15 June 2006 EPOXY RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND
SEM CONDUCTOR DEVI CE USI NG THE SAME 5 FI ELD OF THE | NVENTHONURfe 28Pesent
i nvention relates to an epoxy resin conposition for sem conduct or
encapsul ati on which has inproved adhesive force in application to
package frames and is capable of inhibiting separation between the
encapsul ating resin and the frane/ heat radiation plate 10 during package
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t he conposition. BACKGROUND OF THE | NVENTI ON Sem conduct or el enents such
as transistors, |CsSEMIcanNbuCSioOrR DBYIUE d[sSINGITHE | SANE asti ¢ packages or
the like to produce sem conductor devices to be protected fromthe
surroundi ng environment and to be able to handl e the sem conductor
el ements. Typical exanples of this kind of package forns include
t hr ough- hol e nount packagerIBnp @f BHEf aNCENDEON packages. The degree of
I ntegration and processing speed in sem conductor devices such as LSI
chi s are beconThg prgkent Hiavemitipn eladdis itan,ard @sexy Scddient rend
toward hi gher nounting densities so as to neet the desire to attain size
25 reduebmpasiafflohufiolri senddomiiste dncaglisacdiainive whjeh dias. From t hese
st andpoi nts, surface nount packages are comng 1 15 June 2006

improved adhesive 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 INVENfION

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



to be mainly used in place of through-hole nount packages. Sem conductor
devi ces enpl oyi ng surface nount packages have pins extendbnguthdedder om
in plane arrangenent, and these pins are directly fixed to a surface of
a printed wiring 5 board with a solder or the like. Since such surface
nount type sem conductor devices have pins extending in plane

arrangenment, they are characterized by being thin, [|ightweight, and
smel | and, BenGs have AW PO tHAt e BEugRLRB18CHBAKEIphRRLGRK i N the
printed circuit board can be 10 small. In addition, these sem conductor

devi ces AN FAdUEYdY ddiAicd® Uit 16y Oy bt PesbdenofhtapRikaled Waidd
board is possible. On the other hand, in sonme kinds o? t hr bugh- hol e

mount  paGkadeScrdiRiitd | PR £ Sork COPPSTad AL géRintSUSHA tReds Netallic
frame parts and heat Tadiation plates, have a déeposit of silver,

pal | adi winflGe AiSxdehy N £aSCLOfa L HEr£28LT 88 NBYURL LRACKEZEDg WNi Ch
have coffe to be mainly used in recent years, packages enploying a heat

radi gt i e RlALA trPh AR DYoP! Bld NOikde WY {AC s 0in A HBERLL | fohihg® part

20 wth nickel are used. Especially in nickel-plated franes and heat

radi at i Qe aldficdMifiictds dePiObl eATdahinseaREARHSAGOSAUPTatle | NT
package ol di ng between the encapsulating resin part (cured resin)

formed fQ@ndammentCaY A+ Bt £EES) i 208 benbiagethgat radiation
pl ate. 25 In produci ng such sem conductor devices, an encapsul ating
mat eri al igAhRIIYHY], ane! AASE1 fedthéScde!SEAvE 4R d498n2Q08 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.
On the other hand, in some kinds of through-hole
mount packages, metallic parts (copper or 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
obtained 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



so as to obtain releasability fromthe nold. Exanples of the release
agent include |ong-chain carboxylic acids such as stearizxs aning andé
palmtic acid, metal salts of |long- chain carboxylic acids, such as zinc
stearate and calcium5 stearate, and waxes such as carnauba wax, nontan
wax, and pol yethyl ene waxes. However, such rel ease agents show | ow
adhesi veness to netallic franme parts and heat radiation plates and it

has been Prapqsedyih s cre fodsabfL Sty | P08 tHBXmIRG! || 41ds 2of
pol yal kyl ene glycol as a release agent 10 (see docunent . Docunent 1:

JP-A- 6- 39272413 MR Lt Tﬁ'?gilwé'\ir&%cﬁ?%‘ﬁ;@éﬁbgmi?%% gaig4caasy! ating

material 15 containing the silicone wax nodifi a pol yal kyl ene

gl ycol has 3Lkl eBidalndheh b Sc SACERS Uhath DIsQREET b2 1on§s an
inorganic filler content exceeding 75% by weight, it shows réduced

adhesi VeRess ABRLAIC {4A0P, DGR 290z0Ra! s cbaEL e QlaPLaiEs AN

suffers separation fromthese. 20 The I nvention een achi eved under

these GUCUIRIANGE WikOb] S5t s tELrh BYBAt L2R | SohPaRl Q¥kdeaRR ePOXY
resin conposition for sem conductor encapsul ation which has inproved

adhesi Vo, f1Ycthy1eiPRld £84 | Ol vt aéd&rp_éélaé@s@agéé{égeaéhé@di@&i on
pl ates and“can”be 25 inhibited fromsuffering separation fromnetallic

frame  pRfley/iltile AN AHOP DI AL 0Fr Lk idpgraylghagheéeot:aaiaeszbﬁct 3 15
June 2006 of the invention is to provide a sem conductor device using
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 1l: JP-A-6-302724

SUMMARY OF THE INVENTION
However, use of an encapsulating material

15 containing the silicone wax modified wiﬁh 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
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the conposition. “The present inventors nade extensive studies in- order
to obtain an encapsul ating material which has 5 excel | ent 1&ad¥ess \&90for ce
in application to netallic frane parts and heat radiation plates and can
be inhibited from 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 materials. As a
resul t, oft tWasiHwenfeenedlsy tof @uddrildeita Usemidomduet&ns@eageat using
represented by general fornula (1) given above (ingredient (C)) inproves
not onl gher ebapsakithiohy i n nol di ng but al so adhesi on between the

encapsul ating resin part forned and the netallic frane part 15 or heat
radi ati on pl at eTRgeprobentt haventapsuhaida @xt@isiveal s€odias ngna | ar ge
anount of an inorganic filler, whereby the occurrence of any trouble

such asordeg. to sbftaial iam dieiaperil dtithde neasti Ll i wigi leshaspart and the
adherend is inhibited. The invention has been thus 20 achi eved. Thus, the

i nvent i ercpl Dentdeadhasdeedifiddded im fapliicasimcttd hnseplilianfepmsy resin
conposition for sem conductor encapsul ation which is for use in the
resin pagépsahdt heatofrasdnitdend pitatie | At rdan Gdeinhitantedt Eeam 25
sem conduct or elenents (e.g., photoreceptors and light- emtting
el enent shffekengosppairiatdonc @xoni Matcgalilice 4f ddmel per 2008nd 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 to 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 composition comprising the



s

following ingredients (A) to (D) and having a content of ingfedient (D)
of 75-95% by wei ght based on the whol e epoxy- resin conpoks tdume: 208§ an
epoxy resin, (B) a phenolic resin, (C) a rel ease agent represented by
the followng general-formula (1): R-O~RZ-O-~--H M10 (1) wherein Rl
I's a nonoval ent aliphatic hydrocarbon group having 20-400 carbon atons;
R2 is a divalent aliphatic hydrocarbon group having 2-7 carbon atons;
and m i SodloRifgeinytiedi eiise (A)hapalt)i alndiaaciddgira vegténofof R2- 0 15
to be 5-90% by wei ght of the nol ecul ar weight of the conpound
repr esephgdeliyehar ) a offl)75-a%¢ HY) wenightongaesdd dn | thes . wiold hep&ppxy
resin conposition for sem conductor encapsulation of 1. above, wherein
t he contesinotormPoisigiedi:ent (C) is fromO0.05 to 2% by wei ght based on
the whole epoxy resin conposition for sem conductor = encapsul ation. 3.
The epoxy resi n(apnpasepoay resimem conductor encapsulation of 1. or 2.
above, which further conprises 25 the following ingredient (E): 5 15
June& 2006 (B) a phenolic resin,

