1 SPECI FI CATI ON EPDXY RESI N COVPOSI TI ON FOR ENCAPSULATI NG
SEM CONDUCTOR CHI P AND SEM CONDUCTOR DEVI €E 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to an epoxy resin conposition for
encapsul ating a sem conductor chip and a sem conduct or device
enpl oying 10 thereof. The present invention particularly relates to
an epoxy resin conposition for encapsul ating a sem conductor chip,
whi ch has inproved characteristics s§8ﬁI§§CgTmebility,
nol d-rel easeability and sequential noldability, and a sem conduct or
devi ce enpl oying thereof, which has an inproved the resistance to
refl ow sol dering heat. 15 BACKGROUND ART [0002! | n_recent
years, |evels GPOXAREGLNtIIFOSHIOBUFGREW BYG jSEMIEENDUCTOR CHIP AND
sem conductor chips are increasing, under a situation where there
20are growi ng needs for achi evi ng SBHICHEPEAIFRIBEVI@hs and | i ghter,
t hi nner and nore conpact bodi es of el ectronic equipnents. Based on
such siBuation, it is the current status that requirenents for epoxy
resin conpositions for encapsul ati ng sem conductor chi ps grow ngly
beconme nore TEEWRTERI. FIE@arti cular, as a |evel of a reduction in
t hi ckness of 25a sem conductor device is increased, stress may be
gener at ed du@obbj an i nconpl ete nol d-rel easing of a cured product of
t he epoxy resin conposition froma netal nold. Such stress may cause
a crack that are TRegerseat echvientidre rbbatyesototdre epeny oenductwposhijyn for
included in the sem conductor device and/or a reduced adhesi veness at
t he i nt er f acechpsuieenng he semi@ehduesdm cangd arive asssnicondeaoor dehios. employing
Consequently, an inproved nol d-rel easeability for facilitating the '
rel easacof tihersof dedhSpmdeact ifweneidrppaductilarthirehaies gbt 2 egxy resin
froman epoxy resin conposition, fromthe netal nold is required.
Further, in admposdfica Peoanceparilpying anaemie@rfiorted chignghioh deg improved
products to be sequentially nolded (in other words, sequenti al .
nol dabi | i t y)cHasaceguistbds Su0D08] floFbiflhey, roddarsicrgadtidatyhand gaguential
environnmental load is a critical issue, the type of solder is
swi t ched fr amldeattidont anchiangesigiodéncitay Hewibef eoplaydhdefhapgefi, which has an
| ead-free solder is used, a tenperature enpl oyed for sol der
processi ng isudrogédrchehassiztense tosrefldweadldsynnaihsialg sol der, and
t hus much hi gher stress may be generated due to 15a vapori zation of
wat er dontained in the sem conductor device. As such, the resistance
to refl ow sol dering heat of a nolded product, becone nore serious
pr obl em t hanBAGKGRB&ITL 8RVent i onal technol ogy. [0004] Accordingly,
vari ous proposals for inproving the resistance to 20refl ow sol dering
heat are mad&CORdr exanpl e, an epoxy resin conposition containing a
bi phenyl epoxy resin, which is a | owviscous epoxy resin, mxed with
an inorganic fill e atctitglyeprs,i lleveloadi Mgtedratprropgodetinlose mmangapility
Docunment 1 and Patent Document 2 ). Since such epoxy resin _
conposi ti on chreainendusbpyatiips fald éncrrasinghemndpr|3d eituabicsanheip there
flowability thereof is reduced. As such, a resistance to reflow ,
sol deridy heate groaimpindeds goodadtieving advadeed ingi kdnsaand dhabiey 1 fhinner
of an epoxy resin conposition for encapsulating a sem conductor
chi p. [0005] and more Tdrepefbredieherfe electrondeedusrmam:se poRgsace snnsuch
conposition for encapsul ating a sen conductor chip having an inproved
f 1 owabi | ity, sanekions dveds ndled cneterds sbiiivsi that araiviameed fegepey FPSin
nol dability and the |ike, and additionally having inproved
char act eri st bespoafitforeurred grapeactatingr saficosdistionsclipsi gprovagdy become
resi stance to refl ow soldering heat and the |ike, as well as a need
for a sen condustserereyi ta parmat cikad, orsea leyebnfapsuddudtagn ain thickness of
sem conductor chip wth the epoxy resin

25 a semiconductor device is increased, stress may be generated due to an

incomplete mold-releasing of a cured product of the epoxy resin

composition from a metal mold. Such stress may cause a crack that are



10conposition. [Patent Document 1] Japanese Lai d-open patent
publication No. HO5 - 131486 (P1l-P9) 2 [Patent Docunent 2]
Japanese Lai d-open patent publication No. HO8 - 15253555 (P2-P9)

DI SCLOSURE OF THE | NVENTI ON [ 0006] 20The present invention has been
conceived in view of the foregoing situation, and it is an object of
the present invention to provide an epoxy resin conposition for
encapsul at i ggnerasedi GoRHEGi@)y chighehasttirgnamtonpeioiredntlwledbin ithg, an
i nproved nol d-rel easeability, an inproved sequential noldability and
the |ike, apdnagdgbtderabbyibhadidgai reieeetdhalaatesi st ithe Dfteatace
cured product thereof, such as an inproved resistance to refl ow

sol deri ng hggtwaandtideukrbd eresandaral $BE1 Sondoeietodatiipe tdmdbaqhently, an
- formed by encapsul ating a senmi conductor 4 chip with the epoxy resin

conposi ti on;mpRRREA mold-relefReBi N0 fbo LRl ASpeal Ol kEkegprestnhe molded
invention, there is provided: 5[1] An epoxy resin conposition for
encapsus at i P;Qoﬁlc%ewb@&@ld £3RIctS Nihichned Wit adied AtorRRnegsoyy Fesim;

(B) a phenolic resin; (C a cure accelerator; 10(D) an inorganic

filler; compositiél) fRoltifdt khet£asbng ageshiidel) ansthane igouphi Bg a
agent; and (G a chem cal conpound having aromatic ring

that has hygreXyirigiopps, ngaeR @br W1i1eNide mbRART pkedURSPES eV Sedidt 041 1y
nore adj acent 15carbon atons that conposes said aromatic ring,

wherein at Lgastd QRE Shesahdkdsh) sGRRLY iSEHondand i89) ds( Byqpahennl i c

resin contains a resin presented by the follow ng general formnula
(D 20(wheosi n plurality of R which are sane or different,
represent functional group(s) selected froma group consisting of

hydroggp at om and ralid-, 01 @UPSiBasiiRg ene b didoGaran(Sed ¥ a critical
represents glycidyl ether group or hydroxyl group; and n represents

an average vakue, tthattyge b 1RSI 14 e feHEdeErah tbha-dntangidgoboldeanto
1to 3, wherein said (E) nold rel easi ng agent includes one or

more conpoungka)ssel es1ea . f rnwera 1 gs@uResonalist i g ueéd (Bl remperaxih zed
pol yet hyl ene wax, (E2) a glycerin tri-fatty acid ester and (E3) an

Soxi di zed panphéyddl WBX,sc286r processMiehei migpak diiah) a elst telwaseat-
agent is contained in the anount of 0.01 wt%to 1 wt% both inclusive,

and sai d ( Qcophefical selerROUA ithus anichi NRfheirnstResanmunt @ine@a0dd whih to
to 1 wt%both inclusive, in the total epoxy resin conposition.
10[ 0008} a vapoliZzhtIdie cEpexter eshtnieeaps ithe oserfiotnértapsadeieng As such,
t he sem conductor chip as described in [1], wherein said (G chem cal
conpound i S ieeseditsedndry toheef ol evidurigenenal of ai nulded Byrodudd, become
more serious problem than in the conventional technology.
[0004]
Accordingly, various proposals for improving the resistance to
20 reflow soldering heat are made. For example, an epoxy resin
composition containing a biphenyl epoxy resin, which is a low-viscous
epoxy resin, mixed with an inorganic filler at higher filer-loading, is
proposed (see Patent Document 1 and Patent Document 2 ). Since such
epoxy resin composition contains inorganic filler at higher filler-
25 loading, flowability thereof is reduced. As such, a resistance to

reflow soldering heat of a molded preduct is a trade-off with a

flowability of an epoxy resin composition for encapsulating a



R (2) R2 15(wherein one of Rl and R5 is hydroxyl group, and the

ot her is hydrogen atom hydroxyl group or3 substitutional group ot her
t han hydroxyl group, each of R2, R3 and R4 is independently hydrogen
atom hydroxyl group or substitutional group other than hydroxyl
group, or R2 and R3, R3 and R4 are conbined to formaromatic ring).
20[ 0009] ~ [3] The epoxy resin conposition for encapsul ating the
seni conductSeFieppPpIcRer ddseri bed in [1] or [2], wherein said (E) nold
rel easing agent is (El) the oxidized polyethylene wax. [0010]

[4] The epd¥0Bksin conposition for encapsul ating the sem conduct or
chip as described in [3], wherein a dropping point of said (El)

oxi di zed pol yet hylhenetamex tRengi L$iannged digeanferORPNFSEND Somgpserl@ for
140 degree C both inclusive. [0011] [ 5] The epoxy resin
conposi t i orenfcapserrtaps (i aenheprichetere ehip nvhydng rare hinpreveddsevabbbity,nan
[3] or [4], wherein nean particle dianeter of said (El) oxidized

pol yet Ayl engpwaxed sohittialeageadigey ofanl Dfproned Gsqemehbl a0 mpldhd i hty and
i nclusive, and content of the particles having particle dianmeters of
equal to orthealgks, Bhdmdli8ipmlilp hdwngolrgrof@l )chexidiesdtics of a cured
pol yet hyl ene wax is equal to or less than 0.1 wt % [0012] [ 6]
The epoxy rmesdnctdimeeset, encliers encapsoied inegitirnctsSee medood solldering
chip as described in any one of [3] to [5], wherein acid val ue of
said (El) ddadi 2ed thel YBtchybenelhaxs iss need Hom a seaigendfctbr amvife nghat is
KOH g to 50 ng KOH g both inclusive. [0013] [ 7] The epoxy
resi n conpdXirtiedroy encermdpsitail aguideededzentioignduth orhec Bbpoagesin
described in any one of [3] to [6], wherein nunber average nol ecul ar
wei ghtl0of samgogBtdoroxi di zed pol yet hyl ene wax is within a range of
from500 to 5,000 both inclusive. [0014] [ 8] The epoxy
resin conposition for encapsulating the 25sem conductor chip as
described in any one of [3] to [7], wherein density of said (El)

oxi di zed polBasehy| nremaeix lij sJagankbe leidanpge: phtértombdlimtghen® -t 05—
1.03 g/cnB both inclusive. [0015] [9] The epoxy resin

conposi ti onlFgBoefiladul at i ng the sem conductor chip as described in
any one of [3] to [8], wherein said (El) oxidized pol yethyl ene wax

i ncl udes onEratenpobasupsride( s Japsaese tled dSPpgmpatgrio ppbbratiioniiy 608
an oxide of a polyethyl ene wax produced via a | ow pressure

pol ymddi zat3¥95pr 68e$8) an oxide of a pol yet hyl ene wax produced via a
hi gh pressure pol ynerization process; and an oxide of a high density
pol yet hyl ene pol yner. [0016] 10[10] The epoxy resin conposition for
encapsul ati ng the sem conductor chip as described in [1] or [2],
wher ei n sai RESOEPSHRE @Fr SiltedsVEiI&Yent is (E2) a glycerin tri-fatty
acid ester. [0017]

[0008]

20 The present invention has been conceived in view of the
foregoing situation, and it is an object of the present invention to
provide an epoxy resin composition for encapsulating a semiconductor
chip having an improved flowability, an improved mold-releaseability,
an improved sequential moldability and the like, and additionally

25 having improved characteristics of a cured product thereof, such as an
improved resistance to reflow soldering heat and the like, and a

saemiconductor device that is formed by encapsulating a semiconductor



[ 11] The epoxy resin conposition for encapsulating the 15

sem conductor chip as described in [10], #herein a dropping point of
said (E2) glycerin tri -fatty acid ester is within a range of from70
degree Cto 120 degree C both inclusive. [0018] [12] The epoxy resin
conposition for encapsul ating the 20sem conductor chip as descri bed
in [10] or [11], wherein nean particle diameter of said (E2) glycerin
tri -fatty ecipdwesh ethel spasiyt besiracompmga tdédnf rom 20 pmto 70 pm bot h

i nclusive, and content of the particles having particle dianmeters of
equal to or[¢@ger than 106 pmin the total (E2) glycerin tri-fatty
acid ester is equal to or less than 0.1 25w % [0019] [13] The epoxy
resin conpositi onadd@irdens apsthataspgct g tife peEbSONdHediotitheds is
described in any one of [10] to [12], wherein acid value of said (E2)
gl ycerin trprofigetly acid ester is within a range of from 10 ng KOH g
to 50 ng KOH g both inclusive. [0020] 5[14] The epoxy resin
conposigion for e[rapsubitingedife ceftist e Clor erglibpu B 166 S£ Ideh@foridictor
any one of [10] to [13], wherein said (E2) glycerin tri -fatty acid
ester is a &fip, gﬁt;mdlﬁgnpound of glycerin and saturated fatty aci d
having 24 to 36 carbon atons. [0021] 10[15] The epoxy resin
conposition for e@ga@au(}ﬂj;dyngeélhﬁ sem conductor chip as described in
[1] or [2], wherein said (E) nold releasing agent is (E3) an oxidized

paraffin wax. [002%] a phenolic[Z&linJhe epoxy resin conposition for
encapsul ating the 155em conductor chip as described in [15], wherein

sof teni ng poi nt ofcsal dufdE3rcomddicged paraffin wax is wthin a range
of from70 degree Cto 120 degree C both inclusive. [0023] [17] The
epoxy I®si n conpoghit iaNidsigagneapsuéat i ng the 20sem conductor chip as
described in [15] or [16], wherein nean particle dianeter of said
(E3) oxidized par@ff ianm¥BxX reSeadinhi Agent:ange of from 20 pmto 70 gm
both inclusive, and content of the particles having particle

di aneters of equalrit @ eildray getptihgnadd®; gmd n the total oxidized
paraffin wax is equal to or less than 0.1 wt% 25[0024] [ 18]
The epoxy resin compesthégiral ofor@aaad Halvahd Ngolhbel.S eithg amduchay hefitdxyl
as described in any one of [15] to [17], wherein 9 acid val ue of
said (E3) oxtelipeedepat aff wiichaxs iuntitto neapsarige ofo bramrOadiprdétty g
to 50 ng KOH g both inclusive. [0025] [19] A sem conductor device,
provi deil bycetteapatbsd ithat acdwpeses eaddctramatcht pingt h t he epoxy resin
conposition for encapsul ating the sem conductor chip as described in
any of [1] to [ 18}hedfcdB2&6] least onAcoDrahing(A)o cpbey preserdnd nyaht(Bpn,
an epoxy resin conposition for encapsulating a sem conductor chip
havi ng an i pperanidd féowabodiaiys 4 Qasinnpreaesdedrbly delicelfoabedbyl géngraan
i nproved sequential noldability and the |ike, and also additionally
havi ng i npr dved:lehdtact eri stics of a cured product thereof, such as
an inproved resistance to reflow sol dering heat, a reduced water
absorption and the like, is provided, as well as providing a

sem conduct or gevice that i's forned by

20 (wherein plurality of R, which are same or different, represent

functicnal group({s) selected from a group consisting of hydrogen atom
and alkyl groups having one to four carbon(s); X represents glycidyl

ether group or hydroxyl group:; and n represents an average value that



15encapsul ating a sem conductor chip with the epoxy resin

conposi tion. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0027] 20An
epoxy resin conposition for encapsul ating a sem conductor chip
according to the present invention contains the foll ow ng conponent
(A) to conponent (G: (A an epoxy resin; (B) a phenolic resin; 25(C
a cure accelerator; (D an inorganic filler; (E) _a nold releasing
agent; 103is a positgye éluglb??ér}*é‘:gé@p‘:l irApgagéntroaddto 3, (9 a

chem cal conpound having aromatic ring that has hydroxyl groups, each
of which is boun#hereirespedt (B)emplgd retearsng agitdc entlusgppde af gige

t hat conposes the aromatic ring. 5[0028] Further, in the epoxy
resin conposippan Sorsewcapd ufzem agrrdip cwwicohtlefofElohRp Qﬁldwﬁ-ff
present invention, the aforenmentioned (A) epoxy resin and the

af or enent i amdge{B)lepbernal,i ¢E2esi nlycauisf yriafptef ache ewgyi ashehss a0 )
to (iii) in the follow ng general fanmula (1): 10(i) the

af oremént | ongdited) pepakiinr 88N agdnt ai Ns an epoxy resin that has

gl ycidyl ether group represented by "X' in the follow ng general
foutula (1); wherein sgiid) (R)heohd areédaesiricongeht By ehdadiéd ineian amount
contains a phenolic resin that has hydroxyl group represented by "X
in the fol loWwWongl ¥E§enerialikoeotl an¢lijsivandind said (G} i¢dhemborh cofpourg! is
above-described requirenents (i) and (ii) are satisfied, (wher e,

in the abovesmteswezd hadtigemepaht fofr fUdlawE:)to & ptudsitht inc0eiveRr, imnireh
are sanme or different, represent a functional group selected froma
group consiisttahgemixyhyesiogenmatsormiand al kyl groups having one to four
carbon(s); X represents glycidyl ether group or hydroxyl group; and n
repredénts go0&verage value that is a positive nunber within a range
of from1lto 3), 11 Further, the aforenentioned (E) nold

rel easi ng agent il Thesrone wrsimpcevcosipoumdes)ersebeetaidnd ridm a
group consisting of (El) an oxidized pol yet hyl ene wax, (E2) a

gl ycerin trseflabtqucordcleigt es dembriEs) ian (bii dihzeefirpsesd fiGh vkenical
Furthernore, aforenentioned (E) nold 5rel easing agent is contained in
t he anount ofmOuid st préesertent 9y bbehfookind weneand foforendnt i oned

