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BACKGROUND OF THE INVENTION

~ This invention relates to a polyphenylene sulfide

resin composition, and to a resin-encapsulated semicon-

ductor device manufactured by making use of the

'polyphenylene sulfide resin composition.

Almost all kinds of resin-encapsulated semiconduc-
tor de?ices are now sealed by making use of a transfer
molding method. According to the transfer molding
method, an uncured resin tablet such as epoxy resin
molding material consisting mainly of époxy resin
containing phenol novolak resin as a curing agent and a

filler is heated to melt at first, and then the

-resultant melt is poured into a mold by making use of a

. transfer molding machine, thereby allowing the melt to

be cured under a high temperature and high pressure
condition, thus obtaining a resin-encapsulated semicon-

ductor device where a. semiconductor chip mounted on a

“lead frame for instance is sealed with a resin composi-

tion. The resin-encapsulated semiconductor device

manufactured in this manner is excellent in reliability

because the semiconductor chip is compietely sealed and

also excellent in the outer appearance thereof as a |
package because it.is densely molded by making use of a

mold. In addition to this transfer molding method,



tion. The resin-encapsul ated sem conductor device manufactured in this
manner is excellent in reliability because the sem conductor chip is

conpl etely seal ed and 25 al so excellent in the outer appearance thereof
as a package because it is densely nolded by naking use of a nold. In
addition to this transfer nol ding nethod, - 2 - there are known an

I njection nol ding nethod enpl oying a thernngla§tig resin-and a potting

met hod enploying a liquid sealing resin, which“are now actually enployed in
t he manufacture of a resin-encapsul ated sem conduc- 5 tor devi ce.
Meanwhile, in a recent trend to enlarge the di nension of a sem conductor

chip in conpliance thdde alrd Nedi@asidry imjfegriain aw ldbins) e tHod empowlind od
device, the requisites denanded of a resin to be enployed for 10
encapsul ati ng a sentlmethpcliat ide wesei rh amndec ot tiney ewesihogl \engebasy Eng Thoer e
are al so demands for a devel opment of material which is pollution-free or
liquid sealing resin, which are now actually employed
in the manufacture of a resin-encapsulated semiconduc-
5 tor device.

Meanwhile, in a recent trend to enlarge the
dimension of a semiconductor chip in compliance with an-
increasing integration density of semiconductor device,
the requisites demanded of a resin to be employed for

1O encapsulating a semiconductor device has become
increasingly severe. There are also demands for a
development of material which is pollution-free or
unharmful to environments and suited for improving the
productivity of a resin-encapsulated semiconductor

15 device, and for a development of a molding.method which
is capable of minimizihg the production of useless
portions such as cull and .runner. Furthermore, there
~are also demands for a development of a recyélable
sealing material, or for a development of a sealing

20 material which is excellent in storage stability.

Generally, an epoxy rééin—based sealing'material
contains as a flame retardant a hélogen compound or
antimony'trioxide. Furthermore, the ordinary epoxy
resin~-based sealing material also contains é large

25 amoﬁnt of a curing agent with a view of improving the
productivity thereof. However, due to the inclusion of

these additives, the ordinary epoxy resin is poor in



unharnful to environnents and suited for inproving the productivity of a
resi n-encapsul at ed sem conductor 15 device, and for a devel opnent of a
nol di ng met hod which is capable of m nimzing the production of usel ess
portions such as cull and runner. Furthernore, there are al so demands for a
devel opment of a recyclable sealing material, or for a devel opnment of a
seal ing 20 material which is excellent in gtorage stability. Generally,
an epoxy resin-based sealing material contains”as™a flanme retardant a

hal ogen conpound or antinony trioxide. Furthernore, the ordinary epoxy
resin-based sealing material also contains a |arge 25 amount of a

curing agent wth as¥eyOfstAPIPVEPI tendd ogvetaddividnes e - £ Hawever,
due to the inclusion of these additives, the ordinary epoxy resin is poor
in - 3 - storagerstaadnt Ysush nee hdbogesldli d ompowid aid |eoe ded trgloné such
as hal ogen conpound is not desirable because of the reason as nenti oned
above, it is now because of the reason as mentioned above, it is now
studied to develop an epoxy resin-based sealing
5  material where these materials would be incorporated iﬁ
a lesser amount of would not be incorporated at all, or
to dévelop a latent catalyst which is excellent in
stofage stability. |

In order to ensure the flame retardency of epoxy

10 resin-based sealing material without incorporating a
flame retardant,.the content of a filler may be
required to be increased. Under the circumstances, it
has been studied to find out a filler exhibiting an
excellent fluidity or a resin of low viscosity.

15 However, most of these attempts have failed to put them
into practical use, since the employment of such a
filler or resin would lead to a deterioration of
moldability. Accordingly, it has become difficult to
émploy an epoxy resin-based sealing material while

20 meeting the aforementioned severe demands of today.

On the other hand, the employment of thermoplastic
resin sﬁch as PPS (polyphenylene sulfide) resin and
liquid crystal polymer is now studied. Although these
thermoplastic resins are excellent in storage stability

25 and flame retardency, the ﬁiscosity thereof is rela-

tively high, so that various problems would be raised

when these thermoplastic resins are employed for



studied to devel op an epoxy resin-based sealing 5 mat eri al where these
materials would be incorporated in a | esser anobunt or woul d not be

i ncorporated at all, or to develop a |atent catalyst which is excellent in
storage stability. In-order to ensure the flanme retardency of epoxy 10
resi n-based sealing material w thout incorporating a flame retardant, the
content of a filler may be required to be incyeased. Under the
circunstances, it has been studied to find out a filler exhibiting an-
excellent fluidity or a resin of |low viscosity. 15 However, nost of
these attenpts have failed to put theminto practical use, since the

enpl oyment of .Sucenaaﬁg{lhsiiﬁﬁ heskhivenddctead e emanet egpecatfienlaly,
mol dabi lity. Accordingly, it has becone difficult to enploy an epoxy
resin-based seal i BgnARhGr wake¥hinkg Be exceldiiely HeEoamedesontthaned severe
demands of today. On the other hand, the enploynent of thernoplastic resin
such as PPS (pol yphenghenenssuthdeps wesdiislacdtlioguod bdegsmaly bel yemseids now
studi ed. Al though these thernoplastic resins are excellent in storage
stability 25 Modeblany séhaedthege tthermopdesitiy trhediesf are pelox- in
5 adhesivity to a metal member to be encapsulated, such
as a 42 alloy frame, a Cu frame or a semiconductor chip,
it has been difficult to manufacture a semiconductor
device having a sufficient moisture resistance. 1In
particular, when the encapsulation of a semiconductor
10 device.is performed by making use of a PPS resin, the
resultant encapsulated semiconductor device may become
" poor in ductility thus making it fragile, so that it is
impossible to obtain a sufficient strength and tough-
ness which are desired of a resin composition for
15 ‘encapsulating a semiconductor element. 1In an attempt
to overcome this problem, the employment of a PPS resin
which is low in molecular weight and in viscosity, and
contains a large amount of a filler is now studied.
However, sincé this sealing resin is low in molecular
20 weight, it would.be'impossible to obtain a sufficient
mechanical strength after the curing thereof, and, due
to this fragility, the resultant package may'be
destroyed at the occasion of ejecting it from a mold.
It is also:studied to employ various additives for the
25 purpose of improving the adhesivity of the PPS fesin.

However, there is a problem that the employment of

these additives may damage the inherent characteristics



tively high, so that various problens would be rai sed when these

t hernopl astic resins are enpl oyed for 4 encapsul ating a sem conduct or

el enent. Specifically, bonding wires may be excessively deforned so that a
phenonenon such as a dislocation of bed may be caused. Moreover, since
these thernoplastic resins are poor in 5 adhesivity to a nmetal nenber
to be encapsul ated, such as a 42 alloy frane, @ Cu frame or a sem conductor
chip, it has been difficult to manufacture a sem conductor device having a
sufficient noisture resistance. In particular, when the encapsul ation of a
sem conductor 10 device is perfornmed by nmaking use of a PPS resin, the
resul tant encapsul afdeHERDNREinrswdyiae filmmebermdracdeomy . n ductility
thus making it fragile, so that it is inpossible to obtain a sufficient
strength and tough- nessMoatdateny hiesiyrdthasfisa afe ABS qegiosimdw adaompany
encapsul ati ng a sem conductor elenent. |In an attenpt to-overcone this
probl em the enpl oyarrodCti@PDf denic impurities such as Na and Cl as a

side reaction produét. If thése impurities are left
5 remained in a resin composition, they would badly
affect the reliability of the resultant semiconductor
device. Therefore, various methods have been tried to
wash out or.remove these ionic impurities. However,
the resin composition which has been subjected to a
10 - treatment to remove these ionic impurities by the
conventional method.becomes poor in adhesivity to a
metal such_as.a lead frame, so that water may be
pénetrated into an interface between the resin and a
lead frame thereby to deteriorate the feliability of
15 semiconductor deVice._ A coupling treatment of a lead
frame br a method of coating an epoxy type adhesive on
a lead frame may be effective to solve this problem.
However, even if these treatments are employed, it is
still difficult to obtain a satisfactory product which
20 - is capable of withstanding a high temperature and high
humidity condition. Furthermore, the employment of
these treatments are not preferable in view of simpli-
fying the process and enhancing the_productivity.
As explained above, the employment of an epoxy
25 resin-base sealing material is accompanied with various
problems such as poor storage stability. On the other

hand, it has been difficult in the employment of a PPS



which is low in nolecular weight and in viscosity, and Tontakns_a |arge

anount of a filler is now studi ed. However, since this 3 ing resin is Tow
i n nmol ecul ar .20 wei ght, it would be inpossible to &@ t Has f Rebla@) t
mechani cal strength after the curing thereof, and, due t | ’ ty,
the resul tant package may be destroyed at the occasion ’lfrom
anold. It is also studied to enploy various additives for the 25
pur pose of inproving the adhesivity of the PPS resin. However, there is a
probl em that the enploynment of these additives may danage the inherent
characteristics - 5 - of the PPS resin such as flane retardency.
Moreover, the synt8sshstof rERPikeshi BR¥edteftpadYdabplidicahdnaof ionic
impurities such as Na and C as a side reaction product. If these :
inpurities are | esafbicientesBrenagthnthonghi theorpssreshn, ishexcedledtbadl y
affect the reliability of the resultant sem conductor device. Therefore,
vari ous net hods hamesberagérsedbidity and flame retargency.

BRIEF SUMMARY OF THE INVENTION
5 : Therefore, an'object of the present in;ention is
to provide a polyphenylene sulfide resin composition
which is excellent in moldability and in adhesivity to
other members, exhibits a high strength after the
curing thereof, and is excellent in storage stability

10 and in flame retargency.

Another object of the present invention is to
provide a resin-encapsulated semiconductor device which
is excellent in reliability with respect to a long term
moisture resistance.

15 Namely, this invention provides a polyphenylene
sulfide resin composition, which comprises, in addition
to a polyphenylene sulfide resin and ah inorgénic
filler, at.least one whisker selected from the group
consisting of titanialwhisker and aluminum borate

20 whisker.

This invention also provides a polyphenylene
sulfide resin composition, which comprises (a) a
polyphenylene sulfide resin; (b) an inorganic £filler;
(c) at least one kind of compounds selécted-from the

25 group consisting of a polymerized.indene, a phenol
aralkyl resin and a novolak tyﬁe phenol resin.

Further, this invention provides a polyphenylene



wash out or renove these ionic inpurities. However, the resin conposition
whi ch has been subjected to a 10 treatnent to renove these ionic

i mpurities by the conventional nethod becones poor in adhesivity to a netal
such as a lead frame, so that water nay be penetrated into an interface
between the resin and a lead franme thereby to deteriorate the reliability
of 15 sem conductor device. A coupling tgeatnent of a lead frame or a
met hod of coating an epoxy type adhesive on a | ead frame nay be effective
to solve this problem However, even if these treatnments are enpl oyed, it
Is still difficult to obtain a satisfactory product which 20 I s capabl e
of withstandi ng a guldidecHsyial WanpoEl tiah, hiniah tgongonicies om.

Furt hernore, the enploynent of these treatnents are not preferable in view
of sinpli- fying tgedyphesssserendenfiiates i res itheampt atucinarganiast Bkbeat ned
above, the enploynent of an epoxy 25 resin-base sealing material is
acconpani ed with wareimsisn probl ens such as poor storage stability. On the

ot her hand, it has been difficult in the enploynent of a PPS
the polyphenylene sulfide resin includes a

5 component exhibiting a non-Newtonian index (n) of 1.1
or more; and
the inorganic filler includes 5 to'40-wt%, based
on a total amount thereof, of fine particles having'an
average particle diameter of 1 um or less.

10 | Furthermore, this invention provides a
polyphenylene sulfide resin composition, which com-
prises 20 to 70 wt% of a mixture'conéisting of a first
polyphenylene sulfide resin and a second polyphenylene
sulfide resin, and 30 to 80 wt% of an inorganic filler;

15 wherein

the first polyphenylene sulfide'rgsin has a
melting viscosity ranging from 1 to 15 Pa-s, and the
éecond polyphenylene sulfide resin has a melting
Qiscosity ranging from 15 to 50 Pa°s and is of

20 substantially non-crosslinking structure; and

a éontent of the first polyphenylene sulfide resin
being 10 to 80 wt% based on the mixturé, and a content,
of the second polyphenylene sulfide reéin being 90 to
20 wt% based on the mixture.

25 Additionally, this invention provides a resin-.
encapsulating semiconductor device comprising a

semiconductor element, and a resin layer sealing the



- 6 - resinto realize an excellent nodability and a sufficient strength
though the PPS resin is excellent in storage stability and. flame
retargency. BRI EF. SUMMARY OF THE | NVENTI ON Therefore, an object of the
present invention is to provide a pol yphenyl ene sulfi.de resin conposition
which is excellent in nodability and in adhesigity to other nenbers,
exhibits a high strength after the curing thereof, and is excellent in
storage stability and in flame retargency. Another object of the present
invention is to provide a resin-encapsul ated sem conductor device which is
excel l ent in reliafienigpnduateresianenty Fherrin he rsinrbayesi s ance.
According to the invention in a first aspect, there is provided a

pol yphenyl ene sul f iffgmaskiaf G fpBad matemifl P ARY i RR Qf polis phEereReR-
sulfide resin, an inorganic filler, and at. | east one whi sker, selected from
t he group consistiﬁjQﬁ£4HHQ%¥EP%M¥%ﬂ&§ %ﬂﬁ#%é%uﬁ?ﬁﬁﬁlﬁﬁ@ﬂ%?%ﬁﬁ%@%r wher ei n

said inorganic fillerisi&ﬁ%%?éﬁél object and advantages of the ihvention
5 will be set forth in the description which follows, and
in part.will be obvious from the.description, or may be
1earned.by practice of the in&ention. . The object and -
advantages of the invention may be realized and
obtained by means of the instiumentaiities_and combina-
10 tions particularly pointed out in the appended claims.
BRIEF.DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The éccompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
15 énd.together with the general descriptiOn given above
and the detailed description of the preferred embodi-
ments given-belqw, serve to explain the principles of
the invention.
FIG. 1 is a plan view schematically showing one
20 example of a semiconductor element mounted on a lead
frame, which is to be sealed with a resin‘composition
' of this invention;
FIG. 2 is a cross-sectional view showiﬁg one
example of a semiconductor element to be sealed with a
25 resin composition of this invention;
FIG. 3 is a perspective view showing one example’

- of a resin-encapsulated semiconductor device according



silica having an average particle dianmeter of 30 [err] mor |ess. According
to the invention in a second aspect, there is provided a pol yphenyl ene

sul fide resin conposition, which conprises a pol yphenyl ene sul fide resin,
an inorganic filler, and at |east one whisker selected fromthe group
consisting of titania whisker and al um num borate whi sker wherein said

whi sker is surface-treated by naking use of a coupling agent. This

i nvention al so provides a pol yphenyl ene sul f1dé resin conposition, which
conprises (a) a polyphenylene sulfide resin; (b) an inorganic filler; (c)
at | east one kind of compounds selected fromthe group consisting of a

pol ynerized indene, +§ PREGOInfbALKYh;resin and a novol ak type phenol resin.
Further, this invention provides a pol yphenyl ene - 7 - sulfide resin

golrrlposi_tion, whi ch conprisgs & psl ¥PeLpysesectUbhhlievisdi Sheningnahseneani
e example of a resin-encapsulated semicopductor device
according to this invention; and
5 FIG. 5 is a cross-sectional view showing another
example of a resin-encapsulated semiconductor device
wherein a test sample of semiconductor element is
sealed with a resin composition of Example II.
DETAILED DESCRIPTION OF THE INVENTION
10 This invention will be furthér-explained in
details as follows.
(Example I) .
This example explains a polyphenylene sulfidé
(PPS) resin composition whidh comprises, in addition to
15 a PPS resin and an inorganic filler, a'speéific kind of
whisker so as to improve the adhesivity thereof to a
lead frame or a semiconductor element.
There is any particular limitation with respect to
the PPS resin to be employed in this exampie as long as
20 it is a cdmpound that can be obtained through a
condensation reaction between p—dichlordbenzene and
sodium sulfide. For example, the PPS resin may be a
compound represented by the following general formula

(1) which can be manufactured by a known manufacturing

25 method.

( D )n (1)



wherein the pol yphenyl ene sulfide resin includes a 5 conponent

exhi biting a non-Newtonian index (n) of 1.1 or nore; and the inorganic

filler includes 5 to 40 wt% based on a total anount thereof, of fine

particles having an average particle dianeter of 1 [err]mor less. 10

Furthernore, this i'nvention provides a pol yphenyl ene sulfide resin

conposi tion, which com prises 20 to 70 mL@qu a_m xture consisting of a

first pol yphenyl ene sulfide resin and a second pol yphenyl ene sul fide resin,

and 30 to 80 wt% of an inorganic filler; 15 wherein the first

pol yphenyl ene sulfide resin has a nelting viscosity ranging from1l to 15 Pa
s, and the second polhipledyl aneepukekedésr ani inhagea oél LONgrvimeeesi ty

ranging from 15 to 50 Pa . s and is of 20 substantial ly

non-crosslinki ng structheechain strustume seprReehtedt byokhphebypvene

sul fide resin being 10 to 80 wt % based on the m xture, and a content of the

second pol ypheny| ergesalf £asmpdai f1Demay gontainoanyorbasbe seldRwimgxt ure.

groups.

5 -SOZ— Fd ’-co— ’ -—O—-

_ H,
Hj iHs

15 ' Specific examples of this PPS resin are a linear

10

polymer type resin such as LN-01G, LV-01G, LN-02, LN-03,
LN-04 and LC-07; a semi-linear type resin such as T-1,
T-3AG; T-4AG, T-7, T-3 and T-4; and a c:osslinking type
resin or a crosslinking precursor such as H-1, K-2, K-3

20 = and K-4 (all being trade names; products from Tonen
Kagaku Inc.). Additionally, M-3910 and L-3340 (trade
names; products from Toray Industries Inc.), W-202
(trade namé; a product from Kureha Chemical Industry Co.
Ltd.) and EX-3192 (trade name; a product from Dainippon

25 Ink & Chemicals Inc.) may be employed. Among them, a
resin df low viscosity is preferable in view of

preventing the bonding wire of semiconductor element



25 Additionally, this invention provides a resin- encapsul ating
sem conduct or device conprising a sem conductor elenent, and a resin |ayer
sealing the - 8 - sem conductor elenent, wherein the resin |ayer is
formed of a cured material of any one of the aforenen- tioned pol yphenyl ene
sul fide resin conpositions. Additional object and advantages of the
i nvention 5 will be set forth in the description which follows, and in
part will be obvious fromthe description, or may be | earned by practice of
the invention. The object and advantages of the invention may be realized
and obtained by nmeans of the instrunentalities and conbi na- 10 tions
particul arly poi nt eiront beiinghdedppmededtclthensccBRlibh DESCRIEBEE@NNOF THE
SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng drawi ngs, which are
i ncor porated in andmoddihgt ut Bpacpdit ekampéespedi Ehcht romesiinl age LNa0dG,
presently preferred enbodi nents of the invention, 15 and together with
t he general descriptVvefl@,vBbN-8Boand H-1. The molecular weight of PPS
according to this invention should preferably be in a
5 range of from 5,000 to 50,000 in view of fluidity,
moldability and mechanical property.

If the PPS of this invention is to be employed for
encapsulating a semiconductor element,'the content of
ionic impurities such as Na and Cl should be confined

10 to 500ppm or less. These ionic impurities may be
removed by making use of the following methods so as to
obtain a resin of high purity. Namely, a method of
washing a reaction product with deionized water and
filtering the reaction product; a method of washing a

15 reaction product with hot deionized water and filtering
the reaction product; and a method of forcibly removing
the impurities by making use of an autoclave.

The content of the aforementioned PPS in the resin
composition of this example should preferably be in the

20 range of about 20 to 70 wt%. If the content of the PPS
is less than 20 wt$%, it may be not only impossible to
sufficiently take advantage of the inherent property of
PPS such as fluidity, etc. but also difficult to avoid
a breaking of the bonding wire. On the hand, if

25 the content of the PPS exceeds over 70 Wt%, the

molding shrinkage and thermal expansion coefficient of

the resin composition become excessive, thereby



and the detailed description of the preferred enbodi - nents given bel ow,
serve to explain the principles of the invention. FIG 1 is a plan view
schematically showi ng one 20 - exanple of a sem conductor el enent nounted
on a lead frane, which is to be sealed with a resin conposition of this
invention; FIG 2 is a cross-sectional view show ng one exanple of a

sem conductor elenment to be sealed with a 25 resin conposition of this
invention; FIG 3 is a perspective view show ng one exanple of a
resi n-encapsul at ed sem conduct or devi ce accordi ng - 9-tothis

i nvention; FIG 4 is a cross-sectional view show ng another exanple of a
resi n- encapsul at ed eajEG@IGWIMY ey ina aanirdiynof chdidevinvention; and 5
FIG 5 is a cross-sectional view show ng anot her example of a
resin-encapsul ated sen esndiont dthedduirek of inorganic filler to be employed
in thié example, fused silica, crystalline silica,
glass, talc, alumina, calcium silicate, calcium
5 carbonate, barium sulfate, m@gnesia,'silicon nitride,
boron nitride, aluminum nitride, magnesium oxide,
beryllium oxide and mica may be exemplified. Aﬁong
these inorganic filiers, fused silica and crystalline
silica are especially preferable because these inor-
iO ganic fillers are low.in-hygroscopicity and would give
a resin composition of low melt viscosity. As for the
shape of the inorganic filler, it'may be fragmental,
spherical, semi-spherical, fibrous or flaky, but
sphericél or semi-spherical inorganic filler is most
15 preferable. If spherical silica is to. be employed, the
average particle diameter thereof should preferably be
30 um oxr less in view of.facilifating the filling of
the resin composiﬁion into a thin package and of
alleviating a damage to the bonding wire.
20 The aforementioned spheiical silica may be
employed singly. Howe?ér, when two different kinds of
SPherical silica which differ in particle size from
each other, i.e. a small spherical silica having an
average'particie diameter of 0.1 to 5 um and a large
25 spherical silica having an average particle diameter of
10 to 30 um, are employed in combination, the fluidity

of the resin'composition would be improved. In this



wherein a test sanple of sem conductor elenent is sealed with a resin

conposition of Exanple |I. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10

This invention will be further explained in details as follows. (Exanple I)
Thi s exanpl e expl ai ns a pol yphenyl ene sulfide (PPS) resin conposition which
conprises, in addition to 15 a PPS resin and an inorganic filler, a

speci fic kind of whisker so as to inprove the §dhesivity thereof to a lead
frame or a sem conductor el enent. There is'an% particular linmtation with
respect to the PPS resin to be enployed in this exanple as |ong as 20
It is a compound that can be obtained through a condensation reaction

bet ween p-di chl or obggéenehandofitdhinoguthedearger spyarpbal theiPBSshesia
may be a conpound represented by the follow ng general forrmula (1) which
can be nanuf act ur egréfyesakpvibendoutactorbngtdSbasednmehhttle total weight
of the resin composition, and the content of the small

spherical silica should preferably be 0.5 to 30 wt%.

5 based on the total weight of the spherical silica.

A fibrous inorganic filler may be also employed
for improving a reinforcing effect of filler. Examples
of the fibrous inorganic filler are whiskers such as
titania, a;uminum borate, silicon carbide, silicon

10 nitride, potassium titanate, basic magnesium, zinc
oxide, graphite, magnesia, calcium sulfate, magnesium
borate, titanium diboride, «a-alumina, chrysotile and
wallastnite; amorphous fibers such as E-~glass fiber,

- silica alumina fiber and silica glass fiber; and

15 crystalline fibers such as tirano fiber, silicon
carbide fiber, zirconia fiber, vy -alumina fiber, a-
alumina fiber, PAN-based carbide fiber and pitch-based
carbon fiber. The fibrous inorganic filler should
preferably'be 5 pm or less in average thickness and 50

20 #m or less in maximum length in view of facilitating
the filling of the resin'compdsition into a thin
portion and of alleviating a damage to the bonding wire.

The mixiﬁg ratio of the aforementioned inorganic
filler should preferably be 80 wt% or less based on the

25. entire resin composition. If the.mixing ratio of the
inorganic filler exceeds over 80 wt%, Fhe fluidity of

the resultant resin composition may become insufficient



- 10 - wherein n represents an integer of 10 or nore. The chain structure
represented by the above general fornula (1) nay contain any of the
foll owi ng groups. 5 -Sqerr]-, -CO, -O 10 [err] 15

Speci fic exanples of this PPS resin are a |inear polyner type resin such as
LN-01G LV-01G LN02, LN-03, LN-0O4 and LC-07; a sem -linear type resin
such as T-1, T-3AG T-4AG T-7, T-3 and T-4; %&9 a crosslinking type resin
or a crosslinking precursor such as H1, K-2, K-3720 and K-4 (all being
trade nanes; products from Tonen Kagaku Inc.). Additionally, M 3910 and

L- 3340 (trade nanes; products from Toray Industries Inc.), W202 (trade

name; a product frg@ Kwatha Ghanfittalg /g bHddi ded wilded. )a @1%15%&31% (df ade

nanme; a product from Daini ppon 25 Ink & Chemicals Inc.) may be

enpl oyed. Anmong t @ add @3 Mo f oW MriC EEIlY nigs mave ey althsdd) td @cir.

preventing the bonding wire of sem conductor el enent
However, if the mixing ratio of the inorganic filler is
too little, the thermal expansion coefficient of the

5 cured product may bécqme too large, so that the thermal

shock resistance of the device may become insufficient.
Therefore, the mixing ratio of the inorganic filler
should preférably be 30 wt% or more based on the entire
resin composition.

10 The titania whisker to be employed in this example
can be manufactured by a process wherein potassium
titanate whisker is acid—treaﬁed and then subjected to
a de-potassium treatment thereby to obtain titania,
which is then heat-treated to manufacture a monoclinic

15 titania whisker. The monocliniﬁ titania whisker should
preferably be 5 um or less in average length, 50 um or

- less -in maximum length and 5 um or less in thickness.
If a whisker of large dimension which exceeds over
aforementioned limitations is employed, not only the

20 workability of the resin éomposition will be lowered,
but also the breaking of bonding wire may be caused to
occur. More preferably, the titania whisker éhbuld be
1l um . or less in average length, 30 um or less in
maximum length and 2 um or less in thickness.