(C) a release agent represented by the following

general formula (1):

R'—0—(R?—0}—H cee (D)
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)n
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):



(E) a silicon conpound having at | east one functional group selected
fromthe group consisting of an epoxy group, a polyetherlyrinme 2806
carboxyl group, a phenolic hydroxyl group, a thiol group, and an am no
group. 5 4. The epoxy resin conposition for sem conductor encapsul ation
of 3. above, wherein the content of ingredient (E) is 0.05-2% by wei ght
based on the whol e epoxy resin conposition for sem conductor

encapsul ati on. €) ThesiEbbxgn reaghpoundpbaiingnatoless omeduct or 10
encapsul ation of any one of 1. to 4. above, which further conprises an
am ne Huntekiorphcardep asolectedThRzompbhy gosup comsdsittiingn dfran

sem conduct or encapsul ation of any one of 1. to 5. above, which is for
use i n apexy egroupncappelyetharograupenicoagdborydl dawuee B conprising a
| ead frame having a nickel-plated surface. 7. A sem conductor device

whi ch ek hydsenytogdowp or 2etbiedt JaRUPy hande gox andas rgxposi tion
for sem conductor encapsul ation of any one of 1. to 6. above- which
encapsul at es t He. sd@hiec @RPxM gressire panpoitin Ther seemioadducserdevi ce of
7. above, which further conprises a |lead frane having a nickel -pl ated
sur f aceengapsieketiordofibdveabetie, i Wheneiontheovcadendn afhoxy resin
conposition for sem conductor encapsul ation which is 25 for use in the

resin emggrdient ofEbfischi @Ondbchyr welghtnbasedhen tihen ditlical

sem conductor elenments 6 15 June 2006
epoxy resin composition for semiconductor encapsulation.

5. The epoxy resin composition for semiconductor

10 encapsulation of any one of 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
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I ncl udi ng photoreceptors and light-emtting elepments and contains a
specific rel ease agent represented by general fornula (1p5( 0wy edioent
(©) in conbination with an inorganic filler (ingredient (D)) contained
in an anmpbunt 5 within a specific range. Because of this constitution, the
conposition not only has high releasability fromnolds but also has

| nproved adhesion to netallic frane parts and heat radiation plates even
when t hgneonidafyg @hdttrddepigars and i 1ight+dni PEit®N@DEMEREB RAd egul at ed
to as high as, for 10 exanple, above 75% by weight. As a result, the
encapsukahitag n¥terdpticiifid Mdlddas {dat stdp eEsa@te8ePpr geharafiromt he
netallic franme parts and heat radiation plates during nounting by

sol deri F@rman@d SE) cAndaEdilen leid)oe sid avdnilsikd €hom ewi 8Ri hhty can be
obt ai ned. 15 Furthernore, when a specific silicon conpound is

| ncor poRabedands das lidie (ingrestiasits descredicthbodein afdhgmbuagess to a
netallic frane part, e.g., a lead frame, and a heat radiation plate

whi o sehitRias o FFRUIFIE winge . SBEcCRUI GO rEhdRyidsmd s fueide, tweroved
and the occurrence 20 of troubles in nmounting by soldering, such as °
separ at icempoait imadt@nliys Haditidledre ASasalb £5itty , £RomeRblasdBator

devi ce having higher reliability can be obtai ned. The epoxy resin

conposi tilew hars SetirardlGidifes iesic aps hetta i ©f £ £dike | Pa¥eBE|I andsheus

"excel | ent adhesiveness 25 to netallic frame parts and heat radiation

pl at es whidilatiare pd ateck dvepl atleth sthd aten textec hofi thkel ipbagadiparts and 7
15 June 2006 v
filler in the composition is regulated to as high as, for

10 example, above 75% by weight. As 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 éompound 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 mounting by soldering, such as separation

| and crackiﬁg, is inhibited. As a result, a semiconductor
device having higher reliability can be obtained.

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



5 pl ates show poorer adhesiveness to encapsul ating resins than other
metallic frame parts and heat radiation plates. BRI EF DESCRIRTECROT¥F THE
DRAW NGS By way of exanple and to nmake the description nore clear,
reference is made to the acconpanying drawing in which: Fig. 1 is a
perspective view show ng a sanple for adhesive force exam nation which
Is used in evaluating the 10 adhesi veness of the cured resin forned from

an epoxy1heskNsheRBeSirerORdhd Varkss 6 ehidgMnidtited radéigsa met hod
for exam ning the shear force required for separating the cured resin

from t henhpagene S mplebALLED faRleRIAM LN Lfa Hda ¢ NANE N Jher £poxy 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 BRIGENSENIRMPITION®F OfHR Wrdvrp@yder or tablets
shaped fromthe powder by conpressing. The sem conductor el enents which

cansbe encapsul gyedayl b LhamPRAX ¥knke HoN ma®@ AHd |k &0l t3%S eiB Lo nduct or
encapsul ation of the present invention are elenents which function
wi t hout cbehpy seearBaReed sbhadedtlo &nkd 2l ¥iPing drawing 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 C), 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 eiements which can be
encapsulated with the epoxy resin compdsition fér

25 semiconductor encapsulation of the present invention are

elements which function without being accompanied by light



I ncidence or emi ssion, i.e., sem conductor elenents other than optical
sem conductor el enments including photoreceptors and |i ght5 efvnet 2AG6

el enents (e.g., light- emtting diodes). 5 The epoxy resin (ingredient A
is not particularly limted, and a conpound having 2 or nore epoxy
groups in the nolecule is used. Exanples thereof include bisphenol A
epoxy resins, phenol -novol ac epoxy resins, cresol-novolac epoxy resins,

bi phenyinéi@en€@08y efssBsonand . &0 ,t sepheoyldmitean & et taP Beéh&Lsi Ns.
These may be used alone or in conbination of two or nore thereof. From
the stengpobptiehlr ebmabbhduytort elemphfserimd ddingse a biphenyl type
epoxy resin or a lowy hygroscopic epoxy resin, such as that having
phenyl phogsréGepbbeBd anHoMeghiSenlikyling’ euemetad@ded;. aminght-hose epoxy
resins. Such epoxy resins preferably are ones having an epoxy equival ent
of 150 é&miekdngndiadesftening point or nelting point of 50 to 130C. The
phenolic resin (ingredient B), which is used in 20 conbination with the
epoxy resin (inpiedepskyresinn¢ihgpaediastanhaidendt parditmlenayy resin -
and is not particularly Ilimted. It nmeans any of various nononers,

ol i goner smitsd, anlyaeesmpachdhaunivigg? 20 xrTRiced kstaly GJBUBOLX gr oups
in the nol ecule. Exanpl es thereof include phenolic novolacs, 25 cresylic

novol acshe hhpbesylet ypeusedol sEsampléphehgkavEhanelutypbisphenads A
napht hol novol acs, phenol -aral kyl resins, 9 15 June 2006
epoxy resins, phenol-novolac epoxy resins, cresol-novolac
epoxy resins, biphenyl type epoxy resins, and
10 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 epéxy
resin, such as that having phenyl rings to which a lower
15 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
to 130°C.
The phenolic resin (ingredient B), which is used in
20 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 groups in
the molecule. Examples thereof include phenolic novolacs,

