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pfesent invention relates to epoxy resin conpositions for sem conductor
‘encapsul ation which are superior in fluidity and yield a cured resin

superior in soldering crack resistance. Epoxy resin conpositions are used

in various applications such as bonding, casting, encapsulation,

| ami nation, noul ding and coating owing to their good handl i ng and curing
characteristics. There is a large variety of epoxy resins to §§09§35fggﬁ1
depending on the use and curing characteristics. There have r

nunber of instances in which epoxy resins in comobn use have not achleved
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conditions which occurred before. For exanple, the performance of epoxy-

resin conpositions for sem conductor encapsul ation should be greatly
i nproved in view OfTHé1®ﬂéEérﬂﬁSﬂdrdﬂgi@e rélatdegtatépoxyt hesenl ar ged

sem conduct or el enent,, and the n1n|atur K her
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into a sol der age experiences a high stress because of t he
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causes cracki ngaf1{&®tions such as bonding, casting, encapsulation,
lamination, moulding and coating owing to their good
handling and curing characteristics. There is a large
variety of epoxy resins to choose from, depending on the
use and curing characteristics.

There have recently been a number of instances in
which epoxy reSins in common use have not achieved the
performance required under conditions which are more
severe than conditions which occurred before. |

For example, the performance of epoxy resin
compositions for semiconductor encapsulation should be
greatly improved in view of the increased degree of
integration, the enlarged semiconductor element, and the
miniaturized and thinned package. Another impeEus to the
enhanced performance comes from the fact the surface
mount technology for semiconductor devices is being put
into practice. Since surface mounting is accomplished by
dipping semiconductor devices directly into a solder
bath, the package experiences a high stress because of
the rapid expansion of absorbed moisture at a high
temperature. This stress causes cracking of the
encapsulant. Thus, if an epoxy resin composition for
semiconductor encapsulation has to resist solder cracking
satisfactorily, it should have good heat resistance (or
high glass transition temperﬁture), low moisture
absorption, and low stress. i



encapsul ant. Thus, if an epoxy resin conposition for sem conduct or
ericapsul ati on has to resist solder cracking satisfactorily, it should have
good heat resistance (or high glass transition tenperature), |ow noisture

absorption, and | ow stress. -2- A comon net hod of reducing noisture
absorption and reducing stress (or Iomeang the coefficient of thernal
expansion) is to fill the epoxy resin with“a |arge anount of inorganic

fiIIer such as fu dc§$$$ﬁam89ﬂg8rofTPEEP%Eng moispkgglﬁbgkgﬁ%aé eahﬁ the
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have a low melt viscosity.

10 The generally used cresol novolak type epoxy resins
do not have satisfactorily low moisture absorption and
low melt viscosity.

Much has been studied on the reduction of moisture
absorption by epoxy resins. A typical means is to

15 introduce a slightly polar group (such as dicyclopentane
skeleton and xylene skeleton) into the molecule. See
Japanese Patent Laid-open Nos. 112813/1985 and
201922/1987. It is effective to some extent in reducing
the moisture absorption but is not satisfactorily

20 effective in reducing the melt viscosity. This prevents
the high filling of an inorganic filler and hence
prevents the further improvement of solder crack
resistance.

The miniaturized and thinned packages require that

25 epoxy resins for encapsulation have higher fluidity than
before.

Tetramethylbiphenol type epoxy resins are known to
have a low melt viscosity and give a cured product having
good solder crack resistance owing to its comparatively

30 high heat resistance. See Japanese Patent Laid-open No.
47725/1986. However, it does not fully meet the recent
severe requirements for low melt viscosity.

When it comes to low viscosity, bisphenol A type
epoxy resins and bisphenol F type epoxy resins are

35 satisfactory; however, they are liquid at normal



200 effective in reducing the melt viscosity. This prevents the high

filling of an inorganic filler and hence prevents the further inprovenent
of solder crack resistance. The m niaturized and thinned packages require
that 25 epoxy resins for encapsul ation have higher fluidity than

before. Tetramethyl bi phenol type epoxy resins are known to have a | ow nelt
vi-scosity and give a cured product havi ng Jood sol der crack resistance
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product superior in solder crack resistance.

It has now been found that the object is achieved by
employing an epoxy resin mixture of a specific bisphenol
F type epoxy resin and either a specific epoxy resin
having-a slightly polar hydrocarbon group lying between
the phenyl nuclei, or a spe01f1c biphenol type epoxy
resin. _ _

Thus, the present invention relates to an epoxy resin
COmposition for semiconductor encapsulation containing at
least an epoxy resin, hardener, inorganic filler, and
accelerator, wherein said epoxy resin is one which is
composed mainly of 20-90 parts by weight of 4,4-bisphenol
F type epoxy resin represented by the formula (I)

cqz ~CH- CHZ{O' @-o—cnz H--CH2
L@cn,_ ®O—CH2 -CH—CH,  (I)
N~ S |

wherein.m is a numeral of 0-0.5 on average, and 10-80

parts.by weight of polyhydric phenolic type epoxy resin
represented by the formula (II)



It has now been found that the object is achieved by enpl oying an epoxy
resin mxture of a specific bisphenol F type epoxy resin and either a
specific epoxy resin having a slightly polar hydrocarbon group |ying

ket ween the phenyl nuclei, or a specific biphenol type epoxy resin. Thus,
the present invention relates to an epoxy ﬁegin conposition for

sem conduct or encapsul ati on containing at [east an epoxy resin, hardener,
inorganic filler, and accel erator, wherein said epoxy resin is one which is
conposed mainly of 20-90 parts by weight of 4,4-bisphenol F type epoxy
resin represented by the formula (1) [err] O mhereln mis a nuneral of
0-0.5 on average, and 19680 garts Q& wei ght of Q& yhydric phenolic type
epoxy resin represente the fo herein slightly polar

hydr ocar bon groups ar . ) g2k nucl ei, (@I wherein each
R, which may be the s iffe Ot her, denotes a hydrogen
atom a [err] alkyl grotfR)k ubstlﬂﬁﬂ§d ' &)k ut ed phenyl group, a
substituted or unsubstituted aral kyl group, a [err] al koxyl group or a

hal ogen atom k denotes an integer of 0-4 and its values nmay be identical

with or differgpt £5AMs99ghR09! B8larChydrocarbon groups are present
between the phenyl nuclei, and wherein each R, which may

be the same or different from one another, denotes a
hydrogen atom, a Cj-10 alkyl group, a substituted or
unsubstituted phenyl group, a substituted or
unsubstituted aralkyl group, a Ci-io alkoxyl group or a
halogen atom, k denotes an integer of 0-4 and its va;ues
may be identical with or different from one another, G
denotes a glycidyl group, Z denotes a Cg-jg divalent
hydrocarbon group and Z's may be identical with or
different from each other; and n is a numeral of 0-5 on
average, or 10-80 parts by weight of biphenol type epoxy

resin represented by the formula (III)

(III)

wherein each R', which may be the same or different from
one another denotes a hydrogen atom, a C1-30 alkyl group,
a substituted or unsubstituted phenyl group, a
substituted or unsubstituted aralkyl group, a Ci-19



denotes a glycidyl group, Z denotes a [err] dival ent hydrocarbon group and
Z'’'s may be identical with or different fromeach other; and n is a nuneral
of 0-5 on average, or 10-80 parts by weight of biphenol type epoxy resin
represented by the forrmula (I11) [err] wherein each [err] which may be the
sanme or different from one anot her denotes $ hydrogen atom a [err] alkyl
group, a substituted or unsubstituted pheny @roup a substituted or

and e 1s a nusdgtey Gl & JRicarn atond S oS QFR{m%%a 288, Breei n
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resistance.

