1 SPECI FI CATI ON EPDXY RESI N COVPOSI TI ON FOR SEM CONDUCTOR
ENCAPSULATI ON, AND SEM CONDUCTOR DEVI CE USI NG THE SAME 5 TECHNI CAL

FI ELD [ 0001] The present invention relates to an epoxy resin
conposition for sem conductor encapsul athon, and a sem conduct or
device using the sane. More particularly, the 10 present invention
relates to an epoxy resin conposi spat frorcsenogonduct or encapsul ati on
havi ng excel | ent adhesi veness to copper that has undergone oxi dati on,

and r el eagabixlyi Ry sfioovtre JoF dongrael kv i Ookihe coase rafc Atst ga@ Tb&gdaND
frame nade of copper, and a sem conductor device using the epoxy

resin 15 conposition kewmIseMsondoat oxEeneRpsiat anz BAGKEROUND ART
[0002] In regard to the processes for assenbling sem conductor 20

devices (hereinafter, also referred to as "senm conductor packages" or
"packages"), the connection between an alum num el ectrode of a
senicgndU§E@qukgﬁ§n@I§ﬂgreinafter, also referred to as

"sem conductor chip" or "chip") and the inner lead of a lead frane is
currentlyraghihgved primarily by an 25 el ectrical connection based on
t her mal conpreSS|on of gold wires. Furthernore, in recent years,

along Wi th the ﬁ% (JEnd Pﬁ{rgﬁtt%n 0%’@1%1:%”'@ ury 28%1395}’ r‘%eéthlﬂt

reducti on and ormance enhancenen ectronic

hi gh | nt egratiy q&%aﬁokngrf\nafceowuewr wbelp 2l 'ectroaérﬁor Bire

conponent $ in pro ress.” Accordin “ 4 &k

bondi ted than 5 bef .

cone of DAPROESFTuLGPY e PRRC-EFMLE: SErt et U S D
t he g ad f£ane IS . e&ga € %P tenperature state_at 200C t 0. 250%
for a'l ong™ tr 8 péti'od! Jo%PdJéﬁlSr? Yhe 't SPPeFY stir P ale CHrECsRUs 8Ueh® T

further. éemlcknductor'encapsulation.hav1ng‘excellent adhesiveness to
copper that has undergone oxidation, and releasability from
the molding mold, in the case of using a lead frame made of
copper, and a semiconductor device using the epoxy resin

15 composition for semiconductor encapsulation.

BACKGROUND ART
[0002]
In regard to the processes for assembling semiconductor

20 devices (hereilnafter, also referred to as "semiconductor

packages" or "packages"), the connection between an aluminum

electrode of a semiconductor element (hereinafter, also

referred to as "semiconductor chip" or "chip") and the inner

lead of a lead frame is currently achieved primarily by an
25 electrical connection based on thermal compressicn of gold

wires. Furthermore, in recent years, along with the market

trend directed toward miniaturization, weight reduction and



10Under such circunstances, even in the case of conventional

sem conductor encapsul ation materials that have excell ent

adhesi veness to an unoxi di zed copper surface, the sem conductor
encapsul ation materials often have poorer adhesi veness to copper in
whi ch oxi dati on has proceeded and 15 the surface state is different.
Thus, theperd@ramoocasi endantamd et peekilng:-t0cehi s alguikendmt er hags
bet ween an encapsul ating resin cured product and a |l ead frane at the
tinme of difteutddiigonfl ol wesiimensapsulial iwin MLbrg If ad1ébe rioinie:
of solder reflow 20[0004] Enhanci ng t he adhesi veness bet ween

an insertcafbpiotlenssichrasia pead e ant-andengansulatd g 1£sk "demand
cured product in order to suppress peeling, contradicts the effect of

enhanci ngrbhe wialeasaRik ngy foddesencaps al it 89nbeel R 0c2Bed than
product from a nolding nold. Therefore, there have been cases in

whi ch swhepe kR 2dhe]] VeNess: R AN dMS.Siln @rd hd £ SuCh@snsLead LEppey,
is enhanced, releasability froma nolding nold 3 is deteriorated,

and thus ppl dahi biby, degfipases: %QOQ% lead frg Prig t wBen nign
oxidation of a |lead frane made of copper cause thlg I ntegration

of 6|ECtr99ﬁ5e%%ﬁﬁﬂ§§q£ aéeCQESQ%O&ipggph?§@°é %Sghgiﬁg?§¥2$¥??é%?xi%d,

suggested I n-whi pol yet hyl ene oxi waXx and a sem -e 1o

product of .a.cQnQl,ynet ijeacjo'@l&ngugggégﬂf} casid %veerﬁad%g?tk%r.

r
conbi nati on"as rel easi ng agents in ordér to achi éve "a good ance
bet ween aﬁ?ggbéeness and releasability (see, for 10 exanple, Patent
Docunent s 2). According to this technique, although the

dhesi t idized d I bi |i.t | | ent,
i nceCa pol yet UFARE O(db k- FESUSRT 17 cOMBFar] oSt Rers i< a

Ot i zou COPBE AL SFa & BHLRELE0R" SR Rt ROPB MOFGR 412 that have

sem -esterificatiagn oduct of a copolynmer of a 1-al kene and | ei c
acid 19 USEASTT SEOnHE T ORCRRER & ot oXI 2447 Ol §EPRATOIR: TiedC ot hbhe
adhesive power is satisfactory, but there is a ﬁroblen1mﬁth

r el easabi PPy CORGHF BRT t BBEHIFS Y kel el Padis itk hg PHACTOIEAFS Peorer

during continuous nol di ng. RELATED DOCUMENT PATENT DOCUMENT [ 0006]
adhesiveness td copper in which oxidation has proceeded and

15 the surface state is different. Thus, there are occasions
in which peeling occurs at the interface between an
encapsulating resin cured product and a lead frame at the time
of die cutting after resin encapsulation molding or at the
time of sclder reflow.

20 [0004]

Enhancing the adhesiveness between an insert article
such as a lead frame and an encapsulating resin cured product
in order to suppress peeling, contradicts the effect of
enhancing the releasability of the encapsulating resin cured

25 precduct fromamoldingmold. Therefore, there have been cases
in which when the adhesiveness to an insert article such as

a lead frame is enhanced, releasability from a molding mold



25Pat ent Docunent 1: Japanese Patent No. 3975386 Patent Docunment 2:
Japanese Patent No. 4010176 4 DI SCLOSURE COF THE | NVENTI ON [ 0007]

It is an object of the present invention to provide an epoxy resin
conposition for sem conductor encapsul atgon 5 which has satisfactory
adhesi veness to copper |ead frames that has undergone oxidation, and
has excel L entletelreiasabt &8t y aard clons | nudus ool dabi Helcye saneds a

sem conduct or device including an el ement which is encapsul ated by

t he epoxy[@esisn composition for sem conductor encapsul ation by using
a 10 specific additive in the epoxy resin conposition for

sem conduct or epeapsel 8hieoRindAn oxidafeoer ding tleddhe prRsefide of
invention, there is provided an epoxy resin conposition for

seni condugs ppe@neansdd @th Pnn1ghCanttad fi 891 6A) o3 LRAXYrb8SIkNcdBoent s
curing agent, (C) an inorganic filler material, (D) a hydrocarbon

conpound havkBe S rAUEEHIER, I eprasenh eduly Wy %?gé%):e%ﬂdiﬁ O AULR o
(2), and (E) a hydrocarbon conpound having an estéer group: CH2 CH2

) (1) CH GHb) (RO oxide AG%OLHWNG temaAN Lihodi fent Of o d Reoquct of
present invention, in the epoxy resin conposition for sem conduct or
encapsul 8 i @Bp01¥mer of a 1-alkene and maleic acid are added in
combination as releasing agents in order to achieve a good
balance between adhesiveness and releasability (see, for
10 example, Patent Documents 1 and 2). According to this
technique, although the adhesiveness to unoxidized copper and
releasability are excellent, since a polyethylene oxide wax
is used in combination, there 1s a problem that the adhesive
power of the encapsulating resin to oxidized copper frames
15 is decreased. Furthermore, when a semi-esterification
product of a copolymer of a l-alkene and maleic acid is used
in combination with a non-oxidized polyethylene wax, the
adhesive power is satisfactory, but there is a problem with

releasability, such as trouble like cull sticking that occurs

20 during continuous molding.

RELATED DOCUMENT
PATENT DOCUMENT
[0C06]
25 Patent Document 1: Japanese Patent No. 397538¢

Patent Document 2: Japanese Patent No. 4010176




t he conponent (D) is an al kene. [0010] According to an enbodi nent of
the present invention, in the epoxy resin conposition for

sem conduct or encapsul ation, 5 the conponent (D) is an al kene havi ng
10 or nore carbon atonms. [0011] According to an enbodi nent of
the present invention, in the epoxy resin conposition for

sem condudfSCIariapsubdat irelr, INeEgDOpanent (D) is a 1-al kene having
10 or nore carbon atons. 10[ 0012] According to an enbodi nent
of the présélt7]i nvention, in the epoxy resin conposition for

sem conduct or encapsul ation, the conmponent (D) is a 1-al kene having
28 or nore carbpo akoss. ob§L3] KLAOIHAGeh® anverkadi ey Wiothge an
present invention, in the epoxy resin conposition for sem conductor

encapsul atbery trhes LoMmpeRelts () oh Srat lseasitc HNQuBY 06 HoHs 6 PHRA VR
selected fromthe group consisting of a conmpound produced by

senm - est eghfiyhngz 8 £opPokyaer ofy adk=a Keé}eeégdzaf%b@p(‘e@%%@f%m@% that
with an aliphatic alcohol, and a nontanic acid ester.

Accordi ngnhkg @ﬂd@%‘%@(}i@%&ldﬁtwﬁ péﬁaezmas'&v@@m%t 'r'%ltéﬂbesﬁpi)%Xt%/ and

resin composition for sem conductor encapsulafion, he conponen
(E) is a coppawndps aduced, by sgm a5t gr
1-al kene having 5 to 60 carbon gioﬁséaﬁéﬁax g?gag§ﬁ9§! 16% EiCludlng

| ong- chai prakiiphahic @heehol havidg,1818Qeq by the epoxy resin

composition for semiconductor encapsulation by using a
10 specific additive in the epoxy resin composition for
semiconductor encapsulation.
[0008]
According to the present invention, there is provided
an epoxy resin composition for semiconductor encapsulation
15 containing (A) an epoxy resin, (B) a curing agent, (C) an
inorganic filler material, (D) a hydrocarbon compound having
structures represented by formula (1) and formula (2), and

(E) a hydrocarbon compound having an ester group:

‘—GCHz_CHZ% (1)
%CH:CH%‘ (2)

[0009]
According to an embodiment of the present invention, in

the epoxy resin composition for semiconductor encapsulation,



6 25 carbon atons. [0015] According to an enbodi nent of the
present invention, in the epoxy resin conposition for sem conductor
encapsul ation, 5 the conponent (E) is a conpound produced by

sem -esterifying a copol yner of a 1-al kege having 28 to 60 carbon
atons and mal ei ¢ anhydride, with a | ong-chain aliphatic al cohol
havi ng 15the 2@®ngashbentat(@ns.id G164 1ike8Aecording to an enbodi nent of
the present invention, in the epoxy resin conposition for

sem condu¢bonogncapsul ati on, the mxing ratio of the conponent (D)
and the conponent (E) is 1:4 to 1:20 as a nmass ratio. [0017]

15Accor di ng to mscembadigrent aaf eibe danesento i RRNbIr@Led® e €POXY, in
resin conposition for sem conductor encapsul ation, the conponent (A)

incl udes ahel €86k yOPEs@ROXYMpOSIiNt S8 6628 il 10t B8 8bUPnEeaRsISTd 1on,
of a biphenyl type epoxy resin represented by fornmula (3), a

phenols- ar ahkytohpBe @ROXY ) €81 fin 201 E‘éﬂbmga@&ﬁ%ei‘ﬁl SPeSkel &I Oon atoms.
represented by fornula (4) and a phenol -aral Kyl type epoxy resin

having a bpphenyl ene skel eton represented by fornula (5): 7 atom
or a substituted or unsubstituted hydrocarbon group having 1 to 10

carbon atoms, WLLS Ri%d @R4R OBYoRE ¢ oqfa%th' %ﬁge‘@etrgc Clgngérfﬁéggﬁ

from each other and n represents an I nteger
the epoxy resin composition for semiconductor encapsulation,

the component (D) is a l-alkene having 10 or more carbon atoms.

10 [0012]

According to an embodiment of the present inventiocn, in
the epoxy resin composition for semiconductor encapsulation,
the component (D} is a 1-alkene having 28 or more carbon atoms.
[0013]

15 According to an embodiment of the present invention, in
the epoxy resin composition for semiconductor encapsulation,
the component (E) is at least one hydrocarbon compound
selected from the group consisting of a compound produced by
semi-esterifying a copolymer of a l-alkene and maleic

20 anhydride with an aliphatic alcohol, and a montanic acid
ester.

[0014]

According to an embodiment of the present invention, in
the epoxy resin composition for semiconductor encapsulation,

25 the component (E) is a compound produced by semi-esterifying
a copolymer of a 1-alkene having 5 to 60 carbon atoms andmaleic

anhydride, with a long-chain aliphatic alcohol having 10 to



wherein in the formula (4), R represents a hydrogen atom or a
substituted or unsubstituted hydrocarbon group having 1 to 10 carbon
atons, while Rs may be all identical with or different from each
other; and n represents an integer from 300 to 20; and wherein in the
formula (5), R5 to R13 each represents a hydrogen atom or a
substitut éd aranmsmbstbtugt.ed hydrocarbon groups haying 1 to 10 carbon
atons, while R5s to R13s nmay be all 15 identical with or different
fromeach(oibhey]; and n represents an integer fromO to 3. 8 [0018]
Furthernore, according to the present invention, there is provided a

sem conduct or de¥teedinGg 4d BG BmPIHGAKIIE Ot 1 RN e epCaPSEhatiedh, in
with the epoxy resin conposition for 5 sem conductor encapsul ation

descri bedrabo¥goxl0038lin compo AGEOSHI MNeh ted NEoREBSENr EAVad @®Dat@Bn,
epoxy resin conposition for sem conductor encapsul ati on havi ng

excel Ient radheghyeprsSst t 0 COPPEY death ramsobhakdhavesepdergone 18y ing
oxi dati on, and having excellent releasability and conti nuous

mol dabi |'i §y -3t diRgad + "B £0k mﬂéﬁﬁ@hecﬁgvg%dﬂﬁéﬂ@§d6PQE§%§ﬁﬁT%}?ﬂﬁsand

el ectroni c conporients such as I C and LSI are encapsul at

epoxy resjpgieanpasit) 'éQ[‘@fghC'%%Wégéhgq%?ggﬁk?%$9gg$%ﬁphol having

sem conduct or devi ces having excell'ent” 15 rel
obt ai ned. 1 BRILEF DESCRL PTL ON .QF, JTHE DRAW NGS [ 0020]
[0016]

10 According to an embodiment of the present invention, in
the epoxy resin composition for semiconductor encapsulation,
the mixing ratio of the component (D) and the component (E)
is 1:4 to 1:20 as a mass ratio.

[0017]

15 According to an embodiment of the present invention, in
the epoxy resin composition for semiconductor encapsulation,
the component (A) includes at least one epoxy resin selected
from the group consisting of a biphenyl type epoxy resin
represented by formula (3}, a phenol-aralkyl type epoxy resin

20 having a phenylene skeleton represented by formula (4), and
a phenol-aralkyl type epoxy resin having a biphenylene

skeleton represented by formula (5):

wherein in the formula (3), R' to R? each represents a hydrogen



FIG 1 is a diagramillustrating the cross-sectional 20 structure of

an exanpl e of a sem conductor device which uses an epoxy resin
conposition for sem conductor encapsul ation according to the present

i nvention. FIG 2 is a schematic plan diagramillustrating a
mddle nold after nolding with a nold for evaluation for eval uating

25 the | oadouporo 1ok dstublsedseitoddt be epeabdestatedmposdtéonrbon group
sem conduct or encapsul ati on according to the present invention. 9

FIG 3 ishavichenntte dbagizambdh | asbhatli nghihe rRt9Ssoselti aral be all
structure of section A near the nolded article of the mddle nold

il lustratedeint i3 w2t 15 DEICR AN Gy EYVBODEVENTIS 00248 n repredBBts
epoxy resin conposition for sem conductor encapsul ation of the

present i aMentity£ONEabhRs o( Ao am; epoxy resin, (B) a curing agent,

(© an inorganic tiller material, 10 (D) a hydrocarbon conpound

having structures of formula ( and formula (2), and (E) a

hydr ocar bggr$énpound havi ng an group. Thereby,
conposi ti o or sem conductor ¢n sul ati on havi ng ex
adhesi venesp to copper |ead frameg that have undergor and
havi ng exce| |l ent 15 rel easability|and conti nuous nol ¢

present inventjon is characterized i that a sem cong 640
encapsul at ed
sem conduct g
sem conduct
Her ei nafter| 3
[ 0022] Fir st~ epoxy conpoesiikon for
encapsul ation of Rhe present ifnvention W1l be expl ail
epoxyoresin (A) that is used in the epoxy resin conposition for

sem conduct or encapsul ati.on of. th resent invention, .an
wﬁereln.%% %he formula ?4?, E represents a hyggogen atom, or

a substituted or unsubstituted hydrocarbon group having 1 to
10 carbon atoms, while Rs may be all identical with or
different from each other; and n represents an integer from

1G 0 to 20; and

wherein in the formula (5), R’ to R'’ each represents a hydrogen

atom, or a substituted cr unsubstituted hydrocarbon groups

having 1 to 10 carbon atoms, while R%s to R's may be all
15 identical with or different from each other; and n represents

an integer from 0 to 3.



10 epoxy resin that is generally used in epoxy resin conposition for
sem conduct or encapsul ati on can be used. Exanples of such an epoxy
resin include products obtained by epoxidizing novol ac resins that
are obtai ned by condensing or 5 co-condensi ng phenols such as phenol,
cresol, xylenol, resorcin, catechol, bisphenol A and bi sphenol F,
and/ or naplittid 5 such as a- naphthol, -naphthol and

di hydr oxynapht hal ene, w th conpounds havi ng al dehyde groups such as

for mal dehyde, acetaliteiydes, paepberaldehyde hal@ enzat dehyderaned, there
sal i cyl al dehyde, in the presence of an acidic catalyst, including

phenol - novel ae otipe: @ROX%Yenl €5 MGuafd rORERAE 8@ I NPVRG AL JUPECBRBNYtor
resins; biphenyl type epoxy resins, which are diglycidyl ethers of

bi sphenol eA,ent&rstph@ﬂ@bP%,ultHﬁ@@ea%h&trm spbeR9! AN andohBeslitken Of o r
di gl ycidyl 15 ethers of al kyl -substituted or unsubstituted bi phenols;

epoxi des abmphenphnatalkdn 855088y RENes 2ed; Heam |'s and/ or

napht hol s, and di net hoxypar axyl ene or bi s( et hoxymet hyl ) bi phenyl ;
stil bene type ¢poxy resins; hydroquinone type epoxy resins; glycidyl
ester type epoxy 20 resins that are obtained by a reaction between a

ol ybasic acid . phthal e _aci ' cid a :
gpighlolohydlin?egpgg?ﬂe?aﬁ?nggfygggggé§€ ggﬁ?ﬁ% gf §geegﬁ¥%¥n5%56?

a reaction by ta"%e@'lé oLy 'rﬁ‘lecﬁ%{gﬂc%%rd%%@ Os‘ﬂf%‘@géékfﬁ% haﬂg cellent
i socyanuric acid, and epl chl or ohydrin; dlcygIopen adr ene” 25 ype
epoxy resi i oxi des of .co-caondensed. resins_ of
dicyclope%?%ﬁg%éggﬁégp%gh&%fg%ﬁo%§afgsﬁﬁgﬁnghgiéhﬁﬁ%anﬁgﬁgﬁﬁ%;
trip ol met.hane. type epaoxy resins; 1 trinmethyl gl propane type epoxy
resiﬁg? t856§%ﬁ5ﬁ%If%%ﬁqg%%&9gf%§?%%iepﬁn£§ %ﬁ%%%éﬁ?gyé%%ﬁyg?%ggﬂgous
that are obtained by oxidizing.olefin bopnds with a peracid such as
peraceticmgé?%ﬁj }%yc?%c£éﬁogﬁnfééfaé?°Qﬁﬁngpofﬁf¥ §?ﬁ373$%?egre Also,
obt ai ned 5 bé'ngdifyigﬂ%these e OXX resins wi_th silicaone,
acryl oni t FI'FE, ShECadiBhe; GEBR AR PUbBER, 23 [hoPpantdé GESisT empsthated
| i ke. These .resins, may be used singly, or two or nore kinds may be
used i n cBABAFathbhs %Q@%ﬁ TN FRERL 10 ERE ihboP RE VST Athe
adhesi veness to copper |ead franes that have undergone oxidation, a
bi phenyl B}FERSPLYYT e8I n SeapreRRAVEY By F¥hties hF)ving excellent
phenaol - aral kyl type epoxy resin having a phenyl ene skel eton
r epr ésent 818y Flot vy aced) bearklhapresol - aral kyl type epoxy resin
having a 15 bi phenyl ene preferred. skeleton represented by formul a
(5) are

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]
FIG. 1 is a diagram illustrating the cross-sectional
20 structure of an example of a semiconductor device which uses
an epoxy resin composition for semiconductor encapsulation
according to the present invention.
FIG. 2 is a schematic plan diagram illustrating a middle
mold after molding with a mold for evaluation for evaluating
25 the load upon mold release of the epoxy resin composition for
semiconductor encapsulation according to the present

invention.



wherein in the formula (3), R to R4 each represent a hydrogen atom
ora substituted or unsubstituted hydrocarbon group 20 having 1 to 10
carbon atons, and Rs to Rds may be all identical with or different
fromeach other; and n represents an integer fromO to 3; 12
wherein in the formula (4), R represents a hydrogen atom or a

substituted or BDsubstiitduteds bydmacardo ggodp Raviing: dat 0ng0 t¢ar bon
atons, and Rs may be all identical with or different 5 from each

ot her; andrBskeprasenbsaantptegerd 6emdt0o2% nand whe Idén dheicle
formula (5), R5 to R13 eachrepresent a hydrogen atom or a

substituted eheunsidsiét wbed hydresarbeesgriouprif.having 1 to 10
carbon atons, while R5s to R13s may be all identical with or

different fromeach other; and n represents an integer fromO to 3.
[0024] RI to R4 in the fornmula (3) are each selected fromthe 15

group scongi stk Ofo BYJEGeH Biegtgan al kyl group having 1 to 10
carbon atons, such as a nethyl group, an ethyl group, 13
[0021]

The epoxy resin composition for semiconductor
encapsulation of the present invention contains (A) an epoxy
resin, (B) a curing agent, (C} an inorganic filler material,

10 (D) a hydrocarbon compound having structures of formula (1)
and formula (2), and (E) a hydrocarbon compound having an ester
group. Thereby, an epoxy resin composition for semiconductor
encapsulation having excellent adhesiveness to copper lead
frames that have undergone oxidation, and having excellent

15 releasability and continuous moldability at the time of
molding, can be obtained. The semiconductor device of the
present invention is characterized in that a semiconductor
element 1s encapsulatedwith a cured product of the epoxy resin
composition for semiconductor encapsulation described above.