25 cresylic novolacs, biphenyl type novolacs, triphenylmethane

type novolacs, naphthol novolacs, phenol-aralkyl resins,



and biphenyl -aral kyl resins. These may be used alone or in conbination
of two or nore thereof. Fromthe standpoint of reliabili}¥,Juyne 2§06
preferred to use a lowy hygroscopic phenolic resin, such as a
phenol -aral kyl resin or biphenyl 5 aralkyl resin, anong those resins. The
epoxy resin (ingredient A) and the phenolic resin (ingredient B) are
I ncorporated preferably in such a proportion that the anmount of the
hydr oxyhn@r Bipheniy 1i-Hara IMi@ndldidLSi Thies e mayt Bel .ubery WML B1S,id1Dr e
preferably 10 0.8 to 1.2 equivalents, to the epoxy groups in the epoxy
resin. &bfibspatibnC ofeltias mnaite (tHgrasf entFrom tMd Ftddpdisetl oM
conbination with ingredients A and B, is a conpound represented by the
fol | owi pglgapetalkyf,oritlis Ehefdrrddiecd uddventéwly BygtscsB8epibi s
specific rel ease agent (ingredient C), an epoxy resin conposition for
sen conghHehelicereadnl alddh dW\d Hthdndh-deAtapRbidsiy o oBipReAgLand
excel | ent adhesiveness to netallic frane parts and heat radiation plates
i s apbt ahpalky20 relsiof,oramdmy (thoseR rdssimgs onoval ent al i phati ¢ hydrocar bon
group having 20 to 400 carbon atons; R2 is a divalent 25 aliphatic
hydr ocar bon gr ovpehapioxy Zesin/ (Gaidradiaimie) antd the plenvler which
makes the partial nolecular weight of 10 15 June 2006 (R2-0)m account for
5 to 90¥%ebynWightreafiente B0l idfcommd tited fptdife calippuine sepheaent ed
by formula (1).)

proportion that the amount of the hydroxyl groups in the

phenolic resin is 0.7 to 1.3 equivalents, more preferably
10 0.8 to 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

R!'—0—fR2—0+—H cee (1)

m

(In formula (1), R' is a monovalent aliphatic hydrocarbon
group havihg 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



In general formula (1) , RL is a nonoval ent aliphatic hydrocarbon group
havi ng 20 to 400 carbon atons. 5 This is because carbon rarhemes 2808l | er
than 20 result in inpaired releasability, while carbon nunbers exceedi ng
400 result in inpaired dispersibility in the epoxy resin conposition
and hence in an inpaired nolding appearance. Rl preferably is a |inear
al i phatic hydrocarbon group, and 10 especially preferably is, for

exanpl epay) ot Dubene FL0SR: doi GYUBIGHOIR! Bhd o1 Puisa di val ent

al i phati'c hy@rocarbon group having 2°to 7 carbon atons. Exanples thereof

I nc| ud%,eeir%%y , £ 10& Of xlr}ggﬁndbyagksgsntééf gg%@gﬁ%&! &8, . hexanet hyl ene,

&)
and hepta ene. Sy m i n gener al whi ch neans the

nunber of repetjtiQlSard$ @oﬂHﬁ’P&ré%’g‘i,Cﬂl npk rﬁ&g?‘p%%éhel mol ecul ar

wei ght of (R20O), account for 5 to Yo by wel ght e nol ecul ar wei ght

of the S}%?P@W&Poé&%%e&%gﬂlzﬁaOXn_BOEGUlt% @bb: cMisdd Sadseause

proportio the partial nDlecular werght |ower than 5% by wel ght may

resylt 4oy ¢ iﬁ%ééglugghsg:ﬁsneﬁmgrér apRs1apd tahhen oPadss,1 i, e

proportions ereof exceeding 90% by wei ght may result in 1 npaired

rel eas %%Aiyeci rOM 804 8511 28y Then £ 0aPadRHche RuASERe & .Rb HENES alod or mul a

(1) can e synthesized, for exanple, by the addition reaction of a 11 15

June 2008:6¥€! i€ PYILPa808 8hBLRILERPTRQUAE THEN ROt R aNREe oxi de,
propyl ene oxi de, or hexahydrofuran w th”R1LOH.
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 proportions of the partial
molecular weight lower than 5% by weight may result in
impaired adhesiveness to frames and other parts, while
proportions thereof exceeding 920% 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



Speci fic exanpl es of the conpound represented by general fornmula (1)

i nclude the foll owing various 5 conpounds. These nay be dSeduaéo?@ér in
conbi nation of two or nore thereof. CH3-CH2--(CH2-CH2}-O - (€CH2-CH2-O H
CH3- CH2- ECH2- CH2) 0- ECH2- CH2- Oy7H CH3- CH2- - ECH2- CH2 O ~CHZ- CH2- CH

CH3- CH2- {CH2- CH2] - O ECH2-CH2-O) --H CH3-CH2--f CH2- CH230~CH2-CH2-O H
CH3- CH2- ECH2-CH2j - O {CH,-CH2-O H CH3- CH2-{CHz- CHZO- ~CHz-CH2-OH 10

CH  GfRel3&-ox = E6RE TR £ cShPotAa TBAcEOREC B hefl ehnlde o3ditd fi C
rel ease "agent (¥%§gedient c»g?g gﬁﬂthe range of preferably 0.05 to 2% by

wei ght prasperdé | ¥xpief esabhyxndkesd¥ahy wiehgRtonbased on the whole
epoxy resin conposition for sem conductor encapsul ation. The reasons for

this are as foldgusirid dxarkS1dsiN6£28RE EasBoUhEr ephasearkanbyof the
rel ease agent is |lower than 0.05% by wei ght, the encapsul ating resin my

have refifachl rebersdli (1§ yiheoquaokds. £O0160engt bakilbard, in case where
the content thereof exceeds 2% by wei ght, the encapsulating 5 resin nmay

have entbiEiithdy gr oY Gidy Bduddd Sal@idSot Oin combination of

two or more thereof.

CH3—CH2—(CH2——CH2)71—0—{-CHZ——CHZ—O}S—H
CH3—CH'2—(CH2-—CH2)?-0—-QCHZ———CHZ—O}TH
CH3—CH2—(CH2——CH2)—1-7-O—-€CH2——-CH2—-O)-?H
CH3—CH2—(CH2—CH2);;-O—-€CH2——CH2—-—-O)-2—H
CH3—CH2—(CH2—-CH2);;-O—-€CH2—CH2—O)-TH
CH3—CH2—(CH2—-CH2);3—O—-€CH2—'CH2—O)-FH
CH3—CH2—(CH2—CH2);9—O—-€CH2——CH2-—-O)-?H

CHs

CH;,—CHZ—(CHZ——CHZ)ZO—(cl:H———CHz——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. 1In

12
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result in the occurrence of failures concerning noisture resistance
reliability. The inorganic filler (ingredient D), which i uand 2006
conbination with ingredients Ato C, is not particularly 10 [imted and
vari ous known fillers may be used. Exanples thereof include a quartz

gl ass powder, talc, silica powder, alum na powder, alum numnitride, and
silicon nitride powder. These inorganic fillers can be in any form such

, €e.q0. I ' ticles, i cal ticles,. 15 d
Dart | cr sl WiEEe) FebRPhSnE el T et R At A TS | 1 er o
b ' ' d d ffi.cient of li ' to th
cur od r&ePRE B APRRHE AL PEh ERC AR Ao S B AR S TR i ca
wder , L. i il wd the,.like. Th 20 | '
PPl or seanseRbRLAEYC R ke 5P1BR"Cobn: Rhei BRnsE Band i AR MAEH  The
tent _of the,i ic fill ' ient .D | d be i he. f
o o oEBR by PRk acae R ERe LN PR e e ST T BAELAR " ©
reagons for this are as ég fgldl %vvs.rol nocaisce::l_tV\heJ & tt e.sconet ecﬂé f the
fillPer TES1BWRRY ﬁﬁgﬁ BB e MY O IR X AR T r e Y absorb
13 15 June ggOGnngPsture Ln_an ing;qﬁgﬁg anmount_and qﬁ¥_haye an i npaired
|

resu e ceurrence o res ncerni OlsS r
t her mal “conductivity Aa T equced Fesin s rené?%, resu g ¥9c2r acks or

separation.dgging g Z%gggégtor package reflow. In case where the

cont ent “ThHeT eof —exEeeds oBy 5 weight, the epoxy resin conposition may

have inpaired The inorganic filler (ingredient D), which is used

in combination with ingredients A to C, is not particularly

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, sphefical particles, or

15 ground particles. It is preferred to use a silica powder
among those fillers because it dan 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 t§ 95% by weight based on the
whole epoxy resin composition. The reasons for this ére as