25 As for the aluminum borate whisker, three kinds of
compounds may be exemplified, i.e. 9Al503 * 2B503,

2A1703 - 2B303 and Al303 - 2B303. These compounds can be



from being defornmed at the occasion of injection nolding. Specific exanples
of such a resin are LN-01G LV-01G LN 02 and H 1. The nol ecul ar wei ght of
PPS according to this invention should preferably be in a 5 range of
from5,000 to 50,000 in view of fluidity, noldability and mechani cal
property. If the PPS of this invention is to be enployed for encapsul ating
a sem conductor el enent, the content of ionic #Eputities such as Na and. Cl
shoul d be confined 10 to 500ppm or | ess. ese ionic inmpurities my be
removed by making use of the followi ng methods so as to obtain a resin of
hi gh purity. Nanmely, a nethod of washing a reaction product w th deionized

water and filterings ﬁ@héQﬂEé&OBypEHQUQbILléwEﬁPhﬁdtﬁ&d‘é@ShNaﬁe§y15A1203
reaction product with hot deionized water and filtering the reaction™

e b S, . condchqByC(BERpoRy has, EhsasmubeLbee b fiuno und o
conposi tion of t hi stksanpselshntl sligtaker abl yhba heatbd 3@ a higangempbra-
about 20 to 70 wt% If the content of the PPS
ture (2,100C or more) to melt and mix it. After being
5 cooled, the molten mixture is subjected to a fiber
growth process by means of a melting method thereby to
synthesize the aluminum borate whisker. This aluminum
~ borate whisker may also be synthesized by making use of
a vapor phase method wherein water vapor is passed
10 | through a vapor phase mixture of AlF3 and B203 which is
heated up to 1,000 to 1,400C thereby to allow the
whiskef to grow. It is also possible to synthesize the
aluminum borate whisker by making use of an internal
flux method or an external flux method. The internal
15 flux method is performed as follows. Namely, in the
~process of growing a monocrystal, A1203 or a compound
capable of generating Alj03 is allowed to melt and then
the resultant melt is mixed with a flux component such
as By03 or Na2B407, which functions to promote a
20 crystal growth, thefeby allowing the whisker to grow at -
a temperature of 1,200C to 1,400°C. On the other hand,
the external flux method is.performed-as follows.
. Namely, first of all, raw materials which are capable
of generating A1203.or Bp03 are heated at a temperature
25 of 1,000C or more and then admixed with a chloride,

sulfate or carbonate of an alkaline metal as a flux

component taking no part in the reactibn._ Then, the



Is less than 20 % it nmay be not only inpossible to sufficiently take
advant age of the inherent property of PPS such as fluidity, etc. but also
difficult to avoid a breaking of the bonding wire. On the hand, if 25
the content of the PPS exceeds over 70 wt% the nolding shrinkage and

t hermal expansion coefficient of the resin conposition becone excessive,

t her eby - 12 - deteriorating the reIiabiI|H of the device. As for the
kind of inorganic filler to be enployed in"this exanple, fused silica,
crystalline silica, glass, talc, alumna, calciumsilicate, calcium5
carbonate, bariumsulfate, gnesia silicon nitride, boron nitride,

al um num ni tri de, %%QBQ%hH%‘ﬁ&k@%rebﬁ%YMbh%EHQ&bd% %@%p@k@%uﬁﬁyckel 000°C
exenplified. Anong these inorganic fillers, fused silica and crystalllne

silica are especi altby 1ppeber ather awealm'segugm ‘18,03 t@ARgroW, RS, . -
are low in hygroscopicity and woul d give a resin conp05|t|on of |ow nelt
viscosity. As for tb&ming the aimed whisker.
| Any of these whiskers, which are produced by
5 making use of eithex one of these methéds, may be
employed in this example. This aluminum borate whisker
should preferably be 5 um or less in average length,
50 um or less in maximum length and 5 um or less in
thickness. If a whisker of large dimension which
10 exceeds over aforementioned limitations is employed,
not.only the workability of the resin composition will
be lowered, but alsoc the breaking of bonding wire may
be caused to occur. More preferably, the aluminum
borate whisker should be 1 um or less in average length,
15' 30 um or less in maximum length and 2 um or less in
thickness.

If the aforementioned monoclinic titania whisker
and aluminum borate whisker are surface-treated by
making use of én ordinary coupling agent, such as an

20 organosilicic coupling agent, a Ti-based coupling agent,
an Al-based cqupling agent or a Zr-based coupling agent,
the fluidity of the resultant resin coﬁposition and the
strength after curing of the resin composition would be
improved. .

.25 The mixing ratio of the aforementioned titania
whisker and/or aluminum borate whisker in a resin

composition according to this example should preferably



shape of the inorganic filler, it may be fragnental, spherical,
sem -spherical, fibrous or flaky, but spherical or sem -spherical inorganic

filler is nost 15 preferable. |f spherical sili-cais to be enployed,
the average particle dianeter thereof should preferably be 30 [err]mor
less in view of facilitating the filling of the resin conmposition into a

thin package and of alleviating a damage to_thf7bogding wre. 20
The af orenentioned spherical silica may be enployed singly. However, when
two different kinds of spherical silica which differ in particle size from
each other, i.e. a snmall spherical silica having an average particle
dianmeter of 0.1 to Be[%0r4t3 o0 Pesdrgfsed on thehefocahentiosadhanonganic
average particle diameter of 10 to 30 [err]m are enployed in conbi nation,
the fluidity of thefikbem. conposhe imixinmgl cabboi ofroheske whiskess exeeéls-
case, the content of the |arge spherical silica should preferably be 30 to
79.5 wt % based on tdreet diGlwikj gblte viscosity of the resultant resin
| composition would be excessively increased so that not
5 only the workability of the resin composition will be
lowered, but also the breaking of bonding wire may be
caused to occur. However, if the mixing ratio of the
titania whisker is too little, it would be impossible
to éxpect a sufficient effect of these whiskers.

10 Therefore, the mixing. ratio of these whiskers should
preferably be 5 wt% or more based on the aforementioned
inorganic filler.

It is also possible in this -example to add a heat
resistant thermoplastic resin or a heat resistant

15 rubber to the PPS resin composition for the purpose of
reducing the elastic modulus. Examples of the heat
resistant thermoplastic resin are polyamide resin,
aromatic polyester resin, a phenoxy resin, ABS resin,
silicone resin, silicone rubber and fluoro-rubber. It

20 is also possible to add various kinds of plastic powder
or various kinds of engineering plastic powder to the
PPS resin composition for the purpose of providing the
resin composition with a stress-relieving property.
These plastic powder functioning as a stress-relieving

25 component should preferably be 100 um or less in

maximum particle size, more preferably 50 um or less in

maximum particle size. If these heat resistant



of the resin conposition, and the content of the small spherical silica
shoul d preferably be 0.5 to 30 wt% 5 based on the total weight of the
spherical silica. A-fibrous inorganic filler nay be al so enpl oyed for

i mproving a reinforcing effect of filler. Exanples of the fibrous inorganic
-filler are whiskers such as titania, alum num borate, silicon carbide,
silicon 10 nitride, potassiumtitanate, bagic_nagnesium zinc oxide,
“graphite, magnesia, calciumsulfate, nmagnesi um borate, titani um di boride,
a-alum na, chrysotile and wal |l astnite; anorphous fibers such as E-gl ass
fiber, silica alumna fiber and silica glass fiber; and 15 crystalline
fibers such as tiremerfofkast ¢ | teDin catdi loea t | bey i szanc anilsbér badded to
[err]-alum na fiber, a- alum na fiber, PAN based carbide fiber and

pi t ch-based car bontlie HeRrS déwmid i dompssinoyare t9d | barghoin doareielabl y be
5 [errlmor less in average thickness and 50 20 [err]mor less in
maxi mum | ength in ¥4z8v o deridonducinr tekenent o)y kading Wwiee mayp@sition
into a thin portion and of alleviating a damage to the bonding wire. The
mxing ratio of tHaRAIREMhtIMRFTIDIGarRE I1FaRTUHOING HhefeeBEF9nbe 80

W % or | ess based on the . . L.
5 ductor element with the PPS resin composition, thus

deteriorating the reliability of the resultant resin-
enéapsulated semiconductor device.
Various kinds of additives other than the afore-
menfioned additives may be also added to the resin
10 composition of this example depending on the end-use of
the product. For example, a parting agent such as a
heat resistant wax for improving a mold-releasing
property of resin composition, aﬁ adhesion promoting
agent for improving the adhesion between a resin layer
15 and a semiconductor élement or lead frame, a coupling
agent, an anti-oxidant, a heat stabilizer, an corrosion
inhibitor, én ultraviolet inhibitor, a nucleating agent,
a fluidizing agent or a burr inhibitor may be added to
the resin composition.
20 The mixing ratio of these additives may be
suitably determinéd within a range which would not give
a bad influence to the PPS resin composition of this
invention.
The PPS resin compdsition of this invention may be
25 _ manufactufed as follows. Namely;van inofganic filler
is treated with a coupling agent while mixing them in a

Henschel mixer, and then the resultant inorganic filler



25 entire resin conpoesition. |If the mxing ratio of the inorganic
filler exceeds over 80 wt% the fluidity of the resultant resin conposition

may becone insufficient - 14 - so that a drifting of bonding wire, a
di sl ocation of bed and an insufficient filling nay be caused to occur.
However, if the mxing ratio of the inorganic filler is too little, the
t hermal expansion coefficient of the 5 curﬁf product may becone too
| arge, so that the thermal shock resistance of*t1he device nay becone

insufficient. Therefore, the mxing ratio of the inorganic filler should
preferably be 30 wt% or nore based on the entire resin conposition. 10

The titania whiskerjd g&EWPiOyesd BBk LAAS £XAHPShER €8 JBEAT ACH URESTLEN a
process wherein potassiumtitanate whisker is acid-treated and then

subj ected to a de- peiassteMvHEsH BN tedhaiddy BP mdHme ot i dmnécrudéehand
t hen heat-treated to manufacture a nonoclinic 15 titania whisker. The
monocl inic titani a subsdqprerstioplgelletized by making use of a pelletizer.
The encapsulatibn:of a semiconductor element by
5 making use_bf a PPS resin composition of this invehtion
can be performed by any suitable molding method, such
as an injection molding, a compression molding, a
transfer molding or a casting. Alternatively, the PPS
resin composition may be made into a sheet, which is
.10 subsequently cut into a piece of éuitable size to use
it to sandwich a semiconductor element, the resultant
laminated body being press-bonded from the top and
bottom surfaces thereof. This latter moldiﬁg method
can be applied to a surface packaging such as a flip
15 chip bonding. | |
The PPS resin composition.accordipg to this
invention can be employed not only for encapsulating a
semiconductor element but also for manufacturing a
precision electronic component, a precision electric
20 - component, an automobile component, a sliding member, a
heat resistant laminate board, a mounting agent, a
- casting material, a'heat resistant adhesive or a heat
resistant paint. |
Since the PPS resin composition according to this
25 example contains at least one kind of whisker selected
from the group consisting of titania whisker and

aluminum borate whisker, the resin composition is



preferably be 5 [err]mor less in average length, 50 [err]mor less in
maxi mum |l ength and 5 [err]mor less in thickness. If a whisker of large
di mensi on whi ch exceeds over aforenentioned limtations is enployed, not
only the 20 wor kability of the resin conmposition will be |owered, but
al so the breaking of bonding wire may be caused to occur. Mre preferably,
the titania whisker should be 1 [err]mor lLesggin_average length, 30 [err]m
or less in maximumlength and 2 [err]mor less in thickness. 25 As
for the alum num borate whi sker, three kinds of conpounds may be
exemplified, i.e. 9A.[err]err] . 2B[err]Jerr], 2A[err]Jerr]
2B[err]d err] and Ablstivélerlidw. v2Bfesity) eand. exdakbentoipomaedbananabe
- 15 - synthesized by the foll owi ng nethods. Nanely, A1203 and
Herr]Bgerr] (or charadtFeisticane wekkdasoyrt adheaivitysto ahberhe
resultant mxture is then heated at a high tenpera- ture (2,100[err]C or
nore) to nelt and matexialsfagrcoppared withcbbe cgonyertonabnPRExraséni s
subjected to a fiber growth process by means of a nelting nmethod thereby to
composition. Moreover, the inherent properties of the
5 PPS resin such as storage stability and flame-retarding
property are not damaged at all by the inclusion of
these whiskers.
When the encapsulation of a semiconductor element
is performed by making use of the resin composition
10 according to this example, it is possible to avoid any
deformation of the bonding wire of semiconductor
element, to obtain an excellent adhesion with a lead
frame or the semiconductor element, and to suppress the
moisture adsorption even under a high temperature and
15 high humidity condition. Moreover, since the resin
composition according to this example is low in
viscosity, the molding time of the resin composition
can be shortened. It is also possible according to the
resin composition of this example to realize an
20 excellent flame retardation without incorporating toxic
halogen compound or antimony trioxide. Accordingly,
when the encapsulation of a semiconductor element is
performed by making use of the resin composition
accofding to this example, it is possible to provide a
25 resin-encapsulated semiconductor device exhibiting an

‘excellent reliability-for a long period of time.

This invention will be further explained with



synt hesi ze the al umi num borate whi sker. This al um num borate whi sker may

al so be synthesized by nmaki ng use of a vapor phase nethod wherein water
vapor is passed 10 t hrough a vapor phase m xture of Al F3 and B203 whi ch
is heated up to 1,000 to 1,400[err]C thereby to all ow the whi sker to grow.
It is also possible to synthesize the al um num borate whi sker by making use
of an internal flux nmethod or an external fl%f met hod. The internal 15
flux method is perfornmed as follows. Nangly, }n the process of growi ng a
nonocrystal, Al1203 or a conpound capable of generating Al[err](err] is
allowed to nelt and then the resultant nelt is mxed with a flux conponent

such as B[err] Qerlre]fﬁc}re J]tg‘[frfdlqcﬁﬂﬂg-é’ﬁ@&ffi@r@iérﬁﬁ‘ﬁeé Caf onot e a

20 crystal grow t her eby ow ng the whisker-to grow at a

tenmperature of 1, 208 RakGled Pl f [WhicKmidiendt hintdedst tdiel axier nal

flux nmethod is perfornmed as foll ows. I\farrely, first of all, raw materials

whi ch are capabl e W¥fi sogrietitdirth Al [err]d err] or Blerr](Jerr] are heated at
a tenperature 25 of 1,00[err]C or nore and then adm xed with a

chloride, sulfate (@xa@leomatly of an al kaline netal as a flux conponent
taking no part in the reaction. Then, the
5 Fillers and resins were mixed together in accor-
dance with the formulations shown in the following
Tables 1 and 2. Specifically, a filler was put into a
Henschel mixer to stir it at a rotation speed of
4,000 rpm and, at the same time, 'subjected to a
10 coupling treatment with stirring. Then, a PPS resin
was added to the filler and the resultant mixtures were
further stirred to obtain a homogeneous powder of PPS
resin composition as indicated in Tables 1 and 2 as
Examples 1 to 8, as Comparative Examples 1 to 3 and as
15 Reference Example.

Then, each powdery resin composition was kneaded
and extruded by making use of a double;screw extruder
heated to a temperature of 280 to 310C and provided
with a 6-hole die. The resin thus kneaded and dis-

20 charged from the Gehole.die was cooled with water and

then cut in a predetermined size by making use of a

pelletizer thereby obtaining a resin pellet.



16 resultant m xture is heated to a tenperature of 1,000[err]C to
1,200[err]C thereby to allow QA [err]Jerr] . 2Blerr](Jerr] to grow, thus
form ng the aimed whi sker. Any of these whiskers, which are produced by 5
maki ng use of either one of these nethods, may be enployed in this exanple.
Thi s al um num borate whi sker should preferably be 5 [err]mor less in
average length, 50 [err]mor |less in nmaxi m_J.mP ngth and 5 [err]mor less in
t hi ckness. |If a whisker of |arge dinmension whi'Ch 10 exceeds over

aforenmentioned limtations is enployed, not only the workability of t
resin conposition wi{l [be] | gwefed, but| allso tHe brdgaking{ off bond}j ng AL
may be caused to ocdur | Moeg pgefler ably, thg al uthi um| bor &le Wwhikkdr™
. <] O X .
be 1 [err]mor less |injavleragel|l gngth,] 15 30T grrm pt°ll ess | n|Ma
| ength and 2 [err] mjor sH-AHR-ekRepsT—H—thre—afior¢repttoret—roroct
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20 organosilicic coupling agent, a Ti-based coupling agent, an Al -based
coupling agent or a Zr-based coupling agent, the fluidity of the resultant
resin conmposition and the strength after curing of the resin conposition
woul d be inproved. 25 The m xing ratio of the aforenentioned
titani a whi sker and/or alum num borate whisker in a resin conposition
according to this exanple should preferably_ 17 - be 50 wt% or | ess
based on the aforenentioned inorganic filler. ?? the m xing ratio of these
whi skers exceeds over 50 wt% the viscosity of the resultant resin
conposition woul d be excessively increased so that not 5 only the

wor kability of the resin conposition will badbdwered, but al so the breaking
of bonding wire nmay be caused to occur. However, if the mxing ratio of the

titani a whisker is tooittle it would be |npossible to -expect—a
sufficient effect of these whiskers. 10 Ther eff oampt.h&xm XijRefd.atio|of
t hese whi skers shoul d | - Bx.
1 2 3

PPS-1 | 40 [ 40 | 40

PPS-2

PPS-3

PPS-4

PPS-5

PPS-A | | 40

Spherical silica A 48 | 48 | 48 48

Average particle diameter

22 um

Spherical silica B 5.415.4 (5.4 5.4

Average particle diameter

0.5 um

Titania whisker A ' 6.0

Titania whisker B

Titania whisker C

Potassium titanate 6.0
whisker

Silicon carbide whisker 6.0

E glass
Carbon black
Epoxy silane coupling

agent

The values shown in Tables 1 and 2 denote the
5 mixed contents of the components, which are indicated
by % by weight.
The code numbers shown in these tables fepresent

respectively a PPS resin illustrated below.



preferably be 5 wt% or nore based on the aforenentioned inorganic filler.
It is also possible in this exanple to add a heat resistant thernoplastic
resin or a heat resistant 15 rubber to the PPS resin conposition for

t he purpose of reducing the elastic nodul us. Exanples of the heat resistant
thernopl astic resin are polyam de resin, aromatic polyester resin, a -
phenoxy resin, ABS resin, silicone resin, sili@dne-rubber and
fluoro-rubber. It 20 is al so possible to add various kinds of plastic
powder or various kinds of engineering plastic powder to the PPS resin
conposition for the purpose of providing.the resin cg sition wth
stpgss-relieving proBerP??STﬁés lBFﬁEtPglﬁﬂﬁEeFYPﬁnﬁpgggiﬁ& 8§°§th %rom

stress-relieving 25 c onent _shoul d preferably be 100 [err]mor |ess
in naxinun1particIeTgPQE,Q%B?gup&BFegably 50 [err]mor less in nmaxinum

e e 1S 8o oekab e inking BiecubIBE"BRLGRLLS 558 811
product from Tonen Kagaku Inc.)
5  PPS-3: Semi-linear polymer type LJ-03 (a product
from Tonen Kagaku Inc.) .
PPS-4: M~3910 (a product from Toray Industries
Inc.) |
PPS-5: M-3340 (a product from Toray Industries
10 Inc.) -
PPS-A: Linear polymer type; a low viscosity type
The concentrations of Nat ion and Cl1~ ion in these

PPS resins are summarized in Table 3 below.

Table 3
15 _
Nat ion (ppm) | C1~ ion (ppm)
PPS-1 _ 24 ' 30
PPS-2 120 . 235
PPS-3 : 87 113
PPS-4 318 164
PPS-5 215 142
PPS-A 1560. 875
As seen from Table 3, the PPS resin (PPS-A) mixed
in the resin composition of Reference Example indicated
an extremely high concentration of ionic impurities.
20 The titania whiskers (A) to.(C) which were mixed

i _ in the compositions of Examples 1 to 8 were all 0.1 to

1 pm in thickness of fiber and 10 to 20 pm in length of



the PPS resin conposition are too large in particle size, a sem conductor
el ement or boding wire may be damaged at the occasion of encapsulating the
“sem con- 5 ductor elenent with the PPS resin conposition, thus
deteriorating the reliability of the resultant resin- encapsul ated

sem conduct or device. Various kinds of additives other than the afore-
mentioned additives may be al so added to the sin 10 conposi tion of
this exanpl e dependi ng on the end-use of the B oduct. For exanple, a
parting agent such as a heat resistant wax for inproving a nold-rel easing
property of resin conposition, an adhesion pronoting agent for inproving

the adhesion betvweehpar! eShiiohdy@hed the ¢adisconGerdse! qB)elemprc)or
| ead frame, a coupling agent, an anti-oxidant, a heat stabilizer, an

corrosion i nhi bit ogeransubtjeaved eb anhiepokg’ sidanechbesednguafante a
fluidizing agent or a burr inhibitor may be added to the resin conposition.
20 The ni xirBgtmahtoanll bheamiaddistiiluae-agede sauifeale \tmettaremted
wi thin a range which would not give a bad influence to the PPS resin
conposition of thi gespeenivedy. |
5 ~ The dimension of whiskers which were mixed into
the resin compositions of Comparative Exampies was as
follows.
Potassium titanate_whisker;-0.4 ym in thickness
and 10 to 20 um ih length.

10 Silicon carbide whisker: 5.0 um in thickness and 5
to 200 um in length.

E glass whisker: 10 um in thickness and 60 pum in
length.
Each pellet thus obtained was allowed to dry at a

15 temperature of 150°C for 20 hours, and then each pellet
was charged into a screw preplasticating type vertical
injection molding machiﬁe provided with a DIP l4-pin
die thereby to-encapsulate a test semiconductor element
'(a 2 mm square chip) with a resin as shown in FIG. 1.

29 The molding in this case was performed under the
conditions: 310°%C in me1ting temperature; 500 kg/cm2 in
injection pressure with a dié temperature of 170°C; and
20 seconds in compression time. The molding was
performed by making use of a die which waé designed fbr

25 fofming each test piece and.under the same molding'

conditions. In FIG. 1, a lead frame is indicated by a

reference numeral 2, a suspending pin is indicated by 7,



The PPS resin conposition of this invention may be 25 manuf actured as
follows. Nanely, an inorganic filler is treated wth a coupling agent
while mxing themin a Henschel m xer, and then the resultant inorganic
filler - 19 - is mxed with a PPS resin conponent to obtain a nolten

m xture, which is extruded by nmeans of an extruder and subsequently
pelletized by making use of a pelletizer. The fgcapsulation of a

sem conductor elenent by 5 ‘maki ng use of a“PPS resin conposition of
this invention can be perfornmed by any suitable nolding nmethod, such as an
I njection nolding, a conpression nolding, a transfer nolding or a casting.

Al ternatively, the HRP 4 aiveQpROSidh Os NBYd Deat@debyyngo a sheet, which is
10 subsequently cut into a piece of suitable size to use it to sandw ch

a sem conductor el enent ,Fide 2 eblldsttatesn Hadeosbosiycbiongl pview; bbadede
fromthe top and bottom surfaces thereof. This latter nolding nethod can be
applied to a surfacenqegealg thipsyohf asher ¢$sp semiconductor element ,
while FIG. 3 illustrates a schematical view, afterx
5 encapsulation, of an encapsulated test semiconductor
element. As shown in FIG. 2, a semicopductor chip 3 is
mounted via a mountihg agent 4 on- a die péd 5 and
connected to a lead frame 2 via a bonding wire 6.
After this semiconductor device constructed as men-

10 tioned above was encapsulated by any one of the
aforementioned resin compositions, the lead frame 2 was
trimmed by making use of a lead cutter and then
‘subjected to a bending work to manufacture a package 1
as shown in FIG. 3.

15 . After the.semiconductof device thus obtained was
checked to see if there was any defective, the outer
appearance of thelmolded body, the smear of cavity and
the packing degree of the package were investigated.

In this case, the outer appearance of the molded body

20  was evaluated by the observation of the surface of the
package by making use of a microscope to see if there
is any sink mark or shrinkage void thereon. The smear
of cavity was evaluated by repeating 100 shots of the
same molded product by making use of a single mold and

25 by observing the surface of the cavity. The packing

degree of the package was evaluated by checking the

package to see if there is any unfilled portion by



15 chi p bondi ng. The PPS resin conposition according to this invention
can be enpl oyed not only for encapsul ating a sem conductor el enent but al so
for manufacturing a precision electronic conponent, a precision electric 20
conponent, an aut onobil e conponent, a sliding nenber, a heat resistant

| am nat e board, a nounting agent, a casting material, a heat resistant
adhesi ve or a heat resistant paint. Since the %@S resin conposition

according to this 25 exanpl e contains at |é&ast one kind of whisker
sel ected fromthe group consisting of titania whisker and al um num borate
whi sker, the resin conposition is 20 . rel atively |l ow viscosity, and

excel l ent in nechaninding)aiszclof isshiicr@saspld. as in adhesivity to other
materials as conpared with the conventional PPS resin conposition.
Mor eover, the inherent pmheecridhesionh Hetween thHePFeasdn layexh aarl dthe dgead
stability and fl ame-retarding
frame in each package was investigated as follows.
Namely, a red ink was charged into a pressure cooker,
5 and the package was treated with the pressure cooker
under an atmosphere of 2.5 atm. to measure a distance
of penetration of the red ink into the.package,
particularly at thé'portion of the suspending pin 7.
More specifically; this test was performed by the
10 following steps.' |

(1) Test with a pressure cooker (red ink test);

(2) Washing the package with water;

(3) Wiping of water;

(4) Interlayer fracture at the interface between

15 ~ the lead frame and the resin layer; and

(5) Obsérvation with a microscope.

The general features of the PPS resin compositions
of Examples, Comparative Examples and ﬁeference Example
were investigated by the following means.

20 Glass transition Point: TMA (mandfactured by
Seiko Denshi Inc.)

Thermal éxpansion coéfficient: TMA (manufactured
by Seiko Denshi Inc.)

Flexural strength and modulus of elasticity: JIS

25 K-6911 |
Water absorpfion (85%3;.85%,'168 hours): Thermo-

hygrostat (manufactured by TABAI Inc.)



property are not damaged at all by the inclusion of these whiskers. Wen

t he encapsul ati on of a sem conductor elenent is perfornmed by nmaki ng use of
the resin conposition 10 according to this exanple, it is possible to
avoid any deformation of the bonding wire of sem conductor elenent, to
obtain an excellent adhesion with a |lead frame or the sem conduct or

el ement, and to suppress the noisture adsorption even under a high
tenperature and 15 high hum dity condi tTon8 Noreover, since the resin
conposition according to this exanple is lowin viscosity, the nolding tinme
of the resin conposition can be shortened. It is also possible according to

the resin conposition ofpgdise %M'&E%ﬁ?&' L7& éamagnzede{egétﬁa& fhene

retardati on wthout |ncorporat|ng t oxi c ogen conpound i mony

trioxide. Accordi ngiye SEMAHERNERPERS FhbDPAaBi1 dtFeihCOREUESDIoRERGENt IS
performed by making use of the resin conposition according to this exanple,

It Is possible to prapiglesa a 25 resi n- encapsul at ed sem conduct or devi ce
exhibiting an excellent reliability for a long period of tine. This
invention will be furtherhexmckages whbained by making use of the resin

5 compositions of Examples 1 to 8, Comparative Examples 1
to 3 and Reference Example were examined by means of X-
ray photographing thereby to see any diifting of
bonding wire to determine any défprmation'of bonding
wire. Then, 20 pieées of sample were subjected to 50

10 to 400 times of thermal shock cycle; each cycle
consisting of changes in temperature of -65C to room
temperature to 150%C, to check the operating character-
istic of.the device thereby to investigate the percent
defective of the device.

15 Furthermore, the moisture resistance of the
package was also evaluated by making use of a pressure
checker. Specifically, each package was left td stand
for a pfescribed period of time in a 2.5 atm. saturated
water vapor heated to a temperature of 127°C, and the

- 20 percent defective (leak defective or open defective)'of
the device éfter every predetermined period time was
investigated, thereby evaluating the moisture resis-
fance to thé package.'

The results of these reliability tests are

25 summarized in Table 5 shown below.



