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In the field of semiconductor integrated circuits, techniques of increasing the integration degree and reli-
ability recently have been developed, and the automation of the step of assembling semiconductor devices
has been advanced.

.. 40 To attach a semiconductor device of the flat package type to a circuit board, a method has been adopted
N~ in which soldering of every lead pin Is carried out, but currently a surface mounting method is employed in
which a semiconductor device is entirely dipped in a solder bath heated to a temperature higher than 250°C
to effect soldering. Accordingly, in a conventional package encapsulated by an encapsulating resin, cracking
of the resin portion occurs at the soidering step, whereby the reliability is lost, and accordingly, the obtained

45  product cannot be practically used.

Various methods of improving the solder cracking resistance of encapsulating resins have been examined.
For example, a method of using a biphenyl type epoxy resin has been proposed JP-A-83-251419). This method
of using a biphenyl type epoxy resin improves the solder cracking resistance of the encapsulating resin, but
the moisture resistance is lowered, the hot hardness at the molding is, low and the formation of flash is height-

50 ened.

Therefore, primarily, the present invention seeks to solve the above-mentioned problems of conventional
semiconductor-encapsulating epoxy resin compositions, and to provide an epoxy resin composition having an
excellent reliability such as a high moisture resistance, and moldability such as a hot hardness and a flash-
prevention property, and having a good solder dipping stability, to thereby obtain a resin-encapsulated semi-

85  conductor to which the surface mounting method can be applied.

In accordance with the present invention, there is provided a semiconductor-encapsulating epoxy resin
composition comprising (A) an epoxy resin comprising a biphenyl type epoxy resin having a skeleton compo-
nent represented by the following formula (1)
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Preferred examples of R? to R® in the above-mentioned formula (f), are a hydrogen atom, a methyl group,
an ethyl group, a n-propyl group, an i-propyl group, a n-butyl group, a sec.-butyl group, a tert.-butyl group, a
chlorine atom, and a bromine atom.’ -
Specific examples of the bipheny! type epoxy resin having a skeleton represented by the above-mentioned
.. 40 formula (1) are 4,4'-bis(2,3-epoxypropoxy)biphenyl, 4,4'-bis(2,3-epoxypropoxy)-3,3',5,5'-tetramethyibiphenyl,
e 4,4’-bis(2,3-epoxypropoxy)-3,3',5,5'-tetramethyl-2-chlorobiphenyl, 4,4'-bis(2,3-epoxypropoxy)-3,3',5,5'-tetra-
methyl-2-bromobiphenyl, 4,4'-bis(2.3-epoxypropoxy)-3,3',5,5'-tetraethy|blphenyl, and 4,4’-(2,3-epoxypro-
poxy)-3,3',5,5'-tetrabutylbiphenyl.
In the present invention, the amount of the epoxy resin (A) incorporated Is preferably 3 to 30% by weight,
45  more preferably 5 to 25% by weight based on the total weight of the resin compaosition.
Any curing agent capable of reacting with and curing the epoxy resin (A) can be used as the curing agent
(B) in the present invention. Examples are phenol-novolak resin, a cresol-novolak resin, a novolak resin rep-
resented by the following formula (ll): '
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group, or all of the amino groups, are secondary amino groups, must be used as the silane coupling agent (D).
25 The silane coupling agent having a secondary amino group enables the moldability and reliability can be syn-
ergistically improved, as compared with the case in which a conventional coupling agent having a primary ami-
no group is used, and the flowability of the composition is especially remarkably improved, and thus a thin

package in which the formation of flash is reduced can be molded. '
Specific examples of the silane coupling agent (D), are compounds represented by the following formulae

a

30 (W) and (IV):
n9m12§i.§on1°)n (III)
35 (R"")3n
and
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wherein R? to R'! independently represent a monovalent hydrocarbon group having 1 to 20 carbon
45 atoms, R'2 and R'3 independently represent a divalent hydrocarbon group having 1 to 20 carbon atoms, and
n is an integer of 1 to 3.
' Among these silane coupling agents, a compound of the formula (lll) in which R® represents a phenyl
group, R'° and R!! represent a methyl group and/or an sthyl group, R'2 represents & propylene group and n
is 2 or 3 is preferably used as the silane coupling agent (D), because the effects of improving the moldability
50  and reliability are high. '

. In view of the moldability and reliability, preferably the silane coupling agent (D) is incorporated in an
amount of 0.1 to 5 parts by weight, more preferably 0.2 to 3 parts by weight, most preferably 0.3 to 1.5 parts
by weight, per 100 parts by weight of the filler. A silane coupling agent such as an epoxysilane or mercapto-
sllane can be used in combination with the silane coupling agent (D) according to need.

55 From the viewpoint of the reliability, preferably the filler (C) is first surface-treated with the silane coupling
agent (D) or other silane coupling agent such as an epoxysilane or mercaptosilane.

