1 SPECI FI CATI ON EPDXY RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULANT
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 conduct or encapsul ant and a sem conduct or device. In particular,
10 the present invention relates to an epoxy resin conposition for
sem conduct or encapsul ant with excgbkentr@dasi on to copper in which
oxi dati on has progressed and an excellent nold rel easing property
froma nold when a | ead frame nade of copper is used, and a

sem conduct or device using the epoxy resin conposition for 15

sem conduct orfg eRGaREUTaN toMBASKERGWNEY ARIEN RQ9ucToR  ENEABBURARETRIY
process of a sem conductor device (hereinafter, also referred to as a

“package’), a method inswhireBnaybeori pev it 2 sl eebdd cally
connected by thernoconpressing between an al um num el ectrode of an
el emegt (hereinafter, also referred to as a "chip") and an inner |ead
of alead franme, is currently the mainstream In recent years, high
i nt egrat i &, tFER¢ toward mul ti-pin el ectronic conponents have
been proceedi ng every year with market 25 trends for a
niniaturigﬂg&@n, wei ght reduction, and inproved perfornmance of
el ectroni evices. Therefore, nore conplex wi re bonding processes
are required t an QSE L ,..and oxidat%gg%gf a_copper surface

e |

2 i.S .
nDre progresse ER°EF A TS h FCoPREP Y HEEH 9 eostlzcéwn tor

| ead f de of ' f | i t hi .

L omper ot (TR S Toog50es {003, SUNTB CTRASG & REQRET ancHAPEhAR1ax
| at | terial with |l ent adhesion t i di zed .

coppe? SUTACE T e TEFATEq GFLoKES pBorH ARESY o1 CopRs grion £or

which a surface js oxidized djfferently in man ses, resulting.n
orobl ems ST HHE i aR AT P - BRC RS Neg < T e G H BRNSELOBERRPSR 11 Which
encapsul ating resin cured substance and a 10 |ead frame at a tine of

di e- cut t i Y- FES RPreACEFSG aRtIndR dbFge breompdd FELEGwiLRE. Property
[ 0004] | mpr ovi ng adhesi on between an inserted substance such as

a | ead f iR ghdidhd éo%&;pwlﬁﬂdnérﬁ@@i Rader el SeMRTAnt: YFEdbr d8K o
suppress 15 the separatjon conflicts with inproving nold rel easing
property IS (de&ichc d5duatPRgePesY nre sk dCeiRRt ke for

t herefore, there have been problens such that noldability is reduced
whenlPhe TRINBMGTOR KECARSEALEE -subst ance such as a lead frane is

i mproved since a nold releasing property fromthe nold is

det er i or RAEKCRBNDEHT Bef ore oxidation of a |ead frame nade of
copper due to the high integration of electronic conponents becones a
probl em &&&tlhod in which oxidi zed pol yet hyl ene wax, and a compound

in which a copolynmer of 1-al kene and maleic acid is esterified are

added and usedri gn assembly process of a semiconductor device (hereinafter,

also referred to as a “package”), a method in which a bonding wire
20 1is electrically connected by thermocompressing between an aluminum
electrode of an element (hereinafter, aiso referred toc as a “chip”)
and an inner lead of a lead frame, is currently the mainstream. In
recent years, high integration and a trend toward multi-pin
electronic components have been proceeding every year with market
25 trends for a miniaturization, weight reduction, and improved
performance of electronic devices. Therefore, more complex wire

bonding processes are required than before, and oxidation of a copper



25 conbination as a nold rel easing agent in order to bal ance adhesi on
and a nold rel easing property has been proposed (for exanple, see
Patent Docunents 1 and 2). According to this method, adhesion and 3
a nold rel easing property to unoxidi zed copper are excellent,

however, there has been a problemthat adhesion of an encapsul ating

resin to aurgxddliizefoeeppesgtd i Whehedutesdd simeR AXbEi 88ttopper is used
pol yet hyl ene wax is used as a conbination. In addition, if the

conpound & madile aacomakyBhadefl of- abksae AN PIRIL RANKANCAG kSme at
esterified is used alone, a nold releasing property is insufficient

and a contidqwousnimidalidd tof hap pet opgeessarily been sufficient in
sone cases. RELATED DOCUMENT PATENT DOCUMENT 10[ 0006] [ Patent