20 Thereby, a semiconductor device having excellent reliability
can be obtained. Hereinafter, the present invention will be
described in detail.

[C022]

First, the epoxy resin composition for semiconductor

25 encapsulation of the present invention will be explained. As
the epoxy resin (A) that is used in the epoxy resin composition

for semiconductor encapsulation of the present invention, any



a propyl group, a butyl group, an isopropyl group, or an isobutyl

group; an al koxyl group having 1 to 10 carbon atons, such as a

met hoxy group, an et hoxy group, a propoxy group, or a butoxy group;

an aryl group having 6 to 10 carbon atomg; 5 such as a phenyl group,

a tolyl group, or a xylyl group; and an aral kyl group having 6 to 10
carbon at epexysueliastaabenzyyegeaudl 10f uva phametbylxgrewln bowpeiition
anong them a hydrogen atomor a nethyl group is preferred. Exanples

of the bi phenyglentivpen @poxyrr esidupeplaseriretdy bheukedl &adples of
i ncl ude epoxy 10 resins containing 4,4 -bis(2,3-epoxypropoxy)bi phenyl

or 4,4'-bkstd 3neppyypr opexy) i3 ude PrifheaBes BYbBinRRERY] @%@ dBd Mng
conponent; and epoxy resins that are obtained by all ow ng

epi chl or ohydbiR d a-d £865 Whiht 4 e -BbPRERRA ¥y condensing or _
4,4'-(3,3",5,5 -tetranethyl)bi phenol . Anong these, an 15 epoxy resin
cont aisni Ngo 4 ol il 20 3- BREITOPOXY) - 33 phemo 1 | eEHs%@%tlh,yH%PQﬁBX',
as a main conponent is nore preferred, and for exanple, YX-4000K and

YX- 4000H £g§6%fcq%,ur@9t9¥h}%gearbi ¥88§8ignsa -bibbfendr ade DARRS)

are avail able as comrercially marketed 20 products. en'this

bi phenyl I N.1.S S Si Q_%gﬁ o] | ead frames
t hat haveﬁ%ﬁggﬁggﬁi %ﬁ?%a?%oﬁpﬁgﬂ%%ﬁgggédﬁ %h é%ga%tgggf
i ncor por af i f e in-i r ef. j e 09
areat or . SbdeS e IR eh A e RSP S RSk A ke B S URIRRE Foups
Phe opoxy’ 18I B8 el i ReByadl "o bhar B e pRrrBirktes = f00ss)
14 R,i,n the formula (4) is sel.ected fromthe, group consisting of a ., ..
nyar dfen %%%ﬁ]aléinehtaﬁhi?ﬁngf Sa5 i d‘lalgmelolﬂgﬁg%ﬁrlgtso%?e SHRngctdic
met hyl group, .an _ eth rqup, a.pro royp, a buty roup, an
isopropyIC%EB&H,Stdr %ﬁcgggbﬁ‘f}ylplﬁ?%‘g%?ngv :jraéjf Kok§F~ §POFY Hav? hgS130¢
aroup, or B BT GAF T bapo S i GO A 70 Bt 0026 N bort HR b0y
h I |yl | yl ;

aralkyl g7 oaE HaviRGCE 2oe10r FAVBOR oL GRS Shiat Bs TP WHhe S 1P graP ROl
a 10 phenethyl group, and anong these, a hydrogen atomor a nethyl
group i s prePépPé®nFheS phRASIF rwkyk/Pyﬁéwbp‘gﬂxey té&en havidhgaycidyl
phenyl ene skel eton represented by the fornmula (4) is nore preferably
an eééxy ?eRPHSCOT aﬁﬁ]mb“éﬁbﬁ:t@l%‘b%@lnéﬁt Ugss WP Frai A ucGdpdnien e nandg ;
for exanple, NC2000 (nmanufactured 15 by N ppon Kayaku Co., Ltd.,
trade nand)CEsddgraidfamieengl gagenierki B¢ b ynrasketidte i sddct rophahenols
this phenol -aral kyl type epoxy resin having a phenyl ene skeleton is
used, sineed!{he diagthdneel bet weeh ¢¥msshprkinsy oy hesei ©ext ended, the
el astic nodul us of the cured product can be decreased. The 20 anount
of incor potatinethofx et epodxpimdsimyls préfldrabd yt agieustranky or 46%nlsy
mass or greater, and nore preferably 20% by nass or greater, relative
to ;hetcﬂgﬂr?mmﬂﬁoaﬁ theeepmoxy esensnesed;l ynidyder stte exhyvbet eplwecy
performance. [0026

20 resins that are obtained by a reaction between a polybasic

acid such as phthalic acid or a dimer acid and epichlorohydrin;
glycidylamine type epoxy resins that are obtained by a
reaction between a polyamine such as diaminodiphenylmethane
or isocyanuric acid, and epichlorohydrin; dicyclopentadiene

25 type epoxy resins which are epoxides of co-condensed resins
of dicyclopentadiene and phenols; epoxy resins having

naphthalene rings; triphenolmethane type epoxy resins;



25R5 to R15 in the formula (5) are each selected fromthe group

consi sting of a hydrogen atom an al kyl group having 1 to 10 carbon
atons, such as a nethyl group, an ethyl group, 15 a propyl group, a
butyl group, an isopropyl group, or an igspbutyl group; an al koxyl

group having 1 to 10 carbon atons, such as a nethoxy group, an ethoxy
group, a pProp@th Al OUProdan@ BUbexypakgups san sar ¥k rgeoup-hadi Aged époxy
10 carbon atons, 5 such as a phenyl group, a tolyl group, or a xylyl

group; andeannaf;alkythe gEoHD i RAE Y be b 0210 reon BHAE arsUTb@Sided by
benzyl group or a phenethyl group, and anong these, a hydrogen atom

or a nethykigheumd S ef erdeths Asi they phanatr@ral &ylad £POKYc acid;
resin having a bi phenyl ene skeleton represented by the 10 fornula
(5), an eE@é%X@%ﬂé‘é@@&?'@b%&dﬁ%rE%HCQEB%@e@éé@n@”@hatc%ﬁﬂpm%ﬁaiﬁed
nore preferred, and for exanple, NC 3000L (manufactured by N ppon
Kayakiy Cooy dddl £yinadenBauedohs avatlall #: 8h &1 EORBRIL] akly ket ede,
product. en this phenol -aral kyl' type epoxy resin having a

bi phen_yl eﬂﬁtﬁ'@%!e%é),n.iléo §eH%egub dice at;k?ogﬂ/ﬁﬁg'a%e rtéesti\’}‘?earhd the like.
crosslinking points is extended, the ‘el astic nodulus of the cured
product c r. T gg% ng . incarparati : X
resinis %ﬁgggrg%ﬁvﬁggﬁﬂ%¥é%§to g@éﬁgg%ﬁgs%3$Q6$%§$29££§%2§ﬁ§§g Hay be
pr ef er abl %, reater, relative to the total anount 20 of

t he epoxyg?égiﬁgyggi ,9§ﬁ%6% €r to exhibit the performance. [0027]

The bipheggbzﬁXpe epoxy resin represented by the fornula (3), the
phenol - ar yI''type epoxy resin having a phenyl ene skel eton

represented by the fornmula (4 and the 25 phenol _-aral | type
ooy 0 osi n hawATEnE bR BHeny Wb Sl Brnbebtoceh BhSogShis Trnars to
(5) maybe respective used singly or in conbination of two or npre

ki hds WSIEDRE OP S La AaRE T Al T e U T HO BB BA A G ¢ v KBt poy
anount of incorporation, of the epoxy resins is preferably adjusted to
50% by neS¥P§re ?éé(t%??%nﬁeﬁﬁreéeﬁ‘r‘é%rbébffﬁrﬁbb dyl Has S éP@é’r@éaTae’félle
relative to the total anmpunt of the epoxy resins used. 5[0028]

The nixih@YB?OBBHﬁ%N¥%ﬁ1$rﬂﬁ%bﬁﬁoﬁeﬁge6%1@Qﬁzﬂk%éeﬁ8qﬂﬁﬁﬁ%ﬁ%ﬁnt@d by
amount of the epoxy resins used in_the epoxy resin conposition for

sem condut® P udicdidul athdnt o@h?H@lﬁ@é’sae]n%Yin’%ﬁ?i BRO%Y ftsin having a
particularly limted, but the mxing 10 proportion is preferably
equal 5t 0 BtPHreatiame hakelstsy neRRraag 1oy ofermugss t hanaTs5% by
mass, and nore preferably equal to or greater than 2% by nmass and

equal to ®Frefesyachan 10% by mass, of the whol e epoxy resin

conposition for sem conductor encapsul ati on. Wien the m xi ng

proportion of 15 tihe gonponenty2(A) relativeqto Lhe totalamount of
t he epoxy resins i al to—gr, greater than t | ower m t
descri bed ab t alsi g [ i di he
like i s r&ddced.°V i ng Bropof ti orPc (A (3)
relative t@ the to t he epmxy rési to o
R® r* . R R

wherein in the formula (3), R' to R? each represent a hydrogen
atom, or a substituted cr unsubstituted hydrocarbon group
20 having 1 te 10 carbon atoms, and R's to R*s may be all identical
with or different from each other; and n represents an integexr

from 0 to 3;



20 or less than the upper limt described above, the risk of causing

a decrease in the resistance to solder or the like is reduced. [0029]

As the curing agent (B) that is used in the epoxy resin 25

conposi tion for sem conductor encapsul atjon of the present invention

any curing agent that is generally used in epoxy resin conpositions

for senlconductor encapsul ati of—can be 17 used. Exafipl es t hereof

i ncl ude ré that are obtaing condensi ng or co-c @nsi ng

phenol s suc§y as phenol, cresol orcin, catechol, bisphenol A,

bi sphenol F| phenyl phenol, and aninophenol, and/ or naphtthol s such as

a- napht hol , [ 5 -naphthol, and dihydroxynapht hal ene, wi|th |conpounds

havi ng al dehydg groups such asjfor dehyde, in the pres e of an

acidic catal ysf, including phepol - i cresol- novol ac (4J

resins; and phgenol -aral kyl res phenol s

and/ or naphtt —ch
I

v

bi s( met hoxy
ki nds nmay bg ng |k he
t he vi ewpoi ntsz8f_ f | ui d And \ a 2F
phenol - ar al kyl ré8in havi ng a hiphenyle skel et on repﬁesente@ by
formula (6) is preferred: wherein R14 to R22 each represents a

hydr ogen : bst ns |tuted hydr gcar bon_gr

having 1 ?ﬁggklgblgh%%bnf fﬁé&%mk4ré %Igé §¥na?15% a??g Bn, or

d v thor dif f h.ath d
lnfgé{efaf?l“?#% B cto o Goa Ly T £ L5 Ytdﬁ%”%-?”ﬂaﬁgél?éﬁgn%%&%ﬂ to

i denti cal 1Wcarbon atoms, and Rs may be all identical with or different

r nore
from

5 from each other; and n represents an integer from 0 to 20;

and

(]

5

wherein in the formula (5), R® to R*® each represent a hydrogen

atom, or a substituted or unsubstituted hydrocarbon group
10 having 1 to 10 carbon atoms, while R°s to RYs may be all

identical with or different from each octher; and n represents

an integer from 0 to 3.

[0024]

R! to R? in the formula (3) are each selected from the

15 group consisting of a hydrogen atom; an alkyl group having

1 to 10 carbon atoms, such as a methyl group, an ethyl group,



18 or different fromeach other, and R4 to R22 are each sel ected
fromthe group consisting of a hydrogen atom and a substituted or
unsubsti tuted hydrocarbon group having 1 to 10 carbon atons, such as
an al kyl group having 1 to 10 carbon atops, such as 5 a nethyl group,
an ethyl group, a propyl group, a butyl group, an isopropyl group or
an i sobut ¥l pgiopipl.  @hoabkoxy b @t pUpghtavigg dnt 0540 reyiong abaps, cxUch
as a nethoxy group, an ethoxy group, a propoxy group or a butoxy

group; aniabyutgfPWrhay} nth & lecdP1carbob RLOABG SUED BS GaPPEAYAtons,
group, a tolyl group 10 or a xylyl group; and an aral kyl group havi ng

6 to 10 canken af MBmeSHERyAG O ENZYh GG PIgFoRPENEt o 0Py roup,
However, anong these, a hygrogen atom and a nef% group are

preferr edorTer@E'@El?l g%'b@ﬂlﬁ‘ylanr ey had g @a@iﬂ@%%@nﬁ} skebsbAnatoms,
represented by the formula (6) nmaybe,” for exanple, a conmpound 15 in

whi ch Al | 50E:R4 LoBRRANA h;vlda@gen at gy, 8ad.among: o hersy 1 fe patbheand

Vi ewp0| nt of nelt viscosi ty, a mxture of ¢ondénsates contai ni ng an

n=0 COWOQE“&r%&k%%%%%f}sg%%ﬂf %’ob}{gg@%%%? QQB&ée,fﬁchﬁ{ ‘éo”édb efSy1

such a conpoun factur

b%gn thf? pﬁe aral Qﬁ res%ﬂbhaV|} kP |p %ﬁ%?éhéngﬁ&hﬁ%ﬁg ?% ﬂggégen
e oo, Locipmas ot e erpl e e s B,
or greate

I h f.th d
in order %gpgiﬁgé&éﬁf%gl%%%?%&%%ﬁa%QD?8%§§$3$H%§%£§ %?ob%??£8%S§PbXY
th t d 1 t fo
semi &0 Lhﬂ%teaﬁ%%ncé EFAGRBA i L hegPdlant- %Bﬁ%%ﬁp%%%‘”s' n%fﬂhenyl or
o or Cor oht B it o 308 by N BRETRaaa o or ' [ EER R TBbpRg heny 1

mass, and nDre 5 . preferably equal to or greater than 1%Db

equal to oF Peé‘?ﬂtrhaﬁo@ﬁﬁwﬂﬁassm? eFRPEVe T56 HHe tBRE aé’yr‘?mﬂﬁt%%n‘?ﬁeby
epoxy resin_conposition for sem conductor encapsul ation. Wen the

m xi ng pr®pePHiicHE otPtRBLEE I agRnt O Brast ekl o Hr- %%EQ?@P%F%&
the lower Iimt described above, the risk 10 of causing a decrease in
fluidity 6r4t heﬁa%e:?sSré&@mmweﬁlm@nﬁ%% prdperd dmefet han
curln% agent (B) is equal to or |ower than the upper limt described
abové, th@PPﬁM(Rﬁsk%u§Pﬁ§@}Qkﬁ9ease in the resistance to sol der or
the like is reduced. £0033] 15The equivalent ratio of the epoxy resin
of the cofipdnemig Y  andPrrkey IRPPYYagent3 of 3t he-terpmeathyBP inthetyl
is, the ratio of the nunber of epoxy groups in the epoxy resin

(A)/the nagber mofimhydeoryhegrioups innrehe e ngedgednd Bjori sxaotle,
particularly limted. However, in order to suppress the 20 respective
unr eact edYKrddtlildhsnof YXhé 00@riponamis a ot ar Edvp ¥ aglgn Epe sggBiedlrento. ,
ratio is preferably set to the range of 0.5 to 2, and nore preferably
set to thetdangecmdd®. fatmesl). Bréuavhelmirles &8 ovdere toiabig maarketed
epoxy resin conposition for sem conductor encapsul ati on havi ng
exceldlentproducts. When this biphenyl type epoxy resin is used,

adhesiveness to copper lead frames that have undergone
oxidation is enhanced. The amount of incorporation of the
resin is preferably adjusted to 20% by mass or greater, more
preferabkly 30% by mass or greater, and even more preferably
25 50% by mass or greater, relative to the total amount of the

epoxy resins used, in order to exhibit the performance.

