DESCRH PTI ON EPOXY RESI N COVPOSI TI ON FOR SEALI NG SEM CONDUCTORS AND

SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD The present invention relates to an
epoxy _.resin conposition for sealing sem conductors and a sem conduct or
-device. More particularly, the present invention relates to an epoxy resin
conposition for sealing sem conductors which does not contain any hal ogen
fire retardants or antinony fire retardants and shows excell ent high

tenperatures storage life, flane ' operty and reliability in a
hum d condition, and to a sem coytﬁ%?g#ggg%e using this epoxy resin

conposi tion. BACKGROUND ART Heretofore, electronic parts such as di odes,
transistors and integrated circuits are sealed nmainly with epoxy resin

conposi t i ongPORYE RESIY OCMPOSITION RORSEADING SEMIGCONDEOTORS
cont ai ning a hal ogen and an anti nony conpound to provide the conposition

with the flanme retardi ng ANDPSEMICONDUCIOR DEVWICEng property of the
conposition is exhibited by generation of a gas of a hal ogen or an anti nony
hal i de at hi gh tenperatures. However, in accordance with the above nethod
for exhibiting the flanme retarding property, a gas of a hal ogen or an

anti nony CECHNICALdEIIed when an el ectronic part is exposed to a high
tenperature and this causes a big problemin that corrosion of, al um num
circuits and The present avensinreaelatgs dor anoeroXye rogiancompasition ferds and

gold wirés in chips, ta(lie pl ace.. Mborepver, it _[ils req ed for, otlection of
t he sealing semiconductors and a semiconductor device. ore particularly,

the present invention relates to an epoxy resin composition for sealing
semiconductors which does not contain any halogen fire retardants or
antimony fire retardants and shows excellent high temperatures storage
life, flame retarding property and reliability in a humid condition, and to a

semiconductor device using this epoxy resin composition.

BACKGROUND ART

Heretofore, electronic parts such as diodes, ftransistors and
integrated circuits are sealed mainly with epoxy resin compositions. The
epoxy resin compositions contain fire retardants containing a halogen and
an antimony compound to provide the composition with the flame
retarding property. The flame retarding property of the composition is
exhibited by generation of a gas of a halogen or an antimony halide at high
temperatures. '

However, in accordance with the above method for exhibiting the-
flame retarding pfoperty, a gas of a halogen or an antimony halide is
generated Wheh an electronic part is exposed to a high temperature and

this causes a big problem in that corrosion of aluminum circuits and



envi Fonment and the health that an epoxy resin conposition which does not
use any fire retardants containing a hal.ogen or an antinony conpound and
exhi bits an excellent flame retardi ng property be devel oped. To overcone

t he apove problens, a resin conposition having a glass transition
tenperature higher than the tenperature of the environnment which is
obt ai ned by a conbi nati on of an epoxy resin and a phenol resin curing agent

is used t ' | f ' . hal i de
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gases of a hal ogen or an antinony halide generated during storage at high
t enper at UlelSirohren hndt fhenhedlth thae diEbpeds rodin @npodifiodSwHicH doéd1e ot her
hand, recently, electronic parts are often di sposed at the surface of
subst r at esotfuseiamtfiteretibdantz@ntaindhg el islogen paansamtimobycompursdal | er
and thinner. Therefore, inprovenent in crack resistance is required in
sol der i ng ainak exhibitslareexcetlent [flaohe vetardjeg peopertys bedevalopedof circuits.
Thus, an epoxy resin conposition exhibiting both of excellent crack :
resi stance in Sko oeericomedihe abavel problerhs,gh resinompagition havinge glage has
been desired. However, even when an epoxy resin conposition which contains
a fire reteargifionoteraperatyse hishen bham the temparatwes pbithe fenyironmeat

conpound and, an, anti po conmpound and exhi bits excellenf crack_resjstance
in sol der ivﬁecﬁ§sté1@a%n%%HYtﬂ 6?@@‘!—“%?1‘91} 8? AR ESIR f Rhenigl gesm
sufficient hjgh terrﬁerature siorage Life.when the engthfsi n cor%)sition
has a | owSYrass 28PRhdPtY EFedsg, BLingi0l ol a gas bl a halogen or

antimony halide during storage at high temperatures and high

temperatures storage life can be improved. Alternatively, an ion
scavenger may be added to scavenge gases of a halogen or an antimony
halide generated during storage at high temperatures. A combination of
these methods may also be used.

On the other hand, recently, electronic parts are often disposed at
the surface of substrates of circuits. The siz-e'of electronic parts are
becoming smaller and thinner. Therefore, improvement in craék
resistance is required in soldering for attachment of electronic parts to
substrates of circuits. Thus, an epoxy resin composition exhibiting both of
excellent crack resistance in soldering and excellent high temperatures
storage life has been desired. However, even when an epoxy resin
composition which contains a fire retardant of a halogen compound or a
combination of a halogen compound and an antimony compound and
exhibits excellent crack resistance in soldering is used, addition of an ion
scavenger cannot provide sufficient high temperatures storage life when

the epoxy resin composition has a low glass transition temperature. On



t he ether hand, an epoxy resin conposition shows insufficient crack

resi stance in soldering when the epoxy conposition has a high gl ass
transition tenperature. No epoxy resin conpositions which have a | ow gl ass
transjtion tenperature and exhi bit excellent high tenperatures storage life
have been provided. Various fire retardants other than fire retardants
contai ning a hal ogen and anti nony conpounds have been studi ed. For exanple,
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anounts a are us or fire retardation of epoxy resin conpositions.

However, kishapB e HavebdeasprdvidaR! emin reliability in a humd condition
because red phosphorus reacts with a mnute anount of water to form

phosphi nes and Veatidwsifirte pétasdhnts other dhaAnfieporetardmits comiainidg @n whi ch
exhi bits both of the flanme retarding property and the reliability in a
hum d condialogen and hntimomy compotinds have bednstudied: aiForegample) mgéal or an
antinony conpound has been desired. The present invention has an object to
provi de” ahydpoxides egich a®mpaminiion hydroxide|4ndy magnesiwarubydroxidgianed does
not contai n any hal ogen conpounds or, antinpony conpounds, hasdg?’@gxcel | ent

flame ret hovomgompoyadsyhave begmistndiedex Howevar, these eonpenn na% or age
lif .
e 3 effectively exhibit the flame retarding property unless they are used in a

large amount. Moreover, these compounds contain large amounts of
impurities and reliability in a humid condition is not satisfactory.
Therefore, these compounds are not practically used. Fire retardants
containing red phosphorus are effective even when these fire retardants
are used in small amounts and are useful for fire retardation of epoxy resin
compositions. However, red phosphorus has a problem in reliability in a
humid coﬁdition because red phosphorus reacts with a minute amount of
water to form phosphines and corrosive phosphoric acid. An epoxy resin
composition which exhibits both of the flame retarding property and the
reliability in a humid condition without using a fire retardant containing a
halogen or an antimony compound has been desﬁed.

.The present invention has an object to provide an epoxy resin
composition for sealing semiconductors which does not contain any
halogen compounds or antimony compounds, has an excellent flame

retarding property and exhibits excellent high temperatures storage life



and reliability in a humd condition, and to provide a sem conductor device
using this epoxy resin conposition. DI SCLOSURE OF THE | NVENTI ON As t he
result of extensive studies by the present inventors to achieve the above
objecf, it was found that the long termreliability of an epoxy resin
conposition in a humd condition can be remarkably inproved by using zinc
nol ybdate wi t hout deterioration in the flame retarding property. The

ceent AP RS 5 i i iy

Accor di ngl'y, epoxy resin conp05|t|on
for sealing %Eﬁﬁ%&tﬁﬁﬁl%ﬁ&ﬁﬁﬁp” ses (A) an epoxy resin, (B) a phenol
resin curing agent ) a curihg accelerator, (D) an inorganic filler and
(E) zinc nolybdate as essential conponents; (2) An epoxy resin conposition
for sealing sem conduct ors described in (1), wherein zinc nolybdate coats
an i nor gaprRGUOSTR IEANENBIONSI n conposition for sealing

sem conduct ors descrl bed In (2), wherein the inorganic substance is fused
spherical sili s tKelyestilt efextynsiveistudivaibysiie presént imeatorgtediiieenduct or s
described in any of (1), (2) and (3), wherein the epoxy resinis a

crystal | i shesghmve olject; it apasaﬁm:l(b(ﬂhaiythendong tetm felidbility)of faor epoxe [ 1],

[2] and [3]: CHerr] CHCHerr]O [err] OCHerr]- CH-CH[err]
[err] O vresin composition in a humid condition can be remngrkablr impmaved By [ 1] 4

using zinc molybdate without deterioration in the flame retarding property.

