DESCRI PTI ON EPDXY RESI N COVPOSI TI ON AND SEM CONDUCTOR DEVI CE 5

TECHNI CAL FI ELD The present invention relates to an epoxy
resin conposition for sem conductor encapsul ati ng and a sem conduct or
devi ce using the epoxy resin conmposition. The epoxy resin conposition
is suitably used particularly in sem conductor devices for electronic
conmponents for which operation under a high tenperature environnment
10 exceedi ng 150C nust be guaranteed, such as el ectronic conponents
of vehicles, for exanple. BACKGROUND ART Transfer nol ding of an epoxy
resin conposition is a suitable enpgperimtibRg 15 nethod for | ow cost
mass production of sem conductor devices such as ICs and LSIs. This
nmet hod has been used for years, while its perfornmance has been

i mproved in respect of reliability through inprovenent of the epoxy
resin and the ph@&pQXY REEIN GORMPGRITHON ANDNSEMYEONDUGTORPEVICE t he
recent market trend requiring mniaturization, weight saving, and

i ncreased perfornmance of el ectronic equipnment, sem conductor 20

devi ces have al so becone highly integrated year by year. This trend
has i ncreas€BCHNH AL EHdMt s for the epoxy resin conposition for

sem conduct or encapsul ati.ng. A sem conductor for vehjcles .
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operatign | diedingd50°C R8stive @arantbiShuch @k sirdnft donfpRnéHAdSveRicRE for
tenperature storage without electric current for operation, whereas
HTOL ref er sexamplel fe under high tenperature while the device is
operated by applying electric current. Cenerally, a sem conductor
elenment and a lead franme in a sem conductor 5 device are connected
using a gold wire. On the lead frane side, in particular, the gold
wire is joi BAGKGROVUNP &RIhum pad by heat and ul trasonic waves. In

this instance, gaold g?d al.um pum produces an . alloy, which is referred
to as eutectic criraqsir mpldingof 3y spARETESN| CPRPRWHPIS A quitaplgencapsulating
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i bited during high tenperature storage w thout a current flow
Parti cul ar | yeightdeving, a6d ihoreased deiforpidicodf edectrbfib efdpment adethicdondiddod ar ge
current, transfer of internmetallic conpounds by electrons (electric
m grati2ih) denseckeye plsobtenms kghthintkegratedoyeaf ryeaf (This tiend basietradsed ¢
conmpounds in the cathode, cracks and voids in the junction area, an
i ncrease i rrequimentgderdhe epvaly cosmoeaposition for semigondugtopentapsutating.nphove
the high tenperature storage life iHTSL) under high 20 tenperature
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referred to as “HTSL” (high temperature storage life)) and high temperature operation

C

(hereinafter referred to as “HTOL” (high temperature operation life)) are required.



25 encapsul ating of the present invention is a nononer, oligomer, or
a polynmer having two or nore epoxy groups in the nolecule. There are
no specific limtations to the nol ecul ar wei ght and nol ecul ar
structure. Exanples include a bisphenol A type epoxy resin,

phenol novol ac epoxy resin, o-cresol novol ac epoxy resin,
napht hol novol ac epoxy resin, dicyclopentadi ene-nodified phenol epoxy
resin, stilbene epoxy resin, triphenol nethane epoxy resin,

al kyl -modi fi ed tri phenol met hane epoxy resin, and

triazine- nugigy ?eg;&QEH ﬁ%ep}l@& h‘?é?l%l%gér%iéhorl%ﬁéﬁhc%?%éﬁié B8 fcf BferMfon,

used either 5 individually or 1n conbinati of two or nore.

The use of {RGeRPPPOL febsé d IFH MEr Bﬁgh&éﬂﬁpefr&hrbwle%efdébﬁyls%pér%iedﬁ t he
epoxy resin (A) in an anount of 40-100 wt% preferably 50-100 %
and parti cuipplsing gcticesundehty 70- 100 wt % of the total anount of the
epoxy resin (A) is preferable, because a conposition with a | ow
modul us of el ast i Gérteyallgeseindondatt @relanesioapt 4 lonl Tane he eMhiwhiaiared,

i nprovenent in solder heat resistance can be expected, and |11 TOL can
be i npr oveddevicoargxomrecdusing 2 gold Wik N Qrahedead Rape sidg)io prdipelar, theigold )
15 wherein 113, R2, R3, and R4 are individually a hydrogen atom or an
al kyl gr oupWhaisieigedwith alampnsen paddryheatsang wliragori¢ wavesd 1 thisanstapce gold
integer of 0-3, h and c, are ipdividually a integer of 0-4, and mis
an aver age ¥ BHEUPER PEOARERTHE LY, which s Wetiﬁ%a%"g’&?BCFlaﬁtﬁkﬂfén(l), R,

R2, R3, d R4 f bl y, h d [F
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operated by causing a current to flow under "high tenperature

condi ti ons, cahitify £bikrfmt iopal theRpkl uaded high wihptritreRERBdHs O bRedoiefist | on
to outside the junction, which is a phenonenon called mgration. If

m grati on stking placais ot emicancthe esvipnoenuciadvhich & fiev pfeiedtioanispratiuced

el ectric resistance increases to heat the junction. Due to the heat
gener at ed, dusdo passdgaef an actal creent.u nbieibehaviier ipsdiffercatirorns that exinbitsdat ur e
hi gher than 150-200C, which is the atnospheric tenperature of the
seni conduct®y¥ingdighdempezaiisisipgrge rathoptreeursnt Bgvea Regiculapyvaderdht t he

ot her hand, the 5c d .product of .the resin conposition encapsulatin
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t he fornmul aving a | ow no us o asticity at a

t enper at ur g4R6R%E, Sdebndicibt BAfldeon makes it 10 easy for the cured
conponent of the resin conposition to deformin the junction area.

Thus, the conpr essiokdr & ibesveithe Iﬁi@lﬁfte}ﬂp@ﬁtﬂr@ﬂoﬁF@BfeQHﬂ‘SE?u&i%ﬁhi@ﬁSed,
and mgration of gold-alum numeutectic crystals can be suppressed,
resul ti2ly itemperptusacen@ition) b metteddT Gkcredsimg slet andunt ofimpuriis iptherpdxy
resin (B) used for the epoxy resin conposition for sem conductor 15
encapsul at i mgin oémpdseionras sech as possihiej @meihnd bliatdsksngdnl ioméatetes ammtimdefs
ol i gomers, and polyners having two or nore phenolic hydroxyl groups
in the nol ewsinge reshhaghstaptiallymet eqniaining e Tpmaietardans suchtas braneingndecul ar
wei ght and nuol ecul ar structure. For exanple, a phenol _ naqvo] ac resin,
cresol novdAnHBopgeride, agd thedikg 86 PeramaneComupaTy tdmypspgnaipiaging the
t er pene- nodi {.i henol. resin, phenol arallc resi n, .napht ho
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elements, that is, the high temperature operating life (HTOL) can not necessarily be

satisfied (for example, Japanese Patent Application Laid-open No. 2004-035781 (2-20



preferable as the phenol arallcyl resin or the naphthol aral kyl resin
respectively. The use of the phenol resin shown by the foll ow ng
formula (2) or the phenol resin shown by the followng fornmula (3) as
t he phenol resin (B) in an anount of 40-100 w % preferably 50-100
wt% and particularly preferably 70-100 wt % of the 25 total anmount of
t he phenol resin (B) is preferred, because a conposition with a | ow
nodul us of elasticity and | ow wat er absorption can be obtai ned,

