EPOXY RESI N COVPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND SEM CONDUCTOR
DEVI CE USI NG THE SAME FI ELD OF THE I NVENTION 5 The present invention rel ates
to an epoxy resin conposition for sem conductor encapsul ati on which has

i nproved adhesive force in application to package frames and is capabl e of

i nhi biting separation between the encapsulating resin and the frane/ heat
radi ati on plate 10 during package nol ding. The invention further relates to
a sem conductor device using the conposition. BACKGROUND OF THE | NVENTI ON

Seni condugiety el icoMIMEA BEoN B0 | S SONDESTOR SERGEPSSLATROR AND
encapsul ated in plastic packages or the like to produce sem conductor

devices to be protectgifdidor IV dIHONENYaE ofifeRt and to be able to
handl e the sem conductor el enents. Typical exanples of this kind of

package forns include through-hole nount packages and 20 surface nount
packages. The degree of integration and processing speed in sem conductor
devi ces such as LSI chips apgesbecom pgphrgleiriogcent!ly. In addition, there
is the trend toward higher nounting densities so as to neet the desire to

attai g size 25 regctiAxaand flnaidiih adiancaieid 40 Sh&e) roLL £y apparat us.

From t hese standpoi nts, surface nount packages are comng 1 to be mainly

used in RlagR Qft itdH Qah-ha) foImut £ HACKAGESn 1 SeDb 5 OFKUEE Ok adevi ces

enpl oyi ng surface nount packages have pins extending therefromin plane
arrangem%ﬁbrdvgktéﬁﬁgéive force in application to package frames

and is capable of inhibiting separation between the
encapsulating resin and the frame/heat radiation plate
10 during package molding. The invention further relates to a

semiconductor device using the composition.

BACKGROUND OF THE INVENTION

Semiconductor elements such as transistors, ICs,

15 and LSIs are encapsulated in plastic packages or the like
to produce semiconductor devices to be protected from the
surrounding environment and to be able to handle the
semiconductor elements. Typical examples of this kind of
package forms include through-hole mount packages and

20 surface mount packages.

The degree of integration and processing speed in
semiconductor devices such as LSI chips are becoming higher
recently. In addition, there is the trend toward higher
mounting densities so as to meet the desire to attain size

25 reduction and function advancement in electronic apparatus.

From these standpoints, surface mount packages are coming



pins are directly fixed to a surface of a printed wring 5 board with a

sol der or the like. Since such surface nount type sem conductor devices
have pins extending in plane arrangenent, they are characterized by being
thin, |lightweight, and small and hence have an advantage that the area
occupied thereby in the printed circuit board can be 10 small. In addition,
t hese sem conductor devices have a nerit that nounting on both sides of a
printed wiring board is possible. On the other hand, in some kinds of

t hr ough- hgb epe RHDA1PAGKAECSn PBREaLI bE RARLSGHCORNY murd IRKes SUCh 15
as netallic frame parts and heat radiation plates, have a deposit of silver,

pal | adi ungeflSondhi8QokNableceasenpliobiag surace mMR: RRERERS nMiLh have
come to be mainly used in recent years, packages enploying a heat radiation

plate obbahgoedxbynalali REekhersur facp1ahed afBbhaldeenfy, amdaHe R0 W th
ni ckel are used. Especially in nickel-plated frames and heat radiation

pl ates, t%ﬁﬁ@ LScadpPrabked Fhaka $6Par aukreRceCEOH & PHin@ IS/ ol di ng
bet ween the encapsulating resin part (cured resin) forned fromthe

encapsul abbasd i ehi 3l saidekhe f tageihgat redhati odch! 8herada hBuRkOdUCI NG
such sem conductor devices, an encapsulating nmaterial containing a rel ease

agent is yYped 2emPc88dhetebt aklikekeasdbl bihk biedndieqgmhdpiRqmml es of
t he rel ease agent include |ong-chain carboxylic acids sSuch "as stearic acid

and pal m Li£aRgkMen BBl Bhegahltd 6hak@BEersbalinneRHRANY ithidCi ds, such as zinc
stearate and cal ci um
lightweight, and small and hence have an advantage that the
area occupied thereby in the printed circuit board can be
10 small. In addition, these semiconductor devices have a
merit that mounting on both sides of a printed wiring board
is possible.
OCn the other hand, in some kinds of through-hole
mount packages, metallic parts (copper oxr Alloy 42), such
15 as metallic frame parts and heat radiation plates, have a
deposit of silver, palladium, etc. Also in the case of the
surface mount packages, which have come to be mainly used
in recent years, packages employing a heat radiation plate
cbtained by plating the surface of a metallic frame part
20 with nickel are used. Especially in nickel~plated frames
and heat radiation plates, there is a problem that
separation occurs during package molding between the
encapsulating resin part (cured resin) formed from the
encapsulating material and the frame/heat radiation plate.

25 In producing such semiconductor devices, an

encapsulating material containing a release agent is used



5 stearate, and waxes such as carnauba wax, nontan wax, and polyethyl ene
waxes. However, such rel ease agents show | ow adhesiveness to netallic frane
parts and heat radiation plates and it has been proposed to use, e.g., a
silicone wax nodified with a polyal kyl ene glycol as a rel ease agent 10
(see docunent 1). Document 1: JP-A-6-302724 SUMVARY OF THE | NVENTI ON
However, use of an encapsulating material 15 containing the silicone wax
nodi fied with a pol yal kyl ene glycol has a problemthat when this

encapsul alg NG "R &Jd@lin Nast AsAN0r gapi €rd | {98 £ eNte R%GEEEM NG 75% by
wei ght, it shows reduced adhesiveness to netallic frane parts and heat

radi ati onp B Jdfersnsanie atd.an-dK oM t eSEox¢Di dhgci g¥enbikan has
been achi eved under these circunmstances. An object of the inventionis to

provide gy LRI exdi COMPASA 108k & oscﬁ&mrﬁgagycwitgnsgpﬁahatl on which
has inproved adhesive force in application to nmetallic franme parts/heat

radi ati o ig % Ak-Lan De- 20 | N ted f10m stddpLin0 38PasakigR from
nmetallic frame parts/heat radi ation plates during nol di ng. Another object 3

of the i NMeNIIQN | Sl LAV A8:dh SEIM SONUUOLOT AL VI £ 8n HSh NFaxt hEna
conposi tion. The ‘present 1 nventors made extensive studies in ‘order to

obtain a%o&@@&%ﬁ}ie@ié Nk FBY € iy W Ch s, S Cald eleAdnesiye fg5ce in
application'to netallic frame parts ‘and heat radiation plates and can be
'nh'b'te%dﬂégﬁveness to metallic frame parts and heat radiation

plates and it has been proposed to use, e.g., a silicone

wax modified with a polyalkylene glycol as a release agent

10 {(see document 1) .

Document 1: JP-A-6-302724

SUMMARY OF THE INVENTION
However, use of an encapsulating material

15 containing the silicone wax modified with a polyalkylene
glycol has a problem that when this encapsulating material
has an inorganic filler content exceeding 75% by weight, it
shows reduced adhesiveness to metallic frame parts and heat
radiation plates and suffers separation from these.

20 The invention has been achieved under these
circumstances. An object of the invention is to provide an
epoxy resin composition for semiconductor encapsulation
which has improved adhesive force in application to
metallic frame parts/heat radiation plates and can be

25 inhibited from suffering separation from metallic frame

parts/heat radiation plates during molding. Another object



suffering separation fromnetallic frame parts and heat radiation plates
during nolding. The studies were made nmainly on rel ease agents anong
ingredients for 10 encapsulating nmaterials. As a result, it was unexpectedly
found that use of a release agent represented by general fornula (1) given
above (ingredient (C)) inproves not only releasability in nolding but also
adhesi on between the encapsulating resin part forned and the netallic frane
part 15 or heat radiation plate even when the encapsulating nmateri al

cont ai Nso@ kakgenaeRAbnofi ARd RHGARE d iddrfilconer@byddPecHcesisgnce of
any trouble such as, e.g., separation between the encapsulating resin part
and the tadhebgapdsi%iionhi bited. The invention has been thus 20 achieved.
Thus, the invention provides, according to a first aspect thereof, an epoxy
resin conpositi 0MhEkopreSemitC ARFEHtor se ieaRs Wxaddryi whigdudised ofn Use in the
resin encapsul ati on of sem conductor el enents other than optical 25

sem condyetielr @beBtas n( &nd endApAAAGER]} Mtatih iviiich efdd ting el ements),
t he conposition conprising the 4 5 followi ng ingredients (A to (D) and

havi ng acgestedhtohdniergrediRifed Bn ppiS-dRihdly veinghta baseds 4md he whol e
epoxy resin conposition: (A) an epoxy resin, (B) a phenolic resin, (C a
rel ease agert helr asent eddiatiRe 4t Nhd can be inhibited from
suffering separation from metallic frame parts and heat
radiation plates during molding. The studies were made
mainly on release agents among ingredients for
10 encapsulating materials. As a result, it was unexpectedly
found that use of a release agent represented by general
formula (1) given above (ingredient (C)) improves not only
releasability in molding but also adhesion between the
encapsulating resin part formed and the metallic frame part
15 or heat radiation plate even when the encapsulating
material contains a large amount of an inorganic filler,
whereby the occurrence of any trouble such as, e.qg.,
separation between the encapsulating resin part and the
adherend is inhibited. The invention has been thus
20 achieved.