Docunent djpggpanese Patent No. 3975386 [ Patent Docunent 2] Japanese
Pat ent No. 4010176 DI SCLOSURE OF THE | NVENTI ON 15[ 0007] The

presert i nventﬂrﬁé?%ﬁe@@%f@ﬁ@sﬂ-dﬁd@s‘%weQEtheeﬂggéguggﬁﬁﬁggﬁcerial with

probl enms and provides an epoxy resin conposition semc ctor

encapsul aésgc%glﬁ%tz%t}gh%fsa%ow m%?gé}]%gv&s t%ﬁ%g'ﬁ%agu}ggas {@mdﬁ%deofrecl%%%r art

i n which oxi as progresse excel I'ent

rel easi nghgé)nggpaq{ﬁé/s\%%g%glcn%:&tglénéj@%ﬁl ladgg%kgég’isagﬁg%‘c?iezde%gigﬁiansfently

sem conduct o evi ce es an el enent encapsu

epoxy T es)i EaPasLLE e d AR, THeRLONFOLOR AL AL LEPORAL O, oocurs at

i ntensive studre above  problens, ‘have _ _
i e L o R L
P B B R S PR Y B8 R BRI Rt aing
conposi £1%h S 1 SHREOHAtCt or encapsal ant | nel uding (A) an epoxy |
resin, (B uring agent, (C an inorganic filler, and (D) a

conpound ?% i ch a copolyner of 1-al kene having 5 to 80 carbon atons
and mal ei c anhﬁgride is esterified with an alcohol having 5 to_ 2

5
carbon atons i HEHRY 5%aeheslof PeteERFotRd T eseft Rt By TS aps @ Tead

Formula (1) is 10 provided. 0 111 R-S -CH || _
frame and an encapsulating resin cured substance in order to suppress

15 the separation conflicts with improving mold releasing property to
a mold of the encapsulating resin cured substance, therefore, there
have been problems such that moldability is reduced when the adhesion
to the inserted substance such as a lead frame is improved since a
mold releasing property from the mold is deteriorated.

20 [0005]

Before oxidation of a lead frame made of copper due to the high
integration of electronic components becomes a problem, a method in
which oxidized polyethylene wax, and a compound in which a copolymer
of l-alkene and maleic acid is esterified are added and used in

25 combination as a mold releasing agent in order to balance adhesion
and & mold releasing property has been proposed (for example, see

Patent Documents 1 and 2). According to this method, adhesion and



0 (I'n General FoLmula (1), RI- is selected fromthe group

consi sting of an al kyl group having 1 to 5 carbon atons, a

hal ogenat ed al kyl group having 1 to 5 caabon atons, and an aronatic
group having 6 to 15 10 carbon atons.) [0010] According to an
enbodi nent of the present invention, the epoxy resin conposition my

further iaeldiderdiedkengphapergyid OnbBigasdkophbertars?0k8011dnt, however,
According to an enbodi nent of the present invention, in the epoxy

resin conppsréimds Heke anprd1af thhe ddpkkess davnNgndabpsubSt £ R¥in to
5 atons may be greater than or equal to 8 parts by mass and | ess than

or equal &R &0 PHds cBE BRSSravhd B o egandedios L PRk 2By PEBFetHyildiR wax
(D) component. [0012] RCCOI’dI ng to an enbodi nent of the present

i nventionj st hee§ROXY RabIne@ABAS! 11O dBE ifai,t Rer thactYfCo e AP &
represented by General Fornmula (2). 0 I/ R-S0 1l 0 RR(2) (In