i nprovenent in solder heat resistance can be expected, and HTCOL can

be i npr Ovquarggs), MRRES PhidRBA pitRatidRaid Bbn o, 2060-b5tAl ¥ ;%ﬁgéée!’))-a

hydr ogen at'om or an al kyl group having 51-4 carbon a e and h are
i ndividual l'y a i ntiegedsefinnion Has d8sh Ghiah&l to RElvY trsArbYems imt eger of
0-4, and n is an average of positive nunbers. 10 wherein R9, RI,
and R' ar e donetntibsll &dchyolegidsy d Tagreforednoshjeet ofthe plekent ingemion if@\iravgdel - 4
carbon atons, i and k are individually a integer of 0-3, j is a

i nt eger of ad-epoxyamsin xompgosiivndorseniendictgyeatapsuatinguant) e ssmiconductor | n
the above formula (2), Rs, R6, R7, and R8 are preferably hydrogen
atorms aid rievige hoing isprensd higheraperae oppration life d8THL), ppitisuleriy extcibing
formula (2), has, a hydroxyl 15 equivalent of 190-210 and a softening
poi nt of 630 rdiebilifyuring opgsaiics yndrAigh temyperape expgfroniyeni ofmogs than
preferably en atons_and x . i,s .nost conmonly 1-5. The phenol
resin repr e‘géﬂi‘g‘%‘{‘fﬁ“rﬁa’r}‘ﬁm S@Eﬁ“h’?&’gg'a hydr oxyl equival ent of 165-190
and a softening point of 75-90C. The sane reason as that nentioned
for the increase of HTOL by the use of the epoxy resin represented by

fofrmul a (1)Dlgégég®mpg§%lm%ﬁunt applies to the use of the

phenol resins represent a (2) and/or fornmula (3) exceeding

a certgign amount -Sp@élﬁcd?@ﬁﬂ@brc%%?in@é;tfoﬁlﬁ&%&@taﬁ dXY résf BB Rsiidh fnd
formula (3) may bé used i n conbination, in which Case the total
anmount  shoukdicefdustdr Bhdapiul@ing RemerididNQe an Aoy esig, UB) A ghedorRbiar (@) ar
(C wused in the epoxy resin conposition for 5sem conduct or

encapsul at icatingdcctibmtapy @) eitita, iand E)talumtina amiforalumtingm gdrekide atherein the
commonly used as encapsul ating naterials that can accelerate the
reacti on ofamohst afabysingm o dpthgitetal antveniidhetnosy regircospbsitjerois §.28 senwide
used without a specific Iimtation. As exanples of such a_curing
accel er at Orapd A0 o&mﬁﬁ‘@%mg@gﬁs arsaverage particle size of 25 um or less.

1, 8-di gzabi cycl o(,5, 4, 0) undecene-7, im,dazole c ounds such. as
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triphenyl p hi [V ' rs can be
used eit he:} 8;;1%8?@1'%?3g{%fnlyéﬁtoegc?pgﬁﬁgtgggsﬁg@gghb,gﬂeﬁﬁmgg%&sﬁ%ﬁé_ The
silica (D) used ig i S Bo S8 S Lelnli ]

encapsul ati ng of %c%%%r%g%%éséﬁégﬁ?l on |ﬁ%%dd%g?a%ru%€%pgﬁﬁg€éj I (rihﬁe’t ed

to, fused sphRbhdRlor a&ﬁ&@@sﬁﬁeﬁtﬂ%we%bigﬁ&ﬁﬁng 'gigh@anpegm&%&@am{ used

spherical silica is nost preferable. ese pes of silica my be

used ei t hemaiiediady durig dpeition Gnded the ik teiPeribre! a0ireHmdi b LmorkHigan
surface of the silica may be treated with a coupling agent. Silica
parti cl28s W09, d= presengtdnweptien isGiitablyempphediei shinoadudtoa devieadiseabint | cl e
size distribution are preferable in view of inprovenent of fluidity.
I n the prestxtroniapatsfooyehicks and tiedikenore of silica particles.in the
total amount 20 of silica (D) has an average particle dianmeter of 25
gmor less for inmproving HTOL. If a current is caused to flowto
operate the device under high tenperature conditions, voids and small
cracks are%dﬂ@&ﬁf(ﬂ]{ &ﬁTﬁE%‘éB SN wi re and bondi ng pad
due to electric m ration.aéne%%o ed above. In this 'nstanCﬁ, if a
stress is gener atiof SPRTEHM SRR REFROY HE COMBRSIONJPLseRYCOnAvRLy)
causing_a condugtion failure.to easily 25occur. in a short tinme. 70
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or more epoxy groups in the molecule. There are no specific limitations to the

molecular weight and molecular structure. Examples include a bisphenol A type



gold and alum numis affected by the al um num concentration of the
resin, thereby making it difficult for the gol d-al um numeutectic
crystals to nove fromthe cathode to outside the cathode. If the

al umi num el enent is included in the resin conposition, the 15 growth
of eutectic crystals of gold and alum numis inhibited during high
tenperature storage life (HTSL). The grow h of the gol d-al um num
eutectic crystals is inhibited to retard the electrical nove even
under the HTOL conditions in which the electric current flows. Thus,
it is possi s Talgy g r Cei M j
controlIinSp%ﬁgkggﬁ?gﬂ¥ﬁ%%ﬁgﬁg&gﬁﬁﬁgﬁﬁﬁ?ﬁ%@ﬁgﬁéaﬁﬁykﬁgﬂgg%ﬁ%ﬂﬁgggﬁ
conposi ti oRpég rzan,mi@%togemw{ene-modiﬁed pHefol RYSHA8En BllHeh€ bfox§ hakh, Of
alumna is preferably 25 pmor less, and nore preferably 15 pm or

| ess. Too |ipigholpriiahe bRy adsin, alkglomodifiedpirphaivahdtRaneApoxyhresifgaad num
particle size limtation, the anobunt of particles wth a di aneter of
75 m or noneazdire-RiclenScartaihing spoxymesipr efheseadpbyy ks eéndre UsedsitheThe

maxi mum particle size refers 25 to the size of the particles

remai ni Ag owdividvadly-or ypeondiinalien ofvoTamAia with a | arge particle size,
alum na particles with a diameter of 64 pmor nore are preferably 20
W % or | ess, and Thgnee ofiths eroxpreginshowp by &e follovdng ﬁ&mﬂ]‘a&& 35 3h8,GPOKY a

Tess are preveh gt Fuut o) o Rk iRl vy g et or

| ess. Particl.es, .ot | patticle siz d spall. particl |ze are
measur ed. udrigaely 780 WP e Gl it G pe i iR el feel?
al tm na cr -have: . di LY 5 Sxap . aﬂlebcrystal
form a st %3%@5?%9@a§%“?§f°§§%‘3¥‘§%%° !}h%u%?héﬁj?ou"pnctl oér)ld}a ggﬁ en heat ed,
even i fipi t %bt%flfe&q}ngko%eﬁﬁﬁtl ih solf@meht b $stirR8 e be kP&t Sn PRI TOPRES beal
alumna is preferable for reducing the stress in the junction area
during heatimp@vend for inproving the HTOL characteristics. The
average particle size of alum num hydroxide, on the other hand, is
preferably 25 p.mor less, nore preferably 20 p.mor less, and still
nore preferably 10 10 pmor |less. As alum num hydroxide with a

maxi mum parti cl Cﬂh"?%:,cblt m num particles wth a@GHa0t@H,\of 75 pm or
|y wt % or |ess, and nore pref '}0 % or | ess.
\ : .

