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BACKGROUND OF THE | NVENTION Field of the Invention The present invepgmgn
relates to an epoxy resin conposition Hbving | ow noi sture absorption and
excel l ent sol der-crack resistance. The conposition is useful as an
adhesive, a coating material, electric and electronic material such as an
encapsul ating material and a | am nated board, especially useful for

encapsul at i BoRP RESAN COMPOSTRMONE FORCENCAPSIOAT DG IdEMRONDBCITdR | AND

recent years, transfer nolding of a useful epoxy resin conposition is

eCO”O”ica"%ggf&igggﬁﬂsﬁﬁé?EQ?ffﬁﬁl§ﬁﬁf€oﬁ5?§§gkggﬁﬁéﬁhﬁﬁ§’ suchasLSI, 1C,

anda transi I Ccu surface noun I'S recently
conducted and direct immersion into a solder bath is increasing. Since an
encapsul ating material is exposed to a high tenperature of 200 [err] C or
nore in this treatnent, noisture absorbed in the encapsul ating nateri al

expands, crBBEEGROUND PFeBHBNENVENTIAY occurs at the interface with a die
pad. For this reason, the epoxy resin encapsulating material is required
for inproverkeldobf! bhenbneentionbsor pti on, sol der-crack resistance, and
adhesi on. : :

The present invention relates to an epoxy resin
composition having low moisture absorption and excellent
solder-crack resistance. The composition 1is useful as an
adhesive ., a coating matérial ., electric and electronic material
such as an encapsulating material and a laminated board,
especially useful for encapsulating an electronic device.
Description of the Related Art

In recent years, transfexr molding of a useful epoxy resin
compoéition is economically performed for encapsulating of
semicohductors,suchasLSI,IC,andafransistor;Particularly,
surface mounting qf LSI is recently conducted and direct
immersion into a solder bath is increasing.

Sincé an encapsulatingmaterial is expos_ed to ahigh temperature
of 200 °C or more in this treatment, moisture absorbed in the
_encapsulating material expands, cracks are formed and peeling

"occurs at the interface with a die pad.
For this reason, 'the epoxy resin encapsulating material

is required for improvement of low moisture absorption,

solder-crack resistance, and adhesion.



2 In the present situation, an encapsulating material in which glycidyl

et her of o-cresol novolak is mainly used as a pol yfunctional epoxy resin
and a phenol novolak is mainly used as a curing agent. However, when the
encapsul ating material absorhbs noi sture2in storage, the above-nentioned
probl ems occur. In order to avoid these problens, noisture proof packing is
carried out in practical use. Besides the glycidyl ether of o-cresol

novol ak, JP-A 60-112813 describes a glycidyl ether of novolak in which

phenol s are conbi ged_wi th p- y et gn [ r LO$LOpI C
property nor the 381 EgP-EFgﬁéx{feésﬁl‘faa?\%ogA‘i & sﬁp%ésgﬁlakgﬁ&g%ie%%hgﬁmre,
JP- A 5-222156 describes that_ a gl¥cid | ether of_ aral kyl phenol is

excel | ent | Wik 9L¥Sidvdnether af | QuFEREPLATTLFK diomatnly: used RSt &4

boards, but the | ow noisture absorption and the sol der-crack resistance,
etc., requi pedyfanationsluerokygresie and; a pifenali sovolskMvRaicH yrHused
| NVENTI ON An obj ect of the present invention is to provide an epoxy resin

conposi ti on dwmdi Ggrimygy agemi ur eHewavep!, i witemthee enelapesnl atdndenatesthl
resi st ance, and resin-encapsulated type sem conductor apparatus using

the same. ThidHGteidOiré InIrdgeStRE aBEHBS Mt 1dned+oWi s SELak.
electric and

In order to avoid these problems, moisture proof pécking is
carried out in practicai use. |

Besides the glycidyl ether of o-cresol novolak, JP-A
60-112813 describes a glycidyl ether of novolak in which phenols
are combined with p-xylylene skeleton, but neither the
hygroscopic property' nor the solder-crack resistance is
sufficient enough.

Furthermore, JP-A 5-222156 describes that a glycidyl
ether of aralkyl phenol is excellent in heat resistance or a
low dielectric property for laminated boards, but the low
moisture absorption and the solder-crack resistance, etc.,
required for encapsqlating, are not sufficient.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an epoxy
resin composition having low moisture absorption and excellent
solder-crack | resistance, and resin-encapsulated type
semiconductor apparatus using the same. The composition is
useful as an adhesive, a coating méterial, electric and

electronic material such as an encapsulating material and a



el ectronic material such as an encapsulating material and a 3 |l am nated
board, especially useful for encapsulating an electronic device. As a
result of extensive studies in view of aforenentioned circunstances, the
present inventors have found that the aBove-nentioned problens can be
solved by using a specific epoxy resin conposition and conpl eted the
present invention. Nanely, the present invention is directed to an epoxy
resin conposition for encapsul ati ng sem conductor conprising: (A an epoxy

G511 DOV g 4800 T 80X SR i BoTBLEC Ut BRREERATLEAnDY o™ o

repeating units, and represents a nunerical value of 1 or nore to 20 or

| ess; [err] @ABCREEPAL A8¥dFEndent|y represent, hydrogen atom an al kyl
group having 1-8 carbon atons, a cycl oal kyl group having 5-12 carbon atons,
an aryl group havAag Besultafirytensine stndiasdmviev ofiateremen titore@
carbon atons; P and Q i ndependently represent, hal ogen atom an al kyl group
having 1-8 edirkansthades ,arttd kppgsegtodpveatiorg hdveafbandatthat, tive

al kynyl group having _
above-mentioned problems can be solved by using a specific epoxy
resin composition and completed the present invention.
Nélnely, the present invention is directed to an epoxy
resin composition for encapsulating semiconductor comprising:

(A) an epoxy resin having two or more epoxy groups in amolecule,

represented by formula (1),

OCH,CHCH, / R e OCHZCHCHz\
. - 2/ )
P> ¢—O ¢, 0 Ho ()
R (P); A

in the formula, n is an average number of the repeating units,
and represents a numérical value of 1 or more to 20 or less;
R!, R?, R3, and R* independently represent, hydrogén atom, an
alkyl group having 1-8 carbon atoms, a cycloalkyl group having
5-12 carbon atoms, an aryl group having 6-12 carbon atoms, or
an aralkyl group having 7-20 carbén atoms; P and Q independently
represent, halogen atom, an alkyl grouphaving 1-8 carbon atoms,

analkenyl group having 1-8 carbonatoms, an alkynyl group having



4 1-8 carbon atons, a cycl oal kyl group having 5-12 carbon atons, an aryl
group having 6-14 carbon atons, an aral kyl group having 7-20 carbon atons,
an-al koxy group having 1-8 carbon atons, an al kenyl oxy group having 1-8
carbon atons, an al kynyl oxy group havinfy 1-8 carbon atons, an aryl oxy group
havi ng 6-14 carbon atons, nitro group or cyano group; when nis 1, i is an
integer of O to 4, and when nis not 1, i is an integer of O to 3; j is an
integer of 0 to 4; all of[err] and R err] are not hydrogen atons at the
same time. (B | en i 4] p i I é¥§@ @)
i nor gani ¢ flg'| e?a%\g%ﬁ%ﬁn%dn% %%%@%Q&Bg‘? 1\9,\%\%%@32526 E%EB?he %1 e
conposition. Further th resent .invention. s directed.ta a

resi n- encap@th gtr?bl?%%ﬁ’rrb%ﬁd&ét%?r o FLgs @ acejlrl?ﬁt HECURRAGH ct or
device is encapsul ated by curing the above epoxy resin conposition.
Det ai | ed DedcrPpCrEROBf atAlS ) nJBNRLBAXY HhETRRB XAV LRY nl &) Caxhen atons e
present invention is a conpound represented by the above formula (1).

Sui t abl y, i antdikkexdyhoxy grouphaving I8 chrbod ajams | an ad&yaydoxy group
represent al kyl groups having- 1-4 carbon atons, cycloal kyl groups having
5-7 carbon ahetimg D-8atatbé MU @argl19:8agkeap having 6-14 carbon

atoms, nitro group or cyano group; whenn is 1, i is an integer
of 0 to 4, and when n is not 1, i1 is an integer of 0 to 3; j
is an integer of 0 to 4; all of R', R?, R*, and R* are not hydrogen
atoms at the same time. -

(B) a curing agent having a phenolic hydroxyl group, and
(C) inorganic filler in an amount of 60 to 98% by weight based
on the whole composition.

Further the present invention is directed to a
resin-encapsulated type semiconductor apparatus, wherein the
semiconductor deviée is encapsulated by curing the above epoxy
resin composition.

Detailed Descriptionl of the Invention

The epoxy resin (A) used for the present invention is
a compound represented by the above formula (1). Suitably,
in the above formula (1), R!, R?, R*®, and R! independently
represent alkyl groﬁps having 1-4 carbon atoms, cycloalkyl
groups having 5-7 carbon atoms, or aryl groups having 6-9 carbon
atoms. More suitably, all of R!, R?, R*, and R* are methyl groups .

further suitably, all Qs are hydrogen atoms, and most suitably,



atons. More suitably, all of [err] and R err] are nethyl groups, further

suitably, all Q are hydrogen atons, and nost suitably, 5 a gl ycidyl
et her of aral kyl phenol represented by the following fornula (2). [err]
[err] [err] in the fornula, P, i and n Yepresent the sane neaning as the

above. The conpound represented by fornula (3) which is a precursor of the
epoxy resin represented by fornmula (1) can be prepared using the nethod
shown in JP-A 58-121230, JP-A 58-121231, JP-A 63-303939, etc. [err] [err]

'n th L :
ggr[]he gbovg.é%é%ﬁgleﬁgﬁgy%fr ggg%?F&ﬂ%r}%igggg%ggﬁgﬁ% tt?)%n%gjr:%%res Intngd
by the abov%OL%&E%IQZSQ), w thout being limted,

R R
QCH,CHCHY CHy  GHy  QCH,CHCH,

™ . 2

P> \clz-@—clz 2 /nH @)

CHs  CH4P)

in the formula, P, i and n represent the same meaning as the
above.

The compound represented by formula (3) which is a
precursor of the epoxy resin represented by formula (1) can
be prepared using the method shown in JP-A 58-121230, JP-A

58-121231, JP-A 63-303939, etc.

OH | v @ s OH \
2 /'TC‘ ch &N Lo
Sy §2 A §4 Vi e
P h

In the formula, R}, R?, R?}, R*, P, Q, i, j, and n represent the
same meaning as the above.
As a general preparation process of the compound

represented by the above formula (3), without being limited,



6 compounds represented by diisopropenyl benzene, bis ( a

- hydr oxyi sopropyl) benzene, 1-isopropenyl-3- a -hydroxy isopropyl benzene,
1-t sopropenyl - 2- a - hydr oxy iéopropylbenzene,

1-i sopropenyl - 4- a - hydr oxy i%opropyl benzene, and” substituted
aromatic derivatives thereof, are reacted with phenols under existence of a
acid catalyst. By reacting the conpound represented by the above fornula
(3) with an epi hal ohydrin, an epoxy resin of the above fornula (1) can be

obt ai ned, Wizsmguhnagi Nepidddprbd NByet @11 & Snl € veRiFedspyki qh dhave
at | east one phenolic hydroxyl group. Exanples thereof include: phenol;

vari ous o-, n - of henol. W Eh
ethylphenolTﬂﬁgngg$FB§g§§&?)isg%k%é?ﬁ%heﬁﬂ%géﬁﬁﬁﬁgﬁyiﬁémoh,(ﬂ§a¥%xy

i sobut yl phenol , t-butylghenol, octyl phenol , nopyl phenol , xyl enol

met hyl but y| pEEREPPYLben enai--t-butirgﬁgﬁsPPeBY-lf-zarry| phdhol | etAYAreXY¥ | ous
o-, m and p-isoners of al kenyl or al kynyl phenol represented with

vi nyl phenol 1sapropphbaoreng.openyl| phdgepropensyngrphenol® et c.h¥dFoxYis o-
m and p-isoners of al koxy, al kenyloxy or al kynyl oxy phenol represented

wi t h nmet hoxg.phpropylbenaenpghenol andr \dubstighetred | apoonpiigy | deairranibres et c. ;

cycl oal kyl phenol represented with cycl opentyl phenol, cycl ohexyl phenol,
cycl ohexyl cthegkofet are bahoged wibhtphehslls plieder sexeptenest ol aviadia

chl orophenol , dichl orophenol, bronophenol, dibronophenol, etc.; and

' catalyst. By reacting the compound represented by the above
formula (3) with an epihalohydrin, an epoxy resin of the above

formula (l)lcan be obtained, without being limited thereto.
Phenols are compounds which have at least one phenolic

hydroxyl group. Examples thereof include: phénol; various o-.

