DESCRI PTI ON EPOXY RESI N COVPCSI 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 conposition. The epoxy resin conposition is suitably used
particularly in sem conductor devices for electronic conponents for which
operation under a high tenperature environnent 10 exceedi ng 150C nust be
guar ant eed, such as el ectronic conmponents of vehicles, for exanple.
BACKGROUND ART Transfer nolding of an epoxy resin conposition is a suitable
encapsul ating 15 nethod for | ow cdsESGREYI@Noducti on of sem conduct or

devi ces such as I1Cs and LSIs. This nethod has been used for years, while
its performance has been inproved in respect of reliability through

i provenent of the epo resin and the phenol resin ed as a curing agent.
However . in the EBOS RESMEEOMPONHINAND SEMIC NI TORMDIDACE wei ght

savi ng, and increased perfornmance of el ectronic equi pnent, sem conductor 20
devi ces have al so becone highly integrated year by year. This trend has

i ncreased re%%krenents for the epoxy resin conposition for sem conductor
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example.

BACKGROUND ART
Transfer molding of an epoxy resin composition is a suitable encapsulating

15  method for low cost mass production of semiconductor devices such as ICs and LSIs.
This method has been used for years, while its performance has been improved in
respect of reliability through improvement of the epoxy resin and the phenol resin used
as a curing agent. However, in the recent market trend requiring miniaturization,
weight saving, and increased performance of electronic equipment, semiconductor

20 devices have also become highly integrated year by year. This trend has increased
requirements for the epoxy resin composition for semiconductor encapsulating. A
semiconductor for vehicles particularly requires the guarantee of operation under a
severe high temperature environment in the engine compartment or the vehicle body.
Not only mounting characteristics such as solder resistant properties that have been

25  conventionally required, but also reliability during high temperature storage (hereinafter
referred to as “HTSL” (high temperature storage life)) and high temperature operation

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



General ly, a sem conductor elenent and a lead frane in a sem conductor 5
devi ce are connected using a gold wire. On the lead frame side, in
particular, the gold wre is joined with alum num pad by heat and
ultrasonic waves. In this instance, gold and al um num produces an all oy,
which is referred to as eutectic crystal or an internetallic conpound. The
internetallic conpound grows during storage under high tenperature
conditions and produces cracks and corrosion, which cause a problemof a 10
connection resistance increase. On the other hand, when the device is
oper at ed bYITSEae&raty lde vndar dugh temppratse storagagtithontgecthic ghrrend dprenpatanios,
conditions, the phenonenon taking place is one under an the environnment in
whi ch a f| oheshs Bll@dtreErstojlde prdsy empegreturowpte duglevise inepeagiedi current.
The behavior is different fromthat exhibited during high tenperature
st orage wi eplying gleg\iicresent | ow. Particularly under the 15 conditions of a
hi gh tenperature and | arge current, transfer of internmetallic conpounds by
el ectrons (el ect Aeaergilyasemisopdpcianeasenass pdens fEarmingsseptieangdpelpr of t he
internetallic conpounds in the cathode, cracks and voids [n the junction
area, ah i AeHiesae comectedasingamold WiRd €8 Mrlerd Bame sidedpdarticylag tiegold o
i nprove the hi,gh.tenperature storage |if HTSL) under_high 20 te rature
condi t i ons Witg IAdGEdVIBY ﬁa@%g%byg}e%mgﬁwﬁﬁwn& WRYRSur it ﬁhé'ssm?tﬁ“ctehg'ﬁgpoxy
resin conposjtion asgghch as possi.bl e, %Engihod of addin% an ion catcher, a
met hod of 2RAHIHEIDNM prodpces 3B 1Ak MTRAF i reigtred S SIIRCHG S Sl 9hA ret ar dant such
as brom ne. and nti non Xi ..and e like re becom ng co n t.echni ques
of o nt ai el Sqrgraty | 75 el sprorad iR R SR SRR oo
t hese techpi ques can r.educe .25 (onic i.nmpurities and.i,mprove L he act ual
wor ki ng- st Eriegrrt andB R TR B SanhEh ebhSind it BRREE pidhm elder at ur o
operating Life (HTOL). can nat ne rhlye b thsfied (far | e,
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Japanese P Qgﬁl jcati st !,( i d- . - Tk 2 The
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technol ogi gin, THekS! Mhurfilr AL ShviRSnhdf iPhARRRYRAL iR iSprbudefoVi de
due to passage of an actual current. The behavior is different from that exhibited
during high temperature storage without a current flow. Particularly under the
15  conditions of a high temperature and large current, transfer of intermetallic compounds
by electrons (electric migration) induces problems such as transfer of the intermetallic
compounds in the cathode, cracks and voids in the junction area, an increase in
resistance, and conduction failure.
In order to improve the high temperature storage life (HTSL) under high
20  temperature conditions, a method of decreasing the amount of impurities in the epoxy
resin composition as much as possible, a method of adding an ion catcher, a method of
- using a resin substantially not containing a flame retardant such as bromine and
antimony oxide, and the like, are becoming common techniques of maintaining the
reliability during high temperature storage. Although these techniques can reduce
25 ionic impurities and improve HTSL, the actual working state of the semiconductor

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



an epoxy resin conposition for sem conductor encapsul ating and a

sem conduct or 5 device having i nproved high tenperature operation life
(HTAQL), particularly excelling in reliability during operation under a high
tenperature environnent of nore than 150C that occurs in vehicles and the

| i ke. DI SCLOSURE OF THE | NVENTI ON 10 Specifically, the present invention
provi des an epoxy resin conposition for sem conductor encapsul ating
conprising (A an epoxy resin, (B) a phenol resin, (C a curing

accel erator, SD@ silica, and (E) alum na and/or al um num hydroxi de, wherein
the anouritaged), apanestDatentanphicaticn laid-apeuNe. Hi00t33€1 BbG@x§ pagesn conposi tion
is 0.25-5 % and 70 wt% or nore of the silica has an average particle size
of 25 mor | ess. Thepreseat ipverfmhas hoemchisyed fos!ysr thesedseblems éhi conduct or

devi ce conprising a _sem conductor el enent encapsul ated using the epoxy

resi n conpoayentiopal thnelogiche Ehagiors @s‘iﬁrje%@ﬁﬁtﬁﬂqr@ﬁeawnf'@ﬁwémgwmd@t or
encapsul ating and the sem cqonductor device possess excellent reliability
during hi g SPERpEFRCGRPOsHER JTisericondugien egprsulaling apd AscBISERMCIBNn under t he

hi gh tenperature enyironnpnt, of nore than 20 15 he present inyvention is
sui t abgy é%&cr: Bavin VBRI EO D BT B SPEBigs i it OL) geticsry P& £ or

vehi cles and .t he. |ike. BEST. I\/EDE FOR CARRYI NG OUT, THE | NVENTI The epoxy
resin (A ‘ﬁé@&gﬁ’&f dgrng QSEAPn G ?rﬁcg%{?wefﬁ%rﬁ SEHORTHt O M 25

encapsul at|i f the present inyention is a nononer, oligoner, or a polyner
havi ng tmdSBgF8WB?%”5$BQ§E%&%ﬁﬁlgphthe nol ecul e. There are no specific
limtations to the nolecular weight and nol ecul ar structure. Exanples

i ncl ude a bi sphenol A type 3 epoxy resin, phenol novol ac epoxy resin,

o O eool nOSSLAOBR R RyEMRofl novol ac epoxy resin L
L PapeL et hans o L b Ll i RSB ARRRREY E91 T
ei ther 5 ipdivh@uald @ﬁc&}{sujaﬂng 96591)1‘}'3{1@ 24 £ ep%yé?re(gfn, f@fa?phenol resin, (C) a
curing accelerator, (D) silica, and (E) alumina and/or aluminum hydroxide, wherein the
amount of aluminum to the total amount of the epoxy resin composition is 0.25-5 wt%
and 70 wt% or more of the silica has an average particle size of 25 um or less.
15 The present invention also provides a semiconductor device comprising a
semiconductor element encapsulated using the epoxy resin composition.
Since the epoxy resin composition for semiconductor encapsulating and the
semiconductor device possess excellent reliability during high temperature operation,
particularly during operation under the high temperature environment of more than

20 150°C, the present invention is suitably applied to semiconductor devices used in

electronic parts for vehicles and the like.