The present invention has been completed on the basis of this knowledge.
Accordingly, the present invention provides:

(1) An epoxy resin composition for sealing semiconductors which |

comprises (A) an epoxy resin, (B) a phenol resin curing agent, (C) a curing

accelerator, (D) an inorganic filler and (E) zinc molybdate as essential

components;

(2) An epoxy resin composition for sealing semiconductors described in

(1), wherein zinc molybdate coats an inorganic substance;

(8) An epoxy resin composition for sealing semiconductors described in

(2), wherein the inorganic substance is fused spherical silica;

(4) An epoxy resin composition for sealing semiconductors described in

any of (1), (2) and (8), wherein the epoxy resin is a crystalline epoxy resin

represented by one of the following formulae [1], [2] and [3]:

' | OCH,— C{-IO—./CH2




[err}-CH err]-CHCHerr]O[err] [err] [err]

0OR R...[2] [err] [err] CHerr]- CH CHerr] [err]
CCH err]-OCH err] CHCHerr] [err] .
OR . R R R ...[3] wherein R represents hydrogen atom a hal ogen

atomor an alkyl group having 1 to 12 carbon atons and the plurality of R
may be the same with or different fromeach other; (5) An epoxy resin
conposition for sealing sem conductors described in any of (1), (2), (3)
and (4), which further conprises_an ion scavenger represented by one of the
followng formulae [4], [5] and ]: EBlC{err](C}D[err](hKIerr])[err]

.[4] wherein a=0.9 to 1.1, b=0. 0.8 and ¢c=0 to 0.4

?I g][erer]o(g]-? E)egé eﬁ_]_%é e d)CHz-CH—CHJ 5] wherein d= 0.9 to

I\/g[err]AI[err](G—i)berr](CCIerr])[ [err] O \/ .[6] wherein

O<j/h[err]1,0[err]k/j<1.5 and m RepreRents a p05|t|ve nunber; and (6) A
sem conduct or device sealed with an epoxy resin conposition for seali ng
semi conductors described in any of (1), (2), (3), (4) and (5):[2]

R
RR R

|1
CH,— CH— CH,0- C=C OCH,— CH— CH
N g 2 2N/

o) o}

- [3]
wherein R represents hydrogen atom, a halogen atom or an alkyl group
having 1 to 12 carbon atoms and the plﬁra]ity of R may be the same with or
different from each other; |

(5) An epoxy resin composition for sealing semiconductors described in
any of (1), (2), (8) and (4), which further comprises an ion scavenger
represented by one of the following formulae [4], [5] and [6]:

BiO,(OH),(NOy), - [4]
wherein a=0.9 to 1.1, b=0.6 to 0.8 and ¢=0 to 0.4

BiO,(OH),(NO,)(HSiOy), - [5]
wherein d= 0.9 to 1.1, e=0.6 to 0.8 and f+g=0.2 to 0.4

Mg, AL(OH) 6.2 (COp),-mH,0 T [6]

wherein 0<j/h=1, 0=k/j<1.5 and m represents a positive number; and
(6) A semiconductor device sealed with an epoxy resin composition for

sealing semiconductors described in ahy of (1), (2), (8), (4) and (5).



5 -THE MOST PREFERRED EMBODI MENT TO CARRY QUT THE | NVENTI ON The epoxy
resin conposition for sealing sem conductors of the present invention
conprises (A) an epoxy resin, (B) a phenol resin curing agents, (C) a
curing accelerator, (D) an inorganic filler and (E) zinc nolybdate as the
essenti al conponents. The epoxy resin of conponent (A) used in the
conposition of the present invention is not particularly limted and a

nononer, | i wﬁr A ﬂﬂ l{ﬁﬂl " 5 SRR PSwid One
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derived frQra-hj ol A, epoxy resins containing brom ne, epoxy resins

derived fquuY spheriol F, epoxy resins derived from bi sphenol AD, epoxy

ved front D | F. epoxy resins derived fromb D, ep
[esins oer i ved TROMER sane oERRRLAATAR GANE b e

epoxy resi inesh 'é’ﬂiﬁmf‘éﬁ’ﬂ '
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derived from phenol and nmodified with di cycl opentadi ene, cyclic aliphatic
epoxy resimelybda®x us theiessertial cvaapdnentsgl yci dyl esters, epoxy resins
derived fromglycidyl am nes and heterocyclic epoxy resins. These epoxy
resins may be UEke eporylnesin of compuoremtn@)i asedintthe composieionypf she Anong
t hese epoxy resins, crystalline epoxy resins derived from bi phenyl,
hydr oqui n@resent ivenbtioncisnhot hashieulachyr bgdtadandya niononodt, an oligémenul a
[1], [2] or [3], respectively, can be preferably used;

or a polymer having two or more epoxy groups in one molecule can be used.

Examples of the epoxy resin include epoxy resins derived from bisphenol A,
epoxy resins containing bromine, epoxy resins derived from bisphenol F,
epoxy resins derived from bisphenol AD, epoxy resins derived from
biphenyl, epoxy resins derived from hydroquinone, epoxy resins derived
from stilbene, epoxy resins derived from phenol novolaks, epoxy resins
derived from cresol novolaks, epoxy resins derived from triphenolmethane,
epoxy resins derived from triphenolmethane and modified with alkyl
groups, epoxy resins containing triazine cores, epoxy resins derived from
phenol and modified with dicyclopentadiene, cyclic aliphatic epoxy resins,
epoxy resins derived from glycidyl esters, epoxy resins derived from
glycidylamines and heterocyclic epoxy resins. These epoxy resins may be
used singly or as a combination of twd or mbre types.

Among these epoxy resins, crystalline epoxy resins derived from
biphenyl, hydroquinone or stilbene which are represented by the following
formula [1], [2] or [3], respectively, can be preferably used:



6 -CH err] -CH-CH[err]O' [err] OCHerr]-CHCHerr]

[err] R R R .[1] R RCHerr]-CHCHerr]O
[err]OCCH err] - CH-CH[err] OR R...[2] R R R RCHerr]- CH
CHerr]O C—C OCH err]-CHCHerr] O
0 R R R .[3] In the above formul ae,, R represents hydrogen

atom a hal ogen aton1or an al kyl
plurality of R may be the sane
crystalline epoxy resins represe

Siiica oot come G EHEGHO

excel l ent crack reg stance in solderN\ng. Ne ot her han@ the gl ass
transition tenperature of a cureR conRosiRi on Recreases and high
temperatures storage |ife becomes inferior. However, the high tenperatures
storage life can be inproved by using zinc nol ybdate in accordfjce with the

group having 1 to 12 carbon atons and the
iRf erdt from each other. The
i a [1], [2] or [3] have | ow
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R R
CH, — CH— CH,0 ‘ OCH,—CH—CH
$ g 2 2R/
o) o
R R
- [2]
CI{ — CH— CHzo—{C:)/?~ @-om{z CH— CH2
o
.e [3]

In the above formulae, R represents hydrogen atom, a halogen atom'
or an alkyl group having 1 to 12 carbon atoms and the plurality of R may
be the same with or different from each other. The crystalline epoxy
resins represented by formula [1], [2] or [3] have low viscosity and can be
mixed with a large amount of inorganic fillers such as silica. Therefore,
the resin composition comprising the epoxy resin shows excellent crack
resistance in soldering. On the other hand, the glass tfansition
temperature of a cured composition decreases and high temperatures
storage life becomes inferior. However, the high temperatures storage