m-~ and p-isomers of alkyl phenol represented with cresol,
ethylphenol, n-propylphenol, isopropylphenol, n-butyl phenol,
isobutylphenol, t-butylphenol, octylphenol, nonyl phenol,

xylenol, methylbutylphenol, di-t-butylphenol,
di-t_-amylphenol, etc.; various o~. m- and p-isomers of alkenyl

or alkynylphenol represented with vinylphenol, allylphenol,
propenylphenol, ethynylphenol, etc.; wvarious o-. m- and
p-isomers of alkoxy, alkenyloxy or alkynyloxy phenol
répresented with methoxyphenol, ethoxyphenol, aryloxy phenol,
propargyloxyphenol, etc.; cycloalkylphenol represented with
cyclopentylphenol,cyclohexylphenol,cyclohexylcresol,etc.;

halogen substituted phenols represented with chlorophenol,

dichlorophenol, bromophenol, dibromophenol, etc.; and



substituted phenols, such as nitrophenol, cyano phenol, aryl phenol, and
aral kyl phenol. Among the above phenols, phenol, various o-, m and
p-isomers of cresol, various o-. m and;}isoners of xyl enol _

and3- net hyl - 6-t - butyl phenol canbe exenpl/ fiednore suitably. As-a curing
agent, a well-known curing agent can be used in the present invention.
Exanpl es thereof include, w thout beinglimted, polyhydric phenols such as
phenol novol ak, cresol novol ak, fl uorogl yci ne,

tri s(4- hydr eupatandtedE 1sl, tdd SRFdpheany byahd Bhenol, .
and g,1,%,2-tetraE¥2(4-E§g?g%§6h%%$?)éﬁhane. Furthé¥E§?éinegn8% p%F%%ydrlc

phenol s as ggﬁnggpvggﬁggggggsgh@ﬁqn%g.agent for epoxy resin include:

pol ycondens on gr 0I's"Such as phenol, various alkyl phenols,
and naphthols as alone or in conbination of two or nore, wi th al dehydes,
such as for mal dehpBeOngaddres 2RINRIcPhereds ei BhegPyox Fariouns, 0 dehydeand
napht hoal dehyde, and hydroxy benzal dehyde or ketones, such as cycl ohexanone
and acet ophpndsemerisngf gvesod: i various tgpe npolayldy grisombesobs, xglLehons
poly vinyl phenol and pol yi sopropenyl phenol; reaction products of phenols
with diols andB-ametleil-dGenimotylyphbrol eanbaekdéinp LifablamoroOaDOaPLg, such

as represented by the fornmula (5), or dihal ogen conpounds, such as

represented by thasf@iditihg agent, a well-known curing agent can be used
in the present invention. Examples thereof inclﬁde, without
beinglimited,polyhydricphenolssuchasphenolnovolak,cresoi
novolak, fluoroglycine, tris(4-hydroxyphenyl )methane,
1,1,1-trishydroxyphenylethane, and
1,1,2,2-tetrakis(4-hydroxyphenyl)ethane.

Further examples of polyhydric phenols as the
above-mentioned curing agent .for epoxy resin include:
polycondensation products of phenols such as phenol, various
alkyl phenols, and naphthols as alone or in combination of two
or more, with aldehydes, such as formaldehyde, acetaldehyde,
acrolein, glyoxal, benzaldehyde, naphthoaldehyde, and hydroxy
benzaldehyde or ketones, such as cyclohexanone and
acetophenone; vinyl polymerization type polyhydric phenols,
such as poly vinylphenol and polyisopropenyl phenol; reaction
products of phenolswith diols suchas represented by the formila
(4), dialkoxy compounds, such as represented by the formula

(5). or dihalogen compounds, such as represented by the formula

(6).



(6), .8 Jerr] (inthe fornmula,[err] and R err] independently represent,
hydr ogen atom acyclic or cyclic alkyl group havi ng 1-6 carbon atons,
substituted or unsubstituted phenyl grogg [err] (in the formula, RO and
R10 i ndependently represent, hydrogen attom acyclic or cyclic al kyl group
having 1-6 carbon atoms, or substituted or unsubstituted phenyl group),
[err] (in the formula, X represents fluorine, chlorine, bromne, or .
iodine); or Friedel-Crafts type reaction products of phenols with alicyclic
conpounds such as phengd, d|CﬁZIopentad|ene and |inonene, or diolefins
such as dii sopropenyl nzene w thout being limted thereto. In view

of hardenability, _p@&y %gsed suitably. In addition, these
curing agents canrﬁ% upe6§ﬁdon i n c ination of two ar nore. About the
formul ation rate of amQ poxy ring agent to

(in the formula, R®, R®, R’, and R® independently represent,

hydrogen atom, acyclic or cyclic alkyl group having 1-6 carbon

atoms, substituted or unsubstituted phenyl group),

9 A 10

R OHzchHzoR (5)
(in the formula, R’ and R'° independently represent, hydrogen
atom, acyclic or cyclic alkyl group having 1-6 carbon atoms,

of substituted or unsubstituted phenyl group),

A
XHZC—-,;)—CHZX (6)

(in the formula, X represents fluorine, chlorine, bromine, or
iodine);
or Friedel-Crafts type reaction products of phenols with
alicyclic compounds such as phenol, dicyclopentadiene, and
limonene, or diolefins such as diisopropenylbenzene, etc.,
without being limited thereto.

In view of hardenability, a polyhydric phenol is used
suitably. In addition, these curing agents can be used alone
or in combination of two or more.

