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 conmponents 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 cDESCRABEIQ¥ oducti 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 nprovenent of the epoxy resin and the phenol resin used as a curing agent.
However, in the ER@¥NREFNGOMRRSIION AN iSEMIHONRUGTORDEMCE 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
increased requirenents for the epoxy resin conmposition for sem conductor
encapsdiatTE@ﬂﬂﬁﬁAééﬁEanductor for vehicles particularly requires the
guarantee of operation under a severe high tenperature environnment in the
engi ne conpar t mefdhe presgrenveahpe redaterol@yan et redinl opmposHon ey semégoaduedet stics
such as sol der resistant properties that have been 25 conventionally
required, ensepallaimgead papiniconguaerrdenige righ theesnoay sesin eompasitivge ([her ei naf t er
referred to as "HTSL" (high tenperature storage life)) and high tenperature
oper at i on eRoF¥resimedmpgsitiaris pyitadlyt wsed particrrarly i sangiron deviegsdobper at i on
Igfe)) are required. 1 HTSL refers to Iife under high tenperature storage
wi t hout el @leetrgnic eampasgrts for, Whigk pperptien undgha highdepaptureensignmgnt | f e under

hi gh tenperature while the device is gperated by .
10 exceeding 150°C must be guaranteed, such as electronic’components of vehicles, for

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.



applying electric current. Generally, a sem conductor elenent and a | ead
frame in a sem conductor 5 device are connected using a gold wire. On the

| ead frame side, in particular, the gold wre is joined with al um num pad
by heat and ultrasonic waves. In this instance, gold and al um num produces
an alloy, which is referred to as eutectic crystal or an internmetallic
conpound. The internmetal lic conpound grows during storage under high
tenperature conditions and produces cracks and corrosion, which cause a
probl em of a 10 connection resistance increase. On the other hand, when the
devi ce i s HpSLatfed thyife vaies high tempemtuenstotage patheut dleatig buwerd éor dpeghion,
tenperature conditions, the phenonenon taking place is one under an the
envi r onmenwhérnasiiT Ohb refefs|toWfobnder bighrtemperamrowbideithedevida s ¢erapablsage of an
actual current. The behavior is different fromthat exhibited during high
t enper at urappbitiog elgerinicttienit a current flow Particularly under the 15
conditions of a high tenperature and |arge current, transfer of

internetal | ic coffgneraldy a sopicondecterrieméntlapd ai¢ad frrngy inta ssmiicanddeioes pr obl ens
such as transfer of the internetallic conpounds in the cathode, cracks and
voi ds i tdrvigeane cormactad ssing agoldiwireasen ihe leadBame sidean partigulaoibugald on
failure. In order to inprove the high tenperature storage |life (HTSL) under
hi gh 20 t ewpetsapineé vidralimingaspadbyniisehant! Wirastoi warssngln this instensas gadd
inmpurities in the epoxy resin conposition as nuch as possible, a nmethod of
addi ng an insraleminemeproducesan Bbely, ovhichusirefgrred tossientesip etyatial ot y not
containing a flame retardant _such as brom ne and antinony oxide, and the
li ke, are BEswaiaHy womesndt eErmintprastabic qompound afove duiag stosageamden kigh dur i ng
hi gh tenperature storage. Al though these techniques can reduce 25 ionic

i mpuri ti esteEwaraturp corditionsand produicecérachis and CRITPHO tehich euse f problam ebhduct or
elenents, that |s, the high tenperature operating life (HTOL) can not

necessH} i | SonBectiopdesigtpncedneredse. o QRiPE ethenhandnwhen thatdémg Efneraet Bon
Lai d- open No., 2004- 035781 -20, 2 pages), Japanese Paten | i cation
Lai d- open faysing gyLronide Pissgtér_oggfb Hﬁ&g)gnjgﬁ'? temperature conditions, %he%%gnomenon
taking place is one under an the environment in which a flow of electrons is produced
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



The present invention has been achieved to solve these problens in
conventional technol ogies. Therefore an object of the present invention is
to provi de an epoxy resin conposition for sem conductor encapsulating and a
sem conductor 5 device having inproved high tenperature operation life
(HTOL), 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

conpri si ngpagdys), mpaepe Rytenie’spphicatidd) Ladwipemdlo. 2600-2801§ 10j2-6 pagash)i ng
accelerator, (D) silica, and (E) alum na and/or al um num hydroxi de, wherein
the anount of alhmpresamt inyentive hagtbaén aohmvet tofolvdhthesporblemssin conposi ti on
is 0.25-5 W% and 70 wt% or nore of the silica has an average particle size
of 25 pm crnvas®nalitschfietogmse s dherefony amobjoet ofltheoprpreovindtestica is tmprovidduct or
devi ce conprising a sem conductor el enent encapsul ated using the epoxy
resi n conpagippkyresinSiompesition fepsmicanduitar ewapuditingand Asemgenieterduct or
encapsul ating and the sem conductor device possess excellent reliability
dur i ng Shi glevice hpeingimprevop bighti¢roperatupaeneraiondife (HHQAL), portmplarixtekesilinghder t he
hi gh tenperature environnent of nore than 20 150C, the present invention is
sui tabl y adppeliabiity Jusegropesaithnainder alkigh dersparaiort dnmirommenttof omire thaart s f or
vehicles and the like. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The epoxy
resin (A) 159&Q thap pequneingishiclesrand the lksnposi ti on for seni conductor 25
encapsul ating of the present invention is a nononer, oligoner, or a polyner
having two or nore epoxy groups in the nolecule. There are no specific
limtations to the nolecular weight and nol ecul ar structure. Exanples

i ncl ude a DPISSHEAMRE QF THE BYVENHEN esi n, phenol novol ac epoxy resin,

o- cresal novol ac epoxy r.esjn, naphthol novol ac epoxy resin,

di cyclldpent adi endpssififaily.dbe presms INVERUSR Prodidenan eroXy Besie cRIPBIStionder n,
semiconductor encapsulating comprising (A) an epoxy resin, (B) a 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