To improve the solder dipping stability, an aromatic vinyl hydrocarbon-conjugated diene block copolymer

(E) can be further added to the composition of the present invention. The aromatic vinyl hydrocarbon-conju-
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30 styrenelpolybutad|enelpolystyrene block copolymer (SBS), a polystyrene/polyisoprene/polystyrene triblock
copolymer (SIS), a hydrogenated copolymer of SBS (SEBS), and a hydrogenated copolymer of SIS. Of these,
a hydrogenated copolymer of SBS (SEBS) and a hydrogenated copolymer of SIS are more preferable in view
of the heat resistance.
The amount of the aromatic vinyl hydrocarbon-conjugated diene block copolymer (E) incorporated is pre-
35 ferably 0.2 to 5% by weight, more preferably 1 to 4% by weight based on the total weight of the resin compo-
sition.
To reduce the stress and to improve the reliability, a modified silicone oil (F) can be further added to the
composition of the present invention.
The modified silicone oll (F) used in the present invention has an organopolysiloxane structure. As specific
40  examples, there can be mentioned compounds represented by the following formula (V):

~R14 Ra.s - sz e
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wherein R4 to R18 independently represent a hydrogen atom at least one functional group selected from
the group consisting of an alkyl group having 1 to 20 carbon atoms, a phenyl group and a vinyl group, X and
50 Y represent at least one functional group selected from the group consisting of an alkyl group having 1 to 20
carbon atoms, a phenyl group, a vinyl group, a hydroxyl group, an amino group, an epoxy group, a carboxyl
group, a mercapto group, a polyoxyalkylene group, an alkoxy group and a fluorine atom, with the proviso that
Y can be a hydrogen atom, and m is an integer of at least 1 and n is 0 or an integer of at least 1.
To reduce the stress and improve the reliability, preferably the modified silicone oil (F) is incorporated in
85 anamount of 0.01 to 5% by weight, more preferably 0.1 to 3% by weight, most preferably 0.3 to 2% by weight.
In the present invention, a curing catalyst can be used for promoting the curing reaction between the epoxy
resin (A) and the curing agent (B), and any compound capable of promoting the curing reaction can be used
in the present invention without limitation. For example, there can be used imidazole compounds such as 2-
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The moldability characteristics such as the spiral flow, formation of resin flash and hot hardness of the
formed composition were evaluated by the low-pressure transfer molding method. A test element was encap-
sulated with the thermosetting resin and post curing carried out, and the reliability of the device was evaluated.

The results are shown in Table 6.
35 In this example, the properties were evaluated according to the following methods.

(Spiral Flow, Formation of Resin Flash and Hot Hardness)
Molding was carried out at 175°C for 120 seconds and the respective properties were evaluated.
~/ (Reliability)

A 44-Pin QFP having encapsulated test elements was molded, and post curing was carried out at 175°C

for 5 hours. The QFP was subjected fo the unsaturated pressure cooker bias test (USPCBT) at a temperature
45 of 130°C and a relative humidity of 85% under a bias voltage of 15 V, and the time required for the cumulative
failure rate to reach 50% was measured.

As seen from the results shown in Table 6, the epoxy resin composition of the present invention (runs 1
to 3) has excellent moldability characteristics such as spiral flow, formation of resin flash and hot hardness,
and a high reliability. In runs 1 and 2, in which the organic phosphine compound (G) is incorporated, the reli-

50  ability is especially excellent.

In contrast, if the secondary amino group-containing silane coupling agent (D) of the present invention is

not incorporated (comparative runs 1 to 3) the moldability and reliability are poor.



In view of the noldability and reliability, preferably the silane coupling
agent (D) is Incorporated In an a[ﬁ}% 2@ .1 to 5 parts by weight, nore
preferably 0.2 to 3 parts by weight, i) d ,refer‘ably 0.3 to 1.5 parts by
wei ght, per 100 parts by wei-ght of the filler. A silane coupling agent such
as an epoxysilane or nercapto- silane can be used in conbigation with the
si~ane coupling agent (D) according to need. 55 From £he vi ewpoi nt of
the reliability, eferably thefiller (C) is firstsurface-{reated with the
si |l ane coupl ing3pgent (D) or other salane coupling agent s8ch as an
epoxys i ane or aptosilane. To inprove tihe sol der dippigpg stability, an
aromati c vinyl %3 ocar bon- congﬂugated ¢ enewbl ock copol ymeg (E) can be
further added tQ,) e corrp65| ti@n ofet hes present enventl on.~The aromatic

vi nyl hydrocar b&ggonj u- 4 EP 0 384 707 Bl gated diene Bl ock copol ymer
(E) ingludes a Igppar, parabolic or branched bl ock copol yn&r conprising

bl ocks of an ar i c vinyl hydrocarbon pol ymer having a gass transition
tenperature of at teast [err], preferably at least [err], @nd blocks of a
conj ugat ed di ene polyner having a glass transition tenper akure not hi gher
than [err], preferhbly not higher thanglgrr]. 5 As th® aromatic vi nyl
hydr ocar bon, theref can be nentioned sty@ne, [err]-nethyl stgyrene

o-met hyl styrene, pgnethylstyrene, 1,3-@nethylstyrene, and®

vi nyl napht hal ene, n@ of these conmpoundse styrene is prefemably used. As
the conjugated diehed there cag be rrenlg‘gned but adi ene (1, 5‘ but adi ene),