BEST MODE FOR CARRYING OUT THE INVENTION
The epoxy resin (A) used for the epoxy resin composition for semiconductor
25  encapsulating of the present invention is a monomer, oligomer, or a polymer having two
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



The use of the epoxy resin shown by the following formula (1) as the epoxy
resin (A in an anmount of 40-100 wt% preferably 50-100 wt % and
particularly preferably 70-100 wt % of the total anmount of the epoxy resin
(A) is preferable, because a conposition with a | ow nodulus of elasticity
and | ow wat er absorption can be 10 obtai ned, inprovenent in sol der heat

resi stance can be expected, and HTOL can be inproved. OCH2-CH -CH2. OCH2- CH
H2 O 4 %W CHz~ CHZ f~\ 4 H(1) (RD)b \ \(R3)c m 15 wherein R, R2, R3, and
R4 are individually a hydrogen atomor an al kyl group having 1-4 carbon
atons, a apekydesingphendineveaaépoxyaedimteegresolusfvolacZpoky maidh, vaphttwinawdiagi dual |y a
integer of 0-4, and mis an average of positive nunbers. In the above

fornul a ( EpoxyResinRicydRmentdienRanaeth dedophenelrepoky rasind silyene epoayeesinand mi s
most commonly 1-3. Epoxy resin represented by formula (1) has an epoxy 20
equi val entrigfenolgstizgs eppry wsisotlkdrnedfipdirmherglmsthagg cpoxyHesing@don why t he
use of the_ epoxy resin represented by fornmula (1) exceeding a certain
amount | nEHEZHERICIEPOICONGINIZELEHOFY IS . MRFSHEROPE Iefdns @B bediseh@ihet ed by causi ng
a current .to flow under high tenperature conditions, the eutectic of gold
and al o MYIRBRIOrAR spmbRALR AN BYJe- outside the junction, which is a
phenonenon called mgration. If mgration starts, a 4 clearance is produced
in the juncti onTg'ﬁd‘S%P (e PR SSRSTANE bY e Lawie Fowniast a@ﬁ]aceqoemcti on. Due
to the heat . generated, the perineter o e junction is exppsed to a

t enper at uF%‘“hﬁe H@Pntaﬂ@ﬁntl‘énﬁ-%zmd’t%/ﬂeﬁﬂr ﬁrargg' Stdhﬁjba‘f’%ﬁﬂé’taft@%f erature of
the sem conduct or vice, .causing the junction ar to e d, On the other
nand, ¢ ne peetcrcopi0Baues o6 et Fuhob B eeedteSh (Bhiaseeals b
junction area is.not.affected e.al nmospheric t er.ature and does not
expand. A& CgMpRuHPy ‘,Mtg aéBWﬁ?‘édé’Z'%ls\PélequP%‘bsmﬁgow ‘friagg&)ri) O 8 YUncti on area.

Thi's 10"PL bR e ﬁrr?l}rg\?e‘?‘r?en ?ncs%llc?err B& Fe MR ThOPe g)Ipected, and HTOL can be

improved.
OCHz‘C!\"_/CHz OCHz"Ctl';CHz
7~ | O d | ©
T CH, CH,—~ 5 ' (B
&S \('— = N,
e Wi
(R%)y (R%). m

15  wherein R', R?, R®, and R? are individually a hydrogen atom or an alkyl group having
1-4 carbon atoms, a and d are individually a integer of 0-3, b and ¢ are individually a
integer of 0-4, and m 1s an average of positive numbers.

In the above formula (1), R}, R?, R?, and R* are preferably hydrogen atoms,
and m is most commonly 1-3. Epoxy resin represented by formula (1) has an epoxy

20  equivalent of 265-285 and a softening point of 50-63°C. The reason why the use of the
epoxy resin represented by formula (1) exceeding a certain amount increases HTOL is
as follows. When the device is operated by causing a current to flow under high
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



gol d-al um num eutectic crystals. The use of the epoxy resin shown by the
formula (1) having a | ow nodulus of elasticity at a high tenperature under
such a situation makes it 10 easy for the cured conponent of the resin
conposition to deformin the junction area. Thus, the conpressive stress in
the junction area can be decreased, and mgration of gold-alumnum eutectic
crystals can be suppressed, resulting in inprovenent of the HICL
characteristics. The phenol resin (B) used for the epoxy resin conposition
for sem conductor 15 encapsulating of the present invention includes all of
t he nonomediearansk igeneduesd imthe jupadionmed sleptmigiragstangs iwreasoy @ heheilol i ¢ hydr oxyl
groups in the nolecule. There are no specific [imtations to the nol ecul ar
wei ght andundioseulPae tethedegigeacrafedy the parigeter obthe pinstion isrwesedoresi n, cresol
novol ac resin, di C%ifé' opent adi ene- nodi fi ed phenol resin, terpene-nodified
phenol r esEmperghishbigherthan40-2U5Crwhigh hhihs afmesphemis lempeesiyre ohHE the |i ke 20
can be given. Resins possessjng a, phenyl ene skel etaon or a bi phenyl ene
skel et on aeicopdustar daynes, saiising dheo et apaiorpand sitn Be ofke hasthMishol  ar al ky!
resin respectjvely. e use of the phenol resin shown by the follow ng
formul & (2rsrProgist ag 3PS PRIBPRFUNRAGARSY 4 iRg ﬂ?edPP‘ifwnﬁﬁgaf%PH{ﬁfgecteﬁl)byas t he
phenol res}ln téﬂB) i n.an anount of ., 40-100 V\Cftz% pr ef er abl ﬁ}SO- 100 wt % and
parti cul arlP§2FiaspharicdFpPoalIR A dags 8Pt PREG 5 At ESUlhAFORPrEFIERECSHR ol
resin (B) is.g&egﬁ;red. becausg .a cog‘position with a | ow noduylus of
el ast i ci t PRHeA 1odhe (hehion aarﬁ%orﬁilﬁ BRI BeStSE 2CRISHCS TSFHPEREnt i n sol der
heat resistance can be expected, d HTQ, can be inproved..5_ CH ; CH2
(R)o cro Bl iy RS, | TRy T e RBR SoBORI Py IR EPEITE B8 .
R7, and are i.ndividual ly. a.hvdroge tomor an.al kyl aro havi n 5 1-4
cat bon- at denee et faCRGaTE: Bt Bhed e HhiRe AN E
I ndi vi 1‘6“3' e|a¥y fr the cured component of the resin composition to deform in the junction area.
Thus, the compressive stress in the junction area can be decreased, and migration of
gold-aluminum eutectic crystals can be suppressed, resulting in improvement of the
HTOL characteristics.
The phenol resin (B) used for the epoxy resin composition for semiconductor
15  encapsulating of the present invention includes all of the monomers, oligomers, and
polymers having two or more phenolic hydroxyl groups in the molecule. There are no
specific limitations to the molecular weight and molecular structure. For example, a
phenol novolac resin, cresol novolac resin, dicyclopentadiene-modified phenol resin,
terpene-modified phenol resin, phenol aralkyl resin, naphthol aralkyl resin, and the like
20 canbe given. Resins possessing a phenylene skeleton or a biphenylene skeleton are
preferable as the phenol aralkyl resin or the naphthol aralky! resin respectively.