tri phenol net hane epoxy resin, alkyl-nodified triphenol methane epoxy resin,
and triazine-nucl eus-containing epoxy resin. These epoxy resins can be used
either 5 individually or in conbination of two or nore. The use of the epoxy
resin shown by the followng fornula (1) as the epoxy resin (A) in an
anount of 40-100 wt % preferably 50-100 wt% and particularly preferably
70-100 wt % of the total anobunt of the epoxy resin (A) is preferable, because
a conposition with a | ow nodulus of elasticity and | ow water absorption can
be 10 obtai ned, inprovenent in solder heat resistance can be expected, and
HTOL can poxy rasing plsholiotblae €pintire doHR efekbliribladdepOxy Gidth, @hfEhthblhdyolacA (Rl ) a
(RA)d (R2)b%/ \ (R 3)c m1l5 wherein Rl, RZ, R3, and R4 are individually a
hydr ogen afpoxy msinadicatlkpdntghaepnbdiiedghend! dpcxamresmm stitens epaxyansind ar e
individually a integer of 0-3, b and c are individually a integer of O0-4,
and m i s dnpkaneimetbargfepprg iesiny elkplimbodificd tiiphenblmetlivme @pbxy reminaadl), R, R2,
R3, and R4 are preferably hydrogen atons, and mis nost commonly 1-3. Epoxy
resin reprigsznt-sucléys-dootamihg epaky rhsis. ahhespopgxy 2fnecan healsed eitdr 265- 285 and
a softening point of 50-63C. The reason why the use of the epoxy resin
r epr esént éodividualdy eingobjnabine eEtvahgr morser t ai n anount i ncreases HTOL is as
foll ows. When the device is operated by causing a current to flow under high
t enper at ure condThe weof thehapory resit showatbydhe fhllawihgfoomitlayhy asothe spdxyom t he
junction to outside the junction, which is a phenonenon called m gration.
| f mi grat itesin §4 hintag, anzount ef 4l Yhwtds preferabdius@d09 wtYohand pamteulaty and el ectric
resi stance i ncreases to heat the

preferably 70-100 wt% of the total amount of the epoxy resin (A) is preferable, because

a composition with a low modulus of elasticity and low water absorption can be

10  obtained, improvement in solder heat resistance can be expected, and HTOL can be

improved.
OCH,-CH-CH -CH-
2"CH-CH, OCH,~CH~CH,
~ o ~

S I CH
(R1)3A) 2 \<— '_>/
) #

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 is 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



junction. Due to the heat generated, the perineter of the junction is
exposed to a tenperature higher than 150-200C, which is the atnospheric
tenperature of the sem conductor device, causing the junction area to
expand. On the other hand, the 5 cured product of the resin conposition
encapsul ating the junction area is not affected by the atnospheric
tenperature and does not expand. As a result, a conpressive stress is
applied to the junction area. This conpressive stress accel erates mgration
of gold-alum numeutectic crystals. The use of the epoxy resin shown by the
formul a ( 1glearlveiis grogiubeahimiindiuhcttonaindelasid @hisianed indrehdeg o heatpier at ur e under
such a situation nakes it 10 easy for the cured conponent of the resin
conposi t i ojunttiordefluentoitie lidaeggneratdd, dre meriemeter of thesjunétivn isoxgasedtiae stress in
the junction area can be decreased, and mgration of gold-alumnumeutectic
crystal s cempemtize hjghesthen 1 50-260AC, iwhdchi im thergtmowsiheein tenaferatme of tHeOL
characteristics. The phenol resin (B) used for the epoxy resin conposition

f or sem cosuhicémluctot Bewwos epssingathe pmcabdn afee tpexgmadt Onviendthemhandcheides al | of
t he nononers, oligoners, and polyners having two or nore phenolic hydroxyl
groups 5 n tured podectudf¢he fekiacemppsitimoencapadatingath junctiat area s tod affededvigt ecul ar
wei ght and nol ecul ar structure. For exanple, a phenol novol ac resin, cresol
novol ac r ethenimolipbgrid wpmpatatute end domsdiof exgunpheAsia resadt mcompresgpenstresodi f i ed
phenol resin, phenol aral kyl resin, naphthol aralkyl resin, and the Iike 20
can be gi vapplieResihegumtiosexsi ndhix cphpreshizn etress abedloatepmigrativrptileny | ene

skel eton are referabl e as the phenol aralkyl resin or the naphthol aralkyl
resin respgddiahmhipumpniectic erystalst hdhpmshef the epoxy resinwhovay by the formmulatiing
formula (2) or the phenol resin shown by the follow ng fornmula (3) as the
phenol r eshavings) lawmadulaseislastisity auphiphtennpergtupy wider sushy sBgatiamomaleeXit and
particularly preferably 70-100 wt % of the 25 total ampunt of the phenol
resin {B) ¢a5ypordheeyred compengutef the sastpresnrassiomip dpfosm|in the jrpdign gscaof

el asticity_and | ow water absorptiaon can be obtai ned, inprovenent in sol der
heat resi siByfethecamprrssiyg stess dthejuertiopereacan bgdeerggsed.ang 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 hydroxy! 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 canbegiven. Resins possessing a phenylene skeleton or a biphenylene skeleton are
preferable as the phenol aralkyl resin or the naphthol aralkyl 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.



™H jr' (R7)e C(Re)f "/ \' / n wherein R5, R6, R, and R38 are

i ndividually a hydrogen atom or an al kyl group having 5 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 nunmbers. OH COH CH2 CHp H (3) (RVY]
(R(Rto) " t)k 1 x 10 wherein R9, R10, and R11 are individually 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, R, and R8 are preferably
hydrogen atons and n is nost commonly 1-3. The phenol resin represented by
formula (2) has a hydroxyl 15 equivalent of 190-210 and a softening point
of 63-70C. In thgppbove,fornula (3), RO, R10, and Ry areg preferably hydrogen
atons and xis nodgt co nly 1-5. The phenol resin regented by formula
(3) has a hydrqg equyt val ent of 165-190_and a sof ing\ point of 75-90C
The sane reasop aslit hat by th use of

ntioned for t
t he epoxy resilk_refirege by _f¢ L.Ng n a nt
appl i es to(Rﬁ‘fﬁ%’gse o§ﬁ§ﬁg\p ) X

-]

formula (3) exceeding cer tai he g#hamol S represented by
formula (2) and formul ((R}i)f e u I n conbi nation,/in which case the
i thin the above range. n

total amount shoul d be

wherein R*, R® R7, and R® are individuaHy a hydrogen atom or an alkyl group having
5 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.