i soprene (2-nethyl} 183-bug tadgene) mgﬁyl i soprene

(2, 3-d®net hyl -1, 3- adl ene) :Bd 1,3-p adi ene, and of thge conj ugat ed
di\_e/.nes, 10 but adi andul sop ene ar eé%ef erably used. Thé& proportion of
t he bl ocks of the @natl'g, ~hydro&®Pbon, which are blgcks of the glass

phase, in the bl ock &opol$ner f’@ is p@egerabl y 10 to 50% §y wei ght, and
t he prgportlon of hg-blo S othe com'ggated di ene pol yni , Which are
bl ocks™ of the r uBber gphas i's ref era 90 to 50% by wei ght . ny
conbi nati onsgof Bh &j

of ale gl asesAhase and the bl ocks of &he rubber
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ed to both ends of the Internediate b
used. In this case, the nunber ave
gl ass phase is preferably 5,000 to
60, 000, and the nunber average nol ecu
phase is preferably 10,000 to 300, 000,
20~ The aromatic vinyl hydrodarbon
can be prepared by the known li®ng a
preparation thereof is not |initeéd to
ly, the® aromatic vinyl hydrocar l@g‘_’p&go
al so can be prepared by the cati

pol ymeri zati on process. The aro e

bl ock copolynmer (E) also include® $8
by redygi ng parts of unsaturated fog
copol ymer by hydro- genation. |nathf
aromati ¢ doubl e bonds of the bId&E?E
pol ymer is hydrogenated, and at }:lpgait‘
bl ocks of the conjugated diene p@
of themromatic vinyl hydrocarboh<cBny
a poly- 30
pol ystyrene/ pol yi soprene/ pol ystyrene t
hydr ogenat ed copol ymer of SBS ( SEBS),

O these, a hydrogenated copolyﬁéﬁ(ﬁ

copol y#er of SIS are nore prefergife i
a nt of the aromatic vinyl hyd_gggrt
(E?yincorporated is pre- 358 fergify

Lt

st yrene/ pol ybut adi ene/ pol ystyrene bl ock copol ynmer (SBS),

ock of the rubber phase is preferably

ul ar wei ght of the block of the

nore preferably 7,000 to

arwei ght of the block of the rubber
nore preferably 30,000 to 150, 000.
conj ugat ed di ene bl ock copol yner (E)
ionic polymerization process, but the

this polynerization process. Name-

j ugat ed di ene bl ock copol yner (E)

ol yneri zation process and the radical
i nyl Bydgocag bog- conj ugat ed di ene

drdgertat & M ocR 25 copol yner forned
of the above-nentioned bl ock

case, preferably not nore than 25% of
the aromatic vinyl hydrocarbon

80% of al i phatic doubl e bonds of the
i s hydrogenated. Preferred exanples

ugat ed di ene bl ock copolyner (E) are

a

ri bl ock copolyner (SIS), a

and a hydrogenated copol yner of SIS

SBS (SEBS) and a hydrogenat ed

to 4% by wei ght based oMyt total
reduce fhe stress and t @i g ove§tihe 2
(F) can be further addedt oglt he &
nodif led silicone oil ) ed g

or ganopol ysi | oxane structur AsE D@
ment i oned conpounds represented E%g

[err] 1 [err]
functi onal

having 1 to 20 carbon atons, a phqpyl

i ndependently repPed®

ceif i ¢ 40

group selected fromthe group consisting of an al kyl

iln view of the heat resistance. The
on- conj ugat ed di ene bl ock copol yner
.2 to 5% by weight, nore preferably 1

Jgh® of t® r@si® conpo- sition. To
eliability, a nodified silicone oi
ition of the present invention. The
present |nvention has an

exanpl es, there can be
following formula (V): [err] wherein
a hydrogen atom at |east one

group
group and a vinyl group, X and
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50 Y represent at |east one functional group selected fromthe group

- ¢onsi sting of an al kyl group hawE'g 4399729 carbon atons, a phenyl group, a
vi nyl group, a hydroxyl group, ‘an %1no group, ‘an epoxy group, a carboxyl
group, a mercapto group, a polyoxyal kyl ene group, an al koxy group and a
fluorine atom w th the proviso thatpapigag be a hydrogen atom and mis an
Inaveger of at least 1 and nis 0 or an Integer of at least 1. To reduce the
' ' nodi fied silicone oi

(F) is incorporated in 55 an anmount of 0.01 to 5% by wei ght, nore
preferfably 0.1 te=S3%ty-—wergtt—ToStpreferangty 0.3 10 T%‘BV"mei ght. In the
present invention, a curing catalyst caﬁtS@ ® for pronoting the curing
reacti on betwee St n The curing agent (B), and any
conpound capabl e of pronoti e curlng reacti on can be used In the
presenj invention wxhout Il.w- %ﬂﬂ S3i(0CHgNgre can be used

| m dazol e conpounds such as 84 707 B1 nethyllnldazole

2- 4-di met hyl i m dazol e, 2-ethyl-4- neth | i m dazol e, ?nyllnldazole
2- phenyl - 4- met hyl i -IHi dazol §;n§ﬁ§q§195¢QEjs %5%@ tertiary anine
conmpounds such as trlethylanlne nz
[ err] et hyl benzyl 8%Fet hyl a eﬁmmm phenol ,
2,4,6-tris(di nmet hyl am nonet hy ) henol and
1, 8-di azabi cycl o(5, 4, 0) undecene=7, organic netal conpounds such as
Z|rcon|un1tetra n et T apr OPOX! de,
tetraki s(acetyl acetonate)zirconiumand tri (acetyl acetonate)al um num and
or gani®¢ phosphi ne conmpounds (G such as triphenyl phosphi ne,
trimet hyl phosphi ne, triethyiphosphine, tributyl phosphine, tri(p-