[0025]



25 nol dability and excellent resistance to reflow, the equivalent

ratio is even nore preferably set to the range of 0.8 to 1.2. 20

[ 0034] The inorganic filler material (C that is used in the
epoxy resin conposition for sem conduct ofg encapsul ati on of the

present invention is incorporated into the epoxy resin 5 conposition
for semi conductRriencapsuf@tionaf qrd)a redastcencef hyghosaepigtidup a
decrease in the coefficient of |inear expansion, an enhancenent of
thermal cepdudtdwviny,oand s eshancament; eh stinegtdrolEsamPlesqoll to 10
this inorganic filler material 1nclude powders such as fused silica,
crystalli nerb@rshlicess, 8wl B aGRéehym §-blegt 8n ehGLUFrEaPhHOAGE Lopy 1
potassiumtitanate, silicon carbide, silicon nitride, alum num

nitride, HeboR, NhlFidel Lasvb] il 12obGUH A oFiduiONod SRSILEbELYL group;
steatite, spinel, mullite, and titania; beags obtai ned by

spher ¢j di 2hng1 kLS @ng?rﬁav%% 91859 d LheHonla tlitd N G5 a methoxy
exanples of inorganic filler materials having a flanme retardant

ef f ect ingkeggdalawﬁer&mwdgeesh e, @g}@%@ﬁgﬁ xi de, aZE%Ctus daéleeup;

and zinc nol ybdate. These i horganic erial's ‘may

singly, ognt %?é/?r ?S}Hr% KihdsgRY he 'i%eq:ajbrrb&r?n%{:gﬁ | on., AMang e“l?henyl

inorganic fi erial s”“descri bed above, fused’'silicais

or €111 o LEOR. Lo APY 01 SPCK SALDD, KDELSOeLLIE LNt AL 1) 0oFtou;
th | ¢ ICti vt The o] filler materjal__i r ef erabl
sphe ca 19?%931?9’%3 : ofliﬁi ??%'iﬁ} %iﬁ%éggi'niesu(ﬁtU%?d?;\éfﬁﬁéﬁnggﬁoﬂg 3 2
abr asiwveness. e ampunt_ of incorporati.on,o e_inarganic
TP P a0 e RE Re e VA e & S rufint PRI et MR gP Reatan £ pinethy
greater thgn 80% by ma g agg eq$ﬂ§téhgr igss than 96% by mass, nore
pr ef er abl §* PPt i€ Fange®of “&qual” t% Jreatés B¥HSbY HESE BhgtD

| t lLess than 92% b ss, and even nore 5 preferably in the
Fange of GUTANC & QTR GLEBE EE Welh b SRASS Akr daukl The GoTELE (4)
than 90% by nmass, based on the epoxy resin conpositijon for
sem condutt dFCEREHPSLEARPY, afy BRPtWe T Fitdip 6PAS 10t 1 eI Hap 1§ prponent

hygroscopicity, a decrease in the coefficient of |inear expansion,

and an enf@ngefent! SOMRPREREngERD 15OF hexambdiftr SfCT KeBr pBRaTRF i ered
l ess_than the lower |imt, reliability tends to decrease, and if the
amouRt of Y nléPpsratfanaky §reat drt € hanteRelaupperel i fist 2 Wbl Habilki gy 2

tends to decrease. [0036]
commercially marketed product. When this phenol-aralkyl

type epoxy resin having a phenylene skeleton is used, since
the distance between crosslinking points is extended, the
elastic modulus of the cured product can be decreased. The
20  amount of incorporation of the epoxy resin is preferably
adjusted to 10% by mass or greater, and more preferably 20%
by mass or greater, relative to the total amount of the epoxy
resins used, in order to exhibit the performance.
[C026]
25 R> to R' in the formula (5) are each selected from the
group consisting of a hydrogen atom; an alkyl group having

1 to 10 carbon atoms, such as a methyl group, an ethyl group,



15The hydrocar bon conpound having structures of forrmula (1) and
formula (2) of the conponent (D) that is used in the epoxy resin
conposition for sem conductor encapsul ation of the present invention
is incorporated into the epoxy resin comppsition for sem conductor
encapsul ation for an 20 enhancenent of nold releasability. Exanples

of such aahpdoesar wroapppaund:iti YLl gdeubi,near Unspkubatled; s pcarbem
conpounds such as 1-hexene, 2-hexene, 1, 3-hexadi ene, 1-octene,

2- oct ene, i 3obaitteile g rbup octradilane: y 1-gecepena?i gCenes 13 ¢etaiten atoms,
4-decene, 1, 3-decadi ene, 1-octacosene, 25 1-tri acontene,

1-hent ri agaBhens, al ot b RGOBERN , lad rét hbaAGORIANE, a propoxy group,
l-tetratriacontene, 1-pentatriacontene, 1- hexatrlacontene

1- te_tracoar_re@%uﬂoﬁgn@@bﬁ@qoewa@yl %%olg}d@ltaahr@@oaltte@q,o carbon atoms,
1-tritetracont ene tetratetracont ene pent acont ene

1-henpent aGeAt g8ex &h@% b@QﬁﬂSeﬂ§'tél§i'@§85%00%ke%ex lyl group; and
1- pent apent acont ene, hexacont ene;” and br anched unsaturated

hydrocar bons, sy¢has 50%;3”?15'{%' 4’6tEbaf@rE§Pl§on atomg, such as a benzyl
3, 4- dlnethyltrlacontene 1-tetracont ene, 8

8 L e e e, o, Pyl DL, 10,01 A v
i a6 LRGP PEOAUNe, AL LEOR SR cvve
T o AR dD BRI £ e
oAb AR ST B D e o
[rgr 2002;?%%}?%8%50&503%}1'1:' lgor{lgrgrg;ee%re%g:e , d :Jfoal':l é?{g?apqaw rll\l% 238000L
(manufactured by Nippon Kayaku Co., Ltd., trade name) 1is
available as a commercially markeied product. When this
phenol~aralkyl type epoxy resin having a biphenylene skeleton
15 is used, since the distance between crosslinking points is
extended, the elastic modulus cof the cured product can be
decreased. The amount of incorporation of the epoxy resin
is preferably adjusted to 10% by mass or greater, and mcre
preferably 20% bymass or greater, relative to the total amount
20 of the epoxy resins used, in order to exhibit the performance.
[0027]
The biphenyl type epoxy resin represented by the formula
(3), the phenol-aralkyl type epoxy resin having a phenylene
skeleton represented by the formula {4), and the
25 phenol-aralkyl type epoxy resin having a biphenylene skeleton

represented by the formula (5) may be respectively used singly

or in combination of two or more kinds. When two or more kinds



20 atons is particularly preferred. If the carbon nunber of the

1-al kene is greater than the upper |imt, there is a risk that the
adhesi veness to copper |ead franmes that have undergone oxi dati on nmay

be insufficient. 23 [0038] The migi ng proportion of the
conponent (D) used in the epoxy resin conposition for sem conduct or
encapsul agiren ugfed hien presbnnaitivent | thei sotetl par¢ustl afl yndodgedation
but the 5 m xing proportion is preferably equal to or greater than

0. 01 partsfbyhraseocand requiat s tios qrréEsgattian 201 ju paetist by>0assy aads or
nore preferably equal to or greater than 0.02 parts by nass and equal

to or | esgrehar0. @hdavtrs: by afsszbl ¢l B0 & ey ttr SIOQ partes hyr assl 9t i ve
the epoxy resin of the conponent (A). 10 When the m xi ng proportion

is equal to ahegreatel bhamritherf ovke kipdsty dessihbedisahove, an

effect of enhancing nold releasability is obtained. Wien the m xing
proporsti ongpgegqual to or less than the upper Iimt described above,
the risk of causing a decrease in adhesiveness or the like is 15

reduced. [0039]The mixﬂ;@ep@_o@cﬁ:@poﬂaéfi@Hga&o}nﬁ@rﬁe@ﬁﬂ ofs) Weileive to

hydr ocar bon conpound (E) having an ester group that is used in the

epoxy restPeCORRes Ta&r%ﬁt@h@%ﬂé%ﬁﬁ’é’ﬁﬂz%e%@%@%@&i 1190 Ofe 1820 resin
present invention, but exanples include a conpound obtai ned by

seni - est efbhyRd @& $OPSLY¥ MLl dhduakt kene nand 48] J'aﬁoﬂnf&gdreff’eebgy%ég'ent
T y on

an aliphatic al cohol; and a nontanic acid ester. ese hydrocar

compounds; pakina i e3t6pcOLOUR: S8y bejysed 2l ogky. Lo LD, of; DL,

ki nds nmay be used in conbination. 2 ydrocar bon conpou

havi Rg anpfé%%ﬁ:t%@ry& g’?v}aé"‘f@i:gﬁl?/f Egﬁta10ftodiot%p§;f§4£g%%h%gwgn§9}%ass

(D) in the epoxy resin or the-curing agen én use

combi nat | ogWE 2124 & Ne- COMBANGRL, { Bl 5t RS BEAIOCAL RN, GRIPOUNAL{ Hlys1

is effective an enhancernen he™ a i'Vé ‘Power "t 0 copper

f th i.dat i on, h f I

el easabi THEGL EpoBdoy 2eht S HR e AR Ct Ayt b (B ReSohhan
the 1-al kepg noner_that i sed jn the synthesis of the conpound

obt ai ned ggﬁsg%-ﬂ%ﬁ%Ti?§ikée;ﬁaﬁ&ﬁyﬁngf EF%&%IES%?%%&F%% e%@r

anhydride with a | ong-chain aliphatic alcghol, but exanples 10 ,
o e sk P B A e 2L S0, ¢ RE pA3ER Srerortion of
1-he€$ri contene, 1-dotrjacontene, 1-tritriacontene,

1-t etPat r T ACoRPEREN S pelft ht F FA8oATEnd © LHexbP F Racofeaiy of the epoxy

1-tetracontene, 1-hentetracontene, 1-dotetracontene,

1-tritet racdhlénes T8 d%eCraddftaner GLpBntABonPYRE, 1init described

above, the risk of causing a decrease in fluidity or the like
is reduced. When the mixing proportion of the component (A)
relative to the total amount of the epoxy resins is equal to
20 or less than the upper limit described above, the risk of
causing a decrease in the resistance to solder or the like
is reduced.
{0022]
As the curing agent (B) that is used in the epoxy resin
25 composition for semiceonductor encapsulation of the present
invention, any curing agent that is generally used in epoxy

resin compositions for semiconductor encapsulation can be



15 1- henpent acont ene, 1-dopentacontene, 1-tripentacontene,

1- pent apent acont ene, and 1- hexacontene; and branched 1-al kenes such

as 3-nethyl-1-triacontene, 3,4-dinethyltriacontene,
3-nethyl -1 -tetracontene, and 3, 4-di net hyhtetracontene. These may be
used singly, or two 20 or nore kinds may be used in conbination. The
carbon nuphed, ofpthRpleal kere-dmnonke1uged rigk ithe wyat hesksopt atibeed by
conpound obtai ned by sem -esterifying a copolyner of a 1-al kene and

mel ei ¢ anfytlidAg i Wt B rackongrtden 81 ali BRatic Alaahelad pegber abhesy 1,
to 60 fromthe viewoint of the adheSiveness to 25 copper |ead franes

that have duwler gane-gxidaid 0N 1, adh Ehg1car ban spwdes is, &nylphenol,
preferably 28 to 60 from the vi ewpoi nt of continuous noldability

(mol d rela%aﬁhihgﬁ%ren@li [904}hr naphtdbese sﬁirc?hgét)s P@LBE%%ﬁol

limtations on t ong-chai n aliphatic al coho is used in the

Y2 et oSl henarpayacohianed bicneReaien (11 Ae gy ganglul g

a 1-al kene a mal' el ¢ an nalip

al cohol , incl | r d [ t] t

ol conol s At Y aTRLES AR G 4 Bl efRLBFRBRITT Pl DR PSR E an
tridecyl _al.cohol ristyl alcohaol.,, pe yl _al cohol I

al cohol C%b %%e%?F éﬂg% bl}n§?8§f§ﬁpég%%ﬁ§ﬁ,nfﬁ“%%ﬁ%d%%%ﬁkﬁiégﬁ%l,
and ei cosyl_al cohol ; .and |inear or branched.al.i tic unsaturated

o Cohol 3 CARTL RePRuRdaD 1 SF ARk an ot DRSS RASar At L BERCE oI ahq? T e
2-nmet hyl - 1- pent enol .. These may_be used, si ngl r. two or re kinds
ey be uSS AC SORB Nt Oh. PARBRG St HESY 08 PRI Sondhavi ng 10
to 25 carpon atons 15 is preferred fromithe viewqoint, of the nold

ol obde ot SRRy B EE S S | phabiic G5 b GrSae DonoP LRAGIG. 15 Hisoe
20 carbon atons is nore preferred fromthe viegﬁgint of conti nuous,

nol dabi | M3Y B¢ PRECCE YunBEr 61° tHe TPBRE- 4 aFRPhEE @28 <ohdl
used in the synthesis of a conpound obtained 20 by sem -esterifying a
copol ynec##P¥ataPRene and mal ei ¢ anhydride with a | ong-chain
aliphatic alcohol is less than the lower limt, continuous

mol dabi | itGP{Pkl easability) is deteriorated, and if the carbon nunber
is greater than the upper limt, the adhesiveness to copper |ead
franes that ha®&2B) upldengokd aikidlaei B ewe etk @aséd f JWiohDt v TRade Low

are no particular limtations on the copolymer of 26 a 1-al kene and
mal el & afyaeedecnsed i tchehsymhesirg ldfyt esin having a biphenylene

skeleton represented by formula (6} is preferred:

OH R15 RS g9 R20 OH RS R16 R19 R% O
\\ A S
b ! e u
[:i;] u\4*% I 2 ©
Z 14 Q14 14
17 =18 21 =22 R 18 21 22

- -n

wherein R to R?%?

each represents & hydrogen atom, or a
substituted or unsubstituted hydrocarbon group having 1 to
20 10 carbon atoms, while R'?s to R?’s may be all identical with
or different from each other; and n represents an integer from
0 to 10.
[0031]

R to R%? in the formula (6) may be all identical with



conponent (E) of the present invention, but exanples include a
conpound represented by fornmula (7) and a conpound represented by
formula (8). Commercially nmarketed products 5 that are avail abl e
i ncl ude DI ACARNA (registered trademark) 30 (nmanufactured by

M t subi shi Chem cal Corp., trade nane), which uses 1-octacosene,

1-triaconbengi £ el cl-Pent acoahane;* tohefacon enecrnskideted
| i ke as raw nateri al s. ( CH-CHCH CH kIl (7)
from the group consisting ¢f a hydrogen atom, and a substituted
or unsubstituted hydrocarbon group having 1 to 10 carbon atoms,
such as an alkyl group having 1 to 10 carbon atoms, such as
5 amethyl group, an ethyl group, a propyl group, a butyl group,
an 1lsopropyl group or an iscbutyl group; an alkoxyl group
having 1 to 10 carbon atoms, such as a methoxy group, an ethoxy
group, a propoxy group or a butoxXy group; an aryl group having
& to 10 carben atoms, such as a phenyl group, a tolyl group
10 or a zylyl group; and an aralkyl group having 6 to 10 carbon
atoms, such as a benzyl group or a phenethyl group. However,
among these, a hydrogen atom and a methyl group are preferred.
The phenol-aralkyl resin having a biphenylene skeleton
represented by the formula (6) may be, for example, a compound
15 in which all of R' to R*? are hydrogen atoms, and among others,
from the viewpoint of melt viscosity, amixture of condensates
containing an n=0 component at a proportion of 50% by mass
or mere is preferred. As such a compound, MEH-7851SS
(manufactured by Meiwa Chemical Co., Ltd., trade name) 1is
20 available as a commercially marketed product. When this
phencol-aralkyl resin having a biphenylene skeleton is used,
the amount of incorporation of the phenocl-aralkyl resin is
preferably adjusted to 50% by mass or greater, and more
preferably 70% by mass or greater, relative to the total amount
25 of the curing agent used, in order to exhibit the performance.
[0032]

The mixing proportion of the curing agent (B) used in
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the epoxy resin composition for semiconductor encapsulation
of the present invention is not particularly limited, but the
mixing proportion is preferably equal to or greater than 0.5%
by mass and equal to or less than 12% by mass, and more
preferably equal to or greater than 1% by mass and egual to
or less than 9% by mass, relative to the total amocunt of the
epoxy resin composition for semiconductor encapsulation.
When the mixing proportion of the curing agent (B) is equal
to or greater than the lower limit described above, The risk
of causing a decrease in fluidity or the 1like is reduced. When
the mixing proportion of the curing agent (B) is equal tc or
lower than the upper 1limit described above, the risk of causing
a decrease in the resistance to solder or the like is reduced.
[0033]

The equivalent ratio of the epoxy resin of the component
(A) and the curing agent of the component (B), that is, the
ratic of the number of epoxy groups in the epoxy resin (A)/the
number of hydroxyl groups in the curing agent (B), is not
particularly limited. However, in order to suppress the
respective unreacted fractions of the components to a low
level, the equivalent ratio is preferably set to the range
of 0.5 to 2, and more preferably set to the range of 0.6 to
1.5. Furthermore, in order to obtain an epoxy resin
composition for semiconductor encapsulation having excellent
moldability and excellent resistance to reflow, the
equivalent ratio is even more preferably set to the range of

0.8 to 1.2.



(8) 10-

[ 0043] Rin the forrmulae (7) and (8)

represents an aliphatic hydrocarbon group having 3 to 58 carbon

at ons,

and n represents an integer of 1 or greater. mrepresents the

copol yneri zation 15 ratio of the 1-al keng, and nal ei ¢ anhydride and is
not particularly limted. However, when X noles of the 1-alkene and Y
nol es of pabeisg anhydri de are used, the ratio XY, that is, m is
preferably 1/2 to 10/1, and the ratio is nore preferably

approxi mately Ifde Whbekars @lfDsleedbfRrdlal (C) that is used in the
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epoxy resin composition for semiconductor encapsulation of
the present invention is incorporated into the epoxy resin
composition for semiconductor encapsulation for a reduction
of hygroscopicity, a decrease in the coefficient of linear
expansion, an enhancement of thermal conductivity, and an
enhancement of strength. Examples of this inorganic fillex
material include powders such as fused silica, crystalline
gsilica, alumina, calcium silicate, calcium carbonate,
potassium titanate, silicon carbide, silicon nitride,
aluminum nitride, boron nitride, beryllia, zirconia, zircon,
forsterite, steatite, spinel, mullite, and titania; beads
obtained by spheroidizing these powders; and glass fiber.
Furthermore, examples of inorganic filler materials having
a flame retardant effect include aluminum hydroxide,
magnesium hydroxide, zinc borate, and zinc molybdate. These
inorganic filler materials may be used singly, or two or more
kinds may be used in combination. Among the inorganic filler
materials described above, fused silica is preferred from the
viewpoint of decreasing the coefficient of linear expansion,
and alumina is preferred from the viewpoint of high thermal
conductivity. The shape of the filler material is preferably
spherical in view of fluidity at the time of molding and mold
abrasiveness.

[0035]

The amount of incorporation of the inorganic filler



27 [0044] There are no particular limtations on the nethod
for producing a copolyner of a 1-al kene and nal ei ¢ anhydri de, and any
general copol ynerization nethod of allowng raw materials 5 to react
can be used. In the reaction, an organig;solvent capable of

di ssolving a 1-al kene and nal ei c anhydrlée may be used. The organic

sol vent ings @tiBAr tE¢Ul ard Ye k& Phbed, iﬁ%hé%é‘ﬁ?@ b8 qefertedr and Ay
aromati c sol vent, an ether-based sol vent, a hal ogen-based sol vent or

the like 03 at 69 B Ma8d. LG Thed€a 0N {LSOPELRLHT 86BBY WA s, more
depending on the type of the organic solvent used, but fromthe

vi ewpoi ntes- of o LSRG Vid yt@@drgaggugtﬂ ddya1tps beachl Oft LEMPRLAL WS by
is preferably set to 50C to 200C, and nore preferably set to 100C to
copol yIor ey Do oSta red °bat o e ui Sanoirt 57 ot odacy v ey, floxe
t he react] | LS . e ur tao.3 0 I o
prefe?ablfagf%%%?%&f8Hg§hﬁ%3$é¥g§ngﬂig% %%réopgéfg?%ﬁ¥§gﬁ Egﬁﬁs%ﬁf by
10 hours. er_co ion of ;the reactipon .if nhecessar unr eact ed
corrponentmsé,ag% haencgor%&e% ta(pnc?rrz(}et%se H%?akne 9gj;3’n b_ﬁ’e_mrae“e’rrsn’vecf1 éyd hoe%tecl neg cpoxy
under reduced pressure.aqr t conditions are.prefera

i ke.. The set
1o tenpdr o BReSIPOR00a A B0 ThhaCERE oot 5 1366y T8t the
pressure of 13.3 x 103 Pa.aqr.l.ess, and nore preferably 8 x 103Pa or
ecs: ‘and X TR AR5F & BORGAPS i o THEUF 85 CParHE. hors (o9 §R5 EHEh the
reaction, a radical pol rization initjator such as
azobi si SSERLTORLERT &4 A BRG 26r SHEYH O Per GRIHET BPE) 2REFTHN0 BE
addef as necessary. _28 %PO4§%% There are nqg particul ar
limitGti SIS ORIthe mEhddorPRREREF Pfi AG P EOPERTHER ofS al @58l kbs& the
and mal ei.c anhydride with a | ong-chain_aliphatic al cohol, and any
general tHEUHHT quen 5t of Febibp Bttty HFR TOPE PRET DS an il dite amount
reaction with the al cohol may be used. The reaction nolar ratio of
t he copoldfmefcoirrenahiiReneS fhee ABPE EhaRhyhei werandl inétal Behepbislity
not particularly limted and can be arbitrarily set. However, when
this readtdohs nbPafecatdas$s adj usted, the 10 degree of
hydrophilicity can be controlled. Therefore, it is preferable to
appropri dtd36ket the reaction nolar ratio in accordance with the
i ntended epoxy resin conposition for encapsulation. In the reaction,
an okgani ¢ sol Vérst hyhdehchasboapainp @indi ksulivingtar Usalirkene faddrnula
mal ei ¢ anhydride may al so 15 be used. There are no particul ar
limtatidis amd hieoomgani ¢ 23obventhe outmpoheehe (D3 phefieriredisexhdimnthe
aromati c solvent, an ether-based solvent, a hal ogen-based sol vent, or
the |i ke sgarxal seshe wsethodheioveacirors dreipenduerte meynvapgulation of
depending on the type of the organic solvent used, but fromthe 20
Vi ewpoi nttheofpreaehicviitnw eandi productinddypot Aeededeiti ®nt henpebatyuree sin
is preferably set to 50C to 200C, and nore preferably 100C to 150C
The reactddupds freibos Mair pashievnald ytdt mehedpmasil H#ngoas fa € apol yner
may be obtained, but fromthe viewpoint of productivity, the reaction

tinezos 2nHuetemnably Pinmd 0dlrkawWad H 301 hQuUr s £l Pseber ablah 2
hours to 15 hours, and even nore preferably 4 hours to 10 hours.