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

than 75% by weight, the encapsulating resin may absorb

13



flowability and .is incapable of nolding. A silicon conpound (ingredient
E) may be used in the invention besides ingredients A ta®DJudee2066t he
silicon conpound (ingredient E) in conmbination with the 10 specific

rel ease agent (ingredient C) produces a synergistic effect to give an
epoxy resin conposition for sem conductor encapsulation with which a
sem conductor device having higher reliability can be obtained. In this

devi ce, nhhgcgRoangul =l 'J.QxQ:zre%%eQi Raoddt! LRI n{afyg gga@ fﬂ%ﬁ%&&ness to

the constituent netal frame parts, e.g., eat

radi ati @Rephahe c%aqutc%vq%u A Cadiced rﬂgarpssefg,r@mt | PO bV SR der ing,

such as separation and cracking, is inhibited. The Silicon conpo

(i ngrediﬁnE%':E):ktsoers%%@at%%rprcﬁ;ﬁr | derd icdh il d 4 S0 £QERQUN havi ng at

| east one unctional groups selected fromthe group ‘consisting of

epoxy. paley8lner 1ncasbaxyhe raNeR! L:sntaeqrtowgrew Usec AL Y 7, 97 OUPS.

Exanpl es of such conpounds i nclude silane coupling agents and

Org%POpQEXEhEQX%ﬂéﬁ g%&&ngégrh<EdeH§it£§%<Ha§fHE¥EfiHEEiPQ&| groups. 14

The silane”coupling agents are not particularl’y limted and vari ous

si |l ane @Qgggbgglggeghg_q@nﬂg@dﬁggi d& B E£ihd hereof include am nosilane
coupling agents such as y-am nopropyl net hyl di'met hoxysil ane, epoxysilane

coupling 5 agenyss$ugRoaS chm gbmudqwﬂmetnra Bt Ry Bd alseq AW
mer capt osi | ane coupling agents such as y- nercaptopropyl trinmethoxysil ane.

These MKebgn¥esdidnOBRsddes ingredients A to D. Use of the

silicon 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. 1In 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 occurrence 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, thiol, and
amino groups. Examples of such compounds include silane
coupling agents and organopolysiloxanes having one or more

25 of those functional groups.

14



I n conbination of two or nore thereof. Exanples of the

or ganopol ysi | oxanes having one or 10 nore functional groupsiunecl2gdé ones
represented by the follow ng general formula (2), which contain at |east
one functional group selected fromthe group consisting of epoxy,

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

t hese organopol ysi | oxanes, ones having a 15 pol yether group and one or

nore ot her funciph@nali 19HQURHWIE ndfld Ehtatd A&t €2 8GR DAr1y
di spersibility and in adhesiveness to netallic frames, etc. /"R R

-Si-A 1imdked! APV Rdid “d1 (dHd “codp A 44EnELr BULALE2hseH.S MRY be

the same or different and each are a nonoval ent hydrocarbon group; Dis

a NMonovahanh1eQ i edl QU GAY Al fks BIWn Of cEROXYngCakRAXY! subRenol ic
hydroxyl, thiol, and am no groups; Gis a group repréesented 15 15 June

SR oL S L AR A AL ) S5 TR LEgtal |
an it eg@len®s kudh hOQLAYEIASAb opyltrimethoxysilane, 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
10 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, phenolic hydroxyl, thiol, and
amino groups. Of these organopolysiloxanes, ones having a
15 polyether group and one or more other functional groups are

excellent in release agent dispersibility and in

adhesiveness to metallic frames, etc.

R R R
| |
A-—- llo Sio Sio —li-—A (2)
l P l m l n R

20
(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



each are an integer of 0 to-100, provided that when A's are S neither D
nor G either of mand n is not 0. -R30-+C2H40-) b- ( C3H6OHLRuNd) 2006
formula (3), R3 is a divalent organic group; R4 is -H 10 or a nonoval ent
organic group; and b and c each are an integer of 0 to 50, provided that
b+c is 1 to 100.)) 1In general formula (2), Rs may be the sane or
different and each are a nonoval ent hydrocarbon group. Exanples thereof

i ncl udepgy! ikRRAtELS 13445y q;ré;i&msmaﬁﬁﬁe; hla Bidvhay abd prOPY!
y

alicyclic al kyl groups such as cyclohexyl, aryl groups 'such as phenyl,

and ar akkybk BROHRE feHerlt ANDYILH addbidid nenbdef LTS ff@ﬁeagroups

because it brings about satisfactory releasability. The nunber o

repetithongndPc.preimpall ¥ is an iAteger ofF 1 4o 40 0bo0QRd WP Ad &
standpoint of releasability, and is especially preferably an integer of

10 to 5QQchThire be iReeddse Jro® HRllo0,eRAIdEl i HEE$hdh RYsI£s&l t i N
difficulties in obtaining sufficient releasability, while too |arge

repejithal tAURDEr sioR ENQitthdreYH m idhd WAl b2 di spersibility in the
epoxy resin conposition. 16 15 June 2006 The conpounds represented by
general fornula (2) contain at |east one functional group selected from

the group consisting of, epoxy, ,polye heu, car boxyl, phenolic hydroxyl,
thiol, and am nO“gTB%TS{'@H‘zﬁ%L‘&ﬁaMH% (A" 5 contarns(3) group sel ected
fromthe group consisting of

(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 aliphatic alkyl groups such as

15 methyl, ethyl, and propyl, alicyclic alkyl groups such as
cyclohexyl, 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.

16



epoxy, carboxyl, phenolic hydroxyl, thiol, and am no groups, and the
nunber of repetitions, m is an integer of 0 to 100. G i hSfdumril29062)
represents a polyether group represented by fornula (3), and the nunber
of repetitions, 10 n, is an integer of 0 to 100. Furthernore, A's in
formula (2) may be the sane or different and each are one nenber
selected fromthe R, D, and G descri bed above. Wien the A s are neither

D nor G either oy tRGJRRRIL it &f%% rr%%%%%sfg%mga 15) Exanpl es

of the conpounds represented by ‘genera n e conpounds
having @R LAV st Yne PAGIOLI SndY g PXY) SEPUREA! £L6LM Al S and

conpounds having groups selected from epoxy, polyether, carboxyl,

phenol i ¢ Apditdis i Plof ;rEbfgé%EErinc§£98x§baiﬁﬁen3912h$

content “of Che silicon conpound (i ngredi ent E) isinfhe range o
preferaply, 0,93 t a8y el HHino ESPSGHA! | b RPIES ALY Oy to 1% by

wei ght, Dased”on the whole epoxy resin conposition tor sem conductor

encapsulat,i The ] di agg where the
contont P ERe S (o et FTOR RS, gfug GeneRs S2nCRE T <

| ngredi eplony b dPIIGhIAR I HeadRp) 20081611 echdOknghsat |y

i mproving adhesive force even when ‘used " in conbination with the specific
rel easega%?ts L e e Humbdr 6 LASEVPLERS ! NG, Ci?ﬁtsﬂt iheegeef ogxceeds

2% by wei gh t he encapsul ating resin has enhanced hygroscopicity 5 and

this tepdgod qoesubt inh FohaAsC Y2henep sdriid W §olyether 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
phenolic 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

17



concerning noisture resistance reliability. In addition to the
ingredients Ato E, other additives can be suitably incaspouaé exbaent o
t he epoxy resin conposition for sem conductor encapsul ation of the 10
i nvention. Exanples of the additives include a hardening accelerator,
flanme retardant, flanme retardant aid, ion- trapping agent, pignent or
col orant such as carbon black, stress-relieving agent, and tackifier.