By contrast, the 4,4'-bisphenyl F type epoxy resin
represented by the formula (I) above in the present
invention is composed of 4,4'-isomer alone. Therefore, it
is crystalline (solid) at normal temperature and has a
low melt viscosity due to the fact that m in the formula
(I) has an average value of 0-0.5.

In addition, it yields a cured product with
comparatively good heat resistance. (It will be referred
to as 4,4'-bisphenol F type epoxy resin (I) hereinafter.)

The polyhydric phenolic type epoxy resin represented
by the formula (II) in the present invention has a
slightly polar hydrocarbon group (-Z-) lying between the
phenyl nuclei. Owing to this structure, it yields a cured
product which is superior in low moisture absorption and
has comparatively good heat resistance. (It will be
referred to as polyhydric phenolic type epoxy resin (II)
hereinafter.)

Further, the biphenol type epoxy resin represented by
the formula (III) in the present invention is crystalline
(solid) at normal temperature. Further, since n' in the
formula (III) is a numeral of 0-0.5 on average, it yields
a curable product with low viscosity and a cured product
comparatively good heat resistance. (It will be referred
to as biphenol type epoxy resin (II).

The present invention employs an epoxy resin composed
mainly of 20-90 parts by weight, preferably 30-80 parts
by weight, of 4,4'-bisphenol F type epoxy resin (I) and



I addition, it yields a cured product with conparatively good heat
resistance. (It will be referred to as 4, 4'-bi sphenol F type epoxy resin
(I') hereinafter.) The polyhydric phenolic type epoxy resin represented by
the formula (I1) in the present invention has a slightly polar hydrocarbon
group (-Z-) lying between the phenyl nuclcal6 OmMng to this structure, it
yields a cured product which is superlor I n | ow noi sture absorption and has

tivel h
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(I'11). The epoxy resin .conposition o
composition has good fluidity but yields a cured product
which is liable to moisture absorption or has
unsufficient heat resistance. If the amount of epoxy
resin (II) or (III) exceeds the above-specified 1limit,
the epoxy resin composition is poor in fluidity although
it yields a cured product with low moisture absorption.
Therefore, the two components should be used in the
specified ratio.
4,4'-bisphenol F type epoxy resin (I) can be produced
by the condensation reaction of 4,4'-bisphenol F with
epihalohydrin in the presence of alkali.
A typical embodiment of the production process is
explained in detail in the following. First, 4,4°'-

"~ bisphenol F is dissolved in epihalohydrin in an amount
equivalent to 3-20 mol per mol of its phenolic hydroxyl
group. To the resulting uniform solution is added with
stirring an alkali metal hydroxide (in the form of solid
or aqueous solution) in an amount of 1-2 mol per mol of
the phenolic hydroxyl group. Reaction is carried out at
atmospheric pressure or under reduced pressure. The
reaction temperature is usually about 30-105 °C (for
reaction at atmospheric pressure) or about 30-

80 °C (for reaction under reduced pressure). The reaction
system should be kept at a prescribed temperature for
azeotropic distillation, so that it is dehydrated by
separating the condensate into water and o0il, discarding
water, and recycling oil. The alkali metal hydroxide



the present invention has good fluidity and yields a cured product superior
equally in | ow noi sture absorption, heat resistance, and sol der crack
resistance. |If the anount of 4,4'-bisphenol F type epoxy resin (I) exceeds
the above-specified limt, the epoxy resin conposition has good fluidity
but yields a cured product which is |iable to noisture absorption or has
unsufficient heat resistance. If the amount of epoxy resin (I11) or (l11)

exceeds the ab aspeci fi | it e HRe 1ty [ rin
fluidity alt hSBéﬁluat %%i 8F§§da°?6‘$telé‘h%$‘§ &g;&fwﬁﬂ et stlus_}r Zﬂ‘absi%f%% on.
Ther ef ore, t hpotriwdoosnpyeanils 8showrs e @vedd rhmwts F@agti@Psat i o.

4, 4" -bi Sphenobj,ﬁa%.i% RN ¥ atiibn( Wilaak i Araduarmidy tdeampiiensat i on

reaction of 4, | Sphenol F with epihal ohydrin in.the presence of,.alkali.
A typical enbodi nBitest thee IFAGHIOD 35 ﬁPHé’gsest%'sUfé&?pFﬁp 9% REQWSGT i n
the fol |l owi ngjsFifirgled 4f4'salt SEieroIsd iid bi-gamdiett )i foyepl it watyen nox n an
anount equival ent to 3520 nol, per | .af its. . L6 up. To
the resulti ng"areFordS8d% i & |sse(ﬁ%(§let(c}i¥/(/i t lﬁéﬁ%%ﬁrl%%%#qﬂ{ t al

hydr oxi de (i nunlreakdred dfs stilstd Jdrechqwesuindstied)ced REEIFREAL THUY- 2
mol per mol ofypbhe ARCHALG JRKIRe ladH i FRACIDIpHEERIT | e Wpdky

at mospheric pressure or re pressure. The reaction tenperature is
usual | y about r8®iro3lerr] C (for reaction at atnospheric pressure) or about

30- 80 [err]C (forpnigagidaet iwidleisusadus eshplicdss Wik)ch Idxohghein asr
epibromohydrin as the epihalohydrin and also employs NaOH
or KOH as the alkali metal hydroxide.

Moreover, this reaction may employ a catalyst
selected from quaternary ammonium salts (such as
tetramethylammonium chloride and tetraethylammonium
bromide), tertiary amines (such as benzylmethylamine and
2,4,6-(trisdimethylaminomethyl)phenol), imidazoles (such
as 2-ethyl-4-methylimidazole and 2-phenylimidazole),
phosphonium salts (such as ethyltriphenylphosphonium
iodide), and phosphines (such as triphenylphosphine).

Moreover, this reaction may employ an inert organic
solvent selected from alcohols (such as ethanol and
isopropanol), ketones (such as acetone and methyl ethyl
ketone), ethers (such as dioxane and ethyleneglycol
dimethyl ether), and aprotic polar solvents (such as
dimethylsulfoxide and dimethylformamide) .

The thus obtained 4,4'-bisphenol F type epoxy resin
may contain saponifiable halogen in an excess amount. In
such a case, it is possible to perform retreatment for
further purification. Such retreatment may consist of
dissolving the crude epoxy resin again in an inert
organic solvent (such as isopropanol, methyl ethyl
ketone, methyl isobutyl ketone, toluene, xylene, dioxane,
propyleneglycol monomethyl ether, and dimethylsulfoxide),
adding to the solution alkali metal hydroxide (in the



system shoul d be kept at a prescribed tenperature for azeotropic
distillation, so that it is dehydrated by separating the condensate into
wat er and oil, discarding water, and recycling oil. The alkali netal

hydr oxi de -7- shoul d be added continuously or intermttently in smnal
portions over 1-8 hours to avoid abrupt_rgactions. Usually, the reaction
wll take 1-10 hours to conplete. After t e reaction is conplete, the
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trlphenylphosphodéyed by condensation reactlon (in the presence of
alkali) of a polyhydric phenolic resin with
epihalohydrin, the former being represented by the
formula (IV) below, with a slightly polar hydrocarbon

group lying between the phenyl nuclei.