Thus, the invention provides, according te a first
aspect thereof, an epoxy resin composition for
semiconductor encapsulation which is for use in the resin
encapsulation of semiconductor elements other than optical

25 semiconductor elements (e.g., photoreceptors and light-

emitting elements), the compeosition comprising the



general fornmula (1): R-O{-R-0j-H m10 wherein Rl is a nonoval ent
al i phatic hydrocarbon group having 20-400 carbon atons; R2 is a dival ent
al i phatic hydrocarbon group having 2-7 carbon atons; and mis a nunber
whi ch nakes the partial nolecular weight of (R20)m 15 to be 5-90% by wei ght
of the nol ecul ar weight of the conpound represented by forrmula (1), and (D)
an inorganic filler. 2. The epoxy resin conposition for sem conductor
encapsul ation of 1. above, wherein the content of 20 ingredient (C) is from
0. 05 t o Xoinpwirighindmsdétentst (&) whokR) epodyhaesng aorpeatiehitowff or
sem conductor encapsul ation. 3. The epoxy resin conposition for
sem conduotgpredisncapél) abf oNS0954. bprw@ighbokvesedhbohther whefleceppiiyses 25
the following ingredient (E): 5 (E) a silicon conpound having at | east one
functi onadegimouwpomsdectesh f rom t he group consisting of an epoxy group, a
pol yet her group, a carboxyl group, a phenolic hydroxyl group, a thiol
group, and an am (I gimnupoby edlye, epoxy resin conposition for
sem conduct or encapsul ati on of 3. above, wherein the content of ingredient
(E) is 0.05-2% by(pmeighthdraskeid are$1we, whol e epoxy resin conposition for
sem conduct or encapsul ati on.

{C) a release agent represented by the following

general formula (1}:

R1_O—€'R2‘—O'}TH cee (1)
10
wherein R’ is a monovalent aliphatic hydrocarbon group
having 20-400 carbon atoms; R’ is a divalent aliphatic
hydrocarbon group having 2-7 carbon atoms; and m is a
number which makes the partial molecular weight of (R?-0),
15 +to be 5-90% by weight of the molecular weight of the
compound represented by formula (1), and
(D) an inorganic filler.
2. The epoxy resin composition for semiconductor
encapsulation of 1. above, wherein the content of
20 ingredient (C) is from 0.05 to 2% by weight based on the
whole epoxy resin composition for semiconductor
encapsulation.
3. The epoxy resin composition for semiconductor
encapsulation of 1. or 2. above, which further comprises

25 the following ingredient (E):



5. The epoxy resin conposition for sem conductor 10 encapsul ation of any
one of 1. to 4. above, which further conprises an am ne hardening
accelerator. 6. The epoxy resin conposition for sem conductor encapsul ation
of any one of 1. to 5. above, which is for wuse in the resin encapsul ation
of a sem conductor device 15 conprising a |l ead franme having a nickel -pl ated
surface. 7. A sem conductor device which conprises a sem conductor el enent
and the epoxy resin conmposition for sem conductor encapsul ation of any one
of 1. to 6. above(EWwH chilensapsuhab@snd Hea simg conduesst ehenent. 20 8. The
sem conduct or device of 7. above, which further conprises a |lead frane
havi ng a fumkel el Atecours usd beetedsfdescthdedrabpvepnthetingenti an provi des
an epoxy resin conposition for sem conductor encapsulation which is 25 for
use in thepsesidqrensaps palyathet geougpnaducioboelngabspet her than opti cal
sem conductor el enments 6 including photoreceptors and light-emtting
el enent s ghshoiDhtlaydisoty S pecothip £ & etkask qgead , r epdesanhadnby ggener. al
formula (1) (ingredient (C)) in conbination with an inorganic filler
(ingredient (D)) f£ontThenegobdy ae sarD Waimph saitlikinn fo1s peaiicandwdiger Because
of this constitution, the conposition not only has high releasability from
nol ds butencdponhasi compsdHved aickdres| onhédeiet Bhéi ecohtane parts and heat
radi ati on plates even when the content of the inorganic filler in the
conposi t ingteasdiegt| ¢Eledis 00 ad5h2 ghbasweight based on the whole
epoxy resin composition for semiconductor encapsulation.
5. The epoxy resin composition for semiconductor
10 encapsulation of any one cof 1. to 4. above, which further
comprises an amine hardening accelerator.
6. The epoxy resin composition for semiconductor
encapsulation of any one of 1. to 5. above, which is for
use in the resin encapsulation of a semiconductor device
15 comprising a lead frame having a nickel-plated surface.
7. A semiconductor device which comprises a
semiconductor element and the epoxy resin composition for
semiconductor encapsulation of any one of 1. to 6. above
which encapsulates the semiconductor element.
20 8. The semiconductor device of 7. above, which
further comprises a lead frame having a nickel-plated
surface.
As described above, the invention provides an epoxy
resin composition for semiconductor encapsulation which is

25 for use in the resin encapsulation of semiconductor

elements other than optical semiconductor elements



10 exanpl e, above 75% by weight. As a result, the encapsulating material is
inhibited fromsuffering separation fromthe netallic frane parts and heat
radi ati on plates during nmounting by sol dering, and sem conductor devices
having high reliability can be obtained. 15 Furthernore, when a specific
silicon conpound is incorporated besides the ingredients described above,
adhesi veness to a netallic frane part, e.g., a lead frane, and a heat
radi ati on plate which serve as conponents of a sem conductor device is
further iipedu@iingnghbbhereeeptoercand0labhi-renbles nigh aTeuhaintzg dnd sol deri ng,
such as separation and cracking, is inhibited. As a result, a sem conductor
devi ce havomgabhgher spetifabtl rbjyeazr heeaht aepedsehitedepyx yaresal
conposition for sem conductor encapsulation of the invention shows
excel | ent fagdhesavenessingbetitenet 4h i c ifr asRbpaats canerit®atan adi ati on pl at es
whi ch have a nickel -plated surface; such nickel-plated parts and 7 pl ates
show poor ehoaglifstvenesart gingeagivhat i(pg)r eshiaidekhdm eibhemowital | ic franme
parts and heat radiation plates. BRI EF DESCRI PTI ON OF THE DRAW NGS By way of
exanple awgdthonnmakepébefdeseahgbil ONBEB4a@se CbLathisebehebieutsoAndehko t he
acconpanying drawing in which: Fig. 1 is a perspective view showi ng a
sanpl e focompdbesivn hotconkyanasahigh whilehAsabilsies ifroayvaldlatd mgitd he 10
adhesi veness of the cured resin formed from an epoxy resin
also has improved adhesion to metallic frame parts and heat
radiation plates even when the content ¢f the inorganic
filler in the composition is regulated to as high as, for
10 example, above 75% by weight. BAs a result, the
encapsulating material is inhibited from suffering
separation from the metallic frame parts and heat radiation
plates during mounting by soldering, and semiconductor
devices having high reliability can be obtained.
15 Furthermore, when a specific silicon compound is
incorporated besides the ingredients described above,
adhesiveness to a metallic frame part, e.g., a lead frame,
and a heat radiation plate which serve as components of a
semiconductor device is further improved and the occurrence
20 of troubles in meounting by soldering, such as separation
and cracking, is inhibited. As a result, a semiconductor
device having higher reliability can be cobtained.
The epoxy resin composition for semiconductor
encapsulation of the invention shows excellent adhesiveness

25 to metallic frame parts and heat radiation plates which

have a nickel-plated surface; such nickel-plated parts and



conposition, and Fig. 2 is a viewillustrating a nmethod for examning the
shear force required for separating the cured resin fromthe frane. 15
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The epoxy resin conposition for

sem conductor encapsul ation of the invention is obtained froman epoxy
resin (ingredient A), a phenolic resin (ingredient B), a 20 specific rel ease
agent (ingredient C, and an inorganic filler (ingredient D), and is
generally in the formof a powler or tablets shaped fromthe powder by
conpr essiphatedhehsenpoonduchaheci@anaks whi ehcaprule tamgapsidiatsed Wi th the
epoxy resin conposition for 25 sem conductor encapsul ati on of the present

i nventi ontlkée othepentsawhiehfiunet paitw Bhduhebel RGddatdgmamilectdyy. | i ght 8

i nci dence or em ssion, i.e., sem conductor elenments other than optical
sem conductor elenents including photoreceptors and light-emtting el enments
(e.g., light- emtting diodes). 5 The epoxy resin (ingredient A) is not
particularly 1inted, BRNEFaDESTRIPIAORAVENGER ORANINGSEPOXY groups in the

nol ecul e i s used. Exanpl es thereof include bisphenol A epoxy resins,
phenols- novol ac epeyywageSbhSexanpial anavebamnakepoky HesckSpthiophaye type
epoxy resins, and 10 tri phenyl net hane type epoxy resins. These may be used
al one or ¢neapnbrepeéroncef ikwmade mor €éhbhaceohpahiAmgt eawing in
which:
Fig. 1 is a perspective view showing a sample for
adhesive force examination which is used in evaluating the
10 adhesiveness of the cured resin formed from an epoxy resin
composition, and
Fig. 2 is a view illustrating a method for
examining the shear force required for separating the cured
resin from the frame.
15
DETAILED DESCRIPTION OF THE INVENTION
The epoxy resin composition for semiconductor
encapsulation of the invention is obtained from an epoxy
resin (ingredient A), a phenolic resin (ingredient B), a
20 specific release agent (ingredient €}, and an inorganic
filler (ingredient D), and is generally in the form of a
powder or tablets shaped from the powder by compressing.
The semiconductor elements which can be
encapsulated with the epoxy resin composition for

25 semiconductor encapsulation of the present invention are

elements which function without being accompanied by light



standpoint of reliability, it is preferred to use a biphenyl type epoxy

resin or

a lowy hygroscopic epoxy resin, such as that having phenyl

to which a lower 15 al kyl group has added, anobng those epoxy resins.
epoxy resins preferably are ones having an epoxy equivalent of 150 to 250
and a softening point or nelting point of 50 to 130C. The phenolic resin

(ingredient B), which is used in 20 conbination with the epoxy resin

rings
Such

(ingredient A), functions as a hardener for the epoxy resin and is not
particul aihyidénddted. ehissrans any . of syakboHIuFBBRTRLSmenltisg@rRles, and
pol ymers each having 2 or nore phenolic hydroxyl groups in the nol ecule.

