DESCRI PTI ON EPDXY RESI N COVPCSI TI ON AND SEM CONDUCTOR DEVI CE Fi el d of
the I nvention Thepresentinventionrel at est oanepoxyr esi nconposition for
sem conduct or encapsul ati on, and a sem conductor device. Description
of the Related Art Recently, in connection with a nmarket trend
to make el ectronic equi pnent smaller in size, lighter inweight and

hi gher in performance, the integration of sem conductors is becom ng
hi gher year after year, and the surface nounting of sem conduct or
packages has been pronoting. Furthernore, corporate activities under
t he consideration of global envirdH$RLPREVE been regarded as
inmportant, and it has been desired to conpletely abolish the use of

| ead, which is a toxic substance, except for specific purposes by
2006. Since the nelting point of |ead-free solder is higher than that
of conventional lead/tin solder, the tenperature at the tinme of

sol der - nounti ng ty I f W, ol der

di pping, wll rigggg?o%§§§%§§§gg??§ﬁ% Z#@%%é?%??ﬁé?ﬁﬁdﬁzggeﬁg§240C to
a tenperature of 240 to 260C in future. Such a rise in the nounting
tenperature causes a problemthat a resin portion of a sem conduct or
device is cragliedrathehentén®onf nmounting so that the reliability of
t he sem conduct or device cannot be guaranteed. Mreover, from the

vi ewpoi nt of | eadtfermemsenhdnyset dfn Febat I3 aresegohy setisdedrgosition

ni ckel / pal | adi um pl ati ng beforehand instead of outer packagi ng sol der
pl ati ng hastPesrragoafeetrr Theansel@lygnl padi arngyligenagches devien
adhesi veness to an epoxy resin conposition. Thus, delam nation
between themis easily caused at the time of nmounting, and the resin
portion is I s C i,nst such problens, the rise in
t he nDuntiH%g?gﬁ%ggéﬁuggqﬁggRgégﬁe@gggg Wi th by using an epoxy resin
conposi tion havi Rgceawiwat 8l 2RseERLbQN A al AR ArcndMRdUhilge OF a
har dener (see, for exanple, Japanese Patent Application Laid-Qpen
(JP-A) Nos.el®ci3¥6hitppuigné)t sm1235303 Applighié) inweidght knti4Q3Rer
(pp. 2-11) ) - On the other hand, such an epoxy resin conposition
exhi bi ti ng YoweRberrantsoitpei viaurdtiow o asniecpdidtesshis hedomhng
crosslinki ensity and, thus, a | ded_product therefromis soft

i medi at el %&?‘Féﬂﬂ A YT 2 e S F%eeqfﬁ%bﬁqu SEHEXGHEF Ptious
producti on , I.n it N osos s

i nconveni e%%?%@%%tha%%e?mrtﬁﬁ% ;\Eﬁ;é'}& g%% lsi!é’ﬁé(;’hga o(ralzar%%i an?tr%ér l(%fL s
resin in a el @idcod i rafasnd YA tNFonhbs: REFdbekhWdgk rhigd! s
As a method for inproving the productivity, the use of a rel €asing
mat eri al has hgpertdrgh asd dashag bebheldsiredstggesprest{1Segeboldh the
exanpl e, JP-A No. 2002-80695 (pp. 2-5) ) . However, the releasing
agent, whi ¢ipehad hedqdlghvhisheasi g efifcestibstanimeeikcabt yfaasperditome
out to the surface of a nolded product, and thus is disadvanta%eous
in that th@UCRCEFRAY PPGar a0t RELFDIASWBE RIUdEaBERRRSOTder

remarkabl y df bl othep, Kol ded 0T OQUEL S 208 OPILA QUBLY 1BE Oliged. AS

excel | enti nihogxterpalappsacancent ph dedMAMLSIHRIELIBAL such as

anet hodof a gasli |1 coneconpoundhavi ngaspeci fi cStructure and ot her
met hods ar e rgwaeeqt esy (S8@.owl Ohd exsime didPiMy Nasi1120Q8= 97344 & PP.
2-10), and 2001-310930 (pp. 2-8)). However, as the epoxy resin
conposi t i ordrasnanon#s Wdnipet-entire ed £@@bitbi 2§0°C Rocantenmematumrel 6f ng
thereof, the resin remains in the air vent portion. Consequently,

t heepoxyr edi4fceomBo8r itonhegees! diuh ardssl Bn $hemaatingdmpipetreture
filling the nold with the resin and, thus, has a problemthat the
product i vi t9FUFEFI S PrPRLEN FHELGF TEREN AP FEOReHt R AT CortuateoASViEe has

b desired t I ) in. it f eni.cqond
encapsul at (0ncaRt B GOpEaul T I ORBES BF U'aEPonEat TS e,

the semiconductor device cannot be guaranteed. Moreover, from



encapsul ati on according to any one of «itens [1] to [4], wherein the
(A) epoxy resin has a structure represented by the fornmula (2):
wherein In' represents a neans value and a positive nunber of 1 to
10. [6] The epoxy resin conposition for sem conductor encapsul ation
according to any one of itens [1] to [5] , wherein the (B) phenolic
resin has a structure represented by the fornmula (3): n wherein
'n'" represents a neans value and a positive nunber of 1 to 10. [7]A
semn conduct or device, which is formed by enploying the epoxy resin
conposi ti ot isHrPEvhduc tlepdeicaps iihat 18R @k doradi Agames ampientedf
items [1] to [6] .t ckage a sem conductor el enment included

t her ei n. Br?%f“%g(lgg}]r Wgr PEREIRY RfTmgehand inghegd ofj QUELR)j ew

illustrati section structure of .an_ex | e of seni conduct or
devi ce usi Fr‘tgac}r?gelﬁgx?/oﬁeesﬁ r?lg%%_rpl sl? Slobnee&cggg%i’%egé)‘t oﬁf’%e pr esent
I nvention. %&elwgffaélgg%&i{ﬁ{ Sy L RBRL DS QN ?%repoxJQgsin

present invention provi an epoxy resin conposition

sem conductmpRiagapsy| atrhan, WH1Ghihgt 0998t Rede®asay bhtYiv caused
continuous noldability, and external appearance of a nol dedy pr oduct

t her ef rom adthes thae dftmigenegatandstiad Re oI poAPldh SHhatey crBdRed.
exhi biting an excellent productivity when the conposition is nol ded
to package a senifgahdsicsoch preinkens,i e wideedi it Heg mown tiagddmpeezrtetd ent
in sol der heat resistance when a sem conductor device is packaged, by
conpri si ng "¢ BERAFGESHYEH HoRANES Hig PRERPXYaF BRXY ICOfPesiht i having
tri-fatty acid ester, of gl.ycerol .as essential, conponents. The present
| nventi on DSUEECH BREPTHY WA AT LRESIPREL T EPUHHE S PEpRYE T LT
used in th j n ' @%ﬁ: : R )|\ 0 r
and pol yrrerefoﬁli;%’?ﬁ‘ggjiéﬁ ggé%ﬂnﬁ%e@gm ecﬁpgl%lgg?iair%r erréJ%&c%xlggg
groups. The-mkecimar2vwmi, ootz 19myeods. a0t henphecukar7sipychbuLe) ) .
thereof are not particularly lim ted? Exanpl es thereof include