- 21 - reference to the follow ng specific exanples and conparative
exanpl es, which are not intended tolimt this invention. (Exanple I-1) 5
Fillers and resins were nmixed together in accor- dance with the
formulations shown 'in the followng Tables 1 apd 2. Specifically, a filler
‘was put into a Henschel mXxer to stir it at a rotation speed of 4,000 rpm

and, at the sane tine, subjected to a 10 coupling treatnent with
stirring. Then, a PPS resjnpweas—gatet—io—the—fitier—apd—tie—resultpiy
m xtures were further sfirfe Q)ggt@;icm a honogeppous Gyder“.o RS rfl;si n
conposition as indicated ip ad 2 a&as plees |4l oB, jay | &
Conparative Exanples 1 fo pdi-ag—1% R = Ap-e—FRehn; bqth
powdery resin conpositi¢n wa é"lg)adejglnd extrydep ky fekj ng?use Hf &
doubl e- screw extruder h¢at el t@ el at e ofonpP8Qyt ¢ 310[;—_‘er ] gaug
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The resin thus kneaded and di s-
23 - Table 2 Conp. Ex.

maki ng use of a pelletizer thereby obtaining a resin pellet.

[err]

6-hol e die was cooled with water
40 40 40 PPS-2 PPS-3 PPS-4

with a 6-hole die.

¥ STqed




PPS- A : 40 Spherical silica A :
48 48 48 48 Average particle diameter 22 [err]m Spherical silica B
5.4 5.4 5.4 5.4 Average particle dianmeter 0.5 gm Titani a whi sker A

6.0 Titania whisker B Titania whi sker C Potassiumtitanate 6.0
whi sker Silicon carbi de whisker 6.0 E gl ass

6.0 Carbon bl ack 0.30.30.3 g.3_Epoxy sil ane coupling
0.3 0.30.3 0.3 agent The val ues shown in Tg les 1 and 2 denote the 5

m xed -contents of the conponents, which are indicated by % by weight. The
code nunbers shown in these tables represent respectively a PPS resin
illustrated bel ow In Table 4, the mark "O" denotes the results
explained below in the evaluations of the outer
appearance of the molded body, the smear of cavity and
the packing degree of the package.
'5 The outer appearance of the mqlded body: Excellent
in 6uter appearance after 100 times of continuous shot.
The smear of cavity: The smear of cavity was not
recognized after 100 times of continuous shot.
The packing degree of the package: The generation

10 of unfilled portion was not recognized in 100 shots of

molding.



PPS- 1: Linear polyner type LN-O1 (a product from Tonen Kagaku Inc.)
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PPS- 3 87 113 PPS-4

318 : 164 PPS-5 215 142 PPS- A
1560 875 As seen from Table 3, the PPS resin (PPS-A) mxed in
the resin conposition of Reference Exanple indicated an extrenely high
concentration of ionic inpurities. 20 - 1Be Litania whiskers (A) to
(© which were mxed in the conpositions of Exanples 1 to 8 were-all 0.1 to
1 [err]min thickness of fiber and 10 to 20 [err]min | ength of - 25 -

fiber. Anong them the titania whiskers (B) and (C) were subjected to an
epoxy sil ane-based surface treatnent and an am no sil ane-based surface
treatnent, respectively. 5 The di nmensi on of whi skers which were

m xed into the resin conpositions qf Conparatjve Exanples was as foll ows.
Pot assi um titanate whiskpr: 044 [enqr]miln thicknes$
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and 10 to 20 [err]min length. 10 Silicon carbide whisker: 5.0
[err]min thickness and 5 to 200 [errJmin length. E glass whisker: 10
[err]min thickness and 60 [err]min | ength. Each pellet 'thus obtained was
allowed to dry at a 15 tenperature of 150[err]C for 20 hours, and then
each pellet was charged into a screw preplasticating type verticm
i nj ection nolding machi ne provided with a DIP p|n die thereby to
encapsul ate a test sem conductor elenent (a~2 sQuare chip) with a resin
as shown in FIG 1. 20 The molding in this case was perfornmed under the
conditions: 310[err]Cin nelting tenperature; 500 kg/cn2 in injection

pressure with a die te”pﬁ%aEébﬁ ekok79h%&el@ %ﬁd 6% £8602dS i ceRpRIsassi on

time. The nol di ng was per

ormed by maki ng use of a die which was desi gned

for 25 form ng e3ehst ¢nl ERaRPpIeadNd woder (ithesSanvenRlion)g cofatia@ise
In FIG 1, a lead frame is indicated by a reference nuneral 2, a suspending

pin is indicated byE%amples 1 to 3 and Reference Example indicated an

10

15

20

25

excellent moldability. However, the effect of titania
whisker incorﬁorated in the resin composition of this
invention was apparently manifested in the general
characteristics. Namely, when the resin compositions -

of Comparative Examples were employed for encapsulating

-a semiconductor chip, the adhesive force of the resin

layer to the lead frame and to the semiconductor chip
was very weak so that the_distance of penetration of
red ink at the suspension pin was extended up to 5.5 mm
at maximum. Whereas, the resin compositions of this
invention indicated an excellent adhesive force so that
the distance of penetration of red ink at the suspen-
sion pin was mostly limited to at most 0.3 mm.  With
respect to flexural strength, the resin composition of
this invention indicated an improvement in gene;al.
Moreover, since the resin composition of this
invention is highly fluid, i.e. low in viscosity, the
deformation of bonding-wixe was oniy 1.6% at most, and
the generation of defective was not recognized in the
thermal shock cycle test or in the moisture reliability
test. By contrast, in the case of the resin composi-
tions of Comparative Examples, the deformation of
bonding wire was enlarged up.to as large as 20.5%,

while almost a half of the samples became defective



- 26 - and a diver portion is indicated by 8. FIG 2 illustrates a
cross-sectional view, before encapsulation, of the test sem conductor
element , while FIG 3 illustrates a schematical view, after 5
encapsul ati on; of an encapsul ated test sem conductor- el enent. As shown in
FIG 2, a sem conductor chip 3 is nounted via a nounting agent 4 on a die
pad 5 and connected to a lead frane .2 via & b@%dirg Wire 6. After this

sem conduct or device constructed as nen- 10 ti oned above was

encapsul ated by any one of the aforenentioned resin conpositions, the lead -
frame 2 was trimred by maki ng use of'a"read-cutterﬁ%g% t hen _subjected to a

bendi ng work to neAfitgst 408 £YSI@Eadd Lhes theamali % cyclestest and

After the sem conductor device thus obtai neq was checked .to.see if. there
was any defective,aﬁﬂesGuFehasﬁbégé SGPHRE RECATE gﬁéfftﬂﬁg 8fksF B

cavL ) and the packageded SO oIS B KRS UGS ADBTRNRE B bR NT,
observation of the gut!acgol11° RAGLAI fon"BhelE HeBulks?cHat! gREOPE 1O
5 semiconductoxr devices which.Were encapsulated with a
resin composition which.did not contain titania whisker
indicated a poor reliability;
The results of Reference Example where a PPS resin
with a high content of ionic‘impurities was employed
10 for encapsulating the semiconductor device were also
shown in Table 4.
Although the re#in composition of ;his invention
was employed in this example for manufacturing a DIP
‘type package, it is also possible to employ the resin
15 composition of this invention for the manufacture of a
surface packaging such as flip chip or BGA (ball grid
array) . | |
FIG. 4 illustrates the cross-sectional view of
another example of the resin-encapsulated semiconductor
20 -device: The resin-encapsulated semiconductor device 10
shown in FIG. 4 comprises a semiconductor chip 12,
which are mounted via a bump 13 on a substrate 11, and
the space between the semiconductor chié 12 and the
substrate 11 as well as the peripheral portion of the
25 semiconductor chip are sealed with a resin layer 14
~ which is consisting of a cured résin composition of"

this invention. This resin-encapsulated semiconductor



I's any sink mark or shrinkage void thereon. The snear of cavity was
eval uated by repeating 100 shots of the sanme nol ded product by maki ng use

of a single nold and 25 by observing the surface of the cavity. The
packi ng degree of the package was eval uated by checking the package to see
If there is any unfilled portion by - 27 - making use of a m croscope.

The adhesi on between the resin layer and the Ig@d frane in each package. was
i nvestigated as follows. Nanely, a red ink was“Charged into a pressure

cooker, 5 and the package was treated with the pressure cooker under an
at nosphere of 2.5 atm to neasure a distance of penetration of the red ink

into the package, p&é&i@éﬂmlaaﬁtbéhﬁaﬁ@faeeﬁr@a bhemebfanensi 88 PhReétibhre
specifically, this test was perforned by the 10 foll owi ng steps. (1)

Test with a pressurfordnke) e(rl%itlﬁkpf§§h&t16ﬁ)m¥\8§6dngrtBeh@ﬁC&aﬂpr%Bﬂon
rarer " molding method employing sheets.
(Example I-2)
5 Fillers and resins were mixed together in accor-
dance with the formulations shown in the following
Tables 6 and 7. Specifically, a filler was put into a
Henschel mixer to stir it at a rotation speed of
5,000 rpm and, at the same time, subjected to a
10 coupling treatment with stirring. Then, a PPS résin
was added to the filler and the résultant mixtures were
further stirred to obtain a homogeneous powder of PPS
resin composition as indicated in Tables 6 and 7 as
Examples 9 to 15 and as Comparative Examples 4 to 6.
15 .Then; each powdery resin composition was kneaded
and extruded by making use of a double-~screw extruder
heated to a teﬁperature of 280 to 310C and provided
with a 6-hole die. The resin thus kneaded and dis-
charged from the 6-hole die was cooled with water and
20 then cut in a predetermined size by making use of a

pelletizer thereby obtaining a resin pellet.



(3) Wping of water; (4) Interlayer fracture at the interface between 15
the lead frane and the resin layer; and (5) Cobservation with a m croscope.
The general features of the PPS resin conpositions of Exanples, Conparative
Exanpl es and Reference Exanpl e were investigat by the foll owi ng neans. 20
d ass transition Point: TMA (manufactured by Sei ko Denshi Inc.) Thernal
expansi on coefficient: TMA (manufactured by Sei ko Denshi Inc.) Flexural

L O3 N\ Adai

strength and nodul us offefrastigrty—HPF 20 K69t WatrerTalysorptyi on
(85[err]C, 85% 168 hoyrs]: { Ther po-| hygrpstat| (rmanyfactdred Qy TABAI Inc.)
- 28 - The results obtgi ng¢d fjar 4 SJrrra'rizedc,.;ogatmher Wt h thamevalquation on
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The packages obtai ned by maeki ng use of t

exam ned by neans of X-

bonding wire to determ ne any deformati on of bonding wre.
to 400_tiyes of thernal

of sanple were subjected to 50 10

he resin 5

each cycl e consisting of changes in tenperature of

tenperature to 150[err]C,

to check the operating character-
device thereby to investigate the percent defective of the device.

conposi tions of
Exanples 1 to 8, Conparative Exanples 1 to 3 and Reference Exanple were

ray photographing thereby to see any drifting of
Then,

20 pi eces
shock cycl-e,

-65[err]C to room

istic of the

15

Furthernmore, the noisture resistance of the PFabl&gd was al so eval uated by

maki ng use of a pressure checker.

Specifically, each package was left to

stand for a prescribed
heated to -a tenperature
(l eak defective or open

of 127[err]C, a
defective) of t

naor: oo o f $ 3 oo oo
PCTTUU U T1TTme T1

a—2-o—atm
dComp . 2Bx .
e devjce af

saturated
Corep c &k -
ter eyery

!

+ -
watretr—vap

&foagt.i \Eex .
redetgermn

gated;,thereby—ev

period tinme was investi
BES-&f these rel

atoatTrg—tt

e Torsture
sts are 25

resTs=—tan

to the package. The res
sumari zed in Table 5 s

hepg pel ow.

iabi 4Gy t

PPS-8

20

PPS-9

20

PPS-A

40

Spherical
silica A
Average
particle
diameter 22 um

54

54

54

Spherical
silica B
Average
particle
diameter
0.5 um

Aluminum borate
A

Aluminum borate
B

Aluminum borate

Cc

Carbon black

0.3

0.3

0.3

Epoxy silane
coupling agent

.3

0.3

.3

A-187

The values shown in Tables 6 and 7 denote the

by % by weight.

mixed contents of the components, which are indicated



- 29 - [err] - 30 - [err] - 31 - In Table 4, the mark "[err]"
denotes the results expl ained below in the evaluations of the outer

appear ance of the nol ded body, the snear of cavity and the packing degree
of the package. 5 ‘The outer appearance of the nol ded body:

Excell ent in outer appearance after 100 tinmes of continuous shot. The snear
of cavity: The snear of cavity was not recoegni3ged-after 100 tines of

conti nuous shot. :

The code numbers shown in these tables represent
respectively a PPS resin illustrated bglow.
PPS-6: Linear polymer type LN-01G (a product from
Tonen Kagaku Inc.)
5 PPS-7: Linear polymer type LN-02G (a product from
Tonen Kagaku Inc.)
PPS~8: Branched polymer type LV-0l1 (a product from
Tonen Kagaku Inc.)
PPS~9: Linear polymer type LJ-03G (a product from
10 Tonen Kagaku Inc.)
PPS-A: Linear polymer type; a low viscosity type
The concentrations of Na® ion and Cl- ion in these

PPS resins are summarized in Table 8 below.

Table 8
15 :
Neat resin Nat ion (ppm) | C1~ ion (ppm)
PPS-6 24 30
PPS-7 27 45
PPS-8 51 61
PPS-9 32 46
PPS-A - 1560 875
As seen from Table 8, the PPS resin (PPS-A) mixea
in the resin composition of Comparative Example
indicated an.extremely high concentration of ionic
20 impurities.

The aluminum borate whiskers (A) to (C) which were
mixed in the compositions of Examples 9 to 15 were all

0.5 to 10 pm in thickness of fiber and 1 to 30 um in



The -packi ng degree of the package: The generation 10 of unfilled
portion was not recogni zed in 100 shots of nol ding. - 32 - [err] -
33 - [err] - 34 - As seen from Table 4, all of the resin conposi-
tions in Exanples 1 to 8 (this invention), Conparative Exanples 1 to 3 and
Ref erence Exanpl e indicated an excellent noldability. However, the effect
of titania 5 whi sker incorporated in the ESSiD conposition of this.

length of fibér.
Each pellet thus obtained was allowed to dry at a
" temperature of 150°C for 20 hours, and then each pellet
was charged into a screw_preplasticating type vertical
5 injection moldiﬁg machine provided with a DIP.14-pin
die thereby to encapsulate a test semiconductor element
(a 2 mm square chip) with a resin as shown in FIG. 1.
The molding in this case was performed under the
conditions: 310 in melting temperature; and 400 kg/cm?

10 ~in injection pressure with a die temperature of 170°C.
The compression time was set respectively as shown in
the following Tables 9 and 10. The molding was
performed by making use of a die which was designed for
forming each test piece and under the same molding

15 conditions.

After the semiconductor device thus obtained was
checked to see if there was any defective, the outer
appearance of the molded body, the smear of cavity and
the packing degree of the package were investigated.

20 In this case, the outer appearance of the molded body
was evaluated by the observation of the surface of the
package by making use of a microscope to see if there
is any sink mark or shrinkage void thereon. The smear
of cavity was evaluated by repeating 50 shots of thé

25 same molded product by making use of a single mold and
by observing the surface of the cavity. The packing

degree of the package was evaluated by Checking the



I nvention was apparently manifested in the general characteristics. Nanely,
when the resin conpositions of Conparative Exanples were enpl oyed for
encapsul ati ng a sem conductor chip, the adhesive force of the resin 10

| ayer to the lead frame and to the sem conductor chip was very weak so that
the di stance of penetration of red ink at the suspension pin was extended
up to 5.5 mm at maxi rum Wereas, the resin cggp0§itions of this invention
i ndi cated an excell ent adhesive force so that 15 t he di stance of
penetration of red ink at the suspen- sion pin was nostly limted to at

- nmost 0.3 nm Wth respect to flexural strength, the resin conposition of
this invention indpgekt£sk ato | g OV MERéré Nigeaey ahnf Abledvportionchbyt he
resin conmposition of this 20 invention is highly fluid, i.e. lowin
viscosity, the defmdliid as®fobomdnigroseepaas only 1. 6% at nost, and the
generation of defective was not recognized in the thermal shock cycle test
or in the noisture rel iZhe |denpptessioBymebdinastimeninhthigsexampifewassin
conposi - 25 tions of Conparative Exanples, the deformation of bonding
wire was enl arged detexmined aigeswsh 28 Bapnek| 2% BP BeEt athal fodlovhrg
sanpl es becane defective . . .

5 conditions. Namely, the compression molding time was
set to such that the release of a molded product from
the mold would not be hindered and a continuous molding
could be performed. The adhesion between the resin
layer and a Cu frame in each package was determined as

10 follows. Namely, a 2 mm square molded body was adhered
on the surface of a Cu lead frame-substrate and then
the adhesive strength under shear of the molded body
was measured.

Further, a red ink test was performed in the same

15 manner as illustrated in the aforementioned Example (I-
1) thereby to measure the penetration distanceé of ink
into a region of suspension pin.

Furthermore;'the glass transition Point, thermal
expansion coefficient, flexural strength, modulus of

20 “elasticity and water absorption of each resin composi-
tion were measured in the same manner as .illustrated in
Example (I-1). At the same time, the melting viscosity
of each resin composition was measured under a load of
30 kg by making use of an elevated flow tester (Shimazu

25 Seisakusho Inc.).

The results obtained are summarized together with

the evaluation on the moldability in the following



- 35 - after 400 cycles in the thermal shock cycle test and al nost a half
of the sanples becane defective after a | apse of 500 hours of noisture

. resistance reliability test. It will be seen fromthese results that the 5
sen conduct or devices which were encapsul ated wi'th a resi'n conposition
which did not contain titani a whisker 'indi categha poor reliability. The
results of Reference Exanple where a PPS resin with a high content of ionic
inmpurities was enployed- 10 for. encapsul ati ng the sem conduct or device
were al so shown in Table 4. Al though the resin conposition of this

i nvention was enpl dBakllés 9 handek@dinpl e for manufacturing a DI P type
package, it is also possible to enploy the resin 15 conposition of this
invention for the manufacture of a surface packagi ng such as flip chip or
BGA (ball grid array). FIG 4 illustrates the cross-sectional view of



anot her exanpl e of the resin-encapsul ated sem conductor 20 device. The
resi n-encapsul at ed sem conductor device 10 shown in FIG 4 conprises a
sem conductor chip 12, which are nounted via a bunp 13 on a substrate 11,
and the space between the sem conductor chip,342 and the substrate 11 as

wel | as the peripheral portion of the 25 sem conductor chip are seal ed
with a resin |ayer 14 which is consisting of a cured resin conposition of
this invention. This gestnyencagsuiatedysemtonducto =306 - devic
can be manufactured by geans of |an|injegtion | di ng} a hot inpregnatiog
met hod or a hot conprésgion nol di ng net hod enpljoyi ngf sheets. (Exanple |l £2)
5 . Fillers an ieE}nSCMEKQ mQedl toget her @ n| accor- dance with Ehe
formul ati ons shown inft®e flolloWing Tables 6 and 7. Ppecifically, a fill Fer
was put into a Henschgl™mifer td sfir i{ at a rjotatipn speed of 5,000 rpm
and, at the sane tine}l—subjecteq—tp—a '
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10 coupling treatment with stirring. Then, a PPS resin was added to
the filler and the resultant m xtures were further stirred to obtain a
honogeneous powder of PPS resin conposition as indicated in Tables 6 and 7
as Exanples 9 to 15 and as Conparative Exanples ﬂ to.6. 15 Then,
each powdery resin conposition was kneaded and 3xtruded by making use of a
doubl e-screw extruder heated to a tenperature of 280 to 310[err]C and

provided with a 6-hol e dje- e—tegti—thtus—keadet—apd—drs—chargecy f rom
the 6-hol e die was cool efl wat ¢r and 20 thenjcut in|a predeterm ned
size by maki ng use of a qiletlzer t herepy olbtaipj ngfa rasin pekd et -
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Comp. Ex. Conmp. Ex. Conp. Ex. 4

40 PPS-7 PPS-8
20 PPS- A

Aver age
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Al um num borate C Carbon bl ack 0.3 0.3 0. 3 Epoxy

sil ane coupl i ng agent 0.3 0.3 0.3 A-187 The val ues
shown in Tables 6 and 7 denote the 5 m xed contents of the conponents,
whi ch are indicated by % by wei ght. - 39 - The code nunbers shown in
these tables represent respectively a PPS resin illustrated bel ow PPS-6:

Li near polynmer type LN-01G (a product’ froanog%n Kagaku Inc.) 5 -
PPS-7: Linear polyner type LN-02G (a product from Tonen Kagaku Inc.) PPS-8:
Branched pol ynmer type LV-01 (a product from Tonen Kagaku Inc.) PPS-9:
Li near polyner type LJ-03G (a product from

In-Tables 9 and 10, the mark "O" denotes the

results explained below in the evaluations of the outer
appearance of the molded body, the smear of cavity and
the packing degree of the package.
5 The outer appeqrancé of the molded body: Excellent
in outer appearance after 50 times of continuous shot.
The smear of cavity: The smear of cavity was not
recognized after 50 timeé of continuous shot.
The packing degree of the package: The generation
10 of unfilled portion was not recognized in 50 shots of
molding. B
The packages obtained by making use of the resin
compositions of Examples 9 to 15 and Comparative
Examples 4 to 6 were examined by means of X-ray
15 photographing thereby to- see any drifting of bonding
wire to determine any deformation of bonding wire.
Then, 20 pieces of sample were subjected to 20 to
_500 times of thermal shock cyclé, each cycle consisting
- of changes in temperature of -65C to room temperature
20 to 150°C, to check the operating characteristic of the
device thereby to investigate the percent defective of
the device.. .
Furthermore, the moisture resistance of the
package was also evaluated by making use of a pressure
25 checker. Specifically, each package was left to stand
for a prescribed period of time in a 2.5 atm. saturated

water vapor heated to a temperature of 127°C, and the



10 Tonen Kagaku Inc.) PPS-A: Linear polyner type; a |low viscosity type
The concentrations of Na+ ion and C[err] ion in these PPS resins are

sumari zed in Table 8 below. Table 8 15 Neat resin Na[err] ion (ppm
- ion (ppm PPS-6 24 30 PPS-7

27 45 PPS-8 51 61 PPS-9

32 46 PPS- A 1560 _ 4 _ 875 As seen from Tabl e

8, the PPS resin (PPS-A) mixed in the resin coiposi tion of Conparative
Exanpl e i ndi cated an extrenely high concentration of ionic 20

inmpurities. The al um num borate whiskers (A to (C) which were mxed in the
conposi ti ons of Exapgtesn®’ d@féétﬂeée(aéékodéfécmﬂﬁb[ﬁfrép@nndéheckme§§ of
fiber and 1 to 30 [err]min

the device after every predetermined period time was
- investigated, thereby evaluating the moisture resis-
tance of the package.

5 _ The results of these reliability tests are

summarized in Tables 11 and 12 shown below.



- 40 - length of fiber. Each pellet thus obtained was allowed to dry at a
tenperature of 150[err]C for 20 hours, and then each pellet was charged
into a screw preplasticating type vertical 5 i nj ection nol ding machi ne
provided with a DI P 14-pin die thereby_togsgncapsul ate a test sem conductor
element (a2 nmmsquare chip) with a resin as shown in FIG 1. The nol di ng
in this case was perfornmed under the conditions: 310[err]Cin nelting

tenperature; and 4@6—kger2—346 H—Hectof egStie
temperature of 170je®r] ¢ Thg co regsipn tine S get]|regspectively as
shown in the fol |l opMmg,[abked J KOSIE| Th& nmol G In& | vi@s Jler f or r@d by |naki ng
use of a die which v@sﬂestﬁgreod r3101:m' nosea:rgtgstg:)i;ece and:lunder t he
sanme nol di ng 15 ondi tiors> | AltBY The seni g6ndu¢tdf device Thus
obt ai ned was checke¢d tojsee iif fhdarelwas any defectiivel tihe outer
appear ance of the pgjded body, jhqg sfreaf of cayitly qnd|the packing deggree
of the package mr#agnvéestLgétt@jQZ.Q ol Ith|olcases| Ble out e appear ance
< 4 .
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package by meking use of a microscope to see if there is any sink mark or
shrinkage void thereon. The snear of cavity was eval uated by repeating 50

shots of the 25 sanme nol ded product by naking use of a single nold and
by observing the surface of the cavity. The_paggi ng degree of the package
was eval uated by checking the - 41 - package to see if there is any

unfilled portion by nmaking use of a mcroscope. The conpression nol ding
time in this exanple was deternmined in such a manner as to neet the

following 5 condi tipng. Nﬁgély,_tre conjpr ¢ssjorf nol di ng tinme was set
to such that the releasg qf § npl ded] prjoduictf ffon} t e noljd woul d not be
hi ndered and a conti nuoug|noldijng|coul d be gerforTed. The adhesi on bet ween
the resin layer and a Qu firafe (i njeach |pagkdge [wap deterrined as 10
follows. Nanely, a 2 nmxgquare obladed bozlycglv\gs Qphgred ¢n the surface of a
Cu | ead frame substrate| 8{d~1 B K| QfhesRe<§tXpndt h under shear of the
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was neasured. Further, a red ink test was perforned in the same 15

manner as illustrated in the aforementioned Exanple (1- 1) thereby to

nmeasure the penetration distance of ink into a region of suspension pin.

Furthernore, the glass transition Point, thermal expansion coefficient,

fl exural strength, nodulus of 20 elasticity and water absorption of

each resin conposi- tion were measured in the.same nanner as illustrated in.

Exanmple (I-1). At the sane tinme, the nelting 3 scosity of each resin

conposi tion was neasured under a |oad of 30 kg by making use of an el evated

flow tester (Shimzu 25 Sei sakusho Inc.). The results obtained are
summari zed together witRstsgegvalomt th8 p8stes "Bheli LhtYableshe haK! 98I Ng

- 42 - Tables 9 and 10.

' all of the resin compositions in Examples 9 to 15 (this
invention) and Comparative Examples 4 to 6 indicated an
excellent moldability. However, the effect of aluminum

5 borate whisker incorporated in the resin composition of
this invention was apparently manifested in the general
characteristics. Namely, when the resin compositions
of Comparative Examples were employed for encapsulating
a semiconductor device, the adhesive force of the resin

10 layer to the lead frame and to the semiconductor
element was very weak so that the distance of penetra-
tion of red ink at the suspension pin was extended up
to 7.2 mm at maximum. Whereas, the resin compositions
of this invention indicated an excellent adhesive force

15 so that the distance of penetration of red ink at the
suspension pin was mostly limited to almost 0 mm. With
respect to flexural strength, the resin composition of
this invention indicated an improvement in general.

- Moreover, as shown in Tables 11 and 12, in the

20 case of the resin composition of this invention, only a
negligible deformation of bonding wire was recognized,
and the generation of defective was not recognized in
the thermal shock cycle test or in the moisture
reliability test. By contrast, in the case of the

25 resin compositions of Comparative Examples, the

deformation of bonding wire was enlarged up to as large

as 8.4%, while almost all of the samples became



- 43 - Jerr] - 44 - [err] - 45 - [err] - 46 - In Tables 9 and
10, the mark "[err]" denotes the results explained belowin the eval uations
of the outer appearance of the nol ded body, the snear of cavity and the
packi ng degree of the package. 5 The outer appearance of the

nol ded body: Excell ent 51

defective affér 200 cycles in the thermal shock cycle
test and most of the_samples became defective after a
1apsé-of 500 hours of moisture resistahce reliabiiity
test. It will be éeen from these results that the
5 semiconductor devices which wére'encapsulated with a
resin composition which did not contain aluminum borate
whisker indicéted a poor reliability.
.(Eiample II)
This example explains a polyphenylene sulfide
10 resin composition which comprises; in addition to a
polyphenylene sulfide resin and an inorganic filler,
a specific kind of compound so as to improve the
adhesivity thereof to a lead frame or a semiconductor
element (device).
i5 The polyphenylene sulfide (PPS) resin to be
employed in this example is a thermoélastic resin
comprising a repeating unit represented by the follow-
ing general formula (2) that can be classified
gener#lly into two types, i.e. a linear type and a
20 crosslinking type:w_The linear type PPS resin is formed
of a compound wheré a plurality of the repeatihg units
each represented by the following gener§l formula (2)

are linearly connected with each other.

| [/~
* T

On the-other hand, the crosslinking type PPS resin



I n outer appearance after 50 tines of continuous shot. The snear of cavity:
The snmear of cavity was not recogni zed after 50 times of continuous shot.
~The packi ng degree of the package: The generation 10 of unfilled
“portion was not recognized in 50 shots of nolding. The packages obtai ned by
maki ng use of the resin conpositions of Exanples 9 to 15 and Conparative
Exanples 4 to 6 were exam ned by neans of X-rgy 15 phot ogr aphi ng
thereby to see any drifting of bonding wire to determ ne any deformati on of
bonding wire. Then, 20 pieces of sanple were subjected to 20 to 500 tines
of thermal shock cycle, each cycle consisting of changes-in tenperature of
-65[err] C to room fenpermtdref28 compbandiOivhichCecahobehmahutfiaetopedatiyna
characteristic of the device thereby to investigate the percent defective
of the device. Furwakinkneyntiethodstearg.rbyi satatgtotally pedyageiwdndal so
eval uated by making use of a pressure 25 checker. Specifically, each
package was | eft tdikalobehzena withcanbadkpdirvgtal bisnlfade insagpelar
saturated water vapor heated to a tenperature of 127[err]C, and the

solvent thereby to obtain a polymer, which is then

5 heated in an oxygen-containing atmosphére to cause the
polymer to undergo crosslinking,_thus making it into a
high polymer. Specifically, the crosslinking type PPS
resin can be represented by the following structures
(3) and (4).