Exanpl es thes esptidsl udempbenali€oposdbmears25nenegyhyc novol acs,

type novol acs, triphenyl methane type novol acs, naphthol novol acs,
phenol - arpth&tydr&€spB65rs Sanddlbghbeank taf abkyll eheaitss.(eThese 1aghthe used
in conbination of two or nore thereof. Fromthe standpoint of

al one or

reliabilidyittingsdps@éeyred to use a lowy hygroscopic

bi phenyl

phenolic resin,

such as a phenol -aral kyl resin or biphenyl 5 aral kyl resin, anong those
resing. The epoxyrk&€sépoxy ngeedheindgyeanénthr) phenabkcCpakesicalbicngr edi ent
B) are incorporated preferably in such a proportion that the anount of the
hydroxyl pifipsd| nahdea pbapolihd hesifgi 2 Br/mbRel epoRk§Uigtal@dt Sn nore

preferably 10 0.8 to 1.2 equivalents,

resin. Thenspeeiéieleelgagfedgetx{nps £oite &y , iNBlGle | Bisphenol A

10

15

20

25

epoxy resins, phenol-novolac epoxy resins, crescl-novolac
epoxy resins, biphenyl type epoxy resins, and
triphenylmethane type epoxy resins. These may be used
alone or in combination of two or more thereof. From the
standpoint of reliability, it is preferred to use a
biphenyl type epoxy resin or a lowly hygroscopic epoxy
resin, such as that having phenyl rings to which a lower
alkyl group has added, among those epoxy resins. Such
epoxy resins preferably are ones having an epoxy equivalent
of 150 to 250 and a softening point or melting point of 50
te 130°C.

The phencolic resin (ingredient B), which is used in
combination with the epoxy resin (ingredient A), functions
as a hardener for the epoxy resin and is not particularly
limited. It means any of various monomers, oligomers, and
polymers each having 2 or more phenolic hydroxyl greoups in
the molecunle. Examples thereof include phenolic novolacs,
cresylic novolacs, biphenyl type novolacs, triphenylmethane

type novolacs, naphthol novelacs, phenol-aralkyl resins,

to the epoxy groups in the epoxy



used in conbination with ingredients A and B, is a conpound represented by
the followi ng general formula (1) In the 15 invention, by using this
specific rel ease agent (ingredient C), an epoxy resin conmposition for

sem conductor encapsul ati on having high releasability from nol ds and
excel | ent adhesiveness to netallic frame parts and heat radiation plates is
obtained. 20 R-O0~R2-0~'"J] H (In formula (1) , RL is a nonoval ent aliphatic
hydr ocarbon group having 20 to 400 carbon atons; R 2 is a divalent 25

al i phat i cahydrepaERgN -GIraURkyAIII nd t OTRegar hay 8OMBedadd on@ ick amunber
whi ch nmakes the partial nolecular weight of 10 (R2_0). account for 5 to 90%
by wei ght cehbihgtiBheod aworeizgiioref tHhageempowRdm epeeseaneghdiyntf @l a
(1).) 1In general formula (1) , RL is a nonovalent aliphatic hydrocarbon
group havira@i2B8ihe +4Q0 icarikopraifered thivsd S RGAUS veprdafogigber s
smaller than 20 result in inpaired releasability, while carbon nunbers
exceedi NngpAQHoliesttklsi) istied 220 adichHREeISli-Ridd TRyl N Jlth QPOXYLFIRSH YL -
conposition and hence in an inpaired nolding appearance. Rl preferably is a
| i nears al aphakye RYELOGCaAERDhItHNze REiH: especially preferably is, for
exanple, an ethylene oligoner. In general formula (1), R2 is a divalent

al i phatic hydrocatrhenegoayp readinng idghredi ¢ed BON a3l the PrAMYE: t her eof
i ncl ude et hyl ene, propyl ene, butyl ene,
resin (ingredient B) are incorporated preferably in such a
proportion that the amount of the hydroxyl groups in the
phenolic resin is 0.7 to 1.3 equivalents, more preferably
10 0.8 te 1.2 equivalents, to the epoxy groups in the epoxy
resin.

The specific release agent (ingredient C), which is
used in combination with ingredients A and B, is a compound
represented by the following general formula (1). In the

15 invention, by using this specific release agent (ingredient
C), an epoxy resin composition for semiconductor
encapsulation having high releasability from molds and

excellent adhesiveness to metallic frame parts and heat

radiation plates is obtained.

20

R1—O—€RZ_O‘)—H ... (1)

m

(In formula (1), R! is a monovalent aliphatic hydrocarbon
group having 20 to 400 carbon atoms; R® is a divalent
25 aliphatic hydrocarbon group having 2 to 7 carbon atoms; and

m is a number which makes the partial molecular weight of

10



15 pent anet hyl ene, hexanet hyl ene, and hept anet hyl ene. Synbol min general
formula (1), which nmeans the nunber of repetitions, is a nunber which nakes
the partial nolecular weight of (R20)m account for 5 to 90% by wei ght of the
nol ecul ar wei ght of the whole conmpound represented 20 by formula (1) . This
I s because proportions of the partial nolecular weight |ower than 5% by

wei ght may result in inpaired adhesiveness to franmes and other parts, while
proportions thereof exceeding 90% by weight may result in inpaired

rel easabi [(Rtyof,f QBJIBIMAS . £025 SThes o Qiinded e €sent €k o peseralk formula (1)
can be synthesized, for exanple, by the addition reaction of a 11 cyclic

oxygen- CoOREaFALNGFCRRAROUBHApSUGH aspetblyntral e darmulizopyl)ene oxide, or
hexahydrof uran with R OH Specific exanples of the conpound represented by

general formula (i) feabude Fhembhohkl QW) nNgrVaisossmédnéoaperHads. These may be
used al one or in conbination of two or npre thereof.

CH3- CH2- ~LH2pRbiE 1 ¢ Ohydeaehién0 g£opCha valg 20HA-CH)0, «GriseleiZ €dis OYTH
CH3- CH2- - CH2- CH2~O- { CH2- CH2- OH a2 CH3- CH2-j OH2- CH2, 0- ECH2- CH2- O 2
CH3- CH2- - ke~ CEPhEkalé- CHZ2bOnHnufbRreHEmaGhier ChiZa@ 20HZ-ddt0)inH CH3

impaired releasability, while carbon numbers exceeding 400
result in impaired dispersibility in the epoxy resin
composition and hence in an impaired molding appearance.
R’ preferably is a linear aliphatic hydrocarbon group, and

10 especially preferably is, for example, an ethylene
oligomer.

In general formula (1), R® is a divalent aliphatic
hydrocarbon group having 2 to 7 carbon atoms. Examples
thereof include ethylene, propylene, butylene,

15 pentamethylene, hexamethylene, and heptamethylene.

Symbol m in general formula (1), which means the
number of repetitions, is a number which makes the partial
molecular weight of (R’0), account for 5 to 90% by weight
of the molecular weight of the whole compound represented

20 by formula (1). This is because proportiocns of the partial
molecular weight lower than 5% by weight may result in
impaired adhesiveness to frames and other parts, while
proportions thereof exceeding 90% by weight may result in
impaired releasability from molds.

25 The compound represented by general formula (1) can

be synthesized, for example, by the addition reaction of a

11



CH2~CH2- CH2} - O~CH2-CH2- O -H 69 5 C H 3 CH3-CH2-(CH2-CH2 0 - ECH CH2- OHH
23 10 The content of the specific release agent (ingredient C) is in the
range of preferably 0.05 to 2% by weight, especially preferably 0.1 to 1%
by wei ght, based on the whole epoxy resin conposition for sem conductor
encapsul ation. The reasons for this are as follows. In 12 case where the
content of the release agent is |lower than 0.05% by wei ght, the

encapsul ating resin may have reduced releasability fromnolds. On the other
hand, in egstiwhexkggehheocatatiaingt hempofuneX caetls a2%dnhwisrghtgx 1de,

encapsul ating 5 resin may have enhanced hygroscopicity and this tends to
result i npthpybeeer bance,obxf hiebclahgslx@xfmxemniwig:mleﬂur e resistance
reliability. The inorganic filler (ingredient D), which is used in

conbi nati on wi th BpgréfienesanpilesCefi $heotopgpindulrapirysebxdd myt ed and
various known fillers may be used. Exanples thereof include a quartz gl ass
powder, takoeraill feampdaddrl,) ialclnidea thewderlloaitg Mmanidgs i de, and silicon
nitride powder. These inorganic fillers can be in any formsuch as, e.g.,
pul veri zedopabtihdakes, Thphermaal bpantedl edpner otbifgr eunbipattioal e It is
preferred to use a silica powder anong those fillers because it can inpart
a reducedtweoetf morenthefrebifnear expansion to the cured resin

CH3—CH2—fCH2"-—CH2hO—(—CHZ—MCHZ—O)S—H
CH3—CHZ—(CHz—CHZ)S—o—(c:Hz—CHz—o)TH
CH3—CH2—(CH2-—CH2)]—?O—€CH2—CH2——-O)FH
CH;,—CHZ——fCHz——CHZ)Q—BO—QCHZ——CHz—O)Q—H
CH3—CH2—(‘CH2*CHZ);O—(-CH;;—CHZ—O)TH
CHg—CHz—(-CHz-—CHZ)z—gO—ECHZ—CHZWO)FH
CH3—CH2—(-CH2—-CH2)EO‘QCHZ-—CH;_—O)—:S—H