The use of the phenol resin shown by the following formula (2) or the phenol
resin shown by the following formula (3) as the phenol resin (B) in an amount of
40-100 wt%, preferably 50-100 wt%, and particularly preferably 70-100 wt% of the

25  total amount of the phenol resin (B) is preferred, because a composition with a low
modulus of elasticity and low water absorption can be obtained, improvement in solder

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



integer of 0-4, and n is an average of positive nunbers. OH OH CH2 CH2 H (3
) (R,// (RRo~ Or"'" (R199k 1 x 10 wherein R9, R10, and R 1 are

i ndi vidually a hydrogen atom or an al kyl group having 1-4 carbon atons, i
and k are individually a integer of 0-3, j is a integer of 0-4, and x is an
average of positive nunbers. In the above formula (2), R5, R6, R7, and R8
are preferably hydrogen atons and n is nost commonly 1-3. The phenol resin
represented by formula (2) has a hydroxyl 15 equival ent of 190-210 and a
softening point of 63-70C. In the above formula (3), R9, R10, and Rl1l are
preferably hydrogen atons and x is nost commonly 1-5. The phenol resin
represented by fornula (3) has a hydroxyl equivalent of 165-190 and a
softening poi ntgEf 75,90C. The sane reason as thatymentioned for the

.increase of HTQY by t use of the epoxy resin regresented by formula (1)
unt applies torm‘,&;l7 he usefgg\age henol resins

exceeding a ce
represented by forl g 3\ ex€eeding cert anount .
e:lé'ﬁdhj ormula ?é;% used in

éé,) and/ or for
-The phenol \ml Reed
conblnatldR)J/J] ich case&ﬁae t Sh?ﬁ e wi fhin the above
I [ e

range. As the curing\acce g/ato epoxy fesin conposition
for 5 sem conductor enca g of present inventjygn, any curing
accelerators commonly used as encapsulating materials that can accel erate
the reaction of the epoxy group with the phenolic hydroxyl group can be
used without a specific limtation. As exanples of such a curing

accel erator C S S 8-di azabi c cI 0o(.5, 4, O uyndecene- 7,
i mi dazol e“é’S?Fb‘ghgl ; § H%S Wé’c"l‘fﬁ!ap)‘r?&‘éﬁré‘ﬂ@‘ at%‘ &Fﬂ“@%ﬁﬁ%phor us
conpou as trlphe h|n can be v hese curin
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nor e.

integer of 0-4, and n is an average of positive numbers.

OH

Py

CH,—T H  (3)
RS '"/ o |

Rm)k )

X

10 wherein R%, R, and R! are individually a hydrogen atom or an alkyl group having 1-4
carbon atoms, i and k are individually a integer of 0-3, j is a integer of 0-4, and x is an
average of positive numbers.

In the above formula (2), R® R® R’ and R® are preferably hydrogen atoms and
n is most commonly 1-3. The phenol resin represented by formula (2) has a hydroxyl

15 equivalent of 190-210 and a softening point of 63-70°C. In the above formula (3), R’,
R', and R" are preferably hydrogen atoms and x is most commonly 1-5. The phenol
resin represented by formula (3) has a hydroxyl equivalent of 165-190 and a softening
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



The silica (D) used in the epoxy resin conposition for sem conductor
encapsul ating of the present invention includes, but is not limted to,
fused spherical silica and granular fused silica. O these, fused spherical
silicais nost preferable. 15 These types of silica my be used either
individually or in conmbination of two or nore. The surface of the silica
may be treated with a coupling agent. Silica particles with as |arge
sphericity as possible and a broad particle size distribution are preferable
in view of inprovement of fluidity. In the present invention, 70 w % or
nore of sithd wsa gfdret phehelgesins teheestmtdby fomaulat(2) 201/ @ffosnbla ¢3) (xBDyedigsa an
average particle dianeter of 25 mor less for inproving HTOL. If a current
i s caused ctraifi hounio dihe phtrl tdsesdemessatedrigdprnmilg (2 )tapdgematia (3B rogrish t i ons,
voids and snmall cracks are produced in the junction of the gold wire and
bondi ng pased idwembmagibr.anhichiage theitotal arsount shoudd bel wathovibe abevettange. i nst ance,
if a stress is generated near the bonding pad, the cracks are expanded,
.causi ng a condudhd ibna chrng anceleratord &y psed iR therpony rdsim epmgpsitiontforre. 70 wt % or
more of silica particles with an average particle dianeter of 25 mor |ess
i n thedt osethicg r epfapshlatingof thy peasentanveason.\aay torngagsplestieisng occurrence
of stress near the bonding pad. 7 The silica particles with an average
particl e &pamenbiussd apencghywtingsnaicnaly that gancceslensiothe sepetiemobthe By particl e
di aneter of 15 gmor |less. On the other hand, .as silica with a maxi num
particle &roup wish the pheppdicthydroxyl giovm can b ussd athodta spscidin lBnitaione Agr e
preferably 2 wt% or ]ess, and re preferably | wt% or | ess. The nmaxi mum 5
particl e §3BPleepliush pgutipgaccelepteys apnpg cHRIPPPRISSYCh 8mai ni ng on a wet - t ype

sieve. As sjlica. wt | ar ge rticle size, silica particles with a
di amet er &i8-§az ﬁﬁ%\io(m@@ra%m%f upidazgle (OBPPYRLES asg’«s@?ﬂla{\@n%ﬂés
0O wt% or less. Parti rticle si.ze are nost

Cormonly HRdSisAud phermigs coRBar ahh & e ipeRRiine BERYCHen 1 Thefo si 1§ ca
(), s an, et age Bt L R Sl 28, Aot BBt PR Sofr 1 o
f ﬁghaizgswtp oa/; t ;C ls'lﬁﬂ% é'él\éc“ag@% ﬁ;egi i nt@et e%roxy(/) I‘e516rl4co%nﬂo(s)ﬁiorq?(r)rese;rgco%raugtgpu nt of nore
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 treated with a coupling agent.  Silica particles with as
large 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 um or less for improving HTOL. If
a current is caused to 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  occurin a short time. 70 wt% or more of silica particles with an average particle

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

occurrence of stress near the bonding pad.