About the formulation rate of an epoxy curing agent to



9 an epoxy resin, 0.3 to 1.2 equivalent to an epoxy group is usually

sui table. Wien the epoxy resin conposition of the present invention is
cured, a well-known curing accel erator can be used. Exanples of the curing
accel erator include, wthout being lim¥ed: or gani ¢ phosphi ne conmpounds,
such as tri phenyl phosphine, tri-4-nethyl phenyl phosphine, tri-4-nethoxy
phenyl phosphine, tri butyl phosphine, trioctyl phosphine, and tri- 2
-cyano et hyl phosphine, and tetraphenyl borate salts thereof; tertiary

am nes, such as , riutyl am ne ri et hyl am ne .

1, 8- di azabi wepef‘g.%fo‘]’h'néeé gﬁei/'r?equlgﬁéen;‘ 9 A0 SPOXF FROUR LS MR,
ammoni um salts, such as benzylchloride trinethyl amonium

benzyl t ri neswytabk®ni um hydroxi de, and triethyl anmoni um tetraphenyl bor at e;
and i m dazol e. Anong them organi c phosphi ne conpound, 1,8 -diazabicyclo

[ 5. 4. 0] undecene- Mhem dhenepaxy ire sdneconpdsabtt or pfinhiiehpresent iofverdiisanr e
resi stance and hardenability. Triphenyl phosphine is especially suitable.

Exanpl es of 1 § Quredor 8 #ei1a -Iindwel cufihfacierdtiss baf YEaseli Exanslasle
silica, alumna, titaniumwhite, alum num hydroxide, talc, clay, glass

o Ehosf el A AL G SLpU A cyrTiSeS SHLLLE S,

g} zes 10 I NGLEaRP:! BRolbhih89caBYThas? "ubh a% R Pyl wholithfhd!l Xture
tri-4-methylphenyl phosphine, tri-4-methoxy phenyl phosphine,
tri butyl phosphine, trioctyl phosphine, and tri-2-cyano ethyl
phosphine; and tetraphenylborate salts thereof; tertiary
amineé, such as tributylamine, . triethylamine,
1,8-diazabicyclo[5.4.0]undecene-7, and triamylamine,
quarternary ammonium salts, such as benzylchloride trimethyl
ammonium, benzyltrimethylammonium hydroxide, and triethyl
ammonium tetraphenylborate; and imidazole.

Among them, organicphosphine compound, 1,8-diazabicyclo
[5.4.0]undecene-~7, and imidazole are suitable from the point
of moisture resistance and hardenability. Triphenyl phosphine
is especially suitable.

| Examples of (C) inorganic filler in the epoxy resin
composition include silica, alumina, titanium white, aluminum
hydroxide,talc,clay,glassfiber,etc.,andsilicaandalumina
are suitable. These can be used by mixing those having different

forms (spherical shape or crushed type) or sizes to increase

the £filling amount, and it is preferable to use a mixture of



10 inorganic fillers having spherical shape and crushed form When
conpoundi ng inorganic fillers, the anount is 60 % by weight or nore and 98
% by wei ght or |ess based on the whol e anount of the resin conposition,
suitably 70 % by wei ght or nore and 98'U@by wei ght or less, and nore
suitably 75 % by weight or nore and 98 % by weight or less. In the epoxy
resin conposition of the present invention, can be added according to
requi renents are: nold lubricants, such as natural wax, synthetic wax,

hi gher fatty acid _and al _salts thereof .or . paraffin; colorant uch as
¢arbon bl acﬁ,’mé'ﬁﬂmg&r Fg‘é CEFe A ERe EBEﬁFg",ca&uéhaR? qu;ﬁgucs%&s if?? fgent ,
etc. Mdreover, flane retardants, such antinony trioxide, a phosphorous
conpound, and a bWBANNEPBECBRAIDT riReFIantic el bkrrs the gmwamnt dsobPatn a
flame retardant effect, a brom nated epoxy resin is especially preferable.

For | oweri npyswetght aramogesard 88 &nky welightboralidss hased on thelwholact ed
for use. Exanples thereof include addition type or reaction type el astoners

and the |ikemoudlt o RBkyPebafli 66@poRuUtadheneudtaplignior &l BycoeoiNtesr
silicone rubber, silicone oil and the |Iike. For encapsulating an el ectronic

?ﬁ‘éi ce suCh R$eSEHd 9B E BT WE1§nElor 18851 Brid RoLRBWA £ 51 780FRYSké L §Rt bY
or more and 98 % by weight or less. |

In the epoxy resin composition of the present invention,
can be added according to requirements are: mold lubricants,
such as natural wax, synthetic wax, higher fatty acid and metal
salts thereof or paraffin; colorants such as carbon black; and
surface treatment agents, such as silane coupling agent, etc.
Moreover, flame fetardants, such antimony trioxide, a
phosphorous compound, and a brominated epoxy resin can be added.
In order to obtain a flame retardant effect, a brominated epoxy
resin is especially preferable.

For lowering stress, various elastomers may be added or
previously reacted for use. Examples thereof include addition
type or reactiqn type elastomers and the like such as
polybutadiene, butadiene-acrylonitrile copolymer, silicone
rubber, silicone oil and the like.

For encapsulating an electronic device such as
semiconductor's eté. using the epoxy'reéin composition by the

present invention and making a resin-encapsulated type

semiconductor apparatus, cure-molding can be carried out by



present invention and making a resin-encapsul ated type sem conduct or

appar atus, cure-nolding can be carried out by conventional ly wel | -known
not di ng met hods, such as transfer nol ding, conpression nolding, and

i njection nolding. For curing the epoxy'resin conposition of the present
invention, a fornmulation rate and the kind of catalysts, etc. can be

sel ected appropriately. Usually the curing is conducted at a tenperature in
the range of 100 [err]C - 200 [err]C, for 1 to 24 hours. In the

resi - eNoapau 3AYNAS 13 W ONUHELA nBBARNG! HEcRbALN CoRERSES idERLE O

t he sem conduct or devi Cé-i s encapsu h™currng’t poxy resin
conposition of the present inventiqn, and | '1.- kno mat er.ial s etc. except
as the epox{polddng.cGORRLESSIAn Y Gy &R &P:l?é’\éfvi{:]@&‘nﬂl? $evi ces.