bi phenyl typetbpoxiheareband, shickphensgodypesiep@onpbestisy eshybbeiey
type epoxy resin, phenol Novol ak type epoxy resins, cresol Novol ak
type epoxy Lo@siagsyr abeppheken alh%ﬂﬁ‘aﬁgaﬂ/iﬁémﬂﬂdﬂ@? haegi py crosslinking

| kyl -nodifjed. tri I t t . .
i 221 ne- nOTELEY Ot APHEng DS AT E A S Erb oS AT S HBE Y od
phenol type £paxy, L 851415, 1RNERAL,ar %EE%&#‘%{%% ‘?pg%&yt £ ’Ri&ﬁg&? as
havi ng a phenylene structure and a bipheny end 'struc uréjﬁ, an

napht hol t ypedeRexy, rasress, THRS gl Resusebildaneigh tduf Mt ure
form Anmong them phenol aral kyl type epoxyresins are

pr ef er abl e inphenehiarad kpbut e apbaybilasiynshéwas Hguah ki phenyiene
structure or the like are nore preferable, and an epoxy resin

r epr esent e@foyeainels elnawi aedf 6hnal &ag2) preblmmehhabptae pretiecabr & rom
t he vi evvpoifraltllgf an inprovenent in solder crack resistance:

As a method for improving the productivity, the use of
a reileasingmaterial having a high releasing effect is suggested
(see, for example, JP-A No. 2002-80695 (pp. 2-5)}. However,
the releasing agent, which has a high releasing efféct, is
inevitably easy to come ocut to the surface of a molded product,
and thus is disadvantageous in that the external appearance of
themolded product becomes remarkablydirty, whenmolded products

are continuously produced. As an epoxy resin composition



OCH2CHCH2OCH2CHCH2 \/\c/ H(2) /n wherein 'n' represents a nean val ue
and a positive nunber of 1 to 10. The (B) phenolic resin used
in the present invention neans the whole of nononer, oligoner and

pol ymer having in a single nolecule thereof two or nore phenolic

hydr oxyl groups. The nol ecul ar wei ght thereof, and the nol ecul ar
structure thereof are not particularly limted. Exanples thereof

i ncl ude phenol Novol ak resins, cresol Novol ak resins,

di cycl opent adi ene-nodi fi ed phenolic resins, terpene-nodified phenolic
resins, trigtusddenhenidieextepeal eppasyapheariohe bt haydducesitheréfuath, as
having a phenyl ene structure and a bi phenyl ene structure), and

napht hol ar®EPKECTG @SpAIINIR 851 erile PRRAEd halvéne a sredifig sFonctnee

f th henol | Kyl i ferabl e, phenol
aral kyl et SPAGE Ao s RERy P adE S PubTS 0 T57 EKEF e 8 Wote
ferabl e,,and i G _resi n he foll ow ngf |
ORI MR o a i RS

sol der craclg ﬁ@éﬁéﬂ!ﬁ%in%ﬁo%&‘wz&haQE‘%QH%(u@%i&é?ﬁefe%ioe%s'a ilit

represents a mean val ue and a positive nunber of 1 to . out Y'he

bl end amournin entiticpBensildiagr@sireort ke Bddio séndHes DuFBEra i6f vapoxy
groups in the whole of the epoxy resin to the nunber of the phenolic
hydr oxyl grogpgsonn tteesehodmtlof, thHreephanaisia doepbaitsophnes enabliyng rom
0.8 to 1.3. The (C) conponent used in the present invention is
(G- 1) an or'ganbpslspsiy ax dnecnavetr) falbind oy Imqgdowit atle oresic- 2)d,a
reacti on product, between an organopol ysi | oxane havi.ng a carbo

boxyl
group and aR98pdi3s Pebirpblem that fhe AEPBHYSiGedane %Wﬁ@‘ga’f
car boxyl gr.up ich i d.. he ( onent. in_t i nvention,
is an or garilzgl%oéfd:f/é{s\/lnﬁl g%glﬁgoﬁ'g%iSn%%l"’l%lgné%\tgﬁg%ﬁeélcaﬁglf%ée]r%@oae PFor
nor e car boxwled@xQURS: i ndhpBEEESor BoP ek $eshdRIBLRELaWsE Do @i Jl b f AL LY
acid ester of glycerol. IP t he organopol ysi | oxane having a carboxyl
group i s usegealdnd, aihehendeasadldelyhdecorss ianssf fcdicaBhband: ,he
continuous noldability lowers. If the tri-fatty acid ester of
gl ycerol i $onseaueloneldalbicl iy eprizdrrappasreanescefofi hel debptodintts
nol ded product is poor. The use of the organopol ysil oxane having a
car boxy| gFgﬁﬁe¥%ﬁﬂniﬂﬂd REERR L9 & FPLAaf¥XEasS-d ester of gl ycerol
makes it possible to nmake the tri-fatty acid ester of glycerol
conpati ble therewith so that the external appearance of the nol ded

product ang;the-dglLasabhli ty,a8 sonpatible and the continuous
nol dabi lity beconmes good. Theb ené}atioforconbinationofthe(()

conponent of therhapeabesn in@rehbeok Hast béerf ablly RCEILESERLLERS as
glycerol ((C/(D)) is desirably from3/1 to 1/5 as the ratio by

wei ght. Thidsseaiyel Rbsveheardrgesit] exty ahtagebus ebfmoivwide an epoxfhe
or ganopol ysi | oxane havi ng a carboxyl group, which is used as the (C
conponent , FFS1RYESTPABI YL AL oF §aRoprtiosenrarsupresenBiCh stdned
formula.(1). 'R,s jn the fornula (1) are each a organi roup., At
onst one iEosreahPatres PNt Fobbsdite G RAT g LaTEeh Doyl
group and %ﬂg C ; er_f 40 i n i strugt ure nd

t he rest o? & so}rseﬁé%g%blgﬁg éu%xéééﬁ[plea(]:lté Fomt héféﬂro&gég lﬁosqusct%i ng
of a hydrogged s#:0R of PREIY|sudraLl, ARf18 JRIAYEnrOHB 880 By the the
sanme or different. If the carbon nunber of the organic group having a
car boxyl gaodip issmdvendbbeotipRerickl. mt, the conpatibility thereof
with the resin may deteriorate so that the external appearance of the
resul tant nol dedyrodactbimyt dist etiteiatd. byThhecparbominunmventdént he
organi ¢ group having a carboxyl_groug i n the organopol ysil oxane