H H H
GG, -
(R) k R)x " (R)k '

wherein each R which may be the same or different from
one another, denotes a hydrogen atom, a Cj-1p alkyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted aralkyl group, a Ci-19
alkoxyl group or a halogen atom, k denotes an integer of
0-4 and its values may be identical with or different
from one another, Z denotes a Cs-1g divalent hydrocarbon
group and Z's may be identical with or different from
each other and n is a numeral of 0-5 on average.

The polyhydric phenolic resin represented by the
formula (IV) above may be produced in various ways.
Common methods include addition condensation reaction of
a phenol compound with a compound containing carbonyl
groups, addition reaction of a phenol compound with a
compound having unsaturated bonds, and condensation



Moreover, this reaction may enploy an inert organic solvent selected from
af cohol s (such as ethanol and isopropanol), ketones (such as acetone and
met hyl ethyl ketone), ethers (such as dioxane and ethyl enegl ycol dinethyl
ether), and aprotic polar solvents (such as dimethylsulfoxide and

di met hyl formam de). The thus obtained 4, 4'; bi sphenol F type epoxy resin nmay
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benzylphenol, methoxyphenol, and bromophenol.

Examples of the compound containing carbonyl groups
(which is used to oligomerize the phenol compound)
include Cg-_15 aldehydes and ketones, such as
benzaldehyde, cyclohexane, acetophenone, and
naphthaldehyde.

Examples of the compound having uﬁsaturated bonds
include divinylbenzene, diisopropenylbenzene,
dicyclopentadiene, norbornene, and terpenes.

~ Examples of the a-hydroxyalkylbenzene or a-alkoxy-
alkylbenzene include o,a'-dihydroxyxylene, a,o'-
dihydroxy-diisopropylbenzene, «,o'-dimethoxyxylene, and o
,a'-dimethoxydiisopropylbenzene.

The oligomerization may be accomplished in the usual
way in the presence of an acid catalyst at
20-200 °C for 1-20 hours.

Of the thus obtained polyhydric phenolic resins
represented by the formula (IV) above,
dicyclopentadienephenol resin, terpenephenol resin,
phenolaralkyl resin, and phenolcyclohexanone resin are
preferable because of their availability and curing
characteristics. '

The polyhydric phenolic type epoxy.resin (IT) used in
the present invention is prepared by .condensation
reaction of one or more than one polyhydric phenolic
resin represented by the formula (IV) above with
epihalohydrin in the presence of alkali.



al’kali) of a polyhydric phenolic resin with epihal ohydrin, the former being
represented by the formula (1V) below, with a slightly polar hydrocarbon
group lying between the phenyl nuclei. [err] wherein each R which may be
the sane or different fromone another, denotes a hydrogen atom a [err]

al kyl group, a substituted or unsubstituted phenyl group, a substituted or
unsubstituted aral kyl group, a [err] al kox 9 group or a hal ogen atom k

denotes an i nteger - it a L.denti_cal: ;wi.t b _or. .di.fferent
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The biphenol type epoxy resin (III) can be produced
by condensation reaction of 4,4'-biphenol with
epihalohydrin in the presence of alkali.

The 4,4'-biphenol as a raw material of the biphenol
type epoxy resin (II) includes, for example, 4,4'-
biphenol, 3,3'-dimethyl-4,4'-biphenol, 3,5-dimethyl-4,4°'-
biphenol, 3,3'-dibutyl-4,4'-biphenol, 3,5-dibutyl-4,4'-
biphenol, 3,3'-diphenyl-4,4'-biphenol,3,3'-dibromo-4,4"'-
biphenol, 3,3',5,5"-tetramethyl-4,4"'-biphenol, 3,3'-
dimethyl-5, 5'-dibutyl-4,4"'-biphenol, 3,3',5,5'-
tetrabutyl-4,4'-biphenol, and 3,3',5,5"'-tetrabromo-4,4"~-
biphenol.

The biphenol type epoxy resin (III) used in the
present inventioh can be obtained by reacting one or more
than one biphenol (mentioned above) with epihalohydrin in
the same manner as in the production of the 4'4-bisphenol
F type epoxy resin.

The biphenol type epoxy resin (III)'used in the
present invention is commercially available under various
trade names.

Thus, the present invention can be practiced by using
such commercial products.

According to the present invention, the epoxy resin
composition for semiconductor encapsulation contains an
epoxy resin which is a mixture of the 4,4'-bisphenol F
type epoxy resin (I) and the epoxy resin (II) or (III).
This mixture may be prepared by mixing the two epoxy



condensation reaction gives an oligoner or a resin. Exanples of the phenol
conmpound as a raw material include phenol, cresol, xylenol, ethylphenol,
propyl phenol, butyl phenol, butylcresol, phenyl phenol, benzyl phenol,

net hoxyphenol, and bronophenol . Exanples of the conpound contai ni ng
carbonyl groups (which is used to oligonerize the phenol conpound) include
[err] al dehydes and ketones such as benz&ﬂdéhyde cycl ohexane,

acet ophenone, '

unsat urated bon |nc ggﬁSEQ?%Q?%gﬁgépésgrgésopr 8g§§$g§§zggéhggteIY'

di cycl opent aduwrmtbmhﬁnetharmm‘@upenmy Prappepared bMemixing

a- hydroxya'kyL@eﬁffﬁﬁ%ﬁﬁeﬁbPJ#O%Ythaiﬁ¥d$ D?ﬁ?&ri@cbﬂgﬁollc resin of

a, a' -di hydr oxyxyl epe dr ox | 1 sopr opyl benzene,
2. al - di met hoxyhti chREmata K1Vh of aeb ik 9@?%s%ﬁioﬁwﬁgmensheméxture
ol i goneri zat i o4l tRYeprth&lslwy@tished in the usual way in the presence of an

d catal yst at 200, Cf =20 h ot t bt ai ned
01 d catal st Al ke R KLl e 20oN E Ol atRend s ERLel Uty
dlgychﬁgréagiﬁgfxnmﬁﬁﬂ amdlhhetgp@&mgpeen?I(;bgloz phgh?lahau&gleeQOFit
an %%ﬁﬂg
and Eurlng gharac erlstlceﬁég%ﬁfg ?fﬁ Erab gh oofY ﬁaP 8 Bg wet §t|%B% g

dric eno Icty 1)
used in the priédnforngempdnlfs %r%ﬁ?%dbbyW%b%HEnsﬂ¥¢5ﬁrab1Y 20-70

parts by weight for the latter.

According to the present invention, the epoxy resin
composition for semiconductor encapsulation contains an
epoxy resin which is composed mainly, e.g. more than
95 gwt, of the 4,4'-bisphenol F type epoxy resin (I) and
the epoxy resin (II) or (III) in the above-specified
ratio. It is preferably be composed of the two epoxy
resins (I) and (II) or (III) alone; however, it may
contain other epoxy resins.