due to the |inear expansion difference between |arge dianeter particles in
the cured product of the resin conposition which exists near the junction
area and at the junction area, thereby accelerating conduction failure in
the junction. The content of the silica 15 with an average particle dianeter
of 25 gmor less is 70 ww% or nore, preferably 80 w % or nore, and
particularly preferably 100 wt% If the content of the silica is less than
70 wt% the proportion of large silica particles increases. Such |arge
silica particles produce a stress near the gold wire junction area due to

the |inear expangoftca SRHERL SATSASLUBE LR A A8 MACTLELER, AN e

junct|on grving rise a con uction arlureint junc 1'on.” As the
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al um na an r oxi USG Int epoxy resin COﬂpOSItIOﬂ

for sem CARRHA Elgwayieéé 'aH@nfa,freHa&rm i Lugnt 'TRE'nia‘%nﬁ‘l‘xjrﬂed inan 25

anount to m num’cont ent (as enent In the epoxy resin

conposy ti ﬁdhlge Soe Peits % tlﬁ:”ﬂ'zeﬂff@ﬁe%a?ﬂél&‘s élenfhlmﬁﬁg/%n Ak eent RRLj1:eSS than

0.25 % cannot provide the epoxy resin conposition wth sufficient HTCL

char act er {yfihlaGsrge HhriiBleRiisR mﬁcacmﬁaeg wRHK 6 @emMhdIg oF WA B Q¥kdgs no nore
addi tional effect of inproving the HTCL characterlstlcs but causes

probl ens @ufaaatﬂﬁm\ﬁ%%e@@eanunnér%r@&rhﬂggmvm of 186s. MPalRgks dinggect, degraded
fluidity of the conposition, and the Ii Addi tion of alum na and al um num

hydr oxi de% rfic]a Biz8 Aot @S infhdRBRessutddQisidgQf 1asee Phiieedkive! distribstisH. safosed in 5
Japanese Patent Application Laid-open No. 10 -182941 and the |ike. However,

the obj et sitica A0VhaxGinalveiiz e partislediiahdted 6T\ 2H iy 8f Msted €ottains pamivReWitnal | y
been to exude the heat generated from sem conductor devices or to provide

f 1 amel( et adidarey of 2H don@tmére in ampmome of Avrdihah 2084, ae tedthint pasicleihe reason
why the HTOL is inproved by adding a certain anmount of 10 al um num el enent
i s as fol wia didéegtaudd4tine ocmoeedn pan adwaht affméne ehaneX) wit%6,.ongiess ddcors  f or
encapsul ati ng the cathode contains the alum num el enent, the eutectic
cryst al s dife 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
15  with an average particle diameter of 25 um 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
20  failure in the junction.  As the lower 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
25  amount to make the aluminum content (as element) in the epoxy resin composition

0.25-5 Wt%, and preferably 1-4 wi%. Aluminum content less than 0.25 % cannot

provide the epoxy resin composition with sufficient HTOL characteristics. Aluminum



gold and alum numis affected by the al um num concentrati on of the resin,
thereby making it difficult for the gold-alumnumeutectic crystals to nove
fromthe cathode to outside the cathode. If the alum numelenent is
included in the resin conmposition, the 15 growth of eutectic crystals of
gold and alum numis inhibited during high tenperature storage |life (HTSL).
The growt h of the gold-alum numeutectic crystals is inhibited to retard
the electrical nove even under the HTOL conditions in which the electric
current flows. Thus, it is possible to significantly suppress the electric
m gr at i oncdayert exdeedink iSngt? peviles he norehdditienah Effedt ol im@boeinmg nie HHOLhe epoxy
resin conposition to 20 0.25-5 w% The average particle size of alumna is
pr ef er abl yha?dstaristcs, bessusampiobteme sughras haleaishse i Shemtengthed she molded ar ge
.particles are also not preferable. As the mnmaxinmum particle size limtation,
t he anpunprodctpdegtaded dlsndifytdf the chinagposition, ofd tiSlike. orAddiboreof auRinata¥dor | ess,
and preferably 1 wt% or | ess. The maxi mum particle size refers 25 to the

.si ze of t dempam hydrexide énari ¢rony-resin gompasitionper sdngivendudtor & disdloredwit h a | ar ge
particle size, alumna particles with a dianeter of 64 mor nore are

pr ef erdabl JapagesaPeteniochpplisson bad-aper lopt @£ 182861 gndithe hkeo olowews, thas al umi na
with a small particle size, 9 alumna particles with a dianeter of 1 mor

| ess are phiedtef addipg glomipagngralyraiym bieoxidphas copedniioadlybeen tavedeithd ess.
Particl es of Iar%e garticl_e size and small particle size are neasured using
a laser pheat pererated BemEpRiqONERIPIOIEViRES RO, Proayide Hamp metpmancyy ynsknatée have
directivity due to the hexagonal plane crystal form a stress is easily
gener at ediinoy haHQIneharasierishien when heated, even if its effect is snall.
For this reason,_ the use of herical alumna is preferable for reducing
the stress in tﬁ@ef‘iﬁﬁfé’t?@‘nﬂ‘&r ﬁohéﬁlpl?éo‘f?éé’tyiaﬁémgérfﬁnﬁ’érm}%?%ﬁ/i ng the HTOL

G R SR COR I P S L
T B DA L5 e SRR it 2 T o
preferabl é’ol& ayl\g O/ux%rimln(la %ssdffe%{%g br}}I%ﬁéa alff ?rIu%{ gobrlcgntl"ation 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
15  growth of eutectic crystals of gold and aluminum is inhibited during high temperature
storage life (HTSL). The growth of the gold-aluminum eutectic 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
20 0.25-5 wt%.
The average particle size of alumina is preferably 25 um or less, and more
preferably 15 um 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 wt% or less, and preferably | wt% or less. The maximum particle size refers
25  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 wt%

or less, and more preferably 10 wt% or less.  As alumina with a small particle size,



w % or | ess. The maxi num particle size refers to the size of the particles
remai ning on a wet-type sieve. As alum num hydroxide with a |large particle
size, alum num hydroxide particles with a diameter of 64 mor nore are
preferably 20 wt% or less, and 15 nore preferably 10 wt % or | ess. As

al um num hydroxide wth a small particle size, alum num hydroxide particles
with a dianeter of 0.5 mor less are preferably 30 w% or |ess, and nore
preferably 15 w% or |less. Particles of |arge particle size and small
particle size are neasured using a |l aser particle size distribution method.
The use oflumahaiparticles Wyt molkameienit lhumor dseamgecipably 2] wt’dionlest,end snal | er
than the average particle 20 dianeter of silica and alumna is preferable
for i ncreasiragrefdrabiy 10 etdratdessy . Patigles eflaege pantjcle bigerambsmasbiparticlasizam

hydroxi de with the average particle diameter and the particle size

di st ri but amegsurcd aismg@asenparticlesig divnoni methed s Sin¢realumiP@icrystalas f ol | ows.
Al though electric mgration can be inhibited by adding the alum num el enent
as menti ohav ditsstielty durctodhe kaxgeonabplape austiabioray e sltesd écqasidy genemtekin2s t he
electric mgration occurs. On the other hand, a stress is generated in the
junctidn thereectivnarcaavkaaricaisadtren o itordfectis smallex fosibis reason. the ype efenper at ur e.
If the stress in the _junction area exceeds the_ strength of the junction
area, thatPherisal ahaning ippreicgahle fos gedicing thindlrrshintdp JunshiPe ares dHang heatingo occur .
As a result, .the copnection resistance increases. Therefore, in addition to
signifi cafbd {pr itmproping thg Fdd charactemsiisat i on, reducing the stress is
important for increasing the HTIOL. There are inorganic fillers such as
silica, aluni nan@ﬁ&f’ﬁﬁg“a}’%ﬁ&ﬁéﬁ?Hi}@lPB&?‘HB%Y%O?‘ eﬂt‘%bthFé’g}eﬁE‘ sition in the

