxy resin conposition for sem conduct or
encapsul ation as clained in claim5, wherein the phenolic curing agent is
at |east one phengl cbesin csabeehed A 9RUR KA Hdridgaf RIeNals
novol ak resin, phenol aral kyl resin, naphthol novolak resin, and napht hol
aral kyl fésin. 7. An epoxy resin conposition for seni conductor

encapsul at.i S i,ped in claim5, wherein fused and/or crystalline
silica p%&bggagifﬁgﬁhggv#%& pul verized form and/or spherical formis
contained as the inorganic filler in an amount of 60-95% by nmass of the
whol e conposition. 8. An epoxy resin conposition for sem conductor

encapsul ation as clained in claim5, wherein the conposition does not
contain hal ogen conpound andéor antinony conmpound as a flane retardant
conponent -and a cured P{oduBt made from the cshposktion has flame

retardance that neet o—0f Lh-94 standard, 9=A{sem conductor device of
and/ or sem co %egrated circuits are

whi ch sem conduct or
( Ohgrosi ti on
O ~O~~éH2~{§3H—CH24O
OH

encapsul ated with cu’
CHZMCH—CHZ_O \ _CHz‘““CH“‘CHz
g /i \/
0
7

Rr® (l)

wherein R*~R*® each represent hydrogen atom or alkyl group
having 1-6 carbon atoms, and n represents an integer of 0 or

more.

2. An epoxy compound as claimed in claim 1, wherein R*R'
are hydrogen atoms or R?, R' are methyl groups while R, RZ?,

R°~-R'® are hydrogen atoms.

3. A curable epoxy resin composition containing:

an epoxy resin having two or more epoxy groups per
molecule;

a curing agent: and

a curing accelerator, wherein

the epoxy resin contains 5-100% by mass of an epoxy

compound as claimed in claim 1.
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for sem conductor encapsulation as claimed in claim5. -54 10. An epoxy
conpound as clainmed in claiml, wherein n represents an integer of 1 or
nore. 11. An epoxy compound as clained in claim10, wherein R3, R4 are
met hyl groups while R1, R2, R5-R10 are hydrogen atons. -55

4. A cured product made by curing a curable epoxy resin

composition as claimed in claim 3.

5. An epoxy resin composition for semiconductor
encapsulation comprising:

an epoxy resin containing 5-100% by mass of an epoxy
compound as claimed in claim 1;

a phenolic curing agent having two or more phenolic
hydroxyl groups per molecule;

an inorganic filler; and

a curing accelerator.

6. An epoxy resin composition for semiconductor
encapsulation as claimed in claim 5, wherein the phenolic
curing agent is at least one phenol resin selected from a
group consisting of phenol novolak resin, phenol aralkyl resin,

naphthol novolak resin, and naphthol aralkyl resin.

7. An epoxy resin composition for semiconductor
encapsulation as claimed in c¢laim 5, 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.

8. An epoxy resin composition for semiconductor
encapsulation as claimed in claim 5, wherein the compositiocon
does not contain halogen compound and/cor 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.

9. A semiconductor device of which semiconductor
elements and/or semiconductor integrated circuits are
encapsulated with cured product of an epoxy resin composition

for semiconductor encapsulation as claimed in c¢laim 5.
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10. An epoxy compound as claimed in claim 1, wherein n

represents an integer of 1 or more.

11. An epoxy compound as claimed in claim 10, wherein R7,

R are methyl groups while R!', R*, R°-R'" are hydrcgen atoms.
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