Curing condition of the epoxy resin conposition is not especially limted,
as long as the sefPEordudngr thevepexyanesincaempasi bien, ointhespeesgnt
carried out in a range of the above-nentioned curing condition. EXAMPLES
Al t hough exdnpeatioh,t Aefprmshatiomumatie andatke dhinkh ofebatalybespretent
invention is not limted to these. Evaluation nethods of the resin and
cur e- nol ded camt Bé istll et PappBbpLIEtely. Usually the curing is conducted

at a temperature in the range of 100 °C - 200 °C, for 1 to 24

hours.

In the resin-encapsulated type semiconductor apparatus
of the present invention, the semiconductor device is
encapsulated with curing the epoxy resin composition of the
present invention, and well-known materials etc. except as the
epoxy resin composition, can be used for semiconductor devices.
Curingconditionof the epoxyresincompositionisnotespecially
limited, as longas tl_'le semiconductordevice canbe encapsulated,

and usually carried out in a range of the above-mentioned curing

condition.

EXAMPLES

Although examples of the present inventionare shownbelow,
the present invention is not limited to these.

Evaluation methods of thé resin and cure-molded material
are as follows.
Softening point : Measured by ring and ball method, according

to JIS K7234.



Softeni ng point : Measured by ring and ball nethod, according to JI' S K7234.
12 Gel tinme : Measured at 175 [err]C according to JI'S K5909. Spiral Flow :

Measured at 175 [err]C and 70kg/cnferr], according to EMM -1-66. Pulling
out adhesgi:ve strength : Measured at rooﬂr?terrperature, according to JP-A
9- 1.0033 | der-crack resistance : Imtation IC (52 pin QFP package:
package kness 2.05nm ) is used, and imedi ately after npisture is

absor bed er the condition of 60%H, 85 [err]C for 168 hours, in a
t her no- &dpt, (Advantec To : -326), sinhg in a_sol der bath of
orfSBl'E%cb asu %‘8 %ﬁa%fgéagtﬁéé?ﬁékg%ft%x\:f@lIé?l?o%rt icles.

240[ err]

The exce r# Jgt%i cl es nean those_whi ch have no cracks %nd peelings. The
rate of 0GRl Flow| o Neasurpdiad 15 &G @anditOkg i, e aggokddag to t he
total n of packages. absorption : Using the package used for the

sol der-c l?1‘@91.\7iJs-t®6u:e menti oned above, the wei ght change was neasured
before re absorption and after noisture absorption. In the exanple,
epoxy e Al ng olef adRdsavetheramitht: BbablieeAPRK )t ddiF tBmPRLraRligetPOXY
group. ivalent is defined weight of OH conmpound per one OH group.

according to JP-A 9-100339.
_:_lder-crack resistance : Imitation IC ('52 pin QFP package:
ickage thickness 2.05mm ) is used, and immediately after
i.sture is absorbed under the condition of 60%RH, 85 °C for
hours, in a thermo-hygrostat (Advantec Toyo Co. AGX-326),
érsing in a solder bath of 240°C for 30 seconds, and
ined the rate of excellent articles. The excelient articles
n those which have no cracks and peelings. The rate of
©llent article is a number of excellent article packages
;é total number of packages.

absorption : Using the package used for the solder-crack
"1':ance mentioned above,' the weight change was measured
"€ moisture absorption and after moisture absorption.
'_In the example, epoxy equivalent is defined as the weight
epoxy resin per one epoxy group. OH equivalent is defined
--é.:_-IWeight of OH compound per one OH group.

i__t:ic Example 1 (Synthesis of a raw materiai novolak)
Thig example isrelatedwithaprocess of preparingnovolak

Senteqd by formula (3), wherein R'=R?=R>®=R%*=CH;, 1=0, and



Synthetic Exanple 1 (Synthesis of a raw material novol ak) This exanple is
relatedwith a process of preparing novol ak represented by forrmula (3),
wherein [err] i=0, and i=o0 13 To a 2-liters four-necked round flask
equi pped with a thernometer, an agitatof3 and a condenser having a _
partitioning pipe, 225.99(2.4nol) of phenol, 388.5g(2.0Omwl) of 1,3-bis

(2- hydr oxy- 2- propyl ) benzene, 7.60g(0. 04nvol) of

p-tol uenesul fonic acid nDno-thrate,Dﬁnq 614?_of_toluene rere_ch?{ged, and
stirred at 116 [err] C.for 9 hours. ring stirring, azeotropically _
vapori zi ng tol u[ené"°Lﬁd2mAEL§Prﬁ/eﬁeuFraaekﬁgdrmmﬁ ’ég@sknggumaedh@uba@t i on
was continued with returning the organic layer in the reaction system
Then, after thegmomgtes .55 pgithCor?. &ty @RIENERY hating % padt Ltidyingxi de
aqueous sol ution and 460.8g of hot water were added , and neutrali zed.
After separ piipeg (225 .3q(DUdk) 6 PBEnOY, 0B a® . Fg{\2. ORi»ANO! 010y 0F 21 ¥as

obtai ned by distilling the solvent and unreacted phenol under a reduced

AR e i LRSI

(1), wherei B—[t%ﬁ.h]enieégilfﬁﬁq.é ggid mono-hydrate, and 614g of toluene were
charged, and stirred at 116 °C for 9 hours. During stirring,
azeotropically vaporizing toluene and water were ;iquefied
with cooling, and the reaction was continued with returning
the organic layer in the reaction system. Then, after cooling
to 85 °C, 2.57g(0.0315mol) of 49% sodium hydroxide agueous
solution and 460.8g of hot water were added , and neutralized.
After separating the aqueous layer, 487.0g of aralkyl phenol
novolak was obtained by distilling the solvent and unreacted
phenol under a reduced pressure. |
Synthetic Example 2 (Synthesis of epoxy resin 1)

This example is related with a process of preparing an
epoxy resin represented by formula (1), wherein R*=R?=R*=R*=CH,,
i=0, and j=0.