GHa

CH3——CH2—-(CH2—CH2)2—3O—€(|3H—CH2~—~O)TH

10 The content of the specific release agent
(ingredient C) is in the range of preferably 0.05 to 2% by
weight, especially preferably 0.1 to 1% by weight, based on
the whole epoxy resin composition for semiconductor

encapsulation. The reasons for this are as follows. In
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obtained. As the silica powder may be used a fused silica powder, a
crystalline silica powder, or the |ike. Those 20 inorganic fillers may be
used alone or in conmbination of two or nore thereof. The content of the
inorganic filler (ingredient D) should be in the range of 75 to 95% by

wei ght based on the whole epoxy resin conposition. The reasons for this are
as 25 follows. In case where the content of the filler is lower than 75% by
wei ght, the encapsulating resin may absorb 13 noisture in an increased
amount andas8ywhave @Rei Bpaitead ofhehanh-olerdec higéntty iand Jwedticathd esi n
strength, resulting in cracks or separation during sem conductor package
ref |ow. bnosaseywhetghthethentaphplhdatahgexeeads may¥we ramighi , the
epoxy resin conposition may have inpaired flowability and is incapable of
mol di ng. AeSéhbabnlcegpouba fiblgsedi ent the dBjebehdsad A chbe wheesti on
besides ingredients Ato D. Use of the silicon conpound (ingredient E) in

conbi nati eRevebhitéhe thegpeti bkeekalseasebgyartghit)gred capsylndiges a
synergistic effect to give an epoxy resin conposition for sem conductor

encapsul atéoinWnhi whiveheahsadeaoRfacbeiopdeditee ahayithg hitgheis el i ability
can be obtained. In this device, the encapsulating resin has further

i nproved #&sadbeshVenessctarirbaceonst ifhdenirele tahldeé rfinymendiythfce €. 0. ,
| ead frame, and heat radiation plate and the occurrence of troubles in
mount i ng b¥ssekdarkengelsubhlasyseparati on and cracking, is inhibited.
The inorganic filler (ingredient D), which is used
in combination with ingredients A to C, is not particularily
10 limited and various known fillers may be used. Examples
thereof include a quartz glass powder, talc, silica powder,
alumina powder, aluminum nitride, and silicon nitride
powder. These inorganic fillers can be in any form such
as, e.g., pulverized particles, spherical particles, or
15 ground particles. It is preferred to use a silica powder
among those fillers because it can impart a reduced
coefficient of linear expansion to the cured resin
obtained. As the silica powder may be used a fused silica
powder, a crystalline silica powder, or the like. Those
20 inorganic fillers may be used alone or in combination of
two or more thereof.
The content of the inorganic filler (ingredient D)
should be in the range of 75 to 95% by weight based on the
whole epoxy resin compesition. The reasons for this are as

25 follows. In case where the content of the filler is lower

than 75% by weight, the encapsulating resin may absorb

13



The silicon conmpound (ingredient E) to he used 20 preferably is a silicon
conpound having at |east one functional groups selected fromthe group
consi sting of epoxy, polyether, carboxyl, phenolic hydroxyl, thiol, and

am no groups. Exanples of such compounds include silane coupling agents and
or ganopol ysi | oxanes having one or nore 25 of those functional groups. 14
The silane coupling agents are not particularly limted and various sil ane
coupling agents can be used. Exanples thereof include am nosilane coupling
agents suabisamre dn pepriomtamidiy |didmt th axes inaneh awp oxy Sihpasrequpl i ng 3
agents such as y-glyci doxypropyl trinmethoxysilane, and nercaptosil ane
coupl i ng agerinkls weihdat Bi-vitsf canpt oprdpdd rdaeihoxtysehgrie, ddesetimy be used
alone or in conbination of two or nore thereof. Exanples of the

or ganopol ¥si lcxeaikes dm\edptreita if dubdi mpreedimnaidonadr gsoelpsge ncl ude ones
represented by the follow ng general fornula (2), which contain at |east
one funcide@lalw.gr adpcaekeaghedef th@ iche tghauphearsifs dxtcals TR0 VY

pol yet her, carboxyl, phenolic hydroxyl, thiol, and am no groups. O these

or ganopol y@lilgttanahe @pesynadslich adckpdqol il aiay nousps aifbHNLe@r nore ot her
functional groups are excellent in release agent dispersibility and in
adhesi vengyowab iTE3 ldrl firsamRfcaeifle RE Imdtdildpl 10 SIO
A silicon compound (ingredient E) may be used in
the invention besides ingredients A to D. Use of the
gilicon compound (ingredient E) in combination with the
10 specific release agent (ingredient C) produces a
synergistic effect to give an epoxy resin composition for
semiconductor encapsulation with which a semiconductor
device having higher reliability can be obtained. In this
device, the encapsulating resin has further improved
15 adhesiveness to the constituent metallic frame parts, e.g.,
lead frame, and heat radiation plate and the cccurrence of
troubles in mounting by soldering, such as separation and
cracking, is inhibited.
The silicon compound (ingredient E) to be used
20 preferably is a silicon compound having at least one
functional groups selected from the group consisting of
epoxy, polyether, carboxyl, phenolic hydroxyl, thicel, and
amino groups. Examples of such compounds include silane

coupling agents and organopolysiloxanes having one or more

25 of those functional groups.

14



| )P ~ |

nonoval ent organi c group containing any of epoxy, carboxyl, phenolic
, thiol, and amno groups; Gis a group represented is by the

hydr oxyl

RD20 Sio-Si-A... (2) I ~I 1 GR(informula (2), Rs may be
the sanme or different and each are a nonoval ent hydrocarbon group; Dis a

follow ng general fornmula (3); and A's nay be the sane or different and
each are one nenber selected fromR D, and G Synbol p is an integer of 1

to 1,000 and mand n

A's are

CZH40}, 4C3H60}-R4 (3) (In fornula (3),

5 nei t her Thenenl@neeiddgrliofg Motk 45 nott aRBDeularly

R3 is a dival ent organic group;

each are an integer of 0 to 100, provided that when

R4 is

-H 10 or lamitreel arehtvaorigard csighaup;candl in@amngyen eacdanriee ansédt eger of 0
to 50, provided that b+c is 1 to 100.)) 1In general formula (2), Rs may be
t he sane Gxangilfefsertdrereayl isachide eanal mpniolad € ndolyling aadpentgr suph
Exanpl es thereof include aliphatic alkyl groups such as 15 nethyl, ethyl,
and propylas al-Hamicidpr apKiyle grdihisuestiodxasi 1 ye] ooy sibiye gooppsnguch as
and aral kyl groups such as benzyl. Methyl is preferred of these

phenyl ,
gr oupss

10

15

20

agents such as y-glycidoxypropyltrimethoxysilane, and
mercaptosilane coupling agents such as y-
mercaptopropyltrimethoxysilane. These may be used alone or
in combination of two or more thereof.

Examples of the organopolysiloxanes having one or
more functional groups include ones represented by the
following general formula (2), which contain at least one
functional group selected from the group consisting of
epoxy, polyether, carboxyl, phenoclic hydroxyl, thiel, and
amino groups. Of these organopolysiloxanes, ones having a
pelyether group and one or more other functional groups are
excellent in release agent dispersibility and in

adhesiveness to metallic frames, etc.

R /p\D /m\c /n R

{In formula (2), R's may be the same or different and each
are a monovalent hydrocarbon group; D is a monovalent
organic group containing any of epoxy, carboxyl, phenolic

hydroxyl, thiol, and amino groups; G is a group represented

15



because it brings about satisfactory releasability. The nunber of
repetitions, p, preferably is an integer of 1 to 20 1,000 fromthe
standpoint of releasability, and is especially preferably an integer of 10
to 500. This is because too small repetition nunbers p may result in
difficulties in obtaining sufficient releasability, while too |arge
repetition nunbers p tend to result in inpaired 25 dispersibility in the
epoxy resin conposition. 16 The conpounds represented by general forrmula (2)

contai n abyl east fena cwimel igeairagr Agrnsdlact®d faodnA he magy ap €loasi sting of
epoxy, polyether, carboxyl, phenolic hydroxyl, thiol, and am no groups. D
in fornmul aamd) or cdFtfaires:ta Qb Wacdelaet ethd mambidre grhipraednStehiRg of
epoxy, carboxyl, phenolic hydroxyl, thiol, and am no groups, and the nunber
of repetibi,oasad m. | SymBoilnpeger aaf infleyar10@. 1Gtion If, 00GUlaad 2) arepmesents a
pol yet her group represented by formula (3), and the nunber of repetitions,
10 n, is aBchnkegemnofintdgerlHE OFurd herprovided tHot Milén X 23 aBy be the
sanme or different and each are one nmenber selected fromthe R, D, and G
describednahener Yhenr g Ather emel tdel Dindomdg @i ther of the repetition
nunbers m and n is not 0. 15 Exanples of the conpounds represented by
general fornula (2) include conpounds having am no, carboxyl, or phenolic

hydroxyl groups at terpmingls ang_ onpounds_having groups selected from
epoxy, pol yet her, Wﬁd%y?(?cﬁh@ @T%lC@HB%%dT%xyI , thiol ,Cg)nd ani no groups in
si de chains,
(In formula (3), R’ is a divalent organic group; R? is -H
10 or a monovalent organic group; and b and ¢ each are an
integer of 0 to 50, provided that b+c is 1 to 100.})
In general formula (2), R's may be the same or
different and each are a monovalent hydrocarbon group.
Examples thereof include aliphatiec alkyl groups such as
15 methyl, ethyl, and propyl, alicyclic alkyl groups such as
cyclochexyl, aryl groups such as phenyl, and aralkyl groups
such as benzyl. Methyl is preferred of these groups
because it brings about satisfactory releasability. The
number of repetitions, p, preferably is an integer of 1 to
20 1,000 from the standpoint of releasability, and is
especially preferably an integer of 10 to 500. This is
because too small repetition numbers p may result in
difficulties in obtaining sufficient releasability, while
too large repetition numbers p tend to result in impaired