Examples of such additional epoxy resins include
those epoxy resins prepared by condensation reaction of a
phenol with epihalohydrin, epoxy resins prepared from an
amine and epihalohydrin, and epoxy resins prepared from a
carboxylic acid and epihalohydrin. The phenol
includes bisphenol A, bisphenol AD, hydroquinone,
methylhydroquinone, dibutylhydroquinone, resorcin,
methylresorcin, dihydroxy diphenyl ether,
dihydroxynaphthalene, phenolnovolak resin, cresolnovolak
resin, bisphenol A novolak resin, dicyclopentadiene
phenolic resin, terpene phenolic resin, phenolaralkyl
resin, naphtholnovolak resin, brominated bisphenol A, and
brominated phenolnovolak resin. The phenol also includes
polyhydric phenolic resins obtained by condensation
reaction of a phenol with an aldehyde (such as
hydroxybenzaldehyde, crotonealdehyde, and glyoxal).



reaction of one or nore than one pol yhydric phenolic resin represented by
the formula (1V) above with epihalohydrin in the presence of alkali. -
10 - The procedure for this reaction is simlar to that enployed in the
production of the 4,4'-bisphenol F type epoxy resin (I). Therefore, its
detail ed descrlptlon s omtted. InC|dentzEI t he pol yhydric phenolic type
epoxy resin (I1) is comercially avai | abl g and hence it is possible to

practice the pr es?g%l )agl\i%rét Iy %Q:llﬁ%&r%géf&ggnl%%rog%l S?{etq{aqpémt mlngﬁ?&cp{lenol

type epoxy resin can be pro i on réaction
4, 4" - bi phenol anid; kydisinesismine .n The tqaérqﬂmléwz;ea@fd dinglydeshe

4, 4 - bi phenol 1aery 1RSI LIl i adiphanpladihe Rpgxy resin (1)

i ncludes, for exanple, 4,4 bi phenol 3, rH; phenol

3, 5- di et hyI 4 4 Ihg GRdidiional 3eP<9’°éfutrﬁSl£154'S L{n"ﬁLrﬁﬂ ’cﬁb"’tﬂyl 4, 4" -
bi phenol , 3amd>iumitemés-s4 %blmrpﬂnt% Iy didairging- Z191zfléferably 50 parts

bi phenol . 3. 3 5 Bealofty ABLMadt A BPIBic B¢ e toral angunt o6

and 3,3',5,5' t&mﬂaﬁr'M@Mnolblli)ftarnﬁ epaRy mqﬂmo(l)tyquetpiwyep@xyn

(ren) USEd inféyins (II) and (III). When used in an excess amount, the
additional epoxy resins have an adverse effect on the
present invention.

- According to the present invention, the epoxy resin
composition for semiconductor encapsulation should be
incorporated with a hardener as an essential ingredient.
No restrictions are imposed on this hardener. Commonly
used hardeners are satisfactory.

Examples of the hardener include phenols (such as
bisphenol A, bisphenol F, bisphenol AD, hydroquinone,
resorcin, methylresorcin, biphenol, tetramethyl-biphenol,
dihydroxynaphthalene, dihydroxy diphenyl ether,
phenolnovolak resin, cresolnovolak resin, bisphenol A
novolak resin, dicyclopentadiene phenolic resin, terpene
phenolic resin, phenolaralkyl resin, naphtholnovolak
resin, brominated bisphenol A, and brominated
phenolnovolak resin), phenolic resins (such as polyhydric
phenolic resins obtained by condensation reaction of a
phenol with an aldehyde such as hydroxybenzaldehyde,
crotonealdehyde, and glyoxal), active ester compounds
(which are obtained by esterifying (to form a benzoate or
acetate) all or part of the phenolic hydroxyl groups in
the phenol or phenolic resin), acid anhydrides (such as
methyltetra-hydrophthalic anhydride, hexahydrophthalic
anhydride, pyromellitic anhydride, and methyl nadic
anhydride), and amines (such as diethylenetriamine,
isophoro-nediamine, diaminophenylmethane,
diaminophenylsulfone, and dicyandiamide).



present invention can be obtained by reacting one or nore than one biphenol
(mentioned above) wi th epi hal ohydrin in the sane nanner as in the
production of the 4'4-bisphenol F type epoxy resin. The bi phenol type epoxy
resin (I11) used in the present invention is conmmercially avail abl e under
various trade names. Thus, the present Lnigngion can be practiced by using
such commercial products. According to the“present invention, the epoxy
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former and 10-a8@umdr tosf hensiqfative efroups iR hardendy iwi@hd-200 the
latter. Accordifig (3 dfi 0188 7 1NVEHI LN pdNGnEPBY F158  dpoxy groups

in all the epoxy resins.

According to the present invention, the epoxy resin
composition for semiconductor encapsulation should be
incorporated with an inorganic filler. Examples of the
inorganic filler include fused silica, crystalline
silica, glass powder, alumina, and calcium carbonate, in
the form of crushed powder or spherical powder. They may
be used alone or in combination with one another. Of
these examples, fused silica and crystalline silicate are
preferable. The amount of the inorganic filler should be
60-95 wt%, preferably 80-93%, of the total amount of the
epoxXy resin composition.

According to the present invention, the epoxy resin
composition for semiconductor encapsulation should be
incorporated with an accelerator which is a compound to
promote thé reaction of the epoxy groups in the epoxy
resin with the active groups in the hardener.

Examples of the accelerator include phosphine
compounds (such as tributyl phosphine, triphenyl
phosphine, tris(dimethoxyphenyl)phosphine, tris-
(hydroxypropyl) phosphine, and tris(cyanoethyl)-
phosphine), phosphonium salts (such as tetra-phenyl-
phosphonium tetraphenylborate, methyl-tributyl-phos-
phonium tetraphenylborate, and methyltricyanoethyl-
phosphonium tetraphenylborate), imidazoles (such as 2-
methylimidazole, 2-phenylimidazole, 2-ethyl-4-methyl-
imidazole, 2-undecylimidazole, l-cyanoethyl-2-methyl-



conposi tion for sem conductor encapsul ation contains an epoxy resin which

i 5 conposed mainly, e.g. nore than 95 %, of the 4,4'-bisphenol F type
epoxy resin (1) and the epoxy resin (I1) or (IIl) in the above-specified
ratio. It -is preferably be conposed of the two epoxy -resins (1) and (Il) or
(111) alone; however, it may contain othe 4 €POXY resins. Exanples of such
addi.ti onal epoxy resins include those epoiy resins prepared by condensation

reaction of a,ph | .wi t,h epi: dr-u L 8S4 epaned.
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I ncl udes di amno ,
' tetramethylbutylguanizine, N-methylpiperazine, and 2-

dimethylamino-1-pyrroline), ammonium salts (such as
triethylammonium tetraphenyl-borate), diazabicyclo
compounds (such as 1,5-diazabi~cyclo(5.4.0)-7-undecene,
1,5-diazabicylo(4.3.0)-5-nonene, and 1,4-diazabi-
cyclo(2.2.2)-octane), and diazabicyclo compounds in the
form of tetraphenyl borate, phenol salt, phenol novolak
salt, and 2-ethylhexanoic acid salt.

Preferable among these accelerators are phosphine
compounds, imidazole compounds, and diazabicyclo
‘compounds and salts thereof.

These accelerators may be used alone or in
combination with one another in an amount of 0.1-7 wt¥%,
preferably 1-5 wt%, of the epoxy resins.

According to the present invention, the epoxy resin
compoéition for semiconductor encapsulation may be
incorporated with coupling agents, plasticizers,
pigments, etc. as required.