To a reaction container equipped with a thermometer, an
agitator, and a condenser having a partitioning pipe, 192.1g
of the aralkyl phenol novolak obtained in Synthetic Example
1, 1101g of epichlorohydrin, 385.3g of 1,4-dioxane and 14.9¢g
of water were charged and dissolved. Keeping the reaction system

at 39°C, 19.67g of 48.5% potassium hydroxide aqueous solution



To a reaction container equipped with a thernoneter, an agitator, and a
condenser having a partitioning pipe, 192.1g of the aral kyl phenol novol ak
obtained in Synthetic Exanple 1, 1101g of epichl orohydrin, 385.3g of

1, 4- di oxane and 14.9g of water were chdffged and dissol ved. Keeping the
reaction systemat 39 C 19.67g of 48.5% potassi um hydroxi de aqueous

sol ution 14 was added continuously in one hour. Then, keeping at 8000Pa
(60torr), the reaction was continued at 39 [err]C for 3.5 hours. In the

meantime, ngiat %Pﬁhﬁgcbﬂﬁihﬁaﬁgiﬁt ﬂﬁeoﬁéeﬁ??f erflén, %}éﬁéiﬁ’@i geldooora

“vapori zi ng epi chlorohydrin and water wer quefired with cooling, and the

reacti on wa nti Rued, W i t Qr .G Lhayel ko thesr Lon
system Thez,“@ﬁ’?’f@g gPe4%€€‘é€%¢%%’%€(ﬁ°3%j&\%gd;€§o g S(E):|E Fo%‘%vatg&géd'ed
continuously in 3.5 hours, ke%Fin at 62.55%Frrlc and 20000Pa_(150torr). In
the neanti mé® ket fedttdmene %%%E?%Eﬁ?% es2teMPRFALEre, At Pdpi cat | y
vapori zi ng epi chl orohydrin and water were liquefied wth cooling, and the
reacti on waezeokropicaliyt vapaniziing) epichlopehydrineandn water eaweren
system Keepi ng 20000Pa (150torr), the reaction was continued at 64.5 C for
0.5 hours. Laquefiedantithecoohingai andgthéecréacpiontwie adbntbinded, with

azeotropical ly vapori zing epichlorohydrin and water were liquefied with
cool ing, ang et niPYCtHOHrYaaic ARy the reaction system. Then, 52.78g
of 49% sodium hydroxide agqueous solution was added continuously
in 3.5 hours, keeping at 62.5 °C and 20000Pa (150torr). Ih
the meantime, maintaining the temperature at 62.5 °C,
azeotropically vaporizing epichlorohydrin and water were
ligquefied with cooling, and the reaction was continued with
returning the organic layer in the reaction system. Keeping
20000Pa (150torr), the reaction was continued at 64.5 °C for
0.5 hours. In the meantime, maintaining the temperature at
64.5 °C, azeotropically vaporizing epichlorohydrin and water
were liquefied with cooling, and the reaction was continued
with returning the organic layer in the reactién system.
After the reaction, unreacted epichlorohydrin was
removed by vacuum concentration, dissolved in 559g of
methylisobutyl ketone,land the by-produced salt was removed
by washing with water. Keeping at 81 °C, 4.41g of-49% sodidm
hydroxide aqueous solutions was added, and the reagtion was

continued for 2 hours. Then, 4.75g of dry ice was added, and

neutralized. After separating the by-produced salt by



with returning the organic layer in the reaction system After the
reaction, unreacted epichlorohydrin was renoved by vacuum concentrati on,

di ssolved in 559g of nethylisobutyl ketone, and the by-produced salt was
renmoved by washing with water. Keepingl1® 81 [err]C, 4.41g of 49% sodi um
hydr oxi de aqueous sol utions was added, and the reaction was continued for 2
hours. Then, 4.75g of dry ice was added and neutralized. After separating
t he by-produced salt by 15 fiItration, distilling the solvent by vacuum
concentration, -182.2g of epoxy resin (hereafter referred to as epoxy ‘1) was
obt ai ned. Tifd 1tafattdionng disitifllinige thposglegnivhyeviacamn ¢gricentyzabien,
chlorine of the epoxy 1 were 74 [err] C, 336g/eq, and 230 ppm

respect i vel yg82Reiebenepaky yes et (e fedfd© Kefuritabito ak epoxy L¢swas?2)
This exanple is related Wi th a process of preparing an epoxy resin

represent ed o /igicll akd) soBiRiing [S5ikt! tneibpbaf. ohUIBAIGHY | 8iia

cont ai ner equi pped W a thernonefer, an agitator, and a condenser having

B O ok R0 RE 28 g e ISR EL Ok (2456070, Ui
sof t eni ng p0|nt of 61[err] C and represented by the below formula (7)),
13609 0 ppm, espectively

| Referential Synthetic Example (Synthesis of epoxy resin 2)

This example is related.with a process of preparing an
epoxy resin represented by formula (1), wherein R'=R%=R3=R*=H,
~i=0, and j=0.

To a reaction container equipped with a thermometer, an
agitator, and a condenser having a partitioning pipe, 256.5g
of aralkyl phenol novolak (trade name Mirex XLC-4L, produced
by Mitsui Chemicals Inc. , OH equivalent of 171g/eq, softening

point of 61 °C, and represented by the below formula (7)), 1360g

of epichlorohydrinand27.2gofwaterwere charged anddissolved.

X Py
> 3
@-60&42-@—@42—\\/.. Ho D
n

Keeping the reaction system at 50 °C, 38.18g of 48.5%
potassium hydroxide agueous solution was added continuously
in one hour. Then, keeping at 8000Pa (60torr), the reaction
wascontinuedat50°Cfor3.5hours.Inthemeantime,maintaining

the temperature at 39 °C, azeotropically vaporizing



of epi chl orohydri nand27. 2gof wat er wer echar gedanddi ssol ved. [err] Keeping
the reaction systemat 50 [err]C, 38.18g of 48.5% pot assi um hydroxi de
aqueous sol ution was added continuously in one hour. Then, keeping at
8000Pa (60torr), the reaction was contilBued at 500 Cfor 3.5 hours. In the
meantime, maintaining the tenperature at 39 [err]C  azeotropically
vapori zi ng 16 epichlorohydrin and water were liquefied with cooling, and
the reaction was continued with returning the organic layer in the reaction

system Keepi ng 2000QPa_ (150torr), the reaction was _contjnued_at 62.

for 2 hours.eRichlerohydrinandyiates niege: hdauefiefavith gpodsng. [QPF]C:
azeotropical ly vapori zing epichlorohydrin and water were liquefied with
cool i ng, andhehaeasddian wasasondinuedewitht meturningnghehergagisi dayayer in
the reaction system -Then, 91.91g of 49% sodi um hydr oxi de aqueous sol ution

was added cdii the@esiction SystémlKeepiagRogoaka §256tber)], Glongded0896Ra
(150torr). In the neantine, maintaining the tenperature at 62.5

[err] c, WLOLEOREERUEE  ateREY i 08 @RxCl) OhehYE! | Bnanthy'eh8hn¥ene,
Ilquefled with cooling, and the reaction was continued with returning’the

organi ¢ | ay g, it 4115 A athe" "t 845LEML ulECPLPY P X FE (130L8k Ebp1blT1y

reaction

vaporizing epichlorohydrin and water were liquefied with
cooling, and the reaction was continued with returning the
organic layer in the reaction system.