After completd@arBbnt BeniRAGId OhclhidBetessany undH©ashedd BYdrocarbon
compounds such as l-hexene, 2Z2-hexene, 1,3-hexadiene,
l-octene, Z-octene, 3-octene, 1,3-cctadiene, l-decene,
2-decene, 3-decene, 4-decene, 1,3-decadiene, l-octacosene,

25 i-triacontene, l-hentriacontene, l-dotriacontene,

l-tritriacontene, l1-tetratriacontene, l-pentatriacontene,

l-hexatriacontene, l-tetracontene, l-hentetracontene,



conponents, the solvent and the |i ke can be renoved by heating under
reduced pressure or the like. The conditions are preferably set to a
tenperature of 100C to 220C, and nore preferably 120C to 180C, a
pressure of 13.3 x 103 Pa or less, 5 andynore preferably 8 x 103 Pa
or less, and a tinme of 0.5 hours to 10 hours. Furthernore, in the

reaction, -deaetheBngatrad ysi -+ sHek 3% &hn 8EhRG- hasesk £at akysic sutdne,
as triethylam ne or N, N-di net hyl am nopyridine; or an acid catal yst

such as sulfdii£c86d @, PRrRehpkuenesit{ OREC acidhpdfr HBYnlese be
added as nécessary. [0046] Exanpl es of the conpound obtai ned by

esterifying a cOROLYERI Qe a 1 pahckengadonakaiet ankydrigexebhAtane ;
| ong-chain aliphatic alcohol, include a diester represented by the 15

fol'l ow ng forml a-fak AndLLiurgndaa W&eggb%@t@aﬁmagne or more
sel ected from nonoest ers represented by fornulae (c) to (f) as

repeati ng _unit:s., These.. f1 tai -ester
rip{g%en%e§&%§%¥%rEuﬁgi%b; O?Qg%jhg%égg%%ﬁg%hggﬁﬁgﬁﬂﬁ?n?%geﬁain chain
skel et on cqont.ai n 1 0 f t f )i I

ki nds of %]e‘ta*l‘oy %f%‘ ?tﬁ@%gﬁ%%gnngés%ﬁ%dn,g ié\ g““%“(é%% %ﬁ?g\gﬁicg’rﬂtr%@i n
a bl ock for or_(3) any _one kind or t r i_n 0 t f
and (9g), Tane eorm‘il )%Jlen ué{t‘;ercgns orﬁgggéhiog\rq%"?gn ggrﬁaélea%%’fnaés f@%\y %F( iuhsed
a block form _ Such_canpounds may be used singly, or two or 25 nore

ki nds may "be"UB ﬁnF%lggﬁbination. Furthernore, the main chain

skel eton may al so contain (4) a conpound containing (g) and (h) in a
random fashi gn, in a regular\fashion, or in a 30 block form and/or
(5) a conpoynd OS%QB f one of (g) or (h). The esterification
rati o of Gﬁ%ggpﬂ‘ Fﬂ' y esterifying a(cF@plyner of a

1- al kene andy mal ei C anhydridg with a | ong-chai ntaliphatic al cohol, is
preferably adjusted 5 to 20 | % or higher fromthe viewoints of
nol d rel easability and adhesi veness. The conpound obt ai ned by
esterifying copolynmer of a\l -al kene and mal eic anhydride with a

| ong-chain gl i ti_C ﬂ:f ol is preferably a co d containing an
one kind or mﬁfgﬂ-nnw E?n s of the nnnoesterszﬁégfesented by %0 t%e
formulae (c)\to (f) in an anpunt of 20% by nole or nore in total, and
norelpreferably in an anmount of 30% by nole or nore.

[0037]

Among the unsaturated hydrocarbons described above, an
alkene is preferred from the viewpoints of preservability and
chemical stability, and from the viewpoint that voids do not

15 easily occur in molded articles, an alkene having 10 or more
carbon atoms is more preferred. From the viewpoint of mold
releasability, & l-alkene having 10 or more carbon atoms is
even more preferred, a 1-alkene having 28 or more carbon atoms
is still more preferred, and a 1-alkene having 28 to 60 carbon

20 atoms is particularly preferred. If the carbon number of the
l-alkene is greater than the upper limit, there is a risk that
the adhesiveness to copper lead frames that have undergone

oxidation may be insufficient.
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[0038]

The mixing proportion of the component (D) used in the
epoXy resin composition for semiconductor encapsulation of
the present invention is not particularly limited, but the
mixing proportion is preferably equal to or greater than 0.01
parts by mass and equal to or less than 0.1 parts by mass,
and more preferably equal to or greater than 0.02 parts by
mass and egqual to or less than 0.04 parts by mass, relative
to 100 parts by mass of the epoxy resin of the component (A).
When the mixing proportion is equal to or greater than the
lower limit described above, an effect of enhancing mold
releasability is obtained. When the mixing proportion is
equal to or less than the upper limit described above, the
risk of causing a decrease in adhesiveness or the like 1is
reduced.

[0039]

There are no particular limitations on the hydrocarboen
compound {(E) having an ester group that is used in the epoxy
resin composition for semiconductor encapsulation of the
present invention, but examples include a compound obtained
by semi-esterifying a copeclymer of a l-alkene and maleic
anhydride with an aliphatic alcohol; and a montanic acid ester.
These hydrocarbon compounds having an ester group may be used
singly, or two or more kinds may be used in combination. The
hydrocarbon compound (E) having an ester grcup has a high
effect of dispersing the component (D) in the epoxy resin (A)

or the curing agent (B), and when used in combination with
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the component (D), the hydrocarbon compound (E) is effective
for an enhancement of the adhesive power to copper lead frames
that have undergone oxidation, or an enhancement of mold
releasability.

[0040]

There are no particular limitations on the l-alkene
monomer that is used in the synthesis of the compound cbtained
by semi-esterifying a copolymer of a l-alkene and maleic
anhydride with a long-chain aliphatic alcohol, but examples
include linear l-alkenes such as l-octacesene, l-triacontene,
l~-hentriacontene, l-dotriacontene, l-tritriacontene,
l-tetratriacontene, l-pentatriacontene, l-hexatriacontene,
l-tetracontene, l-hentetracontene, l-dotetracontene,
l-tritetracontene, l-tetratetracontene, l-pentacontene,
l-henpentacontene, l-dopentacontene, l-tripentacontene,
l-pentapentacontene, and l-hexacontene; and branched
l-alkenes such as 3-methyi-l-triacontene,
3,4-dimethyltriacontene, 3-methyl-l-tfetracontene, and
3,4~dimethyltetracontene. These may be used singly, or two
or more kinds may be used in combination. The carbon number
of the l-alkene monomer used in the synthesis of the compound
obtained by semi-esterifying a copolymer of a l-alkene and
maleic anhydride with a long-chain aliphatic alcohol is
preferably 5 to 60 from the viewpoint of the adhesiveness to
copper lead frames that have undergone oxidatiocon, and the
carbon number is more preferably 28 to 60 from the viewpoint

of continuous moldability (mold releasability).
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[0041]

There are no particular limitations on the long-chain
aliphatic alcohol that is used in the synthesis of the compound
cbtained by semi-esterifying a copolymer of a l-alkene and
maleic anhydride with a long-chain aliphatic alcohol, but
examples include linear or branched aliphatic saturated
alcohols such as decyl alcohol, undecyl alcohol, lauryl
alcohol, tridecyl alcohol, myristyl alcohol, pentadecyl
alcohol, cetyl alcohol, heptadecyl alcohol, stearyl alcohol,
nonadecyl alcoheol, and eicosyl alcohol; and linear or branched
aliphatic unsaturated alcohols such as hexenol, 2-hexen-1-o0l,
l-hexen-3-0l, pentenocl, and 2-methyl-l-pentenol. These may
be used singly, or two or more kinds may be used in combination.
Among these, a linear alcohol having 10 to 25 carbon atoms
is preferred from the viewpoint of the mold release load, and
a linear aliphatic saturated alcohol having 15 to 20 carbon
atoms is more preferred from the viewpoint of continuous
moldability. If the carbon number of the lcng-chain
aliphatic alcohol used in the synthesis of a compound obtained
by semi-esterifying a copolymer of a l-alkene and maleic
anhydride with a long-chain aliphatic alcohol is less than
the lower limit, continuous moldability (releasability) is
deteriorated, and i1if the carbon number is greater than the
upper limit, the adhesiveness to copper lead frames that have
undergone cxidation is decreased.

{0042]

There are no particular limitations on the copolymer of



[ 0047] Rl in the fornulae (a) to (h) represents an aliphatic
hydr ocar bon group having 3 to 58 carbon atons; R2 represents a

hydr ocar bon group having 10 to 25 carbon atons; mrepresents 5 the
copol yneri zation nolar ratio XY of the jlgal kene (X) and nal eic
anhydride (Y), and mis preferably 1/2 to 10/1, and nore preferably
appr oxi mas €l yalkdnd Q@4BIhalinei dUEydaY ekage dwlieculhar sweighes ok bheche
conmpound 10 obtained by esterifying a copolymer of a 1-al kene and

nal ei ¢ anbyfpose M ik )a JORGrLRaids ol ¢ phadb st abeohehic bkxa¥les include
particularly limted as long as there are one or nore repeating

units. A bakange i wesprthe adheshyergss iy coppernkead JoRpBantihat
have undergone oxidation and nold releasability 15 can be realized in
any ol ecil g Weight 4 negi an-when w@.coea%kr&%waﬁgdma@k%%a @lcts
wi th the conponent (D), but preferably, the nunber average nvol ecul ar
wei ghts i s¢,00Q ,t0 01,1 £0Q T t. of,. A ti

t he conpoun% obfmlig%ﬁg es%erﬁ%&éﬁ%2§%%g§?§ﬁé3%%gggﬁgg%%eggégg ark)
mal ei ¢ ankydr i it - ' l.i phat i o). .S no

part 1 cur oty PRt ale Bt SR R BB N e SRR kB Moy
equal to .greater_tha . rts by s and equal .to ar_ | han

25 10 parv?}glgg/l ?rlés’sessﬁ gn crr%r(szg%gerne?’er%b%ﬁgfﬁoaqt?%gbr 1g(r%éea ‘%ar(?%ﬁg%n%’
part by nmpss_and equal to or. less than 5 parts by .nass, relative to

100 par t L BYRESS 01 "The” ehoR§ FESTH DI (HIS T Gomboreht: CAF2 13- 17k -
anount of ingerporation is less than the lower l4mt, nold

releasability tends to decrease, and if the anoupt of incorporation

is greater t he upper | \mt, the adhesivenesg to copper |ead

frames that g 51 oxi datggny t sjto e insufficient.
aﬁda QHE mntm'él-é' ste

[ 0050] I ncl ude nont an
acid ester , and parti al saponificatéon products of nnntanicf:7)
/ith regar

acid ester to t nontg@ni ¢ acild 10 ester, nontanic

acid esterificat'oﬁzproduct nntakggdrbxx j ectilng nontanic acid and
di ol compoungls such as et hyl ene g)yco yl nqqglycol, or trio

g)and
conpounds su as glycerin, to a dehydrati on-condensati on reacti on;
m xtures of the nontanic acid esterification products and cal ci um

—1—CH»-CH CH-CH——
| | (1: (8)
R /m N

I 0/ \0/ \0

[0043]

10

R in the formulae (7} and (8) represents an aliphatic
hydrocarbon group having 3 to 58 carbon atoms, and n represents
an integer of 1 or greater. mrepresents the copolymerization

i5 ratio of the l-alkene and maleic anhydride and is not
particularly limited. However, when X moles of the I-alkene
and Y moles of maleic anhydride are used, the ratio X/Y, that
is, m, is preferably 1/2 to 10/1, and the ratic is more

preferably approximately 1/1, which is almost eguimolar.



15 saponification products thereof; and the |ike are commercially
available in an industrial scale. Anong these, fromthe viewpoint of
t he adhesi veness to copper oxide, ethylene glycol dinontanic acid
ester and glycerin trinontanic acid estgr, are preferred. As for these
conpounds, 20 LI COMX (registered trademark) E and LI COLUB
(registergghtrademark) WE4 (all nanufactured by O ariant

I nternational AG trade nanes) are avail able as commerci al products.

[0051] The tot alh&p@usteOhol BGRMRQN AL 4 PN Oh ik COMPOHENE neDhe? N dror
t he conponent (E) in the epoxy resin conposition for

sem Cond%&&aéﬁlﬁ%%%@ﬁ!ﬂ??m%fr bheapr eseRk nidNY BRL 1 QA oIS Q‘ﬁfhydrides, and

particularly |imted, but the total anpbunt of incorporation” 33

equal to of, grealer;t Pyrﬁeraertascbjlqyn 889 £948l5 110, &1 4 PRS tdh1 5

10 parts by mass, an re"preferably equal to or greater than I part

by mags and PQH?'tt 2 0N, d %éehha”gﬁogﬁ%}%é’é’cﬁé% ra?rlA?f%{%n%%ejs%QVent

parts by mass of the epoxy resin € conponent

anpunt qu%é]%B{ng%gt%ggaioivli s(%at gﬁ—%]ﬁ?g?%og\ﬁé rlnél?]e%]:c g?llh dride.may be

rel easabi ecrea e anoun rncarporation
is greater_than th r..limt, the adhesiveness to, copper .|l ead
franestﬁ%ﬁé%avéfgﬁdggggﬁécbﬁ?ﬁﬁ%%ﬁ %gnagttgaﬁéﬁ§%ﬁﬁ¥?§i%ﬁpy%ed’ but
10[ 0052] The m xi ratio_of, the co nent (D) and_t he
component- VSRS F aHt HEF s taafg 38R TR S fos RIGEAE fof " Sther—based
i ncorporation of the conponent (D) is |arger an.the range, descri bed
bbove. 1 DERBbnen e d Ty RDeB ARt SRr T St § o SpasaP R hE JepeiPd -
15 riﬁin %gnposition, cont am nati on of the gacka e surface ig
wor sefed, T Hndt £ AE tadhedi FEPRES CES S diperY $ B4dARP 1Hhafhhfe type of
under gone oxi dation tends to decrease. |f the anount of incorporation
of the cdifonheapPpF iCeeRtt HER PP angéodeddts begcpovaIts of
continuous noldability tends to 20 deteriorate. [0053] The ,
epoxy rediFPebhPosivt iF0H fBF OdBfitdonduct of Rendasstl BPof eBP et ure is
present invention may further contain a curing accelerator. Any
curing adtet epaebl vt B&T it I Yenerak P “Gsednich mpoxyr¥edpgably set to
conposition for sem conductor encapsul ati on can be used w t hout
particul ar00 T Git@iPENS - bth @ x@mstelor Hamenfl S neltusler Ejcludati iy demited
conpounds such as

15 as long as a copolymer may be obtained, but from the viewpoint

of productivity, the reaction time is preferably set to 1 hour
to 30 hours, more preferably 2 hours to 15 hcurs, and even
more preferablily 4 nours to 10 hours. After completicon of the
reaction, if necessary, unreacted components, the solvent and
20 the like can be removed by heating under reduced pressure or
the like. The conditions are preferably set to a temperature
of 100°C to 220°C, and more preferably 120°C to 180°C, a
pressure of 13.3 x 10° Pa or less, and more preferably 8 x
1O3Pa<n:less,andxatimecﬁfO.Shourstx>thours. Furthermore,
25 in the reaction, a radical polymerization initiator such as
azobisisobutyronitrile (AIBN) or benzoyl peroxide (BPO) may

also be added as necessary.



34 1, 8-di azabi cycl o(5, 4, 0) undecene-7, 1,5-di azabi cycl o(4, 3, 0)nonene,
and 5, 6-di butyl am no-1, 8-di azabi cycl o(5, 4, 0) undecene-7; tertiary

am ne conpounds and derivatives thereof, such as 5

benzyl di met hyl am ne, triethanol am ne, dgﬁythylaninoethanol, and

tris(di met hyl am nonet hyl ) phenol ; i m dazol e conpounds and derivatives

t hereof, suohsgs 2-nethylimdazole, 2-phenylimdazole, and

2- phenyl - 4- et hyl i m dazol e; organi ¢ phosphi nes such as

tributyl phosphifige r 0 srRt hyd dbphenyhnhosphi Ret atchiiphenyh PhasPhidigiod of
tris(4-net hyl phenyl ) phosphi ne, di phenyl phosphi ne, and

phenyl phosphine;r OORNOPREEBAQLILS, GOAPRUNS | KSUGEN A% CRAPRURAS: 11aVE PYde
i ntranol ecul ar pol arization obtained by addi ng qui none conpounds ‘such

as 1, 4-bepzogui RORR) - I9a 2n et Oh QY RO ggﬁgm‘i',néﬁgtmléier}%@al technique

2, 3-di net hyl benzoqui none, 2, 6-di net hy oqui none,

2, 3-diznet hexy- = =1, -Qﬁﬂ}gﬂ i non C :
2,3-anetﬁgx%?§?§?%g%%%éﬁﬁ%on ) agﬁgghgﬁy??léﬂ§6g%fghﬁfﬁgﬁ%%ogrwlth the
conpounds Pé%&%@i 'r&arPgoﬁ'qus%‘éC.h 49 as Qéé?@%%o'md%aﬁ' #RO&NOl, .1 p e
blsphenol%, and phenolTcC resins, to those organi ¢ phosphines; an

tet rapheng%gﬁl’lg’ & %nrd ad?Lr-ia q{]eiﬁ/ees ﬁcﬁ‘erae%icsé.'ﬁﬁ @Y ide and the alcohol
t et rapheny osphoni'um et rap enyﬁ%ora €, Y

andt ri phenyl phosphi net et raphenyl borat e. _These be used singly, or
fWo or "ors RPRGE T £el Aedy SE i hE e Bt Y ang g nat Ly’ se.

or ganophosphorus conpounds .are preferred fromthe, viewoint o

oL dabr | Eo S b B oS En a2 S BARGIES o b faree AbSRhefes the
and i none 35 canpounds are .nore preferred, while

tri phdny| DREEFRI Re: TR SBAGGCS I L SRET APy Codopht hes -sulfegefore, it
tri phenyl phosphi_ne, tris(4-nethyl phenyl)phosphi ne and | ,
tris(4-methoR Bﬁ@ﬁﬁ%%&s‘btﬁ%rapgﬁa&tﬁﬁ%n%e%o‘h%%uﬁﬁécé;&&? gofsar ratio
p- benzoquj none and 1, 4- napht hoqui none, are even nore preferred.

[ 0054] 1n ac§RE d@MsifmtY ofh i hedr pBESNICET FPYRe EBFiRgCaFRI et or for
is not particularly [imted as long as it is an anmount capable 10 of
achi evi ngFRACRBEVAG ekl er Bt i hiye ef $eBE 1 oBut athergmdunt flvent which is
incorporation is preferably equal to or greater than 0.1 parts by

mass and @¥pableccérdiesslvhAaw a0l patksnsyandsszlang amhedpriciemnall ylso
equal to or greater than 1 part by mass and equal to or |less than 5
part $5by passsedel alhege 6 rEO0 ey hyu hassl iBish timm epoxythestnganic
(A). If the amount of incorporation is less than the lower limt,
short - ti ngo&vealyi,| itut ttendsene det priedratesd amndfanheramaunic gfolvent,
incorporation is greater than the upper limt, there is a tendency

t hat the zwréhigerabeses sefesttt hathatogay-beshd faclvénte obtahr like
satisfactory 20 nolded articles due to non-filling or the I|ike.

[ 0055] can also be used. The reaction temperature may vary depending

on the type of the organic solvent used, but from the

20 viewpoints of reactivity and preductivity, the reaction
temperature is preferably set to 50°C to 200°C, and more
preferably 100°C to 150°C. The reacticn time is not
particularly limited as long as a copolymer may be obtained,
but from the viewpoint of productivity, the reaction time is

25 preferably set to 1 hour to 30 hours, more preferably 2 hours
to 15 hours, and even more preferably 4 hours tc 10 hours.