hyl phenyl ) phosphi ne and tri (nonyl phenyl ) phosphi ne. From the vi ewpoi nt of
the noi sture resistance, an or-. gani c phosphi ne conpound (G is preferably
used, and triphenyl phosphine Is nore preferably used. A m xture of two or
nore & these curing catal ysts can be used according to need. Preferably,
the curing 10 catalyst is incorporated in an anmount of 0.1 to 10 parts by
wei ght per 100 parts by weight of the epoxy resin (A). A hal ogen conpound
such as a hal ogenat ed epoxy resin, a flame retardant such as phosphorus
com ppunds, a flane retardant assistant such as antinony trioxide, a
col orant such as carbon black or Iron oxide, an el astoner other than the
above-nenti oned aromatic vinyl hydrocarbon-conjugated di ene bl ock copol yner
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to 3) has excellent noldability characteristics such as spiral flow,
formation of resin flash and hot qj&g ndahighreliability. In runs
1 and 2, in which the organic phol';%il co?‘rpound (G is incorporated, the
reli- 50 ability is especially excellent In contrast, if the secondary
am no gr oMMt ai ni ng sil ane coupling agent (D) of the present invention
i s~hot |ncorporated f] nparative runs to 3) the nol dabl|lt and
reliabili t 'éﬁ' %mn’;%'%ﬁo‘b@;%% :gt‘ﬁ‘:gi“p ’@raF “;(22 ShEF“ | Tﬂ%’ U‘P'egﬁén ‘é‘?‘r ]
gg 50 8 5 minutes by usingqgaI;ixmg roll having aqsu %e tem ain £°C then oool and
pulverized to prepare an epoxy resin composition.

The moldability characteristics such as formation of resin flash and hot hardness of the obtained compo-
sition were evaluated. Furthermore, a device having test elements was molded, encapsulated, and post-cured,
and the reliability and solder dipping stability were evaluated.

10 The solder dipping stability was evaluated by post-curing a 44-pin QFP having encapsulated test elements
for 5 hours, humidifying the QFP at a temperature of 65°C and a relative humidity of 95% for 24 hours, dipping
the QFP in a solder bath maintained at 245°C for 5 seconds, and determining the ratio (%) of QFP at which
cracking did not oceur.

: The results are shown in Table 7.

15 As seen from the results shown in Table 7, the epoxy resin composition containing 75 to 90% by weight
of the filler (C) comprising the specific fused silica according to the present invention (runs 4 and 6 to 8) has
an excellent moldability, reliability, and solder dipping stability.
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The results are shown in Table 7. As seen fromthe results shown in
Table 7, the epoxy resin corrp05|t|£y1q13§a§367a# ing 75 to 90% by weight of the
filler (C) conprising the specific i ca accordi ng to the present
invention (runs 4 and 6 to 8) has an excellent noldability, reliability,
and sol deExempiad ng stability. 20 25 30 35 40 45 50 55 [err] EP 0 384 707
Blv[err] EP 0 384 707 Bl Exanpl e 3 Using fused silica (1) shown in Table
2, a sil aﬁgm%?l}sown B';:a wryin b'g np PP"HQEF@"Q')SWGI"JWR)T?;;';‘%%%';; ﬁl'@g};te

0i | (F) s Gﬂé‘)ﬁ"‘ i 0s
shown ?i;' °§gﬂ P#"mwrusmﬂm@“m aa‘wags é’&?@ﬂ"’gh

cneaded ch’P’" i [

e e ﬁ%""w'gﬁ%ﬁ}% it

resin corrp‘% iQtﬂ:i dnéh

obt ai ngd t&ﬂlﬁn:(ﬁgt éﬂﬂd%ﬂ&r&aﬁ Iﬁéﬂ was evaluated The rgg:r:?s :re shown in
Table 8.

From the resuits shown in Table 8, it is seen that the epoxy resin composition comprising the modified
silicone oil (F) according to the present invention (Run No. 10 to No. 13) has an excellent moldability, and a
reliability further improved. Moreover, the flexural modulus of elasticity is reduced and a reduction of stress

15  Is obtained.
Zable 4
Modified silicone oil
20
w
Modified
silicone Content
2% oil (F)
I Carboxylic acidemodified silicone oil,
SF8418 supplied by Toray Silicone
30 II Epoxy-modified silicone oil, X-60-164
supplied by Shinetsu Silicone
, I1I Silicone oil having both terminals
modified with amino groups, X~-22-161A
35 supplied by Shinetsu Silicone
v S8ilicone oil haviag both terminals
modified with carboxylic acid, BY15-750
supplied by Toray Silicone
. . 40
-/
45
50
&5

