EPOXY RESI N COMPOSI TI ON Thi's i nvention rel até%{l(émgpgxy
resin conposition for encapsul ati ng a sem conductor which iﬂﬁ>§i'

excell ent in soldering crack resistiance and hi gh- tenperatu or age
life: 5 : El ectroni ¢ -conponents gueh as di ode, tran- - sistor,

i gtegrated circuit and the |ike have heretofore been encapsul ated with
an epoxy resin conposition. This resin conposition has incorporated
thereinto a flane- . retardant_ consi sting of a hal ogen-containing flame-
10 retardant or a conbination GFXHHEHEh-CBRBIFHI {1 ane- r et ar dant
with antinony trioxide, and it has been I ntended to nmake the resin
conposition flane-retardant by generating a halogen gas or ‘an anti nony
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gol d m[re excellent in soldering crack resistance and high-
‘temperature storage life.

5 Electrenic components such as diode} tran-
sistor, integrated circuit and the like have heretofore
been encapsulated with an epoxy resin com@osition. This
resin composition has incorporated thereinﬁo a flame-
retardant consisting of a halogen-containing flame-

10 retardanﬁ or a combination of e halogen-containiﬁg flame-
retardant with antimony trioxide, and'iﬁ has been
intended to make the resin composition flame-retardant by
generating a halogen gas.of an antimony halide gas at a
high.temperature. However, with this resin composition,

15 when the electronic components are'exposed to a high )
temperature, corrosion of aluminum wirings with the
halogen ion or antimony halide ion and breakage of a
bonded_poftion between aluminum pad of chip and’gold wire
are caﬁsed, and these have become serious problems.

20 For solving these problems, there have been
adopted a method in which an epoxy resin composition |
having a higher glass transition temperature then the
circumstances for use of eleetronic components is used to
inhibit the'diffueion of the halogen ion or antimony

25 halide ion during the high-temperature storage of the



are caused, and these have becone seri ous problens. 20 For

sgl ving these problens, there have been adopted a nethod in which an
epoxy resin conposition havi ng a hi gher glass transition tenperature

t han the -circunstances for use of el ectZenic conponents is used to
inhibit the diffusion of the halogen ion or antinony 25 halide ion during
t he hi gh-tenpe®RcFEcRiorgomPoRerfg, thereby improving the high- |
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for inproving the soldering crack resistance In ©mounti ng
el ectroni ¢ congeIerhs metkRods ' &tet cbnBLHefave beconme severer, so that

t here have been desired those
Recently, the surface-mounting of electronic
components and the miniaturization and thinning of
electronic components have proceeded, and requirements

10 for improving the soldering crack resistance in the
mounting of electronic components 6n a circuit board have
become.severer, so that there have been desired those
which satisfy both soldering crack resistance and.high-
temperature storage life. However, when a flame-

15 retardant system containing a halogen or a combination of
a halogen and an éntimony is used, if the glass transi-
tion temperature is as low as that of a resin system
having good soldering crack resistance, the high-
temperature storage life does not reach a satisfactory

20 level even when an ion-trapping agent is added.

Moreover, with a resin system having a high glass transi-
tion temperature, the soldering crack resistance is not
achieved. Accordingly, there has not been provided an
epoxy resin composition which satisfies the high-

25 temperature storage life requirement, even when its glass
transition temperature is low.

For solving the above-mentioned problems, the

~object of this invention is to provide, by using a red
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whi ch satisfy both soldering crack resistance and hi gh- tenperature

stiorage life.

However, when a flame- 15 retardant system containing a

hal ogen ‘or a conblnatlon of a hal ogen and an antinony is used, if the

gl ass’ transi -
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will become apparent from the following description.

According to this invention, there is provided
an epoxy resin composition for encapsulating a semicon-
ductor, which comprises (A) an epoxy resin, (B) a phenol
resin curing agent,'(C) a curing accelerator, (D) an
inorganic filler and (E) a red phosphorus-based flame-
retardant as essential components, wherein the ratio of
(a) the number of epoxy groups of the epoxY resin to (b)
the number of phenolic hydroxyl groups of the phenol
resin curing agent [(a)/(b)] is 0.8 to 1.2, the propor-
tion of the inorganic filler (D) is 70 to 90% by weight
based on the weight of the epoxy resin composition, the
cured product of the epoxy resin composition has a glass
transition temperature of 100 to 160°C and a linear
expansion coefficient at 25°C of 0.8 to 1.8 x 1073/°C, and
preferably, the red.phosphorus-based flame-retardant is
one obtained by coating the surface of red phosphorus
with an aluminum hydroxide and further coating the
resulting surface with a phenol resin.

The epoxy resin (A) used in this invention
includes all monomers, oligomers and polymers, each

having at least two epoxy groups in one molecule, and
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resi stance and hi gh-tenperature storage life w thout |owering the
fl.ame-retardancy. 5 O her objects and advantages of this invention
wi'll become apparent fromthe foll owi ng description.
According to this invention, there is previdded an epoxy resin conposition
for encapsul ating a sem conductor, which conprises (A) an epoxy resin,
(B) a phenol rexamples theregfagpaludedhiphenyilngyneceporat compobnds,
inorganic filler and (E) a red phosphorus- based fl ane-retardant as
essential conpdhERReNOLHEYRE nePREY r GPTBOBRAE ) SEALPRIAHENDST SPOXY epoxy
henol i ¢ _hydr oxyl. groups of
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resin, and said red phosphorous flane retardant constitutes neans for
i ncreasi ng hi giere) tenperature storage life of a sem conductor
encapsul ated by said composition. . The epoxy resin (A) used in

this invention includes Ei¢ phenokrzesibhi goning agent (B)pubgdedin, thdish
having at | east two epoxy groups in one nol ecule, and
- 4- el npingen e oin¢ hedes cobepabnpevelak spsknscofpesads novolak

bi sphenol type epoxy conmpounds, stilbene type_ epox conpounds, phenol
novol ak type eﬁﬁ%ﬂ et ,cil=%@%!1tadlenﬂweﬁa£l?9pBKE@e_chrreéspﬁs,

type epoxy  PeraRl S moa PR ehEAG PrrtnepbrpproerRebitdothe
like. These'ﬂﬁhéﬁ%iﬁ¥%§fﬂgpetPlpﬁQngﬂﬂgéﬁgﬁg 8£mb$8n8E and the like.

| In particular, phenol novolak resins, dicyclopentadiene-

15 modified phenol resins and paraxylylene-modified phenol
resins are preferred. These may be used alone or in
admixture of two or more.