After completion of the reacticn, if necessary, unreacted



In the epoxy resin conposition for sem conductor encapsul ation of the
present invention, a siloxane addition polynmer can be added for the
pur pose of obtaining an epoxy 25 resin conposition having
satisfactory resistance to solder stress,gand satisfactory fluidity.
There are no particular limtations on the siloxane addition pol yner,

and any gdémpeneentd onald ¥okRawm: PRy MBES1¢aR BEnUSe€dedde iUy heating
exanple, a nodified silicone oil in which sone of the nethyl

substit ueghgeof rdiqEidy! prbexane ase sHbshitiy ed Wd hesHBstiteNt sre
such as an al kyl group, an epoxy group, a carboxyl 5 group, and an

ani No gr oYpe rERM NG, Uaad. £ 0956¢nperat ubhe ot | oxgne addbbiper: PQlYBIore
nodi fi cation products can be used singly or as m xtures of two or

nmore kin re@@@a(baﬂ/ he cused 03-&8@"@,09%{“599119% 8‘:3”%!3 . B0k Qro@Fﬁa&f-‘rless ,
than 0.1% by 10 mass and equal to or less than 2% by mass relative to

the tatal aﬁ&%ﬁe&%ré?@rgﬁgg gl £54 %’TBFES!LE'SQQ ahb LNne; aaoynty of 1oy ps

i ncorporation 1s eater th the upper Timt, 'surface contam nation

: , d i i sk.-th i | eed
is pronelﬁgt P6C o AN UL EnLEmB Jd SK 4 @&Erg%'a% gﬁ,tggxlegac;agl h

| onger. e anmount of i'ncorporati‘on is €ss n

i Spei si D11 {2 V5F LR 01 8oy GEN Ry Por e bERFesbEt [0b57] in.
bresent | ERE ISR ST B on e NEETGEr ARy Tares Yo AG0Bd Frorthac it
Storage CHAFALTAL: SPTgs20r > BLRTOOHIGE S oo BAGA o SULRTES NG O TerLd
are iﬁtparticu ar k%gk%%é%gns on the ani on exchanger, and any

converiti dW&Y 1 §+38 off SeXcHanyeFE¥can be used. However,

exanpl es #&@%ﬁif i ncl ude hydrotal cite, and hydrous oxi des of el enents
sel ected nti nony, bisnuth, zirconium titanium tin, 37

magnesi um and al um num and these can be used sin%l¥)or in
Examples of the compound obtaine y esterifying a

copeclymer of a 1-alkene and maleic anhydride with a long-chain
aliphatic alcohol, include a diester represented by the
15 following formula {(a) or (b), and a compound containing one
or more selected from monoesters represented by formulae {(c)
to (f) as repeating units. These compounds may further
contain a non-ester represented by formula (g) or (h). As
such a compound, the main chain skeleton contains (1} any one
20 of (a) to (f); (2) any two or more kinds of (a) to (f) in a
random fashion, in a regular fashion, or in a block form; or
(3) any one kind or two or more kinds of (a) te (f) and (g),
and/or (h) in a random fashion, in a regular fashion, or in
a block form. Such compounds may be used singly, or two or
25 more kinds may be used in combination. Furthermore, the main
chain skeleton may also contain (4) a compound containiﬁg {qg)

and (h) in a random fashion, in a regular fashion, or in a



conbi nation of two or nore kinds. Anong them a hydrotalcite
represented by the followng formula (9) and bi snmuth hydrous oxide
are preferred. 5My 1-)Alk ( OH) 2 (CAB) X/ 2 nH20(9) wherein in the
formula (9), 0 < X0.5; and mrepresents 3 positive integer. [0058]
The amount of incorporation of the anion exchanger is 10 not

particul aplycld Fotred asdong 8s)id ¢Smpbuarbednpddd cbeMn{ weapdar eg)
ionic inpurities such as hal ogen ions, but the anmount of

i ncor por abEonhi)S Prreferablyr equal tioor - 4 €8t ef than GodpBahlsS Mtained
mass and equal to or less than 30 parts by nmass, nore preferably

equal 10 Y &5 eaker yihan 2lcBabl ik SRS 2and 1% ceaual d aaqreﬂ@%%ﬁmlde
10 parts by nass, and even nore preferably equal to or greater than

parts by gass angoagu@hélon %rligﬁéttlréa@)l%o%i SePéé r%f’t%ferfa%ll%t A%y &é)ted

100 parts by nass of the epoxy resin

i ncor por at o5y i}, 1L$S Btﬂg'ﬂetrh@ Ve, ol Y%Rgﬁye}xstesg%@ #{Bgdoi‘e'l%%' %bnfllty

inpurities tends to be 2 |nsu |C|ent t he anopunt

i ncorporatjgn, lfd?ler z%ﬁésghani‘k?f & (SUIllhnbED’t d’hie&?hﬂ)i @%telrlfylng a

S|gn|f|cant di ence in the'e as co are

amount of . 89&9@52F5qg&ﬁﬂﬁkéggr%ﬁ9 c:éh gSP?HE g lopghain

dlsadvantag e epox | conp05| % or

agents b CHER e SAFLUS. 48 RKE EhAs m'c%éﬁ%@é‘gpoﬁi‘%?v%ﬁépaw
Vi ny i | ahetot PEaR i thaBa EoMBOTS T of B RANCEH: S 2ot CRRGSented By
or dop 1o Ther DASEUIRE ahbet Sohbos  BoPRBMAE: B6i A0 CoRBORGHRE 4 moze
| ncl ude. SFT 2R bapP PG g EE SUCRBRY Ay i FBCREH "”%%Qe“ﬁsmole or

vinyl tris(p-nethoxyet hoxy)sil ane,
y- met hacr’§? dXypr opyl t ri net hoxysi | ane, 10
p- (3, 4- epoxycycl ohexyl ) et hyl t ri_net hoxysi | ane,

y gl yci doxylpr/opyl t r\ nmet hoxysi | anhe,
1 i lane, —rCH,-CH CH—CHmwm~

y-egC|d
vinyltria etoqul an
y- ner capt opf ogy1 t ri fmt xy \tﬁn , {8) % (b)

y- mer capt opf opyl tri et h 8./S|F{2ane
y-am nopr o Inethyldlnethoxysil

y-ani | i noprepyl tri met hoxysi

y-anilinoprjo yI h Idlnethoxys | ane,

N- P- (ami nog rnn i met hoxysi 2CH CH CH"“—

y- (p-am noef hy oanl opr py i met ho thyl>|lane

N-(trimet hoxystlyl pt® \&e Prygie edl)(égf (d)

nY- anlnopr)pyltrlnetho b@ne n
ne, y- anlnopropyltrlethoxy5|Iaﬂe, 20

N R n
——ftfH—CHg cle—ci:H—— -G Hop- c|:1—1 (]:H—C!:H————
R' /m § & (e) R'/m & & 6
HO bg © Hoc\éuo/ 0
L2 Lo
B R n R n

m_f?H_CH%iCH CH% *ﬁCHg CH>7CH CH% (h)
R‘l



25 N (di et hoxymet hyl si |l yl i sopropyl) et hyl endi am ne,

N- P- (N-vi nyl benzyl am noet hyl ) -y-am nopropyl tri nmet hoxysi |l a ne,

y-chl oropropyl tri net hoxysi | ane, hexanet hyl di silane, and 39

vinyl trinethoxysilane; and titanate coupdj ng agents such as

i sopropyltriisostearoyl titanate, isopropyltris(dioctyl
pyrophosphabe)7jtitanate, isopropyltri (N am noethyl -am noet hyl)

titanate, 5 tetraoctyl bis(ditridecyl phosphite) titanate,

tetra(2, 2-dial Iyl oxyrekBykokrhutad ) bh s(dbt rindeadp phosphis et idanshgtic
bi s(di octyl pyrophosphate) oxyacetatetitanate, bis(dioctyl

pyr ophosphatieh cetdyd €Nerbhibanatend SOPLORY! LEYLARAYdnd | téNaHE rdfent s
i sopropyl di net hacryl i sostearoyl titanate,

i sopropyl ri flodeeyl-benzegresy hamiing hoaP8t®s carbon atoms; m represents
i sopropyl i sost earoyl di acryl titanate, isopropyltri(dioctyl phosphate)

ti ta”%te1th§OBBBBXWé§P£¥£EB%”Mbl i1 anate, anf o f the 1-3lkene (X) and

t et rai sopropyl bi s(di octyl phosphite) titanate. These nmay used

Sinoly. OFalBRcon e khads Ry Ak, usedsl 8GO 08/l 0060)o /1 o

The anmount ncor por ati on of ‘t he coup agent 1s”pre

to or grgﬁggg1&¥§¥ékgglg?é%gFgﬁrgE%gegggae ual to or less than 5

parts by nass, nor e 0 or greater than 0.1
parts by F?éﬁ nd equal to or less than 2.5 parts by mass, relative
to 100 parts g? mass of the inorganic filler material (C. If the
amount of incorporation is |less than the |ower |i.m

n e Ve e C e ¢ nﬁighure und
resi stance tends o HEE dast’ CRAESI PN Andhnt' 6195 ¢ hebPSor AT
is larger tgan t he upper_limt, noldabilit ofohge ac e tends to. .
decr dlise. OPDBLES BY PaItHet Mo} RY FretRE LBy Todi 1l GonpoRt (110% Fof e ic
sem conduct or .encapsul ati on_of the present, invention, known organic
or inorga%ﬁléyelaﬂr&%ﬁﬁﬁjst oftt &i%%-gcfagha GgePtohf ancaidhonySabelh a
nitrogen atom,or alfhosphorus atom such as 5 brom nated epoxy ,
resins, an®f Moy tEh okildd'l BRE iEfohe 0e? F Xt e iR O&ft PROMyr € repeating
pent oxi de; flanme retardants such as netal hydroxides; colorants such
as car borBE5Ek, Br FRE§eBetoeFdnithpi gREMSLVEREAAI M SarRRe r égad
| ead, and red iron oxide; imdazoles, triazoles, tetrazoles,
triazi nestappephéhat have undergone oxidation and mold releasability

15 can be realized in any molecular weight region when the
compound is used in combination with the ccmponent (D), but
preferably, the number average molecular weight is 2,000 to
10,0G00.

[0049]

20 The amount of incorporation of the compound obtained by
esterifying a copolymer of a l-alkene and maleic anhydride
with a long-chain aliphatic alcohol is not particularly
limited, but the amount of incorporation is preferably equal
to or greater than 0.5 parts by mass and equal to or less than

25 10 parts by mass, and more preferably equal tec or greater than

1l part by mass and equal to or less than 5 parts by mass,

relative to 100 parts by mass of the epoxy resin of the



10 like, and derivatives thereof; anthranilic acid, gallic acid,

mal onic acid, malic acid, nmaleic acid, am nophenol, quinoline and the

| i ke, and derivatives thereof; and adhesion accel erators such as

al i phatic acid am de conpounds, dithiocagbam c acid salts, and

t hi adi azol e derivatives, can 15 be incorporated if necessary, as

ot her addtbmpes.ed®062]. 1f thdhemepexty desincepppesitiic fHriess than
sem conductor encapsul ation of the present invention can be prepared

by using BA¥ LeeiyY quenia$ hendl 3% Mad &8s 1Haw dedsats earlendd, and
uni formy dispersed and m xed. However, as a conmon techni que, a

met hod of ; suffd eientdy oH xhaar@;&d@é%ml@gr@wﬁ g hefn tReOEPREAt] ORit,
of raw materials by using a m xer or the |like, subsequently nelt

kneadi ng the hawdBi-pshaks H%”Hbﬁ@é&xlggdrggamébk@ﬁégeﬁav%nundergone
extruder or the like, and 25 then cooling and pul verizing the

kneadisng produeliormybsaused. pihe; kogading product can be used with
nore ease, iIf the kneading product Is produced into tablets having a
dlnen5|on{ 6%0§nd a rmass appropriate for the nolding conditions.
[0063] urthernore, the epoxy resin conposition for

sem conduct or efcansulbal in ollot e RLEREN, L IMENL o, OACRLA T ansc

di ssol ved in various organi c sol vents and use Epoxy

resin 00@8%2'@%{%& rwi%%” ; %]%‘%1? °£r§98§pss%pac§ﬁ091c%tlo

m%é%é C?% of
used as e or epoxy resi'n conposition

The i quilt °%8§91%?%§?‘1L 5 Qoﬂp“@%gé‘ﬁéﬁ @6%%22%%1?3&%5 ; R A e

t | at d tt d t
condiBi briesEaen ARt ThiScaring TEHEErS acaf A Fedth o %%‘E%Ene%eby
proceed too_nuch.. [0064] 15Next,  the nduct or devi ce of the
present i PVRAECSH T MO ‘%a%kﬁl%l?ﬁgdan h 18 nFEBRETGIDT A &° Sthpkene

present invention be obt ai ned encapsul atjng a sem conduct or

el enment V\?%KCP:JI aé‘pfg;}?/ SFBSPRSC %‘%/Jrroﬁff orF hi g%ﬁ&’@é’trﬁjrs such as
encapsulatlon of the present invention. Such a sem conductor 20

devi ce meY*bHeE idenitomiudedy d aéﬁﬂéél|%OQH?8ﬁa§H1§}eﬁ%ﬁ?tl§@chf%ﬁx%%res
active elenment such as a sem conductor chip, a transistor, a diode or

a thyrist®F, tBf AQHs3Rve ardrerfstathliisad ondeRSENCS rassd seal cdum
acoil, is nDunted on the supporting nmenber of a copper lead frane,

and hEcesSAPYNHACGR o ORhBreldamrt aheres fencapdubheed ikia ERe epoxy
resin conposition for sem conductor encapsul ation of the present

i nvent i oncOFURTRErDk e, 3 exhhpbés b suchndusémiednagetior- deviiery these,
i nclude 42 general resin-encapsulated 1C s such as DIP (Dual Inline
Package) , fPe@CtHR astéepbeaded IChilpe Cadhiegrl)v e QFPs ( Qvadditrae r oxide,
Package), SOP (Small Qutline Package), SQJ (Small Qutline J-lead
Package) , e TS@RefEhinl Bral | dOmdriten Package) ,esiner TOEE. glycerin

trimontanic acid ester are preferred. As for these compounds,
20 LICOWAX (registered trademark) E and LICOLUB (registered

trademark} WE4 {all manufactured by Clariant International

AG, trade names) are avallable as commercial products.

[0051]

The teotal amount of inccocrporation of the component (D)

25 and the compenent {(E) in the epoxy resin composition for

semiconductor-encapsulation of the present invention is not

particularly limited, but the total amount of incorporation



5(Thin Quad Fl at Package), which are obtained by fixing a

sem conductor elenment onto a copper |ead franme, connecting the

termnal of the el enent such as a bonding pad to a lead unit by wre
bondi ng or bunping, and then encapsul atifig the el enent using the

epoxy resin conposition for sem conductor 10 encapsul ati on of the
present i nyealghn byotéanghken el diNgn ot . Bhedddke. pFuRbBer i€, equal to
sem conduct or packages in which sem conductor chips are |lamnated in

nul tiple bayeess SUh aso tMiby nGRiD StagkrdrBagkagehmay®y &4881 t
be used. [0065] 15F G 1 ey aé,’rg‘m Tl aery anr e pRetera & °

Cross-sechi-ogale SIS MCEHER Of 2k €% Phesef & Semcondust an deVd Lerhan 5
whi ch uses an epoxy resin conposition for sem conductor encapsul ation

di h t..d At E , i t -
accor di ngy, L Q+1Ng, Hﬁ&é@?_réﬂ%%‘e‘)@osi Q%GE!%&%db%é‘?rﬁ g’%gglc-]i%e&[ﬁgéyfesm

elenment 1'1s laminated in two |ayer

t hr ough ao@@h@"é‘&'mﬁt%%rnita'm ur eq fpg%%“‘é&no%ng%ef e %g@ﬁ&?g nggﬁgfgss

sem conduct or el ene I1's connected to a lead frane rou

wres & JThenserloquduel or el ement. b L encansil ated by f e ooz case,

product 6 of the Trésin conposition I encapsu

As the nethqd. of encapsul ati .an, el ement .by using the epoxy resin
composi 11 BHCT bF SO EDRI O dRCASUT A GOl S 43 ST bratth Cae uppes

i nvention, . a.,low pressure transfer | di ng nethod .is nbst co n

Lo ot e a S SRR AR nb8, ot L€k e rEHEr kb e

and the like may also b sed. When the oXy resi_n gonposition for
de fat 57 ot rop

seni conduBEBF g8 apEufatiton iSTASathi 6F & Paste form at

normal_ te r Hure, a di spensing nethod, a casting nmethod, a printing
met hod anggﬁﬁé | i ke may be used. [0067] Furthernore, there are
avai l abl e not only a general 10 encapsul ation nmethod of directly
encapsul ati ng é%héﬂéh%hPQMF?ﬁl§ PésFRe BRIPATS T HOl 130W pdtkagimgenent
met hod in which the epoxy resin conposition for semnm conductor '
encapsul atFont$ éw?ﬁﬁe%ﬁeﬁgh% Ao idect Ehrithremaum: &f énspsporation
Thus, the epoxy resin conposition can also be suitably used as an

epoxy 15 P&siihe coippanensn(Porisdmeondiciar Eie g adanc s dpeHorPove

packagi ng. EXAMPLES
the component (D) does not sufficiently disperse in the epoxy

15 resin composition, contamination of the package surface is
worsened, and the adhesiveness to copper lead frames that have
undergone oxidation tends to decrease. If the amount of
incorporation of the component (D} is less than the range
described above, continuous moldability tends to

20 deteriorate.

[0053]

The epoxy resin composition for semiconductor
encapsulatiocn of the present invention may further contain
a curing accelerator. Any curing accelerator that is

25 generaily used in epoxy resin composition for semiconductor
encapsulation can be used without particular limitations, but

examples thereof include cycloamidine compounds such as



[ 0068] 20Hereinafter, the present invention will be described in
detail by way of Exanples, but the present invention is not intended
to be limted to these by any neans. [0069] Synthesis Exanple 1:

Synt hesi s of conpound (E) obtained 25 bysesterifying copol yner of

1- al kene having 28 to 60 carbon atons and mal ei c anhydride with

al cohol haygrailk& 080 bpsiatiens ,300ugdekecaccopol yner of a m xture of
1-octacosene, 44 1l-triacontene, l1l-tetracontene, 1-pentacontene,

1-hexacon1gsed§@QQMﬁ%§@Kg(@0@)ﬁﬂﬁ%§eg@hyQﬁhﬂe (trade nanme: DI ACARNA
(registered trademark) 30 manufactured by Mtsubishi Chem cal Corp.)

and 140 g5 0 -gti@artk 1 &heaboh , were oz dhseglved 4 g 509l Qfe tol wene,
and the solution was allowed to react for 8 hours at 110C.

Subsequent &yt 1 kohUeNei NBSchRIRNEH ML LS HRE iLAMPeraEULE AR, 4 NCLRAsed s
stepwi se up to 160C, and unreacted conponents were renoved by

b
carryisng ot - the heAGLT PO AL 6 tr}q%ri?’n%ﬁ%igggn@d%riﬂeg%?ggg?ﬁﬁ%%&ol ,

10 Thus, 1,489 g of the target conpoun aving a nono I catlon

ratio of J08%bY Jleses,obiainedcThe HRLea ar el s, JRasHRed

by gel perneation r omat ogr aphy tetrah uran as an

eluent, andacalediatied, el phixede polaturens slengandsq the qunber

15 average nolecul ar weig S ar weight

di stributi . .52 t i | t.of ted .
s PbUL o LA e 3, 92,0 the ool vl gl mesciod
[0070] 208ynthesi s Eﬂg ﬂe 2: gy thes;s of Qgpound (E) obtained by

est eri fyihg® e8poryiter W? 1251 kérie ha¥tRg°28 3" %0 carbon at oms and

el 08 o 8 SR a0 10, b SO o o o

optai ned by L1g et Seserifed Loy 25 Sinifesi & Sramle L except

Ltd.) ma%ﬂ%ggglphosphine; organophosphorus compounds, such as
compounds having intramclecular polarization obtained by
adding gquinone compounds such as 1,4-benzoquinone,

15 2,5-toluquinone, 1,4-naphthoguinone,
Z2,3-dimethylbenzogquinone, 2,6-dimethylbenzoquinone,
Z2,3-dimethoxy~5~-methyl-1,4-benzoquinone,
2,3~dimethoxy~1,4-benzoguinone, and
phenyl-1,4-benzoquinone, or compounds having %t bonds, such

20 as bisphenol A, bisphenol F, bisphenol $, and phenolic resins,
to those organic phosphines; and tetraphenylborates and
derivatives thereof, such as tetraphenylphosphonium
tetraphenylborate, and triphenylphosphine tetraphenylborate.
These may be used singly, or twoc or more kinds may be used

25 in combination. Among them, organophosphorus compounds are
preferred from the viewpoint of moldability. Organic

phosphines, and adducts of organic phosphines and guinone



i nstead of stearyl alcohol. The nol ecul ar wei ght was 45 neasured by
gel pernmeation chromatography by using tetrahydrofuran as an el uent,
and calculated relative to polystyrene standards. The nunber average
mol ecul ar wei ght (M1) was 3, 700, the nmolsggul ar wei ght distribution

(MM M) was 5 3.71, and the residual anount of unreacted 1-decanol

was 1% or cbegdwfdd herd aiad e ampene refed, herrcanpauntb Renl08hsphine, and
Synthesis Exanple 3: Synthesis of conpound (E) obtained by

esterifyi agdeepd wert of t lazkkeme 1avi 19528 ulcd 6Q; qaﬂfb@@ewl@w%mﬁe,

mal e i ¢ anhydride with al cohol having 22 carbon atons

of a conpeund (havidieh 1 pREeeSheiidigat hen a@ii o of 100% by nol e was
obt ai ned by the nmet hod described in Synthesis Exanple 1, except that

170 g of behenyl-a bl phth @d_g A S?h'fﬁle%t%?%@&gﬁ@%%w&sﬂdpysuch

Kao Corp. ) was used 15 |nstea earyl al cohol. The nol ecul ar

wei ghtg “a§snBa§Mﬂ§ﬂ3@U1HShep%ﬁﬁPaf'@Dnﬁpatgghfg{ﬁ89¥ by ST 0Gen more

tetrahydrofuran as an el uent, and cal cu ative to pol ystyrene
st andar ds,, . Ihe er average nol ecul ar weight (M) was 4,400, the
nol ecul ar melgh Istribution (MvV M1) was 20 3.55, and the residual
anount of ?cted behenyl al cohol was 1% or |ess of the total
anount of t e conpound 3. [0072] Synt hesi s Exanple 4.