(G chem cal compound is contained in the amount of 0.01 WMt%to 1 W%
bot h i ncl usi ve, ig?ére total epoxy resin conposition. [0029] 10The
epoxy resin conpo on for encapsul ating the sem conductor chip
accordi ng tR he p esengi nventi on has the above-descri bed

formul ati on; poxy resin conposition has an inproved
flowability, an ed nnld-re(ga eability, an inproved sequenti al
nol dability i'eh are itical flactors for conducting a process for
15encapsu|af§4ug th& sem ductor chip, and additionally, the epoxy
resin composition %f i nproved characteristics of a cured product

t hereof, such as &~ nproved resistance to reflow sol dering heat, a
reduced water absorption, a reduced stress, an inproved adhesiveness
with alfetal |ic mwheeeiamhe bé Rl kad 2D TRehegyoryl r@siuy, coifhE8e tatdar 1s
for encapsul ating the sem conductor chip according to the present

i nvention (hegdsigeafaien, hederyédgrarasr |awbstiapgerepal egionp other than
conposition”) will be described in detail as follows. [0030] P)
EPDXY RESI Nhy@SHyé ¢roupepexsh o08skd &iphoy&d L9 ikepprdsnéhy Nyavesrri ghom,

preferably
hydroxyl group or substitutional group other than hydroxyl group, or RZ

and R3, R3 and R4 are combined to form aromatic ring).
20 [G009]
{3] The epoxy resin composition for encapsulating the
semiconductor chip as described in (1] or [2], wherein said (E) mold

releasing agent is (ELl} the oxidized polyethylene wax.



contains an epoxy resin that is represented by the foll ow ng general
folula (a), which is equivalent to the abébve-described general

formula 12 (1) as substituting "X" with glycidyl ether group: H
C-CHCH2 2on (a - (wherein plurality of R which are sane
or different, represent a functional group selected froma group

consi sting of hydrogen atom 5and al kyl groups having 1 to 4 carbon
atons; and MH00E{resents an average value that is a positive nunber
within a range of from1l to 3). In the general fornmula (a), it is
nore preferabl e thal Teacdpedy segpilnucahddsytdén Ror sedppgsolparingt dm

[ 0031] 10The epoxy resin represented by the above-descri bed general
formul a (a)sesidypduophobhip sisr dedatribed iich [Bh, mberaimmal écadpdng point of
skel eton. Therefore, the cured product obtained fromthe epoxy resin
conposi ti onsabdit @LNi dig.dd bed pepoxyhyless wvaex b biitgih ewesny@togr from 100
absorption, so that a generation of higher stress due to a

vapori zat i ode@fearat €5 1d0r degea dIsehdeticieitow can be inhibited.
Further, since density of cross- |inkages in the cured product is

| ower so thaporwoefficient of elasticity at a tenperature that is not

| ower than a glass-transition tenperature is |ower, thermal stress
generated during a5pahdespdf0eesisi aompcsikeohiclRg, efie@gelilafiggl the

provi ding an i nproved resistance to 20refl ow sol dering heat. [0032]

I n the preseahiddmsastdOrhiptdieteddfibeafl iredaXyor €21 N wRYel® mean particle
additionally enpl oyed unl ess an advant ageous effect obtainable by 13
enpl oyi ng t HeamaRxyof esiid (BINr esidiized byl vehrybbeveadascwitida gernswal of
formula (1) is not lost. Oher type of epoxy resins nmay typically
includey fofrexamhe: tphenah HaeMolradubige apdXxysntest RIE,; tigd @asdlcles having
novol ac type epoxy resins; biphenyl type epoxy resins; bisphenol type
epoxy 5resi partidliel beaerbyperfepaXyl resonSartetr phaenoldfeimaire thy peotal (E1)
epoxy resins; phenol aral kyl (including phenyl ene-skel eton) type
epoxy resi nexidbgeal holydiyipeerepaay ireeqnsl tal &ylleswdiifaned.l wi%

tri phenol net hane type epoxy resins; triazine core-containing epoxy
resins; dicyoebopenta diene - nodified phenol type epoxy resins or the
| i ke. The other type of epoxy 10resin may be enpl oyed alone, or in a
form of a conbi natlbpritehepeof refi088position fMrenncapsapaxingr €sé n of

t he above-descri bed general fornula (a) is not enployed for the
above- tlescr isbrilcdniicepoxhipes desthibedbivengesor olfefBlotthefS]typeerdin acid
epoxy resins may alternatively be enployed. In 15addition, when the
epoxy resinvelut e abioyeEdesoridbee] geheelyltoe mixais (wkhis metnge of from
enployed, it is preferable to enploy a phenolic resin represented by
a general fadcnmg KOHBY , taM3Dchy WOHY ¢ betdi Sozissede] ater, for the
above-descri bed (B) phenolic resin. [0034] 20<(B) PHENOLI C RESI N>

The (B) pheriéDi1g] resin that is enployed in the present invention
preferably contains a phenolic resin that is represented by the

foll owi ng general [(7orThe apéh) rewin clompssidgdonvidephcamsulheing the
above-descri bed general fornula (1) as substituting "X' w th hydroxyl
group: 2014 semiconductor chip as described in any one of [3] to [6), wherein

nunmber average molecular welght of said (El) oxidized polyethylene wax
is within a range of from 500 to 5,000 both inclusive.
10014]
8] The epoxy resin composition for encapsulating the
25 semiconductor chip as described in any one of [3] to [7]1, wherein
density of said (El) oxidized polyethylene wax is within a range of

fram 0.94 g/er® to 1.03 g/cn® both inclusive.



OHOH (wherein plurality of R which are sanme or different,
represent a functional group selected frdfm a group consisting of

hydr ogen atom and al kyl groups having 1 to A carbon atons; and n
represents an Saverage value that is a positive nunber within a range
of from1l to 3). In the general foula (p), it is nore preferable that
each of a plurality of Ris hydrogen atom [0035] The phenolic resin
repr esent edO8y51 he above-descri bed general 10forrmula (D) is in a

hydr ophobi ¢ structure-rich condition in resin nolecul ar skel eton.
Therefore, the cuPédlipr edoxy rebimigvedosroont fer epoxysulesing the
conposition containing such phenolic resin exhibits | ower water

absor pt i on,segpoctirbtar gévier at idescofodd gheanystness @8k oo (8], wherein said
vapori zation of water during a solder reflow can be inhibited.

Further, 15&ilhcexidinsd topletticyless-tdnkagbslesomaioneroran ondtiecul aelagfed
the cured product is |lower so that coefficient of elasticity is |ower
at a teénper@&bure gxoupotorsdveing ban = gkads ofr ansilyeonytearpexatpuodiced via
thermal stress generated during a sol der processing is reduced,

resul ting ianlpwopretisnge aolyrgricaeton egbséanceantaxidef bDw 3olm1ymg1e wax
heat. 20[0036] In the present invention, other type of phenolic resin
may be addigroonedd ywienpliayRdpiazkass mil vaciaatage guscedd eahd abt akidblog a
by enpl oying the phenolic resin represented by the above-descri bed
gener al folmuhadémyitiyspdigkethebine gbenether type of phenolic resins

may 15 typically include, for exanple: phenol novol ac resins;

creosol novgloaeiresins; triphenol met hane resins; terpene-nndified
phenol i c resins; dicyclopenta diene-nodified phenolic resins; phenol
aral kyb resins (iMnel urthengpphe npkemneadabetation) fonanpbhipollaatay kik

resins and the like. 5The other type of phenolic resin may be

enpl oyed alsanecomdudtbr acfipuasfdezcetndal nat [ On ot-h&lgothefdid3Zdid (E) mold
When a phenolic resin of the above-described general formula (0) is

not enpl oyesklkasitchegabove deBicra begbB) phieifettye acdédi egterthe above-
10descri bed other type of phenolic resins may alternatively be

enpl oyed. [[00addi ti on, when the phenolic resin of the above-descri bed
general formula (D) is not enployed, it is preferable to enploy an
epoxy resin repredéntBBee ppoay gesén atorbositilca fa) easapheating the
above-descri bed (A) epoxy resin. 15[0038] Equi val ent ratio of

. epoxy 1§r oups=ndontdiated ¢hipt he destcaibepoxy [1HEsi neemxipl aydopping Peint of
present invention and phenolic hydroxyl group in all phenolic resins
may be prefsriabl(y2wiglhceria tabg@tof doighedidy tie Ridhdhha i melgastly €rcantd
nore preferably within a range of from0.7 to 1.5 20both i ncl usive.
When t he praggeeti @3cofl2® egepexy botlsimadoapasition are within the
above-descri bed ranges, the epoxy resin conposition has an inproved
cure-abilitiq0l&hd the cured product obtained fromthe conposition has
an inproved noisture resistance. [0039] 25<(C) CURE ACCELERATOR>

Cheni cal conpoundEl2 hEite apexy apsthhecafoobtiimy dsedncepselattahysths of
cross-1linking reaction between epoxy resin and phenolic resin may be
16 emgi0oy edsdmirotdhecto€) cltiyr esadessirébed dn {80] towe [Prleseherdimveedn particle
The (C) cure accelerators may typically include, for exanple: am ne
conpounds sdicdmeasr tafi baty| (2 glecetiB-dilaZattiyc pecld-Hed, 1y wihidbr ensarke
and the |ike; organic phosphorus conpounds such as

tri phenyl phof fhronez0 Stets aighenyibqiho$pdilosiven taetr aphiemy| obdhat padrdles
the Iike; imdazol e conpounds such as 2-nethyl im dazole and the

l'i ke, thougheaiing sardtle ntiendesrd ofl gl to drhésegeorhenndss. pdihe chee
accel erator nmay be enpl oyed alone, or in a formof a conbination

t hereof. [Ofl (B2) glycerin tri-fatty acid ester is equal to or less than 0.1

25 wts.
[0019]

(13] The epoxy resin composition for encapsulating the



10<(D) I NORGANI C FI LLER> The (D) inorganic filler enployed in the
present invention may typically include, 8 or exanple, fused silica,
crystalline silica, alumna, silicon nitride, alumnumnitride and
the like. Wen particularly higher |oading of the inorganic filler is
intended, it is 15preferable to enploy fused silica. [0041]

VWil e either of crushed formor spherical facia of fused silica my
be enpl oyedemitoridechorfchiplde descitdienl ¥n emyl aye syihetllcab flu23edvherein
silica, in order to increase the filler-loading of fused silica and
20 suppresscad vdiceeasaanll (BI)t giycaasi tyi-dghtthactpoeterel Within a range
conposition. In order to further enhance the filler-1|oading of

spheri cal sifl fean 10tmd KOEV€fey abley tkoHAgjHeeh Sphlesieal silica to have
broader particle size distribution. [0042] 25<(E) MOLD RELEASI NG
AGENT> [(0020he (E) nold rel easing agent enployed in the present
invention may typically include, for exanple: (El) oxidized

pol yet Byl ene wax;[141 Arhe( Egaxﬂ l¥e et iddmpédithiaht fordehehpsl efingange ( E3)
oxi di zed paraffin wax. The nold rel easi ng agent may be enpl oyed

al one, or ifemacéRiares chipofdiceatiDid herLeef one of [Tdne t&Df M1 ehieash AY
agent will be described in sequence as follows. 5[0043] ((El)

OXI DI ZED PQaYETHRENME/ M, SHingatt dﬁ%oﬁﬁl gstexi & zedrpalaret MarpRendv

general ly has pol ar group conposed of carboxylic acid or the |ike and
nonpol ar  griaype£0ITRAS eshtiat QNGRELE HHBAMABAALN24 ROl 36 BB atdms.
oriented in the side of 10the cured product of the resin and
inversely, moppplar group is oriented in the side of the netal nold,
in the process for nolding, thereby exhibiting a function of a gold
rel eagspbng agent. (18948 Thenceatentcabooiidhzes pataihytane tnex in
the (El) epoxy resin 15conposition may be within a range of fromO0.01
Ww%to 1 wdkmbesdtiicnet ugiipeas Rgcpiwierably vkt AN dhdrAgesHld (EPRold
0.03 %to 0.5 wt% both inclusive. The content of oxidized

pol yet hyl englwaxin bhém: tibe (Bhovea- deistrideashraange wakovi des an

i nproved nol d-rel easeability of the cured product fromthe netal

nol d. Furt h@oz2such content of the wax 20provi des an inproved

adhesi veness with a |l ead frame nmenber, so that a separation of the
cured product framel hehd epdkd rasen eRbesitctian ber ichbigrdiadindg thbe

sol der processing. In addition, stain on the netal nold and/or

degr adat i orsamicaphpeavantdpohs tdaeceilsed] ipr pdlct wieenas adsdfitehhey poligt gk
process can be reduced. 25[0045] 18 process; an oxide of a

pol yet hyl ersmiviaxEpr odudiecdvbara fhhghaxphiessithdnps| namee | afattran jor degsss C
and an oxide of high density pol yethyl ene polyner. Anmong these, high
density polyellhy|eneepat ywoeh irmyiubevarore preferably enpl oyed. The

oxi di zed pol yet hyl ene wax may be enpl oyed 5alone, or in a fomof a
conbi nat i on[(08t eof . [ 0046] The foll ow ng characteristics of
the (E1) oxidized polyethyl ene wax, which are: (1-1) dropping point;
(1-2) acid val ue;{1(71-B)e epaberrcaverageosilienufar enepghtlat{dy 4he
density; (1-5) nmean particle dianeter; 10and (1-6) content of

parti @bes hsiingnductbangtier agfdasakilsahlihe{13lhan (08, puhensiihlmdzm particle
descri bed in sequence. [0047] (1-1) Dropping Point The dropping point
of the (E )diexctdézed pald/qERy|@rieinaX dagafitiv Wwhk nisawiginge aotarfgeont 1fHdm
degree C to 140 degree C both inclusive, and preferably within a
range of fraimuhlfs degreed@ht indi3Gidegraed €rienh ohchuspareiclde having
droppi ng point can be neasured by the nethod in accordance wth ASTM
D127. Concrgireliyle idianstar@asirefhadsta drei@syaat yhen 106 um in the total

oxidized paraffin wax is equal to or less than 0.1 wt%.
25 (0024]
[18] The epoxy resin composition for encapsulating the

semiconductor chip as described in any one of [15] to [17], wherein



when the nelting wax drops froma netall Iné nipple first. In the
20f ol  owi ng exanples, it is possible to méasure it by a simlar

nmet hod. [0048] The dropping point within the above-descri bed range
provi des an inproved thermal stability of the (El) oxidized

pol yet hyl ene wax, thereby preventing a burn-in of the (El') oxidized

pol yet hyl ene wax in 25the nolding process. Therefore, an inproved

nol d- r el eas®@sl MRLYR O B8R dBp b P¥pEbERIE PRFF i NIl snidl diipsa range of from
presented, as-well as providing an inproved sequential noldability.
Further, th&0 @%ppilfe thorhigwiPichPotlo ingegiysve- descri bed range al so
provides sufficient nelting of the (El) oxidized pol yethylene wax in

t he process(8@>lcuring the epoxy resin conposition. This provides
substantial Iy unifonudi spersion of the oxidized polyethyl ene wax in

t he cured product [18Thepafigpaducios cdgEgat imvéﬁecg Ry CEEIPSPXdinged

pol yet hyl ene wax on the surface of the cured product can be

i nhi bi td, $¢cebGuGtedueiiy Wik Wieappokin refin merpdsirabd Zodepgapsulating
degradation in the appearance of the cured product. [0049] 10(1-2)
Acid Val ue the semiqinsiugtdr ohapuzs dfsehidbedEln) avyi of Zed pol M8D hyl ene

wax is within a range of from 10 ng KOH g to 50 ng KOH g both
inclusive, &MEfreferably within a range of from15 ngy KOH g to 40 ny
KOH g both inclusive. The acid value is influential in the

conpati bility in Adwrdimedoptiot puesets Comersion) yan iepoky 1esas urapoast on
nunber of mlligrans of potassium hydroxides that require to
neutralize fhe amrepsdeltingd tanigpndoitbrd ghipdamang lag inpraved flowability,
foll owi ng exanples, it is possible to nmeasure it by a simlar method.

[ 0050]1C20Than dgicgoved velditsiieasedid labywy @ndigpndvbe dsamageiqdr seldes laty and
preferable conmpatibility of the (El) oxidized pol yethyl ene wax with

t he epoxy reke dikat rand phsq Rddttiramdlby deveny Tiprevest eemaexiphizseof a
separation of the (ElI) oxidized polyethylene wax fromthe epoxy resin
mat ri x. Thef@fast eroducieghessali oPhabf ashan (EPyosd desiedapot vt hgtkne

wax 25on the surface of the cured product is inhibited, thereby

reduci ng t heckisxiing dieathea msdaretrolgen mpsphet agrad fheohiin fheorovided,
appear ance of the cured product. [0051] ~ Further, the presence
of the (El)a®xicdilzes RroVydingy pesriigardetrorhdesigef tat of foraeduped
product_provides an inproved nol drel easeability of the cured product
from the netafansslgtingnat REcoRIAOY, Cloh 48 ePFyh&psin composition.
conpatibility of the (El) oxidized polyethyl ene wax with the epoxy
resin matrix may prevent the (El) oxidized pol yethyl ene wax from | eak
on the surface of the cured product, resulting in insufficient

mol d- r el easBadi WW?.EQFO@%@TYI%ﬁ(QU%FHNu%@T rage Ml ecul ar Wei ght

The nunber average nol ecul ar weight of the (El) oxidized pol yet hyl ene
wax is within a range of from500 to 5,000 both inclusive, and
preferably within a range of from 1,000 to 4,000 both inclusive. For
exanpl e, thel@f#fer average nol ecul ar wei ght can be cal cul ated by

15t he pol ystyrene conversion using GEC apparatus such as HLC 8120
rranufa’& ured by TS GROBDPSICARI SMPORRtiMe TPB| INTRPAGLEERBEPE dsmilpendugtor
possible to neasure it by a simlar method. [0053] The nunber average
nol ecul ar welhghecEPEHing {%éihﬁbﬁv%ﬁe@ésérw%éloﬂ Zonaaes FRevieldewang
preferable affinity state of the (El) oxidized pol yethyl ene wax with

t he epoxy reéamaereair A, LPhamPpoeet (©he cured product exhibits an

i nproved nol d-rel easeability fromthe netal nold. On the contrary,
excessi vel y hi ghefRlafahi apesy s¢sithe (El) oxi di zed pol yet hyl ene wax

with the epoxy resin matrix nmay cause insufficient

25nmol d-r el.easeabi KBk & Phenvadrisetssingxcessively lower affinity may

cause a phase separation, thereby generating stains on the netal nold
and a 4fegr adati on(@)n a here accelerator;

(D} an inorganic filler;

(E) a mold releasing agent;