repr esent e@e 3 iIeE fior Bhe afqowiBan$ 1l Heo tldlal nunber of carbons in

t he hydroc on group and .the carboxyl group in the organic group. R
- Si -0Si R( f‘)%er‘ﬁ Wéi“r?oﬁpolsé’é%%/n E‘%és 1aopdycter §RgRREHH A 1§ oup

comprising (A) an epcxy resin, (B) a phenclic resin, (C) (C~1)



than the lower |imt, advantageous effects may be insufficiently
produced so that external appearance dirt of the nolded product may
not be restrained. |If the anbunt is nore than the upper limt, the
external appearance of the nol ded product may becone dirty with the
or ganopol ysi | oxane itself. A different organopol ysil oxane may
be used together as long as effects based on the addition of the

or ganopol ysi | oxane used in the invention, which has a carboxyl group,
are not danmaged. The tri-fatty acid ester of glycerol used in
t he presentan pvemtomnlyss laxkne esiveimgobt aa ek flr grogh yaret/@r dad2p a
saturated fatty acid, and maybe called triglyceride. The ester is
very good ﬁﬁaﬁé+@%§ﬁﬁﬁm¢¥P?tw¢ﬁﬁﬁ@OéﬁﬁéﬂﬁﬂY@éheé%m%h%V@hﬂﬁdﬁé@@%ﬂ%

t hereof, the noisture resistance of the cured product of the epoxy
resin is | GREFRADLY FhEPEEYeEESHE rA&GRIRY ng TaEETY 3FHSStSs Phat a
bad effect i% profuced on the sol der heat resistance. Thus, the
monoest er s Jaf§ diesters are not preferable. Specific exanples of the
tri-fatty kd r I o] it i i i ncl ude

gl yeerol 't Fdapr oat S gy corar oGPy o ' HARbhARASE

gl ycerol tr icgappabBaiglorc abebbai haWate el YCBS QiHdrryr st ate, gl ycerol
tripalmtate, glycerol tristearate, glycerol triarachidate, glycero

t ri behenat ergghyserydi lbxikheghacaiqatae caghbygel alrcupl cer ttat &) and a
glycerol trinontanate. The tri-fatty acid ester of glycerol used in

t he i nvent soRVaErHerepresagted gy derel derhala ng,) i n a si ngl enol ecul e,
the sanme fattyacid groups, or may be a m xed glyceride containing, in
a single nolecule thereof, two or three fatty acid groups. A m xture
wherein two or morfe tri-fatRy acid ej‘\ers of glycerol are m xed may
be used. Anong ﬂhenl désirabl el s tri-fatty acid ester of

gl ycerol reswt+Agit-r® it fSsat+y Faci d havi(ng a carbon nunber
from24 to 36 froq1the vilewpoi nt Jof qeleasability and external

appear ance of a mg ded prodgct. THe garbon nunber of any saturated
fatty acid in the invention neans the total nunber of carbons in the
al kyl group and the carboxyl group in the saturated fatty acid.

A different_ rel easing a%ent ggy be used together as |ong as the

ef fect basBBESEHR RE LRFEt PO O8f 'R ls bin prganicagreleBpesng a carbon

f gl | di hei i i, chi bt ai d terifyi | |
and 3 satuP SRR FRCEY Sorh PrE ST aR R B REPee THOPEErYT s ude
natural waxgs sich.as (gﬁrﬁ@%bar 'crz’s)é“%g@ﬁﬂ ScBESy SUL 8fe pz%c%ﬁgﬁt er

wax; and netal salts of higher fatty ac such as zinc steara

The bl end apmsiitiely éhe Hydrobahlat oGl HpR&tEr gbud) ¥6@aGkethy1 group
preferably fromO0.02 to 1% by weight of the total of the epoxy resin
conposi t i oand kb ytdeetlaersant drsdi ESsrdritanatdién! aepresemid a neahfvadivent
rel easability cannot be obtained. If the anmount is nore than the
upper |i m #ndtheositavaanuappieifadeenol Theé ol ded product may becone
dirty and ﬁge adhesi veness npy | ower The _epoxy resin

conposi ti orfbf tHE EROEN FBRR SifFPrsdEion s SERLFAPIiFonent s, an
epoxy resi nelic_hardener. an._organopal ysil oxane .hayjng

o byl or e IRRThT AR £ e BTENRR §P) o ERR b RayD
conpri se, - a5, oldiely BBLA €ONSE IdMENYSeral G 1NGrACCALES YOt yRTro)
inorganic filler and so on. The cufing accel erator used in F e
invention s&yoidRdanyth ek @blddi cacee e ath it QUL NG, beRGHLANg
bet ween an epoxy group and a phenolic hydroxyl. An accel erator which
i s general # ycardedh namaar eficapsid abi B§. mat eri al can be used. Exanpl es
t her eof include di azabi cycl oal kenes such as

1, 8- di azabltycl d®, 2poxundesanaompoghticeriorasenésondsttoaf ; organi c
phosphi nes such as triphenyl phosphi ne and net hyl di phenyl phosphi ne;

i m dazol e TYARFINES-SUCRCHYE Jﬁh?ﬁy%?%?déﬂolé? Hd [Bdr r BLQERB T8t ed

weight ratio of the(C) component to the (D} component ((C}/(D})



,Nn H1: an epoxy resin represented by the formula (3) (MEH 7851S
manuf act ur edby MVEIl WA PLASTI C | NDUSTRI ES, LTD., softening point: 107C,
hydr oxyl equival ent: 203) 5.47 parts by wei ght, OH\ CH2 H(3) n
or ganopol ysi | oxane 1: an organopol ysil oxane represented by the
formula (4)0.20 part by weight, 111211-127Ha
HOOOH56028i - C28H56000H(4) CH2CH2CH 3 gl ycerol tristearate0.20 part by
wei ght, 1, 8-di azabi cycl o(5, 4, 0)undecene-7 (referred to as DBU

herei nafter)0. 20 part by weight, spherical fused silica (average
particle size:fr2h pYh) 851,00 parts by wei ght, coupling agent
(y-glycidOXéfropyltrlnethoxy5|lane) 0.40 part by weight, and carbon
bl ack0. 40 perlt byhgefphry resin copphetttiamolfber semcarsiedton knead t he
m xture at 95C for 8m nutes, and the resultant was_cool ed and t hen

pul veri zed YFAPSBLET A EE6RYILRSIR *hEBRsIaL bFemerha] rtééllﬂ'aiff‘eéﬁb&y
ds d bed
asults ar St SAHRBRE L APED A URCT RGE FEPRBOS Lo 1Y S AP b

a Iom#pressH{e transfer nol ding machine was used to transfer the
epoxy resin conp05|t|on to a nmetal nold for the spiral flow
measurenent in accordance with EMM - 1- 66 under the conditions of a
nol d tenperature of 175C, a transfer pressure of 6 9 MPa and a curing
time of 120 §%%bﬁﬂ ﬁzthus nmeasuring a f|0Ml| 3y t he conposition.
The unit for presenting the spiral flowis "lcnt. cﬁbout the criterion
thereof, a spiral ,flow of |less than 70 cm and asspiral flow of 70 cm

or nore werg hade|unacceptz and acc blle (0), respectively.
(2) Contin QEP i dah ) 3 <1:;>. aie, ure treagsfer
nmol di ng machiTe’ was used BOPQFP' s , package outer size:

14 mm x 20 x 2lmm thick), pad size: 6.5 fMmx/6,5 nm chip size:
6.0 M x 6.0 nm continuously till 700 shots at a nold tenperature of
175C, a transfer pressure of 9.6 MPa and a curing tinme of 70 seconds.