Then, 91.91g of 49% sodium hydroxide agqueous solution
wés added continuously in 3.5 hours, keeping at 62.5 °C and
20000Pa (150torr). In the meantime, maintaining the
temperature at . 62.5 °*C, azeotropically vaporizing
epichlorohydrin and water were liquefied with cooling, and
the reaction was continued with returning the organic layer
in the reaction system. Keeping 20000Pa (150torxr), the reaction
was continued at 64.5 °C for 0.5 hours. In the meantime,
maintaining the temperature at 64.5 °C, azeotropically
vaporizing epichlorohydrin and water were liquefied with
cooling, and the reaction was continued with returning the
organic layer in the reaction system.

After the reaction, unreacted epichlorohydrin was
removed by vacuum concentration, dissolved in 559g of
methylisobutyl ketone, and the by-produced salt was removed

by washing with water. Keeping at 81 °C, 6.27g of 49% sodium



was continued at 64.5 [err]C for 0.5 hours. In the neantine, maintaining
the tenperature at 64.5 [err]C, azeotropically vaporizing epichlorohydrin
and water were liquefied with cooling, and the reaction was continued with
returning the organic layer in the react on system After the reaction,

unr eact ed epi chl orohydrin was renoved by vacuum concentration, dissolved in
559g of nethylisobutyl ketone, and the by-produced salt was renoved by
washing with water. Keeping at 81 [err] C, 6.27g of 49% sodi um 17

hydr oxi de a eous 4%LHIOHS was a%ded r.eacti g was COEt | nued for

hours. Then OuSe SRAY &8&§dwa§nﬁgﬁ8&t’rgflpz BS RAPREFLIOB AR, | ng

the by- produced salt b filtration, distilling the solvent by vacuum
concentratlmnt}m% @p&@ﬂrﬁem n (hereafter referred to as epoxy 2) was
obt ai ned. The softening point, the epoxy equival ent and hydrol yzabl e
chlorine of the eflwen,26We6g @d[rgriq:é:,wa&agdeq, amd el nadmzedaspEtervel y.
Exanpl es 1-3 and Conparative Exanples 1-2 Using Epoxy 1 obtained in

Synt heti ¢ BExdpdratind-PREby-PRé@iced sal tReyef et &t 1i&y Didieitia 10nyehe, or
an orthocresol novol ak type epoxy resin (trade nane "ESCN195LL" produced by

Sumi t omd Chgyi6aintCoby Ldbuukiecdnedta/atiefe! r 849t 2g2So£PRPbxy resin

(hereafter referred to as epoxy 2) was obtained. The softening
point, the epoxy equivalent and hydrolyzable chlo_rine'of the
epoxy 2 were 39 °C, 229g/eq, and 510 ppm, respectively.
Examples 1-3 and Comparative Examples 1-2

Using Epoxy 1 obtained in Synthetic Example 2, Epoxy 2
obtained in Referential Synthetic Example, or an orthocresol
novolak type epoxy resin (trade name "ESCN195LL" produced by
Sumitomo Chemical Co., Ltd., hereinafter referred to as Epoxy
3) as an epoxy resin, phenol novolak (trade name PSM-4261,
produced by Gun-ei Chemical Industry Co., Ltd.) as a curing
agent, triphenylphosphine as a curing accelerator, and fused
silica as a filler, 1.5 % by weight of carnauba wax as a mold
lubricant, and 2 % by weight of a coupling agent (trade name
SH-6040, produced by'Toray Dow Corning Co.) were compounded
ina compositionratioshown ianable 1, andafterheat-kneading
by roll, transfer molding was carried out.

As the above ‘fused silica, a mixture of crushed silica
(trade name FS-891, produced by Denki Kagaku Kogyo K.K.) 20 %

by weight to the whole silica, and spherical silica (trade



3) as an epoxy resin, phenol novol ak (trade nanme PSM 4261, produced by
@un-ei Chem cal Industry Co., Ltd.) as a curing agent, triphenyl phosphine
as:a curing accelerator, and fused silica as a filler, 1.5 % by wei ght of
carnauba wax as a nold lubricant, and 286 by wei ght of a coupling agent
(trade name SH-6040, produced by Toray Dow Corning Co.) were conpounded in
a conposition ratio shown in Table 1, and after heat-kneading by roll;
transfer nolding was carried out. As the above fused silica, a m xture of
crushed silica (trade nane FS-891, produced by Denki Kagaku th%/o K.K) 20
% by wei ght ng@et FB-®Qol #T9duced By PeprkKagpky; Kpg¥o( K-Kde THe dNeaRe
FB- 60, produced by Denki Kagaku Kogyo K. K., the nean particle dianmeter of
25 [err]m fartibjewdigheter bé 2Hetwhol8® F [by avedghtusdd toTHheariwiake was
used as a filler in a conmpoundi ng anmount (% by wei ght to the whole

conposi ti ongilheawdsusedl Fhe mixtnredwasaskd dxafillderiin a Gonghmwmnddimwod
result in performances, such as a hygroscopic resistance, a sol der-crack
resistance, aﬁBﬁn%dbﬁfﬁf'%i?Qm ithe whblleCobRpbaitY8nFXshBWARSiA Taoe The
epoxy resin conposition of the present invention is excellent in |ow

noi sture abic_)r ption and adherence. Moreover,

From Table 1, Examples 1 to 3 show a good result in
performances, such as a hygroscopic resistance, a solder-crack
resistance, and adherence, comparingwith Comparative Examples
1 to 2.