10 '

(3)

15 .
(4)
The PPS resin to be employed in this example may

be selected froﬁ any of the aforeméntioned formulas (2)
to (4). It is also.possible for these PPS resins to

20 contain in its structure other kinds of linkage such as
a meta linkage, an ether linkage, a substituted phenyl
sulfide.linkage, etc. Examples of.unit that can be
dontained in the structure of PPS resins are structural
units represeﬁted by the following general formulas (5)

25 = to (13). However, the ratio of these structural units
in the PPS_polymer should preferably be 1imited_to

less than 30_mol.%. ‘Because, if the ratio of these



- 47 - percent defective (Peak defective or open defective) of the device
after every predeterm ned period tine was investigated, thereby eval uating

the noisture resis- tance of the package. 5 The results of these
reliability tests are summarized in Tables 11 and 12 shown bel ow - 48 -
[err] - 49 - [err] _

- 53 -

structural units in the PPS polymer exceeds over
30 mol.%, the crystallinity of the resultant polymer

would be badly affected, thus inviting the deteriora-

tion in heat resistance of the polymer.

- 1O, {00

10
H3
l (9 Hj (10)

15

\ (12)

1
(13)
20 R
wherein R, R! and R2 may be the same or different

and are individually alkyl group, nitro group, carbox-

25 ylic gioup, amino group, a group.of metal salt of -

carboxylic acid, or alkoxyl group.

The linear type PPS resin can be synthesized



- 50 - As seen fromthe results shown in Tables 9 and 10, all of the resin
conpositions in Exanples 9 to 15 (this invention) and Conparative Exanpl es
4 to 6 indicated an excellent noldability. However, the effect of al um num

5 borate whi sker incorporated in the resin conposition of this
I nvention was apparently manifested in the general characteristics. Nanely,
when the resin conpositions of Conparative EX | es were enpl oyed for '

encapsul ating a sem conductor device, the adhesive force of the resin 10

| ayer to the |ead frame and to the sem conductor el ement was very weak so
that the distance of penetra- tion of red ink at the suspension pin was
extended up to 7.2 thmaatghmexicamdendet vas, rddet i®sibetoaeg@ospt i ons of this

i nvention indicated an excel |l ent adhesive force 15 so that the distance
of penetration of ddhlthoitenzenes @apkrsidinmisuMaderess | ghowmi iedthe
almost O mMmm Wth respect to flexural strength, the resin conposition of
this invention indifedilewing neacdi@rerformilgeneral . Mreover, as shown in

Tables 11 and 12, in the 20 case of the resin conmposition of this
|nvent}on, only a c 1 + Na,S
5.
. o
W4 "J
n

wherein n is ah integér of 10 or more.

10 These PPS resins are low in both hygroscopicity
and dielectric constant, so that tﬁe adhesivity of the .
resin to a metal such as a lead frame can be improved,
thus making it suitable for use in encapsulating a
semiconductor device.

15 It is also possible to employ the same kinds of
PPS resin as employed in Example I.

It is preferable to incorporate an inorgahic
filler in the PPS resin in view of improving the
mechanical strength of the resin such as the.strength

20 of resin, impact resistance.

Examples of the inorganic filler are fused silica
powder, crystalline silica powder,.glass fiber, talc,
alumina powder, silicon nitride powder, aluminum
nitride powder, calcium silicate powder, calcium

25 carbonate powder, barium sulfate:.ppwder and magnesia.

Among them, fused silica powdef;'crystalline

silica powder and glass fiber, singly or in combination



negligi bl e deformati on of bonding wire was recogni zed, and the generation
of defective was not recognized in the thermal shock cycle test or in the
noisture reliability test. By contrast, in the case of the 25 resin
conpositions of Conparative Exanples, the deformation of bonding wire was
enlarged up to as large as 8.4% while alnost all of the sanples becane
- 51 - defective after 200 cycles in the therggl shock cycle test and nost
of the sanples becane defective after a |apse of 500 hours of noisture
resistance reliability test. It will be seen fromthese results that the 5
sem conduct or devi ces which were encapsulated with a resin conposition
whi ch did not conttaiereslfynamemnivsrtaprefarsitde iindiviavw e modturg i ability.
(Example I'l) This exanpl e explains a pol yphenyl ene sul fide 10 resin
conposi ti on whi ch resrsitianee, and xediiakid ity ahss yhmshaxhaisgd e resin
~and an inorganic filler, . : o
encapsulating a semiconductor element. If silica
powder is to be employed, it may be used as a mixture
5 consisting, in an appropriate mixing ratio, of fragmen-
tal, spherical and fine powdery silica.

The mixing ratio of the aforementioned inorganic
filler in the resin'composition should preferably be
20 wt% to 85 wt%, more preferably 60 wt% to 80 wt%. If

10 the mixing ratio of the inorganic filler is less than
20 wt%, the moldability of the resultant resin composi-
tion where a PPS resin of low viscosity is employed
would be deteriorated, and at the same time, it would
be impossible to obtain a molded product exhibiting a

15 sufficient degree of heat resistance and impact
resistance. On the other hand, if the mixing ratio of
the inorganic filler exceeds over 85 wt%, it is

~impossible to wet the inorganic filler with the resin
so that the melting vichsity of the resin composition

20 would be extremely increased, whereby inviting a
deformation or breaking of bonding wire. .

It is preferable for the purpose of improving the
moisture resistance of the molded product to perform
the surface treatment of the inorganic filler. 1In this

25 surface treatment, any kind of silane coupling agent

can be employed as long as it is useful in the ordinary

surface treatment. Specific examples of such a silane



a specific kind of conpound so as to inprove the adhesivity thereof to a

| ead frame or a sem conductor elenent (device). 15 The

pol yphenyl ene sulfide (PPS) resin to be enployed in this exanple is a
thernopl astic resin conprising a repeating unit represented by the foll ow
ing general formula (2) that can be classified generally into two types,
i.e. a linear type and a 20 crosslinking tgge.. The linear type PPS
resin is formed of a conpound where a plurality of the repeating units each
represented by the follow ng general fornula (2) are linearly connected
with each other. 25 (2) On the other hand, the crosslinking type PPS resin
52 is forned of a coupdimd, agenth aozn dpoxparaidlaotey einino sivAne kmeencapto
met hod, e.g. by catalytically polynerizing di hal obenzene with an

al kal i - et al bi sul Biid@nien aadp@icalyl silane.

The mixing ratio of silane coupling agent to the

inorganic filler should.preferably be 0.02 wt% to

5 10 wt% based on the weight of the inorganic filler. If
the mixino ratio of the silane coupling agent is less
than 6.02 wt%, the effect of the coupling agent such as
an improvement in strength of a molded product can be |
hardly attained. On the other hand, if the mixing |

10 ratio of silane coupling agent to the inorganic filler
exceeds over 10 wt% based on the'weight of the inor-
ganic filler, the moisture resistance and reliability
of a ﬁolded product would be deteriora£ed.

Next, explanations on the compounds to be included

15 as the (c¢) component of the resin composition of this
example will be set forth. Namely, this (c) component
functions to imprové the adhesivity of the resin
composition, and is composed of at least one compound
selected from a polymer of indene, phenol aralkyl resin

20 and novolak phenol resin. | |
| The indene polymer may be a homopolymer or a
copolyﬁer. When an indene copolymér is to be employed,
the ratio of indene monomexr oo other comonomer should -
preferably be set to meet the conditioh of 1I/8 > 1.5

25 (where I represents the number of moles of indene
monomer, and S denotes the numbef of moles.of other

comonomer) in view of improving the adhesivity of resin



sol vent thereby to obtain a polynmer, which is then 5  -heated in an
oxygen-contai ni ng atnmosphere to cause the polymer to undergo crosslinking,
thus making it into a high polymer. Specifically, the crosslinking type PPS
resin can be represented by the follow ng structures (3) and (4). 10

(3) [err] 15 (4) The PPS resin to be enployedggn this exanple may be
selected fromany of the aforenentioned formulas (2) to (4). It is also
possi ble for these PPS resins to 20 . contain in its structure other

ki nds of |inkage such as a nmeta |inkage, an ether |inkage, a substituted
phenyl sul fide |inkegposditdonExatpinedyof idnithet katntemt kf doderiengprianathe
structure of PPS resins are structural units represented-by the foll ow ng
general formulas (Mpe2s the rondil3)ion EHEWAVEr > tthé + dihe t@ckiness
structural units-in the PPS polyner should preferably be limted to | ess
than 30 nol . % Becinberent tie indene egnt besdully exhibited thereby

improving the adhesivity of the resin composition.

5 However, if the ratio I/S is less.than 1.5, it would
become difficult to make the most of the effect of
indene.

As for the comonomer to be copolymerized with
indene, a vinyl aromat}é monomer such as styrene,
10 vinylnaphthalene and vinylbiphenyl is preferable in
view of its excellent moisture resistance.
The polymers mentioned above can be synthesized by .
. means of ¢ationic polymerization emploYing a Friedel-
Crafts catalyst,'or by means df a thermal polymeriza-
15 tion employing a high temperature of 250C or more. The
indene polymer obtained in this manner is.low in
hygroscbpicity and in dielectric constant just like the
PPS fesin. Therefore, when an indene polymer is added
to the PPS resin, the hygroscopicity as well as
20 '~ dielectric constant of the resultant resin composition
would be further lowered. As a result, the adhesivity
between the resin layer and a metallic member such as a
lead frame would be increased. The employment of this
indene polymer is also effective in lowering the
25 melting viscosity at the molding temperature of the
resin composition. Namely, since the fluidity of the

resin composition is enhanced by the employment of the



- 53 - structural units in the PPS polymer exceeds over 30 nol.% the
crystallinity of the resultant polymer would be badly affected, thus
inviting the deteriora- tion in heat resistance of the polyner. 5

[err] (5) (6) [err] 10 [err] 15 [err] [err] 20
wherein R Rerr] and Rierr] may be the same or different and are
i ndi vidual |y al kyl group, nitro group, carbox-5@5 - ylic group, am no

group, a group of netal salt of carboxylic acid, or alkoxyl group. The
| i near type PPS resin can be synthesized

indene polymer, the inorganic filler can be incorpo-
rated in an increasing ratio thereby improving the
strength of resin and_the impact resistance of the
molded product. Furthermore, the dimension stability
5 of the molded product can be improved by the employment
of the indene polymer, and in particular, the employ-
ment of.the indene polymer is effective in preventing
the genération of sink mark on the molded product where
a PPS resin of low molecular weight is employed.

10 The mixing ratio of the ihdene polymer to the PPS

resin should preferably be 5 wt% to 50 wt% based on the

PPS resin. If the mixing ratio of the indene polymer
is less than 5 wt%, the adhesivity of the resin to a
semiconductor element would become poor since the

15 indene polymer can be hardly exposed on the surface of
the molded product, thus resulting in a deterioration
in reliability of the semiconductor device. On the
other hand, if the mixing ratio of indene polymer
exceeds over 50 wt%, the indene polymer is caused to

20 decompose violently, thus deteriorating the heat
resistanée of the resin composition.

The phenol aralkyl resin to be incorporated as (c)

component into the resin composition of this example is
a resin to be obtained thibugh a reaction between

25 aralkyl ether and phenol with an—employment of a
Friedel-Crafts catalyst, so that this resin is also

known as Friedel-Crafts resin. Specific example of



- 54 - through a condensation reaction between p- dichl orobenzene and
sodium sul fide as shown in the followi ng reaction fornula. [err] wherein n
is an integer of 10 or nore. 10 ~ These PPS resins are low in both
hygroscopicity and dielectric constant, so that the adhesivity of the resin
to a netal such as a lead frane can be inproved, thus making it suitable
for use in encapsulating a sem conductor dew cé9 15 It is also
possi ble to enpl oy the sane kinds of PPS resin as enployed in Exanple |I. It
is preferable to incorporate an inorganic filler in the PPS resin in view

of 1 nproving the nmechanical .str.ength of. the resin such as the strength 20
of resin, inpact regggfaﬁ@?F EOTSenSAF 597h R ?i??ﬂﬁo%ﬂé'Q%sB%

SLca Poner o yS LAV Faber SR eT e AP ol S B SRy o-
xylene and phenol (Plastics, Vol.34, No.2, pp 85).
Sﬁecific examples of such a condensation polymer

5 compound are XL-225, XL-225L, XL-225LL, XL-2253L and
XL—2254L (all being products of Mitsui Toatsu Kag&ku
Co.); and MEH-7800L and 7800LL (all being products of
Meiwa Kasei Co.).

As for the aforementioned.novolak phenol resin,

10 there is no limitation, provided that it contains two
or more phenolic hydroxide groups in one molecuie. For
example, phenol novolak resin, cresol novolak resin,
tert-butylphenol novolak resin, nonylphenol novolak
resin, cyclopentadiene phenol novolak resin and

15 naphthalene novolak resin may be employed. These
phenol novolak resin may contain a reactive group such
as allyl group, acéyl group, vinyl group or mercapto
Qroup. It is also possible to a biphenyl type phenol
resin (MEH—?SSO, MEH-~7851 and MEH-7860; Meiwa Kasel

20 Co.) with a view to suppress an increase of watex
absorption. '

The mixing ratio of the aforementioned phenol
aralkyl resin or novolak phenol resin to the PPS resin
should preferably be 0.1 wt% to 20 wt% based on the PPS

25 resin. If the mixing rétio of these resins is less
than 0.1 wt%, it will become difficult to obtain a

sufficient effect of these resins. On the other hand,



nitride powder, calciumsilicate powder, calcium 25 car bonat e powder,
barium sul fate powder and magnesi a. Anong them fused silica powder,
crystalline silica powder and glass fiber, singly or in conbination - 55
- thereof, are nost preferable in view of npisture resistance and
reliability when they are used for encapsulatigg a.sem conductor el enent.

If silica powder is to be enployed, it may be used as a mxture 5
consisting, in an appropriate mxing ratio, of fragmen- tal, spherical and
fine powdery silica. The mxing ratio of the aforenentioned inorganic
filler in the resintdipsiixiomg shatial ¢f cfhesd| yehinoOiot s Bhant 29 wbhe
preferably 60 wt%to 80 wt% |If 10 the mxing ratio of the inorganic
filler is |ess thartl neigture ¥etiRiANGe Wwoild %@%@B@I laver rargd ntkenposi -

tion where a PPS resin of |ow vjscosity iswggplgégd woul d be deteriorated,
and at the sane ti MOIFHUNRFIFHEEINAR FGbiabt %P nld he| detepionaked.

exhibiting a as a result, it would be impossible to obtain a desired
5 mechanical strength.
If required, the resin composition of this example
may contain a releasing agent such as a natural wax, a
synthetic wax, a linear aliphatic acid or a metallic
salt thereof, acid amide; esters and paraffines; a

10 pigment such as carbon black and titanium dioxidé; and
a modifying agent such as silicone o0il, silicone gel,
silicone rubber, plastic powder of various kinds,
engineering plastic powder of various kinds, ABS resin
powder.and MBS resin powder.

15 The resin composition of this example can be
prepared by making use of a hot roll, a kneader or an
extruder so as to melt and knead the resin composition,
by making use of a special mixer capable'of atomizing
thelresin composition; or by a combination of any of

20 these methods. Most typical method of preparing the
resin composition is to dry-blend all of the components
by means of a mixer, and then to melt and mix the PPS
resin and the inorganic filler by means of ao extruder,
the extruded product being subseguently cut into

25 pellets.

The resin composition thus preoared can be

employed, as in the case of the ordinary composition



15
ot her h
w% it

this 25

sufficient degree of heat resistance and inpact resistance. On the
and, if the mxing ratio of the inorganic filler exceeds over 85

is inpossible to wet the inorganic filler with the resin so that
the melting viscosity-of the resin conmposition 20 - woul d be extrenely

i ncreased, whereby inviting a deformati on o brédaking of bonding wire. It
Is preferable for the purpose of inproving the noisture resistance of the
nol ded product to performthe surface treatnment of the inorganic filler. In

bl oyed as | ong- acC PRSI SRSt o) o e hd Ry R o T A &
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si | ane,
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to 5

10 wt % base

10

15

on the werght of the inorganic
or a bearing, or as a material for various housings.

The resin-enéapsulating semiconductor device
according to this example can be easily manufactured by
encapsulating a semiconductor element with the afore-
mentioned resin composition. Most common method of
encapsulating a semiconductor element with the resin
composition is a low pressure transfer molding method.
Hoﬁever, the encapsulation of a semiconductor element
with the resin composition can be performed by means of
an injection molding, a compression molding or a
casting method. |
(Example II-1)

Each component was combined in accordance with.the
formulations shown in the following Table 13 to prepare
the resin compositions of Examples 16 to 19 and

Comparative Examples 7 to 9.



the mxing ratio of the silane coupling agent is less than 0.02 wt% the
effect of the coupling agent such as an inprovenent in strength of a nol ded
product can be hardly attained. On the other hand, if the m xing 10

rati o of silane coupling agent to the inorganicebil kér exceeds over 10 w %
based on the weight of the inor- ganic filler, the noisture resistance and
reliability of a nolded product would be deteriorated. Next, explanations
on the compounds to be included 15 as the (c¢) conmponent of the resin
conposition of this exanple will be set fortBaPR&mdBy, this (c) conponent
functions to inprove the adhesivity of the resin conposition, and is
conposed of at |east one—conpoundsetected—froma—potynmgr—of—Tndene;—phenol
aral kyl resin 20 anfl_novol ak_phenol rdstamplehe i nderle pdt r ¥¥y bela

hormopol ymer or a copol yfrer. When an i@d&ng7capqiynLrlbs_to7be emplo&e@, tthe
d Lol

rati o of indene nononerto \ﬁhEl_ CoNDo! ut prererfapry pe—settonget
the condition of 1/S > [IPBS28esin | kel ¢ 3B .7dptdsknBd - Lhe3unh36 -6f | 4D} &<
of indene nononer, and B gagﬁges the Quﬁbqr af nol s of |ot her cqnnnfnej) in

view of inproving the afhesivity of “resin
resin A
resin B '

Filler A |42.242.2]40.4]| 37 [42.3]42.3| -
Filler B | 20 | 20 | 20 | 25 |20.4]20.4]49.6
'surface | 0.3 [0.3[0.3[0.3]0.3[0.3]0.3
treatment .

agent .
Pigment | 0.4 | 0.4 | 0.4 /0.4[0.4]0.4 (0.4

The values shown in Table 13 are based on % by
5 weight.
The components émployed herein are explained as
follows.
Polyphenyléne sulfide resin: (melting viscosity,
10 Pa+S; Toray Industries Inc.)
10 Inorganic filler:
Filler Al (fused silica pbwder, S-CO; avefage
particle diameter,_zz.um; Micron Co. Ltd.)
Filler Bl (glass fiber, REVX-2008; average
particle diameter, 13 pum; average leng;h, SQ—GO um;
15 Nihon Itagarasu Co. Ltd.) -
Indene resin A (indene homopoiymer; softening
point, 144°C)

Indene resin B (indene-styrene copolymer, 1-120;



- 57 - conposition. Nanely, if the content of indene nononer neets the
condition of I/S > 1.5, the tackiness inherent to indene can be fully

exhi bited thereby inproving the adhesivity of the resin conposition. 5
However, if the ratio I/Sis less than 1.5, it would becone difficult to
make the nost of the effect of indene. As for the conmononer to be

copol ynerized with indene, a vinyl aromatic nononer such as styrene, 10

vi nyl napht hal ene and vi nyl bi phenyl is preferalg® i-n view of its excellent
noi sture resistance. The pol ymers nentioned above can be synthesized by
means of cationic polynerization enploying a Friedel- Crafts catal yst, or
by nmeans of a thermal polyneriza- 15 tion enploying a_high tenperature
of 250[err]C or nofeftempngi paRE pdidfe 66554226 hinnNithahaer Kegakyw in
hygroscopicity and_in dielectric constant just |ike the PPS resin.
Therefore, when anIPfidéne pol yner is added

Surface treating agent: (silane coupling agent, A-
187; Nippon Unicar Co., Ltd.)

5 The indene homopolymer was prepared by the process
wherein indene was sufficiently purified at first, then
polymerized using TiCl3Bu as a catalysﬁ and washed
several times with methanol to prepare the aimed indene
homopqumer.

10 The preparation of the resin composition was
performed as follows. Specifically, a fused silica
powdef was put into a Henschel mixer and surface-
treated using a silane coupling agent. Then, other
components were charged into the Henschel mixer and

15 mixed together. Thereafter, the resultant mixture was
kneaded and extruded by making use of a double-screw
extruder heated to a temperature of 280 to 330°C, and
then cut into pellets. 'The pellets thus obtained was.
charged into an injection molding machine (IS-100FB,

20 Toshiba Kikai Co. Ltd.) to encapsuléte a test piece for
measuring three-point flexural strength and a test
semiconductor element of 1l4-pin DIP structure with the
resin under the conditions of: 330°C in resin tempera-
ture and 150°C in die temperature.

25 ' FIG. 5 illustrates a schematic view of a resin-
encapsulated semiconductor device which was obtained by

sealing the test element with the resin composition of



to the PPS resin, the hygroscopicity as well as 20 di el ectric constant
of the resultant resin conposition would be further |owered. As a result,

t he adhesivity between the resin layer and a netallic nenber such as a | ead
frame woul d be increased. The enploynment of this indene polynmer is also

effective in. lowering the 25 mel ting visco6#ty-at the nolding
tenperature of the resin conposition. Nanely, since the fluidity of the
resin conmposition is enhanced by the enploynment of the - 58 - indene

poLyTer . Uhe | 10T Go0hge (LALERISSN RELASRACLeTBLES b0 Bl BBkgRghAd 12110
rol ded product . FurLUgEIRt ey 1 410605198 ShDLLLLYaBysco Bha' b7 HRbdEds
) oo Hen kel hPockqCeag PALVIEE, SIRCLERLE T nd phe
resin of '0“/”D|eCLﬂé§dWP£8ﬂé_i§ &F®| &YE8psulated with a resin composition
5 23. "A" to "E" in FIG. 5 will be explained hereinaftef.
On the 6ther hand; as Comparative Examples-7 to 9,
resin compositions not containing the indene resin as
indicated by the formula shown in Table 13 were treated
and pelletized. Specifically, Comparative Example 7
10 was performed in the same manner as explained abové
Examples to encapsulate the semiconductor element. In
Comparative Examples 8 and 9, a lead frame coated in
advance with an epbxy adhesive (Epicoat 191; Yuka Shell
Epoxy-Inc.) was encapsulated.
15 The following tests were performed using these
encapsulated products.
(1) Melting viscosity:
The melting viscosity was measured using an
elevated flow tester (pore diameter of die: 1.0 mm, and
20 pore length of die: 2.0 mm) under the conditions of
310C and 10 kg load. | |
(2) Molding shrinkage:
The molding shrinkage in the longitudinal direc-
tion of test piece for testing a flexural strength was
25 measured.
(3) Sink mark on a molded product:

A flat surface portion of the molded product was



10 The m xing ratio of the indene polyner to the PPS resin should
preferably be 5 wt%to 50 wt % based on. the PPS resin. If the mxing ratio
of the indene polymer is less than 5 wt% the adhesivity of the resin to a
-sem conductor el enent woul d become poor since the 15 I ndene pol yner can
be hardly exposed on the surface of the nolded product, thus resulting in a
deterioration in reliability of the sem conductgr device. On the other

hand, if the mxing ratio of indene polyner exceeds over 50 wt % the indene
pol ymer is caused to 20 deconpose violently, thus deteriorating the
heat resi stance of the resin conposition. The phenol aralkyl resin to be

i ncorporated as (cC)egpopadend lihghttse assto detppmiinéoanpfsihksmaxkRnphe is

a resin to be obtained through a reaction between 25 aral kyl ether and
phenol with an enpluoyeesirfdca 6f i ehel meldéd spradatysby sbsetminghtbBeresin
I's al so known as Friedel-Crafts resin. Specific exanple of - 59 -

reflected light with naked eyes.

(4) Adhesivity test:

5 The test device was treated with a fluorescent
liquid (NEOGLO, F-4A-~E, Eishin quaku Co. Ltd.) at room
temperature inIQacuo for 10 minutes. Subsequently, the
penetration degree of the fluorescent liquid from the
interface of the lead frame was measured by observing

10 it with a polarization microscope; Further, the test
device was subjected to 100 times of repeated thermal
shock (-65°C to 150C) by making use of a thermal shock
cycle tester (TCT téster), and then the penetration
degree of the fluorescent liquid was observed in the

15 same manner as explained above. .

(5) Deformation of bonding wire:

The magnitude in deformation of bonding wire of
the encapsulated test device was observed by making use
of an X-ray photographing device. |

20 (6) Thérmal shock cycle test:

| The encapsulated test device was suﬁjected at
first to 100.times of repeated thermal shock (-65T to
150°C) by making use of a TCT tester, and then .the
percent defective.of the test device was investigated.