Synt h f d t. f

/3l Kene: havi ng. 38 TH0HGc Stbar 5 B8 e L4t Tl 16 SRRYUP: 36 G 15 E0r
al cohol ha n 8 carbon at of a, conpo nd havi n
nonoest eri ¥: ca | B arr ﬁylelé‘%lbtyecilrﬁs i\?/élg? 85t aF nje%jrp%y at%ourﬁatc%%able
descri.bed Synt hesi s _Exanpl e ce t t oct anol
(rondPact oF G55 PR acﬁgmlaaq"%%m etk téae Hipeng of
of stearyl alcohol The nDIec&l s measur ed by ﬁ

per meat i oh™cRFEPEEdgr ApHy® By © rr?gb Yt@éil?% derBFugﬁﬁa5§ hapy@nt parts
and calcubated rel ative to pol ystyrene standards. The nunber average
mol ecul ar°HePFRE ERA) SHES 3, 50® T thRs fof 2RI 4P ReFgft o %%%ut%% more

(Mv M) was 3.80, and the residual anmount of unreacted 1-octanol was
1% or Ie§%r%?eﬁﬁ?%%n%ﬂu%&nﬁﬁn06f9¥%ét€6nﬁéﬁﬁd14Part by mass and equal

to or less than 5 parts by mass, relative to 100 parts by mass
15 of the epoxy resin (A). If the amount of incorporation is

less than the lower limit, short-time curability tends to

detericrate, and if the amount of incorporation is greater

than the upper limit, there is a tendency that the curing rate

is so fast that it may be difficult to obtain satisfactory
20 molded articles due to non-£filling or the like.

[0035]

In the epoxy resin composition for semiconductor
encapsulation of the present invention, a siloxane addition
polymer can be added for the purpose of obtaining an epoxy

25 resin composition having satisfactory resistance to solder
stress and satisfactory fluidity. There are no particular

limitations on the siloxane addition polymer, and any



10[ 0073] Synt hesi s Exanpl e 5: Synthesis of conpound (E)

obt ai ned by esterifying copolyner of 1-al kene having 28 to 60 carbon
atons and nale ic anhydride with al cohol having 28 carbon atons

5,506g of a conpound having a nonoesterifd cation ratio 15 of 100% by
nol e was obtai ned by the nmethod described in Synthesis Exanple 1,
except thabn2tshtd 0fadTyarasanob o(tyneshes naae: b AL SASANQL (Fdef ikethple,
fromrice bran) manufactured by Functional Material Laboratory Co.,
Ltd.) waszaglded fiinsd ead: ot-csiceadyl ahcqhalch Thensobecuhar Metght was
measured by gel 20 perneation chromatography by using tetrahydrofuran

as an el ugpbstanrdiGat subat ed Bl ¥e15Q PR VSt T 808 setiandad dswi the
nunber average nol ecul ar wei ght (‘WMnh) was 4, 800, the nol ecul ar wei ght

di stributiopseMM MY yas G 9% 2 And Ehe JSeaidualy @BB%@{ %S?Euﬁbr}rQ%%ﬁgoxyl

oct acosanol was 1% or |less of 25 the total "anount” of e conpoun

[0074F SyatBesl s dxAmph cafii Y eshs AL copaupdaobt ained by 47
esterifyiﬁg cgéolyner ofal}glkg%e %Qingygo to 24 carbon atons and
mal ei ¢ anpg?g%@e wi t h al cohol having 18 carbon atons 180 g of

a mxture o ei cosene, 1-docosene and 1l-tetracosene (trade nane:

LI NEAREN 2024 anuf ot sl edb L IPTLLSUOKORAD G0 ) BN, 28008 can

mal ei ¢ anhydri were Ssol ve ["uene;

B20 was ed ereto .in three divided porti.ons at an_interval of 20

M nut e w185 Ehe “Sst ot vee TeabEE e Mt At BCesmi e o oan
the additjon of BPO, the reaction salutio s further heated 10, at,
110C Tor BENBAPS. *T63 §rSIot bhPH o9l EHAL Ve ShdRHSPS e Al Lok BY
soluti.on of a copolyner, and the m xture was allowed to.react for 8
nour £0at 106 S RARAGUEHi S T LAARHE Vhe b BHGUBEvhF L8 CAfE Lo the Foral
tenperature was increased stepw se. up to 160C,, and unreact ed
conponent 3MGEPE ﬂﬁ%ﬁhﬁ %9°5§$ﬁﬁ§&P1§°8&9ﬁ%ﬁ9?%actantﬁﬁrQ?QH%FSOf
at 160C under reduced pressure. Thus, 6,380 g of a target conpound
havi ng a HPRBESCEAT¥Gkat Si §F 53i$o Eha§0@%QnPR@P§ wahobt aF REG2 SFhe
nmol ecul ar wei ght. was neasured by gel perneation chromatography b ,
usi ng t etFaRYaref raCad SaR téMfehP, CaRtd feal el Ht@deret a F\J/ékt%hé}ﬁl resin
pol ystyrene standards. The nunber average nol ecul ar wei ght (M) was
9, 800, thfélﬁﬁﬁe@my@lﬂoe\ﬁ@r@%tl@mgﬁﬁi-butIifo?ﬁh(wmnwa@fz.le@prmamon 1s
resi dual anount of unreacted stearyl al cohol was 1% or |ess of the

t ot all Sanob®s sof:hiele Epdrpbane 16.1 Jro07 5] tsTRe cvnporertsiasedhan a

Exanples 1 to 14 and Conparative Exanples 1 to 8 will be |isted
bel ow. sufficiently low elastic modulus and dispersibility of the

releasing agent may not be achieved.
[0057]
In the epoxy resin composition for semiconductor
20 encapsulation of the present invention, an anion exchanger
may also be added from the viewpoint of enhancing the moisture
resistance and high temperature storage characteristics of
semiconductor elements such as IC. There are no particularzr
limitations on the anion exchanger, and any conventionally
25 known anion exchangers can be used. However, examples
thereof include hydrotalcite, and hydrous oxides of elements

selected from antimony, bismuth, zirconium, titanium, tin,



Epoxy resin (A): 48 Epoxy resin 1: Bi phenyl type epoxy resin
havi ng an epoxy equival ent of 185 and a nelting point of 108C (trade
nanme: EPI KOTE YX-4000K manuf actured by Japan Epoxy Resins Co . ,
Ltd.) Epoxy resin 2: Phenol -aral kyl typesepoxy resin having 5 a
phenyl ene skel eton and havi ng an epoxy equival ent of 237 and a

sof t eni ngmpgnkts iafm S26A (L Lade rmane: a NC2086 s mch &ir edeby shirpfiop or in
Kayaku Co., Ltd.) Epoxy resin 3: Phenol -aral kyl type epoxy

resi n havisgba nhitphenyd ereskel gber anddiavi ngaily epexy, edquivalaieite
273 10 and a softening point of 52C (trade name: NC 3000L

manuf act uregd rby <M RO Kayrek U 01 owhh@: Formula EROXMIESIikrith hydrous
Ot ho-cresol -novol ac type epoxy resin having an epoxy equival ent of

220 and a,gofikening Pkt H2C (trade nanme : EOCCN-104S nanuf act ured
by N ppon Kayaku Co . , 15Ltd.) [0076] Curing agent (B):

Phenolsi ¢ resin gébgﬁngbﬂngb%%hx;%gﬁﬂgﬁenolic resin daving a

bi phenyl ene skeleton and havi ng a hydroxyl group 20 equival ent of 199

and 2 SoThenkag pall RYEnlhade narte i MEH: 153 SSaARNY acktrede Y s

Meiwa Plastic Industries, L 7] Tnorganic mat e

| norgani c_fillLer t.erl 1: Spherical fused silica 25 having an
aver age p%%%#%ﬁgég%éﬁ%ggfo.s pm and a specific surface area of 5.1

2 /g [ 0078} 5449

The amount ¢f incoxrporation of the anion exchanger is
10 not particularly limited as long as it is an amount sufficient
to capture ionic impurities such as halogen ions, but the
amount of incorporation is preferably equal to or greater than
0.1 parts by mass and equal to or less than 30 parts by mass,
more preferably egqual to or greater than 1 part by mass and
15 equal to or less than 10 parts by mass, and even more preferably
equal to or greater than 2 parts by mass and egual to or less
than 5 parts by mass, relative to 100 parts by mass of the
epoxy resin (A). If the amount of incorporation is less than
the lower l1imit, the capture of ionic impurities tends to be
20 insufficiently achieved. If the amount of incorporation is
greater than the upper limit, there is no significant
difference in the effect as compared with a smaller amount
of incorporation, and therefore, it is economically
disadvantageous.
25 [0059]
In the epoxy resin composition for semiconductor

encapsulation of the present invention, known coupling agents



Hydr ocar bon conpound (D) having structures of forrmula (1) and formul a
(2): 1- Al kene (C28-60): trade name: ALPHA OLEFI N C30+

manuf actured by Chevron Phillips Chem cal Conpany 51- Al kene (C20-24):
trade nanme: LI NEAREN 2024 nmanufactured bygldem tsu Kosan Co., Ltd.

1- Al kene (C10): trade name: 1-DECENE manufactured by Tokyo Chemi cal

| ndustry €ach ld<.v§ 0089k EiHytocashen wermposmdh( Bs kg Hgs eshae,
group: Conpound 1 obtained in Synthesis Exanple 1 Conpound 2 obtai ned

i n Synt hegks R £1 2n69nMpauRd S Phhai, nad Ky Synihesi srexay €1 8ne and
Compound 4 obtained in Synthesis Exanple 4 15 Conmpound 5 obtained in

Synt hesi sy ExaRl i€l Hn Epmpeoune i6:pbs akaed dohpyihdesS! S 1IRMAIPIR Bhelates,
Mont ani ¢ aci d- based wax: trade nane: LI E manuf act ured by

G ariant hAlennatd ongh /AG8An209:her J8hsashAg 288Ntbe added if

Pol yet hyl ene oxi de wax: trade nane: PED191 manufactured by C ariant

| nt er nat i gak AG - 0081], . Qder: addi sz:¥§§'e 8§@£5F&%s@ﬁ%{@§§t§ét%:@en the

Adduct of triphenyl phosphi ne and p-benzoqui none upl i ng agent

y- gl yci doxyps @P¥ L REDOWSE N 1 norganic filler material. Examples
of these coupling agents include silane coupling agents such
as vinyltriethoxysilane, vinyltris{p-methoxyethoxy)silane,
y-methacryloxypropyltrimethoxysilane,

i0 B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
v-glycidoxypropyltrimethoxysilane,
vy-glycidozypropylmethyidimethoxysilane,
vy-glycidoxypropyltriethoxysilane, vinyltriacetoxysilane,
y-mercaptopropyltrimethoxysilane,

15 vy-mercaptopropylmethyldimethoxysilane,
y-mercaptopropyltriethoxysilane,
y—aminopropyltrimethoxysilane,
vy-aminopropylmethyldimethoxysilane,
y—aminopropyltriethoxysilane,

20 vy-anilinopropyltrimethoxysilane,
v-anilinopropylmethyldimethoxysilane,
N-f-(amincethyl)-y-aminopropyltrimethoxysilane,

Y- (B-amincethyl)aminopropyldimethoxymethylsilane,
N-(trimethoxysilylpropyl)ethylenediamine,

25 N-(dimethoxymethylsilyliscpropyl)ethylendiamine,

N-B- (N-vinylbenzylaminoethyl)-y-aminopropyltrimethoxysila

ne, y-chloropropyitrimethoxysilane, hexamethyldisilane, and



50 (trade nanme: S510=GPS- M manuf actured by Chisso Corp.) Colorant 1:
Car bon bl ack (trade nanme: CARBON #5 manufactured by M tsubish

Chem cal Corp.) [0082] 5The conponents descri bed above were
respectively mxed at proportions correspgonding to the parts by mass
indicated in Table 1 and Table 2, the m xture was subjected to

t Wi n- scr ewi kpeadiinge thdel stihe eondirtd onst 8hadckneagiing d empetias Usechfas
100C and a kneading tinme of 30 mnutes, and the kneadi ng 10 product
was cool edsapeddien: pul ¥ekiczed:o yThus; t 8RN I eséHpeepRaAAi Ongiberyl
sem conduct or encapsul ati on were prepared. [0083] The epoxy

resin conpesbbhen£f e ertieanducd or encapsul ation of Exanpl es and
Conpar ati ve Exanples thus 15 prepared were eval uated by the foll ow ng

reSpeCtinsB%%%% Thkhes eyabati R KUl hs & R epept ed i Jable 1 and
Tabl e 2. [0034] 8&) Adhesive strength to copper oxide: A copper oxide

base mat efbaloahd i { A0 Gt Led RROXY HASLRMQ £OMPOELELQR er e

subjected to integra i ng onditions o C and 6.9

MPa for2 piputes, 2a~rt§’j(£i‘5! 13 ARG, LY LELE AV NG (84 E 1 &) phosphi

truncat ed cone 'sHape (upper 3 mm X ‘1 ower me

KIS S FARLAch B0 ISR OERRE 9 R T e,

and the reéesin cure copper ~oxi ase

mat eri al i ter: 3.6 t hi ckness: 5 s, obt ai ned.
SubsequeH%?%?g?ﬁgﬁﬂﬁgep%ggéﬁﬁﬁﬁhﬁt%gcﬁg%ﬁ%%RFgffFépg%FHus obt ai ned
was fixed 51 the cured site.of_ the eﬁoxy resin conposition was
pressed f1ORPERSr Zoht &F 2aP¥ectiori"ahd 't he torque (N) was measured.
Thi s.eval uation i orrelated.to the resistance to solder reflowin

the & n1cb%886985i BRhRAEXdntS C2nG2 48 Yithe e @7 hfnation 5 results

a torque of 14 N qr. greater s indicated as 0, a torque of equal to

or gr eat ef *PRARPYZ I LA FEYS DATAF 19 S RLWaS Y e 3¢ BA 45 0, while a
torque of Il ess than 12 N was indicated as x. [0085] 10(2) MId

rel ease |'02APTOPY LISt G2FaY 1ok ak/aY hat + BANGI 9 -0dd W T PhELtirde broctyl
nol d rel ease i s conposed of an upper nold, a mddle nold, and a | ower
nol d as PRPEREFEE Indh of Y2 ABK d 1 SPIRECRY L §Ta ceEnerrit oY bl hA tdinggfram and

of the mddle nold after nolding. The shape of
tetraisopropyibis(dioctyl phosphite) titanate. Thesemaybe

15 used singly, or two or more kinds may be used in combination.
[0060]

The amount of incorporation of the coupling agent is
preferably equal to or greater than 0.05 parts by mass and
egual to or less than 5 parts by mass, and more preferably

20 equal to or greater than 0.1 parts by mass and egual to or
less than 2.5 parts by mass, relative to 100 parts by mass
cf the inorganic filler material (C). If the amount of
incorporation is less than the lower limit, moisture
resistance tends to decrease, and if the amount of

25 1ncorporatiocn is larger than the upper limit, moldability of
the package tends to decrease.

[0061]



15 the nol ded article attached to the mddle nold after nolding has a
di ameter of 14.0 mmand a height of 1.5 mm In FIG 2, reference
nunmeral 11 represents the mddle nold, 12 represents a cull, and 13
represents a runner. Reference nuneral 14 represents a nol ded
article, and 15 represents an 20 air vent. Reference nuneral 16

represents a grrprtherterdapren the @mssy seethiondogissictube dor
section A of the nolded article of the mddle nmold of FIG 2 is

i Il ustrat edmiitdridac 8o r Reh 85 BREA AHUNE ad £ Ih & 6pF €56ALS 1 avReIE dOf known
insertion of a push pull gauge. 25[0086] A material for

eval uat i opryas itd anst b plrded dmysiRb st Be P idh £ 94 2 LVad 4atd 08m0f an
|l oad at the tinme of nold release, 52 at a nold tenperature of 175C

and an inkRet k@M PLASH & ofi Or SgdRaat8n 8-CUMbAG LT e dhNWech a5
After nol ding, a’push pull gauge was stuck into the circular nol ded

ticle 14, akliachedyt iddl e no J 1g .hol 7.0n,to
of 5 the WA S (ReaTrre e ana e Toad” oxbr £sd vien TRaY
o e 4,01 o o NS0y AUBSERER Ly e Lioh o

hal f of tﬁ%gélg??§ﬁ5§idkﬁﬂ EQQ%rqgagg%igﬁ}g !gg §§%§gf§§g¥%§fga19%:dyes,

average v € neasurenents I ndl ca no

| | ) ' | at.ed t | ductivity i
el ve HOF ARG & RBRETER( of L Hhi A PG et ey REEFan T eurTd, Loh
| oad of 12 N . i ndi cat ed 0, | oad of ter th 12
and equal 1087 HISEARR Y5 REIECTRA et Seodeintrd o 1040 Bpd che

greaiﬁr 1f.khan 1gcg Wwas %ndica%gd as Xx. %8%%%%?, . (3) C‘oﬁinuousd
mol dabi | it §*Emof 4 Cont &hf hat'F6h.! 6&8&‘%& hat Pt and & +1GehtLd
bl ockage): An 80-pin quad._fl at cka 80pQFP; a |ead franme nmade 20,
of copper®@baPeF 5?&%%%18@55 kd&‘gfe % B % 2O ORS¢ @uincline
t hi ckness, pad size: 6.5 mmx 6.5 nm chip size: 6.0 M x_6. () nm X
0.35 nm i A Ehi-ERnes'sy e na’ oS mittist yeenddssif af i oANRoRFRE $hO o 400
shots by using an automatic | ow pressure transfer nol ding machi ne
(manuf act¥F 6816y 23 1R SVERI 2Seidkbl kR 16t RCL GRRELAER, CAMRP Wl
tenperature of 175C and an injection pressure of 9.8 MPa for a curing
time of 7dLgBdgrgrbamic acid salts, and thiadiazole derivatives, can

15 Dbe incorporated if necessary, as other additives,.

[0062]

The epoxy resin composition for semiconductor
encapsulation of the present invention can be prepared by
using any technique, as long as various raw materials can be

20 uniformly dispersed and mixed. However, as a common
technique, a method of sufficiently mixing predetermined
amounts of incorporation of raw materials by using a mixer
or the like, subsequently melt kneading the raw materials
using a mixing roll, a kneader, an extruder or the like, and

25 then cooling and pulverizing the kneading product, may be used.

The kneading product can be used with more ease, if the

kneading product is produced intc tablets having a dimension



53 [0088] In regard to nold contam nation, the nold was observed
after 400-shot nol ding, and the nold contam nati on was eval uated on
the basis of the follow ng 5-grade criteria, in 5 terns of the degree
of the state of contam nation spreading fyomthe gate opening. A
preferred order is the order of A, B, C and so on, but a grade of C

or higherahs eomssergfppbactiad | Fousablee. md d Negcentnan tashen 10B:
Spreadi ng of contam nation is 20% by area or less of the cavity
surface. 10063} C Spreading of contami nation is greater than 20% by
area and equal to or |less than 40% by area of the cavity surface.

D: Spreadi ng of repahamiiaid Onche apeaierréban 40%dds #F €anl¥oand
equal to or less than 60@6by area of the cavity surface. E:

Spr eadi Ngs &f1 1 COMANE Nat Q-4 5501 83LQn braph Q%% byeakean PEnthe £a¥ht ¥1s0
surface. [0089] In regard to package contam nation, the package of

the 26 40Qthysheb 1Ry qlas%ﬁ%@%Legfa%hy@tse&l@QnE@eahaSu%eaf akhg liquid

following 5-grade criteria, in terns of the degree of the state of

cont ani n%b?&f?é@%ﬂ' gyo%@éf@n%f s%?fwg?uét%&ete?l 2L PLEEE ohS ana

t he order so on, but a grade o

consi der ed, pragid £ally, usable 5 g@—ﬁ%@k@ paki e llke 2 ox resin
t b area or X

Spreading o contanlna fon is ess of the

surf ace. % tion f§f}r%%ﬁﬂ %r?él §9§Ea®n’1:a§£6$ﬁ h%l%r eat&rﬁiéﬁa“ 20%

by area an gqua Jto or “feSs than 20% y area % € package sur dce.
obtainable by thinly applying the liguid epoxy resin

10 composition for semiconductor encapsulation onto a plate or
a film, and scattering an ocrganic solvent under the conditions
such that the curing reaction of the resin would not proceed
too mnmuch.

[0064]

15 Next, the semiconductor device of the present invention
will be explained. The semiconductor device of the present
invention can be obtained by encapsulating a semiconductor
element with the epoxy resin composition for semiconductor
encapsulation of the present invention. Such a semiconductor

20 device may be a semiconductor device in which an element, such
as an active element such as a semiconductor chip, a transistor,
a dicde or a thyristor, or a passive element such as a condenser,
a resistor or a coil, is mounted on the supporting member of
a copper lead frame, and necessary parts of the element are

25 encapsulated with the epoxy resin composition for

semiconductor encapsulation of the present invention.

Furthermore, examples of such a semiconductor device include



D: Spreading of contam nation is greater than 40% by area and equal
to or less than 60% by area of the package surface. 5E: Spreadi ng of
contam nation is greater than 60% by area of the package surface.