About the Gier@hhomt hareekenfls GORBASRE th0NeNBKA NO pbki PLFS MRBel Oof

attain continuous nolding till 700 shots w thout problens, such as
i nconpl ete I ithl £Ag, was judged as @ a conposition making it possible
to attain continuous nolding till 500 shots without problens, such as

i nconpl ete K611 i ﬁ@e XY UEGas &@mmpskﬁm@naﬁyrc%ﬁﬁﬁﬂ@ﬁﬁﬂeipﬁnIﬁer t han
t he above was ed as X. Jaég%ﬁExternal pearangi E% g
products arfd aBﬁﬁhaﬁﬁP 8 ABoat HE k&@e ndVERESTRI d
ft th 70

arter € 5c91% @} %ﬁe i n }Qaég%t&ukzgu ?gpdé) e%trgélrg gg?rx%mhla

cont i nuous Her eon- was eva y eye.

package apg@q[ance j udgnment and stain on a nDId surface criterion, a
conposition not becomng dirty till the 700 shots is represented as
@ a conposition not becomng dirty till the 500 shots is represented
as 0, and a %ﬁpposition havi ng becone dirtygls represented as X.

n

wherein ‘n’ represents a means value and a positive number of
1 to 10.

(7] A semiconductor device, which is formed by employing the
epoxy resin composition for semiconductor encapsulation

according to any one of items [1] to [6] to package a semiconductor



(4) Sol der heat resistance: the packages nol ded by the

above-nenti oned conti nuous nol ding were post-cured at 175C for 8
hours. The resultant packages were subjected to hum difying treatnent
at 85C and a relatively humdity of 85%for 168 hours. Thereafter, 10
out of the packages were soaked into each of a solder tank of 240C
and that of 260C for 10 seconds. The packages were observed with a

m croscope so as to calculate the crack generation rate [ (crack
generation rate) = (the nunber of external-crack-generated packages)
[ (the nunberemantalihcibgepacicages) x 100]. The unit thereof is "%.
The nunber of the packages used for the evaluation was 20. The
adhesion state of the interface between the sem conductor el enent and
t he epoxy resin conposition was observed with an scanni ng acoustic

t omogr aph. BHeHPEsERERI B s &heeDHIWHY ani nati on was eval uated. The

nunber of the packages used for { eval yati on was 20, About the
criterion of sol %&%"ciaﬁ(i%Q{llegs?'gf%tlggc%n%ilf’?% Y IHGTY s ef ack

gener ati on [at.g. §f; 08¢, 240G 0d, 260C and 41 ¥Lng, 9, dslapi patj.on ves
S Cormposition g g K-g n

a
> o} regl
j udged as (¢), I'ving a crac eneration-rat e of 0% at

240C and gi Md}ds00: 68! AN INGN t¥AEhd YHAQRANRS: Prerildnd CONPOSI tion

gi ving cracking or delam nati on was judged as x. <Exanples 2 to 11
and Conparative Exanples 1 to 6> In accordance with fornul as
shown in Tables 1 and 2, epoxy resin conpositions were prepared in

t he sane waBess Mode&xdopl&rkyifheOcongasiihivensiavwer e eval uated in the
sane way as in Exanple 1. The results are shown in Tables 1 and 2.
Raw mat eri al s us@beiRF<EeAkpiIFenahan Corpafies PUEPRXIANSISs COrvsi titan
that used in Exanple 1 are described herejnafter. E-2: a biphenyl
type epoxy T¥sTHHCRRAEOHT FRTAPIEL AT I B?l%b%HOEBG@%Wé&}leLtd.

, epoxyequi val .19 ; in i ng.. C - 3. .an_or - sol
Novol ak typ%%gggﬁﬁu%e@%&%é% 10%8&)6%& r?arrilllg? agcﬁfpuér%e%hg;g} RI?P%?Q% % AKU
CO., LTD., Rt etdréakentnadQ0 Heth ?éﬁéfaﬁi@ 1% P NE mo®dGhriade,
apar a- xyl yl'enenodi fi edNovol akt ypephenoli cresin (XLC 4L manuf act ured
by Mtsui Ghem edlihiding. an kydebXyht grodpcetiityakies thé6dngbedtion
softeni ng point: 62C) O ganopol ysil oxane 2: an organopol ysil oxane

r epr esent edisbpotdrd forpadkagesy ssrdeH8chtoHBement dnirlnde) thespin,
010H20000H( 5) CH 30Hs Organopolcysi | oxane 3: an organopol ysil oxane

r epr esent ey RESCELI AT 41 (B LdaRarzorsisf Orecbon e SHHEG008CHD)

CH3CH3OH3 angpal ysil oxane. 4: an _qrganopol ysil oxane.represented by
Che Tormil S0 e e R of P o BB e s NS LR Rk e
A at 140C5 68rdoRe terdip Waliobt « Pf— &R SRR stA L YPEGEPOXNLI &SI N
(YL-6810 manufactured by Japan EpoxyResinsCo. , Ltd.,

epoxyegui valseahtid¥ Ogdmgnarlki. ngpoi nt: 47C) were heated and nelted,
and then thereto were added 33.1 parts by weight of the

or.ganopol ysi | oxafiee dreshet dngenbpoh ysidescanbed eprazsent gt dpinpliber.
formula (6)) and 0.8 part by wei ght of triphenyl phosphine. The

resul tant was neil’h@d“g}nﬁpﬁf‘)(e’éﬁsflé? uﬁﬁdrﬁmi‘igésplﬁﬁaﬁielr%l"%lﬁr%é’lnt Bgans
reacti on product VC\/{}I ch correspqonds to (C 2% a reaction, product

bet ween an g‘ﬁ%@%l sTIPBRUE (T AGSE ABbRIEVET o b5 VaRE Hh fefoRy e
resin. G yegnol,iLimNtana & GyEe ! RN AL NALDR 18X ghe

Exanpl es |

therecf, andthemolecular structure thereof arenot particularly
limited. Examples thereof include biphenyl type epoxy resins,
bisphenol type epoxy resins, stylbene type epoxy resin, phenol
Novolak type epoxy resins, cresol Novolak type epoxy resins,

triphenol methane type epoxy resins, alkyl-modified triphenol
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methane type epoxy resins, triazine-nucleus-containing epoxy
resins, dicyclopentadiene-modified phencl type epoxy resins,
phenol aralkyl type epoxy resins (such as having a phenylene
structure and & biphenylene structure), and naphthol type epoxy
resins. These may be used alone or in a mixture form.
Among them, phenol aralkyl type epoxyresins arepreferable,
phenol aralkyl type epoxy resins having a biphenylene structure
or the like are more preferable, and an epoxy resin represented
by the following formula (2) is even more preferable from the

viewpoint of an improvemenit in solder crack resistance:

OCH,GHCH OCH,CHCH
X772 AW
0 0
7
O GHZCHE H (2)
~ n

wherein ‘n’ represents a mean value and a positive number of
1 to 10.