The combination of the above epoxy resin with
the above phenol resin curing agent is preferabiy a

20 combination of a biphenyl type epoxy compound or a cresol
novolak type epoxy resin as the epoxy resin component
with a paraxylylene-modified phenol resin, a phenol
novolak resin or a dicyclopentadiene-modified phenol
resin as the phenol resin component. Moreover, by

25 controlling the ratio of (a) the number of epoxy groups
of the epoxy resin to (b) the number of phenolic hydroxyl
groups of the phenol resin curing agent in the resin

composition [(a)/(b)] to 0.8 - 1.2, the glass transition
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(a)/(b)] to 0.8 - 1.2, the glass transition

of the phenol resin curing agent means a value obtained
by dividing the weight (g) of the phenol resin curing
agent charged by 1 hydroxyl gram equivalent. When the
glass transition temperature is less than 100°C, the
dimensional stability is inferior, and when the glass
transition temperature exceeds 160°C, the soldering crack
resistance is inferio:, which is not desirable. The
ratio of (a) the number of epoxy groups of the epoxy
resin to (b) the number of the phenolic hydroxy graups of
the phenol resia curing.agent [(a)/(b)] is 0.8 to 1.2,
and when the ratio is less than 0.8 or more than 1.2,
there are caused disadvantages such as reduction of
curability, deterioration of dimensional stability,
reduction of strength and the like.

The curing accelerator (C) uaed in this
invention'may be any curing accelerator as far as it
accelerates the curing reaction between the epoxy group
and the phenolic hydfoxyl group, and there can be widely
used those which are generally used in encapsulating
materials. For example, 1,8-diazabicyclo(5,4,0)undecene-
7, triphenylphosphine, benzyldimethylamine, 2-methy1-

imidazole and the like are mentioned and these may be



-5- - tenperature of the cured product of the resin conposition
beconmes 100 to 160[err]C which is the desired gl ass transition

t enperat'ure. The nunber (a) of epoxy groups of the epoxy resin neans
t he val ue obtai ned by dividing 5 the wei ght- (g) of the epoxy resin
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strength and tdre thd&eweight of the epoXirered¥inngompeehieishgr an@ iwsedew?
this I nvention may be any curing accelerator as far as it _
of the balance between the moldability and the soldering
crack resistance, the linear expansion coefficient of the
10 cured product of the epoxy resin composition at 25°C must
be within the range of from 0.8 x 103/°C to 1.8 x 10-3/°C.
When the linear expansion céefficient is less than 0.8 x
103/°C, the curing shrinkage amount is small and hence
the releasability from a mold is inferior, and on the
15 other hand when the linear expansion coefficient exceeds
1.8 x 1073/°C, the soldering crack resistance is inferior,
which is not desirable. Moreover, when the amount of the
inorganic filler blended is less than 70% by weight, the
water absorption is high and hence the soldering crack
20 resistance is deteriofated, and on the other hand when
the amount of the inorganic filler blended exceeds 90% by
weight, the melt viscosity increases and hence the
fluidity is deteriorated.
- In this invention, the glass transition temper-
- 25 ature and linear expansion coefficient of the cured
product of the resin composition are determined as
follows: A test specimen (15 mm x 4 mm x 3 mm) prepared

by subjecting a resin composition to treatment at a



accel'erates the curing reaction between the epoxy group and the
phenolic hydroxyl group, and there can be widely 25 used those which are

general I'y used in encapsul ating materials. For exanple,

1, 8- di azabi cycl o( 5, 4, 0) undecene- 7, trilpkenyl phosphi ne, _
benzyl di net hyl am ne, 2-nethyl - I m dazol e and the |like are nentioned and
these may be temperature of 175°C under a load of 7@-Kg/cm’ fey kROne or
in adm xture of two. or, nore, As the inorganic filler (D)

‘used in this S5eCoRdghyY;dnlovneresareectransfascBoddingapsendeds cryst al -
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of the 10 cured pro t he epoxy resin conposi err must
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Wien the |linear expansion coefficient is |ess

the curing shmiddegted)and the SIthéaBNgxpanseon coetPecigheagagbility from
a nold is inferior, and on the _

determined from the tangent obtained at 25°C and the
glass transition temperature is determined from the

10 intersecting point of the tangents obtained at 25°C and
240°cC.

Thelred phosphorus-based flame~retardant (E)

‘used in this invention includes red phosphorus per se;
however, this is easily oxidized and instable, and hence,

15 is difficult in handling. Thérefore, preferable is onel
obtained by previously coating the surface of red
phosphorus with aluminum hydroxide and then further
coating the resulting surface with a phenol resin. The
content of red phosphorus in the coated flame-retardant

20 is preferably 60 to 95% by weight based on the weight of
the flame-retar&ant, and when the red phosphorus content
is less than 60% by weight, it becomes necessary to
incorporate a large amount of the flame-retardant inté
the epoxy resin composition and the addition of a large

25 amount of the flame-retardant decreases the moisture
resistancé and hence is not desirable. When the content
éxqeeds 95% by weight, there is a problem in respect of

stability of red phosphorus.



15 ot'her hand when the |inear expansion coefficient exceeds 1.8 x

1Q0{err]/C, the soldering crack resistance is inferior, whi ch is not
desirabl’e. Moreover, when the anount of the i norganic filler blended
is less than 70% by wei ght, the wat er 8absorption is high and hence the

sol dering crack 20 resistance is deteriorated, and on_ the_ other hand when
the amount of the inorgahre PRFEEFle| shaedoExtbedsedophpgphoruspbagied t he
melt viscosity_jncreases gﬁd hence the ' i s_deteriorated.
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dispersibility of the flame-retardant is deteriorated,
which is not desirable. Moreover, when the maximum
particle size exceeds 150 pum, a prbblem is caused in

10 respect of the fluidity of the epoxy resin composition,
which is not desirable. The red phosphorus-based flame-
retardant includes, for example, NOVA RED and NOVA EXCEL
manufactured by Rin Kagaku Kogyo Co., Ltd. and the like
and can be easily obtained from the market. The content

15 of the red phosphorus in the epoxy resin composition is
preferably 0.3 to 5% by weight based on the total weight
of the epoxy resin composition, and when the red
phosphorus content is less than 0.3% by weight, the
flame-retardanéy lacks. The red phosphorus-based flame-

20 retardant is combustible and the flame-retardant per se
is oxidized to develop flame-retardancy, and hence when
the red phosphorus content exceeds 5% by wéight, the
amount of the flame-retardant becomes too large, whereby
the flame-retardant serves so as to help the combustion,

25 resulting in lacking of flame-retardancy.