Cenera) FobpYl dmé2br 1RlaﬂI§eIx%e£§&hc%‘ieﬁﬁoéﬂﬁﬁ}lﬁ:igfe|°£Q e%%%%&}eagilsl@s@é alone,

an al kyl group having 1 to 5 carbon atons,” a hal ogenated al kyl group

havi 1 haujn :
avi ng 5%518%@9&@%%%%%2&} g]rs‘lz%%tsh%f%%ﬂt. Q}g{HSthorgglrég? s

carbon atonms, and R2 repres group havin

at ons. ) [Hgiéibiﬁﬁ&g%ﬁ Jeton %%%g%gm&fen%uﬁ?ﬁc%ﬁgﬁ% LONent i,

in the epoxy resin conposition, t t of the conp

repr esent ggr bynGepst@hpfor nul a (2) included in the whol e epoxy resin
conposition nay be greater than or equal to 0.5 ppmand | ess than or

equal to L00-BPMhodOhH
10 [0006]

[Patent Document 1] Japanese Patent No. 3975386

[Patent Document 2] Japanese Patent No. 4010176

DISCLCSURE OF THE INVENTION
15 [0007]

The present invention has beenmade in view of the above described
problems and provides an epoxy resin composition for semiconductor
encapsulant with satisfactory adhesion to a lead frame made of copper
in which oxidation has progressed and with an excellent mold releasing

20 property and a continuous moldability, and a semiconductor device
which includes an element encapsulated by this epoxy resin
composition.

(0008}

The inventors, after repeated intensive studies to solve the

25 above problems, have found that the objective described above may
be achieved using a compound in which a copolymer of l-alkene and

maleic anhydride is esterified with an alcohol using a specific



20According to an enbodi ment of the present invention, in the epoxy
resin conposition, the conpound represented by General Fornula (1)
may be trifluoronethanesul fonic acid. 6,[0015] According to an
enbodi ment of the present invention, in %he epoxy resin conposition,

t he conpound represented by General Fornula (1) is a conpound

r epr esent esliyur(easrzal e yukaif PomposithidnGeNesahi Eondudttof 3hcaP3usant,
are selected froman al kyl group having 1 to 5 carbon atons and a

hal ogenat gigk o ke groadiip iRadveidnght becBefar beGe@t o®, and may be the
same as or different fromeach other, and a is an integer of 0 to 5.)
10[ 0016] [ooo9According to an enbodi ment of the present invention, in
t he epoxy resin conposition, the conpound represented by CGeneral

Formul a (2) ”&ycélﬂ:cﬁr%oﬂgw preRESS e $6h BYo e REN 8bokPBY & Lhhposition
3-);-X KR (4) 5(In General Fornula (4), R2 represents an

al kyl sgr ofipr et N rR1ic@ 025 chBhBeN 1800 MBn B3I Sn @l &n)Self J HRE4aN (B) a

al kyl group having 1 to 5 carbon atons and a hal ogenated alkyl group

having 1 é@rélgcaarg}é%r&,at@ysan%f@/nf@ ftﬂq)e 23?83? 1/_@{ giéJnﬁfo%fd §hOfhich

each other, and a is an integer of 0 to 5.

Accor di ng, t Qo2 SN0 A MNG 196ALNARE AEH! (L WENELNon | L AE £RO% 16
resin conposition, the 1-a keﬁe ngy gé ?-a%kene %av?%dgi téﬁgg e
carbon atgf,qride is esterified with an alcohol having 5 to 25 carbon atoms

in the presence of a compound represented by General Formula (1) is

10 provided.

O

R'—S—OH (1)

O

(In General Formula (1), R' is selected from the group consisting

of an alkyl group having 1 to 5 carbon atoms, a halogenated alkyl

group having 1 to 5 carbon atoms, and an aromatic group having 6 to
15 10 carbon atoms.)