25 ' The results of these tests are summarized in the

 following'Table 14. As for the sink mark,.the test

device where no sink mark was recognized on its surface



this resin is a condensati on pol yner conpound to be derived fromthe
reacti on between [err] -dinmethoxy-p- xylene and phenol (Plastics, Vol. 34,
‘No. 2, pp 85). Specific exanples of such a condensation polynmer 5

conmpound are XL-225,. XL-225L, XL-225LL, XL-2253L and XL-2254L (all being
products of Mtsui Toatsu Kagaku Co.); and MEH 7800L and 7800LL (all being
products of Meiwa Kasei Co.). As for the afor ntioned novol ak phenol
resin, 10 there is no limtation, provided that it contains two or nore
phenol i ¢ hydroxi de groups in one nolecul e. For exanple, phenol novol ak
resin, cresol novol ak resin, tert-butyl phenol novol ak resin, nonyl phenol

novol ak resin, cyckegeinddcatedpbgnehe@maalkak @esi anandhéStest daptiidenl ene
novol ak resin may be enpl oyed. These phenol novol ak resin may contain a

reactive group suclwhesealal Wotgodusinkc markgr eexe \devydgmjrass axr itss capt o
group. It is also possible to a bi phenyl type phenol resin (MEH 7850,
MEH 7851 and MEH- 7883 fakei wasKdadica®ed byCahe wark d ¥i"ewnt thdgpFadde .an
increase of water absorption. The mixing ratio of the afoerenmentioned phenol
As for the penetration degree of the fluorescent liquid,
5 the marks "A" (negligible) to "E" (prominent) were
employed for indicating the magnitude of the penetra-
tion of the fluorescent liquid. The magnitude in
deformation of the bonding wire is expressed by a
deformation ratio, i;e. the device which exhibited less
10 than 10% of deformation ratio is indicated by a double
circle; the device which exhibited 10% to less than 20%
of deformation ratio is indicated by a single circle;
the device which exhibited 20% or more of deformation
ratio is indicated by a triangular shape; and the

15 device whose bonding wire was broken is indicated by

"X" mark.



aral kyl resin or novol ak phenol resin to the PPS resin should preferably be

0.1 wt%to 20 wt % based on the PPS 25 resin. |If the mxing ratio of
these resins is less than 0.1 w% it will becone difficult to obtain a
sufficient effect of these resins. On the ot her hand, - 60 - if the

nmixing ratio of these resins is l'ess than 20 wb% the noisture resistance
woul d becone | ower and the noisture resistance reliability would be
deteriorated, as a result, it would be inpossible to obtain a desired 5
mechani cal strength. If required the resin conpositj of this exanple may
contain a rel easi ng ageft sudﬂ,agaam1at ral pax, hetic wax, a |linear
aliphatic acid or a metallfi®|sal t~|t4ereof @ aki P a esters and
paraffines; a 10 pi gregnt {sukh fas{carbon bl ack i tani um di oxi de; and

219 -
_Aa

a nodi fyi ng agent such b & si lishbed &l ,] silikone ger:_i;, 4i i cone rubber,
plastic powder of variopszk®pdd| SHng eler Fhg| plast i¢| ¥gwder of vari ous
ki nds, ABS resin & °© -
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Table 14

%

Ratio of deformation of bonding wire

Penetration degree of fluorescent liquid before
Penetration degree of fluorescent liquid after

Melting viscosity (Pa ‘ s)
Flexural strength (MPa)
Molding shrinkage (%)
Sink mark ‘
thermal shock

thermal shock

TCT test




powder and MBS resin powder. 15 . The resin conposition of this
exanpl e can be prepared by making use of a hot roll, a kneader or an
extruder so as to nelt and knead the resin conposition, by maki ng use of a
speci al m xer capable of atom zing the resin conposition; or by a
combi nation of any of 20 t hese nmethods. Most typical nethod of
preparing the resin conposition is to dry-blegg all of the conponents by
nmeans of a mixer, and then to nelt and mx the PPS resin and the inorganic
filler by neans of an extruder, the extruded product being subsequently cut
into 25 ° pellets. The resin conposition thus prepared can be enpl oyed,
as in the case of the oadi sBhoyncamp@abilieol4, thebresigopompoisidisnesafh and
an inorganic filler, as a sealing material for electric or electronic
parts, as a structhamp&aseﬂﬁatofdﬁ werieadiovalinpaeld iagc vigsosigéar or a
bearing, or as a material for various housings.
excellent in fluidity and high in flexural strength,
i.e. excellent in mechanical features as compared with
5 - those of Comparative Examples 7 to 9. Further, the
resin compositions of Examples 16 to 19 were low in
molding shrinkage, free from sink mark and excellent
in dimension stability. Furthermoré, the resin
compositions of Examples 16 to 19 were low in penetra-
10 . tion degreé of the fluorescent liquid, excellent in
adhesivity with the lead frame, excellent in thermal
shock resistance, and almost free from the breaking or
deformation of the bonding wire. As explained above,
the resin compositions of Examples 16 to 19 were
15 generally excellent as compared with those of Compara-
tive Examples 7 to 9.
(Example II-2)
Fillers and résins were mixed together in accor-
dance with the formulations shown in the following
20 Tables 15 and 16. Specificélly, a filler was put into
a Henschel mixer to stir it at a rotation speed of
4,000 rpm and, at the same time, subjected to a
coupling treatment with stirring. Then, a PPS resin
was added to the filler and the resultant mixtures were
25 further stirred to obtain a homogeneous powdexr of PPS

resin composition as indicated in Tables 15 and 16 as

Examples 20 to 26 and as Comparative Examples 10 to 12.



5 The resin-encapsul ati ng sem conduct or device according to this
exanpl e can be easily manufactured by encapsul ating a sem conduct or el enent
with the afore- nmentioned resin conposition. Mst comon method of
encapsul ating a sem conductor element with the resin 10 conposition is
a low pressure transfer nolding nethod. However, the encapsulation of a
sem conductor element with the resin conpositiqycan be perforned by neans
of an injection nolding, a conpression nolding or a casting nethod. 15
(Exanple I1-1) Each conponent was conbi ned in accordance with the
formul ati ons shown in the following Table 13 to prepare the resin
conpositions of Exanpl es Thert 0 ekt hambwdemanads ire domps idsioh twa® . kneaded?2
- Table 13 Exanpl e Conp. Ex. 16 17 18 19 7 8

9 and extruded by making use of a double-screw extruder
~heated to a temperature of 280 to 310TC and'provided
with a 6-hole die. The resin thus kneaded and dis-

5 charged from the 6-hole die was cooled with water and

then cut in a predetermined size by making use of a

pelletizer thereby obtaining a resin pellet.



PPS resin 33.7 33.7 32.7 31.1 36.6 36.6 49.7 Indene
- - - - resin A Indene _
B Filler A 42.2 42.2 40.4 37 42.3 42.3
25 20.4 20.4 49.6 Surface,
agent Pi gnent 0.4 0.4 0.4 0.4 0.4 0.4

Tabl e 13 are based on %7
Dﬁi phen

expl ai ned as follows. H

Pa . S; Toray Industriesaolns
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15 Ni hon Itagarasu Co. Ltd.) Indene resin A (indene honopol yner;
softening point, 144[err]C) Indene resin B (indene-styrene copol yner,

| -120; - 63 -.softening point, 120[err]C, 1/S=4.2; Shin-Nttetsu Kagaku
Inc.) Surface treating agent: (sil.ane couplingpggent, A- 187; Ni ppon Unicar
Co., Ltd.) 5 The i ndene honopol yner was prepared by the process
wherein indene was sufficiently purified at first, then polynerized using
TiC[err]Bu as a catal y§twpnd washed|sejeral |[tinmes with nmethanol to prepare
the ai nmed i ndene honopollytter.| 10 Thh-preparation of the resin
conposition was perforntdﬁagjfolhpws wgpeci f{cally, a fused silica powder
was put into a Henschel Ke¥| and sujface- tleated using a silane coupling
agent. Then, other conpgngpts were clarged i pto the Henschel m xer and
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15 m xed together. Thereafter, the resultant m xture was kneaded and
extruded by maki ng use of a doubl e-screw extruder heated to a tenperature
of 280 to 330[err]C, and then cut into pellets. The pellets thus obtained
was charged into an injection nolding machi ne (J.5-100FB, 20 Toshi ba

Ki kai Co. Ltd.) to encapsulate a test piece Tor asuring three-point
flexural strength and a test 'semiconductor elenent.of 14-pin DI'P structure
with the resin under the conditions of: 330[err]Cin resin tenpera- ture
and 150[err]C in die tenperature. 25 a5 1® illustrates a
schematic view of a resin- encapsul ated sem conductor device which was
obt ai ned by sealing the test elenent with the resin conpasition of 4
- this exanple. Referrilng to FIG 5| cohg.reker enaso ﬁpnemﬁl 21 ci Fa &R, p o
the test device and 22 ldenotes a |ead frame of tlhe test devi i he ch|p 21
and the lead frame 22 § 4.5

"A" to "E" in FIG 5 wjlgpde expl ai ped h®g o4 naf tler.

PPS-7
PPS-8 | 39.4
PPS-9 - _ ' .
PPS-A ' 39.4
Spherical '

silica A
Average '

. 54 54 54
particle
diameter

22 um

Spherical
silica B
Average

particle
diameter
0.5 um

Carbon 0.3 0.3 0.3.
black
Epoxy

silane . '

. 0.3 0.3 0.3
coupling ‘ :
agent A-187
Phenol
resin
Phenol
aralkyl

resin

The values shown in Tables 15 and 16 denote the

5 mixed contents of the components, which are indicated



On the other hand, as Conparative Exanples 7 to 9, resin conpositions not
containing the indene resin as indicated by the formula shown in Table 13
were treated and pelletized. Specifically, Conparative Exanple 7 10 was
performed in the same manner as expl ai ned above Exanples to encapsul ate the
sem conductor elenent. In Conparative Exanples 8 and 9, a | ead frame coated
in advance wi th an epoxy adhesive. (Epi coat 19173Yuka Shell Epoxy Inc.) was
encapsul ated. 15 The follow ng tests were perforned using these
encapsul ated products. (1) Melting viscosity: The nelting viscosity was
measured using an el evated flow tester (pore dianmeter of die: 1.0 nm and
20 pore | ength bl & by ®e@ghi) under the conditions of 310[err]C and 10
kg load. (2) Ml ding shrinkage: The nolding shrinkage in the |ongitudinal
direc- tion of test piec@hforodesnumlyessf sdewnaling FakdesFepresent
measured. (3) Sink mark on a nol ded groduct:_A flat surface portion of the
nol ded product was respectively a PPS resin illustrated below.
PPS-6: Linear polymer type LN-01G (a product from
5 Tonen Kagaku Inc.)
PPS-7: Linear polymer type LN-02G (a product from
Tonen Kagaku Inc.)
PPS-8: Branched polymer type LV-01 (a product from
Tonen Kagaku Inc.)
10 g PPS-9: Linear polymer type LJ-03G (a product from
Tonen Kagaku Inc.)
PPS-A: Linear polymer type; a low viscosity type
Since the PPS resins (PPS-6 to PPS-9 and PPS-A)
employed in this Example II-2 were the same as those
15 employed in Example I-2, the concentrations of Nat ion
and Cl- ion in these PPS resins are the same shown in
Table 8.
The phencol resin and phenol aralkyl resin incorpo-
rated into the resin compositions of Examples 20 to 26
20 were as follows.
Phenol resin: 'BRG557
‘'Phenol aralkyl resin: ZXL-225L
Each pellet thus obtained was allowed to dry at a
temperature of 150°C for 20 hours, and then each pellet
25 was charged intb a screw preplasticating type vertical

injection molding machine provided with a DIP l4—pin

die thereby to encapsulate a test semiconductor element



- 65 - exposed to light so as to determ ne any sink mark on the surface of
t he nol ded product by observing the reflected Iight wth naked eyes. (4)
Adhesivity test: 5 The test device was treated with a fluorescent
liquid (NEOGLO F-4A-E, Eishin Kagaku Co. Ltd.) at roomtenperature in
vacuo for 10 m nutes. Subsequently, the peretr7@ti en degree of the
fluorescent liquid fromthe interface of the |lead frane was neasured by
observing 10 it with a polarization mcroscope. Further, the test

devi ce was subjected to 100 tines of repeated therml shqck (-65[err]J]Cto
150[err] C) by naki kg 3s@mOPqHaFﬁeF%&P)SW&G éyEF§1¥b§FbFSFW€ﬁJFb &) 1-and

Lfen the penet ot 4 OgRaoal WIS LEReaoRll ke GRS YaL [0 the
megni tude 11 def or Tarien: 8ho8oadhAd 1A e PLi Ah e SRGEPELLAL F A8 hof W P2
in injection pressure with a die temperature of 170°C.

5 The compression time was set respectively as shown in
the following Tables 17 and 18. The molding was
performed by making use of a die which was desighed for
forming each test piece and under the same moldiﬁg
conditions.

i0 - After the semiconductor device thus obtained was
checked to see if theré was any defective, the outer
appearance of the molded body, the smear of cavity and
the packing degree of the package were investigated.
In this case, the outer appearance of the molded body
15 was evaluated by the obseﬁvation of the surface of the
package by making use of a microscope to see.if there
is any sink mark or shrinkage void thereon. The smear
of cavity was evaluated by repeating 50 shots of the
same molded product by making use of a single mold and
20 by observing the surface of the cavity. The packing
degree of the packaée was evaluated by checking the
package to see if there is any unfilled portion by
making use of a microscope.
The compression molding time in this example was
25 - determined in such a manner as to meet the following

conditions. Namely, the compression molding time was

set to such that the release of a molded product from



of an X-ray phot ographi ng device. 20 (6) Thermal shock cycle test:
The encapsul ated test device was subjected at first to 100 tines of
repeated thernmal shock (-65[err]C to 150[err]C) by making use of a TCT
tester, and then the percent defective of the test device was investigated.

25 - The results of these tests are sunmmarized in the foll ow ng
Tabte 14. As for the sink mark, the test devi where no sink mark was
recogni zed on its surfacé - 66 - was indicated by the mark "O', and the

test device where a lot of sink marks were recogni zed on its surface was
i ndicated by the mark "X" in this Table. As for the penetration degree of
the fluorescent |i gl mdld wodl® mdt Kse "W ndewgd | gad| £)cdmwt {imio¢prooldeny)

were enpl oyed for indicating the magnitude of the penetra- tion of the

fluorescent |iquid.coiial rhegrpenflermed defThersddioes dn t et voeenli tige wresins

expressed by a deformation ratio, i.e. the device which exhibited |ess
layer and a Cu frame in each package was determined as
follows. Namely, a 2 mm sﬁuare molded body was adhered

5 on the surface of a Cu lead frame substrate and then

the adhesivé strength under shear of the molded body
was measured. |

Further, a red ink test was performed in the same
manner as illustrated in the aforementioned Example (I-

10 1) thereby to measure the penetration distance of ink
into a region of suspension pin.

Furthermore, the glass transition Point, thermal
expansion coefficient, flexural strength, modulus of
elasticity and water absorption of each resin composi-

15 tion were measured in the same manner as illustrated in
Example (I-1). At the same time, the melting viscosity
of each resin composition.was measured-under a load of
30 kg by making use of an elevated flow tester (Shimézu
Seisakusho Inc.).

20 ' The results obtained are summarized together with

the evaluation on the moldability in the following

Tables 17 and 18.



10 than 10% of deformation ratio is indicated by a double circle; the
devi ce which exhibited 10%to | ess than 20% of deformation ratio is

i ndicated by a single circle;

whose bonding wire was broken is indicated by "X

- 68 - As shown in Table 14,

mar

K. -

were lowin nmelting visc¢gp
strength, i.e. excellentjim

t hose of Conparative Exa

Exanpl es 16 to 19 were | ¢Vg|

t he devi ce which exhibited 20% or
deformation ratio is indicated by a triangul ar glgape;- and the 15

nor e of

67 - [err]

the resin conpositions of Exanples 16 to 19
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mol di ng shrinkage, free fromsink mark and excellent in dinension
stability. Furthernore, the resin conpositions of Exanples 16 to 19 were

|l ow in penetra- 10 tion degree of the fluorescent liquid, excellent in
adhesivity with the |lead frame, excellent in thgﬁnaL-shock resi stance, and
al nost free fromthe breaking or deformation of ‘tthe bonding wire. As
expl ai ned above, the resin conpositions of Exanples 16 to 19 were 15

it h thocao of Connar o v v anmnl Ac 7
L9l A2 =7

generally excellent as ¢ Hh—t-hoseef—Cerpara Gp-es—~ L0
9. (Example 11-2) Fillerg @pd resins were [ xed tdgether in ac¢or- danp&
with the formulations shewplin the follow hg 29 Tabl es 15 and 16. 2
Specifically, a filler sdput intg a Henskchel -mier to Stir i at&a o]
rotation speed of 4,000 i and, at the sare tfne,| subjetted t¢ a coupl iEhg
treatment with stirring. n, a PPS resin was added to the filler and| the
resultant m xtures were 284 further stiffred to]obtain a hompgeneous| -«
powder of PPS resin conmppsaffion as 1ndicatjed r1n Tdbles 15 and 16 as
Exanples 20 to 26 and as|®ynparative Exanpgl es 10 tjo 12. .
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- 69 - Then, each powdery resin conposition was kneaded and extruded by
maki ng use of a doubl e-screw extruder heated to a tenperature .of 280 to
310[err]C and provided with a 6-hole die. The resin thus kneaded and dis- 5
charged fromthe 6-hole die was cooled with waterg8and then cut in a
predeterm ned size by making use of - a pelletizer thereby obtaining a resin
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Car bon 0.3 0.3 . 0.3 black Epoxy silane 0.3

0.3 0. 3 coupling agent A-187 Phenol resin Phenol aral kyl resin The
val ues shown in-Tables 15 and 16 denote the 5 m xed contents of the
conponents, which are indicated - 73 - by % by weight. The code nunbers
shown in these tables represent respectively a PPS resin illustrated bel ow.

PPS-6: Linear polynmer type LN-01G (a product. frggm _

In Tables 17 and 18, the mark "O" denotes the
results explained'below in the evaluations of the outer
appearance of the molded body, the smear of cavity and
the packing degree of the package.

5 The outer appearance of the molded body: Excellent
in outer appearance after 50 timgs of continuous shot.

The smear of cavity: The smear of.cavity was not
recognized after 50 times of continuous shot.

The packing degree of the package: The generation

10 of unfilled portion was not recognized in 50 shots of
molding.

The packages obtained by making use of the resin
compositions of Examples 20 to 26 and Comparative
Examples 10 to 12 were examined by means of X-ray

15 photographing thereby to see any drifting of bonding
wire to determine any deformation of bonding wire.
Then, 20 pieces of sample were subjected to 20 to
500 times of thermal shock cycle, each cycle consisting
of changes in temperature of -65°C to room témperature

20 to 150°C, to check the operating characteristic of the
device thereby to investigate the percent defective of
the device.

Furthermore, the hoisture resistance of the
package was also evaluated by making use of a pressure

25 checker. Specifically, each package was left to stand
for a prescribed period of time in a 2.5 atm. saturated

water vapor heated to a temperature of 127°C, and the



5 Tonen Kagaku Inc.) PPS-7: Linear polyner type LN-02G (a product from
Tonen Kagaku Inc.) PPS-8: Branched polyner type LV-01 (a product from Tonen
Kagaku Inc.) 10 PPS-9: Linear polyner type LJ-03G (a product from
Tonen Kagaku Inc.) PPS-A: Linear polynmer type; a |ow viscosity type Since
the PPS resins (PPS-6 to PPS-9 and PPS-A) enplgagyed. in this Example 11-2
were the sane as those 15 enpl oyed in Exanple I-2, the concentrations
of Na+ ion and - ion in these PPS resins are the sane shown in Table 8.
The phenol resin and phenol aralkyl resin incorpo- rated into the resin
conposi tions of Exaegcent2diafecrdvey (leakndedepsivsg IameePemariedtesia) of
BRG557 Phenol aral kyl resin: XL-225L Each pel|et thus obtai ned was al | owed
to dry at a tenper deyricesFider] evesy PoeRfheErm Wﬁﬁtﬂ%?ﬂ%c%’?fblwae? 25

was charged into a screM/prepIastlcatB vyag vertic in eqélon nol di ng
machi ne provi ded wilfiyes thg, 'pl aluating t e moisture resis-

tance to the package.
5 The results of these reliability tests are

summarized in Tables 19 and 20 shown below.



die thereby to encapsul ate a test sem conductor el enent - 74 - (a2 mm
square chip) with a resin as shown in FIG 1. The nolding in this case was
performed under the conditions: 310t in nelting tenperature; and 400 kg/cnR
ininjection pressure with a die tenperature of gi/O[err]C.-5 - . The
conpression tinme was set respectively as shown in the follow ng Tables 17
and 18. The nol di ng was perforned by making use of a die which was desi gned

for form ng each test piece_a under the sanme mnlding conditions 10
After the sem conductor dewicq thusf olft aj ngd pas chedkedl tjo gee{ if there
was any defective, the ot dppearjagdecplthe nobded @)gy,oﬁhe snmeap of
cavity and the packing degﬁeeaofﬂ; Kagesyer exi nies INe CING In ti s
case, the outer appearangeXof it he Pded| 6Qdy| 15 € |vids Yveal Tt ed 5y t he
observation of the surfade of {the package Dby tmking yseloff alnijcroscope tio
see if there is any sinkmgrk for shrifkape [vo{d thergon| The snlear
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of cavity was eval uated by repeating 50 shots of the same nol ded product by
maki ng use of a single nold and 20 by observing the surface of the
cavity. The packing degree of the package was eval uated by checking the
package to see if there is any unfiIIed-porU(ﬂbfw_gaking use of a

m croscope. The conpression nolding tinme in this exanple was 25

determ ned in such a manner as to neet the follow ng conditions. Nanely,

t he conpressi on nol di ng e was—set—tosuch that the +elease—of-a nol ded
product from - 75 - tlhejno] d jwopul d n¢t be] hijnd¢refd gnd a contifnuous
mol di ng coul d be perfor el e |ladhegi on betjvegn ghelrgsin | ayer Jand a Cu
frame in each package wds .detlerringd las|fol |l pwg. INangly, a 2 nm gquare
mol ded body was adhered 5:35¢gr81§sﬁlface9#8(ﬁleadfrane jubstrate
and then the adhesive stjrength~ynyey|sh¢ar of X[hg| | ddd body wag measur ed.
Further, a red ink test weig Forpred & t hel &Yne| &
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manner as illustrated in the aforenentioned Exanple (I- 10 1) thereby
to nmeasure the penetration distance of ink into a region of suspension pin.
Furthernore, the glass transition Point, thermal expansion coefficient,
flexural strength, nodulus of elasticity and water absorption of each resin
conposi - 15 tion were neasured in the sane manner as illustrated in
Example (I-1). At the sane tine, the nelting g4 scosity of each resin
conposition was neasured under a | oad of 30 kg by maki ng use of an el evated

flow tester (Shimazu Seisakusho Inc.). 20 The results obtained are
sunmmari zed together with the evaluation on the noldability in the foll ow ng
Tabl es 17 and 18. - As #@en firan [the results shown in Tables 17 and 18,

all-of the resin compositions in Examples 20 to 26
(this invention) and Comparative Examples 10 to 12
indicated an excellent moldability. However,.the.

5 effect of the compound to promote adhesivity (component
"C") which was incorporated in the resin composition of
this invention was apparently manifested in the general
characteristics. Namely, when the résin compositions
of Comparative Examples were employed for encapsulating

10 .a semiconductor element, the adhesive force of the
resin layer to the lead frame and to the semiconductor
element was very weak so that the distance of penetra-‘
tion of red-ink at the suspension pin was extended up
to 7.2 mm at maximum. Whereas, the resin compositions

15 of this invention indicated an excellent adhesive force
so that the distance of penetration of red ink at the
suspension pin was mostly limited to almost 0 mm. With
respect to flexural strength, the resin composition of
this invention indicated an improvemenf in general.

20 Moreover, as shown in Tables 19 and 20, in the
case of the resin composition of this invention, only a
negligible deformation of bonding wire was recognized,
and the generation of defective was not recognized in
the thermal.shock cycle test or in the moisture

25 reliability test. By contrast, in the case of the
resin compositions of Comparative Examples, the

deformation of bonding wire was enlarged up to as large



- 77 - [err] - 78 - Jerr] - 79 - [err] - 80 - In Tables 17 and
18, the mark "[err]" denotes the results explained belowin the
eval uati ons of the outer appearance of the nol ded body, the snmear of cavity

and the packi ng degree of the package. 5 The outer appearance of
t he nol ded body: Excellent in outer appearance after 50 times of continuous

shot . . - 85 -

as 8.4%, while almost all of the samples became
defective after 200 cycles in the thermal shock cycle
test and most of the samples became defective-after‘a
lapse of 500 hours of moisture resistance reliability

5 test. It will be seeﬁ from these results that the
semiconductor devices which were.encapsulated with a
resin composition_which did not contain phenol aralkyl
resin and/or novélak phenol resin indicated a poor
reliability.

10 (Example III)

In this example, é specific kind of PPS resin was
employed, and the ratio of fine inorganic filler in the
entire inorganic filler was confined to a specific
ratio so as to improve the adhesivity of the PPS resin

15 composition.

The PPS resin to be employed in this example is
fundamentally a thermoplastic resin comprising a
repeating unit represeﬁted by the aforementioned
general formula (2).

20 This PPS resin can be ﬁanufactured by any of
known methods as shown for example in Japanese Patent
Publication S$/45-3368 or S/52-12240, or Japanese
Patent Unexamined Publication S/61-7332. The
polyphenylene sulfide resin can be structurally'

25 classified generally into three'tnys, i.e. a linear
type, a crosslinking type and a braﬁched type. The

linear type polyphenylene sulfide resin is formed of



The smear of cavity: The snear of cavity was not recognized after 50 tines
of continuous shot. The packi ng degree of the package: The generation 10

of unfilled portion was not recogni zed in 50 shots of nolding. The packages
obt ai ned by naking use of the resin conpositions of Exanples 20 to 26 and
Conpar ative Exanples 10 to 12 were exam ned by means of X-ray 15

phot ographing thereby to see any drifting of bggding wire to determ ne any
def ormati on of bonding wire. Then, 20 pieces of sanple were subjected to 20
to 500 tinmes of thermal shock cycle, each cycle consisting of changes in
tenperature of -65[err]C to roomtenperature 20 to 150[err]C, to check
t he operating char azteompound ofhéhe deplurallityebf tbei nepsatdgageuniss
percent defective of the device. Furthernore, the noisture resistance of

t he package was al seacharepresenyedakingheséoblonipgegenesaltsformudpedRar .
Specifically, each package was left to stand for a prescribed period of
time in a 2.5 atm &%@ ukbnearlmt eenpapbednwitBdeaghactBfper at ure of

127[err]C, and the Lo
On the other hand, the crosslinking type

5 polyphenylene sulfide resin is formed of a compound,
which is manufactured by'catalytically polymerizing
dihalobenzene with an alkali-metal bisulfide in a
polar solvent. The branched type polyphenylene
sulfide resin is formed of a branched molecular chain

10 structure, which cén be synthesized by introducing
trihalbbenzene into the repeating unit in the aforemen-
tioned manufacturing’method.' Especially, it is
preferable in this example that at least 30 wt% of the
polyphenylene sulfide resin is occupied by this

15 branched polyphenylene sulfide resin.

It is also possible for these PPS resins to
contain in its structure other kinds of linkage such as
a meta linkage, an ether linkage, a substituted phenyl
sulfide linkage, etc. Examples of unit that can be

20 contained in the structure of PPS resins are structural
units represented by the general formulas (5) to (11),
which-aie already explained in the previous Example II.
However, the ratio of these structural units in ﬁhe PPS
polymer should breferably be limited to less than

25 30 mol.%. Because, if the ratio of these structural
units in the PPS polymer exceeds over 30 mol.%, the

crystallinity and heat resistance of the resultant



- 81 - percent defective (leak defective or open defective) of the device
after every predeterm ned period tine was investigated, thereby eval uating

the noisture resis- tance to the package. 5 : The results of these
reliability tests are sunmarized in Tables 19 and 20.shown bel ow. - 82
- [err] - :

10

15

20

25

- [err] - 87 -

polymer would be badly affected, thus making it

difficult to assure a satisfactory mechanical charac-

teristics of the polymer. More preferably, the ratio

of these structural units in the PPS polymer should be
limited less than 10 mol.%. |

It is also possible té emplqy'PPS resin which is
copolymerized with mono-, di- or tri-halobenzene whose
one or two hydrogen atoms in its phenyl group are
substituted by methyl group, ethyl group, carboxylic
group or amino group can be employed as long as there
is not any problem with regard to crystallinity.

The PPS resin to be incorporated into the resin
composition of this example contains a specific kind of
PPS resin which exhibits a non-Newtonian index (n) of
1.1 or more. 1In the measurement of the non-Newtonian
index (n), a shearing stress (SS) in relative to
changes (SR) ih shear rate was first measured using a
capillography under the conditions of: 330°C and L/D=10,
and thén, based on the measurements, the value of non-
Newtonian index (n) was calculated accérding to the
following equation (1).

SR = K- ssh (1)

If non-Newtonian index (n) is less than 1.1, it
would be impossible to obtain a resin composition
exhibiting an excellent adhesion to a metal member such
as a lead frame. Therefore, it is required to incorpo-

rate a PPS resin whose non-Newtonian index (n) is 1.1



- 84 - As seen fromthe results shown in Tables 17 and 18, al
conpositions in Exanples 20 to 26 (this invention) and Conparative Exanpl es

10 to 12 indicated an excellent noldability. However, the 5 ef fect of
t he conpound to pronote adhesivity (conmponent "C') which was incorporated

in the resin conposition of this invention was apparently manifested in the
general characteristics. Nanely, when the resigg conpositions of Conparative

Exanpl es were enpl oyed for encapsul ating 10 a sem conductor el enent,

t he adhesive force of the resin layer to the |lead frame and to the

sem conductor el enment was very weak so that the distance of penetra- tion
of red ink at the suspensi onFproheamogel, eddedrdprt to7a8smreat safifdoient
Wher eas, the resin conpositions 15 of this invention indicated an
excel | ent adhesi veadlbesiosotohat meheldist mpmbeof pbeemiaingnretipedfi rhist
t he suspension pin was nostly limted to alnost O nm W.<th respect to

fl exural strength,speeifisi potvphesyieos snlfane ravént sbaulddprategalkdy
i mprovenent in general .- 20 Moregver, as shown in Tables 19 and 20,
in the case of thebeed? WednpbsmPrenbafedhrs theeRPSoReSéR| pakrix.