nore are prefer

The maxi num pgrti é@fers to the siz(ﬁ_g;g_ e 1)
remai ni Nng QQq, g -type bieves al ups deQxi¥de with ar ge
particle sﬁge‘ﬂ al um num ydrg%de ig;éﬁs vvi!t\\ﬁ’a(ﬁﬁdanete of 64 pm
or nore are preferably 2 3)2.5 nore prefergbly 10 wt %

or less. As al um num hydroxide with a small1®particle size/ "l unmi num
hydr oxi de particles wwth a dianeter of 0.5 pmor less are preferably
30 wt% or |less, and nore preferably 15 wt% or |less. Particles of
l'arge nart iheRisSRE R2ATda® dre RANihEIE 2 Bl dEBgeA afor BRI IR orsuipNHaviag

| aser particle size distribution nethod.” The use of al umnum

hydr oxi de Wi4 durlih aBtRY, agRd P aretihdividudiyaiThiegdr o8 08, b and ¢ Arnindibidualyer age
particle 20 diameter of silica and alum na is preferable for

i ncr easi ng iftégeref ¢-d1 axldaisey.average of podities medwen why al um na and

al um num hydroxi de with the average particle diameter and the
particle size di éthepbovedomofla (DR aBHWRE, and R iavrweferabhigidragnn lemse t he
FITOL is as follows. Although electric migration can be inhibited by
addi ng t he aad mnis mosh comarastit 1-3s Rpowyiresierspepied bytfanula (10 Aat # epoxy
junctign areas decreases once 25the electric m gl‘:hati on occurs. On. the
ot her Rind eadvalent o 303-38 5 drsaftening poiptad SP6AG i oicdpasan whi thedise of the

sem conductor devyice is exposed to,.a high tenperature. |If t ress
in the j unEPPYHEHR Epressueb RO &)f-‘éﬁ‘g 178 arsg?%arpa 3#05%3%8&25515 Bhat
area peel s off. caus] henoneno alled bond lift; to qccur,. As a
oo DoC neShaRae: Wit Phe PUEER T PE s be SRR Pab AR o
temperature conditions, the eutectic of gold and aluminum moves from the junction to

outside the junction, which is a phenomenon called migration. If migration starts, a



phenyl group, carboxyl group, hydroxyl group, alkyl group, vinyl
group, mercapto group, and the like can be given as exanples. O

t hese functional groups, a carboxyl 25 group, epoxy group, and

pol yet her group are preferable due to their excellent nutual
solubility with the epoxy resin. There are no specific limtations to
t he net hod of obtaining organopol ysil oxane. A nethod of obtaining a

| i near organopol ysi |l oxane by pol ynerizing three-di nensi onal

non- crossl i nked or ganopol ysi | oxanes such as net hyl chl orosi |l ane,

trimethyltr i : o (W | .gi.chl or 0si i.ven
There are a+1§%&%9§%é% ?gﬁ?{? ﬂ%ﬁ%ﬁs‘?ﬁ? %ﬁtr (g,ﬁétrr{ig{5 ﬂ{c‘)l'gea%%?o P%% ?lgduci ng
various funghiQpal DRk eHRe hbddibhekdi&l, teRAMmeRF SARORALYSH ik BXRR& toA

nmet hod of adding an allyl compound 5 having various functional groups
by addi ti ontep@kyfiies higidritiin 1158-200°) whiiHDME Ytntsspkbric thperslGictor G

pol ymeri zation may be carried out after producing an

or.ganopol yssenmeoadectardetvite, qaodiynthe junatidrodredtd\ex bandc a Ohitletotherthand, tler
addi ng an allyl conpound having various functional groups to

or ganocHhi or aséd anduct Fhibe sadthi aoimpnsitén eicapselatingthegaiction sich iscohafactedbgr
at 25C or liquid siljicone 10 rubber at 25C, or both, can ensure
reducti on ofhe atmosphesis terapgsaierelspd ors ngasipend: i |AserresultTimeompressbe stress is
solid silicone rubper at 25C and, liquid_silicone rubber at 25C in
conmbi nat i on?APYediodPRIAHIR areie c A 1S SOMPrESEUIe Rt ctivetcs migrEitiate a | ow
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the average particle dianeter o ese ers is pre m or
lless. In adpigi tﬁaccsrgpﬁemte%&&s%% R lufk AIPRABE BinSbe(diirehsed, 48 nlidhtidd ot
various additives 20 nay be added'to the epoxy resin conposition of
t he presentgdldwlaniinoneut&itic Rrye itk dah b Suppieeded e sulfity ingmpravb@ent bf thge
retardants such as a brom nated epoxy resin, antinony trioxide,
phosphor us H6@poharakteristignesi um hydr oxi de, and boric acid conmpound;

i norganic ion exchangers such as bisnuth oxide hydrate; coupling
agents such as y-Hieyrbeed syt &) ysadfonise Rppsy Sesimpermpasiion for semiconductor

Lo o OPAL L e RO ELLATe] SOl L, OS5, 25 ek o carhion 1 ack
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HTSL. e epoxy resin composition’o e present invention can
be obt ai neceR¥neAm6Sifie® pherl 26, shefdl fatBlkyl gs, ¥aghehol RRIKSPRBIANEA IS &l Ng
a mxer or the like, nelting 5 and kneadi ng using a kneadi ng nmachi ne
such as2ta rahlbegivekneRebirs, possessing 4 phagyleneakeletor loy & biphérydent Becldtmaeaded
product after cooling. The sem conduct or device of the present
i nventi on cmefprabkes the phenol acatigl otsmror dhearmphtholeanal byl sediatesgbctingdlyng t he
epoxy resin conposition. As a nethod for encapsulating the electronic
parts such as a sBriwenfihe phnobtesimshewniby thg follpaviegioryuia G2)roe dherphenol
conposi tion for sem conductor encapsul ating of the present invention,
nol di ng andesnshavg hieths filewangcdarmaya E})aﬁ%@genﬁémm{@ incngsrasteion

mol di ng, and injection np can be given, for exanple. In the
etaby

| di n .
seni - conducilol00xevs, peeterbly ﬁ%—lﬁﬁl ¥&hnindinatticnlarty greferpply D@ wha et thsr
el ement, js uspally cpnnected to the |lead frame or the .substrate by a
oL e oy BE ARG e Bl erTared R A aeamPor YRS B0V -
modulus of elasticity and low water absorption can be obtained, improvement in solder

heat resistance can be expected, and HTOL can be improved.