[0010]

According to an embodiment of the present invention, the epoxy
resin composition may further include 1-alkene having 5 to 58 carbon
atoms.

20 [0011]
According to an embodiment of the present invention, in the epoxy

resin composition, the amount of the l-alkene having 5 to 58 carbon



[ 0018] 5According to an enbodi nent of the present invention, in the
epoxy resin conposition, the alcohol may be stearyl al cohol. [0019]
According to an enbodi ment of the preseng invention, in the epoxy

resin conposition, (A) the epoxy resin may include at |east one epoxy

10 resin selected fromthe group consisting of a biphenyl-type epoxy
resin repiesestred; e Geseteal Hoimdrmeghhl, ta phenals avahkyb-dndaess than
epoxy resin having a phenyl ene skel eton represented by General

Fornmul a (6} equaild ta phenottandl Kykstypeh eRYer-d ﬁélmdﬂ@énﬂﬁ By mass of the
bi phenyl ene skel eton represented by CGeneral Formula (7) (I'n

Ceneral Fopymutéemgdnent R4 to R7 are sel ected fromthe group consi sting

of a hydrogen atom an al kyl group having 1 to 10 carbon atons, an

al koxy groggpihpving 1 to 10 carbon atons, an aryl group having 6 to

10 carbon atons and an aral kyl group having 6 to 10 carbon atons, 20

R4 tosR7 maybepdhersaie t%saﬁren%&fﬁ’([&fﬂ o%r@i%%e‘?ltthgﬁveﬁggoﬂ t|£18e EpOxy

represents an integer of to 3. I'n General Fornula (6),

R are se 4 I oSt i a.h

2yl gr ot Fav e t%"of% “%Eéfbf%ﬁn%at %né%l%e A R T
10 carbonzatops; Af-Alyd @houp 5 having 6 to 10 carbon atoms and an
aral kyl group having 6 to 10 carbon atons, Rto R naybe the sane as

or different fromeach other, and n~y epresents an integer of 0 to

20.) (I'n General EQrmul a (7) to R19 are selected fromthe
group 10 consisting a hydrogen tom an al kyl group having 1 to 10
carbon atons, an alk y group ing 1 to 10 carbon atons, an aryl
group having 6 to 10 [dar bon at and an aral kyl group haV|ng 6 to 10
carbon atong,RL1l to 18 nmay the same as or different from eac

ot her, andﬁ r-ep-lhee-e- —a-n—| eger of 0 to 3.) 15[0020] Accordi nqe )
the present inventio a se onductor device 9 including a

sem conduct or elenena encapsul ated by the epoxy resin conposition is
provi ded. [0021] Accdrdi ng to anot her enbodi nent of the present

i nvention, in

{In General Formuia {2}, R! is selected from the group consisting

10  of an alkyl group having 1 to 5 carbon atoms, a halogenated alkyl
group having 1 to 5 carbon atoms and an aromatic group having 6 to
10 carbon atoms, and R represents an alkyl group having 5 to 25 carbon
atoms.)

[0013]

15 According to an embodiment of the present invention, in the epoxy
resin composition, the amount of the compound represented by General
Formula (2) included in the whole epoxy resin composition may be
greater than or equal to 0.5 ppm and less than or equal to 100 ppm.
[0014]

20 According to an embodiment of the present invention, in the epoxy
resin composition, the compound represented by General Formula (1)

may be trifluoromethanesulfonic acid.