OH OH
o oI e o
RS X o
& ) R

(R‘l 0)] <

10 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 is an
average of positive numbers.

In the above formula (2), R, Ré, 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



As the curing accelerator (C) used in the epoxy resin conposition for 5
sem conduct or encapsul ating of the present invention, 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, am ne conpounds such as 1, 8-diazabicycl o(5, 4, 0) undecene-7,

i m dazol e conpounds such as 2-nethylim dazole, 10 and organi ¢ phosphorus
conpounds such as triphenyl phosphi ne can be given. These curing

accel er at ahs usaef the pheoii resins ngrresented by dorabdly () rand/or foominlan@h exceedingtawo or
nore. The silica (D) used in the epoxy resin conposition for sem conductor
encapsul atdengincimaumé pFlesghenoli resiesiteposented byithesplad(@) andsfomnuld @jirtagdet o,
fused spherical silica and granular fused silica. O these, fused spherical
silica is usedin gombioatihl, én whiSh Threshe tojgd @monht shiolilidde withyin blee alwael raxigeher
individually or in conmbination of two or nore. The surface of the silica
may be treated wAsbhecuringptéatggatayéitusedin the apparresiocempoditibn s | ar ge
sphericity as possible and a broad particle size distribution are preferable
in vied ofemienudustenenvapsatingwif dhepresenhinyvpigions agenringmvesieratony 70 wt % or
nore of silica particles in the total anount 20 of silica (D) has an

aver age pasomménly dbeshastepeapsnlatisg materialsdhat chp acdelepate therrgadtin@lof thef epoxy cur r ent
is caused to flow to operate the device under high tenperature conditions,
voi ds and greap withitherenghehyshroxid geanpi can b asgdmichaus a spécifin bmiietien.wi Ae and
bondi ng pad due to electric m.gration as nentioned above. In this instance,
if a streszxampleyed such aepringageclernioronae ermpads swd asr acks are expanded,
causing a conduction failure to easily 25 occur in a short tine. 70 wt % or
nore of sil.$«iazabieydle(SekOhndasena’.dinadazgle qomponndssuckypydurathylonidamlen or | ess
in the total amount of silica (D) are effective for suppressing__occurrence
of st rléss andarganiephnsplivye cosappunds el %Fﬂlﬁf@aﬂﬁh‘i’ﬁﬁh&eé@%ﬁgwean dbeseage
Bt or oming sneekratogsean bosed Gthst MasvifiaNy of dcoribination of bwo o mose, P ! S

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 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  of silica (D) has an average particle diameter of 25 pm 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 wi% or more of silica particles with an average particle
diameter of 25 pm or less in the total amount of silica (D) are effective for suppressing

occurrence of stress near the bonding pad.



silica wwth a maxi num particle size, silica particles wth a dianeter of 75
mor nore are preferably 2 wt% or |less, and nore preferably | w% or |ess.
The maximum 5 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 mor nore are preferably 20 wt% or | ess, and nore
preferably 10 wt % or less. Particles of large particle size are nost
commonly measured using a |laser particle size distribution. If the silica
(D) has an average particle diameter of 25 mor nore, contains particles
with 10 a di anet he glica/pariglesr with pe averagerpasiiale diameter wb 28 pirhame mo®g  or
contains particles wth a dianmeter of 64 pmor nore in an anount of nore
t han 20 wiprgfermblyt hays sn averagspardcle diametdref |15 meomer lesgparkiyi the othief hardeage bet ween
| arge diameter particles in the cured product of the resin conposition
whi ch exi stlicarvettr a tdagimum paiticle ssacesiliomparticles wethjadiamétencf Zr e or ivee eby
accel erating conduction failure in the junction. The content of the silica
15 wi t h arereprsfeatdy Bavtts el lessdindhmprerprefierably pwitbrorilesss The meximWaor nore,
preferably 80 w %or nore, and particularly preferably 100 w% |f the
cont entd ofpartirde sig¢ tefers tathesizs of theaartidesepapiningome WbHPE sisvef Awasifjeasi|ica
particles increases. Such large silica _ particles produce a stress near the
gol d wi re Vitheldrgmpastielg sigaesilicg nariclssi wighe diswesa of 6t Lodermetedice bet ween t he
| arge particles and the junction, giving rise to a conduction 20 failure in
t he j unct irseferahly 2Gwt’e s,|apgimore prefarably 8 veleordass: | Ppiiclpsaftared of silica
particles, the silica particles are preferably 5 pmor npre taki n? t he
vi scosi t y Rafislesigeagmost pemmenlyineasussd dsing grlaser paticlegivg disidbutigee 1t o
consideration. The alum na and/or, al um num_hydroxi de (E) .used in the epoxy
resin corfposiicd gy hasan sxemeopriticle Sramste 9 2011 PHGOws Coginppatielss Withvent i on
is added in an 25 amount to pake the alum num content (as element) in the
epoxy Wesiadiagaighel {3 bm oF mese B 4 ampoutt af mors Ban B W s oncptains partiglehum cont ent
| ess than 0.25 % cannqt rovide .t he epoxy resin conpposition with sufficient
it o R ARG DVl

HTOL char ¥ flametar o HURPredn AR ATEHRL ol JRoIE % PEHRIGES no nore

addi tional du%ft(]; ﬁl%tlin%];r éxrlgpalgscfgﬁ crﬁ%fe}‘e?lge {;gt%en large diameter particies 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 pm or less is 70 wt% or more, preferably 80
wt% or more, and particularly preferably 100 wi%. 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 wt%. Aluminum content less than 0.25 % cannot

provide the epoxy resin composition with sufficient HTOL characteristics.  Aluminum



characteristics, but causes problens such as a decrease in the strength of
the nol ded product, degraded fluidity of the conposition, and the I|ike.