Car bon bl ack0. 30 part by wei ght (Method of evaluation) Spiral flow
Using a | ow pressure transfer nolding machine, the die for 20
nmeasuring a spiral flow conformng to EMM-1-66 was charged with the
epoxy resin conposition under the conditions of a die tenperature of
175C, injection pressure of 6.9 MPa, and curing time of 120 seconds
to determine the flow distance. The flow di stance units are reported
as cns. G ass transition tenperature (Tg): A test specinen (10 mmx 4
mmx 4 mm) 25 was formed using a transfer nolding machi ne under the
conditions of a die tenperature of 175C, injection pressure of 9.8
MPa, and curing tine of 180 seconds, followed by post-curing at 175C
for eight hours. d‘en, MA anal ysis was carried out at .a tenperature
rise of 5C per mipute. ffhe tangent intersection te raf ure of the
resulting TMA ¢ s af 60C and 240C was ;ead. Thi & tenmyerature was
used as the gl &8s tkankifj,on tenperaturR)gTMA- | OF mapuf act ured b

Sei ko Instrune hé/ﬂnc. /ﬂpagﬂzéﬁpnt4 Hnit (&& C
5Bendi ng st(mhgfé‘and eIastLqVﬁy?JA tlest speci nen
(I ength: 80 nm width: . A mR°Was forngd using a
transfer nol ding machi RS e cohetions of a die Agenperature of
175C, pressure of 9.8 a, and curing tine of 120 second%, fol | owed
by post-curing at 175C for eight hours. The bending strength and
bendi ng nodul us of elasticity were neasured according to JI'S 1(6911.

10 Th it for. ei h di h he b i dul f
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point of 75-90°C, The same reason as that mentioned for the increase of HTOL by the

use of the epoxy resin represented by formula (1) exceeding a certain amount applies to
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The silica (D) used in the epoxy resin composition for semiconductor
encapsulating of the present invention includes, but is not limited to, fused spherical
silica and granular fused silica. Of these, fused spherical silica is most preferable.

15  These types of silica may be used either individually or in combination of two or more.
The surface of the silica may be freated with a coupling agent.  Silica particles with as
[arge sphericity as possible and a broad particle size distribution are preferable in view
of improvement of fluidity.

In the present invention, 70 wt% or more of silica particles in the total amount

20  ofsilica (D) has an average particle diameter of 25 pum or less for improving HTOL. ff
a current is caused fo flow to operate the device under high temperature conditions,
voids and small cracks are produced in the junction of the gold wire and bonding pad
due to electric migration as mentioned above. In this instance, if a stress is generated
near the bonding pad, the cracks are expanded, causing a conduction failure to easily

25  occur in a short time. 70 wit% or more of silica particles with an average particle

diameter of 25 um or less in the total amount of silica (D) are effective for suppressing

. occurrence of stress near the bonding pad.
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The silica particles with an average particle diameter of 25 um or less more
preferably h;we an average particle diameter of 15 um or less. On the other hand, as
silica with a maximum particle size, silica particles with a diameter of 75 pum or more
are preferably 2 wt% or less, and more preferably 1 wt% or less. The maximum
particle size refers to the size of the particles remaining on a wet-type sieve.  As silica
with a large particle size, silica particles with a diameter of 64 um or more are
preferably 20 wt% or less, and more preferably, 10 wt% or less. Particles of large
particle size are most commonly measured using a laser particle size distribution. If
the silica (D} has an average particle diameter of 25 pm or more, contains particles with
a diameter of 75 pm or more in an amount of more than 2 wi%, or contains particles
with a diameter of 64 pm or more in an amount of more than 20 wt%, a stress occurs
due to the linear expansion difference between large diameter particles in the cured
product of the resin composition which exists near the junction area and at the junction
area, thereby accelerating conduction failure in the junction. The content of the silica
with an average particle diameter of 25 pm or less is 70 wt% or more, preferably 80
wt% or more, and particularly preferably 100 wt%. If the content of the silica is less
than 70 wt%, the proportion of large silica particles increases. Such large silica
particles produce a stress near the gold wire junction area due to the linear expansion
difference between the large particles and the junction, giving rise to a conduction
failure in the junction. . As the lowcr‘limit of the average particle diameter of silica
particles, the silica particles are preferably 5 um or more taking the viscosity increase of
the resin composition, cost, and the like into consideration.

The alumina and/or aluminum hydroxide (E) used in the epoxy resin
composition for semiconductor encapsulating of the present invention is added in an
amount to make the aluminum confent (as element) in the epoxy resin composition
0.25-5 Wt%, and preferably 1-4 wt%. Aluminum content less than 0.25 % cannot

provide the epoxy resin composition with sufficient HTOL characteristics. Aluminum
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content exceeding 5 wit% provides no more additional effect of improving the HTOL
characteristics, but causes problems such as a decrease in the strength of the molded
product, degraded fluidity of the composition, and the like. Addition of alumina and
aluminum hydroxide to an epoxy-resin composition for semiconductor is disclosed in
Japanese Patent Application Laid-open No. 10 -182941 and the like. However, the
object of adding alumina and aluminum hydroxide has conventionally been to exude the
heat generated from semiconductor devices or to provide flame retardancy, and not to
improve the HTOL characteristics.

The reason why the HTOL is improved by adding a certain amount of
aluminum element is as follows.  Because the cured product of the resin composition
for encapsulating the cathode contains the aluminum element, the eutectic crystals of
gold and aluminum is affected by the aluminum concentration of the resin, thereby
making it difficult for the gold-aluminum eutectic crystals to move from the cathode to
outside the cathode. If the aluminum element is included in the resin composition, the
growth of eutectic crystals of gold and aluminum is inhibited during high temperature
storage life (HTSL). The growth of the gold-aluminum entectic crystals is inhibited to
retard the electrical move even under the HTOL conditions in which the electric current
flows. Thus, it is possible to significantly suppress the electric migration by
controlling the content of the aluminum element in the epoxy resin composition to
0.25-5 wt%.

The average particle size of alumina is preferably 25 um or less, and more
preferably 15 pm or less. Too large particles are also not preferable. As the
maximum particle size limitation, the amount of particles with a diameter of 75 pm or
more is 2 wi% or less, and preferably 1 wt% or less. The maximum particle size refers
to the size of the particles remaining on a wet-type sieve. As alumina with a large
particle size, alumina particles with a diameter of 64 um or more are preferably 20 wi%

or less, and more preferably 10 wt% or less. As alumina with a small particle size,
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alumina particles with a diameter of 1 um or less are preferably 20 wt% or less, and
more preferably 10 wt% or less. Particles of large particle size and small particle size
are measured using a laser particle size distribution method. Since alumina crystals
have directivity due to the hexagonal plane crystal form, a stress is easily generated in

5  the junction area when heated, even if its effect is small. For this reason, the use of
spherical alumina is preferable for reducing the stress in the junction area during heating
and for improving the HTOL characteristics.

The average particle size of aluminum hydroxide, on the other hand, is
preferably 25 pm or less, more preferably 20 pm or less, and still more preferably 10

10 pmorless. As aluminum hydroxide with a maximum particle size, aluminum particles
with a diameter of 75 um or more are preferably 2 wt% or less, and more preferably 1
wt% or less. The maximum particle size refers to the size of the particles remaining on
a wet-type sieve.  As aluminum hydroxide with a large particle size, aluminum
hydroxide particles with a diameter of 64 pm or more are preferably 20 wt% or less, and

15  more preferably 10 wit% or less. As aluminum hydroxide with a small particle size,
aluminum hydroxide particles with a diameter of 0.5 pm or less are preferably 30 wi%
or less, and more preferably 15 wt% or less. Particles of large particle size and small
particle size are measured using a laser particle size distribution method. The use of
aJuminum hydroxide with an average particle diameter smalier than the average particle

20  diameter of silica and alumina is preferable for increastng flame retardancy.