5

10

15

20

25

The PPS resin exhibiting a non-Newtonian index (n)
of 1.1 or more has following charecteristics. Namely,
when the temperature of this PPS resin is lowered at a
rate of ZUC/min.,'an exothermic peak due to DSC is
observed at a temperature ranging from 200°C to 225%C.
If the exothermic peak is less than 2007C, the molding
cycle becomes longer in time, thus deteriorating the
productivity. On the other hand, when the exothermic
peak exceeds over 225°C, the adhesion of the PPS resin
to a metal member would become poor.

The method of measuring this exothermic peak of
the resin can be carried out as follows. First of all,
5 mg of PPS resin is heated up to 330 at a rate of
20°C/min. by means of DSC and kept at this temperature
for 10 minutes. Then, the PPS resin thus heated is
cooled down to 100€C at a rate of 20°C/min., thereby
allowing a crystaliization exotherm to generate during
the cooling, thus makiﬁg it possible to measure the
peak temperature.

Examples of PPS resin having the aforementioned
characteristics are LV-01G and LV-02G (Tohpren Co.,
Ltd.).

As mentioned above, the mixing ratio of this

of the resin



negligi ble deformati on of bonding wire was recogni zed, and the generation
of defective was not recognized in the thermal shock cycle test or in the

‘noi sture 25 reliability test. By contrast, in the case of the resin
conpositions of Conparative Exanples, the defornmation of -bonding wire was
enlarged up to as large - 85 - as 8.4% while alnost all of the sanples

becane defective after 200 cycles in the thgrqﬁ% shock cycle test and nost
of the sanpl es becane defective after a | apse of 500 hours of npisture
resistance reliability 5 test. It will be seen fromthese results that
t he sem conductor devices which were encapsulated with a resin conposition
whi ch did not cont gpacifakolpry ddefln el st efeub) de BENLS r@sSi N
i ndicated a poor reliability. 10 (Exanple I11) In this exanple, a
specific kind of PRSreediasathoregheyait innPrergsin matfr iz ne Andigani c
filler in the " other kinds of PPS resin, they may bé of any of the
aforementioned structures, but shbuld_preferably be of
5 substantially non-crosslinking or linear structure, or
of branched structure.
In view of the insulating property or of the
moisture resistance reliability when the resin
composition is to be enployed for manufacturing a

10 | resin-encapsulated Semiconductor'device, these PPS
resins should preferably be free from ionic impurities
such as Na and Cl in particular. The purification of
these PPS resihs can be performed in the same manner as
explained above (Example I). .

15 As for the kind of inorganic filler to be mixed
with the resin composition of this example, fundamen-
tally all of the materials explained in Example I, such
as fused silica, crystaliine silicé, glass fiber, etc.
ﬁay be employed. However, because of the same reason

20 as explained above, fused silica and crystailine.silica
are most préferable'ifrespéctive of whether they are
used individuaily or in combination. As for the shape
of the inorganic filler, it may be fragmental, spheri-
cal,.semi-spheriCal, fibrous or flaky, but spherical or

- 25 semi-spherical inorganic filler is most preferable,

The aforementioned inorganic filler should contain

fine inorganic filler having an average particle



entire inorganic filler was confined to a specific ratio so as to inprove

t he adhesivity of the PPS resin 15 conposition. The PPS resin to be
enployed in this exanple is fundanentally a thernoplastic resin conprising
a repeating unit represented by the aforenenti oned general fornmula (2). 20
This PPS resin can be manufactured by any of known nethods as shown for
exanpl e in Japanese Patent -Publication S/45-3 or S/52-12240, or Japanhese
Pat ent Unexam ned Publication S/ 61-7332. The ggfyﬁhenylene sul fide resin
can be structurally 25 classified generally into three types, i.e. a

| i near type, a crosslinking type and a branched type. The linear type

pol yphenyl ene sul f idd@meteh dfs If Qii6roiess inB88&n-aMoGAEPOENS wbero @ty

plurality of the repeating units each represented by the foll ow ng general
formula (2) are |i baseldy oporhecteart Wd hirmasfamidiefiller. If the content
"of the fine inorganic filler is less than 5 wt$%, the
generation of burr may become prominent. Oﬁ-the other
5 hand, when the content of the fine inorganic filler
exceeds over 40 wt%, the fluidity of the resin composi-
tion would be lowered. Most preferable content of this
fine inorganic filler having an average particle
diameter of 1 um of less is in the range of 7 to 30 wt%
10 based on the total weight of the inorganic filler.
Examples of the inorganic filler are fused silica
powder, crystalline silica powder, giass fiber, talc,
alumina powder, silicon nitride powder, aluminum
nitride powder, boron.nitride powder, calcium silicate
15 powder, calcium carbonate powder, barium sulfate powder,
magnesia powder, magnesium oxide powder, beryllium
oxide powder and mica.
Among them, fused.silica powder, crystalline
silica powder and glass fiber, singly or in combination
20 thereof, are moét pfeferable in view of moisture
resistance and reliability when they are used fof
encapsulating a semiconductor element. These inorganic
fillers should preferably be Qpherical in shape.
Specific examples of inorganic filler having an
25 average particle diameter of 1 um or. less are Adma-fine
§0-25R, S0-25RA and SO-25HA (products of Admatechs Co.,

Ltd.)



On the other hand, the crosslinking type 5 pol yphenyl ene sul fide resin
is formed of a conpound, which is manufactured by catalytically

pol ymeri zi ng di hal obenzene with an alkali-netal bisulfide in a polar

sol vent. The branched type pol yphenyl ene sulfide resin is formed of a
branched nol ecul ar chain 10 structure, which can be synthesized by

I ntroduci ng tri hal obenzene into the repeaging unit in the aforemen- tioned
manuf acturing nmethod. Especially, it is pref }abre in this exanple that at
| east 30 wt % of the polyphenylene sulfide resin is occupied by this 15
branched pol yphenyl ene sulfide resin. It is also possible for these PPS
resins to contain in i{6 5&ratésrpodsiplektddemplioyi AkauBro1ushiasrgaigla
linkage, an ether |inkage, a substituted phenyl sulfide |inkage, efc.
Exanpl es of unit fhhlecrafobetR® purpcsataf nbdpiovifg théUgéUh€oetiRGS
resins are structural units represented by the general formulas (5) to

(11), which are atffecly ekpindrganin fhklerevi Exampkespbe fibrbawever, the
ratio of these structural units in the PPS polynmer should preferably be
limted to | ess theereanic fiblem ave wiBkekess, amoxphoustfibefsthande

structural crystalline fibers which are exemplified in the
aforementioned Example I. In view of facilitating the
filling of the fibrous inorganic fiber, the average
thickness of the fiber should preferably be 20 um or
1éss and the maximum thickness of the fiber should

10 preferably be 100 um or less.

There is any particular restriction regarding the
inorganic filler to be mixed with the resin composition
of this example as long as it contains a predetermined
ratio of fine inorganic filler having an average

.15 particle diameter of 1 um or less. These inorganic
fillers may be émployed singly or in a suitable
combination.

The mixing ratio of the aforementioned inorganic
filler to the resin should preferably be 25 to 80 wt$%
20 based on the entire weight of the resin composition.
If the mixing ratio of the inorganic filler is less
than 25 wt%, the moldability of the resultant :esin
composition would be deteridrated, prominently generat-
ing burr, and at the same time, it would become |
25 difficult to obtain a molded product exhibiting a
| sufficient degree of thermal shock resistance. On the

other hand, if the mixing ratio of the inorganic filler



units in the PPS pol yner exceeds over 30 nmol.% the crystallinity and heat
resi stance of the resultant - 87 - polynmer would be badly affected,
thus making it difficult to assure a satisfactory nechanical charac-
teristics of the polyner. Mre preferably, the ratio of these structural

units in the PPS pol ynmer should be 5 limted less than 10 nol . % It is
al so possible to enploy PPS resin which is co yneri zed with nono-, di.- or
tri-hal obenzene whose one or two hydrogen ato inits phenyl group are

substituted by nethyl group, ethyl group, carboxylic 10 group or am no

“group can be enployed as long as there is not any problemwth regard to
crystallinity. TheeR28ed8sioRreyO 806 WOy 3ttt inY o Idtod BS) Mo £ OO Stdd Dy

of this exanple contains a specific kind of PPS resin which exhibits a
non- Newt oni an i ndexoppsdtidh woulll bedlextifemnely Nirdyeeamsaburviverdbyf t he
non- Newt oni an index (n), a shearing stress (SS) in relative to
inviting a deformation or breaking of bonding wire.
More preferable mixing ratio of the inorganic filler is
5 40.to 70 wt% based on the entire resin composition:
It is preferable for the purpose of.improving the
- moisture resistance of the molded produgt to perform
the surface treatment of the inorganic filler. 1In this
surface treatment,”any kind of coupling agent can be
10 employed as long as it is useful in the ordinary
surface treatment. Specific examples of such a
coupling agent are an organosilicic coupling agent such
as epoxy silane, amino silane, mercapto silane and
acryl silane; a Ti-based coupling agent; an Al-based
15 coupling agent; and a Zr-based coupling agent. The
mixing ratio of these coupling'agénts.to the inorganic
filler should preferably be 0.02 wt% to 10 wt% based on
the weight of the inorganic filler. |
- The resin composition of this example may contain,
20 in addition to the aforementioned components, various
kinds of additives as mentioned in the previous Example
II. Further, if required, an anti-oxidant, a heat
stabilizer, a corrosion inhibitor, an ultraviolet
inhibitor, a crystallization accelerator, a fluidiiing
25 agent and a burr inhibitor may be incorporated into the

resin composition.

The resin composition of this example may be



changes (SR) in shear rate was first neasured using a capillography under
the conditions of: 330[err]C and L/D=10, and then, based on the

‘measurenents, the value of non- 20 Newt oni an i ndex (n) was cal cul at ed
according to the follow ng equation (1). SR = K SS[err] (1) If
non- Newt oni an index (n) is less than 1.1, it would be inpossible to obtain
a resin conposition 25 exhibiting an excel jent_adhesi‘on to a netal
menber such as a lead frame. Therefore, it Is Tequired to incorpo- rate a
PPS resin whose non-Newtonian index (n) is 1.1 - 88 - or nore.

Furthernore, in order to assure a sufficient adhesion to a netallic nenber,
the mixing ratio ofptépsré@einfthe pohnpheayheneasbkplieinesi in sthel d

preferably be 30 wt % or nore based on the PPS resin matrix. 5 The
PPS resin exhi biti rgf arementbohedi BamplexIiin) Pirthdrprtimreedin ¢ompowiAg
characteristics. Nanely, when the tenperature of this PPS resin is | owered
at a tion thus prepared can be employed in various end-uses
as in the case of the ordinary resin composition
5 comprising a resin and an inorganic filler.
Next, this example will be further explained in
detail with reference the following specific examples.
Each component was combined in accofdance with the
formulations shown in the following Table 21Ito_prepare

10 the resin compositions of Examples 27 to 31 and

Comparative Examples 13 to 17.



rate of 20[err]C/mn., an exotherm c peak due to DSC is observed at a

tenperature ranging from200[err]C to 225[err]C. 10 I f the exothermc
peak is less than 200[err]C, the nolding cycle becones longer in tine, thus
deteriorating the productivity. On the other d, when the exotherm c peak
exceeds over 225[err]C, the adhesion of the PPS'resin to a netal menber
woul d becone poor. 15 : The nmethod of neasuring this exothermc peak
of the resin can be carpded-out_as follows First of all, 5 ng of PPS resin
is heated up to 330[err] Clat] afrafe |of [20[err][C/ fin. by neans of DSC and
kept at this tenperature {e¢| 10 W gt eg.m Then, | #le PPS resin thus heated is
20 cool ed down to 300|&€tr] CR} YA ratee of 2PEgrr] T/ min., thereby
al lowing a crystallizatfi oph gxoffher m|t o] gener at uring the cooling, thus
making it possible to neapurfe e pgakjtenper e. Exanples of PPS resin
havi ng the aforenentioned| 29 s| mEchar a:tmeri sti Ci’i are LV-01G and LV-02G
Tohpren Co., Ltd.). A3 npfg|i e, . the ni Xifjng ratio of this
(Tohp )_ _mgm?ﬁigﬁayo XIng
;ﬁl
Jal | algl el o *
ga i Qe o o
o
3]
«| ol ol ™ )
- a MM o o
13 et = o
N | 7 ol | M -
) ™M O <H| - o o
—
Q
&
o N« A -
A R I I
o
—
& o +| ol 7 <
5 o oon 2 Ta} o o
"
ol Tl Y e ] <
3] <
~| o b ‘° o o
ﬁ m
m
gl =
Al Al | m|
ol ol ul u| © & | E
Hl Hj o]l 0]l 8 B Ll @
Al W O g g.
n nl A A 4 0 O
Al Al A Al 3 4 Bl A
(9] -V -9 ) R B W




- 89 - specific PPS resin should preferably be 30 wt % or nore based on the
entire PPS resin matrix. As for other kinds of PPS resi.n, they may be of
any of the aforenentioned structures, but should preferably be of 5
substantially non-crosslinking or |inear structure, or of branched
structure. In view of the insulating property ayg of_the nmoisture resistance
reliability when the resin conposition is to be enployed for manufacturing
a 10 . resin-encapsul ated sem conductor device, these PPS resins should
preferably be free fromionic inpurities such as Na and C in particul ar.
The purification of thesefPTalasianshzmnm da Rakile bl drxe thasedhmn meadght as

expl ai ned above (Exanple I). 15 As for the kind of inorganic
filler to be mixed Waxfghe resin conposition of this exanple, fundanen-
tally all of the materials explained in Exanple I, such as fused siljca,-
crystalline silica, gl asshe RAUPHENLEBRHOYGH NFRKED 1RAR\RFPLHNed &P of
the sanme reason 20 as expl ai ned above, fused silica and crystalline
silica follows. '

5 PPS resin AA: LV-01 (Tohpren Co., Ltd.); non-

Newtonian index (n) = 1.12; crystallization
teméerature = 221°C.

PPS resin BB: LN-03G (Tohpren Co., Ltd.); non-
Newtonian index (n) = 1.01; crystallization |

10 temperature = 258%C.

Fused silica powder AA: S-C0; average particle
diameter = 22 um (Micron Co. Ltd.)

Fused silica powder BB: SO-25R; average particle
diameter = 0.5 ym (Micron Co. Ltd.)

15 ' . Silane coupling agent: A-187 (epoxy silane
coupling agent); (Nippon Unicar Co., Ltd.)

The preparation of the resin composition was
performed as follows. épecifically, a fused silica
powder was put into a Henschel mixer and sﬁrface—

20 treated using a silane coupling agent. Then, other
components were charged into the Henschel mixe; and
mixed together. Thereafter, the resultant mixture was
kneaded and éxtruded by making use of a double-screw
extruder heated to a temperature of 280 to 330°C, and

25 then cut into pellets. The pellets thus obtained was
charged into a vertical injection molding machine

(MIPS-30, Meiho Co. Ltd.) to encapsulate a test piece



are nost preferable irrespective of whether they are used individually or
I n conbi nation. As for the shape of the inorganic filler, it may be
fragnental , spheri- cal, sem -spherical, fibrous or flaky, but spherical or

25 sem -spherical inorganic filler is nost preferable. The
aforenentioned inorganic filler should contain fine inorganic filler having
an average particle - 90 - dianeter of 1L [gg]mor less in an anmount of

5to 40 wt % based on the entire inorganic filler. If the-content of the
fine inorganic filler is less than 5 W% the generation of burr may becone
prom nent. On the other 5 hand, when the content of the fine inorganic
filler exceeds ovefo#Omet¥nurting fthuedi-ppint tfexuesiln stoepgtih andma westd
be | owered. Mst preferable content of this fine inorganic filler having an
average particle dsemétendottor] elemendr ofed4-pdin PIfhetracdare witho e

wt % 10 based on the total weight of the inorganig filler. Exanples of
the inorganic fill sesaneuhdesdtdel ceoaditions of: 330°C in resin tempera-

| ture and 150C in die temperature.

5 - The resin-encapsulated semiconductor device which
was obtained by sealing the test device with the resin
composition of this example was the same as shown in
FIG. 5.

On the other hand, as Comparative Examples 13
10 .to 17, resin compositions cbntaining neither the
aforementioned specific kind of PPS resin nor the
aforementioned fine inorganic filler as indicated
by the formula shown in Table 21 were treated and
pelletized in the same manner as in the case of the
15 above example. In the case of Comparative Examples 16
and 17 however, a lead frame coated in advance with an
epoxy adhesive (Epicoat 191; Yuka Shell Epoxy Inc.) was
encapsulated.
The following tests were performed using these

20 - encapsulated products. The results obtained are shown

in the following Table 22.



powder, crystalline silica powder, glass fiber, talc, alum na powder,
silicon nitride powder, alum numnitride powder, boron ni.tride powder,
calciumsilicate 15 powder, cal ci um carbonate powder, barium sulfate
powder, magnesi a powder, nagnesi um oxi de powde{) beryl | i um oxi de powder. and
m ca. Anong them fused silica powder, crystal: ?ne"si | ica powder and gl ass

fiber, singly or in conbination 20 t hereof, are nost preferable in view
of noisture resistance and reliability when py are used for encapsul ating
a sem conductor el enent ede ipprganic filll ers shoul d'&breferably be
spherical in shape. Spegifj s.fjexanpl ep ofgi ndrgamwc fi havi ng an 25
average particle dianeter joff|l [&@r]m or«l eds are A -4 ne SO 25R, SO 25RA
and SO 25HA (products of mgt echs Cp., Ltd.|) - 91 bHt is al so possible
to enploy a fibrous ino gawnl fiTTerjtortm purpos,ﬁ‘grrprovi ng the
rei nforcing - ® o ~ ~ -
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effect of inorganic filler.
whi skers, anorphous fibers and 5
exenplified in the aforenenti oned Exanple I.
filling of the fibrous inorganic fiber,
shoul d preferably be 20 [err]mor
fiber should 10

Exanpl es of fibrous inorganic filler are
crystalline fibers which are

In view of facilitating the
tdye average-thi ckness of the fiber
| ess and the maxi mum t hi ckness of the
preferably be 100 [err]mor |ess. There is any

particul ar restrictrogmrregardmg—fhe—trorganter H-ter—torbhemxed Wit h t he
resin conposition pf Jthis exanplelas Iong as ifSgontainsfa predetérnined
ratio of fine inorganfic filker haying amaverage.|l5 X par txcl ¢ i aneter
of 1 [err]mor lesk. | These inorganic fillers &} be enployed singly or in
a suitable combinalia L X ratio of t af orenenti oned ijngrgani c
filler to the resipn ghould preferably be 25 to §9 wt % 20 baslel on the
entire weight of the(resin gonposition. df the &jxing rafio Qf tihe
inorganic filler ip Iljess than 25 W% the nnldd@ility of [t he™'r euBt ant
resin conposition jwoyld be deterig¢rated, promjently gengrat- ing,burr, and
at the same tinme, jt¢|would becone o
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25 difficult to obtain a nolded product exhibiting a sufficient degree
of thermal shock resistance. On the other hand, if the mxing ratio of the
inorganic filler - 92 - exceeds over 80 w% the nelting viscosity of
the resin conposition would be extrenely increased, whereby inviting a
deformati on or breaking of bonding wire. Mire preferable mxing ratio of
the inorganic filler is 5 40 to 70’mﬂ@6bas§§-on the entire resin
conposition. It is preferable for the purpoSe i nproving the noisture
resi stance of the nolded product to performthe surface treatnent of the
inorganic filler. In this surface treatnment, any kind of coupling agent can

be 10  enployed as | ofige afehtuiés UsREWh if thB1Er dRnReyesevhacated by
treatment. Specific exanples of such a coupling agent are an organosilicic

coupling agent suchtke pRsxedsrésnghowii be16wl ane, nercapto silane and
acryl silane; a Ti-based coupling agent; an Al -based 15 coupl i ng agent;
and a Zr-based coupling gpprMeltiihg viscosity:
The melting viscosity was meésured uéing a
5 capillograph (3A; Téhyo Seiki Seisakusho Inc.) under
the conditions of 330°C and L/D=10; The values of
viscosity in this Table were obtained with the shear
rate beiﬁg set to 1,200 sec~l.
(2) Molding shrinkage: |
10 . The molding shrinkage in the longitudinal direc-
tion of test piece for testing a fiexural strength waé
measured. |
(3) Sink mark on a molded product:
A flat surface portion of the molded product was
15 exposed to light so as to determine any sink mark on
the surface of ﬁhe molded product by observing the
reflected light with naked eyes. 1In this case, the
test device where no sink mark was recognized on its
surface w#s indicated by the mark "O", and the test
20 "device where a lot of sink marks were recognized on its
.surface was indicated by the mark " X" in this Table.
| (4) Adhesivity test:
The test device was treated with é fluorescent
liquid (NEOGLO, F-4A-E, Eishin Kagaku Co. Ltd.) at room
25 temperature in vacuo for 10 minutes. Subsequently, the
penetration degree of the.fluorescent_liquid from the

interface of the lead frame was measured by observing



m xing ratio of these coupling agents to the inorganic filler should
preferably be 0.02 wt%to 10 wt % based on the weight of the inorganic

filler. The resin conposition of this exanple may contain, 20 in-
addition to the aforenentioned conponents, various kinds of additives as
mentioned in the previous Exanple Il. Further, if required, an

anti-oxidant, a heat stabilizer, a corrosion h@%ibLtor, an ultraviolet .
inhibitor, a crystallization accelerator, a fluirdizing 25 agent and a
burr inhibitor may be incorporated into the resin conposition. The resin
conposition of this exanple may be - 93 - prepared i.n the sanme nmanner
as expl ained in the gfgraentpenes Feidh enldrostbHEET , FaPEhE LS| the 0BPSE -

tion thus prepared can be enpl oyed in various end-uses as in the case of
the ordinary resin dnesidddsdbjectE&dmps | 5iM0t tneeson Bepeated NOhganat
filler. Next, this exanple will be further explained in
" shock (~-65°C to 150°C) by making use of a thermal shock
cycle tester (TCT tester), and then the penetration
5 degree of the fluoresceﬁt liquid was observed in the
same manner as explained above. As for the penetratién
degree of the fluoreécent liquid, the marks "A"
(negligible) to "E" (prominent) were employed for
indicating the magnitude of the penetration of the
10 fluorescent liquid.

(5) Deformation of bonding wire:

The magnitude in deformation of bbnding wire of
the encapsulated test device was observed by making use
of an X-ray photographing dévice. In this case, the

15 magnitude in deformation of the bonding wire is
expressed by a deformation ratio, i.e. the device which
exhibited less than 5% of deformation ratio is indi- |
cated by a double circle; the device which exhibited 5%
to less than 10%.6f deformation ratio is indicated bj a

20 single circle; the device which exhibited 10% to less
than 15% of deformation ratip is indicated.by a
triangular shape; and the device which exhibited 15% or
more of deformation ratio, or whose bonding wire was
broken is indicated by " X" mark.

25 (6) Thermal shock cycle test:

The encapsulated test device was subjected at

first to 100 times of repeated thermal shock (-65C to



detail with reference the follow ng specific exanples. Each conponent was
conbi ned in accordance with the formulations shown in the follow ng Tabl e

21 to prepare 10 the resin conpositions of Exanples 27 to 31 and

Compar ative Exanples 13 to 17. - 94 - [err] - 95 - The val ues _
shown in Table 21 are based on wei ght parts. The conponents enpl oyed herein
are explained as follows. 5 PPS resi :_LV-01 (Tohpren Co., .

Ltd.); non- Newtonian index (n) = 1.12; crystalTization tenperature =
221[err]C. PPS resin BB: LN-03G (Tohpren Co., Ltd.); non--

150°C) by making use of a TCT tester, and then the
percent defective of the test device was investigated.
(7) Test on filling property:
._After finishing the molding of device by making

5 use of a DIP 14-pin die, the filling degree of the
resin composition into the die bar portion (indicated
in FIG. 1 by the number 8) was observed. The mark "On
represents a case where the die bar portion was
completely filled with the resin composition, whereas

10 the mark "X* repfeSents a case where the formation of
burr was recognized or the die bar portion was incom-
pleteiy filled with the resin composition.

Aé shown in Table 22, ﬁhe resin compositions of
Examples 27 to 31 were low in melting viscosity,

15 excellent in fluidity and high in flexural strength,
i.e. excellent in mechanical features as compared'with
those of Comparative Examples 13 to 17. Further, the
resin compositions of Examples 27 to 31 weré low in
molding shrinkage, free from sink mark and excellent

20 in dimension siébility.' Furthermore, the resin
compositions of Examples 27 to 31 were low in penetra-
tion degree of the fludrescent liquid, excellent in
adhesivity with the lead frame, excellent in thermal
shock resistance, and almost free from the breaking

25 or deformation of the bonding wire. As expléined

| above, the resin compositions of Examples 27 to 31

were generally excellent as compared with those of



Newt oni an index (n) = 1.01; crystallization 10 tenperature = 258[err]C
Fused silica powder AA: S-CO; average particle diameter = 22 [err]m (M cron
Co. Ltd.) Fused silica powder BB: SO 25R;, average particle dianeter = 0.5
[errfm (Mcron Co. Ltd.) 15 Sil ane coupling -agent: A-187 (epoxy
silane coupling agent); (N ppon Unicar Co., Ltgh ) The preparation of the
resin conposition was perfornmed as follows. Specifically, a fused silica

powder was put

into a Henschel m xer and surface- 20 ‘treated using a

silane coupling agent. Then, other conponents were charged into the
Henschel m xer andcompadathget Bramplébelfgatbel7.the resultant m xture was
kneaded and extruded by naki-ng use of a doubl e-screw extruder heated to a
tenperature of 280(E»aBpDeelV)C, and 25 then cut into pellets. The
pell ets thus obtained was charged into a vertical injection nnldin% machi ne
(M PS-30, Meiho Co. LtdIy» thisnespwple:etwot kindpi efePPS resin each -

10

15

20

25

differing in melting viscosity from each other were
émployed and mixed.togetheﬁ, and at the same time, the
content of inbrganic filler was confined to a specific
ratio so as to imprové the mechanical strength of the
PPS resin composition.

The PPS resin to be employed in this example is,
as in the case of Example III, fundamentally a thermo-
plastic resin comprising a repeating unit represented
by the afofementioned general formula (2). The PPS
resin can be manufactured in the same manner as
explained above. |

- The PPS regin to be incorporated into the resin
composition of this invention is a mixture comprising a
first PPS resin having a melting viscosity of 1 to 15
Pa-+s, and a second PPS resin having a melting viscosity
of 15 to 50 Pa°*s, the mixing ratio of these resins
being set to a predetermined range.