The ion-trapﬁing agent used in this invention

traps halogen ions, organic acid anions, alkali'metal

cations, alkaline earth metal cations and the like, to



of the test specimen with the tenperature elevation were nmeasur ed, and

the linear expansion coefficient is determ ned fromthe tangent
obtai ned at 25[err]C and the glass transition tenperature is
determ ned fromthe 10 |ntersecting poi mt 9of- t he tangents obtained at
25[err]C and 240[ err] C The red phosphor us-based

flane retardah?h?ﬁﬁby redﬁ%%dthﬂ EMPUNENQENLPBAC] ARPHEAEILEd pHdsBRSr us per
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by weight, it beconmes necessary to I ncorporate a lar of the

flame-ret ar daninéNides BiO(091)CPABY), 49 WhEKNPESIH igoy-and t Re adgigipng of a
large 25 anount of the fl'ame-Tetardant decreases the noisture

resi stance ancarienee=iG.noo. dgsmg@mpt(dﬁ)qpsdzdypm@nze@t Sb,0s+ 2850¢e€ds 95% by
wei ght, there is a problemin respect of stability of red phosphorus.

SbSi,Bi, 0, (OH)ys (NO3),»+nH,0 in which v = 0.1-0.3, w =
1.5-1.9, x' = 4,1-4.5, y' = 1.2-1.6, 2’ = 0.2-0.3 and n =

10 1-2; and the like. Among them, more preferable are
BiO,;(OH),(NO3), and Mg,,_3Alz(OH)12,6CO3-3.5H20 because they
trap selectively anions. These may be used alone or in
admixture of two or more. These can be easily obtained
from the market. The ion-trapping agent is preferably

15 contained in an amount of 0.2 to 2% by weight based on
the total weight of the epoxy resin composition and the
idn-trapping agent. When the amount is less than 0.2% by
weight, the reliability lacks and when the amount exceeds
2% by weight, the flame-retardancy is deteriorated.

20 | The epoxy resin composition of this invention
‘comprises as essential components (A) an epoxy resin, (B)
a phenol resin curing agent, (C) a curing accelerator,
(D) an inorganic filler and (E) a red phosphorus-based~
fiame-retardant, and preferably has_further added thereto

25 an ioﬁ-tfapping agent. However, in addition thereto,
there may be appropriately compounded, if necessary,
various additives, for ekample, a silane coupling agent;

a coloring agent such as carbon black, red iron oxide or



-8- The particle size of the red phosphorus-based
flame-retardant is preferably such that the average particle size is’
10 to 70 [err] mand the maxi mum particle size is not nore than 150
[err]m Wen the average particle 5 sizel@s-less than 10 [err]m the
fluidity of thﬁlre5|n osition is |owered and when it exceeds 70
[err]m the e(ﬁ%ﬁﬁ?&ﬁtﬁ?1? 19 1agent ofich e s BARNTAL H@Kerlorated

whi ch t d Vb icle sj
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wei ght based on the total weight e epoxy resin conposition,

when the red compdHafiEQints 61%&&{311}’5 tﬁéSoélli@ﬁ Qdél/tb)le!vebaht bet he
f I ame-r et ardancy Iacks The red phosphorus-based flane- 20 retardant is
conbusti bl e ardhdruadHlnauniefermbytmized Sy means of a mixer or the
‘like, then further melt-kneaded on a hot roll or in a
kneader or the like, thereafter cooled and pulﬁerized to
10 prepare an encapsulating material. The resin composition'
can be applied to coating, insulating, encapsulating or
the like §f electric or electronic components such as
transistor, integrated circuit and the like.
By encapsulaﬁihg a semiconductor element with
15 the epoxy resin composition of this invention, a semicon-
ductor device excellent in soldering crack resistance and
high-temperature storage life can be obtained.
Examples are shown below to explain this
invention in more detail. The Examples are merely by way
20 of illustration and not by way of limitation. 1In the
Examples and Comparative Examples, part and % are by

weight unless otherwise specified.



I's oxidized to devel op fl ane-retardancy, and hence when the red

phosphorus content exceeds 5% by wei ght, the anount of the
flFame-r et ardant becones too | arge, whereby the flame-retardant serves
so as to help the conbustion, 25 resulttnylin |acking of flane-retardancy.
The ion-trapping a ent used in this invention traps hal ogen ions, '
organic acid it a}kali net al cations, alkaline earth netal
cations and the, I|ke - 9-

t her eby reduceB’tH’ﬁe%u'?XP%fePch‘P%‘a‘l‘P‘? é¥X4PP°ﬁasa tradgeen wel | -khown '
that th | ded h t
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I\/g[err]AI[egr/r]( [eréﬁ:&erf?% H?_%rr]o Sb[err]qerr]ZH[err]O4 parts

§’b§’i[eéf] Bi [erggg,?.tg}lémrﬁ@aﬂléaqﬁéﬁﬁ[féélﬁHkﬁf,ﬁb? SBrW&bChO 3:an dn =

10 1-2; and the didde Mamddf hﬁ&swprm@teﬁecn&hﬂcalg Inc.)
B|C{err](CH)[err](hKIerr])[err] and