It may also be incorporated with a flame retardant
such as antimony trioxide and phosphoric acid in a proper
amount. ' '

The epoxy resin composition for semiconductor
encapsulation in the present invehtion can be
advantageously used as an encapsulant for semiconductors
because of its good fluidity and its ability to yield a
cured producing having good solder crack resistance.



and xyl enedi am ne. The carboxylic acid includes methyl hexahydrophthalic
acid and diner acid. The additional epoxy resins should be used in an
amount | ess than 100 parts by weight, preferably 50 parts by weight, for
100 parts by weight of the total, anount of the 4,4'-bisphenol F type epoxy

resin (1) and the epoxy resins (I1) and_(;%ll. When used in an excess
anount, the additional epoxy resins have adverse effect on the present
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grOUpropw1se 190 g of 48.5 wt% aqueous solution of sodium
hydroxide over 1 hour. In this period, the reaction
system was gradually heated such that it reached 65 °C
when the dropwise addition was completed. The reaction
system was kept at 65 °C for 30 minutes for reaction.
After the reaction was completed, the reaction product
was washed with water to remove by-product salt and
sodium hydroxide. The reaction product was freed of
excess epichlorohydrin and isopropyl alcohol by
distillation under reduced pressure. Thus there was
obtained a crude epoxy resin.

The crude epoxy resin was dissolved in 400 g of
methyl isobutyl ketone. To the solution was added 6 g of
48.5 wt% aqueous solution of sodium hydroxide. Reaction
was carried out at 65 °C for 1 hour. After the reaction
was completed, sodium primary phosphate was added to
neutralize excess sodium hydroxide, and the resulting
salt (as a by-product) was removed by water washing. The
reaction product was completely freed of methyl isobutyl
ketone by distillation under reduced pressure. Thus there
was obtained the desired 4,4'-bisphenol F type epoxy
resin.

This epoxy resin was a yellowish white crystalline
solid having an epoxy equivalent of 164 g/eq. and a



t he phenol or phenolic resin), acid anhydrides (such as

net hyl t et ra- hydr opht hal i ¢ anhydri de, hexahydropht hal i ¢ anhydri de,

pyromel litic anhydride, and nethyl nadic anhydride), and am nes (such as
di.et hyl enetri am ne, isophoro-nedi am ne, di am nophenyl net hane,

di am nophenyl sul fone, and di cyandi am de)_ - 13 - O these hardeners,
phenol s and phenolic resins and active est'er conpounds thereof are
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The resulting epoxy resin was a yellowish red solid
having an epoxy equivalent of 255 g/eq. and softening
point of 62 °C, as represented by the formula (II) in
which R is a hydrogen atom, Z is a group represented by
the formula below, k is 0, and n is 1.2.

(b) Production example of polvhydric phenolic epoxy resin

having interposed hydrocarbon groups

The same procedure as in the production example (1)
mentioned above was repeated to give an epoxy resin,
except that the 4,4'-biphenol F (200 g) was replaced by
350 g of phenolaralkyl resin (Milex XL225LL from Mitsui
Toatsu Chemicals, Inc.).

The resulting epoxy resin was a yellowish red solid
having an epoxy equivalent of 252 g/eq. and a softening
point of 64 °C, as represented by the formula (II) in
which R is a hydrogen atom, Z is a group represented by
the formula below, k is 0 and n is 2.1.



60-95 Wt % preferably 80-93% of the total anpbunt of the epoxy resin
conposition. According to the present invention, the epoxy resin
conposition for sem conductor encapsul ation should be incorporated with an
accel erator which is a conpound to pronote the reaction of the epoxy groups
in the epoxy resin with the active grougslgn_the har dener. Exanples of the
accel erator include phosphi ne conpounds (Such as tributyl phosphi ne,

tri phenyl phosphine, tris(di nethoxyphenyl)phosphine, tris-

(hydr oxypropyl ) phosphi ne, and tris(cyanoethyl)- phosphine), phosphonium
salts (such as tetra-phenyl- phosphoniumtetraphenyl borate,

nmet hyl -tri butyl - phos- phonlunltqﬁia-r- wn&ﬁe and net hyl tri cyanoet hyl -

phosphoni um t et raphenyl borate), T das (Stkch as 2- nethylim dazol e,
2- phenyl i m dazol e, 2-ethyl -4-nethyl - |n1dazole 2-undecyl i m dazol e,
1- cyanoet hyl - 2- met hyl - - 14 -

i m dazol e, 2, 4- di cyano- 6- [ 2- nethyllnldazolyl (1)]-ethyl-S triazine, and
2, 4-di cyano- 6-[ 2- undecyl-lnldazolyl ethyl S—tr|a2|ne) |n1dazollum
salts (such ad Pripsh : : g1

met hyl i m dazohigyn q A ‘ dggaar e gaﬁAs|n1dazoI|um

t et raphenyl borate - € - =i ; J

t et r aphenyl bor at e)'? earﬁaﬂtesp( e 29 4t the pro uction example (1)
mentioned above was repeated to give an epoxy resin,
except that the 4,4'-bisphenol F (200 g) was replaced by
330 g of terpenephenolic resin (YP-90 from Yasuhara
Chemical Co., Ltd.).

The resulting epoxy resin was a yellowish red solid

having an epoxy equivalent of 233 g/eq. and a softening
point of 60 °C, as represented by the formula (II) in

which R is a hydrogen atom, Z is a group represented by
the formula below, k is 0, and n is 0.1.

Examples 1 to 5 and Comparative Examples 1 to 3
An epoxy resin composition was prepared from epoxy

resins and auxiliaries shown below.

. Epoxy resins: the epoxy resin obtained in the
production example 1, the epoxy resin obtained in any
of the production examples (a) to (¢}, cresol novolak
type epoxy resin, and brominated epoxy resin.




tYi s(di met hyl am nonet hyl ) phenol, benzyl - di net hyl am ne,

t ét ranet hyl but yl guani zi ne, N nethyl pi perazi ne, and 2-

di nmet hyl am no- 1- pyrroline), amoniumsalts (such as triethyl anmoni um
tetraphenyl - borate), diazabicyclo conpounds (such as

1, 5-di azabi -cycl o(5. 4. 0) - 7- undecene, g azabi cyl o(4. 3. 0) - 5-nonene, and
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Surface treating agent for inorganic filler:

commercial epoxy silane
. Mould release: carnauba wax

The resulting composition was kneaded at 70-130 °C
for 5 minutes using a mixing roll. The molten mixture was
made into a sheet, which was subsequently crushed. Thus
there was obtained a moulding compound.

The moulding compound was moulded into a specimen by
low pressure transfer moulding, with the die temperature
being 180 °C and the moulding time being 180 seconds. The
specimen was postcured at 180 °C for 8 hours. The
moulding material was also tested for spiral flow.

The post-cured specimen and spiral flow test piece
were tested for solder crack resistance, moisture
absorption and glass transition point. The results are
shown in Table 1. It is noted that the moulding compounds
in Examples 1 to 5 are superior to those in Comparative
Examples 1 to 3 in both fluidity (spiral flow) and solder
crack resistance.