25 dispersibility in the epoxy resin composition.
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20 The content of the silicon conmpound (ingredient E) is in the range of
preferably 0.05 to 2% by weight, especially preferably 0.1 to 1% by wei ght,
based on the whole epoxy resin conposition for sem conductor

encapsul ation. The reasons for this are as follows. In 25 case where the
content of the silicon conpound is |ower than 0.05% by weight, this

i ngredi ent may not produce the 17 effect of greatly inproving adhesive force
even when used in conbination with the specific rel ease agent (ingredient
C). In case where the conpenhdsheepobsenceadsy2ehyrari ghtmulilbe (2)

encapsul ating resin has enhanced hygroscopicity 5 and this tends to result
in the occesrience ot 1ahburese €aneeibhAl HRbabUke leedicsl drem rald ability.
In addition to the ingredients Ato E, other additives can be suitably

i ncor por at ggowPt Soh HEs EPAYY cFE8pBxyGOfPRFEthes ,f e rPemylQneenel ic
encapsul ation of the 10 invention. Exanples of the additives include a

har deni ng hp8£6keI At Bhioll agndr ehahdagikoupkanenr ehardamtiai ¢2)i on- trapping
agent, pignent or colorant such as carbon bl ack, stress-relieving agent,
and tacki féehitalhe hagdedbngedecekar akom thengiofpr botliading ¥ | inmted and
vari ous known hardening accel erators may be wused. Exanpl es thereof include
am ne conpepdRs, aBsrbpRYs phphufcteapayadsxybyathties ,oankhamifone hardeni ng
accel erators include i mdazol e compounds such as 2- nethylim dazol e and
tertiary agio@sssushdashér heinBarobanrape2@tablls, m, is an integer of
1, 8-di azabi cycl o[ 5. 4. 0] undecene-7. Exanpl es of the
0 to 100. G in formula (2) represents a polyether group
represented by formula (3}, and the number of repetitions,
10 n, is an integer of 0 to 100. Furthermore, A's in formula
(2) may be the same or different and each are one member
selected from the R, D, and G described above. When the
A's are neither D nor G, either of the repetition numbers m
and n is not 0.
15 Examples of the compounds represented by general
formula (2) include compounds having amino, carboxyl, or
phenclic hydroxyl groups at terminals and compounds having
groups selected from epoxy, polyether, carboxyl, phenolic
hydroxyl, thiol, and amino groups in side chains.
20 The content of the silicon compound (ingredient E)
is in the range of preferably 0.05 to 2% by weight,
especially preferably 0.1 to 1% by weight, based on the
whole epoxy resin composition for semiconductor
encapsulation. The reasons for this are as follows. 1In

25 case where the content of the silicon compound is lower

than 0.05% by weight, this ingredient may not produce the
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phosphorus conmpound hardeni ng accel erators include triarylphosphines such
as triphenyl phosphi ne and tetraphenyl phosphoni umtetraphenyl borate. These
may be wused alone or in conbination of two or nore thereof. It is 25
preferred to use a tertiary am ne such as triethanol am ne or

1, 8-di azabi cycl o[ 5. 4. 0] undecene-7 anong t hose hardening 18 accel erators
because use of such a tertiary am ne inproves the adhesiveness of the
encapsulating resin to a netallic frame part, e.g., lead franme, and heat
radi ati on gfifaice: ahigteselyelmgsrooimpynadihes ovet iergseneeendwbeor udedi ce and 5
inhibits separation of the encapsulating resin fromthe nmetallic frame part
and heat riadiambomatiatre wirh nghe ek ific Theleant eagent hagherddenitng
accelerator is in the range of preferably | to 20 parts by weight
(her ei naf t@r. abbr ewisat etheas "Yer iSNtemprithgraiferabteeds 15% My parts, per 100
parts of the phenolic resin (ingredient B). The reasons for this are as
fol |l ows. Iweicase, vitter eendep s wbat emg ofsihehdar dehangedcbhbegeratopitks tivoner
than 1 part, the desired hardening reaction between the epoxy resin

(1 ngredi enind)tlai tdredphemotesulesim thagreduenén8e o§ f5ilesesapt to
proceed and it is hence difficult to obtain sufficient hardening

properti escoraewagey wieti etihe roniebdnce heebddbikteeds 20 parts, the

har deni ng reaction tends to proceed too rapidly, resulting in inpaired

nol dabi lity. Exanpiresadsiitimen ftanehe etraydadhien sl Aideo hi| ogeher20 conpound
flame retardants such as novol ac type brom nated epoxy resins. As the flane
ret ardant asdditiayedecarsdoe suitably incorporated inte the epoxy resin

composition for semiconductor encapsulation of the

10 invention. Examples of the additives include a hardening
accelerator, flame retardant, flame retardant aid, ion-
trapping agent, pigment or colorant such as carbon black,
stress-relieving agent, and tackifier.

The hardening accelerator is not particularly

15 limited and various known hardening accelerators may be
used. Examples thereof include amine compounds and
phosphorus compounds. Examples of the amine hardening
accelerators include imidazole compounds such as 2-
methylimidazele and tertiary amines such as triethanolamine

20 and 1,8-diazabicyclo[5.4.0Jundecene~7. Examples of the
phosphorus compound hardening accelerators include
triarylphosphines such as triphenylphosphine and
tetraphenylphosphonium tetraphenylborate. These may be
used alone or in combination of two or more thereof. It is

25 preferred to use a tertiary amine such as triethanolamine

or 1,8-~diazabicyclo[5.4.0]Jundecene-7 among those hardening
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di antinmony trioxide, diantinony pentoxide, or the |like. These may be used
al one or in conbination of two or nore thereof. 25 Besides those hal ogen
conpound flane retardants, a polyhedral netal hydroxide represented by the
following 19 general formula (4) can be used. This netal hydroxide is one
whi ch has a pol yhedral crystal form and does not have a thin platy crystal
formsuch as those of the netal hydroxides heretofore in use which have a
hexagonal platy 5 form flaky form or the like. Nanely, it is a netal
hydr oxi de segdeldpadbrerpatahsesukbi efesuki gr @emtiakryormi nd Andmwdeangt h and
wi dth directions but in the thickness direction (c-axis direction), e.g.,
one havi ngthe cayinéalivehasm bEStthel prgchpemltlie ngr @uishi noftca apainaldrikst al form
in 10 the thickness direction (c-axis direction) into a nore
t hr ee- di nensan8apapalt eCcyl. at eeady strahef, obmdakiea tt @asjilaries plife exanpl e, it
Is a netal hydroxide having a crystal form such as a nearly dodecahedral,
nearly oct@hedhakeroe Agaebypohehtahedr dhef @emi cbhdictMOklevide (D ) -
cH20 (4) (In formula (4), Mand Q are different netallic elenments, and Qis
a netald i cigheBedt bepapgthngnt 6fatpeovpcaplsatiaednd0 rdasam grapxHa/a, Va,
Vla, VIla, VIII, Ib, and Ilb of the periodic table. Synbols m n, a, b, c,
d, and e an€tapDitt E¥emauphersandnieary radibite cnapratie divifiergent.) Wth
respect to the netal hydroxide represented by
molding. The content of the hardening accelerator is in
the range of preferably 1 to 20 parts by weight
{hereinafter abbreviated as "parts"), more preferably 2-15
10 parts, per 100 parts of the phenclic resin (ingredient B) .
The reasons for this are as follows. In case where the
content of the hardening accelerator is lower than 1 part,
the desired hardening reaction between the epoxy resin
(ingredient A) and the phenolic resin (ingredient B) is
15 less apt to proceed and it is hence difficult to obtain
sufficient hardening properties. In case where the content
thereof exceeds 20 parts, the hardening reaction tends to
procead too rapidly, resulting in impaired moldability.
Examples of the flame retardant include halogen
20 compound flame retardants such as novolac type brominated
epoxy resins. As the flame retardant aid may be used
diantimony trioxide, diantimony pentoxide, or the like.
These may be used alone oxr in combination of two or more
thereof .

25 Besides those halogen compound flame retardants, a

polyvhedral metal hydroxide represented by the following
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general formula (4), exanples of Min formula (4), which 25 represents a
netallic elenent, include Al, My, Ca, N, Co, Sn, Zn, Cu, Fe, and Ti. 20 In
the netal hydroxide represented by general formula (4), Q which represents
another netallic elenent, is a netal belonging to a group selected from
groups IvVa, Va, Vla, VlIla, VIII, Ib, and IIb of the periodic table. 5
Exanpl es thereof include Fe, Co, Ni, Pd, Cu, and Zn. Any one of or a

conbi nation of two or nore of these is selected. Such a netal hydroxide

havi ng a pengredr dommist al4) farmmisanidesd obThiise the tadr taxcanptisde biys

regul ating various 10 conditions in a process for producing the netal

hydr oxi de.onk& mdtialh heds oxipgel whedota hascysidel gorren sadd | doentnetysaae agrowt h
not only in the length and width directions but in the thickness direction
(c-axi s diuhdet ipdRtyand-yeasala faesi swch pod yileskal oL ryisd ahefatm e.g., a
nearly 15 dodecahedral, nearly octahedral, or nearly tetrahedral form can
be obt ai négrdrdsdialdsy hdreetafiad dhydroxiwelcloaraed hexagonal upkady two or
nore of such crystal forns. Typical exanples of the metal hydroxide having a
pol yhedr alf coty,s tfdlakyorfin xmc | axd et ginides umNexriede- niigkels a26neddlde hydr at es,
magnesi um oxi de-zi nc oxi de hydrates, and nmagnesi um oxi de- copper oxi de

hydr at es. hijdroxeids radly o def haw nigals poiffecdtatty ygt@bn fotnoplef erabl y

is one having a maxi num particle dianeter of 10 pmor smaller, especially
pref er abl b tha drersytd laatd width directions but in the thickness
direction (c-axis direction}, e.g., one having a crystal
form resulting from the growth of a platy crystal form in
1C the thickness direction (c—axis direction) inte a more
three-dimensional particulate crystal form akin to spheres.
For example, it is a metal hydroxide having a crystal form
such as a nearly dodecahedral, nearly octahedral, or nearly
tetrahedral form.

15

m (M;0p) -n (Qs0.) - cH0 (4)

(In formula (4), M and Q are different metallic elements,
and Q is a metallic element belonging to a group selected
20 from groups IVa, Va, VIa, VIIa, VIII, Ib, and IIb of the
periocdic table. Symbols m, n, a, b, ¢, d, and e are
positive numbers, and may be the same or different.)
With respect to the metal hydroxide represented by
general formula (4), examples of M in formula (4), which
25 represents a metallic element, include Al, Mg, Ca, Ni, Co,

Sn, Zn, Cu, Fe, and Ti.