The harEBLO0 SECeLSLELr ke -ROlaR b SRl el L e ovs

known hardening atc use

COMPOUNgs A PRORBNIOLYE, CONIoUds, cExaURh 6801 LG T ARIEN 1O

accel errators 1 nclude i mdazol e conpounds suc me e and

Corti . . . q
1?5-h?2%%3??3@?%?%53@%?ﬁ%32§%ne-9fggﬁgﬁb e%ggfe¥ﬁ%ed%h%§pﬁﬁrus conpound
har deni ng. I t ' triatyl ' L

ri pherrsEEpnthe Shg=bPEtHEEng b LK BAS RAMIRS e By B asspaed t¥nese

b [ i ] f 'y .eof It is 25
may Pe?raéxgée&ﬂ 0£'§nc?£ t8 Sggﬁiﬂaihoﬂhg oEWQrQ-EP%%rng Bei§Qfed t 1S

pre to use a tertiar am ne such as trie am ne or

L. 8- di azabl exel o) Snds OLUPLCCEOESaRIBNG A BARE 1BARdeNi ng 18 15 June 2006

accel erators use use of such a tertrary amné inproves the

adhesi veness ciféjga&{@fgguLgtkﬂg %géLﬁﬂ%gﬂ@sngt@LIkc okhage part, e.g.,

| ead frame, an eat radiation pla serve as’'conponents of the

?f?&C?%@EQ{vQ@éQE BAdsgi tABLY! EAc88P8EARAN iRlo! RALREIAIM ALY 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-
methylimidazole and tertiary amines such as triethanolamine

20 and 1,8-diazabicyclo[5.4.0]undecene-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]undecene-7 among those hardening

18



metallic frame part and heat radiation plate during nolding. The content
of the hardening accelerator is in the range of preferablsy Juneo2206parts
by wei ght (hereinafter abbreviated as "parts"), nore preferably 2-15 10
parts, per 100 parts of the phenolic 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 epox¥cEeskltolsNBetdidd e I dutth Rhanh £aFESimidd NHhSEHLEEL B) i's
15 less apt to proceed and it is hence difficult to obtain ‘'sufficient

har deni pePhaRELE kBRe slsN FAIR MR INRA DBOHL MesiNES] RI€LEUS20 _
parts, the hardening reaction tends to proceed too rapidly, resulting in

i mpai r el gRbdaRKI,t ¥.. gEXaMaRE ffanidle Sl MRd et A daNt i s GhLiglee hal ogen 20
conpound fl ane retardants such as novol ac type brom nate epoxy resins.

As the {hapR tekeedant o the JiSathe daMilddMiVctdi Wb Fece dhadt | NONY
pent oxi de, or the I|ike. hese may be used al one or in conbination of two

or nprejinhfgkiesf separBeSicte ot RIS HRIRUAN LAY UKL {4 3o egRE dant s, a
pol yhedral netal hydroxide represented by the follow ng 19 15 June 2006

generalmbeaimblea E4hmedpalle WRH helt SdmlAlid Paddequsingne which has a
pol yhedral crystal form and does not have a thin platy crystal form such

as thosgo®fiihfe nMehal cohydhexbeeshhenakrabaing Ackea Mt Rava
hexagonal platy 5 form flaky form or the Iike. Nanely, it is a netal
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 phenolic 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 1less 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
proceed 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 or in combination of two or more
thereof.

25 Besides those halogen compound flame retardants, a

polyhedral metal hydroxide represented by the following

19
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hydr oxi de nade up of crystal§ sufficiently growm not only in the length
and width directions but in the thickness direction (c-ad STugier 2006 on),
e.g., one having a crystal formresulting fromthe gromh of a platy
crystal formin 10 the thickness direction (c-axis direction) into a nore
t hree-di nensional particulate crystal formakin to spheres. For exanple,
it is a metal hydroxide having a crystal form such as a nearly

dodecakfdfeilal 1 HClAhedi R be Ohis8QAT IDhid aid e diphirbRige 13 N Mab)
-n(Qa cH20 (4) (In formula (4), Mand Qare different netallic

el emenighe wHIGHIHSs da S By hédr £l e8BPEtRe! POGINEInHO0dBEr ARk Rahected 20
fromgroups IVa, Va, Vla, Vlla, VIII, Ib, and IIb of the periodic table.

Synbol £Hin Blay lorEstdll £k es@ElR aPOothbsd¥eopurher fetand may be the
sanme or different.) Wth respect to the netal hydroxi de represented by

gener alhyididRile { herEtstet&£Siwfudd i vhieh "Hhde (4) hesa/aigehaﬁ%lraw esents a
netallic elenent, include Al, Mg, Ca, N, Co, Sn, Zn, Cu, Fe, and Ti. 20

15 dunex2@06 drakshecdm Al oM yeoXi e I eNAEEIY £0i bYi gedanatarf ormul a (4),
Q which represents another netallic elenent, is a netal belonging to a

group IR/ET:EUd MEadeIRSE | MoystdBs Yhari¥iéatly! frowhbnodn@dnlihp of the
periodic table. 5 Exanples thereof include Fe, Co, N, Pd, Cu, and Zn.
Any one GhedNehgEHEuidtiw el di voc0ion®rBuef ihheRe khickness
| direction (c-axis direction), e.g., one having a crystal
form resulting from the growth of a platy crystal form in
10 the thickness direction (c—axis direction) into 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 (Q40e) - cH20 (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
periodic table. Symbols m, n, a, b, ¢, 4, 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
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sel ected. Such a netal hydroxide having a polyhedral crystal formcan be
obtai ned,. for exanple, by regulating various 10 conditilGnguhe 20q® ocess
for producing the nmetal hydroxide. A nmetal hydroxi de 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

pol yhedral crystal form e.g., a nearly 15 dodecahedral, nearly

octahedral , or peafly h&tsaNRPaabxihar PepfaleREeqPhbyi gederdival Iy, the
metal hydroxide obtained is a mxture o? two or nore of such crystal

forms. AymiePd eXpPhesyrichheepBbabnbydnaxie-NA¥itad13c RAlRedral
crystal forminclude magnesi um oxi de-ni ckel 20 oxi de hydrates, magnesi um

oxi de- zj N1C; Oxd €21 Y1 Gh§SngaRd HBGREEHUILAXEERHCERBAT g26hgle XA ates. The
nmet al hydroxi de having a pol yhedral crystal formpreferably is one

havi ng g, Myt AUy PRLt i gL e1di 2Bt gha 8FL1B£PRhA! pakRbusL tepagei al ly
preferably 6 pmor smaller. 25 Furthernore, the specific surface area of

t hegmet@l iyl OXiklerba¥ i Pectulal ¥hedeal Riyskal, £Q7Mhd Bhefeaaly in 21
15 June 2006 the range of 2.0 to 4.0 né/g. The specific surface area of

the metgle NyAroXi decbaningedonobehedbabrehysbabef @hBskes s steasured by the
BET adsorption nethod. The aspect ratio of the netal hydroxide having a

5 pol yhedhabesgystal formis generally 1 to 8, preferably 1 to 7,
especially preferably 1 to 4. The term "aspect

Such a metal hydroxide having a polyhedral crystal

form can be obtained, for example, by regulating various

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 polyhedral 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
polyhedral 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 pnm or smaller, especially preferably 6 pum or smaller.