--15 - The invention will be described in nore detail wth reference to the
-foll owi ng Exanpl es and Conparative Exanpl es which denonstrate the
production of epoxy resins and the use of the epoxy resin conpositions. (1)
Producti on exanpl e of bisphenol F type epoxy resin A 3000-m three-necked
flask equi pped with a thernmoneter, stirrer, and condenser was charged with
200 g of 4, 4'-bisphenol F, 1295 g of eptrch?orohydrin, and 504 g of

i-sopropyl al cohol. The reactants were heated to 35[err] C for uniform

di ssolution. To the solution was added dropwi se 190 g of 48.5 w % aqueous
solution of sodium hydroxide over 1 hour. In this period, the reaction

system was gtaduallly hgated su¢h thqdt 1t |[reached]|65] [ dqrr]C When the
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was conpl eted, sodium prinmary phosphate was added to neutralize excess
sodium hydroxi de, and the resulting salt (as a by-product) was renoved by
wat er washi ng. The reaction product was conpletely freed of nmethyl isobutyl
ketone by distillation under reduced pressure. Thus there was obt ai ned  t he
desired 4, 4' -bi sphenol F type epoxy resin. This epoxy resin was a yell ow sh
white crystalline solid having an epoxy_egyivalent of 164 g/eq. and a -
16 - nelting point of 51 [err]C, with the average value of mbeing 0.1 in
the formula (I). (a) Production exanpl e of polyhydric phenolic epoxy resin

havi ng i nt er posedthydrqcarbgrgropps—Tpe sanme procedure as in the
production exanpl ¢ (1) |n€ntijoged pbovejwas repeated to give an epoxy resin,
except that {he 4,4'-bilsghenok F (800 p) was repl aced by 360 g of
di cycl opent adli%ne |dBendl Lic rleai n 3cP- F000 from M tsui Toatsu Chenical s,
Inc.). The ré¢sttHmeg—egoxy st as <] yel | ow sh red solid having an epoxy
equi val ent off 255|g/eq.| 8nd [sgftehing point of 62 [err]C, as represented by
the formula (Ig) iln_ whilc §R | 5 a hzﬂrogen atom Z is a group represented by
the formul a e+om1 K QS : eénj)sl.P. (b) Production exanple of
pol yhydri c plienotTc epaxyTegTn
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lavi ng i nterposed

hydr ocar bon groups The sane procedure as in the

producti on exanple (1) nentioned above was repeated to give an epoxy resin,

except that the 4,4'-biphenol F (200 g) was replaced by 350 g of

phenol aral kyl resin (MIlex XL225LL from Mtsui Toatsu Chemcals, Inc.).

resulting epoxy resin was a yell ow sh redfgpLid havi ng an epoxy equival e
e

of 252 g/eq. and a softening point of 64

rr]C, as represented by the

The
nt

formula (11) iNbtde cfo Rrdis1@ hydrogen atom Z is a group represented by the
formula below, k is 0 and nis 2.1. - 17 - [err] (c) Production exanp

of pol yhydric phenolic epoxy resin having interposed hydrocarbon groups The

same procedure<ias
repeated to give
was replaced by 3
Chenical Co., 14d

d+cﬂé&n1wmmhmiaksltypmmkpoxi)resﬁnionpﬂkabeveemﬂss,

TSROl e15Pbs! Mo M Sl BR300

k)romir@t@cé&wmel@cpbx@ F¥Re nemsmrgémoxmmk@éa solid

havi ng an epoxy e I and S f =6 err
q%bhse/@fom%g &?@1 VJE 385 ObERiNE B8hBEnE! =6Qok¢

as represented by
group represented
*3

*4

*5

*6
*7

*8

*9

is a hydrogen atom Z i S a

H@uk%rﬁ%¢%lb%9%ﬁy Ks ©, and nis 0.1.

A : phenol novolak resin (hydroxyl equivalent = 103,
softening point = 85 °C, from Gun'ei Kagaku Co.,
Ltd.) '

B : terpene phenol novolak resin (Epikure MP402,
hydroxyl equivalent = 175, softening point = 130 °C,
from Yuka Shell Epoxy K.K.)

Fused silica powder of crushed type (RD-8, from
Tatsumori Co., Ltd.)

KBM-403, from Shin-Etsu Chemical Co., Ltd.

16 specimens (44-pin FPP) which had been allowed to
absorb moisture at 85 °C and 85 %RH for 300 hours
were dipped in a solder bath at 260 °C for

10 seconds. The number of cracked specimens was
counted.

moisture absorption at 85 °C and 86 %RH for

300 hours.

obtained by TMA from the transition point on the
thermal expansion curve.

It is apparent from Table 1 that the compositions in

Examples are superior in fluidity to those in Comparative
Examples and the cured products from the former are

superior in moisture absorption, solder crack resistance,

and

heat resistance (in terms of glass transition point)

to those from the latter.
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[err] Exanples 1 to 5 and Conparative Exanples 1 to 3 An epoxy resin
conposition was prepared from epoxy resins and auxiliaries shown bel ow
Epoxy resins: the epoxy resin obtained in the production exanple 1, the
epoxy resin obtained in any of the production exanples (a) to (c), cresol
novol ak type epoxy resin, and brom nated epoxy resin. - 18 - Hardener:
commer ci al phenol novolak resin (A) or co rcial terpene phenol novol ak

resin (B) | norgani ' " C ' f SN powder of crushed type
ST e nor A Er ddld Efon SORIRSEL . £y StELER e oo ac i e
Exanpl e 1; and 75 Th®osane Rregedire cddpbii therpred@ehpen aexempriRakpl es 2

and 3) Accel engdi¥ioddd PASERE PRQS PhéPEafed Mo §106 JaNhi xBALEMBRY 41 Biroxi de
Surface treating ent_ for inorganic fill|ler: comrercial epoxy silane Muld
rel ease: carn Eﬁé&?%ﬁg YRR %ﬁycﬁﬁiﬁ%i??%nbhﬁgeﬂﬂ a §Hea?p9§Y130

[err]C for 5 ntemires ewcept athakitiger ) 4! -Bhsphehd EnF{200r g) waasnade into
d shoet ., W Ol SR SSHUE hi ¥e S SBE %, TPUS1LBREROYR P68 B ala™ ! O N0
4,4'-biphenol (40 g).
The resulting epoxy resin was a yellowish white
crystalline solid having an epoxy equivalent of 163 g/eq.
It was a mixture of 80 wt% 4,4'-bisphenol F type epoxy
resin represented by the formula (I) in which m has a
value of 0.1 and 20 wt% biphenol type epoxy resin
represented by the formula (III) in which n has a value
of 0.1.
Examples 6 to 10 and Comparative Examples 4 to 6
An epoxy resin composition was prepared from epoxy
resins and auxiliaries as follows according to the
formulation shown in Table 2.

. Epoxy resins: the epoxy resin obtained in the
production example (1), the epoxy resin obtained in
the production example (2), commercial biphenol type
epoxy resin (A or B) cresol novolak type epoxy resin,
and brominated epoxy resin.

. Hardener: commercial phenol novolak resin (C) or
commercial terpene phenol novolak resin (D)

. Inorganic filler: commercial fused silica powder of
crushed type (82 wt% of the entire composition in
Examples 6 to 10 and Comparative Exémples 4 and 5;
and 75 wt% of the entire composition in Comparative
Example 6)

. Accelerator: triphenylphosphine

. Flame retardant: antimony trioxide

. Surface treating agent for inorganic filler:
commercial epoxy silane

. Mould release: carnauba wax



The noul di ng conpound was noul ded into a specinen by |ow pressure transfer
moul ding, with the die tenperature being 180 [err]C and the noulding tine
bei ng 180 seconds. The speci nen was postcured at 180 [err]C for 8 hours.
The noul ding material was also tested for spiral flow The post-cured

speci men and spiral flow test piece mere_t??tgd for sol der crack

resi stance, noisture absorption and gl ass ansition point. The results are

200 Loorror to FheL SRSl SorkiB U A SRS PRS0 | (O
(spiral flow) &R §ona@mt©5aa§m|asmmg roll.jdhe makyen mixkyge wis 21
- Notes to Tabkadk Thte & &Helet)OVM S v&a\éo%lﬂigé?l?hérﬁfﬂj‘ RRHE & REE0S,
epoxy equi val en&lerezgv%s orb%@l\r{luek asrrlneétllc{':ipoxycompo nd.