Addi tion of alum na and al um num hydroxi de to an epoxy-resin conposition
for sem conductor is disclosed in 5 Japanese Patent Application Laid-open

No. 10 -182941 and the |like. However, the object of adding alum na and

al um num hydr oxi de has conventionally been to exude the heat generated from
sem conductor devices or to provide flanme retardancy, and not to inprove
the HTOL characteristics. The reason why the HTOL is inproved by adding a

certain armuitht fceddingb witoprovideen®nord sddisorhbéffe@net injecwng ehet HIEOL Ur ed
product of the resin conposition for encapsul ating the cathode contains the
al um num aharertistidsheutedtses prablanyaichlas a décrege linlthentendth of themaoldedrf f ect ed by
t he al um num concentration of the resin, thereby nmaking it difficult for
t he gol d- glrudachiepadediitidity of fet@hpobitionmnd the lika. t Meddit@drhafddurhima andit si de t he
cathode. If the alum numelenent is included in the resin conposition, the
15 growt h aimewutelgidraxide osmadpexptesgotanpmiioal fonsemicoridactontsi discl@dd dur i ng hi gh
tenperature storage life (HTSL). The growth of the gol d-al um num eutectic
cryst alss ilapamekd Bateredhpipdicaticat Iaaid-opereNel HE418224ll amicthe like e rHemgler, thhhe HTCOL
conditions in which the electric current flows. Thus, it is possible to
si gni fi cambject sfipjimgsadumia apdebtminomntiygreddedras bynecmnbnaly lieag td dimde det ent  of
the alum numelenment in the epoxy resin conposition to 20 0.25-5 wt% The
aver age pdreat ganeratidAeornseraicanduciori devigeedep pdwid@Bame ortardasy, andmdt for e
preferably 15 mor |less. Too large particles are also not preferable. As the
maxi mum pampreMeghe HIOL dhatacteristes. t he anount of particles with a diameter of
75 p.mor noreis 2 w%or less, and preferably 1 w%or |ess. The maxi mum
particle size refhewasn why thadl Kz is ippravied byadding lassrtainmmonniegf on a wet-type
sieve. As alumna with a large particle size, alumna particles with a
di anetldr cfluminugnglementos as atlewpr ef Becapsetho gurad psoduet ofdBsresiarrgmppsition
preferably 10 wt% or less. As alumna wth a small particle size, 9

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

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 pm 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 1 wit% 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 pm or more are preferably 20 wt%

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



alumna particles with a diameter of 1 mor less are preferably 20 wt % or

| ess, and nore preferably 10 wt% or less. Particles of large particle size
and snmall particle size are measured using a |laser particle size

di stribution nmethod. Since alum na 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 alumna is preferable for reducing the stress in the junction area
during heating and for inproving the HTOL characteristics. The average
particl e silumimafpagiales withva Hiadetexioflé punoor lesveare pregeratbim2fl witsor lpssedrer ably 25 m
or less, nore preferably 20 gmor less, and still nore preferably 10 10 m or
| ess. As anore preferabiyolbwider ss.h Rartielsd ofilangp pettictd sizesindemalllpartialusizpar ti cl es
with a diameter of 75 mor nore are preferably 2 wt% or | ess, and nore

pr ef er abl yaré meagwedusihes Aserfragticiasizedisirgation olethosli z Sincefabmsing orystals si ze of
the particles remaining on a wet-type sieve. As al um num hydroxide with a

| ar ge par thayedirs¢tivity duk derihehexagopal manederysialrfoine,| asgiresd isisasilycienenatedin of 64 m
or nore are preferably 20 wt% or less, and 15 nore preferably 10 wt % or

| ess. As atheminstion Ased vdweh beated, eremif dtggffectpasmald| Fagithis reasen,ubd wagrafhydr oxi de
particles with a dianeter of 0.5 mor less are preferably 30 wt% or |ess,
and nore piphtead pluningispreferble fexwduppg thestress infthe mnefionruea dwing heatieg and

smal | particle size are neasured using a |aser particle size distribution
net hod. Thadfeeimagroviag th RiRLshepeieiigieswi t h an average particle dianeter
smal l er than the average particle 20 dianeter of silica and alumna is
preferabl e for i hbe awsagearicneze et dvminayhydrondde. @agbaoheghaaduigi na and

al um num hydroxi de with the average particle dianeter and the particle size
di st ri but i BafesablY B2 npggdess apie Refetrbbadbiem or lsp.cad still more pregrably 18s f ol | ows.
Al t hough electric mgration can be inhibited by adding the . alum num el enent
as manlt%! ondl & IRSSe, At Alaminp AYAmRXige WithaAmagmum patclgsiecluminughpEtolss ¢ he

electric mgration occyurs. On the other hand, stress . is generated in the
function WHBA SARISTPTJS M BhBOH Y P@gﬂrﬁ@wi‘ﬁ‘%@s&r&sgseanc% Box mp%rﬁ%ﬁséﬁperat ure.
If the stregs i f th el unction ar. ea .exc%eds t.he.strengt h.cif the. j.unction
area. thatWVEP&eL eﬁ%eﬁéh d?“llx“@&ﬂ’sﬁ’w ¢ size refers 1o 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 um or more are preferably 20 wt% or less, and
15  more preferably 10 wt% or less. As aluminum hydroxide with a small particle size,

aluminum hydroxide particles with a diameter of 0.5 pum 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 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 area peels off causing a
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10 phenonenon called bond [ift to occur. As a result, the connection

resi stance increases. Therefore, in addition to significantly inhibiting

el ectric mgration, reducing the stress is inportant for increasing the
HTOL. There are inorganic fillers such as silica, alum na and/or al um num
hydroxide 5 in the resin conposition in the formof particles around the
perineter of the junction area. Since the nodulus 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 gHeRomBsynO@lle€ bbnd lifttGocdut. | 4s NRGEIB.IBE Yorinctas reSibtahidtEingasdeb.Cl €
size of the inorganic fillers. Although it is possible to significantly

control thEheptford, inl &lditbmiogignificantly mhibitng eletthic etippash tredifythaddéssgs al um na
and/ or al um num hydroxi de, the alum na and al um num hydroxi de are greater
factors i ningeaefiafor Mgreasiag desiSTOD. t he junction area than fused silica when
heat ed, because the coefficient of |inear expansion of alum na and al um num
hydr oxi de is | ar Gkere tlfecinoighmit fidlers susleds silitd, aumiit etidérodl emiruehydsdxids s
resulting fromalum na and al um num hydroxi de can be controll ed by reducing
15 t he Savemaberepmrcomplositidh anmbie dornobdf pdrticienaroamditha lparimeterofishd functide to 25 i sm
or less. If the average particle dianeter of alum na and al um num hydr oxi de
exceeds 25arma. Sincedhé nfoddulue pf blastivatyd deazted iroudahicciléens isHHEQGEr thiwathatoferi stics
may not be exhibited. The lower limt of the average particle dianeter of