The reason why alumina and aluminum hydroxide with the average particle
diameter and the particle size distribution of the above-mentioned ranges increase the
HTOL is as follows. Although electric migration can be inhibited by adding the
aluminum element as mentioned above, the strength of junction areas decreases once

25  the electric migration occurs. On the other hand, a stress is generated in the junction
area when a semiconductor device is exposed to a high temperature, If the stress in the

junction area exceeds the strength of the junction area, that arca peels off causing a

10
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phenomenon called bond lift to occur.  As a result, the connection resistance increases.
Therefore, in addition to significantly inhibiting electric migration, reducing the stress is
important for increasing the HTOL.

There are inorganic fillers such as silica, alumina and/or aluminum hydroxide
in the resin composition in the form of particles around the perimeter of the junction
area. Since the modulus of elasticity of heated inorganic fillers is larger than that of
the resin, inorganic fillers are a cause of stress produced in the junction area.  To
decrease the stress caused by the inorganic fillers, it is necessary to adjust the particle
size of the inorganic fillers. Although it is possible to significantly control the electric
migration in the resin composition by adding alumina and/or alurminum hydroxide, the
alurnina and aluminum hydroxide are greater factors in generating a stress in the
junction area than fused silica when heated, because the coefficient bf linear expansion
of alumina and aluminum hydroxide is larger than that of fused silica. Therefore, the
stress resulting from alumina and aluminum hydroxide can be controlled by reducing
the average particle diameter of alumina and aluminum hydroxide to 25 pm or less. If
the average particle diameter of alumina and aluminum hydroxide exceeds 25 um,
bond-lift may be caused and sufficient HTOL characteristics may not be exhibited.

The lower limit of the average particle diameter of alumina and alurninum hydroxide
particles is preferably 1 pm, taking the viscosity increase of the resin composition, cost,
and the like into consideration.

Taking into consideration application of the resin composition of the present
invention to semiconductor encapsulating, the alurnina and aluminum hydroxide having
excellent heat resistance, containing only a small amount of impurities, and exhibiting
high chemical resistance are preferable.

To further improve the HTOL characteristics, it is desirable for the epoxy resin
composition for semiconductor encapsulating of the present invention to comprise (F)

silicone rubber which is solid at 25°C (solid silicone rubber at 25°C) and/or silicone oil

1

[
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which is liquid at 25°C (liquid silicone rubber at 25°C) in an amount of 0.5-5 wi% of the
total amount of the epoxy resin composition. If less than 0.5 wt%, the effect of stress
reduction to the junction area at a high temperature cannot be sufficiently exhibited. A
content exceeding 5 wt % can reduce the stress, but is undesirable due to decrease in
fluidity and mechanical strength. The solid silicone rubber at 25°C has a basic
structure of three dimensionally crosslinked organopolysiloxane. Various functional
groups can be introduced into the solid silicone rubber without any specific limitations.
An epoxy group, amino group, methoxy group, phenyl group, carboxyl group, hydroxyl
group, alkyl group, vinyl group, mercapto group, and the like can be given as examples.
There are no specific limitations to the method for obtaining organopolysiloxane.
Usually, the organopolysiloxane can be obtained by polymerizing organochiorosilanes
such as methylchlorosilane, trimethyltrichlorosilane, and dimethyldichlorosilane.

There are also no specific limitations to the method for introducing various functional
groups into the solid silicone rubber. A method of adding an allyl compound having
various functional groups by addition polymerization can be given as the most common
method. The addition polymerization may be carried out after producing an
organopolysiloxane, or the polymerization may be carried out after adding an allyl
compound having various functional groups to organochlorosilane.

The liquid silicone oil at 25°C is a compound containing organopolysiloxane
as a main component. Various functional groups can be introduced into the terminal or
side chain of this liquid silicone rubber at 25°C. There are no specific limitations to
the functional group to be introduced. An epoxy group, amino group, methoxy group,
phenyl group, carboxyl group, hydroxyl group, alkyl group, vinyl group, mercapto
group, and the like can be given as examples. Of these functional groups, a carboxyl
group, epoxy group, and polyether group are preferable due to their excellent mutual
solubility with the epoxy resin. There are no specific limitations to the method of

obtaining organopolysiloxane. A method of obtaining a linear organopolysiloxane by

12
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polymerizing three-dimensional non-crosslinked organopolysiloxanes such as
methylchlorosilane, trimethyltrichlorosilane, and dimethyldichlorosilane can be given.
There are also no specific limitations to the method for introducing various functional
groups into the linear organopolysiloxane. A method of adding an ally! compound
having various functional groups by addition polymerization is most commeonly used.
The addition polymerization may be carried out after producing an organopolysiloxane
or the polymerization may be carried out after adding an allyl compound having various
functional groups to organochlorosilane.

The addition of either the solid silicone rubber at 25°C or liquid silicone
rubber at 25°C, or both, can ensure reduction of a stress caused by inorganic fillers.
The use of the solid silicone rubber at 25°C and liquid silicone rubber at 25°C in
combination is preferable, because the combined use can ensure 2 low modulus of
elasticity, high fluidity, and high strength, as well as further improvement of the HTOL
characteristics.

If necessary, fillers such as titanium white, silicon nitride, and the like
conventionally used for the epoxy resin composition for semiconductor encapsulating
may be used. However, for the reasons mentioned above, the average particle
diameter of these fillers is preferably 25 pm or less.

In addition to the essential components (A)-(E) or (A)-(F), various additives
may be added to the epox-y resin composition of the present invention. Such additives
include, for example, flame retardants such as a brominated epoxy resin, antimony
trioxide, phosphorus compound, magnesium hydroxide, and boric acid compound;
inorganic ion exchangers such as bismuth oxide hydrate; coupling agents such as
y-glycidoxypropylirimethoxysilane and y-aminopropyliriethoxysilane; coloring agents
such as carbon black and red iron oxide; stress reducing agents such as polybutadiene
rubber and NBR rubber; and releasing agents such as natural wax, synthetic wax, higher

fatty acid and its metal salts, and paraffin. The brominated epoxy resin and antimony

13
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trioxide may be added in a small amount to the extent that the reliability in HTSL is
satisfied, because the addition of a large amount may reduce the reliability in HTSL.

The epoxy resin composition of the present invention can be obtained by a
common method comprising mixing the components using a mixer or the like, meiting

5  and kneading using a kneading machine such as a roller, kneader, or extruder, and
pulverizing the kneaded product after cooling.

The semiconductor device of the present invention comprises a semiconductor
element encapsulated using the epoxy resin composition. As a method for
encapsulating the electronic parts such as a semiconductor element using the epoxy

10 resin composition for semiconductor encapsulating of the present invention, molding
and curing methods such as transfer molding, compression molding, and injection
molding can be given, for example. In the semi-conductor device of the present
invention, the semiconductor element is vsually connected to the lead frame or the
substrate by a gold wire.

15 The semiconductor device of the present invention is suitably used for
electronic components for which the operation under a high temperature environment
exceeding 150°C must be guaranteed.  Although not specifically limited, a power
transistor, igniter, power amplifier, and the like can be given.

The present invention will be described in more detail by examples, which

20  should not be construed as limiting the present invention. In the examples, the
amounis of the components are designated as “part(s) by weight”.