~ life can .be improved by using zinc molybdate in accordance with the

present invention. Thus, excellent crack resistance in soldering and



present invention. Thus, excellent crack resistance in soldering and 7
excel l ent high tenperatures storage life can be achi eved. The phenol resin
curing agent of conponent (B) used in the conposition of the present
invention is not particularly limted and a nononer, an oligoner or a

pol ymer having two or nore phenolic hydroxyl group in one nolecule can be
used. Exanples of the phenol resin curing agent include phenol novol ak

i oyel operfimenEHRD ket Rrod SiiRAk P%esb%fzoﬁ"a%wy‘% e ' ohenol resins
nodi fied with t’ﬂié’é;ﬁeﬁ’didré'&ﬁm Ehnrée E&Jﬂe‘iﬁ‘ glgjanlih% ollﬂem ne. The

phenol resin curing agents may SI n as a I na |on O two or
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preferably used he phenol resin curing agent is preferably used in an

anount sugiroipdhn ére niclééle Want be usedbeExamplpexy the phienoh rédia @iagxy resin
and the nunber of phenolic hydroxyl group in the phenol resin curing agent
is 0.8 to ageatiinchide phenol novglakiresins, cfésolmoviolak aesinsephenel pdsinsnponent
(C) used in the conposition of the present invention is not particularly
linmted. Modifieds with tdicyclopémipdiens| phenalr résins uedified mgthcodylems or s of
am nes, curing_accelerators of polyam noam des, curing accelerators of acid
anhydr i de®hemgl xesing im glh tezpeRraand myplalg rgeinsl dexivedsfroomt ai ni ng
phosphorus and i ol es. cuying accelerators may be used singly or

as a comnbitH eé‘r‘i’i%P FIRL-or %P eno E%smmﬁgga 1a¥ begusedsingln By s,

1, 8- .
as a combination of two or more types. Among these phenol resin curing

agents, phenol novolak resin, phenol resins modified = with
dicyclopentadiene, phenol resins modified with xylylene and phenol resins
modified with terpene can be preferably used. The phenol resin curing
agent is preferably used in an amount such-that the ratio of the number of
epoxy group in the epoxy resin and the humber of phenolic hydroxyl group
in the phenol resin curing agent is 0.8 to 1.3 in the resin composition.

The curing accelerator of component (C) used in the composition of
the present invention is not particularly limited. Examples of the curing
accelerator include curing accelerators of amines, curing accelerators of
polyaminoamides, curing accelerators of acid anhydrides, basic active
hydrogen compounds, curing accelerators containing phosphorus and
imidazoles. The curing accelerators may be used singly or as a
combination of two or more types. Among these curing accelerators, 1,8-
diazabicyclo[5,4,0]Jundecene-7, triphenylphosphine and 2-methylimidazole
are preferably used. |

The inorganic filler of component (D) used in the composition of the



di azabi cycl o[ 5, 4, 0] undecene-7, triphenyl phosphi ne and 2- net hyli m dazole are
preferably used. The inorganic filler of component (D) used in the
conposition of the 8 present invention is not particularly limted.
Exanpl es of the inorganic filler include powder of fused silica, powder of
crystalline silica, alumna and silicon nitride. The inorganic filler may
be used si ngly or as a conbi nation of two or nore types. The anount of the
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95% by wei anoun epoxy résin composition. en the
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amount of ¥he €poxy resin conposit t he pOSSI |ty that the
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absorption noil sture. Wen the anount of the inorganic er exceeds 95%
by wei ght yjt %Qﬁlélﬂhﬂy HBHBE. OWhbe €RObAlaRs DetwsmeSinbldubilitheiedis the
possibility that problenms occur during nolding such as wire sweep and pad
shift. Theragerysistsnde toRplderingis takers ¢éato oonsidetation]uttisrprefdérable

present invention conprises zinc nolybdate of conmponent (E). In the

conposi ti ¢dhadthe imoygariefiller iy vsed im anzimount bf/ 60 &0 O5¥bj sveight b the r e
retardant. By using zinc nolybdate, the flane retarding property of the

sem condudotal ammeount ofctiiceepoky ﬂl’eslheCQIBDOﬁﬁ@@rrchb@nothe: amaundi ofjthe nc

mol ybdate is maintained and the long-termreliability of the device in a
humi d condnerganir fillexiis lesssthan GR%Jweweight ofthetotal amennt of ke epaxy

resin composition, there is the possibility that the crack resistance in

soldering becomes inferior due to an increase in absorption of moisture.
When the amount of the inorganic filler exceeds 95% by weight of the total
amount of the epoxy resin composition, there is the possibility that
problems occur during molding such as wire sweep and pad shift.

The epoxy resin composition for sealing semiconductors of the
present invention comprises zinc molybdate of component (E). In the
composition of the present invention, zinc molybdate works as the fire
retardant. By using zinc molybdate, the flame retarding property of the
semiconductor device sealed with the resin composition comprising zinc
molybdate is maintained and the long term reliability of the device in a
humid condition is remarkably improved. It has been known that zinc
molybdate is effective as an agent for suppressing smoke and as a fire
retardant for vinyl chloride resins. However, zinc molybdate has never
been applied to any materials for sealing semiconductors. It is knqwn
that zinc molybdate accelerates carbonation of components of cured resins.

Therefore, the mechanism of fire retardation by zinc molybdate can be



nol ybdate is effective as an agent for suppressing snoke and as a fire
retardant for vinyl chloride resins. However, zinc nolybdate has never been
applied to any materials for sealing sem conductors. It is known that zinc
nol ybdat e accel erates carbonati on of conponents of cured resins. Therefore,
the nechanismof fire retardation by zinc nolybdate can be 9 consi dered
as follows: accel erated carbonation during burning suppresses contact of

oxygen in the. air.wth.the congositi.on and hurnjng i s stopped to achieve
ChaOr T o copsided &e e, Ao et RO toh T ag BEhihk SRebthsses, e

nol ybdat e m e | : L f | ybdat e
I's used i r‘]’mfﬁﬁ%&f"# ﬁgggtllﬁﬁgegrgp pﬁ{é}?g%en F((E:m? §B§{°§n§%&Bﬁcﬂ% %Bﬁé?(g'e as the
t endency t h?&?eof | Mhen zinc nolybdate is used in a | arge anount,
absorpti _orall%o rrnlﬁsétﬁféef ﬂé&gag}égﬁ conductor device increases and there is the
possi bility thah gHPEdmpEsitidhioCthd Predeht PhvdittionGihe 'mél%hh%é’nidér Be hum d
condition deteriorate. “Therefore, 1t is preferable that an Inorganic

subst ance (Hedhaldted Howdidr, Highictbrable thet Shhe idlgbdstel isCised 15 €He Cr ushed
silica, alumna clay, talc, zinc oxide, calciumcarbonate, alum num
nitride, Sohmcwatitig hdeorginiesabsbanic) CZime mdlybisas dsisttheSiendeatgtbs used
as a core material and the core material is coated with zinc nol ybdate. By
usi ng zi nabmotly mwisture. t Whenr pincoatelyhdatee is maseghrinc as ldxgeanasgurtti, nc

nol ybdate at the surface alone works as the fire retardant and an increase
i n absor ptabsorptionuifsmoistube byna isevricansdudtor tdeviceninareases anddhene \ibdat e
can be suppressed._Silica can be preferably used as the inorgani c substance
which i s the possibility that crack resistance in soldering and reliability in a humid

condition deteriorate. Therefore, it is preferable that an inorganic
substance such as a transition metal, fused spherical silica, fused crushed
silica, alumina clay, tale, zinc oxide, calcium carbonate, aluminum nitride,
silicon nitride, aluminum silicate and magnesium silicate is used as a core
material and the core material is coated with zinc molybdate. By using
zinc molybdate in the form coating the inorganic substan_ce, zinc molybdate
at the surface alone works as the fire retardant and an increase in
absorption of moisture by an increase in the amount of zinc molybdate can
be suppressed.