5 the sem conduct or device, the sem conductor el enent nay be nounted
on a die pad of a lead frame made of copper, and an el ectrode pad of
the sem conductor elenent and an inner |gad of the |ead frane nmade of
copper are connected by a bonding wire. [0022] 10According to another
enbodi mrent of the present invention, in the sem conductor device, two
or nore ofodhw) sem conductor el enents nmay be nounted by being stacked
on the die pad of the | ead franme nmade of copper. [0023] 15Accordi ng

to the presentaddiitiPto ader@RUdASHD teRMPASIdt0MnF&fition, in the epoxy
sem conductor encapsul ant with satisfactory adhesion to a | ead frane

made of coPPEN ddhpdyiehoRXi €Rb | @hndis DHRPrese8dedaBy XGRIJANFRLAa (1)
rel easi ng property when nol ded, and conti nuous noldability may be

obt ai ned. ; 4 Na addhddhBH RpIVESRRBAUBLOEHEYE Ceryi-hil £xcgl | ent 20
reliability may be obtained if encapsul ating a sem conductor el enent
such as IC and LSI using this epoxy regiyn conposition for

sem conduct or encapsul any =—BRFEE DESCR{PTI ON OF THE DRAW NGS [ 0024]
25FIG 1 is a diagram spowi ng a ross-4 ctional structure for one

exanpl e of a sem condug}or devic Xy resin compositi or(a))
for sem corfduct.o ~ to t resent invention.
en seetgin a plan view show ng a

FIG 2is fg
state of an inter ing in a nold for eval uation
in order to evaluafe the | oad when t heM“époxy resin conposition for

sem COnduHIQrGe%%%%%%’:"%@n@%l?%?irhg[j{ng% %Q%tshe%e%t%%ﬁg}:oxin na\ﬁegﬂcgf gifsouSp having

rel eased. I's a iagram showi ng a

cross-sectional structure of an,A.unit ne | ded product .of the

i or mods a0 LS Bl s S et EORPOH R T oy © Sarbon
An epoxy resin conposition_for sem conductpr_encapsul ant of th

o eoom i FRHTA G A5 C() SARCeRBxy. r Sor FT R Sty sudne, and a
(C an inprganic filler, and (D) .a conpound in which a copol ynmer of

1- al kene h%\/?rhgl%tef%%@fcz]r 58nlgat)orrs and mal ei ¢ anhydride is

esterifieg &5 wi th an al cohol having 5 to 25 carbon atons in the
pres&ﬁce 9 %@konpound represented by General Formula (1). As a

result, an epoxy resin conposition for sem conductor encapsulant with
satisfactory defeiTMa BC 31 FRPI R fhdderesPpet NV aRAPEh 10 the epoxy
oxi dation has progressed, an excellent nold releasing property when

nol ded, affF 2D CHFMASAHTSRE bl 8 aBRTR Y Freip e 6B glnky. Geeral Formula (2)
sem conduct or device of the present invention includes an el enent
encapsul @4 Bf th FETEE SEPsEarsEcef bvhecepsay FesMwloffposition

for sem conductor encapsul ant descri bed above. As a result, a

semi conductor device with excellent reliabilityy#y be obtained.
Hereinafter, the present 25 invention(®ill be cribed in detail

[0026] First, the epoxy/resri gonposityon for /sem conductor 11
encapsul ant of the pregent inveytion || be/described. The epoxy

(R3’)a/\\_// ﬁ O (4)

15 (In General Formula (4), R? represents an alkyl group having 5 to

25 carbon atoms, R’ s are selected from an alkyl group having 1 to
5 carbon atoms and a halogenated alkyl group having 1 to 5 carbon
atoms, and may be the same as or different from each other, and a
is an integer of 0 to 5.)

20 [0017]



resin of (A) conponent used in the epoxy resin conposition for

sem conduct or encapsul ant of the present invention is a resin
general ly used as an epoxy resin conposifion for sem conductor 5
encapsul ant and is not particularly Iimted, however, for exanple, an
epoxi di zed novol ac resin, including a phenol novol ac-type epoxy resin

or an ortho- Crz&ﬁﬂirdlﬁig}tﬁénté&ﬂﬁ)cﬁtﬁ@ﬁt 6£%he, peddainedvBit cORdensiiYepoxy
or co-condensi ng phenols such as phenol, cresol, xylenol, resorcin,