My[ err] Al [ er r [HaH)riera | &% teeniBg Sphinit | 6F bgs 0 sand heyhydroxyflap sel ectively
ani ons. These nmay be used alone or in
group equivalent of 175 g/eq.: ' 8.4 parts
10 [Number of epoxy groups of the epoxy resin (a)/number of
phenolic hydroxyl groups of the phenol resin (b) = 1.0]
Fused silica powder having an average particle
size of 15 um and a specific surface area of 2.2
m?/gs | 80.0 parts
15 Red phosphorus-based flame~retardant (obtained
by coating the surface of réd phosphorus with
aluminum hydroxide and then furthef coating the
resulting surface with a phenol resin and having a
red phosphorus content of 75%, an average particle
20 size of 40 pm and a maximum particle size of
120 um): 1.0 part

1,8-Diazabicyclo(5,4,0)undecene-7 (referred to

hereinafter as DBU): - 0:2 part
Carbon black: 0.5 part
25 Carnauba wax: _ _ 0.5 part

All the above components were mixed in a mixer
at room temperature, kneaded on a twin roll at 70-100°C,

cooled and thereafter pulverized to prepare a resin



adni xture of two or nore. These can be easi |y obtai ned fromthe

mar ket. The ion-trapping agent is preferably 15 contained in an anount of
0°2 to 2% by wei ght based on the total weight of the epoxy resin .
conposition and the i on-trappi ng agent2 ¥hen the amount is | ess than
0..2% by wei ght, the reliability | acks and when the anpunt exceeds

2% by wei ght, compdsitionet ardancy is deteriorated. 20 - The
epoxy resin conposition of this invention conpri ses as _essenti al
conponents (A) an epoxy Festher(pthe resin pemppsitien ebtakgedgwas, (O a
curing accel eratoyr, (D i porganic filler and (E), a_.re
phosphorus-tnuﬁﬁpfetteqIﬁﬂéiméiéﬁ%aﬁ ,15§ach% %Fa%l}gﬂésofUVShgg/EHéed
thereto 25 an_.ion-ttfapping,agent. However, |n addition theretaq, . there
may be appr oppﬁbﬁ g%ﬁ c%%b‘?f?ﬂﬁigﬂy ‘F‘T’a‘h%c%gs%r%?W’PresVéF?oEgaﬁﬁgFFi pedd- o
exanple, asil; i X C i hg agent h_as_carhban

bl ack, red 5|'S ro.]%{% )Pfiocééboéor@& &.g&g'ére a tegt gﬁgélmgn ggr figﬁe rt_esi.at_ance

el 57 o S FOEDLY S P 6% e e UCLUBHL B ]

l'ike; etc. thermal mechanical analysis (TMA) (15 mm x 4 mm x 3 mm).
Also, for a_high-temperature storage life test and a
soldering crack resistance test, a chip having a size of

10 6 mm x 6 mm was encapsulated with the above resin
composition at 80p QFP (80pin Quad Flat Package). .The
encapsulated test element was subjected to the following
high-temperature storage life test and soldering crack
resistance test:.

15 e Glass transition temperature and linear ekpansion
coefficient: Using a thermal mechanical analysis
apparatus, the test specimen was heated at a temperature
elevation speed of 5°C/min from 0°C while the dimensional
changes with the temperature elevation were measured.

20 From the tangent at 25°C a linear expansion coefficient
was determined, and from the intersecting point between
the tangents at 25°C and 240°C a glass transition
temperature was determined.

» Soldering crack resistance: The encapsulated test

25 element (10 packages) was allowed to stand at a high
temperature at a high humidity (85°C, relative humidity
of 85%, 72 hours) and thereafter immersed in a solder

bath at 260°C and then observed as to whether or not



Mor eover, for produci ng the encapsul ati ng epoxy 5 resin conposition of

this invention, the above essenti al conmponents and optionally the
ofher additives can be t horoughly uniformy m xed by neans of a .m xer
or the i ke, then further nelt-kneadeti3on a hot roll or in a

kneader or the like, thereafter cooled and pul verized to 10 prepare an
encapsul ati ng sackiwas ghausedsin theppsckage to detgmmiaeapblel eyntber
coating, insulating, encapsulating or the like of electric or

el ectroni ¢ conpbrerckedchagkages. transistor, integrated circuit and the
like. . Q%menca sulating a sinicgndu tor element with 15 the
epoxy resin cohpdiRTHABPTERRTe| AtRhRPEn11LesenthEencapsiatsd Feftce
excellent in so ' crack,resi.sfance_and L.gh-tenperature storage
life can be oH?%%ﬁ%%ngaé aflowed t8 E§3H§|8§ Srglgﬁo%ﬁgggFSEMFE expl ai n
this | nyent { ©klo 4 e : A T. .are el 20 of
S o) SCIHEoE T R Cofial bea ToS, EXBURLER1BHCoT= iRk EGRURE,
Conparati ve Exgopi #anbé'vabid ahd'BrBikage ¥WE WikeltbCdeteifny the

speci fi ed. Example 1
time at which the increase of resistance value started.
e Flame-retardancy: UL-94 vertical test (test specimen.
thickness: 1.0 mm)

10 The results of the above-mentioned tests are

shown in Table 1.

Examples 2 to 5
According to the formulations shown in Table 1,
the components were blended ahd resin compositions were
15 obtained in the same manner as in Example 1. Test
specimens and encapsulated test elements Qere obtained
uéing the resin compositions obtained. The test
specimens and encapsulated'test elements obtained were
subjected to measurement of thermal mechanical analysis,
20 soldering crack resistance test, high-temperature storage
life test and flame-resistance test in the same manner as
in Example 1. The test results obtainéd are shown in

Table 1.