Silica can be preferably used as the inorganic substance which is
coated with zinc molybdate. Silica contains little impurities and there is
no possibility that reliability in a humid condition deteriorates due to silica
even when coating of silica with zinc molybdate is insufficient. Silica
used herein is not particularly limited and any of crystalline silica and
amorphous silica can be used. It is preferable that fused spherical silica
is used. Addition of zinc molybdate in the form coating the core material

of fused silica does not adversely affect various properties such as fluidity

10



coated with zinc nolybdate. Silica contains little inpurities and there is
no possibility that reliability in a humd condition deteriorates due to
silica even when coating of silica with zinc nolybdate is insufficient.
Silica used herein is not particularly limted and any of crystalline
silica and anorphous silica can be used. It is preferable that fused
spherical silica is used. Addition of zinc nolybdate in the form coating
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strength P Q | 8l lica itself has
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preferably have an average dianeter of 0.5 to 50 [err]mand t he nmaxi num

di anet er Ghelfofal aivountadf fused.sphegicadriléds anll zihemolbdateat eParidlee epoxy
resin conposition is preferably 0.05 to 20% by wei ght and nore preferably
0.5 to 10%bbgined bjrtcoatinghfusedtspheaival silicsf withe zeywomplybakite prefeadly i on.
When the content is |ess than 0.05% by weight, there is the possibility

t hat a sufHavei amtaverage diameateti ofy0.5r topdd tym @amdnthe praxdbtwndidmepbenft he
content exceeds 20% by wei ght, the ampunt of ionic inpurities in the epoxy
resin conpké¥) tMmnor dessasdheagontants of jzine Haolhdatei in tbthet ppoxy oteisibi | ity
in a humd condition, f%% exanpl e, inotg‘e cqn itian of the pressure cooker
test, bec&QBXPqsiHdonis prefara 05 tg 292 by sreightand qergspreferahdy 080 si | i ca
with zinc fB@'a )Bgrdv%{eghltsof the total amount of the epoxy resin composition. When

the content is less than 0.05% by weight, there is the possibility that a
sufficient flame retarding property cannot be obtained. When the content
exceeds 20% by weight, the amount of ionic impurities in the epoxy resin
composition increases and there is the possibility that reliability in a
humid condition, for example, in the condition of the pressure cooker test,
becomes insufficient.

The process for coating fused spherical silica with zinc molybdate is
not particularly limited. For example, fused spherical silica coated with
zinc molybdate can be obtained in accordance with the following process:
Molybdenum oxide and fused spherical silica are mixed together in water
to prepare a slurry. The prepared slurry is heated at 70°C and a slurry
containing zinc oxide is slowly added to the heated slurry and mixed. The
obtained mixture is stirred for about one hour. Then, the product is
filtered to separate solid components. Water is removed from the solid
components and the obtained product is pulverized. After incineration at

550°C for 8 hours, fused spherical silica coated with zinc molybdate can be
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not particularly Iimted. For exanple, fused spherical silica coated with
zinc nolybdate can be obtained in accordance with the foll ow ng process:
Mol ybdenum oxi de and fused spherical silica are mxed together in water to
prepare a slurry. The prepared slurry is heated at 70[err]C and a slurry
containing zinc oxide is slowy added to the heated slurry and m xed. The
obtai ned m xture is stirred for about one hour. Then, the product is

filtered t el :d id
corrponents%g%gﬁah Q%%gl ned pr oguc E| S pu{lv;évrlﬂge&ﬁ ?t%gyﬂdaﬁg} %%era |8J())n at
550[err] Ceh mﬁragu §S avaiBibde,S " lec@inplb) | Hdnt ORIEERWIN AWICLIRMbdat e
can be obtal ned.” | norgani ¢ substances toated with zinc nolybdate are

al so conMgihphhy. avail abl e, for exanpl e, from SHERWN WLLI AMS Conpany. In
the epoxy resin conposition for sealing sem conductors of the present

i nvention, an ilgnthe aporyeresincontpashidon foheseabimgs semévoprductarsnéf the
particularly limted. Conpounds represented by one of the foll ow ng

formul ae [p¥esentSinvendionthncan scevemgrrarsabbg usedd: The ion scavenger is not

B

o e E%%ZMQ%&QH % iéémermmpmp by oné of thg Bllowing
My[err]Al[err]-( rr](C%err])[err mderr]O [6] In formula [4],
a=0.9 to foumulee[4], {5] ands[Qeandeeprefernbly useds or mul a [5], d=0.9 to 1.1,

o L 0 N T Mo ool 2oL QL OLer] K1) <15 and
bresent i nventi on arReNOEIABISEESOReni c i mpuri tiellani ch are br ought
'nto the conposi ti oy Af\OH)y,ugn(COmH,0 - [6]

In formula [4], a=0.9 to 1.1, b=0.6 to 0.8 and ¢=0 to 0.4. In formula [5],

d=0.9 to 1.1, e=0.6 to 0.8 and f+g=0.2 to 0.4. In formula [6], 0<j/h=1, 0=

k/j<1.5 and m represents a positive number.

Halogen anions and anions of organic acids can be scavenged by
using the ion scavenger in the composition of the present invention and the
amounts of ionic impurities which are brought into the composition with
the resin components can be reducgd. The ionic impurities corrode
aluminum circuits and pads. The ionic impurities can be scavenged by
the ion scavenger and corrosion of aluminum can be prevented. The ion
scafrenger may be used singly or as a combination of two or more types.
The amount of the ion scavenger is preferably 0.1 to 5% by weight of the
total amount of the epoxy resin composition. When the amount of the ion
scavenger is less than 0.1% by weight of the total amount of the epoxy
resin composition, scavenging of ionic impurities is insufficient and there
is the possibility that reliability in a humid condition in an environmental

test such as the pressure cooker test becomes insufficient. When the
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the resin conponents can be reduced. The ionic inpurities corrode al um num
circuits and pads. The ionic inpurities can be scavenged by the ion

scavenger and corrosion of alum numcan be prevented. The ion scavenger may
be uSed singly or as a-conbimation of two or nore types. The anount of the
ion scavenger is preferably 0.1 to 5% by weight of the total anmount of the
epoxy resin conposition. Wien the anount of the ion scavenger is |ess than

Scavany BN i B BB Bl PR FERMaBEOL o ORIt v o)
Lt el 8B, T st BB o HOEARIR! et 555 B o0 (e
scavenger rgﬁ%&?ﬁ‘gé gﬁﬁg/%%wmg[?% }é‘gqntcgg?d%sqme agté}fiofalws_epoxy resin

conposi ti on, e poss Ity t l'ame retardi ng property of

the epoxy resi mq oRP Ypokl Oesite (Bhiptsitias -fof Gehlingtaiicondtictbrs WIPHR t | On
for sealing semconduCtors of the present invention, other additives may be
added, Whepgsdiftc afivation DotliBl cad@itiviese iy ebe adddéd,v aphdrec nedessdryane
coupling agents, coloring agents such as carbon black and iron oxi de red,
mol d r el eBseanpleshofathenathormhdditives artude silanei muplingsagentsagoluring or
decreasing stress such as silicone oils and rubber. The process for

pr oduci ng aigeats enphsag carbaf bldack pndsiron oxidermedymold meleages tsuchl as | y
limted. For exanple, the epox%/_ resin of conponent (A), the phenol resin
curing agaaturdl wenesandtsymthetic veaxas and agents foradenreasingmstesfesech C), the
i norganic fil]ler of, corrpon%nt (D), zinc nolybdate of conponent (E), the ion
scavenger agisiliennsoeidsnandp RBE ot her additives are

The process for producing the composition of the present invention

is not particularly limited. For example, the epoxy resin of component (A),
the phenol resin curing agent of component (B), the curing accelerator of
component (C), the inorganic filler .of component (D), zinc molybdate of
component (E), the ion scavenger of component (F) and other additives are
sufficiently mixed together by using a mixer or the like and then melt
kneaded by using a heated rbll or a kneader. The obtained product is
cooled and pulverized. @The epoxy resin composition for sealing
semiconductors of the present invention can be applied to coating,
insulation and seaiing of electric and electronic parts such as transistors
and integrated circuits by curing and molding in accordance with a
molding process such as tran_sfer molding, compression molding or

injection molding.