The (B) phenolic resin used in the present invention means
the whole of monomer, oligomer and polymer having in a single
molecule thereof two or more phenclic hydroxyl groups. The
molecular weight thereof, and the molecular structure thereof
are not particularly limited. Examples thereof include phenol
Novolak resins, cresol Novclak resins,
dicyclopentadiene-modified phenolic resins, terpene-modified
phenolic resins, triphencl methane type resins, phenecl aralkyl
resins (such as having a phenylene structure and a biphenylene

structure), andnaphthol aralkyl resins. Thesemaybe usedalcne
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or in a mixture form.

Among them, phenol aralkyl resins are preferable, phenol
aralkyl resins having a biphenylene structure or the like are
more preferable, andaphenolicresinrepresentedby the following
formula (3) is even more preferable from the viewpoint of an

improvement in solder crack resistance:

OH OH

OH20H2 Ho (@)

wherein ‘n’ represents a mean value and a positive number of
1 to 10. BAbout the blend amount of the phenolic resin, the ratio
of the number of epoxy groups in the whole of the epoxy resin
to The number of the phenolic hydroxyl groups in the whole of
the phenolic resin is preferably from 0.8 to 1.3.

The (C) component used in the present invention is (C-1)
an organopolysiloxane having a carboxyl group and/or (C-2) a
reaction product between an organopolysiloxane having a carboxyl
group and an epoxy resin.

The organcpolysiloxane having a carboxyl group, which is
used as the (C) component in the invention, is an
organopolysiloxane having in a single molecule thereof one or
more carboxyl groups, and needs to be used together with a
tri-fatty acid ester of glvcexol. If the organopolysiloxane
having a carboxyl group is used alone, the releasability becomes

insufficient and the continucus moldability lowers. If the
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tri-fatiy acild ester of glycercl is used alone, the external
appearance of the resultant molded product is poor. The use
of the organopolysiloxane having a carboxyl group together with
the tri-fatty acid ester of glycercl makes it possible to make
the tri-fatty acid ester of glycerol compatible therewith so
that the external appearance of the molded product and the
releasability are compatible and the continuous moldability
becomesgood. Theblendratioforcombinationofthe (C) component
of the invention to the (D) tri-fatty acid ester of glycerol
({C)/ (D)) is desirably from 3/1 to 1/5 as the ratio by weight.
This range has the largest advantageous effects.

The organopolysiloxane having a carboxyl group, which is
used as the {C) component, is desirably an organopolysiloxane
represented by the formula (1}. ‘R’s in the formula (1) are
each a organic group. At least one out of all of ‘R’s is a organic
group having a carboxyl group and having a carbon number from
1 te 40 in its structure, and the rest of *R’s are each a group
selected from the group consisting of a hydrogen atom, a phenyl
group, and a methyl group and may be the same or different. If
the carbon number of the organic group having a carboxyl group
is over the upper limit, the compatibility thereof with the resin
may deteriorate so that the external appearance of the resultant
molded product may deteriorate. The carbon number of the organic
group having a carboxyl group in the organopclysiloxane
represented by the formula (1) means the total number of carbons
in the hydrocarbon group and the carboxyl group in the organic

group.
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wherein at least one of *R’s is a organic group having a carbon
number from 1 to 40 containing a carboxyl group, and the rest
of ‘R’s are each a group selected from the group consisting of
a hydrogen atom, a phenyl group, and a methyl group and may be
the same or different, and 'n’ represents a mean value and a
positive number of fxrom 1 to 50.

The organic group having a carbon number from 1 to 40
containingacarboxylgroupout of ‘R’ sisnotparticularlylimited.
If the group has a carboxyl group, the group may have another
substituent as long as the advantageous effects of the invention
are not damaged, or the group may be a carboxyl group itself.
The organic group having a carbon nunber from 1 to 40 containing
a carboxyl group may be a group in which hydrogen in a hydrocarbon
group is substituted with a carboxyl group. Examples of the
hydrocarbon group include linear, branched and cyclic
hydrocarbon groups, and further include saturated and
unsaturated hydrocarbon groups. Examples of the cyclic
hydrocarbon groups include aromatic hydrocarbon groups and
alicyclichydrocarbongroups. BAmongthem, preferable are groups
in which hydrogen in a linear saturated hydrocarbon group is
substituted with a carboxyl group. Among them, more preferable

are groups in which hydrogen in a linear saturated hydrocarbon
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group having a carbon number from 1 to 30 is substituted with
a carboxyl group.

In the formula (1), n is a mean value and is a positive
number ¢f 1 to 50. The organopolysiloxane having a carboxyl
group is preferably in an oil form. If the value of n is more
than the upper limit, the viscosity of the organopolysiloxzane
itself becomes high so that the flowability may deteriorate.
When the organobolysiloxane represented by the formula (1) is
used, & fall in the flowability is not caused so that the external
appearance of the resultant molded product becomes particularly
good.

Itisallowable touse, as the (C) component of the invention,
(C-2) a reaction product between an organopolysiloxane having
a carboxyl group and an epoxy resin. Inthiscase, it ispreferred
to melt and react an organopolysilozane having a carboxyl group
beforehand with an epoxy resin and a curing accelerator.
According to this, the mold after molding the composition
continuously does not become dirty easily and the continucus
moldability thereof becomes very good. The curing accelerator
referred to herein may be any agent for accelerating curing
reaction between a carboxyl groﬁp and an epoxy group, and can
be used a materizl identical with a curing accelerator which
will be described later and is for accelerating curing reaction
between an epoxy group and a phenolic hydroxyl group.

The blend amount of the organopolysiloxane having a
carboxyl group is preferably from 0.01 to 3% by weight of the

total of the epoxy resin composition. If the amount is less
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than the lower limit, advantageous effects may be insufficiently
produced so that external appearance dirt of the molded product
may not be restrained. If the amount is more than the upper
limit, the external appearance of the molded product may become
dirty with the organcpolysiloxane itself.

A different organcpolysiloxane may be used together as
long as effects based on the addition of the organopolysiloxane
used inthe invention, whichhas a carboxyl group, are not damaged.