al um na anthe adsimyinuuganivy fillerx aben canse ¢ stleesproduqeded dregbhotioh apean, Haki ng t he
viscosity increase of the resin conposition, cost, 20 and the like into
consi der at desreascTthk istrepsicaused byrilse ergaticdileapn tl ik nedesany wf adjusethegaititle
conposition of the present invention to sem conductor encapsul ating, the

al um na ansizeadfithe moerganicdiléecs. deAllzonighdt is presiile entighifaantlyesngoldhe electdont ai ni ng
only a small anount of inpurities, and exhibiting high chemcal resistance
are prif ermigrationds theoresinrcomgpsitiop by edding elukii@l anslerraburnianinshyideaxide, thei s
desirable for the epoxy resin conposition for sem conductor encapsul ating

of the predeminaandemipwmthydrigerdre grepey factors in generating a stress in the

junction area than fused silica when heated, because the coefficient of 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
15  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 hmit 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
invention 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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silicone rubber which is solid at 25C (solid silicone rubber at 25C) and/or
silicone oil 11 which is liquid at 25C (liquid silicone rubber at 25C) in
an amount of 0.5-5 wt% of the total anmpunt of the epoxy resin conposition.
If less than 0.5 wt% the effect of stress reduction to the junction area
at a high tenperature cannot be sufficiently exhibited. A content exceeding
5 W %can reduce the stress, but is undesirable due to decrease in 5
fluidity and nmechani cal strength. The solid silicone rubber at 25C has a
basic structure of three dinmensionally crosslinked organopol ysil oxane.

Vari ous f unigith @lajuid &r2300 sliquad silicondubbetye 26°0) i Bn hiRBwRAIFI0k-S wtdecaig r ubber
W t hout any specific limtations. An epoxy group, am no group, mnethoxy
group, pheatl agoe il tkaspbex wWsindompisitivyidr IRyds thar @S tYRtHeyeffegr dsfessvi Ny
group, nercapto group, and the like can be given as exanples. 10 There are
no speci f iredidtioh t@thedmsction atdaant abighadmberatuddéaminot tregsudfigambpadhjiticd oxane.
Usual |y, the organopol ysil oxane can be obtai ned by pol yneri zi ng

or ganochi aroatnt envesding et Yasametihgd thb kwess shut danmendetirdbbedie/totdecreidedn osi | ane,
and di net hyl di chl orosilane. There are also no specific limtations to the
met hod 5f orfhiidity asiimédhgnicalr strengthf uitbe saliddilicape oulpher atr230CtHaeadadic d si | i cone
rubber. A nethod of adding an allyl conpound having 15 various functi onal
groups by shdiurd ofithpeldymenrsionally orosslarked ergghomitysilexariee iasibucfmnvtomal net hod.
The addition polynerization nmay be carried out after producing an

or ganopol ygzohmcanbe irodibe intl thesolid siticar robher bethoair anyesgeafic limfithonsaddi ng an
allyl conpound havi ng various functional groups to organochl orosilane. The
i quid sil|Arepmexygroupgamerosp,anatbomyogroep, phetydigriupgcarbopant gpoipylsyidraxyhne 20
as a mai n conponent. Various functional groups can be introduced into the
t'er m nal groupsiatkyl gioapsving! grévips mereaptaigreip,iand the likendap be giveRBCexah@les are no
specific limtations to the functional group to be introduced. An epoxy

gr oup, 1 0ani Thereyare mp sperdfit bixojtatdensip the rpﬁélng forgpbtaiming orgebepolysilgkangp, hydr oxyl
group, al g)é/l aH}r)oup, vi nyl qroup, mercapto group, and the |ike can be given
as exanpl ddsually, thtrergandpehistioxangicag be abigined by aplyseyizingmrganechiorosibaey gr oup,

and pol yether group are preferable due to _their excellent mnutual
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
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  as amain 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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solubility with the epoxy resin. There are no specific limtations to the
nmet hod of obtai ni ng organopol ysi | oxane. A nethod of obtaining a |linear
or ganopol ysi | oxane by 12 pol yneri zi ng t hree-di nensi onal non-crosslinked
or ganopol ysi | oxanes such as mnethyl ehlorosilane, trinethyltrichlorosilane,
and di net hyl di chl orosil ane can be given. There are also no specific
limtations to the nmethod for introducing various functional groups into
t he |inear organopol ysil oxane. A nethod of adding an allyl conpound 5 having
various functional groups by addition polynerization is nost conmonly used.
The addi t ipolymeeizitigethtez atimensisray ndne ciwaslinked opahoplsiox e dueh 439 an
or ganopol ysi |l oxane or the polynerization may be carried out after adding an
al |yl conmetindctionositaney atmatindtrichlonedilane) ahd diroethgldichlooosilanocd lergised. ane. The
addition of either the solid silicone rubber at 25C or liquid silicone 10
rubber at ThB(E, arerlsbab speaBnlimistioms to §euntthohfointaodutmg yaricaufhectidngl | nor gani ¢
fillers. The use of the solid silicone rubber at 25C and liquid silicone
rubber at gg®B@siimto teolmranatganepolysilpxankter Abhethodetzddseg anhadlyt oobpmed use can
ensure a | ow nodulus of elasticity, high fluidity, and high strength, as
wel | a$§ f lavingvaiiows fovetmmal grofips hyeaddit@n potymerivation isshost sominlyf usedcessary,
fillers such as titaniumwhite, silicon nitride, and the |ike
convent i orfdikelagdition golyorerizatéonapax he eardéchow aifigogiotiicing fwergsrepalysiidyateor
encapsul ating may be used. However, for the reasons nentioned above, the
aver age paxr thegicdymefizatien eray bt cafried euf afier adding en pigfcompiohyd Baviggvasiousess. | n
addition to the essential conponents (A -(E) or (A)-(F), various additives
20 may be forptiedaltgrounsdo epgangchleresilingonposi ti on of the present invention.
Such additives include, for exanple, flame retardants such as a bron nated
epoxy resin, antThessditianrafgitherdhe ghidssilinone subbsnpticiing or Hagdesdiogrs hydr oxi de,
and boric acid conpound; inorganic ion exchangers such as bisnuth oxide
hydr atl8; a@eehsr rhdS Ggenbash.cge gnsise reduefiqpaf dskigpy eigsad 1 ineigaeigfillersane and
y- am nopr QIpyI triethoxysilane; colori Q% a%e_nt s .. o s

he 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 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 pum or less.