20



25 Furthernore, the specific surface area of the netal hydroxide having a
pol yhedral crystal formis preferably in 21 the range of 2.0 to 4.0 m2/g
The specific surface area of the netal hydroxi de having a pol yhedral
crystal formis neasured by the BET adsorption nethod. The aspect ratio of
the netal hydroxide having a 5 polyhedral crystal formis generally | to 8,
preferably 1 to 7, especially preferably I to 4. The term"aspect ratio"
herein neans the ratio of the length of the nagjor axis to the length of the
m nor axi s of the metttle nyHIDXEErotide asep hosetddebasgenstraati o of the
metal 10 hydroxi de exceeds 8, the epoxy resin conposition containing this
met al hydrapdmdel hasdlan ¢ hoveasie drdetd syh 8£0shd yher NagethYlithelefibaet, of
viscosity reduction is | essened. As the ion-trappi ng agent can be used any
of all kniswa eonpaunssl deyimg tdea apibip ysébettaf £oom, gboupsSigwanpl e, a
hydrotal cite or bismuth hydroxide is used. Exanples of the stress-relieving
agent i nclugle vibut adi Bne vIOberBb, sasd BEb nef hyhe perybaie/ bhubhadi.ene/ styrene
copol ymers and net hyl nethacryl at e/ but adi ene/ st yrene copol yners, and
Silicope E G uititsredheiepbide rBS| NCEONMPHSI Pd pNCE Or asanzaondagyd or
encapsul ati on of the invention may he produced, for exanple, in the
fol | owi ng gmnNnef .o Nadred b i het COIPES|T twdNor NByrdeopr bHUsadikhr ough a series
of steps conprising mxing 25 ingredients A to E described above optionally
t oget her widlected.
Such a metal hydroxide having a polyhedral crystal
form can be cobtained, for example, by regulating variocus
10 conditions in a process for producing the metal hydroxide.
A metal hydroxide which has undergone sufficient crystal
growth not only in the length and width directions but in
the thickness direction (¢c-axis direction) and has a
desired polvhedral crystal form, e.g., a nearly
15 dodecahedral, nearly octahedral, or nearly tetrahedral
form, can be obtained. Usually, the metal hydroxide
obtained is a mixture of two or more of such crystal forms.
Typical examples of the metal hydroxide having a
polvhedral crystal form include magnesium oxide-nickel
20 oxide hydrates, magnesium oxide-zinc oxide hydrates, and
magnesium oxide-copper oxide hydrates.
The metal hydroxide having a polyhedral crystal
form preferably is one having a maximum particle diameter
of 10 pym or smaller, especially preferably 6 pm or smaller.

25 Furthermore, the specific surface area of the metal

hydroxide having a polyhedral crystal form is preferably in

21



ot her additi ves,
heated rolls or
cooling the nelt

known techni que,

need. Methods fo
resin conpositio
conducted by a k

treating the mxture wth a kneadi ng 22 machi ne, e.g.
a kneader, to nelt and mx the ingredients with heating,
to room tenperature, subsequently pulverizing it by a
and conpressing the powder to tablets according 5 to
r encapsul ating a sem conductor elenment wth the epoxy

n are not particularly |imted. The encapsul ati on can be
nown nol di ng met hod such as, e.g., ordinary transfer

mol di ng. 16hdhusnga se€n2condactot 6k ce Than e dirfidicatfdde tieLase where

t he epoxy resin

conposition for sem conductor encapsul ation of the

i nvention tSeusetadshaldroendapialahgng palghkdkalexagpliad aometiad [ic frane

parts and heat

radi ation plates for which application of the 15 conposition

i S suitablreaseras bol LasBEFr adsbhptishamdphbdat of i nproving adhesi veness
to metallic frane parts, e.g., lead franes, exanples of the |ead franes

i ncl ude ones hav

I Mha ass&et ﬂsﬁbslbflayermaSalhnydube&ﬁashabanqra any

encapsul ating naterial heretofore in use failed 20 to have sufficient
adhesi e fpstehédrappeigatadnfbomt hssgekendlnl, Legd Braprefdoadiigl as of the

heat radiation p

| ates include ones having a nickel deposit |ayer on the

surface therepfespbeialtikebrdeposabilyl ayee Us geinereadiy faspedtby

ni ckel -plating t
whi ch i s nageief
general Iy have p

he surface of a raw | ead franme or heat 25 radiation plate
Reppeh MeafAsCeppetatliboyf thuchengithe® mhat acjwizt h ni cke
oor

axis to the length of the minor axis of the metal

hydroxide. In case where the aspect ratic of the metal

10 hydroxide exceeds 8, the epoxy resin composition containing

this metal hydroxide has an increased melt viscosity.

Namely

. the effect of wiscosity reduction is lessened.

As the ion-trapping agent can be used any of all

known compounds having the ability to trap ions. For

15 example, a hydrotalcite or bismuth hydroxide is used.

Examples of the stress-relieving agent include

butadiene rubbers, such as methyl

acryla

te/butadiene/styrene copolymers and methyl

methacrylate/butadiene/styrene copolymers, and silicone

20 compou

nds.

The epoxy resin composition for semiconductor

encapsulation of the invention may be produced, for

exampl

may be

e, in the following manner. Namely, the composition

produced through a series of steps comprising mixing

25 ingredients A to E described above optionally together with

other

additives, treating the mixture with a kneading
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23 adhesion to cured encapsul ating resins. However, when the epoxy resin
conposition for sem conductor encapsulation of the invention is used, the
cured encapsul ating resin obtained therefromshows excel |l ent adhesi veness
because it 5 contains the specific release agent (ingredient C). As a
result, the occurrence of separation and other troubles are inhibited and a
hi ghly reliable sem conductor device is obtained. The invention wll be
expl ai ned bel ow by reference 10 to Exanples and Conparative Exanples. Prior
t o Exanpl esactities f od | W Nged bgd edoebt Soveacknpadpar edo hpdry aRelsimixA 15
0- Cresol -novol ac epoxy resin (epoxy equivalent, 195; softening point 70C)
Epoxy Resithd Htiqredbdets novohabeapdiy, r esbhifgpoky aglitvabemrioom 20 455;
softeni ng point, 80C) Epoxy Resin C Bi phenyl type epoxy resin [4,4"-bis(2,3-
epoxypr opotynpar Biube p' stlescquenhy bppheayizispoxy bgbaeuobwal ent, 193;
mel ting point, 105C] 24 Phenolic Resin Phenolic novolac resin (hydroxyl
equi val enttedi¥si qus pfdedi dgnpdessing3theSpHeieaseoAgabllehs according

5 to need.

Methods for encapsulating a semiconductor element
with the epoxy resin composition are not particularly
limited. The encapsulation can be conducted by a known
molding method such as, e.g., ordinary transfer molding.

10 Thus, a semiconductor device can be produced.

In the case where the epoxy resin composition for
semiconductor encapsulation of the invention is used as an
encapsulating material, examples of metallic frame parts
and heat radiation plates for which application of the

i5 composition is suitable are as follows. From the
standpoint of improving adhesiveness to metallic frame
parts, e.g., lead frames, examples of the lead frames
include ones having a nickel deposit layer as the outermost
layer; any encapsulating material heretofore in use failed

20 to have sufficient adhesive force in application to this
kind of lead frames. Examples of the heat radiation plates
include ones having a nickel deposit layer on the surface
thereof. The nickel deposit layer is generally formed by
nickel-plating the surface of a raw lead frame or heat

25 radiation plate which is made of copper or a copper alloy.

Such members plated with nickel generally have poor
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Compound represented by the followng structural fornula (a) [nolecul ar
wei ght, 1,380; corresponding to general formula (1) wherein RL is C49H97,
R2 is CH4, and m is 16] 10 CH3CH2--~ CH2-CH2~23 O -~ CH2-CH2- O H Rel ease
Agent B Carnauba wax 15 Silicone G| A Conpound represented by the follow ng
structural formula (b) (nolecular weight, 31,000; epoxy equivalent, 7,800)
25 H2C 10 HC 5 CH2 0 CH3 C3H6 C3H6 O- (CH2CH20 ~CaH60~2-0 H I Cl
(CH3)3Si0(Si0)i20(Si0)4(sSi0)10S1(CH3)3 I I CH3 CH3 CHs (b) 10 Silicone QO
B Conmpoundadiedy £sent € dolyed henéabbavk tgngt résingal However, when the
epoxy resin composition for semiconductor encapsulation of
the invention is used, the cured encapsulating resin
obtained therefrom shows excellent adhesiveness because it
5 contains the specific release agent (ingredient C). As a
result, the occurrence of separaticon and other troubles are
inhibited and a highly reliable semiconductor device is
obtained.
The invention will be explained below by reference
10 to Examples and Comparative Examples.

Prior to Examples, the following ingredients were

prepared.