13



| ow-pressure transfer nolding nmethod, a flexural

test piece was nol ded and

post-cured and the flexural nod- 1}’?84%15* asticity thereof was neasured
according to ASTM D- 790, and furthel] a device having encapsul ated 10 test
el ements was nol ded and post-cured and the reliability thereof was
eval uated. The results are shown in Table; 8. Fromthe resulfs shown in
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EP 0 384 707 Bl [err] EP 0 384 707 Bl Exanple 4 Using fused silica shown
in Table 2 and a silane coupling in Table 3, dry bl endi ng was
carried out at the mxing ratios §ﬂ§§h7§99¥2bles 5 and 9, and the blend was
treated in the sane manner as described 5 in Exanple 1 to obtain an epoxy
resin conp@®Plefon, and the noldability, reliability and solder dipping
Stdability thereof were evaluated. The results are shown in ﬁ%W?
e

present ex a l‘gef“sef’ ﬁ'@ "b"e'EP'e %5'% gnp F@"E’ll‘a‘l"u%}'f"ﬁ'ﬂ 3596’(:'8?"81"%?”
t at

fol l owin Imﬁ*' §fﬁﬁﬂg ﬂ%
[err] & orthT?)ofwereev 'g:%p?’l‘lessl"&'g‘ﬁ? ‘l Wiy U BPLSPre S
Har dness) e&n r and t he
hot har dnesd # S eva 2 g"iél'f %IBEJOMEBES“ %@Ifoﬁlgﬁ%g%sul at ed
t est eleWE&hﬁo ﬂ and post-cured at [err] for 5 hours. This 20
devi c su Jected t 0 "'USPCBT (unsaturated pressure cooker bias test) at a
t enper at ur € vaibing whd darrigdsht & 1erbasrlsueeommsu the/foffatiéiRYeedin fiSdh was BisBved/ Ol t age of
15 V, and the tinme required for the cunulative failure rate to reach 50%
was nmeasyieHardnédd) der Di pping Stability) 25 A 44- P|n QFP havi ng
encapsulated el enents was post-cured at [err] for 5 hours, humdified at a
tem per at umMeldiag wasssafribd 6ub st 1A5°Cddra20 s6€onds) ahdthé ot hdrdridsdwds evaliatddhour s and
di pped in a solder bath maintained . at 2600C

(Reliability)

A 186-Pin DIP having encapsulated test elements was molded and post-cured at 175°C for § hours. This

20 device was subjected to USPCBT (unsaturated pressure cooker bias test) at a temperature of 135°C and a

,‘ relative humidity of 85% under a bias voitage of 15 V, and the time required for the cumulative failure rate to
~— reach 50% was measured.

(Solder Dipping Stability)

A 44-Pin QFP having encapsulated elements was post-cured at 175°C for 5 hours, humidified at a tem-
perature of 85°C and a relative humidity of 85% for 50 hours and dipped in a solder bath maintained at 260°C
for 10 seconds, and the ratio (%) of QFP at which cracking did not occur was determined.

The results are shown in Table 9. _

30 As seen from the results shown in Table 9, the epoxy resin composition of the present invention (runs 14
to 17) has excellent moldability characteristics such as a formation of resin flash and hot hardness, and reli-
ability. If the epoxy resin | (biphenyl type epoxy resin) is incorporated, even under such severe conditions as
a 10 second dip in a solder bath maintained at 260°C after 50 hours’ humidification at a temperature of 85°C
and a relative humidity of 85%, the solder dipping stability is 40% or higher and is very good.

35 In contrast, where the secondary amino group-containing silane coupling agent (D) of the presentinvention
is not incorporated (comparative run 4), the moldability and reliability are poor.
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for 10 seconds, and the ratio (% of QFP at which cracking did not occur
was determ ned. The results are s h?o le 9. 30 As seen fromthe
results shown in Table 9, the epoxy resin conposition of the present
invention (runs 14 to 17) has excellent noldability characteristics such as
a formation of resin ash and hotghardness, and reli- ability. If the
epoxy resin | (biphﬁhg type epoxy®resin) is incorporated, even under such
severe conditions a 10 second dgp in a solder bath maintained at [err]
after 50 hours' hummdefication at tenperat ueg Of W errfgand a rel ative
huni di fy of 85% thg SHd&r diPpi ng§stahsli &y wp 40% or K gher and is very

good. 35 I n con§r t, where th® secondary amni no group-containing silane
coupling agent (D) he present @®nvention is not i ncorporated
(conparative run 4)+ e nol dabili®y and reliability are poor. 40 45 50 55
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40 45 50 55 EP 0384 707 Bl [err] 5 15 Cains 1. A

sem conduct or-encapsul ati ng epoxy ' osi.tion conprising (A an epoxy
resin conprising a bi- phenyl typeépgozégggl&lﬁgégi n having a skel eton conponent
‘represented by the following fornmula (1). 5 [err] 10 15 wherein
[err] to [ExampeHre each, independently of one another, a hydrogen atom a
hover al kyl Lgjroup having 1 to 4 carbon atoms or a ha o en at

curing agent sh'séz%sivw(géhwamﬁ' aas" 3%39? n@ast

one ami I’lO

2. A séni 8 a\}i n ?%z?:xa%nergs Mz'g l al m
1, wherei "fan epmﬁ reji,t-, §$i° wf I res n CO abn@[t ty ahicP sl 8r pgpn stabllltéwere or

sem condugt G caps accor

2, wher ei nve[ hd {mq,r scaglgg‘; rdsd éioM: foyc m_ the anmount of the
filler,(C ||ﬁtz ref&ht gﬁrﬁb thé’\fﬁ& Fﬁ@ﬁs thé?ﬁinL&c@ArdiWﬁ@'following methods.