In addition to the essential components {(A)-(E) or (A)-(F), various additives

20  may be added to the epoiy 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

13



25 such as carbon black and red iron oxide; stress reduci ng agents such as
pol ybut adi ene rubber and NBR rubber; and rel easi ng agents such as natural
wax, synthetic wax, higher fatty acid and its netal salts, and paraffin.
The brom nated epoxy resin and antinony 13 trioxide may be added in a snall
anount to the extent that the reliability in HTSL is satisfied, because the
addition of a large anount may reduce the reliability in HTSL. The epoxy
resin composition of the present invention can be obtained by a common

met hod conprising m xing the conponents using a mxer or the like, nelting
5 and kneadbxide msy hgaddeld e admali ammohi thehesextdnt aisat sherrelidtality ik HEERIeks, or
extruder, and pul verizing the kneaded product after cooling. The

semn condusatofiederecase die adddioprededaizge ameentmaynredosethe sdiabditg et TBhduct or

el enent encapsul ated using the epoxy resin conposition. As a nethod for
encapsul ati ng t Heepexy resmiconpasition sfithe passent ipwemitionaube obtamled bgiat usi ng t he
epoxy 10 resin conposition for sem conductor encapsul ating of the present

i nvent i oncompiodimmeihodemnmisingigixieg the dsmpomdntassing amsfee or thel lkenopeltingnpr essi on
nol di ng, and injection nolding can be given, for exanple. In the

sem - chndand bneadingiusmgaf knehding meskine sudhrasarrpilenknaater, swertodagand or el enent
is usually connected to the lead frane or the substrate by a gold wire. 15
The seni conbeotiog thtdmicadedgfroduse afierewehng.i nvention is suitably used for

el ectronic conponents for which the operation under a high tenperature

envi ronnent  exddedemipondatpmdeyicelpé the present weention compuiges nsemiseralsictor cal | y
limted, a power transistor, igniter, power anplifier, and the |ike can be
gi ven. Thélemreatenvepsulaiethesingithgieppxypesidsemppytien. Mspmethigkfar | by exanpl es,
which 20 shoul d not be construed as limting the present invention. In the
exanpl es, en¢apsulatingihe slegronip partoivneh At asenigprdugtosictpmant usiag thegpeky s) by
weight". Exanple 1 After mxing the follow ng conponents using a m xer, the
m xt ul® waesin 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 exampies, 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 [.
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kneaded using two rollers, one of which had a surface tenperature of 90C and
the other 25 45C. The kneaded material was pul verized after cooling to
obtain an epoxy resin conposition. The epoxy resin conposition obtained was
eval uated according to the follow ng nethod of evaluation. The results are
shown in Table 1. 14 Bi phenyl epoxy resin 5.65 parts by wei ght (YX-4000K
manuf act ured by Japan Epoxy Resins Co., Ltd., epoxy equivalent: 185,

mel ting point: 105C) Phenol aralkyl resin 2 5.35 parts by weight 5 (phenol
resin shown by the formula (3), XL-225 manufactured by Mtsui Chemi cals,

I nc., sof t@iph&yi Qﬁgxgtrésiﬂgc, hydr oxyl s5e3yamabemieight 74) TPP:

tri phenyl phosphi ne 0.20 part by weight Fused spherical silica B 86.50 parts
by wei ght si zgYX14000K ma@ifhétaled by Whpan Eposy Resiak Co3 1t@veiageqiatleche! € , p
particle mor nore: 0.3 10 % particles with a particle size of 64 mor
nore: 3 wt % 986ahéltiag puint:a06°@yrea: 4.8 n2/g) Spherical alunmina 1.50 parts
by wei ght (average particle size: 20 m particles with a particle size of 75
m or nor e:PHendl arikPhregiant i cl es with &.35quattk el evepdhite of 64 mor nore: 5 wt %
15 y-d yci dyl propyl tri met hoxysilane 0.30 parts by weight Carnauba wax 0.20
parts By wei gliphenChrebimrshbiadi the Btmplars), BY.-225 mhhufadtiet bodMisdui eval uat i on)
Spiral flow. Using a | ow pressure transfer nolding machine, the die for 20
measuring a s@headicald, bve. coftbingpoigt: t70°EWMyrokybéquiadertherdyed Wi th the epoxy
resin conposition under the conditions of a die tenperature of 175C

i nj ecti on TiRessphieaylphosphine 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 um or more: 0.3

10 wi%, particles with a particle size of 64 um or more: 3 wt%, specific surface area:
4.8 m*/g)
Spherical alumina 1.50 parts by weight

(average particle size: 20 pm, particles with a particle size of 75 pm or more: 0.2
wt%, particles with a particle size of 64 um or more: 5 wt%)

15 y-Glycidylpropyltrimethoxysilane 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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6.9 MPa, and curing tinme of 120 seconds to determ ne the flow distance. The
flow distance units are reported as cns. 3 ass transition tenperature (TQ):
A test specinen (10 mMmx 4 mmx 4 nm 25 was formed using a transfer
nmol di ng 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. Then, TMA analysis was carried out at a
15 tenperature rise of 5C per mnute. The tangent intersection tenperature
of the resulting TMA curves at 60C and 240C was read. This tenperature was

used as thempghrssritd FBSTlepihi@OP eTiRs tdfigent HddsctBOn Mripehaaliewret by Sei ko
I nstrunents, Inc. was used for the neasurenent. The unit was T. 5 Bendi ng

strengt h aeshlidgTMAgcurvetdt 66°OinE2 HBCivaistrytd. A Thistterfpasinieway bsedgs the 80 nmm
w dth: 10 mm thickness: 4 nm) was fornmed using a transfer nolding machine
under the glgsdiahs$itios tepdpesataice TMa0BmunefaofurddtnGeiks BsgUMmentdfnd. WasMPa, and