EXAMPLES
The present invention will be described more specifically with

reference to examples in the following. However, the present invention is
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sufficiently m xed together by using a mxer or the |like and then nelt
kneaded by using a heated roll or a kneader. The obtained product is cool ed
and pul verized. The epoxy resin conposition for sealing sem conductors of
the presént invention can be applied to coating, insulation and sealing of
el ectric and electronic parts such as transistors and integrated circuits
by curing and nolding in accordance with a nmolding process such as transfer
nmol di ng, conpressi | di nq ;or injection nolding. EXAMPLES The present

i nvent i on %% M ﬁ@dggégg Hﬂ#ﬁ Fe specifically with reference to exanples in

the Toll oW 00, AMEYElodd SRl G3EALLOYPINE Aok bline, ARG EAA0, LN

exanpl es. Abbr i ons an B TLET T oXy T ési As hol
resin curi, | dapsk t he
[eSin Cu EARAOSHRE M el By SERVSHARR uh dpl M iy ﬁépo%e resi ns
derived fi.g #Hx&fﬁ@%‘xeﬁ%ﬁ%@%‘ﬁ sHBOM @b thétinbthe fd WLL EPOXY Co., Ltd.

mel ting poin 105[ err] epoxy equivalent, 185 g 2) Epoxy resi n 1 An
epoxy res'(ng% &e&ﬂkydéﬁwwﬁ%n{i&iphe&ﬁw[err])[err]C CHerr]-CHCHerr]O

[err] OC(CH err])[err]
YX4000K; manufactured by YUKA SHELL EPOXY Co., Ltd.;
melting point, 105°C; epoxy equivalent, 185 gleq.
(@) Epoxy resin 1

An epoxy resin expressed by formula [7].

(CHy)sC
CH,— CH— CH,0 OCH,— CH—CH
2, 2 2N/
o) 0]
C(CHy)s
- [7]
(8) Epoxy resin 2
An epoxy resin expressed by formula [8].
CHj,  CHy
CH,— CH—CH,0 CH=CH OCH,—CH—CH,
N/ N/
0]
CH,4 C(CHj),
- [8]

(4) Epoxy resin derived from o-cresol novolak
Epoxy equivalent, 200 gleq.
(6) Epoxy resin 3

An epoxy resin containing a compound having the structure

14



171 (3) Epoxy resin 2 An epoxy resin expressed by formula [8]. CH err]
CH[err] CH err]- CHCHerr]O CH=CH OCH2-CH-CH err]
[err] C(CH3)3 ...[8] (4) Epoxy resin derived from
o-cresol "novol ak Epoxy equival ent, 200 g/eq. (5) Epoxy resin 3 An epoxy
resin containing a conpound having the structure 14 expressed by fornul a
[9] as the main conponent; epoxy equivalent, 190 g/eq. CHerr]

Crtorr] CBRbeahy Bibfla o1 an 5 Rt sotneTohi b bhbbient A9 of o

resin cont Ze‘ﬂl ng a conpound having the structure expressed by fornula [10]
as the maPl onponent and 40% by wei ght of a resin containing a conpound
havi ng the structure expressed by fornmula [11] as the main conponent; epoxy
equi val ent, 210 g/eq. Cldﬁrr] CH err]

CHerr]- CH-CH[err]O CH=HERCH err] -CH CH-CH err ]

CH,— CH— CH,0O
N 2

= C{I (?CHZ
- [9]
(6) Epoxy resin 4
A mixture of 60% by weight of a resin containing a compound having
the structure expressed by formuia [10] as the main component and 40%

by weight of a resin containing a compound having the structure expressed

by formula [11] as the main component; epoxy equivalent, 210 g/eq.

- CH4 CH;
CH,— CH— CH,,0 CH=CH OCH,— CH—CH
\Z s 2 >>____/\ Q SN g 2
CH, CH,

. [1()]

(CHg)3C
0}{ CH— CH20~©~ CH—CH@ OCHz CH_CHz
- [11]

(7) Epoxy resin 5
An epoxy resin containing a compound having the structure

expressed by formula [12]; epoxy equivalent, 260 gleq.
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0 CH err] : CH err] 0 ...[10]
(CH[err])[err]C ' CHerr] CHerr]-CHCHerr]O

CH=CH OCH2-CH-CH2 O OH3 OH3

0 *-[11] (7) Epoxy resin 5 An epoxy resin containing a conpound having the
structure expressed by forrmula [12]; epoxy equivalent, 260 g/eq. 15
OCH2CH- CH2 OCH err]CHCH err] [err] H...[12] (8) Epoxy resin 6
An epoxy resin cont ai ning a conpound having the structure expressed by

formula [13]; Y nt 274 rr]CHCH err]
OCI-l[err]Cl—I—CI—l[ g?(ébﬁﬂfﬁ_ 86?1%019%&3 0O CHerr]. CH err]
Hn [13] (9) Phenol no ak resin So tem\@) point, 95[err]C, hydroxyl
equi val ent, 104 eq

Phenol re in
H

(8) Epoxy resin 6

- [12]

An epoxy resin containing a compound having the structure

expressed by formula [13]; epoxy equivalent, 274 gleq.

CHzC\H—/CH 2 . OCHch—CH 2

caz-<o><o> @L

(9) Phenol novolak resin

- [18]
Softening point, 95°C; hydroxyl equivalent, 104 g/eq.

(10) Phenol resin 1
A phenol resin expressed by formula [14]; hydroxyl equivalent, 175

Q- O}

(11) Ion scavenger 1

BiO(OH), /(NOy)(HSiO,), (E+g=0.3)

gleq.

- [14]
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A phenol resin expressed by forrmula [14]; hydroxyl equivalent, 175 g/eq. OH
OH CHerr] CHerr] H[14] (11) Ion scavenger 1

BiQ(OH)[err](NJerr])[err](HSierr])g (f+g=0.3) 16 (12) lon
scavenger 2 A hydrotal cite conpound; DHT-4H rmanufactured by KYOM KAGAKU

KOGYO Co., Ltd. The evaluations in the exanples and in the conparative
exanpl es were conducted in accordance with the follow ng nethods: (1) 4d ass

transitio rature tgest piece for neasuring the glass transition

t enper atuR&kﬁanzg%rSé%%‘?’b%rb‘@ using a transfer nolding machine in the

condi tion of 1750 0 ONS - Pl gce

post - cured at £S&d¥%ﬁ%£ﬁig%rs. e t@?@éc@%&#@%ﬁ’@eﬁgi (Ijérﬁ(ﬁ) 5 mMX6

mX3 M THRQERBUKOTEYD @eS1garried out by using an apparatus for
t her momrechani cal anal ysis. = Heat expansion of the test piece was neasured

while the tenperkd byaluforsPirs the 3R8nigl6s andSih thd Bombhaitive TREARFIIMEE Was
obtained fromthe result of the neasurenent. (2) Flane retardi ng property A

test pi ecavéreviciglueteld i aséordante wath the follovingmethdds$® nm was prepared by
using a low pressure transfer machine in the condition of

(1) Glass transition temperature

A test piece for measuring the glass transition temperature was
prepared by using a transfer molding machine in the condition of 175°C, 70
kg/em? and 120 seconds. The test piéce was post-cured at 175°C for 8
hours. The test piece had a dimension of 15 mmX6 mmX3 mm. The
measurement was carried out by wusing an apparatus for
thermomechanical analysis. Heat expansion of the test piece was
measured while the temperature was raised and the glass transition
temperature was obtained from the result of the measurement.
(2) Flame retarding property

A test piece having a dimension of 127 mm X 12.7 mm X 1.6 mm was
prepared by using a low pressure transfer machine in the condition of
175°C, 70 kg/em® and 120 seconds. After the test piece was treated at
23°C in a relative humidity of 50% for 48 hours, the flame retarding
property was evaluated in accordance with the vertical method of UL94.
(3) High temperatures storage life