(Reliability)

An 80-Pin QFP having encapsulated test elements was molded and post-cured at 175°C for 5 hours. This
15 QFP was subjected to USPCBT (unsaturated pressure cooker test) at a temperature of 130°C and a relative
humidity of 85% under a bias voltage of 10V, and the time required for the cumulative failure rate to reach 50%

was measured.

(Solder Dipping Stability)

: An 80-Pin QFP having encapsulated test elements was molded and post-cured at 175°C for 5 hours, hu-
o midified at a temperature of 85°C and a relative humidity of 86% for 50 hours and dipped in a solder bath main-
tained at 250°C for 10 seconds, and the ratio (%) of QFP at which cracking did not occur was evaluated.
The results are shown in Table 10.
25 As seen from the results shown in Table 10, the epoxy resin composition of the present invention (runs
18 and 19) has a high hot hardness and excellent moldability and reliability, and if the aromatic vinyl hydro-
carbon-conjugated diene block copolymer (E) is incorporated, the solder dipping stability is improved.
In contrast, where the secondary amino group-containing silane coupling agent (D) of the present invention
is not incorporated (comparative run 5), the reliability is only 430 hours even under relatively mild conditions
30  of a temperature of 130°C, a relative humidity of 85% and a bias voltage of 10 V, and the reliability is poor.

18



25 sition.

4. A sem conductor-encapsul ati ng

epoxy resin conposition

according to claim3, wherein thegg%ﬁgerﬁhhica,conprises 40 to 90% by

wei ght of (C ) crushed fused sil
| arger than 12 pmand 10 to 60% by wei ght of (C') spherical

havi ng an average particl e} di aneter 30

sem conduct or - encapsul atin

bieceding claim wherein the

coupling agent (D) is N ph
sem cofduct or - encapsul atin
preceding claim which fur
hydr ocar bon- conj ugat ed di e
sem conduct or - encapsul atin

precedjng claim which furg

A sem conduct or - encapsul at

preceding claim which furg

45 Patentanspriche 1. Ha
wel che unfaft (A) ein Epox
m t ei ngr G undger ust konpone
gestellt wird 50 65 20
worin RL bis R8 jeweils un
ni edere Al kyi gruppe

20

ample 5

able 10

esults o

JFEIGAEIG FbuTry, 2

DOXY T

~

Composition

DOXY I esi @ conp
beconday
- 3- anThi§ vpy! t
hoXy I &8

conprises (E)

bl ock Q@ yner.
'8 Conpo

conpw B&S (F)

epoxy resin co

cQripesy(Q
t&rgvel kaBsel n
, =w0@s 51 NgEDOX
t,ldi rc
L sﬁ
\ng§g§v01ei§dﬁde’
St -~
§§ X8
2 |83z
U‘s.
. |35
L0
&% ®
bo !
g‘ﬁh
-4 38‘
O = oM
Evaﬂ 0 -
228
wf O O -
[7 T o
I’
v 8
wd &
e .5 |E3x
"88.5 2
3 3=
a3 8
o
28
25| &
|- 2R "]
Q S

19

not | arger thag
Zhgi no
conpo

yher z
hf ol gende For

weight) weight)

weight)

weight)

ition accor(
rgUP=CORY ai I
i Ret Roxysi |
ition accorg
n aromati ¢ \
e Ao o
i Ri o a&oro

nodi fi ed si
osition accd
n organi ¢ ph
e Epoxyhar zZ
mgBi ph

'R5

Ng an average particle dianeter not

fused silica

n 40 [err]. 5 A
ing to any

ing silane

ne. 35 6. A

ing to any

i nyl

ing to any
l'icone oil.
rding to any
osphi ne conpound.
usanmenset zung,
enyl typ

mel (1) dar-

8 R2 10

40 8.

ein Wasserstoffatom eine

a .o o

- [ ] L]
-~ - -
~ ~ P~
wr (1] L 4]

. . .
N N N
~ ~ o

0.5
1.0
0.5

-t [ [

[ o]

3 " vy
L]

~N ™~ ™~

e -] B

' e

EE B

Comparative
run 5

Run 18
Run 19




mt | bis 4 Kohlenstoffatonen oder ein Hal ogenatom sind, (B) einenHarter,

(© elnen FAQlstoff und (D) sin Si gsmttel p ' :

el ner Am nogruppe, wobel die oder jé%g%kg ruppe ei nmmmm‘mmmruppe
ist. 15 2. Hal bl eiterverkapsel nde Epoxyharzzusamensetzuhg naeh Anspruch
1; wobel demimsarter (B) ein Phenol - Novol akharz Ist. 3. Halblelter
verkapsel nde Epoxyharzzusammrenset zung nach Anspruch 1 oder 2, wobei der