The first fPS resin (hereinafter being referred to
as PPS-L) may be of any type, i.e. it may be a linear
type, a crosslinked type or a branched type. The
melting viscosity of PPS~L may be 1 to 15 Pa*s, more
preferably 7 to 12 Pa‘*s as measured under the condi-
tions of: 310%ﬁ and lOlkg_load. If the_melting

viscosity of PPS-L is less than 1 Pa‘*s, the moldability



- 96 - for neasuring three-point flexural strength and a test

sem conduct or elenent of 14-pin DI P structure with the resin under the
conditions of: 330[err]Cin resin tenpera- ture and 150[err]Cin die
tenperature. 5 ' The resin-encapsul at ed sem conduct or devi ce which
was obtai ned by sealing the test device with the resin conposition of this
exanpl e was the sane as shown in FIG 5. On yhg other hand, as Conparative
Exanples 13 10 to 17, resin conpositions containing neither the

af orenenti oned specific kind of PPS resin nor the aforenentioned fine
inorganic filler as indicated by the fornula shown in Table 21 were treated
and pelletized in ¢fetbarmohbemeresini int tire caskd gt d¢pcleé wouldbbeeome
exanple. In the case of Conparative Exanples 16 and 17 however, a |ead
frame coated in addekerioratedn apdxyhedrechari¢ahi poepeny ; ofukheShelded
Epoxy Inc.) was encapsul ated. The followi ng tests were perforned_ using

t hese 20 encapBEPdeel mrydeRtalso TPRO¥ es PR sthp bl Rardghdfintha t he

foll owi ng Tabl e 22. . ) ) .
o melting viscosity of PPS-L exceeds over 15 Pa°*s, it may

5 be difficult to obtain a desired effects of this
invéntion. ‘Moreover, if a PPS resin having a melting
viscosity of more than 15 Pa*S is employed as the fifst
PPS resin, the fluidity of the resultant resin composi-
tion would be lowered when the ratio of the first PPS

10 resin is higher than that of the second PPS resin.
Specific exampies of PPS fesin that can be
empioyed as the first PPS resin having the aforemen—
tioned range of melting viscosity are LN-01G, H-0, H-1,
LV-01G, LV-02G, etc. (all being products of Topren Co.,
15 Ltd.); M—3910 and L-3340 (all being products of Toray
Industries inc.); and EX-3192 (a product of Dainippon
Ink and Chemicals Inc.).
The second polyphenylene sulfide resin (héreinéf-
ter being referred to as PPS5-H) may be a linear type or
20 a branched type, as long as the structure thereof is
not of crosslinking stiuctﬁre and has a melting indei
~of 15 t§ 50 Pa ;s. If the melting viscosity of PPS-H is
less than 15 Pa‘s, it is impossible ts'obtain a molded
product having an excéllent mechanical strength. On
25 the other hand, if fhe melting viscosity of PPS-H
R  exceeds over 50 Paf's, the fluidity of the resultant

" resin composition would be lowered. However, if



- 97 - [err] - 98 - Jerr] - .99 - The features shown in Table 22
wer e eval uated by the procedures shown below. (1) Melting viscosity: The
melting viscosity was neasured using a 5 capi |l I ograph (3A; Tohyo Sei ki
Sei sakusho Inc.) under the conditions of 330[err]C and L/ D=10. The val ues
of viscosity in this Table were obtained with the shear rate being set to
1,200 sec[err]. - 104 - :

a branched type PPS resin is to be employed, it is
preferably to select a PPS resin (PPS~-H) having a
melting viscosity of 25 Pé.‘s or more.
Preferébly éXampleé'of PPS resin that can be
5 employed as the second PPS resin having the aforemen-
tioned range of melting viscosity are those having a
linear structure and a crystalliéation temperature of
235C or more, a most preferable example of the second
PPS resin being a linear type PPS resin containiné 0.5
10 to 10 mol.% of m-phenylene sulfide unit. Spécific
examples of PPS resin which meets the aforementioned
conditions are LJ-03G and LW;03G (all being products of
Topren Co., Ltd.).
As explained abové, the P?S resin to be incorpo-
15 rated into the resin composition of this invention is a
mixture comprising a first PPS resin (PPS-L) and a
second PPS resin (PPS-H). There is any particular
limitation regarding mixing ratio between (PPS-L) and
(PPS-H) as long as the mixing ratio meets the following
20 conditions:
(PPS-L) > 10 wt$%
. (PPS-H) 2> 20 wt$%
(PPS-L) + (PPS-H) = 100 wt%
If the ratio of PPS-L is less than 10 wt$%, thé
25 fluidity of the resultant resin composition would be
undesirably lowered. On the other hand, if the ratio

of PPS-H is 1€ss than 20 wt%, it would be difficult to



(2) Mol ding shrinkage: 10 The nol di ng shrinkage in the

| ongi tudinal direc- tion of test piece for testing a flexural strength was

nmeasured. (3) Sink mark on a nolded product: A flat surface portion of the

nol ded product was 15 exposed to light so as to-determ ne any sink mark
on the surface of the nolded product by obsen®@bng-the reflected light with

naked eyes. In this case, the test device where no sink nark was recogni zed
on its surface was indicated by the mark "“[err]", and the test 20

devi ce where a lot of sink marks_were recogni zed on |ts sur f ac was

i ndi cated by the fRSgrexa iSp iRt %m?‘% ’chﬁ%lg DeXR¥y €test

2 e e o M SR P GO, TAE P, feon
Subseauently. e, Peneuruch dSAER £1 AP {LURTEaREEabiAy SO H1Fa-
tion temperature of the PPS resin mixture consisting of
5 the aforementioned.ratios of PPS-L and PPS-H should
preferably be to 220 to 240TL. This crystallization
temperature was measured as follows. First of all,
5 mg of the mixture is heated up to 330C at a rate of
20°C/min. by means of DSC and kept at this temperature
10 for 10 minutes. Then, the PPS resin mixture thus
heated is cooled down to 100°C at a raﬁe of ZWC/miq.,
thereby allowing a crystallization exotherm to generate
during the cooling, thus making it possible to measure
the peak temperature, which is defined as the crystal-
15 lization temperature.

'If the crystallization temperature of the PPS
resin mixture is less than 220C, the molding cycle
becomes longer in time, thus deteriorating the produc-
tivity. On the other hand, when the crysta;lization

20 temperature of the PPS resin mixture exceeds over 240%C,
- the adhesion of.thefPPS resin to a metal member would
become poor.. Thus, more preferably crystallization
temperature of the PPS resin mixture is 225°%C to 236C
in view of the insulating property_or of the
25 | moisture resistance reliability when the resin composi-
tion is to be employed for manufacturing a

resin-encapsulated semiconductor device, these PPS



- 100 - it with a polarization mcroscope. Further, the test device was
subjected to 100 tines of repeated thermal shock (-65[err]C to 150[err]C
by maki ng use of a thermal shock cycle tester (TCT tester), and then the
penetration 5 degree of the fluorescent |iquid was observed in the sane
manner as expl ai ned above. As for the penetration degree of the fluorescent
liquid, the marks "A" (negligible) to "E" (prqgnent) were enployed for

i ndicating the nmagni tude of the penetration of the 10 - fluorescent
liquid. (5) Deformation of bonding wire: The magnitude in deformation of
bonding wire of the encapsul ated test device was observed by naking use of
an X-ray photogr aphk8gngeyhé€ld! prébegabagebet feedSfrom heghet ifpuirdties

deformati on of the bonding wire 1s expressed by a deformation ratio, i.e.
the devi ce which exli¢hi 4edvheandt banih%pattiehidamat i Oher parbdficakndn- ofat ed
by a double circle; the device which exhibited 5%to | ess than 10% of
deformation ratio thesadPeateesbysac@f be perfigkrwed in| thet Aamgeppprerhash
exhibited 10%to | ess than 15% of deformation ratio is indicated by a

' explained above (Example I).

5 The mixing ratio of this PPS resin mixture should
preferably be confined to the range of 20 to 70 wt%
based on the entire resin composition of this invention.
Namely, if the mixing ratio of this PPS resin mixture
is less than 20'w£%, the effects such as fluidity which

10 are inherent to the PPS resin can not be expected and
the bonding wire may be caused to break. On the other
hand, if the mixing ratio of this PPS resin mixture
exceeds over 70 wt%, the molding shrinkage or thermal
expansion coefficient may become large, thereby

15 deteriorating the reliability of the semiconductor
device. Thus, preferable mixing ratio of the PPS resin
mixture is in the range of 30 to 65 wt%.

As for the kind of inorganic filler to be mixed
Qith the resin composition of this example, fundamen-

20 tally all of the materials explained in Example III,
such as fused silica, crystalline silica, glass fiber,
etc. may be employed; However, because of the same
reason as explained above, fused silica and crystalline
silica are most preferable irrespective of whether they

25 are used individually or in combination. As for the

shape of the inorganic filler, it may be fragmental,

spherical, semi-spherical, fibrous or flaky, but



triangul ar shape; and the device which exhibited 15% or nore of deformation
rati o, or whose bonding wire was broken is indicated by "X' mark. 25

(6) Thermal shock cycle test: The encapsul ated test device was subjected at
first to 100 tines of repeated thermal shock (-65[err]Cto - 101 -
150[err] C) by making use of a TCT tester, and then the percent defective of
the test device was investigated. (7) Test_pni%Hlang property: After
finishing the nolding of device by making 5 use of a DIP 14-pin die,
the filling degree of the resin conposition into the die bar portion
(indicated in FIG 1 by the nunber 8) was observed. The mark "[err]"

represents a case V‘%ﬁﬂ@rié@l dbe dahipephépicabs tovpgahbtyfilléedisi mbsthe
resin comnposition, ereas 10 the mark "X' represents a case where the

formati on of burr waseferaighezed or the die bar portion was incom pletely
filled wth the resin conposition.
The mixing ratio of aforementioned inorganic
filler should preferably be 30 to 80 wt% based on the
5 entire resin composition. If the content of the
inorganic filler is less than 30 wt%, the moldability
of the resin composition would be deteriorated due to
the generation of burr or it would be impossible to
obtain a-satisfactory thermal shock resistance. On the
10 other hand, when the content of the inorganic filler
exceeds over 80 wt%, the melting viscosity of the resin
composition may be prominently increased thereby
inviting a breaking of bonding wire. Thus, more
preferable content of the inorganic filler would be in
15 the range of 40 to 70 wt% based on the resin composi-
tion. |
It is also possible to employ a fibrous inorganic
filler for the purpose of improving the reinforcing
effect of inorganic filler. Examples of fibrous
20 inorganic filler are whiskers, émorphous fibers and
crystalline fibers which are exemplified in the
aforementioned Example I. 1In view of -facilitating the
filling of the fibrous inorganic fiber, the average
thickness of the fiber should preferably be 20 um or
25 less and the maximum thickness of the fiber should

preferably be 100 um or less.

The afqrementioned inorganic filler should



As shown in Table 22, the resin conpositions of Exanples 27 to 31 were | ow
in nelting viscosity, 15 excellent in fluidity and high in flexural
strength, i.e. excellent in nmechanical features as conpared with those of
Conpar ati ve Exanples 13 to 17. Further, the resin conpositions of Exanples
27 to 31 were low in nolding shrinkage, free fromsink mark and excel |l ent
20 in dinension stability. Furthernore, ;pge Lesin conpositions of
Exanples 27 to 31 were low in penetra- tion éegree of the fluorescent
l'iquid, excellent in adhesivity with the |ead frame, excellent in thernma
shock resistance, and al nost free fromthe breaking 25 or deformation
of the bondi ng wi prefedabdyplcintedmbbires irergagsian fionipasihawirsy cin
Exanpl es 27 to 31 were generally excellent as conpared with those of -
102 - Conpar at i ve aBeangee paid icd & Aigmtamp|af IMumnorhlssexanpaa argont

ki nds of PPS resin each
of 5 to 40 wt% based on the entire inorganic filler.

If the content of the fine inorganic filler is less

5 than 5 wt%, the burr may generate. On the other hand,
whén the content of the fine inorganic filler exceeds
over 40 wt%, the fluidity'of the resin composition
would be lowered. Thus, more preferable content of
this fine inorganic filler having an average particle

10 diameter of 1 um or less is in the range of 7 to 30 wt%
based oh the total weight of the inorganic filler.

Examples of such an inorganic filler are, as
exemplified in Example III, fused silica powdér;
crystalline silica powder, glass fiber; etc. Among

15 them, fused silica powder, crystalline silica powder
and glass fiber, sihgiy or in combination thereof, are
most preferable in view of moisture resistance and
reliability when they are used for encapsulating a
semiconductor deviqe. These inorganic-fillers should

. 20 preferably be spherical in shape.

Specific examples'of inorgaﬁic filler having an
average particle diameter of 1 um or less are Adma-fine
SO-25R, SO-25RA and SO-25HA (products'of-Admatechs Cb.,
Ltd.)

25 ' It is preferable for the purpose Bf improving the
moisture resistance of the molded product to perform

the surface treatment of the inorganic filler by making



differing in nelting viscosity fromeach other were 5 enpl oyed and
m xed together, and at the sane tinme, the content of inorganic filler was
confined to a specific ratio so as to inprove the nechanical strength of
the PPS resin conmposition. The PPS resin to be enployed in this exanple is,
10 as in the case of Exanple 111, fundanentally a therno- plastic resin
conprising a repeating unit represented by th f or ement i oned gener al :
formula (2). The PPS resin can be nanufactured i'n the sane manner as
expl ai ned above. 15 The PPS resin to be incorporated into the
resin conposition of this invention is a mxture conprising a first PPS
resin having a mel tisy o €Syl Dig lagont Safaespl avted HeEwanp’RS IEEi N
having a nelting viscosity of 15 to 50 Pa .s, the mxing ratio of these
resins 20 bei ng set The ares bdateanpostdicangt. tihe dxampld Py esdmtain,
(hereinafter being referred to as PPS-L) may be of any type, i.e. it may be
a linear type, a crigsdddiksibn yipe the aaboxendmtionyed. carponrnts ngvarsewsity
of PPS-L may be 1 to 15 Pa s, nore 25 preferably 7 to 12 Pa . s as
measur ed under the kigitg of additives as mentioned in the previous Example:
5 III. Further, if required, an anti-oxidant, a heat
stabilizer, a corrosion inhibitor, an ultraviolet
inhibitor, a crystallization acceleratoi, a fluidizing
agent and a burr inhibitor may be incorporated into the
resin composition.

10 The resin composition of this example may be
prepared in the same manner as explained in the
aforementioned Example II. Further, as explained in
Example II, the resin composition thus prepared can be
employed in various end-uses as in the case of the

15 ordinary resin composition comprising a resin and an
inoxganic filler.

Next, this example will be further explained in
detail with reference the following specific examples.
Each component was combined in accordance with the
20 formulations shown in the following Table 23 to prepare

the resin compositions of Examples 32 to 38 and

Comparative Examples 18 to 23.



tions of: 310[err]C and 10 kg load. [If the nelting viscosity of PPS-L is
less than 1 Pa s, the noldability - 103 - of the nolten resin in the

nol di ng cycl e woul d becone deteriorated, and the nechanical property of the
nol ded product nmay be al so poor. On the other _hagq,o tf the nmelting
viscosity of PPS-L exceeds over 15 Pa.s, it may Dbe difficult to

obtain a desired effects of this invention, reover, if a PPS resin having
a melting viscosity of nprel thani 13 Pa § & efployed ps.fthe first PPS
resin, the fluidity of the fEqultart fes) g|cBppgsi- t]|on woul d be | owered
when the ratio of the fifst| PPS [LO rlesifn {s |hPghef Fhan that of the
second PPS resin. Speciflc [exanp[eq o] HPg|T epl 1y thatf can be enpl oyed as
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Ink and Chem cals Inc.). The second polyphenyl ene sulfide resin (hereinaf-
ter being referred to as PPS-H) nay be a |inear type or 20 a branched
type, as long as the structure thereof is not of crosslinking structure and
has a nelting index of 15 to 50 Pa s. |If the nelting viscosity of PPS-H is
|l ess than 15 Pa s, it is inpossible to obtainjgainmolded product having an

excel l ent nechanical strength. On 25 . the other hand, if the nelting
viscosity of PPS-H exceeds over 50 Pa s, the fluidity of the resultant
resin conposition would be | owered. However, if - 104 - a branched type

PPS resin is to be enpl Gl conpinentrefanployed hexgitare FRPIagied (@2PS- H)
having a nelting viscosity of 25 Pa . s or nore. Preferably exanples of PPS
resin that can be Followsmpl oyed as the second PPS resin having the

aforenmen- tioned range of melting viscosity are those q?viqg a |inear
structure and a crystal IFEStTSHR drbfertiinedy type LN-01 (Tohpren Co.,

Ltd.); melting viscosity = 11 Pa - s; crystallization

5 temperature = 255C. |

PPS resin L2: a linear type H-1 (Tohpren Co.,
Ltd.); melting viscosity = 9 Pa-s; crystallization
temperature = 241%C.

PPS resin L3: a branch type LV-01 (Tohpren Co.,

10 Ltd.); melting viscosity = 9 Pa‘s; ctystallization
temperature = 221°%C.

PPS resin Hl: a linear type LN-03G (Tohpren Co.,
Ltd.); melting viscosity = 27 Pa-s; crystallization
temperature = 258%C.

15 PPS resin H2: a linear type LJ-03G (Tohpren Co.,
Ltd.); melting viscoéity = 26 Pa-*s; crystallization
temperature = 227%C. |

Fused silica powder AA: S-C0; average particle
diameter = 22 um (Micron Co. Ltd.)

20 Fused silica powder BB: SO-25R; average particle
diameter = 0;5 um (Micron Co. Ltd.) |

Silane coupling agent: A-187 (epoxy silane
coupling agent); (Nipponupnicar Co., Ltd.)

- The aforementioned PPS resins (L1, L2 and L3)

25 corresponds to the aforementioned first PPS resin,
whereas the aforementioned PPS resins (H1 and H2)

corresponds to the aforementioned second PPS resin.



235[err]C or nore, a nost preferable exanple of the second PPS resin being
a linear type PPS resin containing 0.5 10 to 10 nol. % of m phenyl ene
sulfide unit. Specific exanples of PPS resin which neets the

af orenenti oned conditions are LJ-03G and LWO03G (all .bei ng products of
Topren Co., Ltd.). As explained above, the PPS;fgsin to be incorpo- 15
rated into the resin conposition of this invention is a m xture conpri sing
a first PPS resin (PPS-L) and a second PPS resin (PPS-H). There is any .
particular Iimtation regarding mxing ratio between (PPS-L) and (PPS-H) as
| ong as the nixing ratio THeetlsighhdempgematiung 20ystalddgitionegirriyre
10 wt % (PPS-H) > 20 wt % (PPS-L) + (PPS-H) = 100 w% If the ratio of PPS-L
is less than 10 wt %pfi Hhe2PPS reagqin gipstugies péhicds waremixed nintehddd tion
woul d be undesirably | ogwered. On the other hand, if_the ratio of PPS-His

|l ess than 20 wt % i ESFdd FPWPRAitiang ©f Fxanples 32 to 38 is summarized

as follows.

5 _
Examples High-temperature crystallization
temperature of the mixed resin

32 ' 255C
33 251°C
10 34 231C
35 235%C
36 233%C
37 226°C
The preparation of the resin composition was
15 performed as follows. Specifically, a fused silica
powder was put into a Henschel mixer and surface-
 treated using a silane coupliﬁg agent. Thén, other
components were charged into the Henschel mixer and
mixed together. Thereafter, the resultant mixture was
20 kneaded and extruded by making use of a double-screw
extruder heated to a temperature of 280 to 330°C, and
then cut into pellets. The pellets thus obtained was
charged into a vertical injection molding machine
(MIPS-30, Meiho Co. Ltd.) to encapsulate a test piece
25 for meaéuring three~point flexural strength and a test
semiconductor device of 14-pin DIP structure with the
resin under the conditions of: 330°C in resin tempera-
ture and 150C in die temperature.

The resin-encapsulated semiconductor device which



- 105 - ensure a satisfactory nechanical property. Mre preferably m xing
ratio of PPS-His 50 wt% or nore. In this exanple, the high-tenperature
crystalliza- tion tenperature of the PPS resin m xture consisting of 5

the aforenentioned ratios of PPS-L and PPS-H shoul d preferably be to 220 to
240[err]C. This crystallization tenperature was neasured as follows. First
of all, 5 ng of the mxture is heated up to 3ppjerr]C at a rate of

20[err]C mn. by nmeans of DSC and kept at this tenperature 10 for 10

m nutes. Then, the PPS resin m xture thus heated is cool ed dowmn to
100[err]C at a rate of 20[err]C/ mn., thereby allowing a crystallization
exot hermt o gener avas dobtaineédebgoskaldngt khe tekitndenticpowiithl ¢heo resdaur e
t he peak tenperature, which is defined as the crystal- 15 l'ization
tenperature. |f theompysibibnzafi thiscepempiler wasf theesPm8 messhomwnxtiore is
| ess than 220[err]C, the nolding cycle becones longer in time, thus
deteriorating the PE6duz- tivity. On.the other hand, when the

crystallization 20 tenperature of the PPS resin _m xture exceeds over
240[ err] C, The following tests were performed using these
5 encapsulated products. The results obtained are shown

in the following Table 24.



t he adhesion of the PPS resin to a netal

menber woul d becone poor.

Thus, -

nore preferably crystallization tenperature of the PPS resin m xture is
225[err]C to 236[err]C In view of the insulating property or of the 25
noi sture resistance reliability when the resin_conposi- tionis to be
enpl oyed for manufacturing a resin-encapsulat dd4sem conduct or device, these

PPS. -
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performed in the sang
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range of 20 to 70 wt ¢
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resins should preferably be free fromionic inpurities such
these PPS resins can,be

The
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a) ©; Deformation of 5% or less, O; Deformation of 5% to lb%, A; Deformation of 10%ct

reak.

Deformation of 15% or more, or breaking of wire



hand, if the mxing ratio of this PPS resin m xture exceeds over 70 w %
the nol di ng shrinkage or thermal expansion coefficient may become | arge,
t hereby 15 deteriorating the reliability of the sem conductor device.
Thus, preferable mxing ratio of the PPS resin mxture is in the range of
30 to 65 W% As for the kind of inorganic filler to be mxed with the
resin conposition of this exanple, fundangn-,2 _ tally all of the
materials explained in Exanple 11, such as fused silica, crystalline
silica, glass fiber, etc. may be enployed. However, because of the sane
- reason as explained above, fused silica and crystalline silica are nost
preferabl e irrespectiverif fsuthihms tdhmw2Gin Takdree 24s ebdendivialhatied by in
conmbi nation. As for the shape of the inorganic filler, it my be
fragmental , spheriute proeedusgseershoan Helowous or flaky, but - 107 -
spherical or sem -spherical inorganic filler is nost preferable.
' (1) Melting viscosity:
The melting viscosity was measured using an
5 elevated flow tester (pore diameter of die: 1.0 mm, and
pore length of die: 2.0 mm) under the conditions of
310°C and 10 kg load.
(2) Molding shrinkage:
The molding shrinkage in the longitudinal direc-
| 10 tion of test piece for testing a flexural strength was
measured.

(3) Sink mark on a molded product:

A flat surface portion of the molded product was
exposed to light so as to determine any sink mark on

15 “the surface of the molded product by observing the
reflected light with naked eyes. In this case, the
test device where no sink mark was recognized on its
surface was indicated by the mark "O", and the test
device where a lot of sink marks were recognized on its

20 surface was indicated by the mark "X" in this Table.

(4) Deformation of bonding wire:

The magnitude in deformation of bdnding wire of
the encapsulated test device was observed by making use
of an X-ray photographing device. In this case, the

25 magnitude in deformation of the bonding'wire is

expressed by a deformation ratio, i.e.. the device

which exhibited less than 5% of deformation ratio is



The m xing ratio of aforenmentioned inorganic filler should preferably be 30
to 80 wt % based on.the 5 entire resin conposition. |If the content of
the inorganic filler is less than 30 w% the noldability of the resin
conposition would be deteriorated due to the generation of burr or it would
be inmpossible to obtain a satisfactory thermal shock resistance. On the 10
ot her hand, when the content of the inorganic,{filler exceeds over 80 w%
the melting viscosity of the resin conposition fay be prom nently increased
thereby inviting a breaking of bonding wire. Thus, nore preferable content
of the inorganic filler would be in 15 the range of 40 to 70 wt % based
on the resin conmposhditkedd bl &Sdeuplepedsiclles ttheeripvdyea whikouschib-
inorganic filler for the purpose of inproving the reinforcing effect of
inorganic filler. Exedpb&stof leslkr ahan200% ofi defgamad ifonl [rertizr é.swhi sker s,
anor phous fibers and crystalline fibers which are exenplified in the-
af orement i oned ExampHécatefinbyi ewsdngflecicliiccdei;nghehdeviilclel mhigth telxhib-
fibrous inorganic fiber, the average thickness of the fiber should
preferably be 20 [ ékefimtBf to less than 15% of deformation ratio is
5 indicated by a triangular shape; and the device which
exhibited 15% or more of deformation ratio, or whose
bonding wire was broken is indicated by " X" mark.
(5) Thermal shock cycle test:
The encapsulated test device was subjected at
10 first to 100 times of repeated thermal shock (-65°C to
150C) by making use of a TCT tester, and then the
percent defective of the test device was investigated.
(6) Test on filling property:
After finishing the molding of device by making
15 use of a DIP 14-pin die, the filling degree of the
resin composition into the die bar portion (indicated
in FIG. 1 by the number 8) was observed. The mark "O"
repfesents a case where the die bar portion was
completely filled with the resin composition, whereas
20 the mark "X*" represents a case where the formation of
burr was recognized or the die bar portion was incom-
pletely filled with the resin composition.
As shown in Table 24, the resin cbmpositions of
Examples 32 to 38 were excellent in moldability, and
25 were well balanced of mechanical strength and fluidity.

Further, the resin compositions of Examples 32 to 38

were filled excellently into the die bar portion in the



25 | ess and the maxi mumthi ckness of the fiber should preferably be 100
[err]mor |ess. The aforenentioned inorganic filler should - 108 -
preferably contain fine inorganic filler having an average particle
dianeter of 1 [err]mor less in an anount of 5 to 40 wt % based on the
entire inorganic filler. If the content of the fine inorganic filler is
| ess 5 than 5 w% the burr may generate.,;9n the other hand, when the
content of the fine inorganic filler exceeds over 40 wt% the fluidity of
‘the resin conposition would be | owered. Thus, nore preferable content of
this fine inorganic filler having an average particle 10 di aneter of 1
[err]mor less is mblhiagr aEJ®IPf padkagd) Wrhd ke breaKiiy tof ale fveingdt i od
the inorganic filler. Exanples of such an inorganic filler are, . as
exenplified in Exaofl e¢hkl bondinegd wiide e spourde mecogysitzad | ridhws |proev iphiiter |
gl ass fiber, etc. Anong 15 them fused silica powder, crystalline
silica powder a device of excellent reliability.
As'explained above, it is possible according to
5 this invention to provide a PPS resin composition,
which is excellent in adhesivity to other members of
different kind, exhibits a mechanical strength after
the curing thereof, and excellent in environmental
stability and in flame retargency. Furthermore, the
10 resin composition of this invention is advantageous in
that it does not contain any toxic component which is
harmful to environmment, and is low in moisture absorp-
tion even in a high temperature and high humidity
condition. Therefore, when a semiconductor device is
15 encapsulated using'this resin composition, it is
possible to provide the resin-encapsulated semiconduc-
tor device with an excellent reliability for a long
period of time. Furthermore, the resin composition of
this invention is applicable to various fields in
20 addition to the encapsulation of a semiconductor device,
thus highly valuable in industrial view point.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
25 the specific details and representative embodiments

shown and described herein. Accordingly, various

modifications may be made without departing from the



and gl ass fiber, singly or in conbination thereof, are nost preferable in
vi ew of npisture resistance and reliability when they are used for
encapsul ating a sem conductor device. These inorganic fillers should 20
preferably be spherical in shape. Specific exanples of inorganic filler
havi ng an average particle dianeter of 1 [err]mor |ess are Adma-fine

SO 25R, SO 25RA and SO 25HA (products of Admatigghs -Co., Ltd.) 25

It is preferable for the purpose of inproving the noisture resistance of

t he nol ded product to performthe surface treatnment of the inorganic filler
by maki ng - 109 - use of a coupling agent as explained in Exanple |11
The resin conpositisPinit toF ssexpapPE Hag gonerarh, inverbiye i opneept hes

af orementi oned conponents, various kinds of additives as nentioned_in the
previ ous Exanpl e 5 defingd by rthe nappended cglaing and Bheir gughvelentheat
stabilizer, a corrosion inhibitor, an ultraviol et



inhibitor, a crystallization accelé?éfﬁ?“a~++tﬂ+ﬁegLng agent and a burr

I nhi bitor may be i ncorporated into 03|t|on 10 The
resin conposition of this exanple n‘@ WH the same_npanner as

expl ained in the af orenmenti oned Exanpd €l as explalned in T
Exanple 11, the resin conposition 'thus prepared can be enpl 9®§MmﬂhYE&h§H§mm.

end-uses as in the case of the 15 or di nar y jlgesin conp05|t| !
a resin and an inorganic filler. Next, this exanple wll bef ’!m
explained in detail with reference the foll owi ng specific exanp e

conponent was conbined in accordance with the 20 formul ations shown in
the following Table 23 to prepare the resin CoApMSi ti ons of Exanples 32 to
38 and Conparative Exanples 18 to 23. - 110 - [err]

1. A polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin, an
inorganic filler, and at least one whisker selected

5 from the group consisting of titania whisker and
aluminum borate whisker.