cat echol , r@éﬁpbéﬁﬁbsﬁtgénblt%hﬁné)iké:ne ﬁag/kﬁi lnépﬁéfﬂ@h%v%%%m 800860 carbon
a- napht hol , S-napht hol or di hydroxynapht hal ene with a conpound havi ng

an al dehygesfs oup such as formal dehyde, acetal dehyde,

propi onal dehyde, benzal dehyde and salicyl al dehyde, under an acidic
cat al yst, gopdphenyl -type epoxy resin which is diglycidyl ether of

bi sphenol A, bisphenol F, bisphenol S or blsphenol Al D, or diglycidyl

15 et Iger of alA@'Ao 9}2{‘&& %heén%dl éf'tthlég;?}?e HQE t%ngﬁ‘?l%e epoxy

conpound of phenol resin synthesize ron1p eno S an

napht ho! Sréath 4 ctg%io%ar% | 812of610ha(TBL horyap VL) bRheny! .

stil bene- type oxy resin, rogqui none-type resin

gl yci dyl B§6 £4 type epoxy re5|n obt ai ned by the reaction of a 20

pol ybasi c aC|J-such as phthalic acid or dinmer acid and

epi chl or ohydri e res obt ai ned b

reaction of aﬁk 6¥é&%ﬁ%§é&ﬁ§§%ﬂguéﬁﬁhogQﬁ%%%r %% angggg ?%bénﬁﬁlregoxy
acid and chl [ h d cIo entadlene t sin,whic

o an epoirEbcoRBREEY Br. 2o SHE ARG PESTR i e BR A P st Sgony
25 phenol s, an epox ing_a napht hal ene r eno

ot hae- (S sl =t ?ﬁenﬁfﬂwo{%wp%wen% y%ﬂgée&@%r@@-ﬁyps epoxy
terpene-nodi fied epox phat i oXYy, res btalned

12 by oxi Y $1'hGeRTSF ﬁﬁegﬁa’nﬁe%ﬁ%ﬁ graeﬁac{‘ﬂ sEaneh erashy Potdd §hoxy
an allcycllc eg resi r an e resin in whjch these eg ﬁx

resins arESTOUPRAYER9VE PRORY ?’&%ﬁé‘e éPﬁ‘l%?ﬁ’lEeFEi%te%HYé%ﬂ“&@l ormula (6),
i soprene- qﬁied rubber a pol yam de- based resin, or the |ike my be 5

i ncl uded, @3h@ Phegel rae%quﬂn&m?eeBeéa s HemayigReaopinkenylene skeleton
conbi nati on of two or nore. Anong these, a

bi pheny! - ¥R P87 Q¥NQ?Wa§ﬁﬁe§@ﬁ@ééabﬁ7teneraI Fornula (5) , a

phenol aral kyl -type epoxy resin having a phenyl ene 10 skel eton
represented by General, Formul a;(6) , or a phenol aralkig-type epoxy

resin having a bi ghenyl ene skl eton repres nt e by Genkral Formula

(7) is prefer e ne Y ead. AL ame
made of c er |
Formula (5p , R4 tjo are cted faggmthe

nera (5)
hydrogen atom an |all®A groumhaving 1 to cafbon at gis, an al koxy
grougshaving 1 to 10 carbon atons, an aryl "group having 6 to 10
carbon atons and an aral kyl grou haV|ng 6 to 10 carbon atons, all of
t hem may bEn Gheesahd@camude ) f Bf éntR’famnsehedt ed Heom izimigno@p consisting
represents an integer of 0 to 3.) 13 (I'n General Formula (6), R8
to Rl areofel dotdedbgenomtbhe gnoapkebrmiaip hgvdhga lhydr byeradt@matams, an
al kyl group having 1 to 10 carbon atonms, an al koxy group having 1 to
10 car bonae btans gramwpahykiggolped MMavergot dooid), car kaylagesspanavafng 6 to
aral kyl group having 6 to 10 carbon atonms, R8 to Rl maybe the sanme as
or differehtcdstoon eacmsotnel anaadalkyepgesept sadindg né egerl ®fcdrdan atoms,
20.)