form ol parLLeLess sl he PeCLmmLen,of L1e. OPLACR. . 28RS AFe 1P,
S IR EE I RINTE SRS S A M
I T NIy e S A S T
cormesti) BRI AU AR AR SR st g blBn LR
a wet-type sieve.  As aluminum hydroxide with a large particle size, aluminum
hydroxide particles with a diameter of 64 um or more are preferably 20 wt% or less, and
15  more preferably 10 wt% or less. As aluminumn hydroxide with a small particle size,
aluminum hydroxide particles with a diameter of 0.5 um or less are preferably 30 wt%
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
aluminum hydroxide with an average particle diameter smaller than the average particle
20  diameter of silica and alumina is preferable for increasing 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 1s 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 area peels off cansing a
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junction area than fused silica when heated, because the coefficient of

| i near expansion of alum na and al um num hydroxide is |larger than that of
fused silica. Therefore, the stress resulting fromalum na and al unm num
hydr oxi de can be controlled by reducing 15 the average particle dianeter of
al um na and al um num hydroxide to 25 pmor less. If the average particle

di aneter of alum na and al um num hydroxi de exceeds 25 m bond-lift may be
caused and sufficient HTCOL characteristics nay not be exhibited. The | ower
limt of the average particle dianeter of alum na and al um num hydroxi de
parti cl esphenomerdrecadibd Yordd hift td addung Ahzresils,abs cénnectivar resistan@fintrbgses.esi n
conposition, cost, 20 and the like into consideration. Taking into

consi der athayefoesgy pi additioron sgghifidastly ediitviticpelpasic migntiof, redheingyr ths eindss i nvent i on
to sem conductor encapsul ating, the alum na and al um num hydr oxi de havi ng
excel | ent infpeatant tos insteasiog theddhOhi ni ng only a small anount of inpurities, and
exhibiting high chemcal resistance are preferable. 25 To further inprove

t he HTOL char actbere st iperganic filksrsdwsh angilien, abwymindhandéproplyminegi iydroodposi ti on
for sem conductor encapsulating of the present invention to conprise (F)

si | i cone indbbrsingemplsitign sothiedomn oDBOi¢lsparoundsthe pevmeter abthe junstior5C) and/ or
silicone oil 11 which is liquid at 25C (liquid silicone rubber at 25C) in
an anountared. (iscesthommdulus phelasticty sif hegted imorgsnict fillereisdugertban thatefposi ti on.
If less than 0.5 wt/0, the effect of stress reduction to the junction area
at a hi ghthe &b inareanec Blern ate arause difsiesserrofyced imihsipeggionareagonfent exceedi ng
5w %can reduce the stress, but is undesirable due to decrease in 5
f1uidity SasEPapehRsliess srussd by hlp worgenie fllsrs, ¢ ispgcesgpetoadhistie Rertishc has a
basic structure of thr di mensi opal |y crqosslinked organopo| ysi | oxane.

Vari ous f%%f‘ccfﬁtbmorgagw&ﬁ}%&caﬂtwg i Berlata yemsieandy Someel (8¢ FPeBhe r ubber

W thoyt any specific l.imtati.qns epoXxy group, . am no gr.oup t hoxy
or oupld Bl B dhe TR BERGHIGH %ﬁ@%@%ﬁeﬂ andirstiminimdyragids e vi ny)
group, ner,capt iven as exanples, 10 There are
no speci f?l'dmﬁi

aorﬁ“g rgﬁﬁﬁh@%ﬁ&dﬂ%ﬁie%% E@gt%?@?%ég%eﬁf’rﬁ n%?ﬁtg%é Fofssi | oxane.
Usual | v, s 0r SanBROkLed LRKR0Re RS bR Aol o THeh i ihsion
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
15  the average particle diameter of alumina and aluminum hydroxide to 25 ym or less. If
the average particle diameter of alumina and aluminum hydroxide exceeds 25 pm,
bond-lift may be caused and sufficient HTOL characteristics may not be exhibited.
The lower limit of the average particle diameter of alumina and aluminum hydroxide
particles is preferably 1 um, taking the viscosity increase of the resin composition, cost,
20 and the like into consideration.

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

25 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
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such as nethylchlorosilane, trinmethyltrichlorosilane, and

di net hyl di chl orosilane. There are also no specific [imtations to the

met hod for introducing various functional groups into the solid silicone
rubber. A nethod of adding an allyl conpound having 15 various functional
groups by addition polynerization can be given as the nbst comon nethod.
The addition polynerization may be carried out after producing an

or ganopol ysi | oxane, or the polynerization may be carried out after adding an
allyl compound having various functional groups to organochl orosilane. The
liquid sivhchnieligiit aa?25°25Gquid sdicoaepibadat @67 )dn ah agoongaitbpSiwtss dfakane 20
as a main conponent. Various functional groups can be introduced into the

t erm nal wrtal agiodst aflthé epaxfy redm sothpepitich. silf lessahan 0.0bind%, thet efRSCof STiker e are no
.specific limtations to the functional group to be introduced. An epoxy

group, aniedoctgmgaphe jua¢thrmayeaptaupgh tepiperayure garmopbe suffibiorty)y exfriloigd, Wy dr oxyl
group, alkyl group, vinyl group, nercapto group, and the |ike can be given
.as exanpl eentenexechding SHwitriotcan redlucy thowsprsss, butdanidsgiyable Bugtogdepreasspoxy gr oup,
and pol yether group are preferabl e due to their excellent nutual solubility
with the Bpdity andsieghanigesteengthe hiesplid pifipencirubber gt 2pfshase bebie net hod of

obt ai ni ng organopol ysi | oxane. A nethod of obtaining a_linear

or ganopol §tichag ahtrgsdimensienallycressiipkgdiorganepely sHonans n AYariogh fvebendl i nked

or ganopol ysi | oxanes such as net h?(I chlorosilane, trinmethyltrichlorosilane,
and di met BipHBs ¢an bsripsedusedinda heisalig silisppe rulybgs vathgubany psCifis ligyeEpes. ¢
limtations to the nmethod for introducing various functional _groups into
the | i neafEPHEHEEBIEINGEIOHR. methawy Foyp.grhend @ronp: sarvaxyhgrows BssoRd 5 havi ng