2. The polyphenylene sulfide resin composition
according to claim 1, wherein said polyphenylene
sulfide resin composition contains het more than

10 500 ppm of ionic impurities. |

3. The polyphenylene sulfide resin composition
according to claim 1, wherein e mixing ratio of said
inorganic filler is 80 percent by weight or less based
oh the entire resin composition, and the mixing ratio

15 of said whisker is 50 percent by weight or less based
on the entire inorganic filler.

4. The polyphenylene sulfide resin composition
according to claim 1, wherein eaid inorganic filler is
spherical silica having an average particle diameter of

20 30 um or less.
| 5. The polyphenylene suifide resin composition
according to claim 1, wherein said whisker is surface-
treated:by making use of a coupling agent.

6. A polyphenylene sulfide resin composition,

.25 which comprises; |

(a) a polyphenylene sulfide resin;

(b) an inorganic filler; and



The conponents enpl oyed herein are explained—as follows. PPS resin L1: a

i near type LN-01 (Tohpren Co., Ltd.); nelt I scosity-—=-11 Pa.s;
crystallization 5 t enper at mi‘ h%&‘%PS resin L2 ali near type
H 1 (Tohpren Co., Ltd.); nelti a s; crysy mmhwd.
tenperature = 241[err]C PPS restn 13 a branch type LV-01 10
Ltd.); nelting viscosity = 9 Pa s; crystaIlegnoon_tenpera

221alerr]C. PPS resin Hl:. a i near type LN-03G (Tohpren Co., Ltd.) ; neltlng
viscosity = 27 Pa s; crystallization tenperature = 258[err]C 15

PPS resin H2: a Ilnear type LJ-03G (Tohpren Co., Ltd.); nelting viscosity =
26 Pa s: crystallizatiofSemferl@asite one Jimg Qic compsamnds |Sed@F@mH drrom:
S-CO; average particle diameter = 22 [e WI(M cron Co. Ltd. ) 20

Fused silica powdeth8B9rs8PsRNSAF A4k Op'gar"’t iRqlymerized indene, a phenol .

aralkyl resin and a novolak type phenol resin.

7. The polyphenylene sulfide resin composition
5 according to claim'G, wherein said polyphenylene
sulfide resin composition contains not more than
500 ppm of ionic impurities.
8. The polyphenylene sulfide res;n composition
~according to claim 6, wherein said (c) component is an

10 indene copolymer comprising an indene monomer, the
ratio of said indene monbﬁéf to other comonomer should
being set to meet a condition of I/S > 1.5 (where I
represents the number of moles of indene monomer, and S
denotes the number of moles of other comonomer).

15 _ 9. The polyphenylene sulfide resin composition
according to claim 6,_whereinlsaid (c) component is an
indene polymer, a mixing ratio of said indene polymer
to said polyphenylene sulfide resin being in the range
of from 5 percent to 50 percent by weight based on the

20 | weight of the polyphenylene sulfide reéin, and a mixing
ratio of said inorganic fiiler to the polyphenylene
sulfide resin is in the range of from 20 percent to
85 percent by weight based on the weight of the
polyphenylene sulfide resin.

25 10. The polyphenylene sulfide resin composition
according to claim 6, wherein said (c) component is

phenol aralkyl resin and/or novolak phenol resin,



diameter = 0.5 [err]m (Mcron Co. Ltd.) SiTane couprrng agent: A-187 (epoxy
sil ane coupllng agent); (N ppon Unic af or ementi-enedPPS___ .
resins (L1, L2 and L3) 25 corresﬁ "ﬂ, ' Eﬂj enentnﬁﬂﬁgﬁ |rst PPS
resin, whereas the aforenenti oned PPS*resins s H2) co
aforenentloned second PPS resin. - 112 - The hi gh- tenper
crystallization tenperature of the PPS resin niggtures which
the resin conpositions of Exanples 32 to 38 is sumuari zed as folloms 5
Exanpl es Hi gh-tenperature crystallization tenperature of the mxéd resin 32
255[err] C 33 251 err]C 10 34
231[err]C 35 a mixing28&8t&er9L said (c) component being set to 30%
by weight or less based on an entire weight of the
resin composition. |
11. The polyphenylene sulfide resin composition
5 according to claim 6, wherein said inorganic fillei is
spherical silica having an average particle diameter of
30 um or less.
12. A polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin and an
10 inorganic filler; wherein
said polyphenylene sulfide resin includes a
'polyphenylene sulfide resin component exhibiting a non-
Newtonian index (n) of 1.1 or more; and
said inorganic filler includes 5 to 40 wt%, based
15 on a total amount thereof, of fine particles of
inorganic filler having an averagé particle diameter of
1 um or less. |

13. The polyphenylene sulfide resin composition

according to claim 12, wherein said. polyphenylene
20 sulfide resin composition contains not- more than
500 ppm of ionic impurities.

14. The polyphenylene sulfide resin composition
according to claim 12, wherein said polyphenylene
sulfide resin component exhibiting a non-Newtonian

25 index (n) of 1.1 or more is mixed at a ratio of 30 wt$

or more based on an entire polyphenfléne sulfide resin

matrix. .



36 233[err] C 37 226[ err] C The preparation of

the resin conposition was 15 perforned as follows. Specificatly,_a

fused silica powder was put into a Henschel m xer and surfaqqns%re ted T
using a silane coupling agent. Then, other conponents were ch cnRegkm,
Henschel m xer and m xed together. Thereafter, the resultant

‘kneaded and extruded by meki ng use of a doubl g93crew extruder gﬂ
tenperature of 280 to 330[err]C, and then cut into pellets. The peIIets

thus obtained was charged into a vertical injection noldi-ng nachine

(MPS-30, Meiho Co. Ltd.) to encapsulate a test piece 25 for measuring
three-point flexural st¥engtPhereolypkerylens @rr%wc@owoqutpﬁm DI P
structure with the resin_under the conditions of: 330 erm;C in resin
tenpera- ture and 13EQEIIng %P ofkaimnbdr WhRELiM R MEXING FREES (PE; said

sem conduct or devi ce which
inorganic fllfér is in a range of 25 to 80 wt% based on

an entire resin composition.

5 16. .A polyphenylene sulfide resin composition,

| which'comprises 20 to 70 wt% of a mixture consisting of
:a first polyphenylene sulfide resin and a second
polyphenylene sulfide resin, and 30 to 80 wt% of an
inorganic filler; wherein

10 said first polyphenylene sulfide resin has a
melting viscosity ranging from 1 to 15 Pa‘*s, and said
second polyphenylene sulfide resin has a melting
viscosity ranging from 15 to 50 Pa°s and is of
substantially non-crosslinking structure; and

15 - a content of said first polyphenylene sulfide
resin being 10 to 80 wt% based on said mixturé, and a
content of éaid second-polyphenylene.Sulfide resin
being 90 to 20 wt% based on said mixture.

17. The polyphenylene sulfide resin composition

20 - according to claim_is, wherein said mixture exhibiting
a high-tempe#atﬁre crystallization temperature of 220°C
to 240°C. -

18. The polyphenylene sulfide resin compositiqn

according to claim 16, wherein said polyphenylene

25 sulfide resin composition contains not more than

| 500 ppm of ionic impurities.

19. The polyphenylene sulfide resin composition

T




was obtai ned by sealing the test device with the resin conposition of this
exanpl e was the same as shown in FIG 5. The follow ng tests wer e perforned

using these 5 encapsul ated products. * The results obt ai Thigh QWMphnd
the foll ow ng Tabl e 24. - 114 - Jerr] - 115 -. The feaq

Tabl e 24 were eval uated by the procedures-sheps bel ow. (1)

viscosity: The nelting viscosity was neasured using an 5 el evated f

tester (pore diameter of die: 1.0 mm and pore length of die: 2.0 mm under

the conditions of 310[err]C and 10 kg | oad.
according to claim 16, wherein said second

polyphenylene sulfide resin is of a linear structure

and a high-temperature crystallizétion temperéture of

said second polyphenylene sulfide resin is 235°C or less.
5 20. The polyphenylene sulfide resin composition

| according to claim 16, wherein said inorganic filler

includes 5 to 40 wt%, bésed on a total amount thereof,

of fine particles of inorganic filler having an average

particle diameter of 1 um or less.

- 10 21. A resin-encapsulated semiconductor device
comprising a semiconductor element, and a resin layer
sealing said semiconductor élement, wherein said resin
layer is formed of a cured material of the resin
composition claimed in claim 1.

15 22. A resin-encapsulated semiconductor device
comprising a semiconductor element, and a resin layer
sealing said semiconductor element, wherein said resin
layer is formed of a cured material of the resin
composition claimed in claim 6.

20 23. A resin-éncapsulated semicondpctor device
comprising a semiconductor element, and a resin layer
sealing said semiconductor element, wherein said resin
layer is formed of a cured material of the resin
composition claimed in claim 12.

25 24. A resin-encapsulated semiconductor device
comprisiﬁg a semiconductor element, and a resin layer
sealing said semiconductor element, wherein said resin

-
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(2) Mol ding shrinkage: The nol ding shrinkage in the |ongitudinal direc- 10
tion of test piece for testing a flexural strength was neasured—( Si nk
mark on a nol ded product: A flat surface portion of the m)l-ﬁl gfoduct was
exposed to light so as to determne any sink mark on 15 ce
t he nol ded product by observing the reflected light with na g 79

(=%

this case, the test device where no sink nmark ag@s +ecognize

was indicated by the mark "[err]", and the test device where a lot o

mar ks were recogni zed on its 20 surface was indicated by the mark "X"
inthis Table. (4) Deformation of bonding wire: The magnitude in

def ormati on of bonbayerw s eformedeoénaapuuedt atesialdedi thewnassdnserved by
maki ng use of an X-ray photographing device. In this case, the 25 '
magni tude i n def or A@RP@HLBioRhe aemadngnwFLainsbxpressed by a def or mation

ratio, i.e. the deV|ce mhlch exhlblted | ess than 5% of .deformation ratio is
A polyphenylene sulfide resin composition,

substantially as hereinbefore described with reference
5 to Examples 1 to 38.
26. A resin-éncapsulated semiconductor device,
substantially as hereinbefore described with reference

to Examples 1 to 38 and FIGS. 2 to 4.

—_— .
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- 116 - indicated by a double circle; the device which exhib- ited 5%to

| ess than 10% of deformation ratio.is .indicated by a single circle; the

devi ce which exhib- ited 10%to | ess than 15% of deformation ratio is 5

i ndi cated by a triangul ar shape; and the device which exhibited 15% or nore

of deformation ratio, or whose bonding wire was broken-is indicated by "X

mark. (5) Thermal shock cycle test: The encapsul ated test device was .

- subjected at 10 first to 100 tines of repeated thermal shock (-65C to
150t) by nmaking use of a TCT tester, and then the percent defective of the

test device was investigated. (6) Test on fillin roperty: After finishing

t he nol di ng of devi ce by naki ngARBSTRACT QB ﬁﬁEaDgﬁELQEUBEn(EF@; ghe filling

degree of the resin conposition into the die bar portion (indicated in FIG

1 by the nunber 8) "ROLYRHENYIRNE SUF IRE KRES BV rOMRQHIBEQMtANDR RESENwher e

the die bar portion ENSRPSIHATRR | SEMICONRUGTRR REEIGR'Si n conposition

wher eas 205 the narﬁ.ﬁélff éé§¥gﬁg éh f?ﬁé“%ggf%téghéé§{¥§éﬁf éﬁich

comprises, in additibn to a polyphenylene sulfide resin
and an inorganic filler, at least one whisker selected
from the group consisting of titania whisker and
aluminum borate whisker. A resin-encapsulated semicon-
10 ductor device comprising a semiconductor element, and a
resin layer sealing the semiconductor element, wherein
the resin layer is formed of a cured material of the

resin composition.



burr was recognized or the die bar portion was incom pletely filled with
the resin conposition. As shown in Table 24, the resin conpositions of
Exanples 32 to 38 were excellent in noldability, and 25 were wel |

bal anced of nechanical strength and fluidity. Further, the resin
conpositions of Exanples 32 to 38 were filled excellently into the die bar
portion in the - -117 - nol ding of i) P package, and the breaking or

def ormati on of the bonding wire was not recognlzed t hus providing a device
of excellent reliability. As expl ained above, it is possible according to 5
this invention to provide a PPS resin conposition, which is excellent in
adhesivity to other nenbers of different kind, exhibits a nechani cal
strength after the curing thereof, and excellent in e ironnental stability
and in flane retargency. Furthernnre . resin conposition of this
I nvention i s advant ageous | ’ ‘ Nt t oxi ¢ conponent
which is

SO O N or_—,,i’j"3

FIG 1




harnful to environnment, and is low in noisture absorp- tion even in a high
tenperature and high humdity condition. Therefore, when a sem conductor
device is 15 encapsul ated using this resin conposition, it is possible
to provide the resin-encapsul ated sem conduc- tor device with an excell ent
reliability for a long period of tine. Furthernore, the resin conposition

of this invention is applicable to varidd/@ fields in 20 addition to the
encapsul ati on of a sem conduct or device, thus h|ghly val uabl.¢ in industri al
vi ew point. Additional advantages and nodificati "W readily occur to

those skilled in the art. Therefore t he :
is not limted to 25 resenbat | ve

enmbodi nrents shown and de : e nodi fications
may be made without d scope of the
general inventive cong 5 and their
equi val ent .

FIG. 4
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-119- CLAI M5 {1.REPLACEMEN ne sulfide re®in conpofi'tion; “ihiich - . paged.r.

conprises a
one whi sker

al um num bor at e{whi sker whereln
havi ng an avetlade—partTTre dia
pol yphenyl ene {sul fi de resj

sul fi de resin,

e resin, an inorganic?fi at -"b.dagiaged 4
oup consisting of titani-a wh hd.. i paged
said inorganic filler i‘sspheri:cak:si.litedaged
ter of 30 [err]mor; |less. 2. A

_ osition, whigch conpriises:a:potaPREny| e
inorganic filler, and at |east on& wWhisker—sete SR

.....

the group consi ¥ePag &P rredhke AR skeelimgtamodphikibyr and ahpykéichmBEei n

sai d whi sker isgpuehged theagRdchy BBEI Pasincial eRcE2UBhtNInageBragd: A
pol yphenyl ene sul fide reS|Hdc%g$OS|t|on, whi ch conprises; (a) a

pol yphenyl ene sEFpP&diF¥sP

m&nrﬁﬁﬁFgﬁﬁFX'filrer; and

BRIEF SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
provide a polyphenylene sulfide resin composition which
is excellent in modability and in adhesivity to other
members, exhibits a high strength after the curing
thereof, and is excellent in storage stability and in
flame retargency. |

Another object of the present invention is to
provide a resin-encapsulated semiconductor device which
is excellent in reliability with respect to a long term
moisture resistance.

According to the invention in a first aspect, there
is provided a polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin, an
inorganic filler,'and at least one whisker selected from
the group consisting of titania whisker and aluminum
borate whisker wherein saild inorganic filler is spherical
gilica having an average particle diameter of 30 um or
less.

According to the invention in a second aspect, there
is provided a polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin, an
inorganic filler, and at least one whisker selected from
the group consisting of titania whisker and aluminum
borate whisker wherein said whisker is surface-treated by
making use of a coupling agent. o

This invention also provides a polyphenylene sulfide
resin composition, which comprises (a) a polyphenylene
sulfide resin; (b) an inorganic filler; (c) at least one
kind of compounds selected from the group consisting of a
polymerized indene, a phenol aralkyl resin and a novolak
type phenol resin.

Further, this invention provides a polyphenylene

=3 614
C\:ksl\e [



- 120 - (c) at | east one kind of conpbunds sel ected fromthe group
consisting of a polynerized i ndene, a phenol aral kyl resin and a novol ak

type phenol resin. 4. The pol yphenyl ene sul fide resin conposition 5
according to claim 3, wherein said pol yphenyl ene suIfiaEHPEETﬁfEGWpUSfffeﬂ
contains not nore than 500 ppmof ionic inpurities. 5. Tu

sul fide resin conposition accordi ng to cl-aiyng3,- wherein ﬂ'ﬁﬂ’!ﬂ"’ﬁ%ﬁ@ﬁnt
is an 10 i ndene copol yner conprising an i ndene nonongr, ¢t he rm|atlls

sai d i ndene nononmer to other conononmer should being set to neet a condition
of 1/S > 1.5 (where | represents the nunbﬁéagf nol es of indene nononer, and
S denotes the nunber of noles of other co Wﬁr). 15 6. The

pol yphenyl ene sul fide resin conposition according to claim3, wherein said
(c) conponent is an indene polynmer, a mxing ratio of said indene polyner

to said pol yphenyl en |.¢ ' | LN r hrom cent to

Lo sald polypheny! eng sihipenteahn Beh29abn baen BBABoBLLERT Wit
comprises a polyphenylene sulfide resin, an inorganic
filler, and at least one whisker selected from the group
consisting of titania whisker and aluminum borate whisker

- wherein said inorganic fillexr is spherical silica having

an average particle diameter of 30 pum or less.

2. A polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin, an
inorganic filler, and at least one whisker selected from
the group consisting of titania whisker and aluminum
borate whisker wherein said whisker is surface-treated by

making use of a coupling agent.

3. A polyphenylene sulfide resin composition,
which comprises;
(a) a polyphenylene sulfiae resin;

(b) an inorganic filler; and

REPLAGEMENT SHEET
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20 - weight of the pol vohpn;d_e‘ne sulfide resin, and a mxing ratio of

sai d inorganic éﬁL ENIENT BREEDI yphenyl ene sul fide resi AAd-s—+n—therange of
b

from 20 percen yl wei ght based on the weig MH“‘
pol yphenyl ene pulfide resin. 2pb 7. The pol ypheny Mﬁ ‘5“ uHﬂL n
conposi tion ac¢of dity 0@ 9% n{ 3| wherein said (c) conpon *

e

aral kyl resin &nd/ or novol ak | hol resin,120 - 121 --a mxing ratio of
said (c) conmponent being set to 0% by wei ght or | ess based on an entire
wei ght of the nesin.conpestt+orr— 8. The pol yphenyl ene sulfide resin

conposition 5 according, to clai mgipgnerei n said.norganic filler is

spherical silica havify &h 18_FERBa | R aFaRRPLRdS: SSASFERH FXOP | ess.

9. A pol yphenyl ene sulfid in i hich . .
pol yphenyl ene’ St | FEOVRSANSEETLAT 18T @ PPLSPSRAFEd AARERS  WAopbEROL

aralkyl resin and a novolak type phenol resin.

4. The polyphenylene sulfide resin.composition
5 according to claim 3, wherein said polyphenylene
sulfide resin composition contains not more than
500 ppm of ionic impurities.
| 5. The polyphenylene sulfide resin composition
according to claim 3, wﬁerein said (c) component is an

10 indene copolymer comprising an indene monomer, the.
ratio of said indene monomer to other comonomer should
being set to meet a condition of I/S > 1.5 (where I
represeﬁts the number of moles of indene monomer, and S
denotes the number of moles of other comonomer).

15 . 6. The polyphenylene sulfide resin composition
according to claim 3, wherein said (c) component is an
indene polymer, a mixing ratio of said indene polymer
to said polyphenylene sulfide resin being in the range
of from 5 percent to 50 percent by weight based on the

20 weight of the polyphenylene sulfide resin, and a mixing
ratio of said inorganic filler to the polyphenylene
sulfide resin is in the range of from 20 percent to
85 percent by weight based on the weight of the
polyphenylene sulfide resin.

25 7. The polyphenylene sulfide resin composition
according to claim 3, wherein said (c) component is

phenol aralkyl resin and/or novolak phenol resin,



sai d pol yphenyl ene sulfide resin includes a pol yphenyl ene sulfide resin
conponent exhibiting a non- New onian index (n) of 1. ; '
inorganic filler includes 5 to 40 wt % based 15 on a total anount
thereof, of fine particles of inorganic filler having mllmmlm mnmil e
dianeter of 1 [err]mor less. 10. The pel ypRanylene sulfiNigh s
conposition according to claim9, wherein said pol yphenyl ene bo_ sul fide
resin composition contains not nore than 500 ppmof ionic inpurities. 11..
The pol yphenyl ene sulfide resin conposition according to claim9, wherein
sai d pol yphenyl @n8iSHNg F@5ieidf Hsbneht %%W%???Hgb%lﬂ‘éns?\EMBn?% 25

index (n) of 1.1 or nore isS mxed.at a,ratio of 30 w % or re based on an
entire(pélyphen eﬁ?%ﬂﬁ%iQﬁ;iﬁﬁﬁquﬁﬁQigﬂ an entyzg wel 5€D?§e€ﬁe

pol yphenyl ene sgggfﬁaégﬁgggf%¥5%§ition

8. The polyphenylene sulfide resin composition

5 according to claim 3, wherein said inorganic filler is
spherical siliéa having an average particle diameter of
30 um or less.
9. A polyphenylene sulfide resin composition,
which comprises a polyphenylene sulfide resin and an
10 inorganic filler; wherein

‘said polyphenylene sulfide resin includes a
polyphenylene sulfide resin component exhibiting a non-
Newtonian index (n) of 1.1 or more; and

said inorganic filler includes 5 to 40 wt%, based
15 on a total amount thereof, of fine particles of
inorganic filler having an average particle diameter of
1l um or less.

10. The polyphenylene sulfide resin composition

according to claim 9, wherein said polyphenylene
20 sulfide resin composition contains not-  more than
500 ppm of ionic impurities.

11. The polyphenylene sulfide resin composition
according to claim 9, wherein said polyphenylene
sulfide resin component exhibiting a non-Newtonian

25 index (n) of 1.1 or more is mixed at a ratio of 30 wt%

or more based on an entire polyphenylene sulfide resin

matrix. REPLACEMENT SHEET
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according to cl ai pr-S—wherein.a-mxng ratio of said inorganic filler is in
a range of 25 to BORERLKCBMEWT SHEEBN| entire resin conposition. 5 ' 13.
A pol yphenyl ene syl {1 ' po%ition, whi ch conprises 20to 70wt of

a mxture consistin ' ppl yphenyl ene sul fide rggi
egr%?# rl@r?d BOj to 80 wt % of an mjmmum !ﬁuﬂmﬁﬂ
i ' pbhenyhi@re sul fide r c n i

pol yphenyl ene sul
wherein 10 '

viscosity ranging{from1l to 15 Pa.s} and said second ‘pol yphenyl ene sul fide
resin has a nelti fMg—vrscosrty-ramgrhg from15 to 50 Pa s and is of
substantially non-crosslinking structure; and, 15 . a content of said
first polyphenyleM@€nﬂ?b?k¥?£&ﬁbﬁ¥%ﬂ?@F]§P¥€l@% L®54BaSeBPBA1LIEAPH ni xt ure,

d tent of | d | yph I .sulfide, i n_bei 90.t0 20 wt %
based on sai d HFCERHENG HF SHEBo[ pHEPSTEHS SUTFEHRS, E&FROCBRpBEEE on 20
di t | aim_ 13, | i d ng xg I DLt] highs t-
rystal 1zati GREBBUSI B o Doorert ) Chge 24b o R sgcnt §phSaR bR 1 e
pol yphenyl ene pldj e d 634y £ABRSE41 Llon.

5 13. A polyphenylene sulfide resin composition,

<

which comprises 20 to 70 wt% of a mixture cohsisting of
a first polyphenylege sulfide resin and a second
polyphenylene sulfide resin, and 30 to 80 wt% of an
inorganic filler; wherein

10 - said first polyphenylene sulfide resin has a
melting viscosity ranging from 1 to 15 Pa‘*s, and said
second polyphenylene sulfide resin has a melting
viscosity ranging from 15 to 50 Pa-*s and is bf
substantially non-crosslinking structure; and

15 a content of séid first polyphenylene sulfide
resin being 10 to 80 wt% based on said mixture, and a
content of said second polyphenylene sulfide resin
being 90 to 20 wt% based on said mixture.

14, The polyphenylene sulfide resin composition

20 according to claim 13, wherein said mixture exhibiting
a high-temperature crystallization temperature of 220T
to 240%C.

15. - The polyphenylene sulfide resin composition

according to claim 13, wherein said polyphenylene

25 sulfide resin composition contains not more than
500 ppm of ionic impurities.

16. The polyphenylene sulfide resin composition



according to claim 13, wherein said polyphenyl ene 25 sulfide resin
conposi tion contains not nore than 500 ppm of ionic inpurties——i6The

pol yphenyl ene sul fide res+s T, Efon - 123 - accordl
wherein said second MPVMEM%N sulifide resin is of-a l{ﬂllﬂ mﬂm
amlamghtmmaau” salluunntamaaUMeofga

pol yphenyl ene sul fife | HOTS19995[lerlr C 323 ess. 5 | The

pol yphenyl ene sul fi fle r sin conp05| ippn according to cIa|n113 “wherein said
inorganic filler inglt t %4 based on a total anmpunt thereof, of

fine particles of i ﬁgkgfnagg geBSBE'Cle di aneter of 1

N -
[err]mor |ess acHprE eSi n-encapsula sem conduct or device

conprising a Sgg%ﬁ@ﬁﬁﬂﬁ%ﬁgnéﬂl da?ﬁ@%fhrf§'8f|§y§inéﬁg|E?Quéﬁhge

sem conduct or ereln sal resin layer is forne a cured

material of the Py higiPAshdd i ete dBPsta £ 2aE1dnOtefbdkBtare of

said second polyphenylene sulfide resin is 235°C or less.

5 17. The polyphenylene sulfide resin composition
according to claim 13, wheréin said inorganic filler
includes 5 to 40 wt%, based on a total amount thereof,
of fine particles of inorganic filler having an average
particle diameter of 1 um or less.

10 18. A resin—encaﬁsulated semiconductor device
comprising a semiconductor element, and a resin layer
sealing said semiconductor element, wherein said resin
layer is formed of a cured material of the resin
composition claimed in claim 1 or claim 2.

15 19. A resin-encapsulated semlconductor device
comprising a semiconductor element, and a resin layer'
sealing said semiconductor element, wherein said resin
layer is formed of a cured material of the resin
composition claimed in claim 3.

20 20. A resin-encapsulated semicondpctor device
comprising a semiconductor eleﬁent, and a resin layer
sealing said semiconductor element, wherein said resin
layer is formed of a cured material of the resin
bompdsition claimed in claim9.

25 21. A resin-encapsulated semiconductor device
comprising a semiconduétor element, and a resin layer

sealing said semiconductor element, wherein said resin



15 19. A resin-encapsul ated seni conductor device conprising a

sem conduct or elenent, and a resin | ayer seallng sa+d—seﬁkeendueLeL—~__

el enent, wherein said resin layer is forne c ured material of th

tesin composition clained in clain8 20 mjﬂltmj im(j ﬂj" ted
sem conduct or device conprising a sem conduct or ele ayer
seal ing said sem conductor el enent, wherein said resin Iayer i formed of a
cured material of the resin conpositlon claimed in claim9. 25 21.
A resin-encapsul ated sem conductor device conprising a sem conduct or

el ement, and a resin | ayer sealing said sem carductor el ement, wherein said
resin - 124 - layer is forned of a cured material of the resin
conposition claimed in claim13.

layer is formed of a cured material of the resin

composition claimed in claim 13.