Epoxy Resin A
15 o-Cresol—-novolac epoxy resin (epoxy equivalent,

195; softening point 70°C)

Epoxy Resin B
Brominated novelac epoxy resin {(epoxy equivalent,

20 455; softening point, 80°C)

Epoxy Resin C
Biphenyl type epoxy resin [4,4'-bis({2,3-
epoxypropoxy)-3,3',5,5"'-tetramethylbiphenyl: epoxy

25 equivalent, 193; melting point, 105°C]
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formula (c) (nolecular weight, 22,000, am no equivalent, 600) 15 NH2 CHs
C3H6 CI  (CH3) 3Si0(S10) 250(510) 3551 (CH3)3 1 CH3 CH3 20 Hardening
Accel erator A 1, 8-Di azabi cycl o[ 5. 4. 0] undecane-7 Hardeni ng Accel erator B 25
Tet r aphenyl phosphoni um t et raphenyl borate 26 Silica Powder A Crystalline
silica powder; powder having an average particle dianmeter of 20 pmand a
maxi mum particle diameter of 75 pm5 Silica Powder B Spherical fused silica
powder having an average particle dianeter of 49 pm nmaxi num particle
di anet er oPhed@DipnReamd Wardell's sphericity of 0.85 [Wardell's 10
sphericity = (dianmeter of circle having the sane area as the projected area
of the particle)/Ptdeapdtier nofvoliag meminci(bguirsctilbedncivaclentof e,
particle)] Silane Coupling Agent

softening point, 83°C)

5 Release Agent A
Compound represented by the following structural
formula {(a) [molecular weight, 1,380; corresponding to

general formula (1) wherein R' is CsgHgr, R? is C.H;, and m

is 16]
10
CH3———-CH2——fCH2———CHZ);;O-——ECHZ———CHZ———O}T;—H Cee (a)
Release Agent B
Carnauba wax
15

Silicone 0il A
Compound represented by the following structural
formula (b) (molecular weight, 31,000; epoxy equivalent,

7,800)
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15 y- Mercapt opropyl tri met hoxysi | ane Carbon Bl ack D antinony Tri oxi de 20
EXAMPLES 1 TO 13 AND COVPARATI VE EXAMPLES 1 TO 5 The ingredients shown in
Tables 1 and 2 were m xed together according to the proportion shown
therein. This mxture was treated with a m xing roll kneadi ng nmachi ne
heated at 80C (for 1 mnute) and thus nelt-knead. 25 Subsequently, this nelt
was cool ed, pulverized, and then 27 tableted. Thus, target epoxy resin
conpositions for sem conductor encapsul ation were obtained. Table 1 5
(parts) Examle 12345678 i A100100100100100100100100 Epoxy res
B2020202020202020 n Phenol i ¢ resi n5959595959595959 | A5. 51. 55. 55. 55. 5115.55. 5
ease agent B Re Sili A-5.5%.55. 5115. 5--

|

0
HC~
i
; é
B Clle Cobo O-CLOLOZCllias H -« (o)

i | I
(CHa)sSiO(?iO)120(Si0)4(8i0)1oSi(CH3)3
| |
CHa CHs CHs

10 Silicone Cil B
Compound represented by the following structural

formula (c) (molecular weight, 22,000; amino equivalent,

600)

15 NH2
|

CHs CsHs
| |

(CHa) SSiO(SiO) 250 (SiO) asSl (CH:B)S vt (c)

;

CHa CHa

20
Hardening Accelerator A
1,8-Diazabicycleo[5.4.0]lundecane~"7
Hardening Accelerator B
25 Tetraphenylphosphonium tetraphenylborate

20



il cone oB------ 5.55.5 d i A1111111- | Har en B3 ng acce erator Carbon

bl ack22222222 Sh2032424242424242424 Silica powder A918925925925925925925925

Si |l ane coupling a entO0.40.40. 40. 40. 40. 40. 40. 4 Content of rel ease agent
whol e epoxy resin 0.50.10.50.50.51. 00.50.5 conposition (wt% Content of

silicone oil in whole epoxy resin -0.50.10.51.00.50.50.5 -conposition (W%

10

15

20

25

Silica Powder A
Crystalline silica powder; powder having an average
particle diameter of 20 pm and a maximum particle diameter

of 75 pm

Silica Powder B

Spherical fused silica powder having an average
particle diameter of 49 pm, maximum particle diameter of
100 um, and Wardell's sphericity of 0.85 [Wardell's
sphericity = (diameter of circle having the same area as
the projected area of the particle)/(diameter of minimum

circumscribed circle of the particle)]

Silane Coupling Agent

y-Mercaptopropyltrimethoxysilane

Carbon Black

Diantimony Trioxide

EXaAMPLES 1 TO 13 AND COMPARATIVE EXAMPLES 1 TO 5
The ingredients shown in Tables 1 and 2 were mixed
together according to the proportion shown therein. This
mixture was treated with a mixing roll kneading machine
heated at 80°C (for 1 minute) and thus melt-knead.

Subsequently, this melt was cooled, pulverized, and then

27
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Content of silica powder in whole epoxy resin 8181818181818181 conposition
(Wt % 28 TABLE 2 (parts) Exanpl eCol up Exanple 91011121312345 Epoxy
resi nA100100100100- 100100100100- B20202020-20202020- C2020202010020202020100
Phenol i ¢ resi n59595959505959595950 Rel ease agent AO. 6225. 50. 62. 0--- - -
B----- 5.55.55.55.52.0 Silicone oil A--0.622155.5---- B------- 5.55.515
Har deni ngAl | 111 111-1 acceleratorB-------- 3- Carbon bl ack2222222222
Sh20324242424- 24242424- Silica powder A918925925925- 925925925925-
B----2260-tab P26 Si ITanes ,c agdddty dp bty 4k 4h 4orifo 40t #16n40£40. 4 agent
Content of rel ease

semiconductor encapsulation were obtained.

Table 1
5 (parts)
Example

Epoxy resin A 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

B 20 20 20 20 20 20 20 20
Phenolic resin 59 59 59 59 59 59 59 59

A 5.5 1.5 55 [ 55 5.5 11 55 155
Release agent B i - - - - - - -

- . A - 5.5 1.5 5.5 11 5.5 - -

Silicone oil

B - - - - - - 55 1 55
Hardening accelerator g % 1 1 } f } } ;
Carbon black 2 2 2 2 2 2 2 2
Sby04 24 24 24 24 24 24 24 24
Silica powder A 18 | 925 | 925 1 925 | 925 | 925 | 925 | 925
Silane coupling agent 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04
Content of release agent in
whole epoxy resin 0.5 0.1 0.5 0.5 0.5 1.0 0.5 | 0.5

composition (wt%)
Content of silicone oil in
whole epoxy resin - 0.5 0.1 0.5 1.0} 05 | 05 | 05
composition (wt%o)
Content of silica powder in
whole epoxy resin 81 81 81 81 81 81 81 81
composition (wt%)
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agent in whole 0.052.00.50.050.10.50.50.50.50.1 epoxy resin conposition w %
Content of silicone oil in whole epoxy --0.052.00.50.5-0.50.50.5 resin
conposition (w% Content of silica powder in whole 82808180938181818193
epoxy resin conposition (W% 5 The epoxy resin conpositions of Exanples
and Conparative Exanpl es thus obtai ned were exam ned/ eval uated for

adhesi veness and for frame separation during nolding. The results thereof
are shown in Tables 3 and 4. 10 AdheThBBRe8s Each epoxy resin conposition
and a netallic frame plate were used to nold a sanple for adhesive force 29

(parts)
Example Comparative Example
9 10 11 12 13 | 2 3 4 5
Epoxy resin Al 100 | 100 | 100 | 100 - 100 | 100 | 100 | 100 -
B 20 20 20 20 - 20 20 20 20 -
C| 20 20 20 20 100 | 20 20 20 20 100
Phenolic resin 59 59 59 59 50 59 59 59 58 50
Release agent Al 0.6 22 5.5 0.6 | 2.0 - - - - -
B - - - - - 5.5 5.5 5.3 55 | 2.0
Silicone oil Al - - 0.6 22 15 3.5 - - - -
B - - - - - - - 5.5 5.5 15
Hardening A 1 1 1 1 1 1 1 1 - 1
accelerator B - - - - - 3 -
Carbon black 2 2 2 2 2 2 2 2 2 2
Sby0, 24 24 24 24 - 24 24 24 24 -
Silica powder Al 918 | 925 | 925 | 925 - 925 | 925 | 925 | 925 -
B - - - - 2260 - - - - 2260
Silane coupling
agent 04 | 04 } 04 1 04 ] 04 | 04 1 04 | 04 ] 04 | 04
Content of release
agent in whole 0051 20 | 05 (005 0.1 0.5 0.5 0.5 0.5 0.1
Epoxy resin
composition (w1%)
Content of silicone
oil in whole epoxy - - 0051 20 | 05 | 05 - 0.5 0.5 0.5
resin composition
(wt%)
Content of silica
powder in whole 82 80 81 80 93 81 81 81 81 93
ePOXY resin
comjposition (wit¥%)
5 The epoxy resin compositions of Examples and

Comparative Examples thus obtained were examined/evaluated
for adhesiveness and for frame separation during molding.

The results thereof are shown in Tables 3 and 4.

10 Adhesiveness
Each epoxy resin composition and a metallic frame

plate were used to mold a sample for adhesive force
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measurenent by transfer nolding (175C x 2 mnutes and 175C x 5 hours for
postcure) As shown in Fig. 1, this sanple conprised the netallic frane
plate 3 and, forned on a left-end surface thereof, a cured resin 5 in the
formof 5 a frustum of cone (area of bonding part, 10 mm2). As shown in
Fig. 2, the cured resin 5 was held by a jig 6 and an end of this jig 6 was
fixed to a holder 7 of a tensile strength tester. The other end of the
netallic frame plate 3 of the sanple was fixed to the other holder 8 of the
tensil e loeakheegihtt &t dirarsiads nwelrdirappl i 237 ¢ nx themthhti®esi #nd i ndi cat ed
by the arrow, and the shear force required for the cured resin 5 on the
surface ofit76lie metahouwr s rfare pqd tatered t 0 Ase pdroaine ifr giig .hel netitald i ¢ frane
plate 3 was neasured. This value of shear force was taken as adhesive 15
force. |nsktheleeasmpariertid tHhe detedsliof fMeind [pXats abreand| afesma8dwehe used,
i.e., one plated with nickel (frame obtained by copper-plating the surface
of raw coppaeftraner isalof sated teramile Ofcwnspperesit U n ptihéi Agym of
Furt hernore, each of the epoxy resin conpositions 20 obtained in the
Exanpl s andrGemuar aifi worexafyteas ofibatseichg tyma engc aps ukat)e. aasemheanduct or
el ement by transfer nolding (conditions: 175C x 2 mnutes) . Postcure was
t hen conduet @dgat 21,756 auediotgsint 6 obiailelad S8 £ odkyicé oand deni €ed whi ch
was TO 220 (transistor package having a lead 25 frame obtained by plating
the surfae¢ ahia raw copeer finted itad aMHJILdecKElofindl deawvs Dje asbeahgtndi ati on
plate). 30 Separation at Interface with Lead Frane