Chip elements for test having a dimension of 3.0 mm X 3.2 mm were
sealed to 16pDIP by using a low pressure transfer machine in the condition
of 175°C, 70 kg/cm? and 120 seconds and then post-cured at 175°C for 8
hours. The prepared semiconductor devices for test were kept in an

atmosphere of 185°C and electric resistance of these devices was measured
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17506, 70 kg/cnR and 120 seconds. After the test piece was treated at 230C
inarelative humdity of 50%for 48 hours, the flane retardi ng property
was evaluated in accordance with the vertical nethod of UL94. (3) High
tenperatures storage life Chip elenments for test having a dinension of 3.0
mm X 3.2 nmwere sealed to 16pDIP by using a | ow pressure transfer nachine
in the condition of 1750C, 70 kg/cnR and 120 seconds and then post-cured at

1750C f h .. The. d ' d ' f k [
an_at msprbAPHECbel e RS AP 08 bihREetire; [ ibe e nvebie e <™ "
q : : : . H
foral nunibe sfioBeBLRitUEuRE K Rod by B0 T ReL RO VES RAAUMCag ) °
regar ded eceive Wi RN oldifrie! Rfdidtafics SRIcREARAC 16 " VBB koAt Sl e
twice the original value. The tine passed before the total nunber of the

def ecti ve ogpihgP vakic e dPkk dirhé'passdd bBfork tha! tobaNRembe? drathe Wiste rded as
the time of defect formation. (4) Crack resistance in soldering A chip

el enent f @evi®sdxdeaded @ lalffiof ths tétal alunthdr tested #a8 réguidd sethetinhe 80pQFP
by using a | ow pressure transfer machine in the condition of 175[err]C, 70
kg/ cni er r jof defectFormationds and t hen post-cured at 175[err]C for 8 hours.
The prepared sem conductor device was treated at 85[err]Cin a humdity of
85% and f ddhaCrack eesigtandesinagoldémingur f ace of the treated device was

exam ned by observation under the IR reflow at, 240[err]C._(5) Reliability
in a hunid condhchihelementylor tephaving a demension off-8 Iam?éﬁ?s‘-% BHROVas. 0 nm X

3.5 mMm was
sealed to 80pQFP by using a low pressure transfer machine in the

condition of 175°C, 70 kg/cm? and 120 seconds and then ,post-cﬁred at
175°C for 8 hours. The prepared semiconduétor device was treated at
85°C in a humidity of 85% and formation of cracks at the surface of the
treated device was examined by observation under the IR reflow at 240°C.
(5) Reliability in a humid condition

A chip element for test having a dimension of 3:.0 mm X 3.5 mm was
sealed to 16pDIP by using a low pressure transfer machine in the condition
of 175°C, 70 kg/cm?® and 120 seconds. The prepared semiconductor device |
for test was subjected to the pressure cooker test at 125°C in a relative
humidity of 100%. The open defect of the circuit was measured and the
time before the open defect took place was regarded as the reliability in a

humid condition.

Example 1
The following components were mixed by using a super mixer at a
room temperature:

parts by weight
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sealed to 16pDIP by using a | ow pressure transfer machine in the condition
of 175[err]C, 70 kg/cnferr] and 120 seconds. The prepared sem conduct or
device for test was subjected to the pressure cooker test at 125[err]Cin a
relative humdity of 100% The open defect of the circuit was neasured and
the tine before the open defect took place was regarded as the reliability
in a humd condition. Exanple 1 The foll ow ng conponents were m xed by

using a super mxyer at a roomt erature: .parts by wei ght Epoxy
resin derived fr ogyﬁﬁ%ﬁenve(f%m 1pUhe1:§I:>l_ 2 YX4000K; rranu?ﬁ%gur ed by YUKA
SHELL EPOXY Co., Ltgy. tin LNt ; Xy equi val ent, 185

g/ eq. Zinc nol ybdatgxlmaﬁk’ mﬁltﬁgcturedjb%%ﬂ%ﬂﬁﬂﬂ 1.0 zinc nol ybdate

coating 3MgGCSi ( er rﬁgm@%_;aﬁfelﬁﬁgﬁom’xgg%;e coating the inorganic
Vv

substance i s shown. res 13.0

oLl enng po o Sy s g el ent 108 glen,
abbrevi ated as Dﬁiﬁcﬁﬂﬂﬁﬁlaﬂéf fused spherical silica 1.0 696
zinc molybdate coating 3MgQO-SiO,;
the amount of zinc molybdate coating
the inorganic substance is shown.
Phenol novolak resin ' 13.0
softening point, 95°C; hydroxyl equivalent,
104 gleq.
1,8-Diazabicyclo[5,4,0Jundecene-7 - 0.8
(hereinafter abbreviated as DBU)
Powder of fused spherical silica | 696
average particle diameter, 15 ym
Carbon black 2.4
Carnauba wax _ 2.4
The prepared mixture was kneaded by a roll at 70 to 100°C. The
kneaded mixture was then cooled and pulverized to obtain a resin
composition. The obtained resin composition was formed into tablets and
used for the evaluation.
The resin composition had a glass transition temperature of 138°C,
a flame retafding property corresponding to V-0 of the UL specification
and a high temperatures storage life of 1,200 hours. No cracks were
found on the surface of any of six samples in the test of crack resistance in

soldering.
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average particle diameter, 15 [err]m Carbon bl ack

2.4 Carnauba wax 2.4 The prepared

m xture was kneaded by a roll at 70 to 100[err]C. The kneaded m xture was
t hen cool ed and pul verized to obtain a resin conposition. The obtained
resin conposition was forned into tablets and used for the evaluation. The
resin conposition had a glass transition tenperature of 138[err]C, a flane
retardi ng property corresponding to V-0 of the UL specification and a high
tenperatures storage life of 1,200 hours. No cracks were found on the

surface of ,F,ﬁx ' %gp | ; : resi stance in sol dering.
19 Exaer espggst%to;7an ggﬁlyg?g%ﬁbggz%ﬂ%fselgéﬁﬁgnd 2 Resin conpositions
vere prepared RekiRvabmMpbsHidns Wer8 Jpidifrbar auh%v&mw@ou%xuéin Bhe 1 in
accordance with the sanme procedures as those conducted in anplle 1. In
Exanpl e 4 foihalstieny shéwhrindEiblecdid necoriiteo gt ohe saficprocedaxrey assed by
formula [7] was used as the epoxy resin. In Exanple 5, the epoxy resin
derived f rthose icohfackedivin Examplejir eindxéimplodnthe ¢dxyneesinsderiasdt he

epoxy resin. The results of the evaluation are shown in Table 1. 20
from hydroquinone which is expressed by formula [7] was used as the

epoxy resin. In Example 5, the epoxy resin derived from stilbene which is
expressed by formula [8] was used as the epoxy resin.

The results of the evaluation are shown in Table 1.
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Tabl e- 1 ‘Exanpl e 1 2 3 4 5 6 7

Conpar ati ve Exanpl e 1 2
epoxy resin derived from 23.2 23.2 23.2 - - 23.2 23.2 21.7.
21. 7 bi phenyl epoxy resin 1 (formula [7]) - - - 22.2 - -

- - epoxy resin 2 (formula [8]) - - 26.4 - -
- = zinc nol ybdate 1.0 2.0 40 1.0 1.0 1.0 1.0 -
- ion scavenger 1 - Tablel1 . 3.7 - - -
i on scavenger—2 3—F 3.7
phenol noExaapler esi n 13.00° 1320 83.04 135 43.06 13.0 13.0 13.0
13.0 antl - - - - - - 2.2
2.2 brom na é%%‘%x)ﬁfgr BSi n ' - - - 12 2.8

2.8 derived from A DBU 8 0.8
0.8 0.8 GPEY hggg“%ﬁ“g&o& fused ptferfdal 28f1ica - 232488 %63621"696 696
696 696 698 696 (average particle dianeter, 15 [err]n) carbon bl ack