21 appearance of the cured product of the resin. [0054] (1-4) Density
The density of the (El) oxidized polyethyPene wax is within a 5range
of fromO0.94 g/cnB to 1.03 g/cma both inclusive, an preferably within
a range of from0.97 g/cnB to 0.99 g/anB both inclusive. The density
can be cal cul ated by neasuring value at 20C in the floatation method
in accordance with ASTM D1505. In the followi ng exanples, it is
possi bl e to neasure &tsiiyna cuplimy agettvodnd 10[ 0055] The density
wi t hin the above-descri bed range provides an inproved thermal
stability of the (GEl 3 awhitzledopeduyret hytdieneavaetitheimgbyhayr éue rtidngzal
burn-in of the (El) oxidized polyethylene wax in the nolding process.
Ther ef or e, @Rupspreavadofohdet dlseas@abicbi tespettitee thdour adreprasjacent
frommetal nold is presented, as well as providing an inproved
sequenti al d@bgakiddnksythdtuEbiRisest tiee deasidiy widdhi n t he

above-descri bed range provides sufficient nelting of the (El)
oxi di zed pojgoeshyl ene wax in the process for curing the epoxy resin
conposition. This provides substantially uniformdispersion of the
(El') oxidized 20pmirypéhylianehavaroky rieben citigds Priodutdr efibapeflating dhe
segregation of the (El) oxidized pol yethyl ene wax on the surface of
the cured ps@dushaeabrbeniphBE bideefreddher eentedncithg 4fvrestmiioned (He
nmetal nold and the degradation in the appearance of the cured

product. [O0858&ly 284ikr ahd MernaRafetibat BorBiamet henolic redine saefy any of
particle diameter is within a range of from20 pmto 70 pm both
inclusive, apdrprelfemabty whtHd niair angehefrdineni@) gpmetad GOmya 2D) :
both inclusive. For exanple, the nmean particle dianmeter is nmeasured
by usiyg | aser di {ifir apéi Lorpasitiohes sipzec@ngl yeen suntuias SAldPoXPlesin
manuf act ured by Shi madzu ColLporation. It is possible to neasure 50%
particle digret assailcheyweiabt ¢gbapdaipdeasnteeiaby part iclwhed falieteng by
5using water as solvent. In the follow ng exanples, it is possible to
measure it Hynarasi fbh@lanmefihod. [ 0057] The nean particle

di aneter within the above-described range provides a preferable
conmpatibility of tiie ¢E:)afexbairzadngdl (Bet bydredec wax edrtthithe ppenglic
resin matrix in the cured product This provides a presence of the
(El') oxidi zegsipolyet masengdnayl anrcupersprebacedbyt Be' é¢ortge: Frbdwong

t hereby providing an inproved nol d-rel easeability of the cured
producis f r ogetdralmebatulaold.; €xdt he contrary, excessively higher
conpatibility thereof with the 15epoxy resin matrix may prevent the
wax from | eak on the)sboflacE tfe thevetdesdrratwetyimemsnts i Ay s (1i) are
insufficient nold-releaseability. [0058] Further, since the
(El') oxidizedtjpliget hyl ene wax is in a state of a preferable
conpatibility with the epoxy resin matrix, 20a segregation of the
(El') oxidized Qplyethylene wax on the surface_of the cured product
can be i nhi bitég&d, =ducRng the stain the netal nold and

t he degradat i om.i : o t he cur r opduct . [0059]

Furt her nore, above-1 5descri bed
range provi deé t he ?(E |zed et hyl ene
wax. in the pr epoxXy resi 05|t|on

Therefore, the resultart epdkg Resi nRconposi ti on #as an i nproved
(where, in the above-described general formula (1), a plurality
20 of R, which are same or different, represent a functional group
seilected from a group consisting of hydrogen atom and alkyl groups
having one to four carbon(s); X represents glycidyl ether group or

hydroxyl group; and n represents an average value that 1s a positive

number within a range of from 1 to 3),



23 flowability. [0060] (1-6) Content of Particles Having A D aneter

of Not Smaller Than 106 pm The content oilparti cl es having a dianeter
of not smaller than 5106 gmin the total of the (El) oxidized

pol yet hyl ene wax may be preferably equal to or lower than 0.1 wt%

For exanple, this content is neasured by using a standard sieve with
screen size of 106pmin accordance with JIS Z 8801. In the fol]|ow ng
exanples, it is posthel ethe afeasterdirredyEd Beld rakeardtd gent ojrogsdss
The above-descri bed content provides substantially uniform dispersion
of the (El)orexpdirxed puippentii{dleaelewbed ¥ ebyrqusdgerHELERRION Rl RE
metal nold and degradation in the appearance of the cured product.
Further, suefidieed eolyerhyledesaguf {5201 antlyeerin ngiofattyeadBbrstey égd
pol yet hyl ene wax in the process for curing the epoxy resin

conposi t i on(E3) ham ey dpre pdiatfianwinpr Swethefrinovabialfprsmenfbgeg] (E) mold
In the present invention, other type of nold rel easing agent nay be
addi t i 6nal | selenpimy edeninlisssomindy am dgecusuet faic 0. Gbtaknabllewpy both
20enpl oying the (El) oxidized pol yethyl ene wax is not |lost. O her

type of nolihcdebiasi agd afentserrimpney piGt athapiicat | aatpouddisexarplined in the
natural waxes such as carnauba wax and the |like; and netal salts of

hi gher f at tamcaet dsf Ueh va$ zo ric wid eaotit énativhe in ke JoBOB3JpoRF((<EN
GLYCERI N TRI - FATTY ACI D ESTER) The (E2) glycerin tri-fatty

aci d ester dcapastiitiomster that can be obtained fromglycerin and a
saturated fatty acid. The presence of the 24 (E2) glycerin tri-fatty
acid ester [(02Bhe epoxy resin conposition provides much in-proved

nol d-rel easeability of the cured product obtained fromthe

conpodlict i on. On tTe epmty aeyin icompdwtdas efaf epcgisoyhnigag the esd cerdugtor
a diester of glycerin and a saturated fatty 5acid, a noisture

resi st ance dfipt hecandied tpr atlegtresbhai imvent romhabhechepalkgva-deseribed
conposition is reduced, due to an influence of hydroxyl group

remai ned t hBvmiubatciodese ridakythespbty ngsin drapnfifiosf hatts improyed
resistance to refl ow soldering heat. [0064] 10The content of the (E2)
gl ycerin trildwabilitagi an esipepvéct rohd-wleryeaddiny c ampospuoved jesuential
within a range of fromO0.01 wt%to 1 wt% both inclusive, and

pref er abl y meldabnl &y, angechobré raniicdcdB factto for Soand¥sbbich ai prdagsk vior
The content of glycerin tri-fatty acid ester within the )
above-Ides crémegsnbatgagptioy isdascenducher evéd, rapiddaddBriehablakablié isppxpfresin
the cured product fromthe nmetal nold. Further, such content provides
an i npr ovedcamivestienbss wwinrhved [chadadteanetimaroéra ared pueact thereof,
separation of the cured product fromthe | ead frame nenber can be

i nhi bi ted isudthessat depregrestessigignee to reflpwaddidéing keadi- na orpduged
metal nold and degradation in the appearance 20of the cured product

can be reduestir FBgssion, a redired ERyesyl, yerrimproved rahesivaopes estbra
typically include, for exanple: glycerin tri-caproic acid ester;

gl ycerin tricwdpiglmarbgci ahceshertikgl ycerin tri-capric acid ester;
glycerin trilaurin acid ester; 25glycerin tri-nyristic acid ester;

gl yceraih tri pal mi Then epokyl restercomgbyitsionn Loy jencepsiriat ing itheegemeconductor
glycerin tri-arachic acid ester; glycerin tri-behenic acid ester;

gl ycerin trchip gnoceting teitdhe phesent invention (hereinafter, referred to as

just "epoxy resin composition") will be described in detail as follows.
[00301]
<(A) EPOXY RESIN>

25 The (A) epoxy resin employed in the present invention preferably
contains an epoxy resin that is represented by the following general

formula (a), which is equivalent to the above-described general formula



ester;glycerin tri-cerotic acid ester; glycerin tri-nontanic acid
ester; glycerin tri-nelissic acid ester dld the |ike. The glycerin
tri -fatty acid ester may be enpl oyed alone, or in a foLmof a

conbi nation thereof. 5[0066] Anong these, glycerin tri-fatty
acid ester of glycerin and saturated fatty acid having 24 to 36
carbon atons may be preferably enployed, in view of providing an

i mproved nokd- rel edseabitirgy "fhdiiah gliyetidvedtappeavapce of the nol ded
product. Furthernore, glycerin tri- 10nontanic acid ester nay be nore
preferably e gyl n the present inventio nugtheyy of carbon atons
of saturat edr%)atty\ acfd is sumof nunber of c rEIJbon\ atHéms in alkyl
group and in c@rboXyl group of saturated fattyOacidl [0067] 15The
foll ow ng characte |stﬂcs oﬁ?théQ(EZ)Rglycerln tri{fatty acid ester
which are: ( ‘ 3 ; 1(2-3) nmean
particle dia ayj ng @aqlaneter
of not small :quence [(0068]
20(2-1) Dropprrag i ‘ of [the (E2) glycerin
tri-fatty acid est |streférabmy W Rhin a range o from 70 degree C
to 120 degree C both inclusive, and nore preferably within a range of

from 80 degree C thekddn dogheeiy BEtR, iwhethSirdesaddpbO0EH e, represent
droppi ng point within the above- descri bed range provi des an 26

t hereby preyenticR8o@adyiop Beéctdie FtER)a ghoigebsidtingadst hyatdddn atom
ester in the nolding process. Therefore, an inproved

ol d-red easﬁﬁ@'dl‘k?fy @lovbBenshgdl poodusdrbbh ochsedrdl nnBdgkelsénts an
presented, as well as providing an inproved sequential nnldability.
Further, theyéFRpPvATPehAt W bhhhdeibihe rakbye+desst ihedndangefron 1 to 3).
prOV|des sufficient nmelting of the (E2) glycerin tri -fatty acid

ester in thenpfrRCessef0r £6ii1A (4)he 1€PRX Yol-€ iRk fepifes thato rkacl ifs a

provi des substantially unlforn1d|sper5|on of the (E2) glycerin
tri-fatty agh@rfsterof ® iHehirbgsh pizeduct. Therefore, a segregation

of the (E2) glycerin tri-fatty acid ester on the surface of 10the

cured produgboz@En be inhibited, thereby reducing stain on the netal

nol d and degradation in the appearance of the cured product. [0070]
(2-2) #gid Val ue The aaokd salitierafreblerdERY ey aetiardestridfedt ggneaail d
ester is 15within a range of from10 ng KOH g to 50 ng KOH g both

i nclusive, #&adnirefier akd iytddhbhi@ stangeuref-ricorinlbenn KO¥aqlbio s@lagon.
KOH g both inclusive. The acid value is influential in the

conpati bi | i tietefdrbe @ edrqt eadudict pBoOFilled20idue theiaboxgl trsin tdmposition
t he above-descri bed range provides a preferable conpatibility of the
(E2) gl ycer icontainihat sychaepekiestein wikhibitse lepax yates iavsombtrior, 1 o tthet a
cured product. This prevents a phase separation of the (E2) glycerin

tri -fatty aehdreadberof highéhetepexylueess iz napeiixatidrecéf enmr during a
segregation of the (E2) glycerin tri -fatty 25acid ester on the

surf acesof tshadetiredlqr aduche iimhinttidal. t efyrthher etiyce ethnsiihyg &t areeon

the netal nold and degradation in the appearance of the cured

product. [Q@rRiges in tHeucthet prodecipieskree of ihhe ¢dEDfiglgmrepin
tri-fatty acid ester on the surface of the cured product provides an

i nproved noledeetrdseabt la tymoedrathes cwedipmotubdwefr tmart keghetsakramdidion
On the 5contrary, excessively higher conpatibility thereof with the
epoxy resin taapstacurayiprevent thbenflE2) regsy generatterli dufiatt y sdbdr

ester fromleak on the surface of the cured product, resulting in

i nsuf fi ci entpraekshieheas aabivbéd,y ref@W0A3Y 19 (2o8)diMeaan pamtr-bedd resistance to
di anet er The nean particle dianeter is preferably within a

range ob fromr26y piberity psadot h inclusive, and nore preferably

within a range of from30 pmto 60 pm both inclusive.

[0032]

In the present invention, other type of epoxy resin may be

additionally employed unless an advantageous sffect obtainable by



[0074] 15The nean particle diameter within the above-descri bed range
provides a preferable conpatibility of thé (E2) glycerin tri-fatty

acid ester with the epoxy resin matrix in the cured product. This

provi des a presence of the (E2) glycerin tri-fatty acid ester on the
surface of the cured product, thereby providing an inproved

nol d-rel easeability of 20the cured product fromthe nmetal nold. On

t he cont r argnplexbus $he etpp=lii tifdn tenpsacitid byythe ebeti-dReehleRedBBRY
resin matrix may prevent the glycerin tri -fatty acid ester from] eak
on the surffgeubd flhelsucddlpstodudtherr eweg OENGEPHY IFASYIS ray dppically

nol d-rel easeability. [0075] 25Further, since the (E2) glycerin
tri-fatty agicdludst éori sxampla: gthenel ofovalae diype atiaxycordiasi bergosyl iicvglac
the epoxy resin matrix, a segregation of the (E2) glycerin tri-fatty

aci d ester wypet Beosuréave ;obipEBvi Meypeuepakypredint: baspiseol ritlitsi epeky

t hereby reducing stain on the netal nold and degradation in the

appear dnce wfsihhe stinbengriggactpoxly00#6hs; triphefoimehbam tepe tdpexeEapins;
particle dianmeter within the above-descri bed range provides

suf fici ent prenbll ngradfyl heincERYimg poernileneriifedetonlacyde extoay fgsinke
process for curing the epoxy resin conposition. Therefore, the

resul tant emekhoksivbecanpys résion; hakkyanmedigiiededrifchemabidthaye tyoe Aoxy
10(2-4) Content of Particles Having A Dianeter of Not Snaller Than

106 pm rediust hieriaztoatert-ofntpantric besxhaesigs ;a ddcpmepentofdinoe—
smaller than 106 pmin the total of the glycerin tri-fatty acid ester
may be pr efmsdlityd asisabl ttoyper epoweresit@nod. theMi%e | 00R8]oth&Theype of epoxy
above-descri bed content provides substantially uniform dispersion of

the (B2) gl yesm nay rde baployedcalbrester innatfoemepdxey comgimation thereof.
conposition, thereby reducing stain on the netal nold and degradation
in the appefo@sie of the cured product. Further, such content

provi des sufficient nelting of the oxidized 20pol yet hyl ene wax in the
process for curi nghdrhenegmyy resinnof diposbeveoneseitidgedbyerprovi thaglan(a)
inproved flowability. [0079] The glycerin tri-fatty acid ester

Enpl oyed i nis hetpemsayedi fivenhe abovayddrerobedi B¢ deprvadesist,i ke above-
particle size of a comrercially 25avail able glycerin tri-fatty acid
ester. In tbdesqprbsentthenveyps ofi, crpixieresiypenaf adberhatévedsibegenpayed. In
may be additionally enployed unl ess an advant ageous effect obtai nable
by enplioyi ngddiidogl ywden bhe répokptiesin 2 4bedekmeedesarinet davsral doapnla
type of nold rel easing agents nmay typically include, for exanple:

nat ural waxés) sischonsmpappedibdtwex raaferdvds| tk empioy arshanoldgl resisy

hi gher fatty acids such as zinc stearate and the |ike. 5[0080] é( E3)
oxi di zed parepfésented)by a gencFhd faEBhlaxitdi zduigraraly ibe dbscusseq later,
generic nane of oxides that are produced by air-oxidation of or

aci d- addi t i dnrtaheaapaveatitborimed. (B caetwky regpdup is introduced into

a paraffin wax by conducting 10oxi dization. The paraffin wax as the

raw mat eri al{093%4]Jpr oduced by a separation and a refinenent of a
distillate oil by reduced-pressure distillation, and is a solid wax

at an 2a0rbi est{B} SpEORIGMRESINor mal | y, nunber of carbon atomin a

mol ecular is on the order of 20 to 40 both inclusive, and nol ecul ar .
wei ght is on the @hdeB)oph8BlitorgB0 Boith iss5emuploysd v thea@Esent invention
The content of (E3) oxidized paraffin wax is within a range of from

0. 01 wt % t optefesadigt doritacha s weenolicheesipokhat esi neprgggosed itynthand
preferably within a range of from0.03 wt%to 0.5 w % both

20i ncl usi ve foTheviconyertraf héomoflawtihi whidre isbews-vdéstt itoeths aivgee-

provi des the cured product obtained fromthe epoxy resin conposition
exhi biti ng alestnircalgeharmlidfemelleatBabi| substfitemrich&Xretidh mpdmbxyl group:
Further, such content provides an inproved adhesiveness with a | ead
frame nmenber, such that separation of the cured product fromthe | ead