The tri-fatty acid ester of glycerol used in the present
invention is a triester obtained from glycerol and a saturated
fatty acid, and may be called triglyceride. The ester is very
good in releasability. In the case of monoesters and diesters
thereof, the moisture resistance of the cured product of the
epoxy resin is lowered by the effect of remaining hydroxyl groups
so that a bad effect is produced on the solder heat resistance.
Thus, the moncesters and diesters are not preferable. Specific
examples of the tri-fatty acid ester of glycercl used in the
invention include glycerol tricaproate, glycerol tricaprylate,
giycerol tricaprate, glycerol trilaurate, glycerol trimyristate,
glycerol tripalmitate, glycerol tristearate, glycerol
triarachidate, glycerol tribehenate, glycerol trilignocerate,
glycerol tricerotate, andglycerol trimontanate. The tri~fatty
acid ester of glycerol used in the invention may be a single
glyceridehaving, inasinglemolecule, the same fattyacidgroups,
or may be a mixed glyceride containing, in a single molecule
thereof, two or three fatty acid groups. A mixture wherein two

or more tri-fatty acid esters of glycerol are mixed may be used.

12
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Among them, desirable is a tri-fatty acid ester of glycerol
resulting from a saturated fatty acid having a carbon number
from 24 to 36 from the viewpoint of releasability and external
appearance of a molded product. The carbon number of any
saturated fatty acid in the invention means the total number
of carbons in the alkyl group and the carboxyl group in the
saturated fatty acid.

A different releasing agent may be used together as long
as the effect based on the addition of the tri-fatty acid ester '
of glycerolusedinthe invention, whichisobtainedbyesterifying
glycerol and a saturated fatty acid, is not damaged. Examples
thereof include natural waxes such as carnauba wax; synthetic
waxes such as polyester wax; and metal salts of higher fatty
acids, such as zinc stearate.

The blend amount of the tri~fatty acid ester of glycerol
is preferably from 0.02 to 1% by weight of the total of the epoxy
resin composition. If the amount is less than the lower limit,
sufficient releasability cannot be cbtained. If the amount is
more than the upper limit, the external appearance of the molded
product may become dirty and the adhesiveness may lower.

The epoxy resin composition of the invention comprises,
as essential components, an epoxy resin, a phenolic hardener,
an organopelysiloxane having a carboxyl group, and a tri-fatty
acid ester of glycerol, and may comprise, as other main
constituents, a curing accelerator, an inorganic filler and so
on.

The curing accelerator used in the invention may be any

13



| on | 0098 | otfo | olio 0 00O 0 z 0 E sus L19
oto oz-0 era 0098

material for accelerating curing reaction between an epoxy group
and a phenolic hydroxyl. Anaccelerator which is generally used
in an encapsulating material can be used. Examples thereof
include diazabicycloalkenes such as
1,8~diazabicyclo{5,4,0)undecene-7, and derivatives thereof;
organic phosphines such as triphenylphosphine and
methyldiphenylphosphine; imidazole compounds such as
2-methylimidazole; and tetra-substituted phosphonium
tetra-substituted borate such as tetraphenylphosphonium
tetraphenylborate. Thesemaybeusedalone or in amixture form.
The blend amount of the curing accelerator is preferably from
0.05to 0.8 %$byweight of the fotal of the epoxy resin composition.
As the inorganic filler used in the invention, a material
which is generally used in epoxy resin compositions for
semiconductor encapsulation can be used. Examples thereof
include fused silica, crystalline silica, talc, alumina, and
silicon nitride. The filler that is most preferably used is
spherical fused silica. These inorganic fillers-may be used
alone or in a mixture form. These may be surface-treated with
acouplingagent. Itispreferablethattheshapeoftheinorgamic
filler is as completely-spherical as possibkle and the particie
size distribution thereof is as broad as possible in order to
improve flowability. The blend amount of the inorganic filler
is preferably from 78 to 93% by weight of the total of the epoxy
resin composition. If the amount is less than the lower limit,
the composition cannot obtain sufficient solder resistance. If

the amount is more than the upper limit, the composition may

14
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not obtain sufficient flowability.

The epoxy resincompositionof the inventionmay be composed
of an epoxy resin, a phenolic hardener, an organopolysiloxane
having a carboxyl group, a tri-fatty acid ester of glycerol,
a curing accelerator, and an inorganic filler, and further the
following additives other than these may be appropriately
incorporated thereinto if necessary: coupling agents, examples
thereof including silane coupling agents such as epoxy silane,
mercaptosilane, aminosilane, alkylsilane, ureidosilane and
vinyl silane, titanate coupling agents, aluminum coupling agents,
and aluminum/zirconium coupling agents; coloring agents such
as carbon black; low-stress additives such as silicone oil and
rubber; flame retardants such asbhrominated epoxy resin, antimony
trioxide, aluminumhydroxide, magnesium hydroxide, zinc borate,
zinc molybdate and phosphazene; and so on.

The epoxy resin compositionof the invention canbe cbtained
by mixing raw materials into a sufficient homogeneous state by
use of a mixer or the like, melting and kneading the mixture
with a heat roller, a kneader or the like, cooling the melted
and kneaded mixture, and then pulverizing the resultant.

FIG. 1 is a view illustrating a sectional structure of
an example of a semiconductor device which is formed by employing
an epoxy resin composition according to the present invention
to package a semiconductor element included therein. A
semiconductor element 101 is fixed over a die pad 102 so as to
interpose a cured die bonding material 106 therebetween. The

semiconductor element 101 and lead frames 104 are connected
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thereto through gold wires 103. The semiconductor element 101
is encapsulated with an encapsulating resin 105. This
semiconductor device is obtained by molding by a conventional
molding process such as transfer molding, compression molding
or injection molding, by use of the epoxy resin composition
according to the invention having the above-mentioned

constituents as the encapsulating resin 105.

Examples

Examples of the preseni invention are described
hereinafter. BRowever, the invention is not limited thereto.
Blending ratios are described in the unit of parts by weight.
<Example 1>

The following were mixed:
E-1: an epoxy resin represented by the formula (2) (NC3000P

manufactured by NIPPON KAYAKU CO., LTD., softening point: 58°C,

epoxy equivalent: 274) 8.13 parts by weight,
OCGH,GHCH OCH,GHCH
N/ ® 2N/ %
0 0
CH20H2 H (2)
n

H-1: an epoxy resin represented by the formula (3) (MEH-78518
manufactured by MEIWA PLASTIC INDUSTRIES, LTD., softening point:

107°C, hydroxyl equivalent: 203) 5.47 parts by weight,

16
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| Or ganopol ysi | oxanel Organopol ysil oxane2 Organopol ysil oxane3

Or ganopol ysli oxane4 [Melted reaction product A dycerol tristearate
G ycerol trinontanate d ycerol dinontanate Carnauba wax nea | Melted

spherical silica Coupling agent | (wo) eni en Judgnent ' Conti nuous
nol dability
OH OH
CHZCHE H (3)
N

crganopolysiloxane 1: an organocpolysiloxane represented by the

formula (4} 0.20 part by weight,
CH, CH, CH,
HoooHsscaa—sli—o —£Si—0) ;g Si —CpgHgsCOOH (4)
GH,  CH, CH,
glycerol tristearate 0.20 part by weight,

1,8-diazabicyclo (5, 4,0)undecene-7 {referred to as DBU
hereinafter) 0.20 part by weight,
spherical fused silica (average particle size: 21 um)

85.00 parts by weight,
coupling agent (y-glycidoxypropyltrimethoxysilane)

0.40 part by weight, and
carbon black 0.40 part by weight.