R T T B B
o Y e e PeLYISL 22 o o, e Cal e S Bl Ler adding an
o100 i B B BB B b B0, 410,
fillers. The use O disiae dihethhkERRIuRDel: AindRudid:dsigu d si1icone
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
15  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
20  asamain 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
25  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
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conbination is preferable, because the conbi ned use can ensure a | ow nodul us
of elasticity, high fluidity, and high strength, as well as further

i nprovenent of the HTOL characteristics. 15 If necessary, fillers such as
titaniumwhite, silicon nitride, and the |ike conventionally used for the
epoxy resin conposition for sem conductor encapsulating nmay be used.
However, for the reasons nentioned above, the average particle dianeter of
these fillers is preferably 25 mor less. In addition to the essenti al
components (A)-(E) or éA)-(F), various additives 20 nmay be added to the
epoxy respelysenpos treodimshsiohd nopesesstinked\sganopelysibxenesasteh 88 ves i ncl ude,
for exanple, flame retardants such as a brom nated epoxy resin, antinony

tri oxi de, mgWyleblosesilsne dripelmtrichiergsitac andimedyidichlorgsiting 6ap be g€ conpound;
i norgani c_ij on exchangers such as bisputh oxi de hydrate; coupling agents such
as y- gl yehdeBloma Pesifisdistaieny ke msthog feriniadicany Yanous furskoadl| ane;

col oring agents 2tﬂ51 iiUCh as carban bl ack and red iron oxj c{e; stre{is reduci ng
agents suSRUBSIKLG Hineal praanapolysiionane. o ymeiird of piipg amallylcompaundy agent s
such gf ngtural wax, synthetic Eaxd,héghﬁr fatfy.acid and its netal salts,
and pat af FPE YARIOUR FGHARA SEPUBH X §IdIEQT PolxmaTiZation b mpst commenly¥ide nay be
added in snpl.l ampunt .tq the extent .that.the reliability in HISL is

Sati sf i ediNEAHRIPAESIAPE w05 Famel SRS AERAVEINA) FARIBRYEHERRS | | abi 1 1y

in HTSL. The epoxy .resin c osi.tion of the present invention can be
obt i ned TS POBT AR IR ol L A ORIy T RLCQBHEOA AT SESaING a i xer
or the |i 5 and kneadi ng usi ng a kneadi ng machi ne such as a

rol | er, kﬁ%ﬁ%‘g}gl }grigﬂg%ggtqr%fﬂ} OfRH*ul veri zi ng the kneaded product after ‘
ling. Th ' t o .devi £.h ipvent i o i

ceni conductor - APERIEoLREsife e el sl R ARy R BRI tron As a

met hoy, f Olrubb&r}x? %?‘%’ o2 bb@AIcdn st SR 8{ zpﬁi:ets? czﬁﬁ&blﬁfﬁm fgepductor -

el enent using ‘TfAe 8poxy 10 resin composition for sem corductor encapsul ating

of ‘the pregent oif%%iihgpgoﬁ@h‘ﬂjbﬁgat2§@mﬂﬂ§iﬂ?@siﬁ%&%ﬁb&lﬁ?QS%sint ransfer

nmol di ng, conpression nolding, and injectio
combination is preferable, because the combined use can ensure a low modulus of

elasticity, high fluidity, and high strength, as well as further improvement of the HTOL
characteristics.

15 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

20 may be added to the epoxy 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-glycidoxypropyltrimethoxysilane and y-aminopropyltriethoxysilane; coloring agents

25  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
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nol di ng can be given, for exanple. In the sem -conductor device of the
present invention, the sem conductor elenent is usually connected to the

| ead frame or the substrate by a gold wire. 15 The sem conductor device of
the present invention is suitably used for electronic conponents for which
t he operation under a high tenperature environnment exceeding 150C nust be
guaranteed. Although not specifically limted, a power transistor, igniter,
power anplifier, and the |i ke can be given. The present invention will be
described in nore detail by exanples, which 20 should not be construed as
li m ting togradpmey barddedvnatsing .amount tedhesedenitkas tha febabilityondiESlofs t he
conponents are designated as "part(s) by weight". Exanple | After m xing the
f ol | owi ngaiediepdirsaiss thssaddiion ofiaderse ameuntmnt igducaithe TellgEéJéﬂEUHE§Lng t Wo
rollers, one of which had a surface tenperature of 90C and the other 25
45C. The kneadekherpRo®Y reain spaepopilion of theguesgrkiaventiop|cambe pblabd &Y @ an epoxy
resin conposition, The epoxy resin conposition obtained was eval uated

accor di nGorsaniRethpdeqBRY HRE MRS He sPMReniREsiRia mis of tedikesmghdEshown i n
Table_1. 14 Bi pheny|l epoxy . .resin 5.65 parts by weight (YX-4000K manufactured
by Japan 2EPERSAIRESISHS Ceneading gachias Syqh asqurlien kprader, apextruder g poi nt :

105C) Phenol aral kyl resin 5.35 parts by weight 5 (phenol resin shown by
the for mi’lug"e(lél)“,g tb&@?@%ﬂ@%égﬁfr@ﬂfl’&%’ Mtsui Chemicals, Inc., softening

o e 95 ol sau v enly 44 o8 Lateny pteephite G0 part b
o e RSl SR A LB o b iaial R TR O3 10, %
area. 4'e§ca%%(11%ng 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 usually 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

amounts 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 evaluation. The results are shown in Table 1.
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Spherical alumna 1.50 parts by weight (average particle size: 20 m
particles with a particle size of 75 mor nore: 0.2 w% particles with a
particle size of 64 mor nore: 5 w% 15 y-d ycidyl propyltrinethoxysil ane
0.30 parts by weight Carnauba wax 0.20 parts by weight Carbon black 0.30
part by weight (Method of evaluation) Spiral flow Using a | ow pressure
transfer nolding nachine, the die for 20 neasuring a spiral flow conform ng
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 tiBphaiyl tpexysesionds t o det er hiffepartadbymeightdi st ance. The fl ow

di stance units are reported as cns. J ass transition tenperature (Tg): A

t est speci merd YEHA00RK manuipetusedbydapan Bmxydkesing Geed-tdsepryy£quivalest:er nol di ng
machi ne under the conditions of a die tenperature of 175C injection
pressure of 988 welingpemtci@y time of 180 seconds, foll owed by

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

.15 t enperBianpbarplkglregin 25 per mi nut 8: 3 MESOY VR | nt er section tenperature

of the resulting TMA curves at 60C and NOT was read. This tenperature was
used as the (ghadbresingghepnibyihe forprladslPd. 23 vmangfactusd by dditsiled by Sei ko
Instrunents, |Inc.. was used for the geg}sure nt. The unjit was C. 5 Bendi ng
strengt h and WErbsay ppaetigaing powk ¢ dpdjoxy efﬂ‘é‘éztle@bblﬁ)nen (length: 80 mm

wi dt h: 10 thicknessg. 4 mm was formed using a transfer nol ding nachi ne
under theT%]ﬁHPIPW&w%ﬁ’mae di e terrpepa?totﬁaé“?ﬁ“’?ﬂg%tc, pressure of 9.8 MPa, and
curing tjinme,of 12 ecqonds, follo y post-curing at 175C for eight
hours. T Sﬁéﬁmeﬁﬁg@f% gth and b\é\ﬁgiﬁ@aﬁﬁgﬂl‘”lﬁbgh& elasticity were neasured
according to JI S K691.1. .10 . The unit, for..either, the ding strength or the
bond no oyl Gieree Tars sige) Wy Tiieies gt PEC e o 28 ot f BT DR i ok

speci 1" (di %Ute/ft;,%gﬂic?e% with a f)a%&‘é R Dr 6;1‘3 um 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 um or more: 0.2
wt%, particles with a particle size of 64 um or more: 5 wt%)