Example 1

After mixing the following components using a mixer, the mixture was
kneaded using two rollers, one of which had a surface temperature of 90°C and the other

25  45°C. The kneaded material was pulverized after cooling to obtain an epoxy resin
composition. The epoxy resin composition obtained was evaluated according to the

following method of evatuation. The results are shown in Table 1.

14
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Biphenyl epoxy resin 5.65 parts by weight
(YX-4000K manufactured by Japan Epoxy Resins Co., Ltd., epoxy equivalent:
185, melting point: 105°C)

Phenol aralkyl resin 2 5.35 parts by weight
(phenol resin shown by the formula (3), XL-225 manufactured by Mitsui
Chemicals, Inc., softening point: 79°C, hydroxyl equivalent: 174)

TPP: triphenylphosphine 0.20 part by weight

Fused spherical silica B 86.50 parts by weight
(average particle size: 11 um, particles with a particle size of 75 pm or more: 0.3
wi%, particles with a particle size of 64 pm or more: 3 wt%, specific surface area:
4.8 m%/g)

Spherical alumina | 1.50 parts by weight
(average particle size: 20 um, particles with a particle size of 75 pm or more: 0.2
wt%, particles with a particle size of 64 pm or more: 5 wt%)

¥-Glycidylpropyltrimethoxysilane 0.30 parts by weight

Camauba wax 0.20 parts by weight
Carbon black 0.30 part by weight
(Method of evaluation)

Spiral flow: Using a low-pressure transfer molding machine, the die for
measuring a spiral flow conforming to EMMI-1-66 was charged with the epoxy resin
composition under the conditions of a die temperature of 175°C, injection pressure of
6.9 MPa, and curing time of 120 seconds to determine the flow distance. The flow
distance units are reported as cms.

Glass transition temperature (Tg): A test specimen (10 mm x 4 mm x 4 mm)
was formed using a transfer molding machine under the conditions of a die temperature
of 175°C, injection pressure of 9.8 MPa, and curing time of 180 seconds, followed by

post-curing at 175°C for eight hours. Then, TMA analysis was carried out at a

15
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temperature rise of 5°C per minute. The tangent intersection temperature of the
resulting TMA curves at 60°C and 240°C wasread.  This temperature was used as the
glass transition temperature. TMA-100 manufactured by Seiko Instruments, Inc. was
used for the measurement. The unit was °C.

Bending strength and bending modulus of elasticity: A test specimen (length:
80 mm, width: 10 mm, thickness: 4 mm) was formed using a transfer molding machine
under the conditions of a die temperature of 175°C, pressure of 9.8 MPa, and curing
time of 120 seconds, followed by post-curing at 175°C for eight hours. The bending
strength and bending modulus of elasticity were measured according to JIS K6911.

The unit for either the bending strength or the bending modulus of elasticity is MPa,

Boiling water absorption: A disk specimen (diameter: 50 mm, thickness: 3
mm) was formed using a low pressure transfer molding machine under the conditions of
a die temperature of 175°C, injection pressure of 9.8 MPz, and curing time of 120
sec;onds, followed by post-curing at 175°C for eight hours. The water absorption was
determined from the weight change of the specimen before the moisture absorption
treatment and after boiling in purified water for 24 hours. The water absorption rate
was indicated by percentage. The unit was %.

Solder resistance: Some pieces of 160pLQFP were formed using a low
pressure transfer molding machine under the conditions of a die temperature of 175°C,
injection pressure of 8.3 MPa, and curing time of 120 seconds, followed by post-curing
at 175°C for eight hours. The 160pLQFP had a package size of 24 x 24 mm, thickness
of 1.4 mm, silicon chip size of 7.0 x 7.0mm. The lead frame was formed using a flash
plated copper material. The resulting package was treated with moisture at 85°C, a
relative humidity of 85% for 72 hours (ten pieces) and for 168 hours (ten pieces), and
dipped in a solder vessel at 260°C for 10 seconds. External cracks were observed by
microscope and the rate of crack generation was indicated by [(rate of crack generation)

= (number of packages generating cracks)/(total number of packages) x100] %.

16



L .(. IL Biphenyl epoxy resin o-Cresol novol ac epoxy resin Arallcyl
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silica B _ Fused spherical silica C - . . | A content: 52.9% Al
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y-Ci |l yci dyl propyl tri met hoxysilane Camauba wax _ . . | Carbon bl ack

I vam 1 | tuo a lu@n@m@ehite sthRHol EhardcteristicsIM1bpSOP with a chip size of 3.5mm
x 3.5 mm was formed using a transfer molding machine under conditions of a die
temperature of 175°C, pressure of 9.8 MPa, and curing time of two minutes, followed
by post-curing at 175°C for eight hours. A high temperature storage test was carried

5 outat 185°C. Packages of which the electric resistance value between the wiring
increased 20% from the initial value were judged to be bad. The time required for
becoming bad was measured. The time required for becoming bad was an average of n
=4, The unit are reported as hours.

High temperature operation characteristics: A 16pSOP with a chip size of

10 3.5mm x 3.5 mm was formed using a transfer molding machine under conditions of a
die temperature of 175°C, pressure of 9.8 MPa, and curing time of two minutes,
followed by post-curing at 175°C for eight hours. The resulting 16pSOP was stored at
a high temperature of 185°C by causing 0.5A DC to flow between both ends connected
with a daisy chain. Packages of which the electric resistance value between the wiring

15  increased 20% from the initial value were judged to be bad. The time required for
becoming bad was measured. The time required for becoming bad was an average of n
= 4 and the units are reported as hours.

Example 2-11 and Compar.ative Example 1-7
Epoxy resin compositions were prepared in the same manner as in Example 1
20  except that the components and the amounts are as shown in Tables 1 and 2. The
results are shown in Tables 1 and 2.  The materials other than those used in Example 1
.+ were as follows.
0-Cresol novolac epoxy resin
(EOCN-1020-62 manufactured by Nippon Kayaku Co., Ltd., softening point:
25 62°C, hydroxyl equivalent: 198)
Aralkyl epoxy resin
(epoxy resin shown by the formula (4), softening point: 58°C, epoxy equivalent:

17
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5  Dicyclopentadiene epoxy resin

(HP-7200 manufactured by Dainippon Ink Industry, softening point: 60°C,
hydroxyl equivalent: 263)

Brominated epoxy resin
(BREN-S manufactured by Nippon Kayaku Co., Ltd., softening point: $4°C,

10 hydroxyl equivalent: 273)

Phenol novolac resin
(softening point: 80°C, hydroxyl equivalent: 104)

Phenol aralkyl resin 1
(phenol resin shown by the formula (5), softening point: 73°C, hydroxyl

15 equivalent: 200)

DBU: 1,8-diazabicyclo(5,4,0)undecene-7
20  Fused spherical silica A

(average particle size: 8§ pum, particles with a particle size of 75 um or more: 0.5

18
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wt%, particles with a particle size of 64 pm or more: 1 wt%, specific surface area:
5.4 m’/g)

Fused sphericat silica C
(average particle size: 18 pm, particles with a particle size of 75 um or more: 0.1
wt%, particles with a particle size of 64 pm or more: 4 wi%, specific surface area:
3.0 m¥/g)

Fused spherical silica D
(average particle size: 30 pm, particles with a particle size of 75 pm or more; 0.8
wt%e, particles with a particle size of 64 um or more: 12 wt%, specific surface
area: 1.3 mm’/g)