curing tinme of 120 seconds, followed by post-curing at 175C for eight
hours. Theusbé futitihgmessurenmgith Bneukiewds ¢ nodul us of elasticity were nmeasured
according to JIS K691 1. 10 The unit for either the bending strength or the
bendi ng nodul us Béndshg@sttengiht anditendiRg modBbislof plastratye A tedd spacihémfiength:di sk
speci nen (dianeter: 50 mm thickness: 3 mm was forned using a | ow pressure
transfer il dimpgidthcH) men, tinderess: Hemm) mais forard using adratsfer mebding ataciiine of 175C,
injection pressure of 9.8 MPa, and curing tine of 120 seconds, followed by
post - cur i nmdat the eadifims efiaghi¢ tempergure Biié 7504, pressauvs of 8iMPa,\wad cdringlet er mi ned
fromthe weight change of the specinen before the noisture absorption
treat nent tamelofifX0esecdruis| follgwied bp postédueidg wat %rC ffareight hoorst s Tha hendimg er
absorption rate was indicated by percentage. The unit was % Sol der
r esi st ancestrefgtheng bending miodalepf CEficity verd meamctcdrsconging tbdi Kp¥Hssur e
transfer nolding machi ne under the conditions of a die tenperature of 175C,
20 i njléct i Bre yitdoneither te t@ndingmerength dr therbendjng medulys of elastiityan¥Pa. f ol | owed
by post-curin
y P J 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 MPa, and curing time of 120
seconds, 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)/(total number of packages) x100] %.

16



at 175C for eight hours. The | 60pLQFP had a package size of 24 x 24 mm
thickness of 1.4 mm silicon chip size of 7.0 x 7.0mm The |ead frane was
formed using a flash plated copper material. The resulting package was
treated with noisture at 85C, a relative humdity of 85%for 72 hours (ten
pi eces) and for 168 hours (ten pieces), and 25 dipped in a sol der vessel at
260C for 10 seconds. External cracks were observed by mcroscope and the
rate of crack generation was indicated by [(rate of crack generation) _
(nunber of packages generating cracks)/(total nunmber of packages) x100] %
16 Hi gh tenper at High teinperagee stbBpaclieidtaisties A PopBOIPSUIth wichip steecdti3bremze of
3.5mMmMm x 3.5 mmwas forned using a transfer nolding nachi ne under conditions
of a die ix®&6menatasifernadd kitlpG trynsfes aoiding inahide Wder canditiony dfiegdie i me of two
mnutes, followed by post-curing at 175C for eight hours. A high
t enper at urtemptratuagel 12SC, prasurcario &M, and cusing 18k tRackiages, foflowtd ch t he
el ectric resistance value between the wiring increased 20%fromthe initial
val ue wer ebyjpodgedtirtgmt 3@5%atdr eiphehdvrsre A bighitereperitore sthrge teshgabaadiedh s
nmeasured. The tinme required for becom ng bad was an average of n = 4. The
unit abe repar t&ACasPinkagss. of ilgth the epetrmtrosigampeabitc tetweshghawirerg stics: A
16pSOP with a chip size of 10 3.5mmx 3.5 mmwas fornmed using a transfer
mol di ng maotreased AA%eiromndelintiab malue vere judge tbdebed.at Thetime r&jui€] fpr essure of
9.8 MPa, and curing tinme of two mnutes, followed by post-curing at 175C
for ei ght beoeming bEdevaseeabyrietg TispBaPregaired fayrbecoraing bad waglan eesrpger aftrur e of
185C by causing 0.5A DC to flow between both ends connected wth a daisy
chai n. Packégethafniivreseporied aghewss.ri ¢ resi stance val ue between the wiring 15
increased 20% fromthe initial value were judged to be bad. The tine
required for bebightagporatraepreraticaghpagter 1gilﬁES®BCfmhﬂa‘€hlmwe pEconi ng bad
was an average of n =4 and the units are reported as hours. Exanple 2-11
and Cdfpariaimmex Eianp| veasformadysiag & asfer sameins maching updercopditipay @R i n t he
same manner, as in Exanple 1 o i

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 I 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



20 except that the conponents and the anounts are as shown in Tables 1 and
2. The results are shown in Tables 1 and 2. The materials other than those
used in Exanple 1 were as follows. o-Cresol novol ac epoxy resin

(EOCN- 1020- 62 manufactured by N ppon Kayaku Co., Ltd., softening point: 25
62C, hydroxyl equivalent: 198) Aral kyl epoxy resin (epoxy resin shown by the
formula (4), softening point: 58C, epoxy equivalent: 17 272) OCH2 CH H2
OCHz'CH P2 11 p/ ; H(4) 5 D cyclopentadi ene epoxy resin HP-7200

manuf actured b Daini on Ink Indus ( by pp try, softening point: 60C,
hydroxyl equi¥zl)ent: 263) Brom nated epoxy resin (BREN-S manufactured by

Ni ppon Kayaku Co., Ltd., softening point: 84C, 10 hydroxyl equivalent: 273)
Phenol novol ac resin (softening point: 80C, hydroxyl equivalent: 104)

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

point: 73C, hédr oxyI HLS equi val ent: 200) OH %—bﬁ 50?1 CZHz
H"“z \7}

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: 84°C,
10 hydroxyl equivalent: 273)
Phenol novolac resin
(softening point: 80°C, hydroxyl equivalent: 104)
Phenol aralky! 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 spherncal silica A

(average particle size: 8 pm, particles with a particle size of 75 pm or more: 0.5

18



DBU:. 1, 8-di azabi cycl o(5, 4, 0) undecene-7 20 Fused spherical silica A (average
particle size: 8 m particles wwth a particle size of 75 mor nore: 0.5 18
W% particles with a particle size of 64 mor nore: 1 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 size of 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 m or nore: w2, phiicles path 4 patide siza o€ 64 Qmasremore1l 8t% speifig)surfidelareaia
(average particle_size: 20 m particles with a particle size of 75 mor
nore: 0.5 vvt%4m5/|g]licles with a particle size of 64 mor nore: 5 W%
hexagonal planar crystals) 15 Al um num hydroxi de (average particle size: 3
m parti cliasedéphericalpiicaiCl e size of 75 mor nore: 0 w% particles with a
particle size of 64 mor nore: 0.1 w% Solid silicon rubber (crosslinked
or ganosi | i condaverdgogarticbnsize: d8ngn,gpadichestvgt a partigle sipeodifs as ar maien0.120
conponent, average particle size: 12 m Liquid silicone oil (silicone oil
havi ng 5a pol yexttiy partisles hthra proliglp sip pf 6h pmetrmaore pb v respegifmfstidfacecrea: t he
nmet hyl silyl group side chain, the non-nethylsilyl termnal of the
pol yet hyl ene 3.0 m/g)
Fused spherical silica D
(average particle size: 30 pum, particles with a particle size of 75 yum or more: 0.8
wt%, particles with a particle size of 64 um or more: 12 wt%, specific surface
10 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 um or more: 5 wt%, hexagonal planar
crystals)
15 Aluminum hydroxide
(average particle size: 3 um, 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
20 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
25 dimethyl silicon content of 20 %)
Stress reducing agent