15  y-Glycidylpropyltritnethoxysilane 0.30 parts by weight

Carnauba 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
20 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)
25  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
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nmm) was fornmed using a | ow pressure transfer nol ding nmachi ne under the
conditions of a die tenperature of 175C, injection pressure of 9.8 MPa, and
curing time of 120 seconds, followed by post-curing at 175C for ei ght
hours. The water absorption was 15 determ ned fromthe wei ght change of the
speci men before the noisture absorption treatnent and after boiling in
purified water for 24 hours. The water absorption rate was indicated by
percentage. The unit was % Sol der resistance: Sone pieces of | 60pLQFP were
formed using a low pressure transfer nol ding machi ne under the conditions
of a di e teeprtwe tseodDF CIESGInuRZ0 Thi Rogind mtgsadiontenpdrat8redMRa, and curi ng
time of 120 seconds, followed by post-curing at 175C for eight hours. The
160pLQFP teadlting Pibk ageesit H0°@and 24K Codasrregd. t hilblsrtemperatyie Wastuserhas #id i con
chip size of 7.0 x 7.0mm The | ead frane was forned using a flash plated
copper naglessiteAnsitivh éempesatine nd Madi8geannasturedelt Seikodnstrumsnist laeewag 85C, a
relative hum dity of 85%for_ 72 hours (ten pieces) and for 168 hours (ten
-pi eces), wed foshgmspaementa $he weif waedsel at 260C for 10 seconds. External
cracks_ were observed by mnmicroscgope and the rate of crack generation was
i ndi cated by [ (Basdingfirengirandhendingmpeshyius of elaglighye tof spestRerydengilener at i ng
cracks)/(total nunber of packages) x100] % 16 H gh tenperature storage
char act er $&mpp gvidih: 1G IGKRasS o @AY pvas formedrusmesrnsier sotdipgmaghing or ned

t enper ature of

using a transfer npl din chine under conditions of a die

175C, pr e¥¥lsF ﬁ’e&Pg‘g?lB’lﬁl\%é{T‘%ﬁFﬁanﬁthW@f ¥ - st OFQT?-M(IB@,&H# SWiRged by

POt oUr g ot ot ol el Pl ETBSHA R g Bast st s

pad. - The TrAEMaBH derdifE ronalin o ey pue e elaspiine LS KERLT Squi red T or

Cempel Gt ule BHoRs Fih G kP ot e ke aR o G o SRS s e o 10 O

of A di o temperavined iy apsei AL rengRistield: SR ARRREED T2 ot 1o

m nut es, 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 MPa, and curing time of 120

seéonds, followed by post-curing at 175°C for eight hours. The water absorption was

15  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,

20  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

25  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)/(iotal number of packages) x100] %.
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foll owed by post-curing at 175C for eight hours. The resulting 16pSOP was
stored at a high tenperature of 185C by causing 0.5A DC to fl ow between
both ends connected w th a daisy chain. Packages of which the electric
resi stance val ue between the wiring 15 increased 20% fromthe initial value
were judged to be bad. The tine required for becom ng bad was neasured. The
tinme required for becom ng bad was an average of n = 4 and the units are
reported as hours. Exanple 2-11 and Conparative Exanple 1-7 Epoxy resin
conpositions were prepared in the sane manner as in Exanple 1 20 except
t hat t he conponHighstemperatunestarage nhaadersstias 4 pAOR withabhgpssiZze d3di2m The
results are shown in Tables 1 and 2. The materials other than those used in
Exanpl e 1x 3\hamm vees fHhddonsing otr@ses ololdiog olaabine podsr corditinng &@GHe 1020- 62
manuf act ured by Nia‘?porg Kayaku Co., Ltd., softening point: 25 62C, hydroxyl
equi val entempg@sire A B1K{) preporeyolried MPa apbayingdgnaoighowminbiestfolowed nul a (4),
sof teni ng point: 58C, etf)oxy equivalent: 17 272) OCHZ CH CH2 OCH2-CH, CH2 O
-OP" | HH papospeuringbitdy g lofpe aightihane opbigh teapératutgrorage Estranusaaiedir ed by
Dai ni ppon I nk Industry, softening point: 60C, ‘:a/dr oxyl equivalent: 263)
Br omi rat e@itepbSdyCr eBaqkagméwlsdngmfea@tqmwaw lysdshveeayhkwir@g | Lt d.
softening point: 84C, 10 hydroxyl equival ent: 273%_ ) i
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 Comparative 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



Phenol novol ac resin (softening point: 80C, hydroxyl equivalent: 104)

Phenol aralkyl resin I (phenol resin shown by the formula (5), softening

poi nt: 73C, hydroxyl 15 equivalent: 200) OH C5) \ | CH 2 DBU.

1, 8-di azabi cycl o( 5, 4, 0) undecene-7 20 Fused spherical silica A (average
particle size: 8m particles with a particle size of 75 mor nore: 0.5 18
W% particles with a particle size of 64 mor nore: | w% specific surface
area: 5.4 nR/g) Fused spherical silica C (average particle size: 18 m
particles with a particle size of 75 mor nore: 0.1 5 w% particles with a
particle siz&X0Hf 64 mor nore: 4 w% specific surface area: 3.0 n2/g)
Fused spherical silica D (average particle size: 30 m particles with a
particle size of 75 mor nore: 0.8 w% particles with a particle size of
64 mor nore: 12 wt% specific surface 10 area: 1.3 mmR/g) Al um na
(average p cI : 20 m particles WIthGC (c;Helg-:stlze of 75 mor

nor e: Ies with a particle siz 6\4/m0r nore: 5 w %

hexagonal anarE Q:ryst 3 15 A num hyd

de
CHp— ' (4)
5 Dicyclopentadiene epoxy resin

N

(HP-7200 manufactured by Dainippon Ink Industry, softening point: 60°C,
hydroxyl equivalent: 263)
Brominated epoxy resin
(BREN-S manufactured by Nippon Kayaku Co., Lid., softening point: 84°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 pm, particles with a particle size of 75 um or more: 0.5

18



(average particle size: 3 gm particles with a particle size of 75 mor

nore: 0 w% particles with a particle size of 64 mor nore: 0.1 w% Solid
silicon rubber (crosslinked organosilicone rubber containing a dinethyl

silyl group as a main 20 conponent, average particle size: 12 m Liquid
silicone oil (silicone oil having a polyethyl ene ether-pol ypropyl ene et her
polymer grafted on the nethyl silyl group side chain, the non-nethylsilyl

t erm nal
group or epoxy group, and a 25 dinethyl silicon content of 20 %

met hyl

of the polyethylene ether-polypropyl ene ether polynmer having a

St ress reduci wipsaepetntles with glparticler siteeoflfdtad pemerard ditf4, spedifihbeface awdi f i ed
rate of acryl oni t2ri | e and 19 butadi ene: 50:50, average particle size: 3 n
Zi nc oxi de (a@ém@ particle size: 0.5 m Magnesi um hydroxi de (M(COH)2,
.average particle size: 3 m 20 NOO OOCOOCOOOOO0O000001O0yYy1 O0O00

D

N
0
0
O

Qoo

O
0
O

10

15

20

25

p a\ O NFoedsph@e@d Mig™M ONN-~n» OO0 0l DO~nV* N OOOV "™ O
NONOOOOOOOOQOOVVIOONOOO MN1I0 O 00 O O OO +
d'