Comparative Examples 1 to 6
25 ' According to the formulations.shown in Table 2,

the components were blended and resin compositions were



Bi phenyl type epoxy conpound (YX4000H, a trade - nane of Yuka Shell

Epoxy Kabushi ki Kai sha) having a nmelting point of 105[err]C and an
epoxy 5 equivalent of 195 g/eq.: 9.4 parts
Par axyl yl ene-nodi fi ed phenol resin (XL225 12er+es, a trade nane of
M.t sui Toatsu Chemicals, Inc.) having a softening point of 80[err]C

and a hydr oxylobtaineg dip theisamemanen 7&s girgExample 1. Using theg. 4
parts 10 [Nunber of epoxy groups of the epoxy resin (a)/nunber of
phenol i ¢ hydr ALY CAMROHILIINS pHeRRt FRRFHN¢RS and epcapsulahed testi ca

pouder havi ng 3401 Q8 DAL focq and 45 floddal 0" LELARG 2 SPeciic
80.0 t 1 - - [ et t bt al b

coat hg the sHECHRERAET B4R Rl TS AR reRERERIHR okPaE ana then
furth Wl td f ] LD [
I A L e R R S R i L
and a maxi mumgaad iG] &rd Zanr mannexd 2k [ﬁ{rﬂ:ﬁﬁyle 1. The test

1.0 part 1, 8-Di azabi cycl o( 5, 4, 0) undecene-7 (referred to
herei nafter agddddits obtained are shown in Table (22 part Car bon
bl ack: 0.5 part

The materials other than those used in Example
1 were as follows:
10 +« Orthocresol novolak type epoxy resin (softening point:
60°C, epoxy equivalent: 200 g/eq.)
. lI'.ri.phenolmethane type epoxy compound (melting point:
60°C, epoxy equivalent: 170 g/eq.)
» Brominated epoxy resin (softening point: 65°C, epoxy
15 equivalent: 275 g/eq.)
» Phenol novolak resin (softening point: 80°C, hydroxy
group equivalent: 104 g/eq.)
e Fused spherical silica powder
» Ion-trapping agent 1: BiO,(OH),(NOs;), in which x =
20 0.9-1.1, y = 0.6-0.8 and z = 0.2-0.4
-« Ion-trapping agent 2: Mg 3Al,(OH),;; ¢COs*3.5H,0

e Antimony trioxide



25 (Carnauba wax:

Al

kneaded ‘on a twin roll

pul verized to
canposi ti on.

120 seconds by
prepare a test
mm) and a test
4 mMmx 3 ).
sol dering crac
was encapsul at
Quad Fl at Pack
fol |l ow ng

resi stance tes
expansi on

at 70-100[err

]G,

t he above conponents were m xed in a mxer

0.5 part

at

cool ed and thereafter

roomtenperature,

prepare a resin - - - 12 -
Furt her, the resin conposition obtained was
tabl etted and nol ded at 175[err]C underTablead of 70 Kg/ cnerr] for
neans of a lowpressure transfer nold- 5ing press to
speci nen for flane-re3|stance X 12.7 mmx fL.0.
spect i _ElaguEm X 12
peCI rren for th 1 Ilﬂ.l II,UIIQIII‘. al allalyala \ T %_H.-S' mnX
Al so, for a high-ftenperfatuke qtordge Jlifé test &nd h
:Ere5|s£an§e ttst, a chip having a size of 10 6 Mmx 6 pm
P o reosin hnrrpnci tiaon Rnn QEP (Rﬂn n
gephenyherype epdadycapsdl aé est el egﬁgé \?las Sklbj ect eg D t he
bmghmhenperature st or e test scldgrlng cPa Kk
; erri d ass tran5|t|)n tengeratur g and 1
BdﬁFﬁPﬂﬁﬁﬁP 3k &FRY a |t her na| weghgni cal dnal ysis
epoxy resin
p-Xylylene-modlfled 8.4 12.2 8.4 8.4
phencl resin
Phenol novolak resin 4.0
(a)/(b) 1.00 1.14 1.00 1.00 1.00
Fused silica powder 80.0 71.5 79.5 79.5
Fused spherical silica 85.0
powder )
Red phosphorus-based _ .
flame-retardant 1.0 1.0 1.5 1.0 1.0
DBU 0.2 0.2 0.2 0.2 0.2
Carbon black 0.5 0.5 0.5 0.5 0.5
Carnauba wax 0.5 0.5 0.5 0.5 0.5
Ion-trapping agent 1 0.5
Ion-trapping agent 2 0.5
Physical properties
Glass transition
temperature(°C) 105 155 l1o0¢ 106 107
Linear expansion
coefficient(x103/°C) 1.2 1.0 1.7 1.2 1.2
Soldering crack
resistance(number of
cracked packages/10 0 0 2 0 0
tested packages)
High-temperature storage| g5, | 990 | 800 | 1000< | 1000<
life (hr)
Flame-resistance V-0 V-0 V-0 V-0 V-0




apparatus, the test specinen was heated at a tenperature el evation
speed of 5[err]Cmn fromO[err]C while the di nensional changes with
tAe tenperature el evation were neasured. 20 Fromthe tangent at 25[err]C a
| i near expansi on coefficient was deterh®ned, and fromthe intersecting
poi nt between the tangents at 25[err]C and 240[err]C a gl ass ‘transition
t enperature was determ ned. [err] Mer2ng crack resistance: The
encapsul ated test . 25 elenent (10 packages) was allowed to stand at a high

tenperature aj a high humidity (85[jerr]C, reloabhd& b Exdihes of 86% 72
hours) and thereafter imrersed in sot-det bath—at—260ter+fS—and t hen
observed as t¢p _whet her or not 1 2 3 4 5 6- (13 -
crack was caupggdR.ihe gghage to determ ne the nunber of crackled
packages. ‘?%AT ;'—}" f,B +erperatgre——st-prage-—-+e—the—gncapsul ated It est
el enent was a Bi‘phedylctmba&mbxat a hi gh ténpelreture 5 (18{:({!§rr]0).aanld
subj ected to pbewpovadi on of increaqe 0 "~ rlesi st gnce \a and br eakage
of wire to dete énnelt timelat which tHe 1Tncfease regji st ancle
val ue started|®-*%¢8° novolak type 19.3

epoxy resin :

Triphenolmethane type 12.9

epoxy compound *

Brominated epoxy resin 1.5 1.5

p-Xylylene-modified

phenol resin 8.2 8.2 _ 7.6

Phenol novolak resin : 7.9 |10.0 2.5

(a)/(b) 1.00| 1.00| 1.00| 1.00| 1.23| 1.02

Fused silica powder 80.0 | 79.0 68.0 | 80.0

Fused spherical s1lica 27.0 "91.0

powder

Red phosphorus-based

flame-retardant 1.0 1.5 1.0 0.5

DBU 0.2 0.2 0.2 0.2 0.2 0.2
Carbon black 0.5 0.5 0.5 0.5 0.5 0.5
Carnauba wax 0.5 0.5 0.5 0.5 0.5 0.5
Antimony trioxide 1.0 1.0
Ion-trapping agent 1 | 1.0