The moulding compound was moulded into a specimen by
low-pressure transfer moulding, with the die temperature
being 180 °C and the moulding time being 180 seconds. The
specimen was postcured at 180 °C for 8 hours. The
moulding material was also tested for spiral flow.

The post-cured specimen and spiral flow test piece
were tested for solder crack resistance, moisture
absorption, and glass transition point. The results are
shown in Table 2. It is noted that the moulding compounds
in Examples 6 to 10 are superior to those in Comparative
Examples 4 to 6 in both fluidity (spiral flow) and solder
crack resistance. '



*2 brom nat ed bi sphenol A type epoxy resin (Epi kote 5050, epoxy equival ent
=385, bromi ne content = 49% from Yuka Shell Epoxy K K. ). *3 A : phenol
novol ak resin (hydroxyl equivalent = 103, softening point = 85 [err]C, from
@Qun' ei Kagaku Co., Ltd.) *4 B : terpene phenol novol ak resin (Epikure
MP402, hydroxyl equivalent = 175, softeni 84 point = 130 [err]C, from Yuka
Shell| Epoxy K. K. ) *5 Fused silica powder of crushed type (RD-8, from
Tatsunori Co., Ltd.) *6 KBM 403, from Shin-Etsu Chem cal Co., Ltd. *7 16
speci mens (44-pin FPP) which had been allowed to absorb noi sture at 85
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for 10 seconds.| The hunber of crakked ed. Toi|st ur e
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-°22 - (2) Production exanple of epoxy resin The same procedure as in the
prroducti on exanple (1) nentioned above was repeated to give a m xture of
4,4' - bisphenol F type epoxy resin and bi phenol type epoxy resin, except
that the 4,4 -bi sphenol F (200 g) was replaced by a m xture of
4,4' -bi sphenol F (160 g) and 4, 4'-bi phenoR3(40 g). The resulting epoxy
resin was a yellow sh white crystalline solid having an epoxy equival ent of
163 g/eq. It was a mxture of 80 wt% 4, 4' -bi sphenol F type epoxy resin
represented by the formula (1) in which mhas a value of 0.1 and 20 wm %

bi phenol typerepoxy TEST—Tepreset y the formula (I1l1) in which n has a
val ue of 0.1.|Exanmples § fo 10gand] Conpprative Exanples 4 to 6 An epoxy
resin conposi b9n Yas priegar gd<fro poky resins and auxiliaries as foll ows
according to fhe fgraul gt+on |sbown| Hn Thbl e 2. Epoxy resins: the epoxy
resi n obtai ne¢—Trtre—prjoductfron exanpt g (1), the epoxy resin obtained in
t he production exarnple (|2, clognmeri al pi phenol type epoxy resin (A or B)
cresol novolaxigype‘ngXMiresiq, an@ br pm nat ed epoxy resin. Hardener
comrerci al ph¢rel nowol dkresli @ () ~or pomercial terpene phenol novol ak
resin (D)
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Inorganic filler: comercial fused silica powder of crushed type (82 w % of
the entire conposition in Exanples 6 to 10 and Conparative Exanples 4 and
5; and 75 wt% of the entire conposition in Conparative Exanple 6)

Accel erator: triphenyl phosphine Flane retardant: antinony trioxide Surface
treating agent for inorganic filler: com@€i-al epoxy silane Muld rel ease:
car nauba wax - 23 - The resulting conposition was kneaded at 70-130
[err]C for 5 mlﬂﬁtﬁﬁlﬁﬂrﬁﬁQﬁﬁnx3ng roll. The nolten m xture was made into
a sheet, which was subsequently crushed. Thus there was obt ai ned a noul di ng

conpound The jnoul di ng conpoun ded | to a_speci ressure
transfer moul ding, Rﬁ%&] Qhé?¥£W%gD E%gf?égg inégPhg

'PDUlgIEg tlneTEeHﬁ$4MﬂDEﬁommﬁ$y é&mnmamemue? Masapnxthuthd ahl&&OoEeﬁr]C
or ours e ngy a ste a

post cured speci men andgsplréﬁiélg%#?ié?égg% @ %kr££€%s?ggéf%?gi?mgggkgrack

resi stance, noi st J?-eK-e)bsorpt lon, and glass transition point. The results
are shown in Fagbl epbxy tré§lﬁlqi@ldn}éf@tff$}§ BDh &R g@gpounds in Exanples 6

to 10 are SUperl(”téé%éégékyiblé%gggi EEplkote YL6121H, epoxy
equivalent = 173, with the value of n in the formula
(III) being 0.1, from Yuka Shell Epoxy K.K.)
- *3 o-cresol novolak type epoxy resin (Epikote 180H65,
epoxy equivalent = 205, from Yuka Shell Epoxy K.K.)

*4 brominated bisphenol A type epoxy resin (Epikote .
5050, epoxy equivalent = 385, bromine content = 49%,
from Yuka Shell Epoxy K.K.)

x5 _phenol novolak resin (hydroxyl equivalent = 103,

'~ softening point = 85 °C, from Gun'ei Kagaku Co.,
Ltd.) .

*6 - terpene phenol novolak resin (Epikure MP402, hydroxyl

’ equivalent = 175, softening point = 130 °C, from Yuka
Shell Epoxy K.K.)

*7 Fused silicé pbwder of crushed type (RD-8, from
Tatsumori Co., Ltd.)

*8 KBM-403, from Shin-Etsu Chemical Co., Ltd.

*9 16 specimens (44-pin FPP) which had been allowed to
absorb moisture - at 85 °C and 85 %$RH for 300 hours
were dipped in a solder bath at 260 °C for
10 seconds. The number of cracked specimens was

_ counted.

*10 moisture absorption at 85 °C and 86 3RH for

~* 300 hours.

.*11 .obtained by TMA from the transition p01nt on the

" thermal expansion curve.



Exanples 4 to 6 in both fluidity (spiral flow and sol der crack resistance.
- 24 - [err] - 25 - 26 - Notes to Table 2 *1 epoxy resin derived
from tetranet hyl bi phenol (Epi kote YX4000H, epoxy equivalent = 193, with the
value of nin the forrmula (111) being.0.2, from Yuka Shell Epoxy K K') *2
epoxy resin derived from bi phenol .and tetrawethyl bi phenol (Epi kote YL6121H,
epoxy equivalent = 173, with the value. of nin the formula (111) being 0.1,
from Yuka Shel| Epd%yir Rppargntofroasdlabieyd dibaty fdesompassipyEpikot e
éSOHﬁS, lepzxy fddinkale8nare Erfirko&miwlﬁlﬁfaﬂﬂy EROXOhIS K in "o £ra fraf&d
' spheno ty%ﬁaﬁ Ré% %%F %h %ufgéaproducts from the former are
superior in moisture absorption, solder crack resistance,
and heat resistance (in terms of glass transition point)

to those from the latter.