25f rame nmenber can be inhibited in the solder processing. In
addition, stain on the netal nold and deddadation in the appearance
of the cured product can be reduced. [0082] The foll ow ng
characteristics of the (E3) oxidized paraffin wax, which are: (3-1)
softening point; (3-2) acid value; (3-3) nean particle dianeter; and
(3-4) content of particles having a dianeter of not 5smaller than 106
pm wll be deggcribed in sequence. [0083] (3yl) Softening Point
Sof teni ng point off tha (E3R oxRdi ze® paraffin X is preferably
within a rangexof |fro 0 =(to 120 d C both inclusive,
and 10nore p g : frfom degree C to 110
degree C bot %ﬁv . nngboi s E’e rré%)sure in
accordance w JIIS K- 2 5.3. A
t he above-descri bed rahge ptovRdes &n 15i nproved,thermal stability of
the (E3) oxidized paraffin wax, thereby preventing a burn-in of the
(E3) oxidized par affdraimax uk-an itie of ok diRgcip-eeessne dhaligfFerént ,aRepresent
i nproved nol d-rel easeability of the cured product froma netal nold
i s presented, fagetNehd]l gSoly @l @hor BFPHEME cERsERRRY &IF hydrogen atom
nol dability. Further, the softening point wthin 20the
above- descr hhed1kaNaRPpe Haesio SUfhi 8i @FboneldonBg Ak hhexrE3ints an
oxi di zed paraffin wax in the process for curing the epoxy resin
conposig i ongydhige PsAM €8s Substaptitatbd Yubef iahti SpesisdeoBrofrddie to 3) .
(E3) oxidized paraffin wax in the cured product. Therefore, a
segregat i on1AfrHhgeddF3) oxidinzethipanafl {4 Roveprefietdre eSttifaeacwfont be
25cur ed product can be inhibited, thereby reducing stain on the netal
nol d and degn@ggﬁtgnﬁj@ LHeappeat aner. of the cured product. [0085]
31 (3-2) Acid Val ue The acid value thereof is within a range of
from10 ng KGb#g to 50 ng KOH g both inclusive, and preferably w thin
a range of from15 ng KOH g to 40 ngy KOH g both inclusive. The acid
value is influenti@g gnenSlike reipatpbéddntydisy the (iredidyredvet general
[ 0086] The acid value within the above-described range
provi des a peehasabhbe iconpat hdtddhooat dtiectind-raxh donad: iwar ah fitasinax
with the epoxy resin matrix in the cured product. This prevents a
phase 10sepapaédianrofidibecd E3rhexddtiraedripaeatdd prvuctd oiotainkd £fexyhe
resin matri x. Therefore, a segregation of the (E3) oxidized paraffin
wax on the spotpcesoh dogositied grrodiaing suchhphenbeds reher ebiiibits lower
reducing stain on the netal nold and degradation in the appearance of
t he cured pwatketsbsdby@8/]so that Fuphdertiohhe prgsensereds the {EI)
oxi di zed paraffin wax on the surface of the cured product provides an
i mproved nokdpselmaseakitl waterotiuthey auseldiepr pelficty Earomet hehittall. Further,
nold. On the contrary, excessively higher conpatibility thereof with
t he 20Epoxy stiase Rlemaiity X fnayospreneriget heonwaxnéd dm halacudar tdfe tiseirduaee
of the cured product, resulting in insufficient mldrrel easeability.
[ 0088] (3- 3prdan: Parldwelesdithumet @efricient of dlmstheaty parldwelkeat a
dianeter is preferably within a range of from 2520 pmto 70 pm both
i ncl usive, aatparcerpref avablopew thin aaglmsgerafsitiamtafperathes 6Cchpmal
both inclusive. [0089]

stress generated during a solder processing is reduced, resulting in

providing an improved resistance to reflow soldering heat.
20 [0036]
In the present invention, other type of phenolic resin may be
additionally employed unless an advantageous effect obtainable by
employing the phenolic resin represented by the above-described general

formula (b) is not lost. The other type of phenolic resins may



32 The mean particle dianmeter within the above-descri bed range
provides a preferable conpatibility of th® (E3) oxidized paraffin wax
with the epoxy resin matrix in the cured product. This provides a
presence of the (E3) oxidized paraffin wax on the surface of the

cured 5product, thereby providing an inproved nol d-rel easeability of
the cured product fromthe netal nold. On the contrary, excessively

hi gher conpapidslliiyt indlhdeedforwesdmptlee g@pory nesilac mEsing; mEgoprlevienplac
the wax fromleak on the surface of the cured product,

resul ting irasimsutfigchieenineanlader sdsdas eatsrpetg-motidf B8O Phenolic resins;
Further, since the (E3) oxidized paraffin wax is in a state of a

pr ef er abl e 3 eppiaiichtd idignaitidali Ehed ghenyl e sesimmat phenolaaseigyé getding

of the (E3) oxidized paraffin wax on the surface of the cured product
can be i nhihhtR@dinghsielyene dielagnt ahaphihol heraleyhlresbhs saddthe like.
degradati on 15in the appearance of the cured product. [0091]

Furthegre, mhBectrRantPss ldfChiter@il agefeeinwhdhba &l oabd el ondeser ihed form of
range provides sufficient nelting of the (E3) oxidized paraffin wax

in the procgessmbinzreon ithgréde epoxy resin conposition. 20Therefore,

the resul tant epoxy resin conposition has an inproved flowability.
[0092] (3-4po®pntent of Particles Having A Dianmeter of Not Smaller

Than 106 Pm Further, the content of particles having a dianeter of

not 25smal | er thaRed QS phBhéXid Resirbal tigd abbes{ded)rivdddyesdaparafidila (o)
wax may be preferably equal to or Iower than 0.1 wt% [0093] 33

The above- desgst kag1epm eBt HOwboRs-dsybsiiaat (B Iphetwi fcorasidi,s pee sicone-
of the (E3) oxidized paraffin wax conposition, thereby reducing stain
on t hgonet aleswelsbppehsearpdadi pRendlikheesippeaspnd ecaiattihel e teednployed.
product due to segregation of the (E3) oxidized paraffin wax.

Furt her, sughag@itienl wHovidephedbliciresin gl thaghobetdwctB3d general
oxi di zed paraffin wax in the process for curing the epoxy resin

conposi ti onsorinhi®s efty P& awitdenglodBsd) My oy eskdfeowsls ot gtaplp@084Jepdhe resin
(E3) oxidized paraffin wax enployed in the present invention 10may be
obt ai ned byragusitidagbpad IgefiteaisiEzemdfa darammeneiaoly-dasaiciladl ) epoxy
glycerin tri-fatty acid ester. In the present invention, other type

of nmold releashng agent may be additionally enpl oyed unless an

advant ageous effect obtainable by enploying the (E3) oxidized

par af fisn wapoo3ginot |ost. O her type of nold rel easi ng agents nmay

typi cally 15include, for exanple: natural waxes such as carnauba wax
and the |ike; andgumtralergakasicobiheghsr gtaidsy caciadseduich ths ztad epoxy
stearate and the like. [0095] <(F) SILANE COUPLI NG AGENT> 20The (F)

si | ane couptddigsageiioyed ainl abé eprdesehthenpeeisent and\pdrhbbic hydnotyl group in
particularly limted, and a chem cal conpound that is capabl e of
reacting wiitl bbtholdlc ecgan vagdrpprefdrably ivizbiepoxyngesifnfoom 0.5 to 2
phenolic resin and inorganic filler to provide an inproved interface

st rengt h t hestebéhwresn vapyarbemenp lprgferalVyr el tdpeca fragkl ¢f fiche &7 &nel .5
coupling 25agents available in the present invention may typically

i ncl udm epoxysi hadlsias nadichartes puoeedesi dAnke aEmMyapesinschepmsigion are
the like. The (F) silane coupling agent may be enpl oyed al one, or in

a formof awithin the above-described ranges, the epoxy resin composition has an

improved cure-ability, and the cured product obtained from the
composition has an improved moisture resistance.
[0039]
25 <{C}) CURE ACCELERATOR>
Chemical compounds that are capable of being used for catalysts

of cross—-linking reaction between epoxy resin and phenolic resin may be



34 conbi nation thereof. The (F) silane coupling agent is an essenti al
conponent of the epoxy resin conpositionléwhich is capable of

provi ding a considerably inproved viscosity properties and fl ow ng
properties of the epoxy resin conposition by a synergistic effect

with the (G b5chem cal conpound that will be discussed |ater. [0096]

Bl ending quantity of the (F) silane coupling agent enployed in the
present i nuwenilboad may bee WC) hdurecaac@igeaodr Fopmi@ Plessn tiovehinti®o The
both inclusive in the total epoxy resin conposition, preferably

w thin 10 a{g)argees Glccblermntrdmant Ydiaalld MmicYudot For nedausi e amand

nore preferably within a range of fromO0.1 wt%to 0.6 w % both

i ncl usive. Jdgocehid eNthods Ryl aaeireoup) d-agazgeantcye-t (3, 0, d)rendecene-7
above-descri bed range provides an inproved effect, which is

obt ai nabl e iy enAp! DR Jotdie i £ Phoepesheatog@upasndichhaé ol bheri@phosphine,
di scussed | ater, as well as providing an inproved 15the resistance to
ref | owssol desirRghieabhbioins RTERRENENQT Rackaded Vhe egver , irilgzuse

of the silane coupling agent at a content within the above-descri bed
range of theygenhedtsuahl oe-pegwi difdiaaoledineethaat @, apsagPtitons oot

t he epoxy resin conposition, thereby providing an inproved resistance

to refl ow sphdeneaddeahid RoALIERR CARUNEHS! pACKALGR. aZdf1009Hdr Fh)be
CHEM CAL COVPOUND HAVI NG AROVATI C RI NG THAT HAS HYDROXYL GROUPS, " EACH

OF WHI CH | TQRESRECTH VE £EWR SIRVERE AR AGEN = £ARBON ATOVS
THAT COMPOSES THE AROVATI C RING> The (G chem cal conpound havi ng
aromatic ripgpdohat has hydroxyl 25groups, each of which is bound to
respective two or nore adjacent carbon atons that conposes the
aromatige riam)( heoedmatt grrireferred to as "(G chem cal conpound")
available in the present invention may be a 35 chem cal conpound
represented by thend qbl oMdgagien €k lerf enpityad( 29 tnldresenR3invention may
(wherein one of RL and R5 is hydroxyl group, and the other is
hydr ogen at g@aidaydy o u@s Oupr Cfxafpbs ifiéd ariakcgy eupseineretdidnca,
5hydr oxyl group, each of R2, R3 and R4 is independently hydrogen
atom hydr oxMmiga QUi 1908 WSk i d4)t bonaimgr auRrigkhetd tthani iedr asen
~group, or R2 and R3, or R3 and RA may be conbined to formaromatic
ring). [00983rdirutl hel aboyeerdesadinkeds femheardalic fiheethieiftdnded, it is
compound, which 10i ncludes aromatic ring formed by conbining R2 and
R3 or 13 angrd¥brabby toeeiymiycahdad aitiwam cal conpound represented by
the follow ng general fotmula (3): R3 (3) RA Re R8 (wherein one of
Rl and R7 i sotwidr oxyl group, and the other is 15hydrogen atom
hydr oxyl group or substitutional group other than hydroxyl group, and
each of R2, R3, R4hildSesdtitbrR6E i Sushefentdent lsphdyitadgemnmabonfused silica
hydr oxyl group or substitutional group other than hydroxyl group).
[ 0099] may Reefiovebenitcdk moufposisids taviedirall engloyt fighapd eskemsed
invention may typically include, for exanple: catechol; pyrogallol;
gal lic aci dsipgadd,i tn agdddrest dnerdas2- dndydil beyiaphitalogndised silica and
2, 3-di hydr oxynapht hal ene;

20 suppress an increase of melt viscosity of the epoxy resin composition.

In order to further enhance the filler-loading of spherical silica, it
is preferable to adjust spherical silica to have broader particle size
distribution.
[0042]
25 <{E} MCOLD RELEASING AGENT>
The (E) mold releasing agent employed in the present invention

may typically include, for example: (El) oxidized polyethylene wax;



5and derivatives thereof. The chem cal conpound may be enpl oyed

alone, or in a formof a conbination thefdof. [0100] Anong
these, 1,2 -dihydroxynapht hal ene, 2, 3-di hydroxynapht hal ene and
derivatives thereof, which have a naphthal ene ring as parents, nay

10 be nore preferably enployed, in view of facilitating controls in
the flowability and the curing condition and providing |ower

vol atility. (E01@Llycerin tri-Bhehyiargdoesieri t3ndbf(EPhoxicizachppraldin wax.
conmpound may be within a range of fromO0.01 wt%to 1 wt% both

i ncl usi ve iThd melt atddkaspux poess imay 15T empbsyed aiongr ef eraBl {011 Phidh a
range of from0.03 wt%to 0.8 w% both inclusive, and nore preferably
wi thin a rasgsiobtioonherddE.wt % to 0.5 wt % both inclusive. The

content of the (G chem cal conpound within the above-described range
provi des Vi sigosicly prlepeitd egeandifll dvd ngspridedr in esqhdmrceed nllaws.
synergistic effect with the (F) silane coupling 20agent. Further,

i nproved physpam:l properties of the cured product thereof can be
obt ai ned, and therefore the conpound can be preferably enpl oyed as

t he epoxy resiTy CRDINTEDt POMYETHYLENE @R®Sent invention. [0102] Wile

t he epoxy resin conposition for encapsul ating the 25sem conduct or

chi p of the presegindenvieat ifan cairtiaed pdlhetlaflenement yenachlépipenentas:
(A) to (G as essential components, the follow ng other additives may
al so be addigtignabhyoserpboyetbasyTieqati®dr Ghiddrke Jhdaddigdlee symragp
typically include, for exanple: fire retardant agents such as

brom nat ed epfxisetiest Nengantdagbay dhatioXipddar phesphos usienmgbimdde side of
nmet al hydroxi des and the like; colorants such as carbon bl ack, red
ocher amd t heeldked siddiess-sRdbei rgiagant iasuetsedy, sndripodme dEoip ,is
silicone rubber, synthetic rubber and the Iike; and antioxidants such
as bismut h exideddyts athe andk tlieclhe ketal 0bQ3] in the Pilvecepdoy meElsiing,
conposition for encapsul ating the sem conductor chip of the present

i nvention i shpredueisi iy ingxd gnthimnabdremend i orneds@ragponent s (A.)
to (G. Mre specifically, the conponents (A to (G and other

addi tives arfeosdxed by using a mxer or the like, and then the m xed
material is heated and kneaded by using a heating kneader, a heat

roll, a extruder Ghetdvatbhkeyf aritizedspoyentylenet wax kmetke d Edht oyl resin
is cooled, and then crushed to obtain the conpound. 15[ 0104]

El ectrofi ¢ pampssittioh ey benmwidbiduz trenge fpEreal.B2 eiftc dpsil-afedotdy
usi ng the epoxy resin conposition for encapsul ating the sem conduct or
chi ps accor dinnfjudiorel, hengpestatatilgverithiiona tengerefl £reeM-Oéndifctor0.> wts
devi ce. The encapsul ation of the electronic parts such 20as the

sem conduct apthhimdusare.beToonstuterd diyogidiizag poidehbydinggwazherithin the
conpound via a conventional process such as, for exanple, a transfer
mol di ng pr ockese-demrpiless rengegrdividesp rocEggoved jmd tirorteppeaiidgty of the
process and the |ike. [0105] 25EXAMPLES The present invention

wi || be furtdueedspedift calchytitesetabewldn ridfrehenceuch coxaapt of bke wax
follows, though it is not intended to limt 38 the scope of the

pr esentoi nvenbivbed her atpprovdt eadbesposisssonithaprel gk Seane dephetssagthat a
part by weight. [0106] <EXAMPLE A> 5(Exanple al) Follow ng raw

mat eri al s wetepaeaplonyefl ihe examplpecdict from the lead frame member can be

inhibited in the solder processing. In addition, stain on the metal
mold and/or degradation in appearance of the cured prcduct caused in
the molding process can be reduced.
25 [0045]
The {E1) oxidized polyethylene waxes typically include: an oxide

of a polyethylene wax produced via a low pressure polymerization



* Epoxy resin represented by the follow ng general foula (4) (phenol
aral kyl type epoxy resin having bi phenyl ®Bhe skeleton), [comercially
avai l abl e from N ppon Kayaku Co, Ltd., under the trade 1lOnane of
"NC3000P", having softening point of 58 degree C and epoxy equi val ent
of 273] 7.36 parts by weight; HC--CHCH 2 00 H (4) n
represents an average value that is a positive nunber within 15a
range of frebtdsd;0a8)o{idd0dT a polyethyléfenakigradestd vk 4 diiphl@reEShire
(phenol aral kyl resin having phenyl ene skeleton [coluercially

avai | abl e fooopdizabiorc heoten); &6d anlbgide vAdeight henditadeolvankyehe
XLC-4L, softening point of 65 degree C 20and hydroxyl equival ent of
174] 4.69 palisehyamei@ithes8 high density ([d1yepi,asRAIIgcRARY age more
value that is a positive nunber within a range of from1l to 3) [0108]
5% 1,8 -di azabéeailOem{12y4d0) Thnsleeened pblibeiaenafiLr nay eheafiRdyte
as "DBU") %%go par?s by aﬁight; fused sgﬁggicgﬁ silica (%aviﬁgﬂhgan
particke diaBRELlor0kn 30.:8rA0ET7 08iRNkS By thebaiH ; Oxi di zed
pol yet hyl ene wax No. 1 (having dropping point of 120 degree C, acid
val ue of 2Gopa@eKOH g, nunber average nol ecul ar wei ght of 2,000,
density of 0.98 g/cnB, nean particle dianeter of 45 pm content of

particles havingrdibarmtienif RetasmBlibercd BaNHOGE MR a0 Yo ethylene
150xi de of high density polyethylene polynmer) 0.10 part by wei ght;

y- gl yci dyl R&opyi dhr bret hQXY)Sidr@g]gier Qidar tiiby) weightalue?, @-3) number
-d|hydroxynapﬁthalene (reagent) 0.05 part by weight; and carbon

bl ack 0. 30 Rarhgdyonebailr wbHRF] (Afdhepeing (1156 hai Faberdlal §iameter;
| i sted above by using a mixer, 40 the m xed material was kneaded for

20 tinmes byandsing)acbh@etitabs it b Revew hagead-eapesahut @ma®ie®Than
degree C and 25 degree C, and thereafter, the obtained sheet of the

kneaded naugmigﬁ,wgglqub@gcgngdtﬂgqﬁﬁggnggushed to obtain an epoxy
resin conposition. The 5characteristics of the obtained epoxy resin

conposi ti onjpyas) eval uat ed
(1-1) Dropping Point
The dropping point of the (El) oxidized polyethylene wax is

15 within a range of from 100 degree C to 140 degree C both inclusive, and
preferably within a range of from 110 degree C to 130 degree C both
inclusive. The dropping point can be measured by the method in
accordance with ASTM D127. Concretely, 1t is measured as a temperature
when the melting wax drops from a metallic nipple first. 1In the

20 following examples, it is possible to measure it by a similar method.
[0048]

The dropping point within the above-described range provides an
improved thermal staﬁility of the (El) oxidized polyethylene wax,
thereby preventing a burn-in of the (El) oxidized polyethylene wax in