[ 0090] In Exanples 1 to 14, an evygl uation of air vent bl ockage
was al so carried out. In the evaluation of air vent blockage, 10 the

presence @enaksance:oinakhcueniulbloskage’ tha:siiate bnpwimbha R rasifhe
cured product adheres to the air vent section (width: 0.5 mm

t hi cknesspa8QapR)) ,amd.du aaksa s hecaléaveat fhwas ceheckes) Py oPsSEIVAATFLat
the nold after every 50 shots by visual inspection, and the air vent

bl ockage maskeyaluatesp 15spa 1tiheybasi seobdhado) | ovong e Bdegutline
criteria. A preferred order is the order of A" B, C and so on, but a

grade of &£ okshi gheld COW‘%@ﬁrﬁfgnPﬁa%w@ bYcagaR @acmeg@yalér@al@@w

results are presented 'ow. A: probl emup to 400 shots 20B: Ai'r

vent Rl ockageo eeh Wit Bi ho c

occurred gﬁthpnﬁg%%{sh%gg a%E%§éﬁ r%geﬁﬁ E”%%K@%Eagggﬁr?gg 5?9§ng 2
100 shot s, t r.at S e r

Eoo ot sqel IR A JAt e Vee fiAlatk 8% AcbBeble 1Al Al Lag T eI cing

cualuatl o .ﬁﬁrréﬁgf%r. e ifpels 0 LB e
14 Exanplgs; that, vgre LRLed a3 Qr'rQuPnB?r %Va'a%"’}} e LESHLLE s NI ng the
element using the epoxy resin composition for semiconductor

10 encapsulation of the present invention by transfer molding
or the like. Furthermcre, semiconductor packages in which
semiconductor chips are laminated in multiple layers, such
as MCP {Multi Chip Stacked Package), may alsc be used.
[0065]

15 FIG. 1 is a diagram illustrating the cross-sectional
structure of an example of a semiconductor device which uses
an epoxy resin composition for semiconductor encapsulation
acceording to the present inventicn. In FIG. 1, a
semiconductor element 1 is laminated in two layers and fixed

20 onto a die pad 3 through a die bond material cured product
2. The electrode pad of the semiconductor element 1 is
connected to a lead frame 5 through gold wires 4. The
semiconductor element 1 is encapsulated by a cured product
6 of the resin compositicn for encapsulation.

25 [0066]

As the method of encapsulating an element by using the

epoxy resin composition for semiconductor encapsulation of



[ 0091] 5(4) Sol der resistance test A 80pQFP sem conduct or
device (a lead frame nade of Cu, size: 14 x 20mm x 2.00mm i n

t hi ckness, sem conductor elenent: 7 x 7 mm x 0.35 mmin thickness,
the sem conductor elenent and the inner Jg¢ad unit of the lead frane
are bonded through 10 gold wires having a dianeter of 25 pn) was

produced byeppaekes taiheathtfiame A0 pecWidily & tSeM £P8dued DA i gheR8Phod
(silicon chip) or the like on a nold at 180C, and then pre-heating

the | ead fEgam®dtorc@nMbAULLS: S ASphe HePraficet 8BnoXidli Z8dy shat@od, a
and encapsul ati on nol di ng the | ead frame nounted with 15 a

sem condugbRl I LIt £81kiGRN Kt Rba0L e Hd kei Ry wy§ﬁ41§9 BB used.

epoxy resin conposition under the conditions of a noldtenperature of

180C and gRehni@cd | OPcRLESSW &, Of orf sM%iJﬁ”f@rcgéﬂﬂkédﬁﬁbQErlzo
seconds using a | ow pressure trans?e di ng nachlne (manuf act ur ed

by Dais EhC§ k0 £05 520 ?ﬁ @icﬁhs atéﬁ%é@ @%Cet%ﬂﬁvéﬁ%%omal

t hat had een heat treate or 4 ho post cure, were

subj ect edt%ﬁg%%@liécaé 494 e(?’lrSl ?ect d ata gg%ﬁ%@lg;r A?(ert?llo%t' %(?P@e%%ntlng

humi dity o and t hen"were su $o %ah OW tT€a

(260C, ac&g&ﬂ ggt Lgﬁ cggﬁ;tHgg gf %%D%F Level 3). The 25 presence

or absence O cracki ng i'isi de these seni conduct or
devi ces m?a aerved using an ultrasonic refl ectoscope (manufactured
by H tachi OR&AG Finetech o . 56 Ltd. M -SCOPE10). and &

sem conduct or d vigg in which ﬁné one of deticggpnt or cr ckln had 1

occurred was condfd8Féd et ectitvEs P nuhder2 déV%EtPQ enera

sem conduct or deV|ces anon S | es was Indlca;@i I f the

obdt of SREPERI BoRe TR ] 1 BT Pegad Y e PEPERaGt Iaf | P edmment

57 [ Tabl e aratlve Ex Ie Ex

[ W%Lh a 51n, but a?g% a ho%low packaging method in which the

epoxy resin composition for semiconductor encapsulation is
not brought into direct contact with an element. Thus, the
epoxy resin composition can also be suitably used as an epoxy

15 resin composition for semiconductor encapsulation for hellow

packaging.

EXAMPLES
[0068]

20 Hereinafter, the present invention will be described in
detail by way of Examples, but the present invention is not
intended to be limited to these by any means.

[0069]
Synthesis Example 1: Synthesis of compound (E) obtained

25 by esterifying copolymer of l-alkene having 28 to 60 carbon
atoms and maleic anhydride with alcohol having 18 carbon atoms

300 g of a copolymer of a mixture of i-cctacosene,



12 3456781234 Epoxy resin 1 3.013.013.013.0
3. 015. 692. 863. 013. 013. 013. 01 Conponent Epoxy resin 2 3.013.01' 3.013.0
3.013.013.013.013.01 (A) Epoxy resin 3 6.80 Epoxy resin 4 3.41
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l-triacontene, l-tetracontene, l-pentacontene,
l-hexacontene and the like and maleic anhydride (trade name:
DIACARNA (registered trademark) 30 manufactured by
Mitsubishi Chemical Corp.) and 140 g of stearyl alcohol were
dissolved in 500 ml of toluene, and the solution was allowed
to react for 8 hours at 110°C. Subsequentliy, toluene was
removed while the temperature was increased stepwise up to
160°C, and unreacted components were removed by carrying out
the reaction for 6 hours at 160°C under reduced pressure.
Thus, 1,489 g of the target compound having a
monoesterification ratio of 100% by mcle was obtained. The
molecular weight was measured by gel permeation
chromatography by using tetrahydrofuran as an eluent, and
calculated relative to polystyrene standards. The number
average mclecular weight (Mn) was 4,100, the molecular weight
distribution (Mw/Mn) was 3.52, and the residual amount of
unreacted stearyl alcohel was 1% or less of the total amount
of the compound 1.

{0070}

Synthesis Example 2: Synthesis of compound (E) obtained
by esterifying copolymer of 1-alkene having 28 to 60 carbon
atoms andmaleic anhydride with alcohol having 10 carbon atoms

2,378 g of a compound having a monoesterification ratio
of 100% by mole was obtained by the method described in
Synthesis Example 1, except that 82 g of l-decanocl
(manufactured by Tokyo Chemical Industry Co., Ltd.) was used

instead of stearyl alcchol. The molecular weight was



Conponent

Phenolic resin 1

5.185. 185. 185. 185. 185. 494. 444, 935. 185. 185. 185. 18 (B) Conponent
I norganic filler materi al
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measured by gel permeation chromatography by using
tetrahydrofuran as an eluent, and calculated relative to
polystyrene standards. The number average molecular weilght
(Mn) was 3,700, the moiecular weight distribution (Mw/Mn) was
3.71, and the residual amount of unreacted l-decanol was 1%
or less of the total amount of the compound 2.

[0G71]

Synthesis Example 3: Synthesis of compound (E) obtained
by esterifying copolymer cf l-alkene having 28 to 60 carbon
atoms and maleic anhydride with alcohol having 22 carbon atoms

3,458 g of a compound having a monoesterification ratio
of 100% by mole was obtained by the method described in
Synthesis Example 1, except that 170 g of behenyl alcohol
{trade name: KALCOL 220-80 manufactured by Kac Corp.) was used
instead of stearyl alcohol. The molecular weight was
measured by gel permeation chromatography by using
tetrahydrofuran as an eluent, and calculated relative to
poclystyrene standards. The number average molecular weight
{Mn) was 4,400, the molecular weight distribution (Mw/Mn) was
3.55, and the residual amount of unreacted behenyl alcohol
was 1% or less of the total amount of the compound 3.
[0072]

Synthesis Example 4: Synthesis of compound (E) obtained
by esterifying copolymer of l-alkene having 28 to 60 carbon
atoms and maleic anhydride with alcohol having 8 carbon atoms

4,340 g of a compound having a monocesterification ratio

of 100% by mecle was obtained by the method described in
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Synthesis Example 1, except that &8 g of l-cctanol
(manufactured by Tokyo Chemical Industry Co., Ltd.) was used
instead of stearyl alcchol. The molecular weight was
measured by gel permeation chromatography by using
tetrahydrofuran as an eluent, and calculated relative to
polystyrene standards. The number average molecular weilight
(Mn) was 3,700, the molecular weight distribution {Mw/Mn) was
3.80, and the residual amount of unreacted l-octanol was 1%
or less of the total amount of the compound 4.

[0073]

Synthesis Example 5: Synthesis of compound {(E} obtained
by esterifying copolymer of i-alkene having 28 to 60 carbon
atoms and maleic anhydride with alcohol having 28 carbon atoms

5,506 g of a compound having a monoesterification ratio
of 100% by mecle was obtained by the method described in
Synthesis Example 1, except that 214 g of octacosanol (trade
name: POLICOSANOL {(derived from rice bran) manufactured by
Functional Material Laboratory Co., Ltd.) was added instead
of stearyl alcohol. The molecular weight was measured by gel
permeation chromatography by using tetrahydrofuran as an
eluent, and calculated relative to polystyrene standards.
The number average molecular weight (Mn) was 4,800, the
molecular weight distribution {(Mw/Mn} was 3.91, and the
residual amount of unreacted octacosancl was 1% or less of
the total amount of the compound 5.

[0074]

Synthesis Example 6: Synthesis of compound obtained by
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esterifying copolymer of 1l-alkene having 20 to 24 carbon atoms
and maleic anhydride with alcohol having 18 carbon atoms

180 g of a mixture of l-eicosene, l-docosene and
l-tetracosene (trade name: LINEAREN 2024 manufactured by
Idemitsu Kosan Co., Ltd.} and 58 g of maleic anhydride were
dissolved in 500 ml of toluene, and 0.16 g of BPO was added
thereto in three divided portions at an interval of 20 minutes
while the solution was heated at 110°C. After completion of
the addition of BPO, the reaction solution was further heated
at 110°C for 7 hours. 162 g of stearyl alcohol was added to
this toluene solution of a copolymer, and the mixture was
allowed to react for 8 hours at 110°C. Subsequently, toluene
was removed while the temperature was increased stepwise up
to 160°C, and unreacted components were removed by carrying
out the reaction for 6 hours at 160°C under reduced pressure.
Thus, 6,380 g of a target compound having a moncesterification
ratioc of 100% by mole was obtained. The molecular weight was
measured by gel permeation chromatography by using
tetrahydrofuran as an eluent, and calculated relative to
polystyrene standards. The number average molecular weight
(Mn) was 9,800, the molecular weight distribution (Mw/Mn) was
2.63, and the residual amount of unreacted stearyl alcohol
was 1% or less of the total amount of the compound 6.
[0075]

The components used in Examples 1 to 14 and Comparative
Examples 1 to 8 will be listed below.

Epoxy resin {(A):
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Epoxy resin 1: Biphenyl type epoxy resin having an epoxy
equivalent of 185 and a melting point of 108°C (trade name:
EPIKOTE YX-4000K manufactured by Japan Epoxy Resins Co., Ltd.)

Epoxy resin 2: Phenol-aralkyl type epoxy resin having
a phenylene skeleton and having an epoxy eguivalent of 237
and a softening point of 52°C (trade name: NC2000 manufactured
by Nippon Kavyaku Co., Ltd.)

Epcoxy resin 3: Phencl-aralkyl type epoxy resin having
a biphenylene skeleton and having an epoxy equivalent of 273
and a softening point of 52°C {trade name: NC-3000L
manufactured by Nippon Kayaku Co., Ltd.)

Epoxy resin 4: Crtho-cresol-novolac type epoxy resin
having an epoxy equivalent of 220 and a softening point of
52°C {trade name: EOCN-104S manufactured by Nippon Kayaku Co.,
Ltd.)

[0076]

Curing agent (B):

Phenolic resin 1: Phenol-aralkyl type phenolic resin
having a biphenylene skeleton and having a hydroxyl group
equivalent of 199 and a softening pocint of 64°C {trade name:
MEH-785155 manufactured by Meiwa Plastic Industries, Ltd.)
[0077]

Inorganic filler material (C):

Inorganic filler material 1: Spherical fused silica
having an average particle size of 10.8 pm and a specific
surface area of 5.1 m?/g

[0078]
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Hydrocarbon compound (D) having structures of formula
(1) and formula (2):
l-Alkene (CZ28~60): trade name: ALPHA OLEFIN C30+
manufactured by Chevron Phillips Chemical Company
5 1-Alkene (C20-24): trade name: LINEAREN 2024
manufactured by Idemitsu Kosan Co., Ltd.
1-Alkene (Cl0}: trade name: 1~DECENE manufactured by
Tokyo Chemical Industry Co., Ltd.
[0079]
10 Hydrocarbon compound (E) having ester group:
Compound 1 obtained in Synthesis Example 1
Compound 2 obtained in Synthesis Example 2
Compound 3 obtained in Synthesis Example 3
Compound 4 obtained in Synthesis Example 4
15 Compound 5 obtained in Synthesis Exanmple 5
Compound 6 obtained in Synthesis Example 6
Montanic acid-based wax: trade name: LICOWAX E
manufactured by Clariant International AG
[0080]
20 Cther releasing agent:
Polyethylene oxide wax: trade name: PED191 manufactured
by Clariant International AG.
[0081]
Other additives:
25 Curing accelerator 1: Adduct of triphenylphosphine and
p-benzoquinone

Coupling agent 1: y-glycidoxypropyltrimethoxysilane
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(trade name: S5510=GPS-M manufactured by Chisso Corp.)

Colorant 1: Carbon black (trade name: CARBON #5
manufactured by Mitsubishi Chemical Corp.)
[0082]

The components described above were respectively mixed
at propoertions corresponding to the parts by mass indicated
in Table 1 and Table 2, the mixture was subjected to twin-screw
kneading under the conditions of a kneading temperature of
100°C and a kneading time of 30 minutes, and the kneading
product was cooled and then pulverized. Thus, epoxy resin
compositions for semiconductor encapsulation were prepared.
{0083}

The epoxy resin compositions for semiconductor
encapsulation of Examples and Comparative Examples thus
prepared were evaluated by the following respective tests.
The evaluation results are presented in Table 1 and Table 2.
{0084]

{1) Adhesive strength to copper oxide:

A copper oxide base material and a tabletted epoxy resin
composition were subijected te integral molding under the
conditions of 175°C and 6.9 MPa for 2 minutes, and thus a molded
article havinga circular truncated cone shape (upper diameter
3 mm x lower dlameter 3.6 mm x thickness 3 mm, contact area
between the copper oxide base material and the resin cured
product: 10 mm?) on a copper oxide base material (diameter:

3.6 mm, thickness: 0.5 mm) was cobtained. Subsequently, the

base material of each molded article thus obtained was fixed,
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the cured site of the epoxy resin composition was pressed from
a horizontal direction, and the torque (N) was measured. This
evaluation is correlated to the resistance to solder reflow
in the semiconductor to some extent, and as the determination
results, a torque of 14 N or greater was indicated as ®, a
torque of equal toc or greater than 12 N and less than 14 X
was indicated as 0, while a torgue of less than 12 N was
indicated as x.
[0085]

(2) Mold release load

A mold for an evaluation of load at the time of mold
release is composed of an upper mold, a middle mold, and a
lower mold as a transfer molding mold. FIG. 2 is a schematic
plan diagram of the middle mold after molding. The shape of
the molded article attached to the middle mold after molding
has a diameter of 14.0 mm and a height of 1.5 mm. In FIG.
2, reference numeral 11 represents the middle mold, 12
represents a cull, and 13 represents a runner. Reference
numeral 14 represents a molded article, and 15 represents an
air vent. Reference numeral 16 represents a grip.
Furthermore, the cross—-sectional structure of section A of
the molded article of the middle mold of FIG. 2 is illiustrated
in FIG. 3. Reference numeral 17 represents a hole for
insertion of a push pull gauge.
[0086]

A material for evaluation was transfer molded by using

the mold for an evaluation of load at the time of mold release,
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at a mold temperature of 175°C and an injection pressure of
6.9 MPa for a curing time of 1 minute. After molding, a push
pull gauge was stuck into the circular molded article 14
attached to the middle mold 11 through the hole 17 on top of
the middle mold (see FIG. 3), and the load exerted when the
molded article is projected was measured. Subseguently, the
material for evaluation was shot molded into 20 articles, and
then a latter half of them, that is, ten shot molded articles
were analyzed. The average value of the measurements was
indicated as the mold release load. The evaluation was
correlated to stable productivity in massive mclding to some
extent, and as the determination results, a leocad of 12 N or
less was indicated as ®, a load of greater than 12 N and equal
to or less than 15 N was indicated as ¢, while a load of greater
than 15 N was indicated as x.
[0087]

(3) Continuous moldability {mold contamination,
package contamination, and air vent blockage):

An 80-pin guad f£lat package (80pQFP; a lead frame made
of copper, outer dimension of package: 14 mm x 20 mm x 2 mm
in thickness, pad size: 6.5 mm x 6.5 mm, chip size: 6.0 mm
x 6.0 mm x 0.35 mm in thickness) was continuously
encapsulation-molded up to 400 shots by using an automatic
low pressure transfer molding machine (manufactured by
Dai-ichi Seiko Co., Ltd., GP-ELIF), at a mold temperature of
175°C and an inijection pressure of 9.8 MPa for a curing time

of 70 seconds.
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In regard to mold contamination, the mold was observed
after 400-shot molding, and the mold contamination was
evaluated on the basis of the following 5-grade criteria, in
terms of the degree of the state of contamination spreading
from the gate opening. A preferred order is the order of A,
B, C and s¢o on, but a grade of C or higher is considered
practically usable.

A: No contamination

B: Spreading of contamination is 20% by area or less of
the cavity surface.

C: Spreading of contaminaticon is greater than 2C6% by area
and equal to or less than 40% by area of the cavity surface.

D: Spreading of contamination is greater than 40% by area
and equal to or less than 60% by area of the cavity surface.

E: Spreading of contamination is greater than 60% by area
of the cavity surface.

[0089]

In regard to package contamination, the package of the
400" shot was observed and evaluated on the basis of the
following 5-grade criteria, in terms of the degree of the state
of contamination spreading from the gate opening. A
preferred order is the order of A, B, C and so on, but a grade
of C or higher is considered practically usable.

A: No contamination

B: Spreading of contamination is 20% by area or less of

the package surface.
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C: Spreading of contamination is greater than 20% by area
and equal to or less than 40% by area of the package surface.
D: Spreading of contamination is greater than 40% by area
and equal to or less than 60% by area of the package surface.
E: Spreading of contamination is greater than 60% by area
of the package surface.
[00590]

In Examples 1 to 14, an evaluation of air vent blockage
was also carried out. 1In the evaluatiocn of air vent blockage,
the presence or absence of air vent blockage (the state in
which a resin cured product adheres to the air vent section
(width: 0.5 mm, thickness: 50 um) and blocks the air vent)
was checked by observing the mold after every 50 shots by
visual inspection, and the air vent blockage was evaluated
on the basis of the following 4-grade criteria. A preferred
order is the order of A, B, C and so on, but a grade of C or
higher is considered practically usable. The evaluation
results are presented below.

A: No probklem up to 400 shots

B: Air vent blockage occurred within 300 shots.

C: Air vent blockage occurred within 200 shots.

D: Air wvent blockage occurred within 100 shots.