2.4 2 4 epoxy re@ind (fopmdlad7P 2.4 2-4 2:4 car n&Ba wax - - - 2.4

2.4 2.4 2.4 glass transiti terrperature 138 139
136 131 %gérrfé.?ﬁ@géu%ﬁ])l% flame retardi ng rozgeqrty V-0 V-0 V-0
V-0 V-0 s molgbdate 0 V-0 hi gh t edffer &t0ur &0 st agh0 1.0 1200 1300- 1300 1100
1000 1300 jd38ve 1400 life (hour) crack resistance igy . . . 0/6 0/6
0/6 0/6 0/6 0/6 0/6 0/6 1/6 soldering As shown in Table 1, the epoxy
resin conpeRIAYEIBE Bf Exanple 1 to 7 ahd Conparative Exarble T add 2 al |
had the flpheRolmebcddlichesi@ property 130 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0

antimony trioxide - - - - - - - 22 22
brominated epoxy resin - - - - - - - 28 28
derived from bisphenol A

DBU _ 08 08 08 08 08 08 08 08 038
fused spherical silica 696 696 696 696 696 696 696 696 696
(average particle diameter,

15 pum) _

carbon black 24 24 24 24 24 24 24 24 24
carnauba wax 24 24 24 24 24 24 24 24 24
glass transition temperature 138 139 136 131 132 137 135 134 136
flame retarding property V0 V-0 V-0 V-0 V-0 V-0 V-0 V.0 V-0
high temperatures storage 1200 1300 1300 1100 100013001300 300 400
life (hour) :

crack resistance in 0/6 O0/6 O0/6 06 06 06 06 06 1/6
soldering

As shown in Table 1, the epoxy resin compositions of Example 1 to 7
and Comparative Example 1 and 2 all had the flame retarding property
corresponding to V-0 of the UL specification. The epoxy resin

compositions of Example 1 to 7 containing the fire retardant which was
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corresponding to V-0 of the UL specification. The epoxy resin
conpositions of Exanple 1 to 7 containing the fire retardant which was 21
conposed of zinc nolybdate coating 3MgOSi Jerr] all showed high
tenpératures storage lives of 1,000 hours or nore. In contrast, the epoxy
resin conpositions of Conparative Exanples 1 and 2 containing the fire
retardant .of a conbination of antinohy trioxide and brom nated epoxy resin

derived fr ISRO l.:A.S i.oh r 61 OLF0El ow as
o Vo RsB i SRS oG ATHET VOO OISR B3HOV 20
super m XebnfilerathRRBthAIREIFS/6£1,000 KcinBorWRbat TEENtra&s khe dpbiyed from

o-cresol novol ak 105 epoxy equival ent, 200 g/eq. Phenol novol ak’ resin
55 hydr oxyeshf]dbmpositionsl6f Cohfishrative- Examples Y cAred 2 orithumigigcete fite -
3 (abbreviated as DBU) Fused spherical silica 380

aver age paetaxdantdofiaet@nbitigre of |antimenag trioxiflecarsd lbrominated epoxy
300 average particle dianeter, 15 [err]m Fire retardant
150 zi nc mekubdetized dedmriysphena A showeddhighiteimperatures storage lives as

low as 300 to 400 hours.

Example 8
The following components were mixed by using a super mixer at a

room temperature:

parts by weight

Epoxy resin derived from o-cresol novolak 105
epoxy equivalent, 200 g/eq.

Phenol novolak resin 55
hydroxyl equivalent, 104 g/eq.

1,8-Diazabicyclo[5,4,0]Jundecene-7 | 3
(abbreviated as DBU)

Fused spherical silica 380
average particle diameter, 22 p,m

Fused crushed silica 300
average particle diameter, 15 um

Fire retardant 150

zinc molybdate coating fused spherical silica
having an average particle diameter of 27 um
and a specific surface area of 4.0 m%/g;

3 parts by weight of zinc molybdate per 7 parts
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havi ng an average particle dianmeter of 27 [err]mand a specific surface
area of 4.0 nferr]/g; 3 parts by weight of zinc nolybdate per 7 parts 22

by wei ght of fused spherical silica; (hereinafter referred to as fire
retardant A) fire retardant A had an average particle dianeter of 30 [err]m
and the maxi num particle diameter of 74 [err]m Carbon bl ack

2 Car nauba wax 5 The prepared m xture

Sool edand pul ver: o EietletiResd S BEfk L alieE T on: The obt ai ned resin
conposition had a f@ggﬁgfggﬁe?rrgfé}ge@wﬁgr ér%%lgﬁ%?%?di ng to V-0 of the UL

specification and a'r Ity 1n a humd con of 500 hours. Exanples

9 to 16 and Conpar afir¥ 2etatddRt @had b dvdragh PacfeROSi tions were prepared
and eval uated by using the fornulations shown in Tables 2 and 3 in

accordance W th thejiaaieteP 6P80Gmh andthet Masinaafusticld i n Exanple 8. The
results are shown in Tables 2 and 3. In Conparative Exanple 7, fused
spherical silica haliapgetenofiVénage particle dianeter of 27 [err]mand a
specific surface area of 4.0 nR/g was used. 23

Carbon black 2

Carnauba wax 5
The prepared mixture was kneaded by a roll at 70 to 100°C. The
kneaded mixture was then cdoled and pulverized to obtain a reéin
composition.
The obtained resin composition had a flame retarding property
corresponding to V-0 of the UL specification and a reliability in a humid
condition of 500 hours.

Examples 9 to 16 and Comparative Examples 3 to 7

Resin compositions were prepared and evaluated by using the
formulations shown in Tables 2 and 3 in accordance with the same
procedures as those conducted in Example 8. The results are shown in
Tables 2 and 3.

In Comparative Example 7, fused spherical silica having an average

particle diameter of 27 um and a specific surface area of 4.0 m*/g was used.
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Tabl e- 2 Exanpl e 8 9 10 11 12 13 14 15
16 epoxy resin derived from 105 79 64 - - - -
o-cresol novol ak epoxy resin 3 (formula [9]) - - - 52 - -
- 52 52 epoxy resin 4 (formulae [10]+[11]]) - - - - 55 -

- - - epoxy resin 5 (formula [12]) - - - - - 86 -

- - epoxy resin 6 (formula [13]) - - - - - 73 -

- phenol novol ak resin 55 T”ﬁiz : ' 34 -

phenol resHA—HFformutatid4t———————56—48—A45——47——48- 48 DBU
3 3 Egample3 3 3 3 3 P fudld siiherlZall3sil4 cald 16 380

770 770 -840 840 750 850 —860-860(average—particlediamster22 [err]m

fused crusp&§ rédih dérived from 30@5( aver aga particle dianeter,. 15 [err]m
fire retardaﬂﬁdﬁmmh& 150 100 100 50 50 120 20 20 20
fire retardant - - - - - - - - - ion
scavenger Roxyresm3(formula[9]) ) - - - 82 - - - ﬁ_ 62 _ i on
scavenger efoxy resin 4 (formulae [10]+11]]) -- - .- - - BB- - -. - 10 carbon
bl ack . & 2 2 2 2 2 3 2 2 car nauba
5 (f - - - - - 6 _- - -
wax epoxy xesin § (formulg [12D o = 2 = 5 % -5 "5 "5 B8 57 5o Jne
retardi ngeprgpesing formula[18l0 \-0- V-0 V-0 V=0 V=0 W0 73-0-V-0O
reliabili thehdd ndvolikiFesin 5085 5Q9 480 450 .45@4400 50Q 500 500
phenol resin 1formula [14]) @ - - 56 48 45 - 47 48 48
DBU 3 3 3 3 3 3 3 3 3
fused spherical silica 380 770 770 840 840 750 850 860 860
(average particle diameter, '
22 pm)
fused crushed silica 300 - - - - - - - -
(average particle diameter,
15 pm)
fire retardant A 150 100 100 50 50 120 20 20 20
fire retardant B - - - - - - - - -
ion scavenger 1 - - - - - - - 10 -
ion scavenger 2 - - - - - - - - 10
carbon black 2 2 2 2 2 2 2
carnauba wax
flame retarding property V-0 V-0 V-0 _V-O V-0 V-0 V-0 V-0 V-0
reliability in a humid 500 500 480 450 450 400 500 500 500
condition (hour)
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condition (hour) 24 Tabl e 3 Conparative Exanple 3