tester. The other end of the metallic frame plate 3 of the

sample was fixed to the other holder 8 of the tensile
10 strength tester. Loads were applied in the direction
indicated by the arrow, and the shear force required for
the cured resin 5 on the surface of the metallic frame
plate 3 to separate from the metallic frame plate 3 was
measured. This value of shear force was taken as adhesive
15 force. In the measurement, two kinds of metallic frame
plates 3 were used, i.e., one plated with nickel (frame
obtained by copper-plating the surface of raw copper
material) and one made of copper without plating).
Furthermore, each of the epoxy resin compositions
20 obtained in the Examples and Comparative Examples was used
to encapsulate a semiconductor element by transfer molding
(conditions: 175°C x 2 minutes). Postcure was then
conducted at 175°C for 5 hours to obtain a semiconductor
device, which was T0-220 (transistor package having a lead
25 frame obtained by plating the surface of a raw copper

material with nickel and having a heat radiation plate).
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These sem conduct or devices were exam ned for separation at the interface
between the lead frame and the 5 encapsulating resin |layer (cured resin)
The sem conduct or devi ces which had suffered no separation are indicated by
11011, while those which had suffered separation at the interface are
i ndicated by "X". The exam nation for interfacial separation was nmade with
an ultrasonic 10 m croscope. Table 3 EX pie 1234567 Adhesi veN
deposit4. 32. 05.062786. 76. 04.5 rce(MPa) 6. 35. 87.39. 1119. 88. 16. 5 Separ ati on at
interface with 0000001 lead frane 15 Table 4 Exam ' Conparative Exanple e 9
1101 7121312345 Ad N, 'e'lvede 1.09.06.57.03. 000000

Separation at Interface with Lead Frame

These semiconductor devices were examined for
separation at the interface between the lead frame and the
5 encapsulating resin layer (cured resin). The semiconductor
devices which had suffered noc separation are indicated by
"O", while those which had suffered separation at the
interface are indicated by "X". The examinaticon for
interfacial separation was made with an ultrasonic

10 microscope.

Table 3
Example
1 2 3 4 5 6 7 8
Adhesive Nt deposit 43 | 2.0 | 5.0 6.2 | 78 | 67 | 60 | 4.5
force (MPa) | copper 63 | 58 | 73 9.1 11 98 | 81 | 6.5
Separation at interface with
o 0 O O 0] O O 0
lead frame |
15 Table 4
Example Comparative Example
0 10 11 12 13 i 2 3 4 5
Adhesive Ni deposit 1.0 9.0 6.5 7.0 3.0 0 0 G 0 g
force(MPa) | copper 5.0 12 9 | 10 60 | 50 | 30 ] 45 | 40 | 59
Separation at interface with
0] O 0 O O X X X X X
lead frame

The results given above show the following. The
compositions obtained in the Examples showed high adhesive

20 forces in application to the metallic frame plates although
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os" force(Wal ~ 5.0129106. 05.03.04.54.05.9 co er Separation at iinerface with
000 OOXXXXX lead frane_ j The results given above show the foll ow ng. The
conpositions obtained in the Exanpl es showed hi gh adhesive 20 forces in
application to the netallic frame plates although 31 they had a silica
powder content as high as above 80% by weight. Furthernore, the results of
the exam nation for separation fromthe |ead frame during nol ding show t hat
no separation had occurred and highly reliable sem conductor 5 devices were
obt ai ned. dheypardd cul=arlidca pppléecatontet©® ashikeifhaae abatve 8btabged by
ni ckel -plating the surface of a raw copper material, high adhesive forces
whi ch had wagigh the e Fuatthainned eye rtheo deaivlecs dih onteamiind trisow of@osi ti ons
obtained in the Conparative Exanpl es had | ower adhesive 10 forces than the
conposi t i alpanfattiven Beanpl dse | Teapptfrant | durite bBolditdeshoanehpkane
obtai ned by nickel-plating the surface of a raw copper material and the
frame pl atsepmdesicf oppetcudhed emcdpsidialy ngel £sbhs Semiredn8nempichese
conpositions had suffered separation at the interface with 15 the | ead
frame, Sandievhesemamn it ainedyi des rataicdchr t hier e i draich gpooto
reliability.
the frame plate obtained by nickel-plating the surface of a
raw copper material, high adhesive forces which had not
been attained were obtained. In contrast, the compositions
obtained in the Comparative Examples had lower adhesive
10 forces than the compositions of the Examples in application
to both the frame plate obtained by nickel-plating the
surface of a raw copper material and the frame plate made
of copper. The encapsulating resins formed from these
compositions had suffered separation at the interface with
15 the lead frame, and the semiconductor devices obtained
therewith had poor reliability.
While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
20 and modifications can be made therein without departing
from the scope thereof.
This application is based on Japanese patent
application No. 2004-105688 filed March 31, 2004, the

entire contents thereof being hereby incorporated by

25 reference.
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Whil e the invention has been described in detail and with reference to
speci fic enbodi nents thereof, it will be apparent to one skilled in the art
t hat various changes 20 and nodifications can be nmade t herein w thout
departing fromthe scope thereof. This application is based on Japanese
patent application No. 2004-105688 filed March 31, 2004, the entire
contents thereof being hereby incorporated by 25 reference. 32 WHAT IS
CLAIMED I S: 1. An epoxy resin conposition for sem conductor encapsul ation
whi ch i s wWirT use drrtMEeDrestn encapsul ation 5 of sem conductor el enents

ot her than optical sem conductor elenents, the conposition conprising the
followng ingredients (A) to (D) and having a content of ingredient (D) of
75-95% by wei ght based on the whol e epoxy resin conposition: 10 (A) an
epoxy resin, (B)1a pherfld:s nesiih ddmpdsiitlansnoaiiidepiesested by the
following general fornmula (1): 15 R-O-~RZ-O)---H m (1) wherein RLis a
monoval erdncdp fked £ Lol ywlh 06Rr bonfgf owPe baviRg 2B8s4Q0caanpenlataws R2 is a

di val ent aliphatic hydrocarbon group having 2-7 carbon atonms; and mis a
5 of semiconductor elements other than optical semiconductor
elements, the composition comprising the following
ingredients (A) to (D) and having a content of ingredient
(D) of 75-95% by weight based on the whole epoxy resin
composition:
10 {A) an epoxy resin,
(B) a phenolic resin,
(C) a release agent represented by the following

general formula (1):

15 R1-——O——(—R2——O};-H cee (1)

wherein R' is a monovalent aliphatic hydreocarbon group
having 20-400 carbon atoms; R’ is a divalent aliphatic
hydrocarbon group having 2-7 carbon atoms; and m is a

20 number which makes the partial molecular weight of (R.z—O)m
to be from 5 to 90% by weight of the molecular weight of
the compound represented by formula (1), and

(D) an inorganic filler.

25 2. The epoxy resin composition for semiconductor

encapsulation of claim 1, wherein the content of ingredient
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20 nunber which nakes the partial nolecular weight of (R2-0)m to be from5
to 90% by wei ght of the nolecular weight of the conpound represented by
formula (1), and (D) an inorganic filler. 25 2. The epoxy resin conposition
for sem conductor encapsul ation of claim1l, wherein the content of
ingredient 33 (C) is fromO0.05 to 2% by wei ght based on the whol e epoxy
resin conposition for sem conductor encapsul ation. 3. The epoxy resin
conposition for sem conductor 5 encapsulation of claim1, which further
conpri ses{cit hies fobh oM 0 togeedbenve{fht bLEhed 6hl khenwhonpowpdRavi ng at
| east one functional group selected fromthe group consisting of an epoxy
group, a Aetdafipgs dtiPon af CAr benytogaadporaehapbanakienhydr oxyl group, a
thiol group, and an ami no group. 4. The epoxy resin conposition for
sem conductor encapsul ation of claim 3, wherein the content of ingredient
(E) is 0.05-2% by wei ght based on the whol e epoxy resin 15 conposition for
sem conduct or encapsThat ieprdxyd.relit efidpb gl dh COFP OSdril @Pnd@d tox
sem conductor encapsul ation of claim1, which further conprises an am ne
har depi nerecaed €&t Don @0 6laihel epwkychesiipthempasinpbr@Bekorhgem conduct or
encapsul ation of claim1, which is for use in the resin encapsulation of a
sen condutd lowlwdg Cengoapiéstngep: | ead frane having a nickel -pl ated
surf ace.

(E) a silicon compound having at least one

functional group selected from the group consisting of an
epoxy group, a polyether group, a carbexyl group, a

10 phenolic hydroxyl group, a thiol group, and an amino group.

4. The epoxy resin composition for semiconductor
encapsulation of claim 3, wherein the content of ingredient
(E) is 0.05-2% by weight based on the whole epoxy resin

15 composition for semiconductor encapsulation.

5. The epoxy resin compesition for semiconductor
encapsulation of claim 1, which further comprises an amine

hardening accelerator.

20
6. The epoxy resin composition for semiconductor
encapsulation of claim 1, which is for use in the resin
encapsulation of a semiconductor device comprising a lead
frame having a nickel-plated surface.
25
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25 34 7. A sem conductor device which conprises a sem conductor elenent and
t he epoxy resin conposition for sem conductor encapsulation of clains 1
whi ch encapsul ates the senm conductor elenment. 5 8. The sem conductor device
of claim?7, which further conprises a |lead frane having a nickel -pl ated
surface. 35
7. A semiconductor device which comprises a
semiconducteor element and the epoxy resin composition for

semiconductor encapsulation of claims 1 which encapsulates

the semiconductor element.

8. The semiconductor device of claim 7, which

further comprises a lead frame having a nickel-plated

surface.
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