Alumina
(average particle size: 20 um, particles with a particle size of 75 pum or more: 0.5
wit%, particles with a particle size of 64 um or more: 5 wt%, hexagonal planar
crystals)

Aluminum hydroxide
(average particle size: 3 pm, particles with a particle size of 75 pm or more: 0 wt%,
particles with a particle size of 64 pm or more: 0.1 wt%)

Solid silicon rubber
(crosslinked organosilicone rubber containing a dimethyl silyl group as a main
component, average particle size: 12 pm})

Liquid silicone oil
(silicone o1l having a polyethylene ether-polypropylene ether polymer grafted on
the methyl silyl group side chain, the non-methylsilyl terminal of the polyethylene
ether-polypropylene ether polymer having a methyl group or epoxy group, and a
dimethyl silicon content of 20 %)

Stress reducing agent

(acrylonitrile-butadiene modified rubber, modified rate of acrylonitrile and

19
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butadiene: 50:50, average particle size: 3 um)
Zinc oxide (average particle size: 0.5 pm)

Magnesium hydroxide (Mg(OH),, average particle size: 3 pm)
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INDUSTRIAL APPLICABILITY

An epoxy resin composition which excels in both high temperature storage
characteristics and reliability during high temperature operation can be provided in the
- present invention and is suitably used for a semiconductor device, used under a high
5  temperature environment such as a semiconductor device in the engine compartment of

vehicles or the vehicle body.
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The invention claimed is:

1. An epoxy resin composition for semiconductor encap-
sulating, comprising:

an epoxy resin represented by a formula,

OCH,=~CH—CH,

7 1 O
]
i,
OCHy;—CH—CH;q
0
- / l
CHl, //— —\ _.CHz— i H,
At I
e T ‘
(®%, ;

n

whetein RY, R%, R?, and R* are individually a hydrogen atom
ar an alky! group having 1-4 carbon aloms; a and d are
individually integers of (-3; b and ¢ are indjvidually integers
of 0-4; and m is an average of posilive numbers;

a phenol resin represented by a formula,

- OH OH )
(K7 /g
l%\‘\) CH'_'J_\_ - ;}CH‘AT \/}l H,
X S
uzé: }M (R,

¢ R“)f

wherein R®, R® R7. and R¥ wre individually a hydrogen alom
or an alkyl group having 1-4 carbon aloms: ¢ and h are
individually integers of 0-3; I and g are individually inlegers
of 0-4; and n is an average of positive numbers;

24



CEM [ ova CEM 0O 511 Q2 Ot OO 191.01 o0 r D 001l1lli< 81

k Bi phenyl

14. 1Telv 1 Dicycl opent adi ene epoxy resin Brom nated epoxy
Phenol novol ac resin Phenol arallcyl resin 1 TTP CHU |

spheri cal

silica A Fused spheri cal

epoxy resin o0-Cresol novol ac epoxy resin insaa Axoda

resin
1 Fused

silica B Fused spherical silica

C Fused sphefi @HINSACCPAIEONI Alunina | Al _content: 52.9% IZinc
oxi de Magnesisiliodwehargindé0 w980y ehalyl ofitbpgiltoai nstamcgsagtane  Camauba
wax Carbon bl aglrlidiNize 6123 v orddéshhndBc11Al  vow

alumina and aluminum hydroxide, wherein the amount of
_ aluminum Lo the total axnount of said epoxy resin com-
position is 0.25-5 wt %, the alumina and aluminum
hydroxide have an average particle size of 1 10 25 pm, an
amount of the alumina and aluminum hydroxide with a
diameter of 75 um or more is 2 wt % or less, and an
amount of the alumina and aluminum hydroxide with a
diameter of 64 pm or more is 20 wt % or less,

wherein the epoxy resin of the formula is in an amount of

* 100 wt % of the total epoxy resin amount, and the phenot
resin of the formula is in an amount of 100 wt % of the
tota) phenol resin amount.

2. The epoxy resin composition for semiconductor encap-
sulating according to ctaim 1, further comprising at least one
of a silicone rubber which is solid at 25° C. and a silicone oil
which is Tiguid at 25° C. in an amount of 0.5-5 wt % of the
total amount of said epoxy resin camposition.

3. The epoxy resin composition for semiconductor encap-
sulating according to claim 1, wherein the epoxy resin is
shown by a formula,

OCH,-CH-CH, - OCHa~CH-CHa.

GeO-O=3p

4. The epoxy resin composition for semiconductor encap-
sulating according io claim 1, wherein the phenol resin is
shown by a formula,

OH

S0-0~C3
- ] Cl'lz‘@—Q CHs v / H.

5. The epoxy resin composilion for semiconductor encap-
sulating according lo claim 1, wherein the alumina is spheri-

cal alumina.
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6. The epoxy resin composition for semiconductor encap-
sulating according Lo claim 1, further comprising a silicone
rubber which is solid al 25° C. and a silicone ol which is
Hguid at 25° C. inan amount of 0.5-5 wt % ol the {olal amount
ol said epoxy resin compaosition.

7. The epaxy resin composition for semiconductlor encap-

sulating according lo claim 1, wherein the epaxy resin of the

f'orfnuia is in an amount ranging from 9.92 10 11,17 parts by
WB!ghl of the lolal EPOXy 1esin C()mPOSIUOI’]. and Lhe ph(ﬂl'i{']]
resin of the formula is in an amount rangine from 6.08 lo 6.83
parls by weight of Lhe tolal epoxy f@Sfl'TCc;mposiLion, T

8. An epoxy resin composition for sermiconductor encap-

sulaling, consisting essentially of:
an epoxy resin represented by a formula,

OCHy—CH~—CHs

Zy ° ' 7
CHy /== —\ _CH,

S & 5

(R1), (R.,}//\ / \ 7\mf’)v
"I :

wherein R!, R, R?, and R” are individually a hydrogen atom

or an allyl group having -4 carbon atoms; a2 and d are
individually integers of 0-3; b and ¢ are individually integers
of 0-4; and m is an average of posilive numbers;

a phenol resin represented by a formula,

Ol OH
7
f’[\' P AN
CHa ==\ _CH,—~ H,
x N
(RS/)\ /g\/ - RY,
= {Rﬁ)f o/
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Sol der resistance High tenperature storage characteristics (HTSL)

Hi gh tenperature operation characteristics (11TOL) | NDUSTRI AL

APPLI CABI LI TY An epoxy resin conposition which excels in both
hi gh tenperature storage characteristics and reliability during high
tenperature operation _can be provided in the present invention and is
sui t abl ywhsesdn T, RE, &yiand R aresndivédnally 2 G¥EPIMARPTh hi gh 5
termeratg,&rgne@v{ oyt hwﬁg 2s| aafiRi epngsctondléviace in the engine
conpart ng eht cl ‘ - ' : . o ntion clai ned
is: 1.1 Hﬁﬁrlggqﬁ%%gﬁg?gﬁ‘tﬁé%ﬁgﬂgﬂgnmgg}n%ng%é Yé;ncapsul ating,
conpri si off-dansoig an ay¥eHEe S ROSERYEBUBPEES or nul a, OCL- 12- CH-Cl - 12