25 Furthermore, the specific surface area of the metal

hydroxide having a polyhedral crystal form is preferably in

21



rati o" herein neans the ratio of the length of the major axis to the

| ength of the mnor axis of the netal hydroxide. |In caseishame tloes
aspect ratio of the metal 10 hydroxi de exceeds 8, the epoxy resin
conposition containing this nmetal hydroxide has an increased nelt
viscosity. Nanely, the effect of viscosity reduction is |essened. As the
I on-trappi ng agent can be used any of all known conpounds having the

abi l'ity¢he bhaBel 88S2.00%ol 4@ PLE, - TRe W PELLI 8L 61 Brehch 3PdhNof
hydroxi de is uSed. Exanples of the stress-relieving agent include

but adi epger BRGNS hyddehiase MWy 2Pyt adiened Btysemeigopol yners
and net hyl nethacryl at e/ but adi ene/ styrene copol yners, and silicone -20

conpounglgashbPedeBYX LhkeBEF GNP rfdhckeN conductor  encapsul ati on
of the invention may be produced, for exanple, in the foll ow ng manner.

Nanmel y, the conpggi hkBBctMRYthe REOHKEL thelthnO Wi 88dd 8FaPingt £PS
conprising mxing 25 ingredients A to E described above optionally

t ogef hefm%%aadrauh%&y@milt ifees ild QlddidiiRe 1Med W e pidFefakiigadi ng 22

15 June 2006 nachine, e.g., heated rolls or a kneader, to nelt  and m X

the i ngggdirentgpelct B1h¢abreFera@aly Ng 1@ Melrhet @@PMadgdmier at ur e,
subsequent |y quver|Z|ng it by a knowmn technique, and conpressing the

powder tatiahl akbsedacmedndg the XAHIREGE M adsmdtd SNCERSUhadbpy a
sem conduct or el enent
axis to the length of the minor axis of the metal
hydroxide. In case where the aspect ratio of the metal
10 hydroxide exceeds 8, the epoxy resin composition containing
this metal hydroxide has an increased melt viscosity.
Namely, the effect of viscosity 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
acrylate/butadiene/styrene copolymers and methyl
methacrylate/butadiene/styrene copolymers, and silicone

20 compounds.

The epoxy resin composition for semiconductor
encapsulation of the invention may be produced, for
example, in the following manner. Namely, the composition
may be 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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with the epoxy resin conposition are not particularly Ilimted. The
encapsul ati on can be conducted by a known nol di ng net hodlsubimeagooe. g.,
ordinary transfer nolding. 10 Thus, a sem conductor device can be
produced. In the case where the epoxy resin conmposition for

sem conduct or encapsul ation of the invention is used as an encapsul ating
material, exanples of netallic frame parts and heat radiation plates for

whi ch apakheaki oa.gf ,t heatedC @A WO KnedddBbl € k&l 8SahQl hows. From
the standpoint of inproving adhesiveness to netallic frame parts, e.g.,

| ead fr@RBSing¥adRka%sOWilthe hedd niy,asm Linte | tHie des favidema ni ckel
deposit |layer as the outernost |ayer; any encapsul ating materi al

her et of geRpbPateef Asubéeq@@nitd yhpa viaHifdiGienit agdhesimeodorce in
application to this kind of |ead franmes. Exanples of the heat radiation

pl at es tkBRhigRe)NaHdNVIPEed singK thel@iRukidr |ty eakie t H16a Se6 EALRy
thereof. The nickel deposit layer is generally forned by nickel-plating

t he ssurtacgegfi.a raw | ead franme or heat 25 radiation plate which is nade
of copper or a copper alloy. Such nenbers plated with nickel generally

have poor 23 15Mddned20@6radheapenlhating’ ad seiizidnduitdyy dBsmest
However, when the epoxy resin conposition for sem conductor

encapsukathofhef epbig rewan! icomposities, aree nud ghrHiCAPEatEyi Ng resin

obt ai ned t herefrom shows excel | ent adhesi veness because it 5 contains

t he spetihicede! cBlse ageapstlagioedi eah Bp. cAadactedsblyt a wdwaccurrence
of separation and other troubles are

' 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

15 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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i nhi bi.ted and a highly reliable sem conductor device is obtained. The

i nvention will be expl ained bel ow by reference 10 to Exahpl@&smearrd06é
Conpar ative Exanples. Prior to Exanples, the follow ng ingredients were
prepared. Epoxy Resin A 15 o-Cresol -novol ac epoxy resin (epoxy

equi val ent, 195; softening point 70C) Epoxy Resin B Brom nated novol ac
epoxy resin (epoxy equivalent, 20 455; softening point, 80C) Epoxy Resin
C Bi pheaghetyog QBO&Mréesbﬂchﬁsﬁldﬂﬁﬂé&ﬁ%sins. However, when the
epoxypropoxy)-3,3',5,5 -tetranet hyl bi phenyl: epoxy 25 equivalent, 193;
mel ti Nngepokt redDhChorpoli tivne £2206 dilicittlduc tRas idh dApasiild €1 s Vet ac

resin (hydroxyl equivalent, 105; softening point, 83C) 5 Rel ease Agent A

Conpounghéephesrniod By uled,oldhendiuged rdidapalladigdas{m) [ nol ecul ar
wei ght, 1,380; corresponding to general fornula (1) wherein RL is

CABHI7, obRaifie82tleratito shodwkod lext 1FdhtCHANA I~ fdis OKddaddy - H (a)
5 contains the specific release agent (ingredient C). As a
result, the occurrence of separation and othexr 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
i5 o-Cresol-novolac epoxy resin (epoxy equivalent,

195; softening point 70°C)

Epoxy Resin B
Brominated novolac 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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Rel ease Agent B Carnauba wax 15 Silicone Q|
the follow ng structural

A Conpound represented by
formula (b) (nolecular weight, 131J009;2%foxy

equi valent, 7,800) 25 15 June 2006 H2QA 10 HC 5 CH2 0 CH3 C3H6 C3He3
QO CH2CH20) 220 C3HOLOH I | I H3)3SQ(Si O 120(510)4(Si O 10s1C3) 3 |
CH3 CH3 10 Silicone G| B Conpound represented by the foll ow ng
structural forrmula (c) (nolecular weight, 22,000; am no equival ent,
600) 15pREnbdlH2cCREsTaHS

10

15

Phenolic novolac resin (hydroxyl equivalent, 105;

softening point, 83°C)

Release Agent A

Compound represented by the following structural
formula (a) [molecular weight, 1,380; corresponding to
general formula (1) wherein R! is CagHg7, R? is C;H;, and m

is 16]

CH3—CH2—(-CH2-—CH2);O—6CH2—-CH2———O)r?H Cer (a)

Release Agent B

Carnauba wax

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

7,800)

25

CH3



I (CH3)3S10(Si O 2s0(S10)3s51(CH3)3 ... (c¢) | CH3 CH3 Hardening

Accel erator A 1, 8-Di azabicycl o[ 5. 4. 0] undecane-7 25 Har denilAgJves &l 6at or
B Tet raphenyl phosphoni um t etraphenyl borate 26 15 June 2006 Silica Powder
A Crystalline silica powder; powder having an average particle dianeter
of 20 pmand a maxi nrum particle diameter of 75 pm5 Silica Powler B
Spherical fused silica powder having an average particle dianeter of 49
pm maxi mum particle diameter of 100 pm and Wardell's sphericity of
0.85 [Wardell's 10 sphericity = (dianeter of circle having the sane area
as the projected area the particle)/(diameter of mninmum
circunscribed circle o 2§h? particle)] Silane Coupling Agent 15

y- Mer capt opropyl tri net hgxysi | ane Carbon Bl ack Di anti nony Tri oxi de 20
EXAMPLES 1 TO 13 AND CCBEARATIVE EXAMPLES 1 TO 5