Physical properties

Glass transition

temperature(°C) 105 105 | 182 | 160 87 108

Linear expansion

coefficient (x10-3/°C) 1.2 1.2 1.4 1.9 1.2 0.7

Soldering crack

resistance(number of Impossible to

cracked packages/10 0 0 10 10 mold
tested packages)

High-temperature storage Impossible to
life (hr) 400 500 1000 900 mold

Flame-resistance V-0 V-0 V-0 V-0 V-0 V-0




[errﬁﬁmaiﬂeir lacce@: UL- 94 vertical test (test specinen t hi ckness:
1.-0 I The results of the above-nent] ey,
shown | Exanples 2 to 5 .. THISCSHEET HAS (BEEN
fornul ati ons shown in Table 1, the conbbrrents wefe bl REPEACEDRD regi n
cenpositions were 15 obtained in the sane nmanner as%trExemphe—t—

speci nens and WY I B ERES | ement s wer e obt ai ned using the resin
conpositions qgbtained. The test . Speci nens. and ncagsulate t est

el enents obt aifred were AR em&?%’d‘t‘bom%§h?é%nfoﬁf RAaPAEfLakABHaR cal

DAL VSLS, 20 RS Kyl £l LS SR s "LALGREURS UpSE T
L amebS o0 U YAP SRR, OIS Prenct TRBLE during aggBRIPRLSLe,
2, ~ the conpoagiiny WS TRANEE, aW) r&S| InéPIRASE EPTEe¥CARd (E) a
| red phosphorus-based flame-retardant, wherein the ratio
of (a) the number of epoxy groups of the epoxy resin to
(b) the number of phenolic hydroxyl groups of the phenol
resin curing égent [(a)/(b)] is 0.8 to 1.2, the amount of
the inorganic filler (D) contained in the.epoxy resin |
composition is 70 to 90%.by weight based on the total
weight of the epoxy resin composition and the cured
product of the epoxy resin composition has a glass
'transition temperature of 100 to 160°C and a linear
e#pansion coefficient at 25°C of 0.8 to 1.8 x 10-3/°C.
2. _ - The epoxy resin compdsitibn for encapsulating a
seﬁiconductor according to Claim 1, wherein the red
phosphorus-based flame-retardant (E) is one obtained by
coating the surface of red phosphorus with aluminum
hydroxide and then further-éoating the resulting surface
with a phenol resin, the red phosphorus content in the
red phosphorus-based flame-retardant (E) is 60 to 95% by
weight based_on the weight of the red .phosphorus-based
flame-retardant and the red phosphorus-based flame-
retardant (E) has an average particle size of 10 to 70 um
and a maximum particle size of 150 uym or less.
3. | The epoxy resin composition for encapsulating a

semiconductor according to Claim 1 or 2, which further

| AN O D W



- 14 - obtained in the same manner as in Exanple 1. Using the

© resin conpositions, test specinens and encapsul ated test el ements were
obt ai ned" and subj ected to thernal mechani cal analysis, soldering crack
resi stance test, 5 high-tenperature storbe-life test and

flane-resistance | test_in the same manner as in ExanE 1. The test
resul ts obt ai MRPER S RANLPR-1E@PRIDG agent in an amounkeofnferi £0s 28t her

than those used in a 1 were as_fol err] O.thocresol
novol ak type 3&) E%égﬁbi‘%%‘h%lﬁﬁep’é?ﬁ?l Welgh‘éof’gr F]’E tEBBRY NG AOFRtent
200 g/ eq.) er.r henol net hane type epoxy conpound (melting point:
60[err] C, epo ‘% %/a?% Ji%né/‘é‘am?os}'/g oT'err] ‘Brom nat ed epoxy resin

(softening point: 65[6”-#-1{?% n&%’&%%m nglﬁqgéfﬁéﬁi:%ghﬂ 7?09/ Sﬂc)apsulat[l%r h

Phenol novolak Tesin (so
equi val ent: 104l &hductor &8s+ NG eLo SENSIMCS! @hék@ﬂanngion [err]
lon-trapping agent 1: BiOerr](O)Terr] (NG err]){err] in whi 20

0.9-1.1, y = £h ént s 8040 b,rhlwmtdmeplmqaemqnt
I\/g[err]AI[err](lggtEerg?%q%rr]B 5H[£et H)é(N ) [élrr] Ant i nony trloxll'zde

0.6-0.8 and z = 0.2-0.4 or Mg, ;Al,(OH),;,.6C03+3.5H,0 or a

| combination of the two.

THIS SHEET HAS BEEN |
| REPLACED. -~

is Sheet Has Been R laced
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-+~15 = : ' Table 1

Exanpl e 1 2 3 4 5
Formul ati on(part) Bi phenyl type epoxy 9.4 13. 6 9.4
9.4 conmpound o-Cresol novol ak type 8.8 epoxy resin- _

p- Xyl yl ene-nodi fi ed 8.4 12.2 8.4 8.4 phenol resin
"Phenol novol ak resin 4.0 (a)/(b) _ 1.00

1.14 1.00 1.00 1.00 Fused silica powder 80.0 71.5
79.5. 79.5 Fused spherical silica 85.0 powder Red

phosphorus baa®$TRACT DFO THE DISCLOSURE 5 1.0 1.0 fl ame-retardant
DBU 0.2 0.2 0.2 0.2 0.2 Carbon bl ack
0.5 0.5 0.5 0.5 EPOXY RESTNAGOMPUEYITION 0.5 0.5

0.5 0.5 0.5 1lon-trapping agent 1 0.5
: An epoxy resin composition for encapsulating a

semiconductor, which is free from halogen and antimony
and has excellent soldering crack resistance and high-
temperature storage_life without lowering the flame-
retardancy, and which comprises as essential combcnents
(A) an époxy resin, (B) a phenol resin_curing agéht, (C)
a curing accelerator, (D) an inorganic filler and (E) a
red phosphorus-based flame-retardant, wherein the ratio
of (a) the number 6f epoxy groups of the epoxy resin to
(b) the number of phenolic hydroxyl groups of the phenol
resin curing agent [(a)/(b)] is 0.8 to 1.2, the amount of
the inorganic filler (D) contained in the epoxy resin
composition is 70 to 90% by weight based on the tdtal _
weight of the epoxy resin composition and the cured prdd;
uct of the epoxy resin composition has.a_glass transition
temperature of 100 to 160°C and a linear expansion

coefficient at 25°C of 0.8 to 1.8 x 10-%/°C.