25 the molding process. Therefore, an improved mold-releaseability of the
cured product from metal mold is presented, as well as providing an

improved sequential moldability. Further, the dropping point within



by the follow ng nmethod. Results are shown in Table 1. [0110] (Method
for Evaluation) 10Spiral Flow A netal nbPd for neasuring spiral flow
pursuant to EMM -1-66 was enpl oyed to conduct neasurenents at a netal
nol d tenperature of 175 degree C, at an injection pressure of 6.9
MPa, and for curing time of 120 seconds. The obtained spiral flowis
presented by an unit of cm 15[0111] Gold Wre Deformation
Ratio: A 160epabow-pesfiibed grrndef fbgo packalpes $LIEP)eftCinelt g packeydll)
outer dinension: 24 x 24 IHLL x 1.4 nmthick; pad size: 8 5 mmx
8.5 mm and:dhiiped ippévethyvdertaxXiy thenpyoosss ol dedidyy thapimopiyngesin
| ow pressure transfer automated nol di ng 20machi ne, at a netal nold
t enper at ur ecanbod RS cdegree sGoratidan suljseenticd lpressore dfspdrsiduPalf tHed
for a curing tine of 70 seconds. The nol ded 160p LQFP (package) was
observed wddidazed ol Yetsyehd uaxoscapy amppar aroasictand t he obt ai ned
deformation ratio of the gold wire was expressed in ratio of (flow
quanti gy) /frgekdom,ra sengtbiionlbeé QECr(ELeraxadwesce pbhgdthydénd gaadyn the
for the obtained deformation ratio of lower than 5 % and "x" (bad)
for the obtainfede def eharddred paiduot afannbé dromeitddianhdrdty rédiiay the
Sequential Ml dability: 500 shots of 80 p quad flat packages (4FR)
(Cu L/ F;, pasleageo® uher metiarensid aind léhdamaesr22-ion Xin2 thanddpeakangeads the
di mrension: 6.5 nan x 6.5 REV and chip dinension: 6.0 mmx 6.0 Han)
wer e 5sequefiizedl pyodmetded by enploying a | ow pressure transfer
aut omat ed nol di ng machine, at a netal nold tenperature of 175 degree
C, at an injmuaion pressure of 9.6 MPa, and for a curing tinme of 70
seconds. The criteria were that "o" (good) for being successful in
straiglot 500i-2)sheis waitdout any pr obl em such as poor injection and
the like, and "x" 10(bad) for other results. [0113] Appear ance
of Cured Materi alThandct alanuerciVehal (FWD| okidAzed gpdl yeelsylewval wat éd fithdn a
vi sual observation for a package and a netal nold after straight
500- shot s hathdeecen HrenpletedkOnvd he sbhayekoesc boliedntbssiopee ntmdlpreferably
nol di ng process. The criteria for appearance of the cured product and
the stain omititie avtaabensf droeriess hakoH/ X" t¢ badhg f KOH/gt ladtrre dnbbeyiveandhe
"0" (good) for being not stained until straight 500-shots of nol dings
wer e conpl eaed vhDid 4 20Reshsiadinde Tio: Refybauib$di e innghdHemtred Theduct .
package, which had been nol ded for the evaluation on the
above-ldescridedeseyenti b4 menbaadl bBsty nuabepast ntliriedaas 7 botegrien C
and for 8 hours, and the post-cured package was stored in a humd
envi r onment hatro85delegihee ecahde ito neliatdlies hure dind¢stepfif Bl %rfoy 288 in
hours, and then, IR reflow was 25 processed to the
huni di t y- prdeessedlgpackages Z6Dladgyeexz@pldEDEC- Le\meissible Thengmmicags by
is observed with a mcroscope, and a crack generation rate [ (crack
generati on aatie)ilar (Mfetbodber of packages having external 42 crack
generation) / (nunber of total packages)) x 100] was cal cul ated. The
crack gener 0% rate was presented by unit of % 20 packages were
eval uated. In addition, adherence condition at an interface of the
sem carfduct or chi ‘thesathd theduai vithépokhe rbsverdesopdsic Framevgsoubssr ged
5 by an ultrasonic testing equi pnent. 20 packages were eval uated. The
criteria foprefseblarceptolriéfitpwisahdetfingokistizederd yehaylehe" wgoat) the
for 0 % of crack generation rate and no separation, and "x" (bad) for
gener ati ng ep@ck resiseparat iionthd @bl ddExanplfess g2evenia? 3, phask
Conpar ative Exanples al to a9) Respecti ve conponents were
n xed by thespataaoestc thdel)) nokiatilzed IpollyabhylcPearak tfabhetl® epmey resin
. epoxy resin conpositions were obtained in simlar way as in exanple
al, and evah@tixQnsTHdrerest, wesegrepdict ed the siEn) | ewidlayd goliyathylene wax
exarrple al. Results are shown in table 1, table 2

25 on the surface of the cured product is inhibited, thereby reducing the

stain on the metal mold and the degradation in the appearance of the

cured product.



15and table 3. [0116] Conmponent s enpl oyed i n exanpl es ot her
than exanple al will be described as folzows. *Phenolic resin of the
follow ng folaula (6) (phenol aral kyl 20resin having bi phenyl ene
skel eton) [conercially available from Meiwa Pl astic |Industries Co.,
Ltd., under the trade name of "MEH7851SS", softening point of 67
degree C, and hydroxyl equivalent of 203] OHOH of from1l to 3).
[0117] * Epomyiresin of the followng foula (7) (biphenyl type epoxy
resin); 5[comercially available from Japan epoxy resin Co., Ltd.

under the trade mapened tNXA40Mde offelrd NELPexnEiAfd pObyataglee Gax on
epoxy equival ent of 191] H2Q\---ICH CH1-0-CH H2 0-Cl-In/-CHCH, O

(7) H3CCHRhe JMrAEA8LF thEOXhdeaegrRRlY ebttytiese anaxad¥dved; noldhavi ng
dr oppi ng point of 105 degree C, acid value of 20 ny KOH g, nunber

aver age m!r%@@é@éab\ﬂ@b%}"ofofhelcﬁg& fensdt ¥reh the9feBdICHBIg AN
particle dianmeter of 45 pm content of particles having dianmeter of

not 15gmal legr thdhaRnd 06-\PMeRbeddi Qe Wighet demphr bRl YVe) Il ene (WRX oxidized
produced via | ow pressure polynerization process). [0119] * Oxi di zed

pol yet hyl egﬁ%@% ne Jraxd Haml REc0EQRR B8sROTBEriod mdvSrdeanteant, (agi d

val ue of 2 g, 20nunmber average nol ecul ar wei ght of 3, 000,

density of 0499, gHiyetTRABNP Ikl Bt JbANRILENOTs1ADa@MorCaIM @Rtedibroduct,
particles having dianeter of not smaller than 106 pmof 0.0 wt%

oxi de of highy, | by pehyet bdeng RO MBIdani D120] 44 * Oxidi zed
pol yet hyl ene wax . 4; (having dropping point of 110 degree C, acid

val ue of 12ymg,KOH g, nunber average nol ecul ar wei ght of 1,200,
density of 0.97 g/cnB, nean particle dianeter of 50 gm content of

partighes havingngiareifiragt MakcRsimikesnit han 106 gmof 0.0 w %
oxi de of high density pol yéthyl ene polyner).

The nmumber average molecular weight of the (El} oxidized
polyethylene wax is within a range of from 500 to 5,000 both inclusive,
and preferably within a range of from 1,000 to 4,000 both inclusive.
For example, the number average molecular weight can be calculated by

15 the polystyrene conversion using GFC apparatussuch as HLC-8120
manufactured by Tosoh Corporation. In the following examples, it is
possible to measure it by a similar method.

[0053]

The number average molecular weight within the above-described

20 range provides a preferable affinity state of the (El) oxidized
polyethylene wax with the epoxy resin matrix. Therefore, the cured
product exhibits an improved mcld-releaseability from the metal mold.
On the contrary, excessively higher affinity of the (El) oxidized
polyethylene wax with the epoxy resin matrix may cause insufficient

25 mold-releaseability.

Inversely, excessively lower affinity may cause a phase separation,

thereby generating stains on the metal mold and a degradation in the



[0121] * Oxidized pol yet hyl ene wax No. 5; (having dropping point of
110 degree C, acid value of 45 ng KOH g, 210nunber average nol ecul ar
wei ght of 2,000, density of 0.97 g/cnB, nean particle dianeter of 45
pm content of particles having diameter of not snmaller than 106 gm
of 0.0 wt% oxide of polyethylene wax produced via high pressure

pol ymeri zation process). [0122] 15* Oxi di zed pol yet hyl ene wax No. 6;
(havi ng dr eppeagampel of Wk ddfEddegodetCof adied rgadrue of 20 ng KOH g,
nunber average nol ecul ar wei ght of 750, density of 0.98 g/cnB, nean
particle dijageter of 45 gm content of particles having di aneter of
not smaller than 106 pmof 0.0 wt% oxide of high density

pol yet hyl eng-20pmdngtey) . [ 0123] * Oxi di zed pol yet hyl ene wax No. 7;
(havi ng droppi ng point of 130 degree C, acid value of 20 ng KCH g,
number average nuohecgdrasitypebQithe0{Ey, 5RO Aensdtthil HedPxg/ienBitiipan
25 particle diameter of 45 gm content of particles having dianeter
of not ssnaldefet FAFrIAE0 oM fcd. €& WM. @xfeceh paliyethy enepmmerably

produced via high pressure polynerization process). [0124] Xxi di zed
pol yet hyl eng twax Nean§s dfhavdi®.dropRiAGP0IL 8¢ Pl BerlegieasGe. acTitk
val ue of 20 ng KOH g, nunber average nol ecul ar wei ght of 1,100,

density of 3%:9/Ghepe MRARN PRy fdBudl dT8hehe ok 4FCom t@l%nEEcBHtanLon
particles having dianeter of not smaller than 106 pmof 0.0 wt

oxi de of poiatebaYireRecHanPE OfHEEAS T B1/508/ ANe SIS IFR1 POK IR EL bQﬂ_lt is
process). [0125] Oxidized pol yethyl ene wax No. 9; 10(havi ng dropping
poi nt of 1kO.-degieacGueafird Valdieaodiddaltndt@ohg, nunber average

nol ecul ar wei ght of 2,000, density of 1.02 g/cre, nmean particle

di anetigr of gASspm content of particles having dianeter of not

smal l er than 106 gmof 0.0 wt% oxide of high density pol yet hyl ene

pol ymer). 15[ 0126fhe QxhAiczemiinhyehd Hoene-dseriNeed thge PRavide an
dr oppi ng point of 120 degree C, acid value of 20 ng KOH g, nunber

aver age nol egubaed Waleeiidl, @kaBi00, odens (¥l 0foxddBeduhel RthyRaie wax,
particle dianmeter of 30 pm content of particles having diameter’ of

not 20smal l@ferthanrkenpinol Barth-wh%t axederiof ohi ghetepslivieyhylene wax in
pol yet hyl ene polynmer). [0127] xidized pol yet hyl ene wax No. 11;

(havi ng dr opRi RE1@RINbredest20 TiRGEES 4, aACithrdabde0l-~20 amgedidligy of the
25nunber average nol ecul ar wei ght of 2,000, density of 0.98 g/cre,

mean parti cheedi prwiet dforbReul mooat Bntoreferpanl i 4 @8lbhas pgodicimgt &1

of not smaller than 106 pmof 0.0 wt% oxide of high density

pol yet hyl engnprébef dayenliall AdR8b1i1Pey yerhytiene wex ddasithi witiadd nge
droppi ng point of 135 degree C, acid value of 0 ng KOH g, 5nunber
aver age nol feiteateymiigbil ©ihgh, mfiiddensiffy codntOm®BigycaB, theedll.) oxidized
polyethylene wax in the process for curing the epoxy resin composition.
This provides substantially uniform dispersion of the (El) oxidized
20 poliyethylene wax in the cured product. Therefore, a segregation of the
(El) oxidized polyethylene wax on the surface of the cured product can
be inhibited, thereby reducing the stain on the metal mold and the
degradation in the appearance of the cured product.
(0056}
25 (1-5) Mean Particle Diameter

The mean particle diameter is within a range of from 20 yum to 70

um both inclusive, and preferably within a range of from 30 um to 60 um



particle dianmeter of 45 pm content of particles having dianmeter of
not smaller than 106 pmof 0.0 wt% polyethyl ene wax produced via | ow
pressure polynerization process). [0129] 10* Pol yet hyl ene wax No. 2;
(havi ng droppi ng point of 115 degree C, acid value of 0 ng KOH g,
nunber average nol ecul ar wei ght of 1,800, density of 0.93 g/cnB, nean
particle dianmeter of 45 pm content of particles having dianmeter of

not snal | erpddhaindeipd) ofrcl. dkable, RBEYRIAY beRE MNBXRIRUYEGE Medsured by
hi gh 15pressure pol ynerization process). [0130] 1,2

- di hydr oxynaphthad fnes{ feageidn ﬁaﬁ‘@icﬂéhgize( E8a0eRE) sudy RegaATineli000
(reagent) 20* 1,6 -dihydroxynaphthal ene (reagent) resorcinol

(reagent). hdRBheridded ¥y shimkdd: m@ﬂéﬁm.’ Ot 0i ¢l 08581818 rdBRutsSG08
080-1 0 00O O SEU 177 | Go-

particie diameter on the weight standard as mean particle diameter by

5 using water as solvent. In the following examples, it is possible to
measure it by a similar method.
[0057]
The mean particle diameter within the above-described range

provides a preferable compatibility of the (El) oxidized polyethylene

10 wax with the epoxy resin matrix in the cured product. This provides a
presence of the (El) oxidized polyethylene wax on the surface of the
cured product, thereby providing an improved mold-releaseability of the
cured product from the metal mold.

On the contrary, excessively higher compatibility thereof with the

i5 epoxy resin matrix may prevent the wax from leak on the surface of the
cured product, resulting in insufficient mold-releaseability.
i0058]

Further, since the (El) oxidized polyethylene wax is in a state
of a preferable compatibility with the epoxy resin matrix,

20 a segregation of the (El) oxidized polyethylene wax on the surface of
the cured product can be inhibited, thereby reducing the stain on the
metal mold and the degradation in the appearance of the cured product.
[0059]

Furthermore, the mean particle diameter within the above-

25 described range provides sufficient melting of the (El) oxidized

polyethylene wax in the process for curing the epoxy resin compositiorn.

Therefore, the resultant epoxy resin composition has an improved
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flowability.
[0060]
(1-6) Content of Particles Baving A Diameter of Not Smaller Than 106 um

The content of particles having a diameter of not smaller than
106 um in the total of the (El) oxidized polyethylene wax may be
preferably equal to or lower than 0.1 wt$. For example, this content
is measured by using a standard sieve with screen size of 106um in
accordance with JIS Z 8801. In the following examples, it is possible
to measure it by a similar method.

[0061]

The above-described content provides substantially uniform
dispersion of the (El) oxidized polyethylene wax, thereby reducing
stain on the metal mold and degradation in the appearance of the cured
product. Further, such content provides sufficient melting of the
oxidized polyethylene wax in the process for curing the epoxy resin
composition, thereby providing an improved flowability.

[0062]

In the present invention, other type of mold releasing agent may
be additionally employed unless an advantageous effect obtainable by
employing the (E1) oxzidized polyethylene wax is not lost. Other type
of mold releasing agents may typically include, for example: natural
waxes such as carnauvba wax and the like; and metal salts of higher
fatty acids such as zinc stearate and the like.

[0063]
({E2) GLYCERIN TRI-FATTY ACID ESTER)
The (E2) glycerin tri-fatty acid ester is a triester that can be

obtained from glycerin and a saturated fatty acid. The presence of the
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(E2) glycerin tri-fatty acid ester in the epoxy resin composition
provides much improved mold-releaseability of the cured product
obtained from the composition. On the contrary, in the case of
employing a monoester or a diester of glycerin and a saturated Ifatty
acid, a moisture resistance of the cured product obtained‘from the
epoxy resin composition is reduced, due to an influence of hydroxyl
group remained therein, undesirably resulting in harmful effects in the
resistance to reflow soldering heat.

[0064)

The content of the (E2) glycerin tri-fatty acid ester in the
epoxy resin composition is within a range of from 0.01 wt% to 1 wtd
both inclusive, and preferably within a range of from 0.03 wt% to 0.5
wt% both inclusive. The content of glycerin tri-fatty acid ester
within the above-described range provides an improved mold-
releaseability of the cured product from the metal mold. Further, such
content provides an improved adhesiveness with a lead frame member,
such that separation of the cured procduct from the lead frame member
can be inhibited in the solder precessing.

In addition, stain on the metal mold and degradation in the appearance
of the cured product can be reduced.
[0065]

The (E2) glycerin tri-fatty acid esters typically include, fox
example: glycerin tri-caproic acid ester; glycerin tri-caprylic acid
ester; glycerin tri-capric acid ester;glycerin trilaurin acid ester;
glycerin tri-myristic acid ester; glycerin tripalmitin acid ester;
glycerin tri-stearic acid ester; glycerin tri-arachic acid ester;

glycerin tri-behenic acid ester; glycerin tri-lignoceric acid
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ester;glycerin tri-cerotic acid ester; glycerin tri-montanic acid
ester; glycerin tri-melissic acid ester and the like. The glycerin
tri-fatty acid ester may be employed alone, or in a form of a
combination thereof.
[0066]

2mong these, glycerin tri-fatty acid ester of glycerin and
saturated fatty écid having 24 to 36 carbon atoms may be preferably
employed, in view of providing an improved mold-releaseability and an
improved appearance of the molded product. Furthermore, glycerin tri-
montanic acid ester may be more preferably employed. In the present
invention, numpber of carbon atoms of saturated fatty acid is sum of
number of carbon atoms in alkyl group and in carboxyl group of
saturated fatty acid.
{0067]

The following characteristics of the (EZ) glycerin tri-fatty
acid ester, which are: (2-1) dropping point; (2-2) acid value; (2-3)
mean particle diameter; and {(2-4) content of particles having a
diameter of not smaller than 106 pm, will be described in sequence.
{0068]
(2-1) Dropping Point

The dropping point of the (EZ} glycerin tri-fatty acid ester is
preferably within a range of from 70 degree C to 120 degree C both
inclusive, and more preferably within a range of from 80 degree C to
110 degree C both inclusive.
[0069]

The dropping point within the above-described range provides an

improved thermal stability of the (E2) glycerin tri-fatty acid ester,
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thereby preventing a burn-in of the (E2) glycerin tri-fatty acid ester
in the molding process. Therefore, an improved mold-releaseability of
the cured product from a metal mold is presenied, as well as providing
an improved sequential moldability. Further, the dropping point within
the above-described range provides sufficient melting of the (E2)
glycerin tri-fatty acid ester in the process for curing the epoxy resin
composition. This provides substantially uniform dispersion of the
(E2) glycerin tri-fatty acid ester in the cured product. Therefore, a
segregation of the (E2) glycerin tri-fatty acid ester on the surface of
the cured product can be inhibited, thereby reducing stain on the metal
mold and degradation in the appearance of the cured product.

{0070]

{2-2) Acid Value

The acid wvalue of the (E2) glycerin tri-fatty acid ester is
within a range of from 10 mg KOH/g to 50 mg KOH/g both inclusive, and
preferably within a range of from 15 mg KOH/g to 40 mg KCH/g both
inclusive. The acid value is influential in the compatibility in the
cured product.