ﬁI\g\NtoONNN"pOOO'10ON n7NNOOOd ~~O"N

np
A A (axvergggpatidle sze 0B po, Brirle withapatice s,iae of75\pm or gOrg; 0 lolII {51 o7 NNO
Yopaicde0with @ eaiglenizo ab o8 o jF Wp: /I, spegific surfcgarea: I\/Ioo 000
3.0 m%/g)
Fused spherical silica D
(average particle size: 30 pum, particles with a particle size of 75 um or more: 0.8
wt%, particles with a particle size of 64 um or more: 12 wt%, specific surface
area: 1.3 mm%/g)
Alumina
(average particle size: 20 pm, particles with a particle size of 75 um or more: 0.5
wt%, particles with a particle size of 64 pm 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 um or more: 0.1 wt%)
Solid silicon rubber
(crosslinked organosilicone rubber containing a dimethyl silyl group as a main
component, average particle size: 12 pum)
Liquid silicone oil
(silicone oil 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
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epoxy resin conposition which excels in both high tenperature storage

char act eINISURTRIANAPPEIC &BillITYY during high tenperature operation can be
provided in the present invention and is suitably used for a sem conduct or

devi ce, used ungepory Risgtompositpe wafidh excels it bathhih tedpedanas starapem conduct or
« device in the engine conpartnent of vehicles or the vehicle body.
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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23 CLAIMS 1. An epoxy resin conposition for sem conductor encapsul ating
conprising (A) an epoxy resin, (B) a phenol resin, (C a curing
accelerator, (D) silica, and (E) 5 alum na and/or al um num hydr oxi de,
wherein the amount of alumnumto the total anount of the epoxy resin
conposition is 0.25-5 wt% and 70 wt% or nore of the silica has an average
particle size of 25 mor less. 2. The epoxy resin conposition for

sem conduct or encapsul ating according to 10 Caim1, further conprising (F)
silicone rubber which is solid at 25C and/or silicone oil which is liquid
at 25C i fLatMa&mount of 0.5-5 wt % of the total anmpbunt of the epoxy resin
conposition. 3. The epoxy resin conposition for sem conductor encapsul ating
according to 15 claim1l, containing the epoxy resin represented by fornula
(1) in an anount of 40-100 w % of the total epoxy resin. % CH2-CH - CH2
OCH2-C O CH2 . pepoxyxesin Cpimpesitidr) for emranduc{@RienparsirRg)z camprXngiher ei n R1,
R2, R3, and R4 are individually a hydrogen atom or an al kyl group having
1- 4 car bk anapesy resina () aphene! tepidi @I)mrmg agqelasefer, (BY siticg and(Bnd ¢ are
individually a integer of 0-4, and mis an average of positive nunbers. 4.
The epoxglumens sndiosppsainumdiydrogides wherehibe eneunter hettp thy t@@tor ding to 24
claim1, containing a phenol resin shown bX the following fornmula (2), OH
OH amount of the epoxy resin composition 1s 0.25-5 wt%, and 70 wt% or more of the silica

has an average particle size of 25 pm or less.

2. The epoxy resin composition for semiconductor encapsulating according to
10 Claim 1, further comprising (F) silicone rubber which is solid at 25°C and/or silicone oil
which is liquid at 25°C in an amount of 0.5-5 wt% of the total amount of the epoxy resin

composition.

3. The epoxy resin composition for semiconductor encapsulating accordirig to
15  claim 1, containing the epoxy resin represented by formula (1) in an amount of 40-100

wt% of the total epoxy resin.

OCHa-CH- ~CHe
A 0{10 ~CH, OCH,~CH~CH,
AN . 0
o CH, CHy—~ - Ho (1D
a <} 7\ /> (R")q
(R2) TNRY, 0

20 wherein R, R? R?, and R* are individually a hydrogen atom or an alky! group having
1-4 carbon atoms, a and d are individually integer of 0-3, b and ¢ are individually a
integer of 0-4, and m is an average of positive numbers.

4. The epoxy resin composition for semiconductor encapsulating according to
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CFiz _(R7)gCHzi H(2) (R5)e (R8) (R6)f/ / n 5 wherein R5, R6, R7, and
R8 are individually a hydrogen atom or an al kyl group having 1-4 carbon
atons, e and h are individually a integer of 0-3, f and g are individually a
integer of 0-4, and n is an average of positive nunbers, and/or a phenol
resin shown by the followwng formula (3), OHOH % KD:>HC3) (R0)]/ x
10 wherein R9, Rl, and Rl1 are individually a hydrogen atom or an al kyl
group having 1-4 carbon atonms, i and k are individually a integer of 0-3, |
is ainteger of 0-4, and x is an average of positive nunbers, in an anount
of 40- 100Claim % ¢omtaimeg pipbemwil resas showiB)y. thd Sollbwiihrepbxi).r esi n conposition for
sem conduct or encapsul ating according to claim1, wherein the average
particle dianmeter of the alum na and al umi num hydroxide 1is 25 or less. 25
6. The epoxy resin conposition for sem conductor encapsul ating according to

claim1l, whereQHthe alumna is spherical alum na H - The epoxy resin
conposi t| on for| sem gonductor encapsul ating accﬁit\ng o 5 claiml, used

for encapsul i conductor devicegy sed in i gh Y enperature

envi r onment re. 8. A senil t,orFdeviice gonppris
sem conduct o/e %Hg 2'epoxy Ires E@ gg%[l on for
[ an¥ ],2? e offclai m; 1-7.

seni condyBP X_f éncapsiul atlﬁ%a
X
(R%

I

5 wherein R, R®, R7, and R® are individually a hydrogen atom or an alkyl group having
1-4 carbon atoms, e and h are individually a integer of 0-3, f and g are individually a
integer of 0-4, and n is an average of positive numbers, and/or

a phenol resin shown by the following formula (3),

OH

2\
CH

277 H
(Rg)t » ‘/
(R‘lO) \\_) R )

10 X

(3)

wherein R®, R', and R"! are individually a hydrogen atom or an alkyl group having 1-4
carbon atoms, 1 and k are individually a integer of 0-3, j is a integer of 0-4, and x 1s an
average of positive numbers, in an amount of 40-100 wt% in the phenol resin (B).
15
5. The epoxy resin composition for semiconductor encapsulating according to
claim 1, wherein the average particle diameter of the alumina and aluminum hydroxide

15 25 p oor less.

25



9. The sem conductor device according to claim8, wherein the sem conductor
el ement is connected to the |ead franme or the substrate by a gold wre. 15
10. The sem conductor device according to claim@8, used in a high
tenperature environnent of 150C or nore. 26

6. The epoxy resin composition for semiconductor encapsulating according to

claim 1, wherein the alumina is spherical alumina.

7. The epoxy resin composition for semiconductor encapsulating according to
5 claim 1, used for encapsulating semiconductor devices used in a high temperature

environment of 150°C or more.
8. A semiconductor device comprising a semiconductor element encapsulated
using the epoxy resin composition for semiconductor encapsulating according to any

10  one of claims 1-7.

9. The semiconductor device according to claim 8, wherein the semiconductor

element is connected to the lead frame or the substrate by a gold wire.

15 10. The semiconductor device according to claim 8, used in a high temperature

environment of 150°C or more.
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