CHz
|
5 0
|
CHs Calle C3H6-0_{CH2CHZO}§3—<C3H60}§6-H .. (b)

| | |
(Cﬂs)sSiO(?iO)120(?i0)4(?i0)1oSi(CH3)3
CHs CHas CHa

10 Silicone Oil B
Compound represented by the following structural

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

600)
15 NH
|
?Ha ?3He
(CHa)ssiO(?iO)zso(?iO)355i(CH3)3 o (e)
CHa CHs

20
Hardening Accelerator A
1,8-Diazabicyclo[5.4.0]undecane-7
Hardening Accelerator B
25 Tetraphenylphosphonium tetraphenylborate
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The ingredients shown in Tables 1 and 2 were m xed together according to
the proportion shown therein. This mxture was treated W% hJwearn20nag
roll kneadi nhg machine heated at 80C (for 1 minute) and thus nelt-knead.
25 Subsequently, this nmelt was cool ed, pulverized, and then 27 tabl eted.
Thus, target epoxy resin conpositions for sem conductor encapsul ation
were obtained. Table 1 5 (parts) Examle 12345678
A100100890169188%Q810A100 Epoxy resi nB2020202020202020 Phenolic

resi n5959595959595959 A5. 51. 55. 55. 55. 5115. 55. 5 Rel ease agentB-------
A-5.51.55. 5115ckystailliteneidiilcl powddx ;5 pdwdild Haklilndiodsleav8gage

accel erator B3 Carbon bl ack22222222 Sbh2032424242424242424 Silica powder
A91892502p025692582502%82508i Ran@mC ama ian thadgiediind phk e ¥ . dDaddtdP. 40. 4
Content of release agent in whole epoxy resin

of 75 pm
5
Silica Powder B
Spherical fused silica powder having an average

particle diameter of 49 pm, maximum particle diameter of
100 ym, and Wardell's sphericity of 0.85 [Wardell's

10 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

15 y-Mercaptopropyltrimethoxysilane
Carbon Black
Diantimony Trioxide

20 EXAMPLES 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 thereiﬁ. This
mixture was treated with a mixing roll kneading machine
heated at 80°C (for 1 minute) and thus melt-knead.

25 Subsequently, this melt was cooled, pulverized, and then
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0. 50. 10. 50. 50. 51. 00. 50.5 conposition (W% Content of silicone oil in
whol e epoxy resin -0.50.10.51. 00.50.50.5 conposition (W %5GHteR006f
silica powder in whole epoxy resin 8181818181818181 conposition (W% 28
15 June 2006 TABLE 2 (parts) Exanpl eConparative Exanple 91011121312345
Epoxy resi nA100100100100-100100100100- B20202020-20202020-
C2020202010020202020100 Phenolic resi n59595959505959595950 Rel ease

agent AOt&B2a+ed. 62T19us--taBget epoRy: 22s3% 2dmPoBiltiGHE for

oil A--0.622155.5---- B------- 5.55. 515 Hardeni ngA11l 11111- |

accel er Béﬁﬁ.BonductorB'encapsulatJ.on were obtained.

Table 1
5 (parts)
Example
1 2 3 4 5 6 7 8
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 { 5.5
Release agent B ; i - : § - - -
Silicone oil A - 5.5 1.5 | 5.5 11 5.5 - -
B - - - - - - 55 | 5.5
Hardening accelerator g } } { } { { } ;
Carbon black 2 2 2 2 2 2 2 2
Sby05 24 24 24 24 24 24 24 24
Silica powder A 918 | 925 | 925 | 925 | 925 | 925 | 925 | 925
Silane coupling agent 0.4 0.4 0.4 | 04 0.4 0.4 04 | 04
Content of release agent in
whole epoxy resin 0.5 0.1 05 | 05 0.5 1.0 | 05 | 05
composition (wWt%)
Content of silicone oil in
whole epoxy resin - 0.5 0.1 0.5 1.0 05 05 | 05
composition (wWt%)
Content of silica powder in
whole epoxy resin 81 81 81 81 81 | 81 81 81
composition (Wt%)
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Car bon bl ack2222222222 Sh20324242424-24242424- Silica

powder A918925925925- 925925925925- B----2260----2260 Sil ané Jouel100$

0. 40. 40. 40. 40. 40. 40. 40. 40. 40. 4 agent Content of release agent in whole
0. 052. 00. 50. 050. 10. 50. 50. 50.50. 1 epoxy resin conposition (wl/o0) Content
of silicone oil in whole epoxy --0.052.00.50.5-0.50.50.5 resin
conposition w% Content of silicaagpgwger in whole 82808180938181818193
epoxy resin conposition (w Qo)

(parts)

Example Comparative Example
9 10 11 12 13 1 2 3 4 5
Epoxy resin A 100 { 100 | 100 | 100 - 100 | 100 | 100 | 100 -
B 20 20 20 20 - 20 20 20 20 -
Cl 20 20 20 20 | 100 | 20 20 20 20 100
Phenolic resin 59 59 59 59 50 59 59 59 |59 50
Release agent Al 0.6 22 55 1 06 | 20 - - - - -
B - - - - - 55 | 85 [ 55 ) 55 ] 20
Silicone oil A - 0.6 22 15 5.5 - - - -
B - - - - - - - 5.5 5.5 15
Hardening Al 1 1 1 1 1 1 1 1 - 1
accelerator B - - - - - - - - | 3 -
Carbon black ‘ 2 2 2 2 2 2 2 2 2 2
§b,0; 24 24 24 24 - 24 24 24 24 -
Silica powder A | 918 | 925 | 925 | 925 - 925 | 925 | 925 | 925 -
B - - - - 12260 - - - - 2260
Silane coupling
agent 04 | 04 [ 04 [ 04 | 04 | 04 | 04 | 04 | 04 | 04
Content of release
agent in whole 005 20 [ 05 [ 005 0.1 05 105 | 05 ] 05| 01
epoxy resin
composition (wt%)
Content of silicone
oil in whole epoxy - - 0.05] 20 | 05 0.5 - 0.5 05 | 05
resin composition
(Wt%)
Content of silica
powder in whole 82 80 81 80 93 81 81 81 81 93
€poxy resin
composition (wt%)
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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5 The epoxy resin conpositions of Exanples and Conparative Exanpl es thus
obt ai ned were exam ned/ evaluated for adhesiveness and f @5 Uuage2006
separation during nolding. The results thereof are shown in Tables 3 and
4. 10 Adhesiveness Each epoxy resin conposition and a netallic frane
plate were used to nmold a sanple for adhesive force 29 15 June 2006
measurenment by transfer nolding (175C x 2 minutes and 175C x 5 hours for

post cUr o O3 ehBAW By thidhsfer txﬁuﬁdi&%anpiﬁ, TOPr2 seintbesahal lic frame
plate 3 and, forned on a left-end surface thereof, a cured resin 5 in

the forfgnebchxa sf Hediumasr diF SR, O HIHIWIY RAFig 100 Mirds As shown
in Fig. 2, the cured resin was held by a jig 6 and an end of this jig