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

19



et her - pol ypropyl ene et her polyner having a nethyl group or epoxy group, and
a 25 dinethyl silicon content of 20 % Stress reduci ng agent
(acrylonitrile-butadi ene nodified rubber, nodified rate of acrylonitrile and
19 but adi ene: 50:50, average particle size: 3 n) Zinc oxide (average
particle size: 0.5 m Magnesi um hydroxi de (My(OH)2, average particle size: 3
mMm 20 No0 OOCO0O0O00000000pP~NnOOO0ODO O-ONOOOOOMNMDO
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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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yommssss E'. 3" NEitl " aas NONti mo.Nvo C S3SS
.S0o000abhi .Sc"sobSvDnxO j mc>o0vvVva-i au, v7ur rnmkE
A mMm CnyUFogF YsssFm.-. SC7 ~-- mo0O~3=Saso0o~Amaaa
FLE wwwwdv UUO mmm¢Cll x x x x | NDUSTRI AL APPLI CABI LI TY An epoxy
resin conposition which excels in both high tenperature storage
characteristics and reliability during high tenperature operation can be
provided in the present invention and is suitably used for a sem conductor
devi ce, used under a high 5 tenperature environnent such as a sem conduct or
devi ce i n €ChalMBSgi ne conpartnment of vehicles or the vehicle body. 23 CLAI M5
1. An epoxy resin conposition for sem conductor encapsulating conprising
(A) an epoxy resin represented by formula (1) ; 5 OCH2-CH , CH2 OCH2-CH CH2 H
(1) wherein R, R2, R3, and R4 are individually a hydrogen atom or an al kyl
group having 1-4. carbon Abepsxy rasinedmgpositien fordemicdndiidter énoaespiatingf 0-3, b
and ¢ are 10 individually a integer of 0-4, and mis an average of positive
nunbers, {@hprasimgh@icin epexy resigiropmsdmed Yyefofoblading formula (2); OH OH (R
7)9 (RS,e, CHz QA QZZ H (2)

5

OCHz'ij,CHz OCHz"Cti'}CHz
“ i CHZ H ( 1 )
(R1 a/ %/ \_H _—>/ '\/\ R#)
( 2 / \ 4 3
(R ) TR, m

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 integer of 0-3, b and ¢ are
10  individually a integer of 0-4, and m 1is an average of positive numbers,

(B) a phenol resin shown by the following formula (2);

7)
g CH2 H (2)

( : \/
" : W
(RG) \M/) R )

15 wherein R*, R®, R7, and R? are individually a hydrogen atom or an alkyl group having

n

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,
(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

20 is 0.25-5 wt%, and 70 wt% or more of the silica has an average particle size of 25 um

24



(R6)f n 15 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, (C) a curing accelerator, (D) silica, and (E) alum na
and/ or al um num hydr oxi de, wherein the anbunt of alum numto the total
anount of the epoxy resin conposition 20 is 0.25-5 w% and 70 wt % or nore
of the silica has an average particle size of 25 pm 24 or less. 2. The
epoxy resin conposition for sem conductor encapsul ating according to Caim
1, further eemgsising (F) silicone rubber which is solid at 25C and/ or
silicone oil 5 which is liquid at 25C in an anount of 0.5-5 wt % of the
total anmount of the epoxy resin conposition. 3. The epoxy resin conposition
for sem conductor encapsulating according to claiml, wherein (A) is the

epoxy resin showp, The dpbey tesin @mmgitionfontemicolduétdy encapdilatied accdiding@Z CH
J)CHZ 0 O (4) JICH | CHZ H2Z 15 4. The epoxy resin conposition for

sem conducCiatm e Artherdoripriving @Y Gidicoharybber whieh 19 sblid wh23°6i and(oB)ilicend die phenol
resin shown by the following formula (5), OHOH ~ C5)

5  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
according to claim 1, wherein (A) is the epoxy resin shown by the following formula

10 (4);

OCH,- CH-CHz OCHz CH CHz

OHoe O

{ 15 4. The epoxy resin composition for semiconductor encapsulating

according to claim 1, wherein (B) is the phenol resin shown by the following formula

©);

20
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CH2 | CHZ H2 20 25 5. The epoxy resin conposition for sem conduct or
encapsul ating according to claiml1l, wherein the average particle dianeter
of the alum na and al um num hydroxide is 25 or less. 5 6. The epoxy resin
conposition for sem conductor encapsul ating according to claim1, wherein
the alumna is spherical alumna. 7. The epoxy resin conposition for

sem conduct or encapsul ating according to claim1, used for encapsul ating
sem conduct or devices used in a high tenperature 10 environment of 150C or

nore. 8. A sem c gﬁct or device co.ﬁr&)rl |geg?. m conductor el e

encapsul ated usi’ng®t ARP*ESERY CFBETS O&Jﬁb Chop FneAPIIARRERFCP ngto
encapsul atin ccording to an 0 -7. 15.9. The nductor
devi ce accﬁlﬁg?gg gﬁrelﬂ"g? H%ag%mé‘}‘v‘z ﬂla{nﬁger Qtﬂti% s alu@%‘ﬁ’éﬁygn% 1%onnect ed
to the |l ead %rarre or the substrate by a gold wire. 10. The sem conduct or

devi ce acchbr 8 cl ai m 8, used in a high tenperature 20 environnent of
150C or nore.

5 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
( claim 1, used for encapsulating semiconductor devices used in a high temperature

10 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
one of claims 1-7.
15
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.

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

20  environment of 150°C or more.
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