Ff 0i | st of f1-( ¢)sepisonductor-epeapsyiating,erewifesin agmpesition cAMPESING{A) AteRPY reiRgomprising s by e
des Fui | | st ofPheny|tyne epaxyjsgsin hayingg kpleton Somponeatrentesented hydhe following fopmyla ().
Zusammehset zung betragt. 4. Hal bleiter verkapsel nde
Epoxyharzzusamrensetzq(ig nagﬁ Ansprgﬁch 3nzwobei das verschnol zene Sili -
ciundioxid 40 bis 90 Gy -% (C ) zerkl eiynertes verschnol zenes
Sillciumdlioxid mt eingmyurchschni 1%y 25 chen

Parti kgjdur chmesservor TENT al S pmm- und 10 bis 60 Geyv.-% (C')
kugel f 8rm gesver schnol - es Siliclymonoxid mt einemdurchschnittlichen
Parti kel dur chnesser vor i cht gnmehr s 40 _ptmunfaSt. 5. Halbleiter

ver kapsei nde Epoxyhar Zzusanttenset zuhg naBh ei nem der vorstshenden
Ansprfiche, wobei das sekundare Am nogruppen enthal t ende

Si | ankappl ungsm wherbin RDjo Re-akdeathy, lindepeadenthodd longoatother, aByjdiogen atdh), a lower allys igloag)

i st. 6. Hal blhavibgetto @ carbgnatimadea kalogernydtam,z zusanmenset zung nach el nem der

vor st ohenden (Bresqurigcdgent, () & filenand\) aisilang doypliag ageBl havikgas teabtyone amipeigroup, the or

ar omat i schememtheamjriolgrdub beingesseeandarp dhikegroupgi ert em Di en unfaPAt. 35 7.

Hal bl ei ter ver kapsel nde Epoxyharzzusammenset zung nach ei nom der

vor st siendeen ARemisengueiereneapeulating epgxyiTeRimgompsitien accprding iPiclaimet, whereisthe curing ggent
unfait. 8. HAPHs®pheaql-nouelakeepia.ol nde Epoxyhar zzusammenset zung nach el nem der
vor st ehenden Anspr~che, die au- Berdem (G _eine qQrgani sche .
Phosphi vk bimﬂﬁgjﬂ?ﬁ’?ﬁaﬁ“ﬁ&mg?w,f"%%ﬁ; RS L 2o ey
d' encapsul at i‘Ei'Hp'B paed silicaand the smeHTERr B fller ARs ‘3t Ryaye Qathede pos
epoxyd corrprs nt une resine epoxyde de type bi phdnyl e ayant un conposant

de squel etf e J GRlcGmGRbrentbudify dpdky Tedifcompdsiio bdBiing toclaim 3, wHerin the fused silicd®
a2 comprises 40 to 90% by weight of {C') crushed fused silica having an average particle diameter not larger
than 12 pm and 10 to 60% by weight of (C") spherical fused silica having an average particle diameter

30 not larger than 40 um.

5. Asemiconductor-encapsulating epoxy resin composition according to any preceding claim, wherein the
secondary amino group-containing silane coupling agent (D) is N-phenyl-3-aminopropyltrimethoxysilane.

35 6. Asemiconductor-encapsulating epoxy resin composition according to any preceding claim, which further
comprises (E) an aromatic vinyl hydrocarbon-conjugated diene block copolymer.

7. Asemiconductor-encapsulating epoxy resin composition according to any preceding claim, which further
comprises (F) a modified silicone oll.

\/I' 8. Asemiconductor-encapsulating epoxy resin composition according to any preceding claim, which further
comprises (G) an organic phosphine compound.
45 Patentanspriiche
1. Halbleiter verkapselnde Epoxyharzzusammensetzung, welche umfalt (A) ein Epoxyharz, das ein

Epoxyharz vom Biphenyltyp mit einer Grundgeriistkomponente umfaBt, die durch folgende Formel (l) dar-
gestellt wird }
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6s3 . R6 R7 R4 o0 RI A R8 sont chacun, ind~pendamment les
uns des autres, un atone d' hydroge ups. 21 EP 0 384 707 Bl

|1 11111 11111 Il 1111 *C Ef“@n”g?ﬁyde i nferieur Blﬂl“ mm"
atones de carbons ou un atone d haI ogene, (B) un agent de

uhe, charge et (D) un agent de pontage si hane ayant au noi ns un groups
anino, le ou chaque ﬂloupsa%m' no qsgnt RM™ group. am no secondaire. 5 2.
Conposi tion de resine\6poxyde d' enogpsyl ati on pour un seni-conducteur,

selon | a revendicatio ob I'agen d§\ durci ssenent (B) est une resins
phénol “hovol aque. =S ne 6poxyde d'encagsmy ati on pour un
sem - conduct our sel on 1 ou 2, ob la charge (C) conprend de
la silica fondue et lg p &)rtlon | & qharge (C) est de 73 A 90 %en

pol ds 10 rel ati vBTrent | a corﬁposmﬁon totals. 4. Conposition de resine
epoxydg, d' encapsul ati on pour un sem -conducteur selon |a revendication 3,
ob Ia silica fondufh RakXHsgsbisihatilngy RReilands oRONalserélSitatom, bine AlGieternighine

f ondue br oy eeniBysi e Kollenstdraiambri Gierdhydlogeftonsiid] | cul es ne depassant pas 12
ism et 10 a (B ein¥n Birten () dmercRalidtdfiiind (D) 6in SHankdpblukysmittel itituiindegiéns einerAinoyrappe, 16
un di anetre e die dds jep@Ahinriippseineseklingine Amindgryppsistl0 Pm 5. Corrposition de
r osi ns 1gpoxyde d' encapsul ati on pour un sem -conduct bur selon |'une

quel conque. detalbleiter verkapshinda Epasylerzzussvdensatzeng nachiAnsprigl &wobed der Parter Giyein Bhenetne
cont bnant un Wpaﬂl!m no secondaire (D) eat le