[0071]

The acid value within the above-described range provides a
preferable compatibility of the (E2) glycerin tri-fatty acid ester with
the epoxy resin matrix in the cured procduct. This prevents a phase
separation of the (E2) glycerin tri-fatty acid ester from the epoxy
resin matrix. Therefore, a segregation of the (E2) glycerin tri-—fatty
acid ester on the surface of the cured product is inhibited, thereby
reducing stain on the metal mold and degradation in the appearance of

the cured product.
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[0072]

Further, the presence of the (E2) glycerin tri-fatty acid ester
on the surface of the cured product provides an improved mold-
releaseapility of the cured product from the metal mold. On the
contrary, excessively higher compatibility thereof with the epozy resin
matrix may prevent the (E2) glycerin tri-—fatty acid ester from leak on
the surface of the cured product, resulting in insufficient mold-
releaseabllity.

[0073]
(2-3) Mean particle diamster

The mean particle diameter is preferably within a range of from
20 um to 70 pym both inclusive, and more preferably within a range of
from 30 um to 60 um both inclusive.

[0074]

The mean particle diameter within the above-described range
provides a preferable compatibility of the (E2) glycerin tri-fatty acid
ester with the epoxy resin matrix in the cured product. This provides
a presence of the (E2) glycerin tri-fatty acid ester on the surface of
the cured product, thereby providing an improved mold-releaseability of
the cured product from the metal mold. On the contrary, excessively
higher compatibility thereof with the epoxy resin matrix may prevent
the glycerin tri-fatty acid ester from leak on the surface of the cured
product, resulting in insufficient mold-releaseability.

[0075]

Further, since the (E2) glycerin tri-fatty acid ester is in a

state of a preferable compatibility with the epoxy resin matrix, a

segregation of the (E2) glycerin tri-fatty acid ester on the surface of
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[0076]
Furthermore, the mean particle diameter within the above-
5 described range provides sufficient melting of the (E2) glycerin tri-
fatty acid ester in the process for curing the epoxy resin composition.
Therefore, the resultant epoxy resin composition has an improved
flowability.
[GO77]
10 (2-4) Content of Particles Having A Diameter of Not Smaller Than 106 pm
Further, content of particles having a diameter of not smaller
than 106 pm in the total of the glycerin tri-fatty acid ester may be
preferably equal to or lower than 0.1 wt%.
[0078]

15 The above-described content provides substantially uniform
dispersion of the (E2) glycerin tri-fatty acid ester in the epoxy resin
composition, thereby reducing stain on the metal mold and degradation
in the appearance of the cured product.

Further, such content provides sufficient melting of the oxidized

20 polyethylene wax in the process for curing the epoxy resin composition,

thereby providing an improved flowability.
[0079]

The glycerin tri-fatty acid ester employed in the present
invention may be obtained by adjusting particle size of a cammercially

25 available glycerin tri-fatty acid ester. In the present invention,
other type of mold releasing agent may be additionally employed unless

an advantageous effect obtainable by employing the glycerin tri-fatty
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acid ester is not lost. Other type of mold releasing agents may
typically include, for example: natural waxes such as carnauba wax and
the like; and metal salts of higher fatty acids such as zinc stearate
and the like.

5 f0080]
((E3) oxidized paraffin wax)

The (E3) oxidized paraifin wax is a generic name of oxides that
are produced by air-oxidation of or acid-addition to a paraffin wax. A
carboxyl group is introduced into a paraffin wax by conducting

10 oxidization. The paraffin wax as the raw material is produced by a
separation and a refinement of a distillate oil by reduced-pressure
distillation, and is a solid wax at an ambient temperature. MNoxmally,
number of carbon atom in a molecular is on the order of 20 to 40 both
inclusive, and molecular weight is on the order of 300 to 550 both

15 inclusive.

[0081]

The content of (E3) oxidized paraffin wax is within a range of
from 0.01 wt% to 1 wt% both inclusive in the epoxy resin composition,
and preferably within a range of from 0.03 wt% to 0.5 wt% both

20 inclusive. The content thereof within the above-described range
provides the cured product obtained from the epoxy resin composition
exhibiting an improved mold-releaseability from the metal mold.
Further, such content provides an improved adhesiveness with a lead
frame member, such that separation of the cured product frcm the lead

25 frame member can be inhibited in the solder processing. In addition,
stain on the metal mold and degradation in the appearance of the cured

product can be reduced.
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[0082]

The following characteristics of the (E3) oxidized paraffin wax,
which are: {3-1) softening point; (3-2} acid value; (3-3) mean particle
diameter; and (3-4) content of particles having a diameter of not
smaller than 106 pm, will be described in sequence.

{0083]
(3-1) Softening Point

Softening point of the (E3) oxidized paraffin wax is preferably
within a range of from 70 degree C to 120 degree C both inclusive, and
more preferably within a range of from 80 degree C to 110 degree C both
inclusive. The softening point can be measure in accordance with JIS
K~2235-5.3.1.

{0084]

The softening point within the above-described range provides an
improved thermal stability of the (E3) oxidized paraffin wax, thereby
preventing a burn-in of the (E3) oxidized paraffin wax in the molding
process. Therefore, an improved mold-releaseability of the cured
product from a metal mold is presented, as well as providing an
improved sequential moldability. Further, the softening point within
the above-described range provides sufficient melting of the (E3)
oxidized paraffin wax in the process for curing the epoxy resin
composition. This provides substantially uniform dispersion of the

(E3) oxidized paraffin wax in the cured product. Therefore, a
segregation of the (E3) oxidized paraffin wax on the surface of the
cured product can be inhibited, thereby reducing stain on the metal
mold and degradation in the appearance of the cured product,

(0085]
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(3-2) Acid Value

The acid value thereof is within a range of from 10 mg KOH/g to
50 mg KOH/g both inclusive, and preferably within a range of from 15 mg
KOH/g to 40 mg KOH/g both inclusive. The acid value is influential in
the compatibility in the cured product.

[0086]

The acid value within the above-described range provides a
preferable compatibility of the (E3) oxidized paraffin wax with the
epoxy resin matrix in the cured preduct. This prevents a phase
separation of the (E3) oxidized paraffin wax from the epoxy resin
matrix. Therefore, a segregation of the (E3) oxidized paraffin wax on
the surface of the cured product is inhibited, thereby reducing stain
on the metal mold and degradation in the appearance of the cured
product.

{0087]

Further, the presence of the (E3) oxidized paraffin wax on the
surface of the cured product provides an improved mold-releaseability
of the cured product from the metal mold.

On the contrary, excessively higher compatibility thereof with the
gpoxy resin matrix may prevent the wax from leak on the surface of the
cured product, resulting in insufficient mold-releaseability.

[0088]

(3—-3) Mean Particle Diameter

The mean particle diameter is preferably within a range of from
20 pm to 70 um both inclusive, and more preferably within a range of
from 30 pm to 60 pm both inclusive.

(0089]
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The mean particle diameter within the above-described range
provides a preferable compatibility of the (E3) oxidized paraffin wax
with the epoxy resin matrix in the cured product. This provides a
presence of the (E3) oxidized paraffin wax on the surface of the cured
product, thereby providing an improved mold-releaseability of the cured
product from the metal mold.

On the contrary, excessively higher compatibility thereof with the
epoxy resin matrix may prevent the wax from leak on the surface of the
cured product, resulting in insufficient mold-releaseability.

[00590]

Further, since the (E3) oxidized paraffin wax is in a state of a
preferable compatibility with the epoxy resin matrix, a segregation of
the (E3) oxidized paraffin wax on the surface of the cured product can
be inhibited, thereby reducing stain on the metal mold and degradation
in the appearance of the cured product.

(009173

Furthermore, the mean particle diameter within the above-
described range provides sufficient melting of the (E3) oxidized
paraffin wax in the process for curing the epoxy resin composition.
Therefore, the resultant epoxy resin composition has an improved
flowability.

{00921
(3-4) Content of Particles Having A Diawmeter of Not Smaller Than 106 pm

Further, the content of particles having a diameter of not
smaller than 106 ym in the total of the (E3) oxidized paraffin wax may
be preferably equal to or lower than (.1 wt%.

[0093]
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The above—described content provides substantially uniform
dispersion of the (E3) oxidized paraffin wax compositiocn, thereby
reducing stain on the metal mold and degradation in the appearance of
the cured product due to segregation of the (E3) oxidized paraffin wax.
Further, such content provides sufficient melting of the (E3) oxidized
paraffin wax in the process for curing the epoxy resin composition,
thereby providing an improved flowability.

[0094]

The (E3) oxidized paraffin wax employed in the present invention
may be obtained by adjusting particle size of a commercially available
glycerin tri-fatty acid ester. In the present invention, other Lype of
mold releasing agent may be additionally employed unless an
advantageous effect obtainable by employing the (E3) oxidized paraffin
wax is not lost. Other type of mold releasing agents may typically
include, for example: natural waxes such as carnauba wax and the like;
and metal salts of higher fatty acids such as zinc stearate and the
like.

[0095]
<({F} SILANE COUPLING AGENT>

The (F) silane coupling agent available in the present invention
is not particularly limited, and a chemical compound that is capable of
reacting with both of organic component such as epoxy resin or phenolic
resin and inorganic filler to provide an improved interface strength
therebetween may be employed. More specifically, the silane coupling
agents available in the present invention may typically include
epoxysilane, aminosilane, ureido silane, mercapto silane or the like.

The (F) silane coupling agent may be employed alone, or in a form of a
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combination thereof. The (F) silane coupling agent is an essential
component of the epoxy resin composition, which is capable of providing
a considerably improved viscosity properties and flowing properties of
the epoxy resin composition by a synergistic effect with the (G)

5 chemical compound that will be discussed later.
[0096]

Blending quantity of the (F) silane coupling agent employed in
the present invention may be within a range of from 0.0l wt% to 1 wi%
both inclusive in the total gpoxy resin camposition, preferably within

10 a range of from 0.05 wt% to 0.8 wt% both inclusive, and more preferably

within a range of from 0.1 wt% to 0.6 wt% both inclusive. The content

+h

of the silane coupling agent within the above-described range provides
an improved effect, which is obtainable by employing the (G} chemical
compound that will be discussed later, as well as providing an improved
15 the resistance to reflow soldering heat in a semiconductoxr package.
Moreover, the use of the silane coupling agent at a content within the
above-described range of the content allows providing a reduced water
absorption of the epoxy resin composition, thereby providing an
improved resistance to reflow soldering heat in a semiconductor package.
20 {0097]
< {G) CHEMICAL CCMPOUND HAVING ARCMATIC RING THAT HAS HYDROXYL GROUPS,
EACH OF WHICH IS BOUND TO RESPECTIVE TWO OR MORE ADJACENT CARBON ATCMS
THAT CCOMPOSES THE ARCMATIC RING>
The (G) chemical compound having arcmatic ring that has hydroxyl
25 groups, each of which is bound to respective two or more adjacent

carbon atoms that composes the arcmatic ring (hereinafter referred to

as "(G) chemical compound") available in the present invention may be a
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STA'N O 1RG5 bROET ‘SOPACE THESYSTANCE 16 FETOW SCLEER 1 [EAT

[tabl e- 3] EXAMPLES 177- 1 96'9 | 91-5 '03'0 00 LB 'WD
1 010 I go.O 1 QL1 I1x1 Vo-10
Rs R4
(2)
R4 Re2
K3

(wherein one of Rl and R5 is hydroxzyl group, and the other is
hydrogen atom, hydroxyl group or substituticnal group other than
5 hydroxyl group, each of R2, R3 and R4 is independently hydregen atom,
hydroxyl group or substitutional group other than hydroxyl group, or R2
and R3, or R3 and R4 may be combined to form arcmatic ring).
[0098]
In the above-described formula (2), the chemical compound, which
10 includes arcmatic ring formed by combining R2 and R3 or R3 and R4, may
be typically a chemical compound represented by the following general

formula (3):

Rt Rz
HO Ra
(3)
R7 R4
R Rs
{wherein one of Rl and R7 is hydroxyl group, and the other is
15 hydrogen atom, hydroxyl group or substitutional group other than
nhydroxyl group, and each of R2, R3, R4, R5 and R6 is independéntly
hydrogen atom, hydroxyl group or substitutional group other than

hydroxyl group) .
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[0099]

The (G) chemical compounds available in the present invention
may typically include, for example: catechol; pyrogallol; gallic acid;
gallic acid ester; 1,2-dihydroxynaphthalene; 2,3-dihydroxynaphthalene;
and derivatives thereof. The chemical compound may be employed alone,
or in a form of a combination thereof.

(0100]

Among these, 1,2-dihydroxynaphthalene, 2Z,3~dihydroxynaphthalene
and derivatives thereof, which have a naphthalene ring as parents, may
be more preferably employed, in view of facilitating controls in the
flowability and the curing condition and providing lower volatility.
10101]

Blending quantity of the (G) chemical compound may be within a
range of from 0.01 wt% to 1 wt% both inclusive in the total epoxy resin
composition, preferably within a range of from 0.03 wt¥ to 0.8 wt% both
inclusive, and more preferably within a range of from 0.05 wt% to 0.5
wt% both inclusive. The content of the (G) chemical compound within
the above-described range provides viscosity properties and flowing
properties thereof by a synergistic effect with the (F) silane coupling
agent. Further, improved physical properties of the cured product
thereof can be obtained, and therefore the compound can be preferably
employed as the epoxry resin composition of the present invention.

[0102]

While the epoxy resin composition for encapsulating the
semiconductor chip of the present invention contains the aforementioned
components {(A) to (G) as essential components, the following other

additives may alsc be additionally employed as recuired. Other
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additives may typically include, for example: fire retardant agents
such as brominated epoxy resins, antimony trioxide, phosphorus
compounds, metal hydroxides and the like; colorants such as carbon
black, red ocher and the like; stress-reducing agent such as silicone
0il, silicone rubber, synthetic rubber and the like; and antioxidants
such as bismuth oxide hydrate and the like.

[0103]

The epoxy resin composition for encapsulating the semiconductor
chip of the present invention is produced by mixiég the aforementioned
components (A} to (G). More specifically, the components (A) to (G)
and other additives are mixed by using a mizer or the like, and then
the mixed material is heated and kneaded by using a heating kneader, a
heat roll, a extruder or the like, and subsequently, the kneaded
material is cooled, and then crushed to obtain the compound.

(0104}

Electronic parts such as semiconductor chips can be encapsulated
by using the epoxy resin composition for encapsulating the
semiconductor chips according to the present invention to form a
semiconductor device. The encapsulation of the electronic parts such
as the semiconductor chips can be conducted by curing and molding the
compound via a conventional process such as, for example, a transfer
molding process, compression molding process, injection molding process
and the like.

[0105]
EXBMPLES
The present invention will be further specifically described in

reference to examples as follows, though it is not intended to limit
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the scope of the present invention thereto.

The compositions are presented by using part by weight.

[0106]
<EXAMPLE A>
5 (Example al)
Following raw materials were employed in example al:
* Epoxy resin represented by the following general formula (4)
(phenol aralkyl type epoxy resin having biphenylene skeleton),
[commercially évailable from Nippon Kayaku Co, Ltd., under the trade
10 name of "NC3000P”, having softening point of 58 degree C and epoxy
equivalent of 273]

7.36 parts by weight;

H,C—CH-CH, H,C—CH-CH,
0 0 0 0

n

\

(n represents an average value that is a positive number within

15 a range of from 1 to 3)

[0107]

* Phenolic resin of formula (5} (phencl aralkyl resin having
phenylene skeleton [commercially available from Mitsui chemical Co.,
Ltd., under the trade name of XLC-4L, softening point of 65 degree C

20 and hydroxyl equivalent of 174]

4.69 parts by weight
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OH OH =

_0H B CH E:fij H (5)

L —In
(n represents an average value that is a positive number within
a range of from 1 to 3)
[0108]
* 1,8-diazabicyclo—(5,4,0) —undecene -7 (hereinafter, referred to
as "DBU™)
0.20 parts by weight;

* fused spherical silica (having mean particle diameter of 30.0

87.00 parts by weight;

* Oxidized polyethylene wax No. 1 (having dropping point of 120
degree C, acid value of 20 mg KOH/g, number average molecular weight of
2,000, density of 0.98 g/c’, mean particle diameter of 45 pm, content
of particles having diameter of not smaller than 106 pm of 0.0 wt%,
oxide of high density polyethylene polymer)

0.10 part by weight;

* yv—glycidyl propyl trimethoxysilane

0.30 part by weight;

;{..

2, 3—-dihydroxynaphthalene (reagent)

o

.05 part by weight; and

¥

carbon black

low

.30 part by weight.
[0109]

After mixing the raw materials listed above by using a mixer,
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| EPDXY RESIN OF FORMULA (7) 'PHENOLI C RE bN OF FORMULA (6) ' PHENOLI C
RESIN OF FORMULA (6) BEM ' FUSED SPHERI CAL-SI LI CA ' OXI DI ZED
POLYETHYLENE WAX No. 1 ' POLYETHYLENE WAX No. 1 1POLYETHYLENE WAX No.2 1
ENVI | SAXOH. 12W HI aXdOUdgAd DATS- A 12, 3- DI HYDROXYNAPHTHAL ENE

1, 6- DI HYDROXYNAPHTHALENE ' RESORCI NOL ' CARBON BLACK ' SPI RAL FLOW (cm)

' GOLD W RE DEFORMATI ON RATI O 1 SEQUENTI AL, MO_DABI LI TY. STAI.N ON g%%@#
MOLD SURFACE'S SFANTEREMALDETS PROBIRST [RUREACE SRS STARCE Fa%REEL
SOLDERI NG HEAT [0131] In any of Examples al to a23, superiaor regults
wer e obt ai NEAVING SEIEAES JTETBRFFAISE| Sw AnEHERC i ey sgrRat of
ratio, so that it is confilLtited that the epoxy_resin conposition for

encapsul at | RPTEREL B e GhEabESSH SRRt Rasha M Padich FatR T edwiti cPpied and

and further it is also confirmed that the conpound has an inproved
sequent i al Hisndaps |9rughed-rot Aerainne SPSKN TREINT CRIRESERH- Fhe Bifr f aces

of the nolded product and the nmetal nold, so that it is confinned
that arp i npelaregtemisties efs 6hbiantaingch RPOFE HREEA| CHBPL Gion pyass sz BHted
to of the nolded product 10of the epoxy resin conposition, and it is
al so confi LpbY edret altlowies espeind has an i nproved resistance to

refl ow sol dering heat. [0132]
Results are shown in Table 1.

(0110}
(Method for Evaluation)

10 Spiral Flow: A metal mold for measuring spiral flow pursuant to
EMMI-1-66 was employed to conduct measurements at a metal mold
temperature of 175 degree C, at an injection pressure of 6.9 MPa, and
for curing time of 120 seconds. The cbtained spiral flow is presented
by an unit of am.