4 5 6 7 epoxy resin derived from 105 79
89 - 79 o-cresol novol ak epoxy resin 3 (forrmula [9])

- T - - 63 - phenol novol ak resin

55 41 51 - 41 phenol resin 1(fornula [14]) -
- - 57 - DBU 3 3
3 3 3 fused spherical sifpRlg3 380 870 370
870 776—avetrage—partete—dtareter—22ter+m—Fused—erushed—s+i ca

450 - Comparativd Egample - - (d@veragedparti ble diadreter,715 [err]m

fused spherical silica ) 100
(aver age ppésyiredif deived®ont , 15 [err] miospeci fyeL surdgace area, 449 nierr]/ Q)
car bon bl aékresol novolak 2 2 2 5 5
carnauba wax : 5 5 5 5 5

anti mony CPPSEPHR S Cormula [9) - - " 20 ® B -
br om nat eghepbryvolaksesinder i ved 55 41 - 51 10 from biggdphenol A

phenol resin 1(formula [14]) - - - 57 -
DBU 3 3 3 3 3

fused spherical silica 380 870 370 870 770
(average particle diameter,

22 um)

fused crushed silica 450 - 450 - -
(average particle diameter,
15 pm)

fused spherical silica - - - - 100
(average particle diameter,
15 pm; specific surface area,
4.0 m%*g)

carbon black

carnauba wax

antimony trioxide - - 20 - -

brominated epoxy resin derived - - 10 - -
from bisphenol A
flame retarding property burned V-2 V-0 V-1 V-2
completely
reliability in a humid 500 500 500 450 500
condition (hour)

As shown in Table 2, the epoxy resin compositions of Examples 8 to
16 containing fire retardant A, which was composed of fused spherical
silica having an average particle diameter of 27 pm and a specific surface
area of 4.0 m*g and zinc ﬁolybdate coating the fused spherical silica, the

amount of zinc molybdate being 3 parts by weight per 7 parts by weight of
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flame- retardi ng property bur ned V-2 V-0 V-1 V-2
conpletely reliability in a humd 500 500 500

450 500 condition (hour) As shown in Table 2, the epoxy resin
conpositions of Exanples 8 to 16 containing fire retardant A, which was
conposed of fused spherical silica having an average particle di aneter of
27 [err]mand a specific surface area of 4.0 nferr]/g and zinc nol ybdate
coating t f i . Si g t i |y ing 3
arts by WheJHpS8epBaFichf Bllick, shified, i1, BRHAhe Brobbitfed Vel O34 BERRETY, O,
showed th X L : t] il V- . [ef k@1 and a
reliabili ?{/Ei ﬁ%ﬁﬁﬁ&%@& i, o ?%Hag?ﬁgobﬂ/h’%ﬁ@%ﬁ?ﬁg{%‘?ﬁfeégée%@%ﬁ resin
conposi t i gighligh PdseCod Pesth!ddMpaMibn® Aid HRARBHIS Sithé¥ aMt#Rony
conpounds. These properties are as ‘excellent as those of the epoxy Tesin
conposi t i @BnfousdlEey bfdmmﬂam?banas.c OThaseé 'ngpmiésr@@yaé exealldift a9d a
brom- nat ed epoxy resin derived from bi sphenol A In contrast, none of the
epoxy r esithos®optise eporysredin Compmisitiorn of Comparasive, ExXamplead doRtLiniwgi ni ng
no zinc nol ybdate satisfied the requirenments of V- 0 of the UL

speci fi catandimohjxbisxilerand @Fbtopdidated epSeyrresindlerived o bispherbl Aiti ng
excellent flame retarding property, high tenperatures storage |life, crack
resi st anc dnjoonérastenong ogﬂ@p epoxXyatsisin compasisionsrafCapparativen Exames

obt ai ned by sealing sem cqonductar elenents with the epoxy resin co‘r}posi tion
of the pr e‘géﬂﬁ qrpd,g ning no zinc molybdate satisfied the requirements of V-

0 of the UL specification.

INDUSTRIAL APPLICABILITY

Semiconductor devices exhibiting excellent flame retarding property,
high temperatures storage life, crack resistance in soldering and reliability
in a humid condition can be obtained by sealing semiconductor elements

with the epoxy resin composition of the present invention.
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CLAIM5 1. An epoxy resin conposition for sealing sem conductors which
conprises (A) an epoxy resin, (B) a phenol resin curing agent, (C) a curing
accelerator, (D) an inorganic filler and (E) zinc nolybdate as essenti al
conponents. 2. An epoxy resin conposition for sealing sem conductors
according to Claim1l, wherein zinc nolybdate coats an inorgani c substance.
3. An epoxy resin conposition for sealing sem conductors according to Cl aim
2, wherein the inorganic substance | gd spherical silica. 4. An epoxy
resin conposition for sealing sem conductors according to any of Cains 1,

2 and 3, wherein the epoxy resin is a crystalline epoxy resin represented

bythefollovm'ngforrmla[l] [2] or [3]: R R RCHerr] CHCHerr]O
OCH[ er r] G+ CHART ebo&y resin composition for sealing semiconductors @bich R
R .[1] R RCHerr}- CH-CH[err]O

OCH[ er r ] th@ﬂﬁwsr (A)@n epoxy resin, (B) a phenol resin curing &géht, (CRa curing| 2]
accelerator, (D) an inorganic filler and (E) zinc molybdate as essential

components.

2. An epoxy resin composition for sealing semiconductors according to

Claim 1, wherein zinc molybdate coats an inorganic substance.

3. An epoxy resin composition for sealing semiconductors according to

Claim 2, wherein the inorganic substance is fused spherical silica.

4. An epoxy resin composition for sealing semiconductors according to
any of Claims 1, 2 and 3, wherein the epoxy resin is a crystalline epoxy

resin represented by the following formula [1], [2] or [3]:

CH,— CH— CH,0 OCH,— CH— CH
\20/ 2 2N\ % 2

Hlll"l ] nm Illll 0l



R R RRRCH[err] CH-CH[err] - '
OCH[err] CHCHerr] O OR R
R R...[3] wherein R represents hydrogen atom a hal ogen atom or an al kyl
group’ havi ng 1 to 12 carbon atons and the plurality of R may be the sane
with or different fromeach other. 5. An epoxy resin conposition for

seal ing sem conductors according to any of Cains 1, 2, 3 and 4, which
further conprises an ion scavenger represented by one of the_f [)é]I oW ng

formulae [4], [5] and [6]: Bierr](OH)[err](NJerr])[err]
. [ 4] wherein a=0.9 to 1. 1, b=0.6 to 0.8 and c=0 to O.4;

B|Qerr](O—D[err](NCIerr])[err]( Slq R .[5] wherein d= 0.9

to 1.1, e=0.6 to 0.8 and f+g0.2
My[err]Al[err](OH)[err](COerr])]| ...[6] wherein 0<j/h _

[err]l O[ err] k/ ¢HL-5 @fFf—TH »--'x:' 26 CH-se@Hzonduct or

devi ce seal ed V\AHN% afi epoxy rggm n 03|t|on iu seal ing sewi gbnduct ors

" described in any 0@ Clains 1, 2, o

- [8]
wherein R represents hydroge_n atom, .a halogen atom or an alkyl group
having 1 to 12 carbon atoms and the plurality of R may be the same with or
different from Qach other.

5. An epoxy resin composition for sealing semiconductors according to
any of Claims 1, 2, 3 and 4, which further comprises an ion scavenger

represented by one of the following formulae [4]; [5] and [6]:

BiO,(OH),(NO,), ' .. [4]
wherein a=0.9 to 1.1, b=0.6 to 0.8 and ¢=0 to 0.4;

BiO,(OH),(NOp(HSIO)), e 5]
wherein d= 0.9 to 1.1, e=0.6 to 0.8 and f+g=0.2 to 0.4;

Mg AL(OH)gp:5:.2:(COg)mH,0 - [6]

wherein 0<j/h=1, 0=k/j<1.5 and m represents a positive number.

6. A semiconductor device sealed with an epoxy resin composition for Q

sealing semiconductors described in any of Claims 1, 2, 3, 4 and 5.

—
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