N- ph6nyl - 3- am no rinbt hoxy5| | ane. 20 6. Conposition de resins bpoxyde
d' encapsul®t I"l?ﬁ'e&u?’x‘ij’ﬁel%d@ Frysammgpsetzungyiach Apppraicty 1 edeg g dercFiilistoff (C)
vendi c&%i ons VPEEES %ﬂ?fﬁ@c:;(‘ftﬁ‘“& tr“éﬁﬂeﬂé"gﬁl"&%':“{'ﬁi‘)ffs 7381880 Femeradl dsfiatit o
di_hydr ocar bur"é’”?‘?‘i’}’?'ﬁﬁ'ﬁ’é“ gtdi ene COI’IJ ugue 25 7. Oorrposition de

r 3:: ggn65 ei( éz-glbg ?Ogrﬁg%selllndg poXyl rlh C)leramllJr\enserung nac ‘éEch wo el J;s verscﬂmolzene Sili-
q q <iumidioxid 40 bis 90 Gew.-% (C’) zerkleinertes verschmolzenes Siliciumdioxid mit einem durchschnittii-

25 chen Partikeldurchmesser von nicht mehrals 12 pm und 10 bis 60 Gew.-% (C") kugelférmiges verschmol-
zenes Siliciumdioxid mit einem durchschnittiichen Partikeldurchmesser von nicht mehr als 40 um umfagt.

5. Halbleiter verkapseinde Epoxyharzzusammensetzung nach einem der vorstehenden Anspriiche, wobei
das sekundére Aminogruppen enthaltende Silankopplungsmitte! (D) N-Phenyl-3-aminopropyltrimethox-
30 ysilan ist.

6. Halbleiter verkapseinde Epoxyharzzusammensetzung nach einem der vorstehenden Anspriiche, die au-
Rerdem (E) ein Blockcopolymer aus aromatischem Phenylkohlenwasserstoffkonjugiertem Dien umfaRt.

85 7. Halbleiter verkapseinde Epoxyharzzusammensetzung nach einem der vorstehenden Anspriiche, die au-
Berdem (F) ein modifiziertes Silicond! umfagt.

8. Halbleiter verkapseinde Epoxyharzzusammensetzung nach einem der vorstehenden Anspriiche, die au-
Rerdem (G) eine organische Phosphinverbindung umfagt.

Revendications

1. Composition de résine époxyde d’ehcapsulation pour un semi-conducteur comprenant (A) une résine

45 époxyde comprenant une résine époxyde de type biphényle ayant un composant de squelette représenté
par la formule (I) suivante :

1. .5 8 2
o S R R
>/ &
. \/"—'( (1)
6 r? g¢

55 R3

oll R & R8 sont chacun, indépendamment les uns des autres, un atome d’hydrogéne, un groupe
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sem - conduct bur selon |'une quel conque des-re- vendi cati ons [er
conprend de plus (G une phosphine organique. 30 35 40 45 50 55 22
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alkyde inférieur ayant 1 & 4 atomes de carbone ou un atome d’halogéne, :
(B) un agent de durcissement, (C) une charge et (D) un agentde pontage silane ayant au moins un groupe
amino, le ou chaque groupe amino étant un groupe amino secondaire.

Composition de résine époxyde d’encapsulation pour un semi-conducteur, selon la revendication 1, ot
I'agent de durcissement (B) est une résine phénol-novolaque.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon la revendication 1 ou 2,
oil la charge (C) comprend de la silice fondue et la proportion de la charge (C) est de 73 4 90 % en polds
relativement & la composition totale.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon la revendication 3, ot la
silice fondue comprend de 40 & 90 % en poids de (C'), de la silice fondue broyée ayant un diamétre moyen
des particules ne dépassant pas 12 um, et 10 & 60 % en poids de (C"), de la silice fondue sphérique ayant
un diamétre moyen des particules ne dépassant pas 40 um.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon I'une quelconque des re-
vendications précédentes, ol 'agent de pontage silane contenant un groupe amino secondaire (D) est
le N-phényl-3-aminopropylitriméthoxysilane.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon I'une quelconque des re-
vendications précédentes, qui comprend de plus (E) un copolymére séquencé d’hydrocarbure vinylique
aromatique-diéne conjugué.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon I'une quelconque des re-
vendications précédentes, qui comprend de plus (F) une huile silicone modifiée.

Composition de résine époxyde d’encapsulation pour un semi-conducteur selon I'une queiconque des re-
vendications précédentes, qui comprend de plus (@) une phosphine organique.