The epoxy resin composition of the present invention is
excellent in low moisture absorption and adherence. Moreover,
the epoxyresincompositionof thepresent inventionisexcellent
in a solder-crack resistance, it is used as an excellent resin

composition for encapsulating a semiconductor.



the epoxy resin conposition of the present invention is excellent in a

sol der-crack resistance, it
encapsul ati ng a sem conduct or.
Conparative Conparative 1
2 Epoxy 1 . 100

by wei ght) Epoxy 2 0
(part by wei ght) Epoxy 3
100 (part wej ght) Phenol
53 novol ak

100

2

0
0

is used as an excel |l ent

19 Table 1 Exanple
19 3

100

0

32

b
Tﬁé#? 1 by weight) Triphenyl -

3.5

0

resin conposition for
Exanpl e
Exanple 1

Exanpl e

0 (part

100

0
32
3.5

32

0
46
3

1.25 5 DWQ§Qﬂmng (
1

Hample DY
2

Example
3

Comparative
Example 1

Comparative
Example 2

Epoxy 1
(part
weight)

100
by '

100

100

0

0

Epoxy 2 0
{part by
weight)

100

Epoxy 3 0
(part by
weight)

100

Phenol
novolak
(part
weight)

32

by

32

32

46

53

Triphenyl- 3.5
phosphine
(part by
weight)

1.25

Silica
(3 by
weight)

78

80

82

80

82

Gel time 22

{seconds)

23

38

37

31

Spiral 77

flow (cm)

67

50

107

81

Pulling 10.8
out

adhesive
strength

{MPa)

Water 0.
absorption

(%)

15

Solder-
crack
resistance

9/10

8/10

10/10

2/20

0/10

Exanpl e




wei ght) Silica 78 80 82 80 82 (%
by wei ght) GCel time 22 23 38 37 | 31
(seconds) Spiral 77 67 50 i 107 ——81

outashesive st tenaun () vacer %% 0 55° ol IR TRIIMARLN * "
9/ 10 810 L+

0.17 0. 22 absorption Sol der - / . :
2/ 20 0/10 crack resistance ~ Wat is claimed is: 1. An epoxy
resin conp for %nqapsulating sem conductor conprising: (A) an

i tiaqn )
epoxy resin i 1§ SAeige

€ epoxy groups in a nolecule represented by
formul a (1),1

An epoxy resin composition for encapsulating
semiconductor comprising:
(A) an epoxy resin having two or more epoxy groups in a molecule

represented by formula (1),

] | ]
OCHZCHCHZ/ Rt Qi OCHZCHCHz\
o L 2 ! 2N
(P)i N (|:2 & 34 7"/ H (1)
R (P); A

in the formula, n is an average number of the repeating units,
and represents a numerical value of 1 to 20; R*, R?, R®, and
RY independently represent, hydrogen atom, an alkyl group having
1-8 carbon atoms, a cycloalkyl group having 5-12 darbqn atoms,
an aryl group having 6-12 carbon atoms, or an aralkyl group
having 7-20 carbon atoms; P and Q independently represent,
halogen atom, an alkyl group having 1-8 carbon atoms, an alkenyl
group having 1-8 carbon atoms, an alkynyl group having l-8 carbon
atoms, a cycloalkyl group having 5-12 carbon atoms, an aryl
group having 6-14 carbon atoms, an aralkyl group having 7-20
carbon atoms, an alkoxy group having 1-8 carbon atoms, an
alkenyloxy group having 1-8 carbon atoms, an alkynyloxy group

having 1-8 carbon atoms, an aryloxy group having 6-14 carbon



[err] in the fornula, n is an average nunber of the repeating units, and
represents a nunerical value of 1 to 20; [err], and EWan

represent, hydrogen atom an al kyl groug%havi ng 1-8 m'm!"

cycl oal kyl group having 5-12 carbon ato an aryl group th|mg 8- 1¢ carbon
atans, or an aral kyl group having 7-20 carbon atons; P and Q i ndependently

represent, halogen atom an al kyl group having 1-8 carbon atons, an al kenyl
grouphavi ng 1-8 carbonat ons, anal kynyl grouphaving 1-8 car bon atons, a

cycl oal kyl h a [ 14 carbon
cycloal 1Sl MNLES grdc A RGBns SHBeo AR B8 30418 gaﬁ‘%aﬁtﬁgsrng
1-8 carbon a an al keny] oxy grou ving 1-8 carbon atons,

al kynyl oxy g‘}%@g tﬁ’a@i’nanﬁ ﬁksﬂrﬁozﬁ a’?%gs aﬁ i WO 535D AFd H:Q 8514

car bon 21 atons, nitro %roup or c ano_grouyp; , when n, is 1, i is an
integer of -8 8RANtAYETAED to iy néﬂ- ©f R*i B*aR’i mnéyB! ase mot bydrogens an
integer of 0 to 4; all of Rerr], Rerr], Rerr], andR err]are not hydrogen

atons at thatsmse ati rihe (S3men ttme ,ng agent havi ng a phenolic hydroxyl
group, and (C) inorganic filler in an amunt of 60 to 98% by wei ght based

gn ;P:t\lfj\ﬁgol g B aidimy) .agbnt haitRp id) PHERASIE HRIFdNPE FEOME ONswgt or

i (C) inorganic filler in an amount of 60 to 98% by weight based
on the whole composition.

2. A resin-encapsulated type sémiconductor apparatus,

wherein the semiconductor device is encapsulated by curing the

epoxy resin composition of claim 1.



wherein the sem conductor device is encapsul at ed by curing the epoxy resin
conposition of claim1.

22

ABSTRACT OF THE DISCLOSURE

EPOXY RESIN COMPOSITION FOR ENCAPSULATING SEMICONDUCTOR. AND

RESIN-ENCAPSULATED TifPE SEMICONDUCTOR APPARATUS
Providedis anepoxyresincompositionhaving lowmoisture

absorption and excellent solder-crack resistance for

encapsulating semiconductor comprising:

(A) an epoxy resin represented by formula (1)

R, e R
OCH,CHCH, / Rt Qs OCHZCHCHz\
N A I Z

Pr—_> \? S /H (1
n

2 24
R NG

(B) a curing agent haviné a phenolic hjdroxyl group, and

(C) inorganic filler in an amount of 60 to 98% by weight based
on the whole composition, and the epoxy resin composition is
preferably used for a resin-encapsulated type semiconductor

apparatus.