A heat roller was used to knead the mixture at 35°C for

8 minutes, and the resultant was cooled and then pulverized to
yield an epoxy resin composition. The resultant epoxy resin
composition was evaluated by metheds described below. The
results are shown in Table 1.
[Evaluating methods]
(1) Spiral flow: a low-pressure transfer molding machine was
used to transier the epoxy resin composition to a metal mold

for the spiral flow measurement in accordance with EMMI-1-66

17



Appear ance of nol ded product and Stain on a nold surface

generation rate (% uonsunuel act Crack generation rate (%

Del am nati on Judgnent ' Total judgnent
flow 0.0173

Cr ack

Spi ral

under the conditions of a mold temperature of 175°C, a transfer

pressureof 6.9MPaandacuring time of 120 seconds, thusmeasuring

a flow length of the composition. The unit for presenting the

spiral flow is “cm”. About the criterion thereof, a spiral flow

of less than 70 cm and a spiral flow of 70 cm or more were made

unacceptable (x) and acceptable (O), respectively.

(2) Continuous moldability: an automatic low-pressure transfer

molding machine was used to mold 80pQFP’s (CulL/F, package outer

size: 14 mm x 20 mm x 2 mm thick), pad size: 6.5 mm x 6.5 mm,

chip size: 6.0 mm x 6.0 mm) continuously till 700 shots at a

mold temperature of 175°C, a transfer pressure of 9.6 MPa and

a curing time of 70 seconds. BAbout the criterion thereof,

a

compositionmaking it pessible toattain continuous molding till

700 shotswithout problems, suchas incomplete £illing, was judged

as ®, a composition making it possible to attain continuous

molding till 500 shots without problems, such as incomplete

filling, was judged as O, and any composition other than the

above was judged as x.

(3) External appearance of molded products and Stain on a mold

surface: about the package and the mold after the 500 shots and

the 700 shots in the above-mentioned continuous molding, stain

thereon was evaluated by eye. About the package appearance

judgment and stain on a mold surface criterion, a composition

not becoming dirty till the 700 shots is represented as @, a

composition not becoming dirty till the 500 shots is represented

as O, and a composition having become dirty is represented as

x.

i8



0. 093

00o0o0O0O=c,4-1 to 000 COL

(4) Solder heat resistance: the packages molded by the
above-mentioned continuous molding were post-cured at 175°C for
8 hours. The resultant packages were subjected to humidifying
treatment at 85°C and a relatively humidity of 85% for 168 hours.
Thereafter, 10 out of the packages were soaked into each of a
solder tankof 240°C and that of 260°C for 10 seconds. Thepackages
were observed with a microscope 50 as to calculate the crack
generation rate [({(crack generation rate) = (the number of
external-crack-generated packages)/(the number of all the
packages) x 100]. The unit thereof is “%”. The number of the
packages used for the evaluation was 20. The adhesion state
of the interface between the semiconductor element and the epoxy
resin composition was observed with an scanning acoustic
tomograph. Thepresenceorabsenceofdelaminationwasevaluated.
The number of the packages used for the evaluation was 20. About
thecriterionof solder cracking resistance, acompositiongiving
a crack generation rate of 0% at 240°C and 260°C and giving no
delamination was judged as @, a composition giving a crack
generation rate of 0% at 240°C and giving no delamination was
judged as O, and a composition giving cracking or delamination
was judged as x.
<Examples 2 to 11 and Comparative Examples 1 to &>

In acceordance with formulas shown in Tables 1 and 2, epoxy
resin compositions were prepared in the same way as in Example
1. The compositions were evaluated in the same way as in Example
1. The results are shown in Tables 1 and 2.

Raw materials used in Examples and Comparative Examples

18



Table 2 Conparative Exanples 1 2 3456 E-18.25 8.25 8.13 8.13
8.13 8.37 E-2 6- 3

other than that used in Example 1 are described hereinafter.
E-2: a biphenyl type epoxy resin (¥YX-4000 manufactured by Japan
EpoxyResinsCo., Ltd., epoxyequivalent: 190g/eq, meltingpoint:
105°C)

E-3: an ortho-cresol Novolak type epoxy resin (EOCN-1020 62
manufactured by NIPPON KAYAKU CO., LTD., epoxy equivalent: 200
g/eq, softening point: 62°C)

H-2: apara-xylylenemodifiedNovolak type phenolicresin {(XLC-4L
manufactured by Mitsul Chemicals, Inc., hydroxyl group
equivalent: 168 g/eq, softening point: 62°C)
Organopolysiloxane 2: an organopolysiloxane represented by the

formaula (5)

CH,  CH, CH,
Haom-sr——o-esli_mw ——= §i— G, ,H,,COOH (5)
CH, CH, CH,

Organopolysiloxane 3: an organopolysiloxane represented by the

formula (6):

CH;,  CH, CH,
HOOGHZOO.,O——Sii——O—fSi—O) o ?i —C,0HpoCOOH (6)
CH;  CH, CH,

Organopolysiloxane 4: an organopolysiloxane represented by the

formula (7):

20



H 1 5.55 5.55 5.47 5.47 5.47 5.63 H 2 Or ganopol ysi | oxanel

Or ganopol ysi | oxane2 Or ganopol ysi | oxane3 0. 20
CH,  CH, <|3H3
H—S8i-—0—£8i—0)5~ Si— H (7)
CHy,  GCH, CH,

Melted reaction product A: at 140°C, 66.1 parts by weight of
a bisphenol A type epoxy resin (YL-6810 manufactured by Japan
EpoxyResins Co., Ltd., epoxyequivalent: 170g/eq, meltingpoint:
47°C) were heated and melted, and then thereto were added 33.1
parts by weight of the organopolysiloxane 3 (the
organopolysiloxane represented by the formula (6)) and 0.8 part
by weight of triphenylphosphine. The resultant was melted and
mixed for 30 minutes to yield a melted reaction product A which
corresponds to (C-2) a reaction product between an
organopolysiloxane having carboxyl group and an epoxy resin.
Glycerol trimontanate

Glycerol dimontanate

Carnauba wax

21
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0.20 Carnauba wax 0.20 DBU 0.20 0.20 0.20 0.20 0.20 0.20
Mel ted spherical silica. 85.00 85.00 85.00 85.00 85.00 85.00 Coupling
agent 0.40 0.40 0.40 0.40