[THIS SHEET HAS BEEN |
V7 REPLACED %

This Sheet Has Been Reilaced




P

Iothkappi ng agent 2 . . . . . ;'- 0. 5Q6l1 i ’Z\-I—"';
| w7

properties dass transition - - 105 - 155 109 - 1q
tenperature(C) Li-near expan5|on coefflC|ent(x10[err]/[err]C3

1.0 1.7 1.2 1.2 “Sol dering CrSl.fbstltlﬁelshbem@!31S§bﬁmﬁér2000 0
0 2 0 0 cracked packages/ 10 tested packages)

Hi gh-tenperature storage 800 900 800 1000< © 1000<.life (hr)

FI ane-resi st ance : V-0 V-0 - V-0 - V-0 V-0

- 16 - ' . .Table 2 S

Conpar ati ve Exanpl es : : -3- 1 2 3 4

5 6 Formul ation(part) Bi phenyl type epoxy . 8.1 8.1 -
10.3 - 4.8 conpound o- Cresol novol ak type . : 19.3

epoxy resin t N . .
Brom nat od & bl?&r}gﬁ;#m ?I%ng E&%ﬂgm, a halogen-free ahd- AnfEBONYLEEE "BRIKY] resin
composmon for encapsulating a semiconductor which has excellent soldering crack

resistance and high-temperature storage life without Iowering the flame-retardancy.

5 ~ Other objects and advantages of this invention will become apparent from the
following description. |

U According to this invention, there is provided an epoxy resin composition for

' encapsulating a semiconductor, which comprises (A) an epoxy: resin, (B) a phenol resin

10 curing agent, (C) a curing accelerator, (D) an inorganic filler and (E) a red phosphoris-

based flame-retardant as essential components, wherein the ratio of (a) the number of

epoxy groups of the epoxy resin to (b) the number of phenolic hydroxyl groups of the

phehol resin curing agent [(a)/(b)] is 0.8 to 1.2, the proportion of the inorganic filler (D) is

70 to 90% by weight based on the weight of the epoxy resin composition, the cured

15 product of the epoxy resin composition has a glass transition'temperamre of 100 to 160° C.

and a linear expansion coefficient at 25°C. of 0.8 to 1.8 x 10°/°C., and wherein the red

phosphorus-based flame-retardant is one obtained by coating the surface of red phosphorus

with an aluminum hydroxide and further coating the resulting surface with a phenol resin,

U ~and said red phbsphqmus flame retardant constitutes means for increasing high-
20 temperature storage life of a semiconductor encapsulated by said composition.

The epoxy resin (A) used in this invention includes all monomers, oligomers and
polymers, each having at least two epoxy groups in one molecule, and

REPLACEMENT SHEET|
2 3 SEP 2008

Vélg22-3
9—3 Fﬂ‘e



" p- Xylyll ene- modified -~ 8.2 8. 2 - 7.6 phenol resin

Phenol novol ak resin - - . .. 7.9 10.0 .25 (a)l(b). -
.00 1.00 -1.00 .1.00 1.23° 1.02 Fused silica powder - 80.0 79.0
68.0 80.0 Fused spherical silica "~ Substitute Stredt — 23 September 20001. 0
powder Red phosphorus-based y _ 1.0 1.5 1.0 - 0.5
flane-retardant DBU _ 0.2 0.2 0.2 0.2 0.2 .
0.2 Carbon black 0.5 0.5 0.5 0.5 0.5 0.5 _

Car nauba wax - : 0.5 0.5 0.5 0.5 0. STaeal  AQPR

t.ri oxi de 1.0 1.0 Ilon-trapping-agent 1 REPEAGE m:i
“properties dass transition - 105 105 182 60" 87 1p8
tenperature([err]C) Linear expansion 1.2 1.2 .4 23.SEP 20002

0.7 coeffici bﬂ,ﬂ*‘ﬂ JC Soldering crack resi ¢t ance(nunber of

0 0 ﬁﬂm‘ﬁ rrplgst,ss'i ble to cracked packages/io

mol d tested packages) High-tenperature storage 400 ~300. .100_0- _900

::Fg(r)r:SIr te)!SieS: Jgnlcief.in(eg&y res{n gompaqgition foy epcapsylating a s;;pg:onduc\t)gr@ whjch co;hf)meg

as essential components

5 (A) an epdxy tesin, (B) a phenol resin curing ageat, (C) a curing accelerator, D)
an inorganic filler, and (E) a red phosphorus flame retardant which has a red phosphorus -
core coated with aluminum hydroxide and an upper coating of 8 phenol resin, wherein,

‘ ' the ratio of (a) the number of epoxy groups of the époxy resin to (b) the number of

 phenolic hydroxyl groups of the phenol resin curing agent, (a)/(b), i 0.8 to 1.2,

10 - the amount of the inorganic filler (D) contained in the epoxy resin composition is
70 to 90% by weight based on the total weight of the epoxy resin composition, |
the cured product of the epoxy resin 'coﬁlposition has a glass transition temperature
of 100° to 160°C. and a linear expansion coefficient at 25°C. of 0.8 to 1.8 x 10°/°C., and
 said red phosphorous flame retardant constitutes means for increasing high-
15 temperature Storage life of a semiconductor encapsulated by said composition.

2 The epoxy resin composition for encapsulatinig a semiconductor according to claim
1, wherein the red phosphorus flame-retardant (E) is one obtained by coating the surface of
o ed phosphorus with alumipum hydroxide and then further coating the resulting surface
- 20 with a phenol resin, the red phosphorus content in the red phosphorus flame-retardant (E)
is 60 to 95% by weight based on the weight of the red phosphorus flame-retardant, and the
red phosphorus flame-retardant (E) has a maximum paticle size of 150pm or less.