5050, epoxy equivalent = 385, bromne content = 49% fr ' Xy
K.K.) *5 phenol novol ak resin (hydroxyl equivalent = 1qﬂ)ﬁgm§nﬁ“uﬂm&
85 [err]C, from@un'ei Kagaku Co., Ltd.) *6 terpene phe K'§estn
(Epi kure MP402, hydroxyl equivalent = 175, softening point = 130 [err]C, -
from Yuka Shell Epoxy K K.) *7 Fused silicagpowder of crushed type (RD-8,
from Tatsunori Co., Ltd.) *8 KBM 403, from ghi n- Etsu Chemcal Co., Ltd. *9
16 specinens (44-pin FPP) which had been allowed to absorb noggt ypgsagfRS
[err]C and 85 %RH for 300 hours were dipped in a solder bath

for 10 seconds. The nunber of cracked speci nens was counted. *10 nvoisture
absorption at 85 [err]C and 86 %RH forc300ahpuiss 11 obtained by TMA from
the transition point on the thernmal expansion curve. - 27 - 1t is
apparent from Table 2 that the conpositions in Exanples are superior in
fluidity to thdse iBpcGonpeesin veoupesiot ben afelr t demicorduptoducts fromthe

former are supqijQipdh 401 54 WesnELHRIRY | 26 1885 Hein CEBGKy T £EEShANCE,

hardener, inorganic filler, and accelerator, wherein said

epoxy resin is one which is composed mainly of 20-90
parts by weight of 4,4-bisphenol F type epoxy resin
represented by the formula (I)

CH, >CH-CH, {o@cna @wcnz -gH-CHz
) H
m
Lr@cnz @-O-CH2 ~CH—CH, (1)
. o

wherein m is a numeral of 0-0.5 on average and 10-80

parts by weight of polyhydric phenolic type epoxy resin
represented by the formula (II)

wherein slightly polar hydrocarbon groups are present
between the phenyl nuclei, and wherein each R, which may
be the same or different from one another, denotes a
hydrogen atom, a Ci-10 alkyl group, a substituted or
unsubstituted phenyl group, a substituted or
unsubstituted aralkyl group, a Ci-10 alkoxyl group or a



and heat resistance (in terns of glass transition point) to those fromthe
latter. - 28 - TS 9065 SINCL Al MS 1. Epoxy resin conposition for
sem-conduct or encapsul ati on containing at |east an ep

inorganic filler, and accelerator, wherein said epoxyTHmImﬂ"“m“mmnch IS
conposed nainly of 20-90 parts by weight_ gfg 4, 4- bi sphertol ¢F type epoxy
resin represented by the formula (1) [err] wherein mis a nuneral of 0-0.5

on average andgfls pé‘féxﬁ by %h@@ésoénp%iegéf' 6fpbea0laha &f@evam&
resin represented fornul a err

hydr ocar bon griRpsL r%d%?E%Eﬂ% ﬁééﬂe@ﬁ ghe ﬁﬁ@ﬁ%?kgﬂglége éﬁﬂeaﬁgpeﬁn each
R which may tueﬁ$EE§a@PgDYcﬂd§1GQEﬁﬁpfgﬂndéﬂetQBOHhegh gedﬁbesfathydrogen
SUbsti tut ed ol EorerPeRi afodb otk efcuay BT LRRPEL R YR YR B %o 'h °

different from each other; and n is a numeral of 0-5 on

average, or 10-80 parts by weight of biphenol type epoxy
resin represented by the formula (III)

(III)

wherein each R', which may be the same or different from
one another, denotes a hydrogen atom, a Cj-1¢g alkyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted aralkyl group, a Ci1-10
alkoxyl group or halogen atom; and n' is a numeral of
0-0.05 on average.

2. Epoxy resin composition according to claim 1,
comprising 30-80 parts by weight of the 4,4-bisphenol F
type epoxy resin and 20-70 parts by weight of epoxy resin
(II) or (III).

3. Epoxy resin composition according to claim 1, in
which in the general formula (II) R denotes a methyl
group, k denotes 0 or 1, n is a numeral of 1-3 on average
and Z is derived from cyclopentadiene, ao,o'-
dihydroxyxylene and terpene.

4., Epoxy resin composition according to claim 1, in
which in the general formula (III) R' denotes a hydrogen
atom or a methyl group.



hal ogen atom k denotes an integer of 0-4 and its values—ay—be—+dentical
with or different fromone another, G denotes a glyc 7 denotes a
[err] dival ent hydrocarbon group and Z's nmay be iden mﬂjmﬁﬂm ferent
frrom each other; and n is a nuneral of 0-5 on averag

wei ght of bi phenol type epoxy resin repre ted by the fornula (III) [err]
wherein each [err] which may be the sane or different from one anot her,

denotes a hydrggeng r OLProRasHESEL Hhedoer c1 1
unsubsti t ut ed phenﬂﬁ&gf]rés£§ é% g%%?tlgﬁ grcﬁnsubgtltuteg gr?;cggierUp’ a

[err] al koxyl &®olp bR ‘M’éﬂ-@’@e’ﬁhﬁt dreraania’ fidlernigefureds s

average. 2. Egggy?fgﬁlﬁngoggp§¢%t@nlaccordlng to claim1, gonpr|5|ng 30-?0
parts by weight of _the 4, 4-bispheno re .parts by
wei ght” of epox§- r ERPXY | F§SHR E?TP?Slgloép8§§8F§¥Pﬁ §8n$8§ Pi ﬁ1§&% réing

to claiml, Int&h5ph1nnwhhehQEheratg&nncufal@br)1R prrseps anmamhymogndup,
k denotes 0 or,d,gH b8 ‘gtﬁyg&éke?% 7388093V GERICORNENE 5Ldar kit Om

cyclopentadleﬁ% a,a - oxyxyle g &nd terpene. 4. Epoxy resin
conposi tion ac@ﬁrﬂhagepexylﬁﬁﬁim Cpmpﬁﬁi§hopn t he general formula (111) R

denotes a hydregenggbe{ P&sfn"BEYbsUELYA. according to any of claims 1
to 8, in which the hardener is present in such an amount
that the total amount of the reactive groups in the
hardener is 0.5-2.0 mol, preferably 0.7-1.2 mol per mol
of the epoxy groups in all the epoxy resins.

V16/TSS065FF.SIN



5. Epoxy resin conposition according to any of clains 1 to 4, in which the
inorganic filler is fused silica or crystalline silicate. 6. Epoxy resin
conposition according to any of clainms 1 to 5, in which the organic filler:
s present in an anount of 60-95 wt% preferably 80-93 w% of the total
anount of the epoxy resin conposition. 7. Epoxy resin conposition according
to any of clains 1 to 8, in which the hardener is present in such an anount
that the total amount of the reactive groups in the hardener TSs 90.65 BIN
nol, preferably 0.7-1.2 nol per nol of the epoxy groups in all the epoxy
resins. V16/ TS9065FF. SI N

ABSTRACT

EPOXY RESIN COMPOSITION FOR SEMICONDUCTOR ENCAPSULATION

An epoxy resin composition for semiconductor
encapsulation containing at least an epoxy resin, _
hardener, inorganic filler, and accelerator, wherein said
epoxy resin is one which is composed of 20-90 parts by
weight of 4,4'-bisphenol F type epoxy resin and 10-80
parts by weight of either a polyhydric phenolic type
epoxy resin which has slightly polar hydrocarbon groups
(Z) lying between the phenyl nuclei, or a biphenol type
epoxy resin.

The composition is superior in fluidity and gives a
cured product having low moisture absorption and good
solder crack resistance and heat resistance. It is
suitable for encapsulation of semiconductors.
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