Examples that were rated as A in the evaluation results:
Examples 1, 2 and 10

Examples that were rated as B in the evaluation results:
Examples 3, 6, 7, 8, 9 and 12

Examples that were rated as C in the evaluation results:



Resi st ancet osol der (nunber of def ecti ve packages) 00000003 108 58

[ Tabl e 2]

Conpar ati ve Exanpl e Exanpl e 910111213145678 Conponen (A)

Epoxy resin 1 Epoxy resin 2

10

15

20

25

55

Examples 4, 5, 11, 13 and 14

Examples that were rated as D in the evaluation results:
None
[C091]

{4) Sclder resistance test

B B80pQFP semiconductor device {(a lead frame made cf Cu,
size: 14 x 20mm x 2.00 mm in thickness, semiconductor element:
7 x 7 mm x 0.35 mm in thickness, the semiconductor element
and the inner lead unit of the lead frame are bonded through
gold wires having a diameter of 25 um) was produced by placing
a lead frame mounted with a semiconductor element (silicon
chip) or the like on a mold at 180°C, and then pre-heating
the lead frame for 2 minutes so as to reproduce an oxidized
state, and encapsulation molding the lead frame mounted with
a semiconductor element (silicon chip) or the like by
injecting an epoxy resin composition under the conditions of
a mold temperature of 180°C and an injection pressure of 7.4
MPa for a curing time of 120 seconds, using a low pressure
transfer molding machine (manufactured by Dai-ichi Seiko Co.,
Ltd., GP-ELF). 8ix semiconductor devices that had been heat
treated for 4 hours at 175°C as a post-cure, were subjected
to humidification for 120 hours at 60°C and a relative humidity
of 60%, and then were subjected to an IR reflow treatment
{(260°C, according to the conditions of JEDEC Level 3). The
presence or absence of detachment and cracking inside these
semiconductor devices was observed using an ultrasocnic

reflectoscope {(manufactured by Hitachi Kenki Finetech Co.,
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Ltd., MI-SCOPEL10), and a semiconductor device in which any
one of detachment cor cracking had occurred was considered
defective. The number of defective semiconductor devices

among n = 6 samples was indicated. If the number of defective

5 devices 1is 1 or less, it is practically usable.
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Examples 1 to 14 are compositions each containing (A)
an epoxy resin, (B) a curing agent, {(C) an inorganic filler
material, (D) a hydrocarbon compound having structures of
formula (1) and formula (2), and (E) a hydrocarbon compound
having an ester group, while the amount of incocrporation of
the component (A), the type and amount of incorporation of
the component (D)}, and the type and amcunt of incorporation
of the component (E) are varied. However, all of the Examples
exhibited results of high adhesive strength to copper oxide,
and excellent resistance to solder as a result of an IR reflow
treatment after a humidification treatment using lead frames
that had undergone oxidation. Furthermore, Examples 1 to 14
all had low mold release loads, and excellent results in the
continucus moldability {mold contamination, package
contamination, and air vent blockage) in the case of
encapsulationmolding a semiconductor element or the like were
obtained.

[0093]

Among them, Examples 1 to 3, 6, 7, and 9 that used at
least one or more of the epoxy resin 1 which is a biphenyl
type epoxy resin represented by the formula (3), the epoxy
resin 2 which is a phencl-aralkyl type epoxy resin having a
phenylene skeleton represented by the formula (4), and the
epoxy resin 3 which is a phenol-aralkyl type epoxy resin having
a biphenylene skeleton represented by the formula (5), as the

compenent (A) in an amount of 50% by mass or more; a l-alkene
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having 28 to 60 carbon atoms as the compcnent (D); and the
compocund 1 obtained by esterifying a copolymer of a 1-alkene
having 28 to 60 carbon atoms and maleic anhydride with an
alcohol having 18 carbon atoms, or the compound 2 obtained
by esterifying a copolymer of a 1l-alkene having 28 to 60 and
maleic anhydride with an alcohol having 10 carbon atoms, as
the component (E), exhibited results in which an excellent
balance is achieved between the adhesive strength to copper
oxide, resistance to solder, mold releasability (mold release
lecad), and continucus moldability (mold contamination,
package contamination, and air vent blockage).

[C094]

Examples 4 and 5 that used a l-alkene having 20 to 24
carpon atoms or a l-alkene having 10 carbon atoms as the
component (D), exhibited satisfactory adhesive strength to
copper oxide, satisfactory resistance to solder, and
satisfactory continuous moldability in terms of mold
contamination and package contamination, but exhibited a
tendency of slightly higher mold release load, and resulted
in slightly poor continucus moldability in terms of air vent
blockage.

[0095]

Example 8 that used the epoxy resin 4 which is an
ortho-cresol-novolac type epoxXy resin as the component (A)
in an amount of 54.4% by mass, exhibited satisfactory mold
releasability (mold release load) and satisfactory

continucus moldability (mold contamination, package
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atoms and maleic anhydride with an alcohol having 22 carbon
atoms as the component (E), exhibited satisfactory mold
releasability (mold release load) and satisfactory

10 continuous moldability (mold contamination, package
contamination, and air vent blockage), but tended to have
slightly lower adhesive strength to copper oxide, and resulted
in slightly poor resistance to solder.

[0097]

15 Example 11 that used the compound 4 which was obtained
by esterifying a copolymer of a 1-alkene having 28 to 60 carbon
atoms and maleic anhydride with an alcchol having 8 carbon
atoms as the component (E), exhibited satisfactory adhesive
strength to copper oxide, satisfactory resistance to solder,

20 and satisfactory continuous moldability in terms of mold
contamination and package contamination, but tended to
exhibit slightly higher mold release load, and resulted in
slightly poor continuous moldability in terms of air vent
blockage.

25 [0098]

Example 12 that used the compound 5 which was cbtained

by esterifying a copolymer of 2 1-alkene having 28 to 60 carbon
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and mal ei ¢ anhydride with an al cohol ﬁaV|ng 18 carbon atons, or the

conpound BeQQta%iaﬁ:ﬁdlﬁgy éﬁ_%tl%f Ify]£9s8 GORQ|YNEBAq0Ea ik kepgyhavi ng
28 to 60 and nmal eic anhydride with an al cohol having 10 carbon” at ons,

as the copparenty (R m&xhLBited § esyl £8 Ay Wi ch; anyexceld enthgkancs, -

is achi eved between the adhesive strength to copper oxide, resisStance

to SO%derteH?%glg%l@@%ﬁ@ﬂétéﬁﬁ&ﬁ%ggrf$§é§eaégé§¥%g’s€¥55%9HF£8QQ per

nol dabi lity contam nati on, patkage contam nation, and air ven

bl ockage)oxgggm]and resﬁ@%g;ﬁ% 4 gl\j/?%gh%ogﬁ%&&}zﬁh%%necc!“asvéjzger.

20 to 24 carbon atons of a ene on atons as the

conponent i.bit i sfagt hesi.ve r th to .co r.
oxi e ool PFasTAM St e EAPERIE FE oY udF et n e e PR Bl £ SR g
nol dabi lity,i,n, t.er.ns _of | d_cont am nat.i on _and package cant am nati on,
but oxhi BIY &8 % Tencency BF 813 gt | JORgRar T F o e & Abade (ARG
resulted 20 in_sli hIIX poor continuous noldability in terns of air
vent bIoc%ﬁaé?ﬁﬁﬂé%ﬂo : Exanpl e 8 that used the epoxy resin 4

whi ch i s ?ﬁ 8rhgo-cresol-novolac type epoxy resin as the conponent

(A) 28 inl3R°3hount of 54.4% by mass, exhibited satisfactory nold

rel easabilit nmol d rel ease. | oad) and satisfactory conti nuous ,
mol dabi |ity {rré@}aa%ﬁ?aﬁSnaﬁa&n}l)sﬁéjch% compound’ 6 which was obtained

by esterifying a copolymer of a 1-alkene having 20 to 24 carbon
atoms and maleic anhydride with an alcohol having 18 carbon
atoms as the compecnent (E), exhibited satisfactory adhesive
15 strength to copper oxide and satisfactory resistance to solder,
but resulted in slightly higher mold release load and slightly
poor continuous moldability in terms of air vent blockage.
Furthermore, Example 13 resulted in slightly poor continuous
moldability in terms of mold contamination and package
20 contamination.
[0100]

Example 14 that used a montanic acid ester wax as the
component (E), exhibited satisfactory adhesive strength to
copper oxide, satisfactory resistance to solder, and

25 satisfactory continuous moldability in terms of mold
contamination and package contamination, but tended to

exhibit slightly higher mold release lcad, and resulted in



61 contam nation, and air vent blockage), but tended to have slightly
| ower adhesive strength to copper oxide, and resulted in slightly
poor resistance to solder. [0096] 5Exanple 10 that used the conpound
3 which was obtained by esterifying a cogel ymer of a 1-al kene having
28 to 60 carbon atons and mal ei ¢ anhydride with an al cohol having 22
carbon at ems g@s: I hepeorperetididpusexkilkidied] sat/i shaaofys mkdair vent
releasability (nold release | oad) and satisfactory 10 continuous

mol dabi | i by o gk cont am nati on, package contam nation, and air vent
bl ockage), but tended to have slightly | ower adhesive strength to
copper oxijde,01gnd resulted in slightly poor resistance to sol der.

[ 0097] 15Exanple 11 that used the conpound 4 which was obtai ned by

esterifying a C@HOIMgeétBErah$d@IWﬂ&hﬂEWéng%SE&Qn@QjﬁﬁﬁbQQa@tgﬁ%t did
and mal ei ¢ anhydride Wi th an al cohol having 8 carbon atoms as the

conponent nGk) ¢ o /XA K £ £d é@rﬁﬂ)éﬁ@ﬁttow adé'&?l%ihégﬁ Idrﬁgg'k%dtl%/ §8RPLAhesive

oxi de, satisfactory resistance to sol dér, 20 sati sfactory
t I I I
cont am nat Lon hat tenGeRTEE exhrBrt SRy ?%Iai'e%’w%r IE3epoor
| oad, and Lesuld ‘%%é“t%SF%géIﬁV r POOT 5 C?E%Uilﬁ%s ), dapi E'et%éxﬁ £ fL 0B ment

of air vent bIo 2 that use

conpound f\ﬁ,@—:' C%gﬁlﬁ'ﬂl%b?igggl% g:;rlaelt’ﬁ%gh@g ggﬂLgaﬁrf%?%g thtat had

1- al kene havin carbon one and
| hol 28 t t
o s o kpgy ”%$acai%§?Pﬁt§"?Hﬁ?&% o ek B & Xs%%f%?yl to
t | d | t t. bl k ded t
i B S g‘%ﬁ@' " g E?giys?@ﬁét%eﬁ‘%l%%%é? Bt ﬁﬁIﬁ”lg tems
resulted in sli oor, resjistanc ol der. Furthernore, Exanple
SRPANIRY JE Sl %?F@maal&tlc%rht%ﬂ 082 R FRLEPPEF T A B R - of 1l d

contanina&og%zﬁnd package contam nati on.

Comparative Example 4 that used polyethylene oxide wax
instead of the component (D), resulted in poor adhesive

15 strength to copper oxide and poor resistance to solder.
Furthermore, Comparative Example 4 resulted in poor
continucus moldability in terms of mold contamination and
package contamination.

[0103]

20 Comparative Examples 5 to 8 that did not use the
component (D), but used the compounds 2 and 4 to 6 as the
component (E), resulted in markedly higher mold release loads
as compared with Examples 9 and 11 to 13 that are different
cnly in terms of using a 1-alkene having 28 to 60 carbon atoms

25 as the component (D). Furthermore, Comparative Examples 5
to 8 resulted in poorer continuous meldability in terms of

mold contamination and package contamination, as compared



10[ 0099] Exanpl e 13 that used the conpound 6 whi ch was
obtained by esterifying a copolyner of a 1-al kene having 20 to 24
carbon atons and nal ei ¢ anhydride with an al cohol having 18 carbon
atons as the component (E), exhibited satjsfactory adhesive 15
strength to copper oxide and satisfactory resistance to sol der, but
resul ted watsl irghdrhy1Bsgbenml h rebease | oad and slightly poor
continuous noldability in terns of air vent blockage. Furthernore,
Exanpl e 13¢onesul ted in slightly poor continuous noldability in terns
of nold contam nation and package 20 contam nation. [0100]

Exanpl e 14 thataysedda npabaphe @ekde st £HvHAX 13% I B cRMBANEPLx(Blesin
exhi bited satisfactory adhesive strength to copper oxide,

sati sfact Op RS GMCEot0 30l 148 nd 4R 025 e%?é%ﬁi BELML LN 4 AUQUS
nol dability in terns of nold contam nati on and package contam nation

but t ended.tQ 18} Dijty $hicghkhy sj].'\gé}?é%gntlg J@éﬁ@?elégédfrgﬂg\?;ﬁlﬁguﬁgve

in 63 slightly poor continuous noldability 1'nterns of air

bl ock : h ' I : t hat
b1 Gokage, uhAROTor ¢ Reqgtheln Nafdh o COARRLALL YL EXOTPILER 1 003t e
dhesi t.h it [ d . i I :
adnest ve SBLERGHN 10, SORRL @) IR, 20 LSl o BTREKCLLALIRARL. | e
hum di fi ' t ing.l f t h had _und .
oxi dat  orePRa BerasT & Eabar kP Fy oL ARD 6 1YL 6 3hPaRt (et i An oan
kedl t.i l.dability int f | d tam nati
e B RS VSR 5L Yob Qe oL B8 cmLar ekt on
d | yet hyl ' i nst of th t (D), ted
poor Banee 6T ST ergh 1D CopRar oh ik AR Bobf SPEst SR G oPper,
sol der. Fur%EernDpez nparativ E{angle 4 resulted in poor
cont i nuouS Bl 830 'S FRT et of L FEIEd L0t P RRPIER Tand Yt kiafel € and

contam nati on. £0103] , ) , ,
L51, and particularly in MCPs (Multi Chip Stacked Packages)

in which semiconductor chips are laminated in multilayers.



20Conparative Exanples 5 to 8 that did not use the conponent (D), but
used the conpounds 2 and 4 to 6 as the conponent (E), resulted in

mar kedly hi gher nold rel ease | oads as conpared with Exanples 9 and 11
to 13 that are different only in terns of5using a 1-al kene havi ng 28
to 60 carbon atonms 25 as the conponent (D). Furthernore, Conparative
Exanpl es BLAAMS resulted in poorer continuous noldability in terns of
nol d contam nati on and package contam nation, as conpared 64 wth
Exanples 9 and 11 to 13. [0104] According to the present

i nvention, since an epoxy resin conposition for sem conductor
encapsul ation that epsxy exceel heabmion &itel @adhesirverasiscdodcepper | ead
frames that have undergone oxidation, nold releasability, continuous
mol dabi i éycapddihe-ibke asmixsid pDsgd in the Exanples, this epoxy
resin conposition for sem conductor encapsul ati on can be suitably
used isn sem congduet an RYKkagesethat are 10 susceptible to the

oxi dation of |ead frames nade of copper, such as in the case of

el ectroni c conppBents csUGh @say&nand LSI, and particularly in MCPs
(Multi Chip Stacked Packages) in which sem conductor chips are

| ami nated in muéil g}geri%or%n%AklyglJerAr}ngpggxarlgsi n conposition for
sem conduct or encapsul ation, conprising: 5(A) an epoxy resin;

(B) a curing ag ; i i il ial

hydr ocar bon corrp?%nad(L%advl‘f%r‘:%él gtgéggtgglﬁgéhéf£¥]gm%; S?Cﬁu catn%lr? 8r%%léa@m&la

(2); and ?—E’i EL & h_:ycplj_rl{?lg@gbqré)c’.orgqp&lnd havi ng an ester group: CHCH2 )

10 (E) 2 hydrocarbon compound having an ester group:

CHs—CH> (1)

JVCH:CH—} (2)

2. The epoxy resin composition for semiconducior
15 encapsulation according to claim 1,

wherein the component (D} is an alkene.

3. The epoxy resin compositicn for semiconductor
encapsulation according to claim 1,
20 wherein the component (D) is an alkene having 10 or more

carbon atoms.

4. The epoxy resin composition for semiconductor



CH=CH 2. The epoxy resin conposition for sem conductor 15
encapsul ation according to claim1, wherein the conponent (D) is an
al kene. 3. The epoxy resin conposition for sem conductor

encapsul ati on according to claim1, 20w ein the conponent (D) is an
al kene having 10 or nore carbon atons. 4. The epoxy resin
conposi ti enchers Sent tonducicarrdiG6g encapduliai i on according to claim 1,
wherein the conmponent (D) is a 1-al kene having 10 or nore carbon
atonms. 5 5. The epexyineshB €OMPOsihniton Dol ssem-canglies @laving 10 or more
encapsul ation according to claim1, wherein the conponent (D)
is a l-al keppomaviitgnm?d or nore carbon atons. 10 6. The epoxy resin
conposition for sem conductor encapsul ation according to claim1,
wherein the conponent (E) is at | east one hydrocarbon conpound
selected fromthe group consisting of a conmpound obtai ned by

sem -gstesifyingha epRAWMBLs oh BokRlKeNEoANdor semiconductor
encapsulation according to claim 1,
wherein the component (D) is a 1-alkene having 28 or more

carbon atoms.

10 6. The epoxy resin composition for semiconductor
encapsulation according to claim 1,
wherein the component (E} is at least one hydrocarbon
compound selected from the group consisting of a compound
obtained by semi-esterifying a copolymer of a l-alkene and
15 maleic anhydride with an aliphatic alcohol, and a montanic

acid ester.

7. The epoxy resin composition for semiconductor
encapsulation according te claim 1,

20 wherein the compconent (E) is a compound obtained by
semi-esterifying a copolymer of a l-alkene having 5 to 60
carbon atoms and maleic anhydride with a long-chain aliphatic

alcohol having 10 to 25 carbon atoms.

25 8. The epoxy resin composition for semiconductor
encapsulation according to claim 1,

wherein the component (E} is a compound obtained by



15 mal ei ¢ anhydride with an aliphatic al cohol, and a nontanic acid
ester. 7.The epoxy resin conposition for sem conductor encapsul ation
according to claiml1, 20wherein the conponent (E) is a conpound
obt ai ned by sem -esterifying a copol ynergpf a 1-al kene having 5 to 60
carbon atonms and mal ei c anhydride with a | ong-chain aliphatical cohol
havi ng 10skai2 cas bdofivahens Hp8liherepdXys resihkearpdsition 28rto 60
sem conduct or encapsul ati on according to claim11, wherein the

conponent cekEbdrs ad ceapeuNd ackiiai aat yoyr i & wsieh -esterdfoidignaliphatic
copol ynmer of a 1-al kene having 28 to 60 carbon atons and nal ei c

anhydri deawcidha |wfagiahails ald phat ke ralcgohot ofigvi ng 15 to 20 carbon
atons. 5 9. The epoxy resin conposition for sem conductor

encapsul ati on according to claim1, wherein the mxing ratio

of the conmponent (D) and the conponent (E) is 1:4 to 1:20 as a nass
ratio.s 10910. Then8pexs i eSt8s CAMRRRIdd ONc  8h $/W CONFYELAHuctor
encapsul ati on according to claim1, wherei n the conponent (A)

i ncludes af d-8ast1 SPLLRPRRLJ A RgSebectigd f rom the group consisting
of a bi phenyl ‘type epoxy resin represented by the fornula (3), a

phenol -aral kyl 1. type %ﬁ%ﬁ%ﬁgﬁ d%\eiihfzg e p@ﬁgly{igﬁgo%%ltet O and. the

represented by the formul a a phenol -ara type epoxy resin

having a pLpded.ene gkeligtan £ eppesented by, thetormy 4, (5):

10 10. The epoxy resin composition for semiconductor
encapsulation according teo claim 1,
wherein the component (A) includes at least one epoxy
resin selected from the group consisting of a biphenyl type
epoxy resin represented by the formula (3), a phenol-aralkyl
15 type epoxy resin having a phenylene skeleton represented by
the formula (4), and a phenol-aralkyl type epoxy resin having

a biphenylene skeleton represented by the formula (5):

wherein in the formula (3), R' to R® each represents a

20 hydrogen atom, or a substituted or unsubstituted hydrocarbon
group having 1 to 10 carbon atoms, while R's to R's may be all
identical with or different from each other; and n represents

an integer from 0 o 3;



wherein in the formula (3), RL to R4 each represents a 20 hydrogen
atom or a substituted or unsubstituted hydrocarbon group having 1 to
10 carbon atons, while Rs to Rds may be all identical with or
different fromeach other; and n represeggs an integer fromO to 3;
68 wherein in the formula (4), R represents a hydrogen
atom or a substituted or unsulpstituted hydrocarbon~group having 1 to
10 carbon , while Rs may Besat® identical with gr fferent
from each er; and n represents\an integer fromoO tlo ; and
wherein in the formula (5), R5}(to|R1l3 each representg a fhydrogen
atom or a gsubstituted or unsubstiftuted hydrocarbon 10 droup having 1

to 10 carbon ons, while R5s to may be all identic th or
different fromeach other; and|n repiesents an integgr from O to 3. (4J

1 CO
i
e

wherein in the formula (4), R represents a hydrogen atom,

11. A sem condictor device co _' i ng 15 eljenment

or a substituted or unsubstituted hydrocarbon group having
1 to 10 carbon atoms, while Rs may be all identical with or
5 different from each other; and n represents an integer from

0 to 20; and

wherein in the formula (5), R® to R'? each represents a

hydrogen atom, or a substituted or unsubstituted hydrocarbon

10 group having 1 to 10 carbon atoms, while R°s to R'?s may be
all identical with or different from each other; and n

represents an integer from 0 fo 3.

11. A semiconductor device comprising a semiconductor
15 element encapsulated with the epoxy resin composition for

semiconductor encapsulation according to claim 1.