3. The epoxy resin composition for encapsulating a semiconductor according to claim
25 2, which further contains an lon-trapping agent in an amount of 0.2 to 2% by weight based
" on the total weight of the trapping agent and the epoxy resin composition.

4,  The epoxy resin composition for encapsuléting a semiconductor according to blaim
3, wherein the ion-trapping agent is BiOy(OH),(NO;); in which %=0.9-1.1, y=0.6-0.8 and
30 2=0.2-0.4 or Mgy 3 Al,(OH)26 CO3.3.5H;20 or a combination of the two.

O



175 _ - WHAT IS CLAI MED | S: - 1.° . An epoxy. resin corrp05|t|on for
encapsul ati ng -a sem conductor, which .'corrprl ses . as essenti al- corrponent S

5 . (A) an epoxy resin, (B) a phenol resin curing agent, (C) a-curing B

accel erator, (D) an inorganic filler, aSubstm)teasheed—p%sémmbeﬂm
retardant which has a red phosphorus core coated with alum num -
hydr oxi de and an upper coating of a phenol resin, wherein, o t he
ratio of (a) the nunber of epoxy groups of the epoxy resin to (b) the
nunber of phenol i ¢ hydroxyl groups of the phenol resin curing agent,
(a)/(b), is 0.8.to 1.2, 10 t he anmaugt. of the inorganic filler (D)
contained in the epoxy resin conposition is- 70 to 90% by wei ght based
on the total vvei ght of the epoxy resin conposition, - - . the cured

product of t ?&ﬂ“

of 100[err] Yo 128?&’(1#«?%1‘@51&8&38@1”@;@ g@%ﬂgw I'Cl e %Ferr

of 0.8 to 1. Bvmiﬂ:ﬂﬁﬁﬂie}b{)ﬁahb&uomsbpmgagemmanmmndof@zﬁt@ﬁ%Wwexgthdsbdne
retardant constitut eWSﬁ Witﬂf mcreas;ugg h- 15 nBerature st or age
life of a sePRtisiomt 13 M@Pf’? stion 2. The

epoxy resin conposition for encapsul ating a sem. conductor according to
claim 1, wherein the red phosphorus flanme-retardant (E) is one
obt ai ned By 6oat i 'ﬁbeepm(ysamhmmpoéinonforenapsmimmmisondmracqmﬂingm claim

LSt n, he 1 SdvBEE e SETRRRIGE ABSH i BIODHY IR o Flch PR RRR e

s 60 to 95%dyzued andtﬁpmeb m% SRICOb » QimiliRion st WD NOT US

flarre ret ar dant, osphorus fl ame- ret ardant (E) has a
mag m particle size of 150[err] m or- | ess. . The epoxy resin

whi ;;ﬁS}LL?Ee?"LOﬁ 7o b DrpRn ok 2 ﬁa%&%wi‘%@v%”ﬁh%%%
wei ght bdﬂedmmdm%shﬂﬂﬁvér@é@uﬂﬂeﬁhéoﬂiomphf appi ng agent and the epoxy
resin comnposition. The epoxy resin conposition for

encapsul ating . a-sem conductor accordi ng to claim 3, wherein the

\20. 6. 08 and S0 B Ay iy onfioh) g6 Kl ) et by 444 pholiek e

a conbi nat i oretmflantihas amaverage particle size of 10 to 70um.

15 9. The epoxy resin composition of ¢laim 4 wherein said red phosphorus flame
retardant has an average particle size of 10 to 70pum.

10.  The epoxy resin composition of claim 5, wherein said red phosphorus flame
. ' retardant has an average particle size of 10 to 70um. ‘
20 I
11, The epoxy resin composition of claim 6, wherem said red phosphorus flame
retardant has an average partzcle size of 10 to 70|.un.
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.18 - R The epoxy.resin conp05|t|on for encapsul ating . a.
sem conductor according.to claim 1, which further contains an .
I on- trappl ng agent in-an amount .of- 0.2 to 2% by weight based - on the.

total weight of the trapping agent and the &thstltmezsheetc-erzﬁoSepmmbemOBO
The epoxy resin conposition for encapsul ating a sem conduct ofr accord| ng to
~claim 5, wherein the ion-trapping a@ent S '

B|CIerr](C]—I)[err](qurr])[err] in which™=0.9-1.1, y=0.6-0.8 and
z=0.2.0.4 or I\/g[err]AI[err](O—D[err]cqerr]SH[err]Oor a conbi nation of the

~ two. ’I‘Rﬂ PIRELOSURPosi tion of claim2, wherein said red
‘phosphor us fﬁBme ret ardant has an average particle size of 10 to

70[errlm ' . The epoxy rEROXY COMPOSITIONai m 3, wherein said
red phosphor us flarre retardant has an average particle si ze of 10 to
70[err]m < 15 9. The epoxy resin conposition of claim4, wherein said

red phosphor us flav&pepoxp ﬁ@aﬁﬁﬁ&mommﬁuws&ﬁe&ﬁmrﬁwmh@iﬁ&@ﬁbﬁ

70[err]m he epox re5|n conposi tion of claim§5, _vvhereln sai d
red phosphor halogemand antimony sad é%as eand high-tgmpegatues

Sal d red phoSiore. i e IRARE 53%%9*-%%9%% 1 389 2%}59% e 3F iyl
to 70[ err] m components (A) an epoxy resin, (B) a phenol resin curing agent, (C) a curing accelerator,
10 (D) an inorganic filler and (E) a red phosphorus flame-retardant which has a red
: phosphorus core coated with aluminum hydroxide and an upper coating of a phenol resin,
\/ wherein the ratio of () the number of epoxy groups of the epoxy resin to (b) the number of
phenohc hydroxyl groups of the phenol resin curing agent f(a)/(b)] is 0.8 to 1.2, the
amount of the inorganic filler (D) contained in the epoxy resin composition is 70 to 90%
15 by weight based on the total weight of the epoxy resin composition and the cured product
of the epoxy résin composition has a glass transition temperature of 100 to 160°C. and a
linear expansion coefficient at 25°C. of 0.8 to 1.8 x 10%/°C., and said red phosphorous
flame retardant constitutes means for increasing highotémperature storage life of a
semiconductor encapsulated by said composition. |
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