Table 2
Comparative Examples
1 2 3 4 5 6
E—1 8.25 8.26 8.13 8.13 B.13 8.37
-2
E—3
H—1 5.55 5.55 5.47 5.47 5.47 5.63
H—2 )
Organopolysiloxane 1
Organopolysilexana?2
Organopolysiloxane3 0.20 0.20 0.20
_C_)L_ganopo]ysiloxaneﬂr 0.20
Melted reaction product A
Glycerol tristearate - 0.20 0.20
Glycerol trimontanate
Glycerol dimontanate 0.20
Carnauba wax 0.20
DBU 0.20 0.20 0.20 0.20 .20 0.20
Melted spherical silica . 8500 8500| 8500 | 8500] 8500} 8500
Coupling agent 0.40 0.40 0.40 0.40 040| 040
Carbon black 0.40 0.40 0.40 0.40 .40 0.40
Spiral flow Value {em) 105 118 100 118 103 95
Judgment Q @) O O ) Q
Continuous moldability % O O X X X
Appearance of molded product and
S'?:in on a moeld surf acep o % x O O X
240% Crack gener’i.iﬁol:l rate (%) 0 0 0 (H 0 0
Solder heat Delammfatmn N N N N N N
resistance | 260°C Crack generation vate (%) © 0 0 0 0 0
Delamination N N N N N N
Judgment @ ® @
Total judgment X X X X X X

N: Not generated, G: Generated
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0.40 0.40 Carbon black 0.40 0.40 0.40 0.40 0.40 0.40 Spiral flow
Val ue (cnm) 105 115 100 118 103 95 Judgnent 0 O 0O O O Conti nuous
nol dability x 0 0 x x X

Industrial Applicability
According to the present invention, good solder heat

resistance is exhibitéd at the time of packaging a semiconductor
device, and further problems such releasability, continuous
moldability, external appearance of molded product and stain
on a mold surface, which are defects in the prior art, can be
solved. Therefore, the invention is preferably used for
industrial resin-encapsulated type semiconductor devices, in
particular, resin-encapsulated type semiconductor devices for

surface mounting.
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Appear ance of nol ded product and Stain on a nold surface 0 x x 0 0 x
Sol der heat resistance 240C Crack generation rate (%9 000000
Delamnation NN N NN N 260C Crack generation rate (6) 0 0 O

CLAIMS

1. An epoxy resincomposition for semiconductor encapsulation
comprising (A)an epoxy resin, {B)a phenolic resin, (C)(C-1) an
organopolysiloxane having a carboxyl group and/or (C-2) a
reaction product between an organopolysiloxane having a carboxyl

group and an epoxy resin, and (D) a tri-fatty acid ester of

glycerol.
2. The epoxy <resin composition for  semiconductor
encapsulation according to claim 1, wherein the

organopelysiloxane having the carboxyl group of the (C) has a

structure represented by the formula (1):

I I I

R—S8i-0 i—O%——‘Si—F\' (1)
| A
R R R

wherein at least one of ‘R’ is an organic group having carbon
number from 1 to 40 containing a carboxyl group in its structure,
and the rest of the ‘R’ are a group selected from the group
consisting of a hydrogen atom, a phenyl group, and a methyl group
and may be the same or different. ‘n’ represents a mean value

and a positive number of from 1 to 50.

3. The epoxy <resin composition for  semiconductor
encapsulation according to c¢laim 1, wherein the (D) tri-fatty

acid ester of glycerol is a tri-ester of glycercl combined with
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000 Del amination NN NNNN Judgnent 0 @@ @ @O Total judgment
X X X X X X N Not generated, G Generated Industrial Applicability
According to the present invention, good sol der heat resistance is
exhibited at the tinme of packagi ng a sem conductor device, and
further problens such releasability, continuous noldability, external
appear ance of nol ded product and stain on a nold surface, which are
defects in the prior art, can be solved. Therefore, the invention is
preferably used for industrial resin-encapsul ated type sem conductor
devi ces, | rntHakincldda es/dSk ag0gapsdlrat ed acy fenhaSeAycoBdussOhudeyt ces
for surface nounting.

from 24 to 36.

4, The epoxy resin compesition for  semiconductor
encapsulation according to claim 1, wherein the weight ratio
of the (C) component to the (D) component {({(C)/(D)} is from 3/1

to 1/5.

5. The epoxy resin composition for  semiconductor
encapsulation according to claim 1, wherein the (A) epoxy resin

has a structure represented by the formula (2):

OCH,GHCH OCH,CHCH
2\ ), 2 2\ / 2
0 0
CHchz H (2)
N

wherein ‘n’ represents a mean value and a positive number of

1 to 10.

6. The epoxy resin composition for  semiconductor
encapsulation according to claim 1, wherein the (B} phenclic

resin has a structure represented by the formula (3):

OH OH

GHZCHZ H (3)
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CLAIM5 1. Anepoxyresinconposition for sem conductor encapsul ation
conprising (A)an epoxy resin, (B)a phenolic resin, (C (C1) an

or ganopol ysi | oxane havi ng a carboxyl group and/or (0-2) a reaction
product between an organopol ysi | oxane havi ng a carboxyl group and an
epoxy resin, and (D) a tri-fatty acid ester of glycerol. 2. The
epoxy resin conposition for sem conductor encapsul ation according to
claim 1, wherein the organopol ysil oxane havi ng the carboxyl group of
the (C) has a structure represented by the formula (1): R Ofi O
nSli R(1) whdrgiennatn] eastresnetofa 'retan velae ardyanposjtiwsp noaksengof
carbon nunmber from1l to 40 containing a carboxyl group inits
structure, lat® £Ae rest of the 'IV are a group selected fromthe
group consisting of a hydrogen atom a phenyl group, and a nethyl
group and nmay be the sane or different. 'n' represents a nean val ue
and a positive nymber. of from 1 to 50...3, .The epo resi.n .

conposi ti oﬁ'f or éesngl é&r?&&%?‘g?r &?Xéﬁ%mw&lfgnlsa%%ﬁ%%ryﬁ ?IP)p]tciyéLinﬁl 1_1}}8
wherein th Lsfa i St gl ycer j iz

gl ycer ol c%r?%%e%b\%\nl{lh%%{%%ie&r?o eagflogélo ggsg%%irrgt gd%a %?/}Eiggelco{zf
havi ng a cacheBonaidelr fdiembrd 1-13ked #hedddn €pOXY resin conposition
for sem conductor encapsul ation according to claim1, wherein the
wei ght ratio of the (C) conponent to the (D) component ((C /(D)) is
from3/1 to 1/5. 5. The epoxy resin conposition for sem conductor
encapsul ation according to claim1, wherein the (A) epoxy resin has a
structure represented by the fornmula (2): OCH2OHOH2OCH2CHOH2 H(2)
/n wherein 'n' represents a nean val ue and a positive nunber of 1 to
10. 6. The epoxy resin conposition for sem conductor encapsul ation
according to claim1, wherein the (B) phenolic resin has a structure
represented by the fornula (3): wherein 'n' represents a nean val ue
and a positive nunber of 1 to 10. 7. A sem conductor device, which is
formed by enpl oying the epoxy resin conmposition according to claiml
to package a sem conductor el enent included therein.
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