15 [0111]

Gold Wire Deformation Ratio: A 160 p low profile quad flat
package (LQFP) (Cu L/F; package outer dimension: 24 mm x 24 mm x 1.4
mm-thick; pad size: 8.5 mm x 8.5 mm; and chip size: 7.4 mm x 7.4 mm)
was molded by employing a low pressure transfer automated molding

20 machine, at a metal mold temperature of 175 degree C, at an injection
pressure of 9.6 MPa, and for a curing time of 70 seconds. The molded
160p LQFP (package) was observed with a soft X-ray fluoroscopy
apparatus, and the obtained deformation ratio of the gold wire was
expressed in ratio of (flow quantity) /({gold wire length). The

25 criteria were that "o" (good) for the obtained deformation ratio of
lower than 5 %, and "x" (bad) for the obtained deformation ratio of not

lower than 5 %.



On the contrary, in conparative exanple al, in which epoxy resin
presented by the general formula (4) andgphenolic resin presented by
15t he general formula (6) were not enpl oyed, the obtained conpound
failed to have | ower water absorption and | ower stress at higher
tenperature, resulting in deteriorated resistance to reflow sol dering
heat. [0133] In addition, in conparative exanples a2 and a3, in which
(El') 20oxi dipged) pol yet hyl ene wax was not enployed, sequenti al

nol dabi ity (productivity) was deteriorated, and further, appearance
of the nolded pragduGin: st akd @B 1He: MBi@lshaRs drapd g ephstAREepddkages
refl ow sol dering heat were deteriorated. |In conparative exanpl e a4,

in which bl epdjn Rl iY@ biieedk Bliheticdl 2ed rRok V&S Bl 2178 miteXn MBS pad
insufficien??@%Sggggzti n%ﬁ?ﬁnﬂd-relegseability caused deteriorated P
sequential poldabil.i bys apd.resl shaneg Eeid efikay:sal derd Rl HeRb. mhin were
conparative exggrr%e as, %lﬂlnx icﬁﬂfn'bl endi ngﬁ guant ilty of the (El)

oxi di 28d 51,001 Y4 OVl ARRAVAK PR, BLEES L SUURLUS: £ATPONEALA MRS ©

bled at an 1 ace " w me on the surface of the cured

product, sq@éﬁgﬁg&%& 2 é%tg?tn%m@én%eegaﬁﬁ%%ﬁaﬂ% skagtds en 4hen

surface of prioduct were confir Further, reSistance to
refl ow sol der.i_ng. i%@% ri EQLE34] time of 7d Beconds.
conparativéﬁlfggﬁﬁggéé : a88%§§6g§%£iﬁ8§2%%ﬂan69%%§ C gh?cal cgﬁgéjhd
was added therein, .f; owggiL' nQf: egl b was, reduced, soo-
resul ting ifr%‘%dgfglﬁ‘&%a‘fe 51011%% \%l rgl%g? o?érf;tbi%gﬁ@%g#%&fomrt her ,&i%n
conparative 8 esi C : S %Eéﬁ&k%?aécj""
was al so réﬂ%%%gpbﬁﬁﬁééﬁgngﬁﬁﬁﬁ %5%%%?é&§$?l?§&ﬁﬁ¥%h (fending ne o
guant ity of ! qpound was excessive, reduced sequentia
nnldagﬁlityu%%gogggg%gg%y gwas'caused by reduction in cure-ability of
the resin c gsition, and further, stain on the nolded 15product
surface and*starn on the netal nold surface were confirmed. [0135]

fs described abovg,oL e BPeXYL eS| iedIROSI 8t rObn WAARSHLRLT AOsINA

sem conduct or chi e present 1nvention provides superior

barancing ofJ l.aualilt ¥y 10k BheasaRbbA Idok AULRBGUAR Alretdd rord
nol dability, and 1t 1s confirmed that an use of such resin

conmposi ti on vi.des .a. Ses. Vi VARG e SHREIH 8L
resi stance ?%r@(r%e%?%‘\?v'gggl %j:aﬂr %frqlg g%?.b%gllgg]ﬁg%gangfghg>éﬁgg?examlle

bl) Fagl ow eﬁ‘é’iﬁ@%g&{%gs P L& MR €41 +dh-18X 8P| LpBh radB137 [theddured

Epoxy resin represente e above formula (4) (phenol aralkyl type
epoxy resin, haying. b RRENWERCS kBEEEARN, mbGONEBE Giralk! y avail abl e
from N ppon  Kayaku Co, Ltd., under the trade nane of "NC3000P";

havi ng soft epi [ of - PRSI Lok aid @&9%¥ e intdh&eHo58f2i83] until
7.36 parts E% ag?gﬁ€¥&[0f§8] Phgﬁo?ic resin of the abdge-desg?ibedﬂll

formul a (5) ?F#h%ﬂel s-2héyd o%%l@ih?yiv!&ep&ﬁﬁﬁd%%@& skel et on)

[ col Luner ci y "10avai |l able from Mtsui chemcal Co., Ltd., under the
trade nane - , softening point o egree C and hydroxy

d 061 72 4L f [ [ f 65 d C and hyd I
equi val ent of 174]:

20 Resistance To Reflow Soldering Heat: The package, which had been
nmolded for the evaluation on the above-described sequential moldability
was post-cured at 175 degree C and for 8 hours, and the post-cured
package was stored in a humid environment at 85 degree C and in
relative humidity of 85 % for 168 hours, and then, IR reflow was

25 processed to the humidity-processed package (260 degree C, JEDEC-Level
1). The package is observed with a microscope, and a crack generation

rate [ {crack generation rate) = {(number of packages having external



4.69 parts by weight. [0139] DBU. 150.20 parts by weight. fused
spherical silica (nean particle dianeter Bf 30.0 pm); 87.00 parts by
wei ght. [0140] glycerin trinontanic acié ester; 20(comrercially

avai lable from d ariant (Japan) K K., under the trade nane of

"Li col ub WE4", dropping point of 82 degree C, acid value of 25 ng

KOH g, nean particle dianmeter of 45 pm and content of particles
havi ng di ammter of not smal)er than 106 of 0.0 9% .:.0.10 part

wei ght . 25[ 893K ge%@@t%}%ﬂdﬁ g?‘e}%ﬁf e iﬁ?&gﬂ]o%@‘?‘ﬁ%ﬂx XoTt??g pat tcagﬁu%ed'
wei ght, 53 * 2,3 -di hydroxynapht hal ene (reagent) Q0.0 art..b i ght
* carbon bl Btk B286 %&Pfatbkp%gﬁf”?séf@f e E%’e M R n% t%g ga%ggs were
materials |isted above by using a m xer, the .m xed material _was .
kneaded for€vHagads Bf s Adon FERRFEICe: SPIRA0R iy &frFuestace of the
tenperatures of 95 degree C and 25 degree C and thereafter, the

obt ai ned kneabic@ At ahiRHEER tes VD ICREATESLRSTRO UdhetRt §oserved
obtain an epoxy resin conposition. Characterjstics of the obtained _
epoxy resi nP¥cipHSTrIseniGaesEiny FRUSHH -t hed RBERPSSPRTE gYvaqeeted. The
enpl oyed in exanple A Results are shown in Table 4. [0143] =

15( Exanpl eschXardapisy, raRESIEHRP aFatFiEERAEEIpIeqto R that "o {good)
Respective conponents were -mixed by the ratio described in table 4,

tabl e 5 andfeall & 6f cragkcgrNeFarEYl AabDMPESTY iSERA HEPE oPthi HedREd) for
simlar way as in exanple bl, and eval uations thereof were conducted

in simlar @eyeRREing @eghpPe HPXPEPRBsults are shown in table 4,

table 5 and table 6. The conponents enployed in exanples other than
exanpl e bl WPLISlbe described as follows. [0144] * glycerin tri

aelissic acid ester; (havi ng droppi ng point of 95 degree C, acid

val ue &% 30 (FEREREQR2 Fan2D5Faft FRlPa Ty ire FEFRIfsS 435 piy a§’ont ent of
particles having dianmeter of not smaller than 106 umof 0,0 wt9%, .

[0145] 54 * gl ycBpFRPACAVE FEHBARNTEC e e 8L 854 by(%i%lﬁr%ﬁ?:ﬁ@dpéflnﬁable
of 80 degree C, acid value of _15 KOH g, nean particle dianmeter, of .
45 pm cont ént t@eparand raklhayi Ay GPRBUER IR FCHBPS EniEnPeV SRt EEd 10

mof 0.0 wt% . 5[0146 .
P si%ﬁlag way As in example al, and evaluations thereof were conducted in

similar way as in example al. Results are shown in table 1, table 2
15 and table 3.

{0116]

Components employed in examples other than example al wiil be
described as feollows.
*Phenolic resin of the following formula (6) (phenol aralkyl
20 resin having biphenylene skeleton) [commercially available from Meiwa
Plastic Industries Co., Ltd., under the trade name of "MEH7851SS",

softening point of 67 degree C, and hydroxyl equivalent of 203]

CH OH

CH cH H
3 7 - (6)

a

(n represents an average value that is a positive number within a range



* glycerin mono stearic acid ester; (colluercially available from
Riken Vitamn Co., Ltd., under the trademanme of "Rikemal S-100",
havi ng dropping point of 65 degree C, acid value of 2 ng KOH g, mean
particle dianeter of 45 pm content of 10particles having di ameter of
not smaller than 106 pmof 0.0 w% . [table-4] 55 EXAMPLES re7-1 1
869 1z8'fr 1 030 k0.1.8 1 1 OVO OEO 108'0 177 1091 0 0 0 0 O 1Lq

9°9 16 %fQéngQW&§39VO OE-0 0 'O rCE'O ;P O
[0117]
* Epoxy resin of the following formula (7) (biphenyl type epoxy
resin) ;
5 [commercially available from Japan epoxy resin Co., Ltd., under the
trade name of "YX-4000H", melting point of 105 degree C, €poORY

equivalent of 191]
HéS CH3
0 C—CHy~0—CH; O O CHy—0—CH~CH=CH,
0 §
HG CH,

10 [0118]

(7)

* Oxidized polyethylene wax No. 2;
(having dropping point of 105 degree C, acid value of 20 mg KOH/g,
nurber average molecular weight of 1,100, density of 0.957 g/cn?, mean
particle diameter of 45 um, content of particles having diameter of not

15 smaller than 106 mm of 0.0 wt%, oxide of polyethylene wax produced via
low pressure polymerization process).

[0119]
* Oxidized polyethylene wax No. 3;
(having dropping point of 135 degree C, acid value of 25 my KOH/g,

20 nurber average molecular weight of 3,000, density of 0.99 g/cn?, mean
particle diameter of 40 jm, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
polymer) .

{0120]
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* Oxidized polyethylene wax No. 4;
(having dropping point of 110 degree C, acid value of 12 mg KOH/g,
number average molecular weight of 1,200, density of 0.97 g/ca?, mean
particle diameter of 50 pm, content of particles having diameter of not
smaller than 106 um of 0.0 wt$%, oxide of high density polyethylene
polymer) .
[0121]

* Oxidized polyethylene wax No. 5;
(having dropping point of 110 degree C, acid value of 45 mg KOH/g,
number average molecular weight of 2,000, density of 0.97 g/cnP, mean
particle diameter of 45 pm, content of particles having diameter of not
smaller than 106 pm of 0.0 wi%, oxide of polyethylene wax produced via
high pressure polymerization process).
[0122]

* Oxidized polyethylene wax No. 6;
(having dropping point of 110 degree C, acid value of 20 mg KOH/g,
number average molecular weight of 750, density of 0.98 g/cn’, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
polymer) .
[0123]

* Qxidized polyethylene wax No. 7;
(having dropping point of 130 degree C, acid value of 20 mg KOH/g,
number average molecular weight of 4,500, density of 0.99 g/cmﬂ mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 um of 0.0 wt$, oxide of polyethylene wax produced via

high pressure polymerization process).
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[0124]

* Oxidized polyethylene wax No. 8;
(having dropping point of 110 degree C, acid wvalue of 20 mg KOH/g;
number average molecular weight of 1,100, density of 0.95 g/cnf, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 pm of 0.0 wi%, oxide of polyethylene wax produced via
low pressure polymerization process}.
[0125]

* Oxidized polyethylene wax No. 9;
(having dropping point of 110 degree C, acid value of 25 mg KOH/g,
number average molecular weilght of 2,000, density of 1.02 g/cn?, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
polymer) .
[0126]

* QOnidized polyethylene wax No. 10;
(having dropping point of 120 degree C, acid value of 20 mg KOH/g,
nunber average molecular weight of 2,000, density of 0.98 g/cr®, mean
particle diameter of 30 um, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
polymer) .
[(0127]

* Oxidized polyethylene wax No. 11;
{having dropping point of 120 degree C, acid value of 20 mg KOH/g,
number average molecular weight of 2,000, density of 0.98 g/cn?, mearn
particle diameter of 60 um, content of particles having diameter of not

smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
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[0128]
* Polyethylene wax No. 1;

(having dropping point of 135 degree C, acid value of 0 mg KOH/g,

5 nurber average molecular weight of 5,500, density of 0.93 g/cnt, mean

particle diameter of 45 pm, content of particles having diameter of not

smaller than 106 uym of 0.0 wi%, polyethylene wax produced via low
pressure polymerization process).
[0129]

10 * Polyethylene wax No. 2;

(having dropping point of 115 degree C, acid value of 0 mg KOH/g,

number average molecular weight of 1,800, density of 0.93 g/cn?, Mean

particle diameter of 45 pm, content of particles having diameter of not

smaller than 106 um of 0.0 wt%, polyethylene wax produced via high
15 pressure polymerization process).
[0130]
* 1, 2-dihydroxynaphthalene (reagent)
* catechol (reagent)
* pyrogallol {reagent)
20 * 1, 6-dihydroxynaphthalene (reagent)

* resorcinol (reagent).

[table-1]
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[0131]

In any of Examples al to a23, superior results were obtained in
terms of spiral flow and gold wire deformation ratio, so that it is
confirmed that the epoxy resin composition for encapsulating the
semiconductor chip has an improved flowability, and further it is also
confirmed that the compound has an improved seqguential moldability.
Further, no stain was found on the surfaces of the molded product and
the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal mold is presented to of the molded product
of the epoxy resin composition, and it is alsc confirmed that the
compound has an improved resistance to reflow soldering heat.

[0132]

On the contrary, in comparative example al, in which epoxy resin
presented by the general formula (4) and phenolic resin presented by
the general formula (6) were not employed, the obtained compound failed
to have lower water absorption and lower stress at higher temperature,
resulting in deteriorated resistance to reflow soldering heat.

[0133]

In addition, in comparative examples a2 and a3, in which (El)
oxidized polyethylene wax was not employed, sequential moldability
(productivity) was deteriorated, and further, appearance of the molded
product, stain on the metal mold and resistance to reflow soldering
heat were deteriorated. In comparative example a4, in which blending
quantity of the (El) oxidized polyethylene wax was insufficient,
reduction in mold-releaseability caused deteriorated sequential
moldability and resistance to reflow soldering heat. In comparative

example a5, in which blending quantity of the (El) oxidized
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| y- GLYCl DYLPROPYLTRI METHOXYSI LANE 12, 3- D HYDROXYNAPHTHAL ENE

| 1, 2- DI HYDROXYNAPHTHALENE | CATECHOL | PYROCALLOL ' CARBON BLACK ' SPI RAL
FLOW (cn) | GOLD W RE DEFORMATI ON RATI O ' SEQUENTI AL MOLDABI LI TY | STAI' N
ON METAL MOLD SURFACE | STAIN ON MOLDED PRODUCT SURFACE | RESI STANCE TO
REFLOW SOLDERI NG HEAT [table-6] COVPARATI VE EXAMPLES re7 | T6'9

| {1TSTS Lt OOl AL B0018 040QT0 410780 Rofentd- 0% 2150 & BR
interface with members and on the surface of the cured product, such
that stain on the metal mold surface and stain on the surface of the
nmolded product were confirmed. Further, resistance to reflow soldering
5 heat was also deteriorated.
[0134]

In comparative examples a6, a8 and aj, in which no (G) chemical
compound was added therein, flowability of the resin composition was
reduced, resulting in deteriorated gold wire deformation ratio.

10 Further, in comparative example a8 and a9, resistance to reflow
soldering heat was also reduced. In comparative example a7, in which
blending quantity of (G) chemical compound was excessive, reduced
sequential moldability (productivity) was caused by reduction in cure-
ability of the resin composition, and further, stain on the molded

15 product surface and stain on the metal mold surface were confirmed.
{0135]

As described above, the epoxy resin composition for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and sequential

20 moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
reflow soldering heat.

[0136]
<Example B>

25 (example bl)

Following raw materials were employed in example bl:

[0137]
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* Epoxy resin represented by the above formula (4) (phenol
aralkyl type epoxy resin having biphenylene skeleton), [commercially
available from Nippon Kayaku Co, Lid., under the trade name of
"NC3000P"; having softening point of 58 degree C and epoxy equivalent

5 of 213]:
7.36 parts by weight.
[0138]
* Phenolic resin of the above-described formula (5)
(phenol aralkyl resin having phenylene skeleton) [commercially
10 available from Mitsuil chemical Co., Ltd., under the trade name of XiC-
4I,, softening point of 65 degres C and hydroxyl equivalent of 174]:

4.69 parts by weight.

(0139]
* DBRU:
13 0.20 parts by weight.
* fused spherical silica (mean particle diameter of 30.0 um);
87.00 parts by weight.
{0140]
* glycerin trimontanic acid ester;
20 {(commercially available from Clariant (Japan) K.K., under the trade

name of "Licolub WE4", dropping point of 82 degree C, acid value of 25
mg KOH/g, mean particle diameter of 45 wm, and content of particles
having diameter of not smaller than 106 um of 0.0 wi%):
0.10 part by weight.
25 [0141]
* y-glycidylpropyl trimethoxysilane;

0.30 part by weight,
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* 2,3-dihydroxynaphthalene (reagent)

(.05 part by weight

* carbon black

0.30 part by weight.

(0142]

After mixing the raw materials listed above by using a mixer,
the mixed material was kneaded for 20 times by using a biaxial roll
having surface temperatures of 95 degree C and 25 degree C, and
thereafter, the obtained kneaded material sheet was cooled and then
crushed o obtain an epoxy resin composition.

Characteristics of the obtained epoxy resin composition was evaluated
by the method similar as employed in example A.

Results are shown in Table 4.

[0143]

(Examples b2 to bl5, and Comparative Examples bl to b8)

Respective components were mixed by the ratio described in table
4, table 5 and table 6, and epoxy resin compositions were obtained in
similar way as in example bl, and evaluations thereof were conducted in
similar way as in example bl.