6 was figxed160 compdlidid AHd retLnsid eesimengidtet #5488, Fhematihen end of
the metallic frame plate 3 of the sanple was fixed to the other hol der 8

of the pefgichechd Hur@uHd dipsteds, LOAGSr &R LoDP! b eni Bhbheogir 8gtion
I ndi cated by the arrow, and the shear force required for the cured resin

5 o thg guhbaes f tdundreiaddd of semdiny &S, t 00 SRR at asf Hawdhe
netallic frame plate 3 was neasured. This value of shear force was taken

as adheghve;idh 20r Ghe Iduddie r@asIreRid , hé V@ Ky nalssof sehall ha bhane
plates 3 weré used, i.e., one plated with nickel (frame obtained by

copper - pleatlhl@ ey BIRfAL e Dled A COMPSIdeFEY 66 £ 2k ) t@nsdi DaesERdageh
copper w thout plating).
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 TO-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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Furthernore, each of the epoxy resin conpositions 20 obtained in the
Exanpl es and Conparative Exanples was used to encapsul at¥h aJune 2006
sem conductor elenment by transfer nolding (conditions: 175C x 2 m nutes)

Post cure was then conducted at 175C for 5 hours to obtain a
sem conductor device, which was TO 220 (transi stor package having a | ead
25 frame obtained by plating the surface of a raw copper material wth
ni ckel and having a heat radiation plate). 30 15 June 2006 Separation at
Interface with Lead Frane These sem conductor devices were exam ned for
separ ats$paritibe &bt ehtap€abet weeth tlad #adnlg ane and the 5
encapsul ating resin |layer (cured resin) The sem conductor devices which
had suf fered nohesgasamiebdndietotdideatiedshwere) axamiided tfwse whi ch had
suffered separation at the interface are indicated by "X'. The
exani nagépdrabioni atethachakez€paeabetvesas thald aud Eximdlldddsera ¢ 10
m croscope. Table 3 Exam ple 12345678 Adhesi veN
depgsi tdnSp HDLAEing. BEs1h. Qdyerf qeaeekPaesier)G. 3Th87 sdthitbhAudioks. 5
Separation at interface with O0000000 | ead frame 15

devices which had suffered no separation are indicated by

"O", while those which had suffered separation at the
interface are indicated by "X". The examination for
interfacial separation was made with an ultrasonic

10 microscope.

Table 3
Example
1 2 3 4 5 6 7 8
Adhesive Ni deposit 43 | 2.0 5.0 6.2 7.8 6.7 | 6.0 | 4.5
force (MPa) | copper 6.3 5.8 | 7.3 9.1 11 9.8 81 | 6.5
Separation at interface with
(o) 0] (o) 0] o) 0] (0] 0]
lead frame
15 Table 4
Example Comparative Example
9 10 11 12 13 1 2 3 4 5
Adhesive Ni deposit 1.0 9.0 6.5 7.0 3.0 0 0 0 0
force(MPa) | copper 5.0 12 9 10 6.0 5.0 3.0 4.5 4.0 5.9
Separation at interface with o o o o o 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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Tabl e 4 Exanpl eConpar ative Exanple 91011121312345 Adhesi veN
deposit1.09. 06.57. 03. 000000 force(MPa)copper5.0129106. 05. 3. Jun&L.09%. 9
Separation at interface with 00000XXXXX | ead frame The results given
above show the follow ng. The conpositions obtained in the Exanples
showed hi gh adhesive 20 forces in application to the netallic frane

pl ates al though 31 15 June 2006 they had a silica powder content as high
as abover/Hud aves Jidca Fpokder nosetehbeas eRlighsasl abbeeesas ®3ti on for
separation fromthe | ead frame during nolding show that no separation

had occwdigghtand Fhirghefncald aldle sedduiondust othd éeamiestiehe£obt ai ned.
In particular, in application to the frame plate obtai ned by

ni ckel - plepdriridie St atlbe Olead frameofRLingbinelddhg Bhogh amhesine
forces which had not been attained were obtained. In contrast, the
conposi tdepirativiined ddcthredoapar Righey Exalmhbiehadmiesnduadtitasi ve 10
forces than the conpositions of the Exanples in application to both the
frang plaivicdy araws dytain&é! - pimtpaxridicl asyrimcegppiicatbvncapper
material and the frane plate nade of copper. The encapsul ating resins
fornmed fymemfdmse prot@oshtainedhiag siékeleflaepagathen sakflaee ioft ar f ace
with 15 the |lead frame, and the sem conductor devi ces obtai ned
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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therewith had poor reliability. Wile the invention has been described in
detail and with reference to specific enbodi nents thereo}s Juneni20Pé he

"~ apparent to one skilled in the art that various changes 20 and

nodi fications can be nmade therein wi 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

her eby wREer por et.edmey 185 reference. 32 15 June 2006 WHAT IS CLAIMVED | S:
1. An epoxy resin conposition for sem conductor encapsul ation which is
for use in the resin encapsulation 5 of sem conductor el enents other than
optical sem conductor elenents, the conposition conprising the follow ng

ingredients (A)1to I(rD)eﬁkS\Qg{ haws 1 SoRPBEeBloAl FbRIEEMEEBhduDox0f 75-95%
by wei ght based on the whol e epoxy resin conposition: 10 (A) an epoxy

resin, eA8ipsubhenshi Ghiehi As Eek astliAIhAGUYid HHAFSM B Dynt he
followng general formula (1): 15 R-0-~RZ-O~-H M (1) wherein RL is a
nongval eat saéhigbatihetbydeleeh®’s @tBdr 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)m—H cee (1)

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

20 number which makes the partial molecular weight of (R?-0),
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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- -

havi ng 20-400 carbon atons; R2 is a divalent aliphatic hydrocarbon group
having 2-7 carbon atons; and mis a 20 nunber whi ch makesl$ h&ugsa2OPal
nol ecul ar weight of (R2-Om to be from5 to 90% by wei ght of the
nmol ecul ar wei ght of the conpound represented by formula (1), and (D) an
inorganic filler. 25 2. The epoxy resin conposition for sem conductor
encapsul ation of claim1l1l, wherein the content of ingredient 33 15 June
2006 (Cjc) siérfeofi. 05060 t3YR2BY bye wgliightia Stk eah drh echeh aéheo e Gagyox€Si N
conposi tion for sem conductor encapsul ation. 3. The epoxy resin
conposi tesinf compeniitapducber sehiecnaadmticat iegrcagisudlatiianl, whi ch furt her
conprises the 10 followng ingredient (E): (E) a silicon conpound having
at | east one functional group selected fromthe group consisting of an
epoxy group, a polyether group, a carboxyl group, a phenolic hydroxyl
group, a thiol 3routhe aspbxy eesim gowpPsitdionhfoepsspitreadactonrpositi on
for sem conductor encapsul ation of claim3, wherein the content of
i ngedi entapét]lakiof. 65- 2dmbn Ugi gibti dhased thred keomphol seeeptey resin 15
conposition for sem conductor encapsul ation. 5. The epoxy resin
conposi fobhowdngséngeceddeattor(E)encapsul ati on of claim 1, which further
conprises an am ne hardening accel erator.

(E) a silicon compound having at least one

functional group selected from the group consisting of an
epoxy group, a polyether group, a carboxyl 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 composition 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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20 25 6. The epoxy resin conposition for sem conductor encapsul ation of
claiml1, which is for use in the resin encapsul ation of a5s&med@f86ct or
device conprising a lead frame having a nickel-plated surface. 34 15
June 2006 7. A sem conductor device which conprises a sem conductor

el ement and the epoxy resin conposition for sem conductor encapsul ation
of clains 1 which encapsulates the sem conductor elenent. 5 S. The

sem conductor devi ¢ fdmidéidadtovhdédicéuvhier eenprises a | ead frame

havi ng a nickel -plated surface. 35
semiconductor 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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