\o/ wherein R ~.and R4 are individually a hydrogen atom or
an al kyl qudegafk%ﬁbe%%O ?» carbon atons; a and d are individually

i ntegers ogﬂi@aqawhgr@ﬂqg@,w@ﬁmdi-a/:bﬁhlmlslﬁ];'/ca Emi_lseegba@r&ge 0£ 4é1| gnd mis
an average Q : i 1eRs:pygpol resin represented by a
forml a, éﬂ’@?ﬁ%}lﬂf%%%n%@f’e are individually a hydrogen atom
or an al kydlugtipamrdealungndavhydroxide,avbenein theam@onnt PE i ndivi dual | y
|a \r/]te regg; s.O]?f pﬁgﬁlﬁyg?nf@%@gﬁ ahﬂghﬁl!r ?P?diﬂkfoﬁ??@@ihsgcﬂﬁ— |0|40 aand nis an
wher ei n, 70 EOU4ER Woa 6$ ‘%"Eggs:ﬂpﬁ’ c‘@gli@g g‘l@aﬁﬁ%lr?@ng% article size of
25 p..m or |etsgsdroaMBhamﬁm@ﬁaageQatﬁmlh@mw}drteé-déf%’ Wherein the
amount of aﬁh;r?hgéﬁg%nu%gnﬁﬁa@ammm mg?mgﬁ@p wpﬁx% resin
conposi tion ks 0.25-% KM g 356 -abynigpamiydr oxi de have
an average pfif (tl ?I A ‘o 0% m,_an unt . of -t.he al um na and
al um num hycﬁlﬁﬁﬂﬂéﬁwli%aiéﬂnﬂﬂar?é]f-lefﬁumm‘?@ ﬁa'n@rp}iﬁ%tf g’l¢h382 W % or |ess,
and an anoundiaefetehef §Hymima raort il Aviv ndiyeisoxi de with a di aneter

of 641 mor nore is 20 Wt %or_Jle . .
wherein the epoxy resin OF the formuta is in an amount of

100 wi % of the tolal epoxy resin amount, and the phenol
resin of the formuta is in an amount of 100 wt % of the
total phenol resin aimount.

9, The epoxy resin composition For semiconductor encap-
sulating according Lo claim 8, further comprising at least one
of a silicone rubber which is solid ak 25° C. and a silicone oil
which is liquid at 25° C. in an amounl of 0.5-5 wt % of the
total amount of said epoxy resin composilion.

10. The epoxy resin composition for semiconductor encap-
sulating according to claim 8, wherein the epoxy resin 1s
shown by a formula,

- QCH,~CH-CH, ' OCH,-CH-CHa,
\0/ : %
@ 3
CH CH .
l 2 2 i
« )

11, The epoxy resin composition for semiconductor encap-
sulating according to claim 8, wherein the phenol resin is
shown by a formula,
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wherein the epoxy resin of the formula is in an anount of 100 Wt % of
the total epoxy resin anount, and the phenol resin of the fornula is
in an anount of 100 wt % of the total phenol resin anount. 2. The
epoxy resin conposition for sem conductor encapsul ating according to
claim1l, further conprising at |east one of a silicone rubber which
is solid at 25 C. and a silicone oil which is liquid at 25 C. in an
anount of 0.5-5 w % of the total anobunt of said epoxy resin
conposi tion. 3. The epoxy resin conposition for sem conductor
encapsul ating according to claim 1, wherein the epoxy resin is shown
by a fornubﬁ, 4. The epoxy resin conpositi @K for sem conductor

g

encapsul at .according to claim1, wherein the phenol resin is
, The epoxy conposition for

ehcaps ng agcor a ngtoc arm reinthe al um na
‘ 4 ; co on for
eRcaps il ng to cw further conpri sing
which is solid al 25 C and a silicone oil whichis
liquid al25 C. in an anount of 0.5-5 W %0 [ the Lola] anount of
sai d epox in co gpoposi tion for
sem condué@sﬁﬁﬁ?g nE‘I:‘SjPEbﬁ{]%Sé 8?@%&@8}&& e erein the epoxy
resin ofSulafEg FGaY 81:9‘??:”8 ‘af'l 52 to 11.17 parts

by wei ghial afurilma. | oud epoxy resin conposjtion, and t he phenol resin
of the foqmmelepoxyramnampﬂsmanﬁemmm@ﬂdecﬁa eD&4B- 83 parts by
wei ght h]ét h%@ﬂtr@@%hﬁlaiﬁﬁmlmhmemmpommg agilidonepoxy resin
COWOS' “ 7k Gepduptese encapsyl alitmgs otlondiich iing essential ly

of "' kS ﬁsbmger@s@%wageysa /BBy totapReRind R . F2, 123,

eén“atomor an al kyl group havr ng 1-4
carbon atlcyd ERORK dEHN £OFP \[' ?1;9 gelnte ers of 0-3; b and c are
i ndi vi dualiliinhme@@ém‘B%iﬂC@IWED’dHQH I Ecbt Phositive
nunber s;sudathigenctondéns to clapmedenhedinyheacpOrnital OF kerein R5, R6,
R7, and rB%@rI@Js ey behealnt yaggingdiroget. %8t torl bil 7arerta Ry group havi ng
1-4 carhg %?:"tht% @ndpbky qfr:@m mhpogmlnl wntithegiresiodf 0-3; f and g

are i ndl VI y g3of positive
nunber s;? b 'g%? ?ﬂ r @fﬂﬁbm %g{f?gbsggt % or nore of

the sil |R‘Hﬁw{é}é OL SR ‘i’g ér 388 {Rﬂf ;| ess; and

al umi na anib. a?xtm‘la Ay @ H&G Ltméb’ef‘-ﬁ“t 8]% al umi numto

t he t ot ajerpivondbclof caahpsdpdng aceaiding 6 §C9P-25-5 wt % the
al unm na @nguﬁg wahfivondyctopdedecdsavsedain aghdenratdte size of 1 to

35 Pm & t@% n@Brti%“%“@r%o@@@gﬁpﬂ;sngnﬂmda?ﬂdé Wi tth a
i aneter 0 r capsiape anount o e
al umi na Sl Eh%j?%fg%'@g%w%%] aﬁ;\djlL ar@r‘%t%gr 13 64 mor nore is 20
W % or JEEHEONEHEYHE epoxy resin of the % Hm@trs in an anount
of 100 wt b.0A :teﬁycp@tlwtoe;sl@% & B LsHE ASENNRE henol resin of
the for nglemdrs dieapsulatesiuwithofhcl 8POXY 1081BCARROIY PR 'HBhenol resin
anmount . {gmbmqu@gg){muapmlliltmgr’ammrainn@riofdnlme‘fm conduct or

encapsul at rlilg %CQu 5 AeWidk atootding twompainsil@ at | east one
of a si I| one rH % WQF(‘ Frilﬁtl:t ebkecBRAR Rkl cone oi | which
i's I|qU| bq wt To of the total anobunt of
sai d epoﬁfym?eegﬁ' H‘Lc iy h& tn conposition for
seni conducl&rTlehwpmtélthmj%é%%ﬁﬁﬁ’é 't“cglcl Fr“r‘?ilg W& ei n t he epoxy
resin i sjsahydrinyhigh tanpetaiyre enviton mapeolel ﬂr@smﬁ’“éorrposr tion for
sem conduct or encapsul ati ng according to claim8, wherein the phenol

resin is shown by a formula, 12, The epoxy resin conposition for
sem conduct or encapsul ating according to claim@8, wherein the alum na
is spherical alum na. 13. The epoxy resin conposition for

sem conduct or encapsul ating according to claim8, further conprising
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