Results are shown in table 4, table 5 and table 6. The components
employed in examples other than example bl will be described as follows.
[0144]

* glycerin tri melissic acid ester;

(having dropping point of 95 degree C, acid value of 30 mg KOH/g, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%).

[0145]
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* glycerin tri behenic acid ester;
(having dropping point of 80 degree C, acid value of 15 mg KCH/g, mean

particle diameter of 45 um, content of particles having diameter of not
smzaller than 106 pm of 0.0 wt%).
5 [0146]
* glycerin mono stearic acid ester;
(commercially available from Riken Vitamin Co., Ltd., under the trade
name of "Rikemal S-100", having dropping point of 65 degree C, acid
value of 2 mg KOH/g, mean particle diameter of 45 um, content of

10 particles having diameter of not smaller than 106 um of 0.0 wt%).

[table-4]
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*2, 3-di hydr oxynapht hal ene (reagent); 0.05 part by weight. *carbon

bl ack; 0.30 part by weight. [0157] Aftersfi xing the raw materials

. listed above by using a mxer, 5the m xed material was kneaded for 20
times by using a biaxial roll having surface tenperatures of 95
degree C and 25 degree C, and thereafter, the obtained kneaded

materi al sheet was cool ed and then crushed to obtain an epoxy resin
conposi ti O[]r"table—fs Characteristics of the obtained epoxy resin
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[0147]

In any of examples bl to blS, superior results were obtained in
terms of spiral flow and gold wire deformation ratio, so that it is
confirmed that the epoxy resin composition for encapsulating the

5 semiconductor chip has an improved flowability, and further it is aisc
confirmed that the compound has an improved secquential moldability.
Further, no stain was found on the surfaces of the molded product and
the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal mold is presented to of the molded product

10 of the epoxy resin composition, and it is also confirmed that the
compound has an improved resistance to reflow soldering heat.

[0148]

On the contrary, in comparative example bl, in which no epoxy
resin presented by the general formula (4}, and no phenolic resin

15 presented by the general formula (6), the obtained compound failed to
have lower water absorption and lower stress at higher temperature,
resulting in reduced resistance to reflow soldering heat.

[0149]

In addition, in comparative example b2, in which no (E2)

20 glycexin tri-fatty acid ester is employed, sequential moldability
(productivity) was deteriorated, and further, appearance of the molded
product, stain on the metal mold and resistance to reflow soldering
heat were deteriorated. In comparative example 3, in which blending
quantity of the (E2) glycerin tri-fatty acid ester was insufficient,

25 reduction in mold-releaseability caused deteriorated sequential
moldability and resistance to reflow soldering heat. In comparative

. example b4, in which blending cuantity of the (E2} glycerin tri-fatty
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acid ester was excessive, surplus components were bled at an interface
with members and on the surface of the cured product, such that stain
on the metal mold surface and stain on the surface of the molded
product were confirmed. Further, the resistance to reflow soldering
heat was also deteriorated.

[0150]

In comparative examples b5, b7 and b8, in which no (G} chemical
compound was added therein, flowability of the resin composition was
reduced, resulting in deteriorated gold wire deformation ratio.
Further, in comparative example b7 and b8, resistance to reflow
soldering heat was also reduced. In comparative example b6, in which
blending quantity of (G) chemical compound was excessive, reduced
sequential moldability (productivity) was caused by reduction in cure-
ability of the resin composition, and further, stain on the molded
product surface and stain on the metal mold surface were confirmed.
[0151]

As described above, the epoxy resin composition for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and sequential
moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
reflow soldering heat.

{0152}
<Example C>
{example cl)
Following raw materials were employed in example cl:

[0153]
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* Epoxy resin represented by the above formula (4) (phenol
aralkyl type epoxy resin having biphenylene skeleton); [commercially
available from Nippon Kayaku Co, Ltd., under the trade name of
"NC3000P"; having softening point of 58 degree C and epoxy equivalent

5 of 273],

7.36 parts by welght.
[0154]

% Phenolic resin of the above-described formula (3);

(phenol aralkyl resin having phenylene skeleton [commercially available
i0 from Mitsui chemical Co., Ltd., under the trade name of ¥LC-4L,
softening point of 65 degree C and hydroxyl equivalent of 174},
4.69 parts by weight.
[0155]
* DBU
15 0.20 part by weight.
[0156]

* fused spherical silica (mean particle diameter of 30.0 pm),

87.00 paris by weight.

* Oxidized paraffin wax No. 1 (having softening point of 100

20 degree C, acid value of 15 mg KOH/g, mean particle diameter of 45 um,
content of particles having diameter of not smaller than 106 ym of 0.0
wt%),

0.10 part by weight.

*y-glycidyl propyl trimethoxysilane;

25 0.30 part by weight.
*2, 3-dihydroxzynaphthalene (reagent);

0.05 part by weight.
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*carbon black;
0.30 part by weight.
[0157]
After mixing the raw materials listed above by using a mizer,

5 the mixed material was kneaded for 20 times by using a biaxial roll
having surface temperatures of 95 degree C and 25 degree C, and
thereafter, the obtained kneaded material sheet was cooled and then
crushed to cbtain an epoxy resin composition.

Characteristics of the obtained epoxy resin composition was evaluated

10 by the method similar as employed in example A.

Results are shown in table 7.

{0158]

(Example ¢2 to cl4, Comparative Example cl to c8)
(0159]

15 Respective components were mixed by the ratio described in table
7, table 8 and table 9, and epoxy resin compositions were obtained in
similar way as in example cl, and evaluations thereof were conducted in
similar way as employed in example cl. Results are shown in table 7,
table 8 and table 9.

20 [0160]

Comporients employed in examples other than that listed above
will be described as follows.

* Oxidized paraffin wax No. 2;
(having softening point of 105 degree C, acid value of 25 mg KOH/g,

25 mean particle diameter of 45 um, content of particles having diameter
of not smaller than 106 pm of 0.0 wt%);

* paraffin wax
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(having softening point of 70 degree C, acid value of 0 mg KOH/g, mean
particle diameter of 45 um, content of particles having diameter of not

smaller than 106 um of 0.0 wtd).
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[(Gi6l]

In any of Examples cl to c¢l4, superior results were obtained in
terms of spiral flow and gold wire deformation ratio, so that it is
confirmed that the epoxy resin composition for encapsulating the

5 semiconductor chip has an improved flowability, and further it is also
confirmed that the compound has an improved sequential moldability.
Further, no stain was found on the surfaces of the molded product and
the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal mold is presented to of the molded product

10 of the epoxy resin composition, and it is also confirmed that the
compound has an improved resistance to reflow soldering heat.
[0162]
On the contrary, in comparative example cl, in which epoxy resin
presented by the general formula (4) and phenolic resin presented by
15 the general formula (6) were not employed, the obtained compound failed
to have lower water absorption and lower stress at higher temperature,
resulting in reduced resistance to reflow soldering heat.
[0163]
In addition, in comparative example c2, in which (E3} oxidized
20 paraffin wax was not employed, sequential moldability (productivity)
was deteriorated, and further, appearance of the molded product, stain
on the metal mold and resistance to reflow soldering heat were
deteriorated. In comparative example c3, in which content of the (E3)
oxidized paraffin wax was insufficient, reduction in mold-
25 releaseability caused deteriorated seqﬁential molidability and
resistance to reflow soldering heat. In comparative example c4, in

which blending quantity of the (E3) oxidized paraffin wax was excessive,
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surplus components were bled at an interface with members and on the
surface of the cured product, such that stain on the metal moid surface
and stain on the surface of the molded product were confixmed.

Further, resistance to reflow soldering heat was also deteriorated.
(0164}

In comparative examples c5, c¢7 and ¢8, in which no (G) chemical
compound was added therein, flowability of the resin composition was
reduced, resulting in deteriorated gold wire deformation ratio.
Further, in comparative example c7 and c8, resistance to reflow
soldering heat was also reduced.

In comparative example c6, in which blending quantity of (G) chemical
compound was excessive, reduced sequential moldability (productivity)
was caused by reduction in cure-ability of the resin composition, and
further, stain on the molded product surface and stain on the metal
mold surface were confirmed.

[0165]

As described above, the epoxy resin composition for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and seguential
moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
reflow soldering heat.

[0166]

The epoxy resin composition for encapsulating the semiconductor
chip according to the present invention has an improved flowability, an
improved mold-releaseability, an improved sequential moldability and

the like, and additionally has improved characteristics of a cured



SOr 0 X X Zo 169 VT "5 _030 00 LEI 010 020 0'0 060 OIT 0 X
To T 9 VL'S 030 00" L8 010 02'0 50'Q¢g 060 GC |

product thereof, such as an improved resistance to reflow soldering
heat and the like. Therefore, the resin composition can be preferably
employed as a material for encapsulating a semiconductor chip, and
further, a semiconductor device that is formed by encapsulating a

S semiconductor chip with the resin composition can be provided.
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SOLDERI NG EER%§£f0161] In any of Exanples cl to cl4, superior results
were obtained in ternms of spiral flow and gold wire deformation
ratio, so that it is confirned that the epoxy resin conposition for
encapsul ati ng the 5 L. npr £l bi lit

and further it is a?%glggggﬁ%%gé(%ﬁgﬁ p%% cgﬁ%g%hgﬁﬁgfméﬁm@hﬁroﬁ%%xtwtor
sequenti al ngn% Ei Further, no stain was found on the surfaces
of the nol dé ro ﬁh the metal mold, so that it is confirnmed
that an.inproved }dreleaseablllty for the metal mold is presented
to of the nol ded odtctPToof P he epoxy resin covosition, and it is
al so confi Lued thg% thehco ound_has an inproved resistance to reflow
sol deri ng heat . 63 P enozuzfﬁ THe contrary, in conparative exanpl e
cl, in which epoxi eS|n rese qﬁﬁy the general foimula (4) and
phenolic resin pr ge neral foinula (6) were not

enpl oyed, the obt ned co ound {gpﬁed to have | ower water absorption
and | ower stress resulting in reduced
resistance to refI solder he £ 63] In addition, in
conparative exanpl C?D'Pﬁ(#ﬁgé %§ i Y&F 20paraffin wax was not

enployed sequentlég ablllt oductlv y) was deteriorated, and
furthe} appearané H&% ain on the netal nDId

and reS|stance to rero er|n were deteriorate

conpar at i ve exanpl% é% i € E§f36ﬂigvyegﬁ51363”q&

paraffin wax was ins f|C|e ,reduct.j on |n nol d- 25rel easeabi it
caused det eP ot eﬁa‘g‘?edﬁew ‘é’l‘ LRoPdES F‘Pﬁ?s&ﬁﬂtjr‘?sitg‘? & BOFS A%RF

sol dering heat. In _conparative exa in which blending quantity
of the (£3) CORRII ZE0VD e NERESS RGeS TG erins,

wherein at least one of said (A) epoxy resin and said (B)
15 phenolic resin contains a resin presented by the following general

formula (1) :

X' r R R R R X
S -
|/ CH2 Q CH; ,,\//. Ho (1)
_ R R R R

(wherein plurality of R, which are same or different, represent

functional group(s) selected from a group consisting of hydrogen atom

20 and alkyl groups having cne to four carbon(s); X represents glycidyl
ether group or hydroxyl group; and n represents an average value that
is a pogitive number within a range of from 1 to 3),

wherein said (G) chemical compound is presented by the following
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the surface of the cured product, such t stain on the netal nold
surface and stain on the surface of the nol ded product were
confizaed. Further, resistance to reflow sol dering heat was al so
deteriorated. 5[0164] In conparative exanples ¢5, ¢7 and c8,
in which no (G chem cal conpound was added therein, flowability of
the resin co é)r%iltifoxqm asd)e_duced, resulting in deteriorated gold
wire deforndtion ratio. Further, in conparati ve exanple c7 and c8,
resistance to refl ow 10sol deri ng heat was al so reduced. In

conpar ative exanpl g3¢6, Ry which blending quantity of (G chem cal
conpound was excessijve, reduced sequential noldability (productivity)
was caused b educti] it curgbi lity of the resin conposition, and
further, stain O®1 ¥ product surface and stain on the netal
15mol d surface we [0168) As described above, the epoxy
resin conpositiaqn eCcags %i ng the sem conductor chip of the
present inven@on priovi de¥ sup for bal ancing of flowability,

nol d-r el easeabi | i tﬁqud uenti al 20nol dability, and it is confirned
that an use of suc esi onposition provides a sem conductor device

The. apoxy 1 eain oBREBSIEI G Fbrs AApKLIG P CTHY CaPeCRBuEPoTier is
{1 ovabi |1 1y SRR T a AT PG oab TP pC o ave SEREoTeF
Char actr | SFYUEHE b s 6803l ThoRbores ST Gas I FRpRTEAY
R el A e
encapsul at i m con(ilu%%%r chip, and further, a sem conduct or

a s
devi ce that E)g‘grqxé’ nedbYy apsul ati ng a 5seni conductor chip with the
resin conposition can be provide

d. ., CLAI M 1. An. epoxy resjn
conposi tion for eWSFH FihJEY ?é‘ﬁiﬂ%%‘?ﬁdﬁ’e}%‘?ﬂ]éﬂ%‘? WG?H%%O%@@ME the
an epoxy resin; (B)L a phenolic _resin;, (G cure accelerator; (D) agn
i nor :San%/c fﬂ“‘f‘@?t( OﬁE‘P‘)GOplaWtfb)ﬁodez‘@:cF %BFée%ﬁ%FEﬁ’?'vﬁQg Sf@(i{:;&acgig‘]’%i?% t
coupl i ng agent; and, a_chem.cal. conpoyn ving aromatic (i ] .
hasphy ong%ﬁs}é é)‘a:’t?ﬁabtf‘e c'§ @n%%&ft@'%g’ﬁ%&q éewﬁ\ﬁé”gﬁ Jrﬂ?igswe'

adj acent carbon ato t hat conposes said aromatic ring,

wherein at Meast® BRE%o@p‘é”éfd:eF EPERGTES n and said (B) 15phenolic
resin contains a resin presented by the follow ng general formula
(1): (wherein plurality of R, which are sane or different,

represent functional Loup(s) selected from roup cqQnsijsti of
hy(Fj)r ogen atom 2. Tﬁ{a epcg):;gy )resfn composition Forg encarx)psu(iat:l:ng tpxg

semiconductor chip according to claim 1, wherein dropping point of said
15 (F1} oxidized polyethylene wax is within a range of from 100 degree C

to 140 degree C both inclusive.

3. The epoxy resin composition for encapsulating the
semiconductor chip according to claim 1 or 2, wherein mean particle
20 diameter of said (El) oxidized polyethylene wax is within a range of
from 20 um to 70 pm both inclusive, and content of the particles having
particle diameters of equal to or larger than 106 pm in the total (E1)

oxidized polyethylene wax is equal to or less than 0.1 wt¥%.
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substitutional group other than 5hydroxyl group, and each of R2, R3,
R4, RS and R6 is independently hydrogen atom hydroxyl group or

bstituti I th th hyd . d .ei id (El
oxi di zed pol yet vt B VAR S ROm PR i RE i ahe B BE 0% 06 to
L o0 bot PapEpHgiBr 20 SBLSLE) Ehencal. Locenpaund s coptalned s
resin conposi.tion . . 2. The e resin conposi.tion for
Cmonpsal ar T Euenge seid. . eeisfizeh RO RRERARE Ve S8 BITHE Svrete: o from

droppi ng pojnt o i (EL) i dj zed ,pol yet hyl ene wax is within a
range gf fr ﬁﬁ@b%jﬁgbggé%t 5«%ﬁbhhggééR€L%ﬁﬁﬁ'inclusive. 3.
The epoxy resin conposition for encapsul ating the sem conductor chip
according to claim1 or 2, wherein nean particle 20di aneter of said
(El') oxidized pogyegﬂ%lene wax .,is within a range of from20 pmto 70
pm bot h i ncl usi ve,’ FOHY HtS10f COWESpat éFEseq?égF?&ftﬁﬁgt' e

oxi di zed poTSFELHIETEr kR SUGEHa NS 6FY| s OF HARIDE 1L vieos: Wrpgein

4. The epox esin conposi.tion for. encapsulating the_semn conductor
chip accor d%%&efoa%?g‘gﬁ@lﬁfm f"'ﬁﬁg_t £ %31%5 eiFidtrsd Palrttplene wax
KOH g fo 50T Rer § Boe Phoras ot o 5000 beth Wi iety resin
conposition for encapsul ating the sem conductor chip according to any
one of clainms 1 to 4, wherein nunber average nol ecul ar wei ght of said
(El') oxidized pol e%ﬁglene wax ,10is within a range of_ from 500 to
5,000 both includf-véle EPOXY resgnl GEEOFhIRN % HCEBFNGSLRY diier or

encapsulatiQ%dthe sem cqonduct or chip according_tq any one of clains 1

to 5, wher e¥T-EBHHIGT ST PaRTTETI A 87 85 yEPATF ehdonax Whgrein
within a range.of 15from0.94 g/¢nB_to_1.03_g/cns both inclusive.

7. The epoxﬂ}ﬁgﬁé‘gﬁ’ (P SAHOSELT o‘??gfﬂ%e%r}@&‘é%‘iﬂyégﬂﬁd’%és SBHAB RiGeRge of
chip according to any one of claing 1 to 6, wherein said 4E1l)

oxi di Zed pd%?gkHy%%ﬁ%cﬂaﬁoi%éﬁuﬂégnJﬁ@jbﬁnﬁBF%V%xide(s) sel ected 4-
20 'froma group consisting of: an oxide of a polyethyl ene wax
produced via a | ow pressure polynerization process; an oxide of a

pol yet hyl ene maxrproduced via a high pressure polynerization process;
and an oxi de of & -hir'gh ORI HSFLPOTYECRYHeRe fpbISATaPsulstang Ahe

sem conduct or .device, pravided by encapsul ating a sem conductor chip

with the epSRYCrEHTOEFHPHEsPETBRPOICRREAEE gt iHGiPRel $enf cokgheippaid

chip accoerng to any one of clains 1 to_ 7. .
égEl oxidized polyethylene wax includes one or wmore oxide(s) selected

20 “from a group consisting of: an oxide of a polyethylene wax produced via
a low pressure polymerization process; an oxide of a polyethylene wax

produced via a high pressure polymerization process; and an oxide of a

high density polyethylene polymer.

25 8. A semiconductor device, provided by encapsulating a
semiconductor chip with the epoxy resin composition for encapsulating

the semiconductor chip according to any one of claims 1 to 7.