20 R*toR'maybe the same as or different fromeach other, and n represents

an integexr of 0 to 3.)



12 R1I3R16R17R12 R13 16 R17 (I'n General Formula (7), Rl1 to R18 are
selected fromthe group 10 consisting of a hydrogen atom an al kyl
group having 1 to 10 carbon atons, an aI?oxy group having 1 to 10
carbon atons, an aryl group having 6 to 10 carbon atons and an

aral kyl group having 6 to 10 carbon atons, R Ito R 9 maybe the sane
as or different fromeach other, and n represents_an integer of 0 to
3.) 15[0028 to R7 in Cener @rmula (5) are sgleched fromthe
group 14 c isting of a hydr atom an al kyl gr having 1 to
10 carbon at¢ns, an al koxy group fhaving 1 to 10 cafboh atons, an aryl
group having|6 to 10 carbon at ~and an aral kyl gfoup having 6 to 10
carbon at ons. g 1 to 10 carbop a may i ncl ude

a 5 nmethyl grou aypropyl groyp, n but group, an

i sopropyl grou ke, T OXYy group
having 1 to et hoxy (6)
group, a progoxy . e afyl group

having 6 to Fou ol yl
group, 10 a xyl'yI R oup, thie 1i K& “mBe ar yioup~farfng 6 to
10 carbon atons may i ncl ugdQa enzyl group, ardRemethyl group, or the
like. In the above substituents, a hydrogen atom may be substituted
with halo , rou an,sani n@iogr.Qup o] u or_the
A o e T
is 15 pre 00 i_ph -type QXY resin

LehEy Chnarar rovanpactyt oy S aRpr R T T2 ety caron

represent € ,an “epoxy‘re

oot b (2o BEnd B R L B Shgensme arogsg ovoue
st 201 gl 0og by L Leskrbon O sphehl Ui and g b gt

and anong_t hese,_ga @xy resin of which a i p_conmponent is 25

A e D S (3E R dy P IRy $e3h8, 55t G Sheh THH DHemyion §braher, and
preferable, and, for exanple, YX-4000K, YX-4000H (manufactured by

Japan EpoRyFRRETRHEIED an Iinkeper qhade tYakd) ), or the like, is
commercially 15 available. If this biphenyl-type epoxy resin is

used, adhesi®n to the lead frane nadg of copper in which oxidation

has progressed may be inproved. Th&/m xi ng anount is prefe ly 20%

by mass or |nore, nore preferably 302 by nass or nore, and eyen nore
preferably %5 Ipy mass or nore W regard to the total amsqQunt of

epoxy resin in ordel’to rddrBnstr¥t e i¥s perdSr manta'é[0030] 9 R8
? ted fyonmyt he \grodp congisting
i ‘ : (7)
o
11

19

(In General Formula (7), R to RY are selected from the group

10 consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon
atoms, R to R may be the same as or different from each other, and
n represents an integer of 0 to 3.)

i5 [0020]

According to the present invention, a semiconductor device



10 atons, an al koxy group having 1 to 10 carbon atons, an aryl group
having 6 to 10 carbon atonms and an aral kyl group having 6 to 10
carbon atons. The al kyl group having 1 tg 10 carbon atonms may include
a methyl group, an ethyl group, a propyl group, a butyl group, an

i sopropyl group, an isobutyl group, or the like. The al koxy group 15
havi ng 1 18c10dad borsatiamdmtorneldfend BBESOXY]1 S QULy AhLldPIRY resin
group, a propoxy group, a butoxy group, or the like. The aryl group
havi ng 6 tempOscalbom atsyimy.i ncl ude a phenyl group, a tolyl

group, a xylyl group, or the like. The aral kyl group having 6 to 10
carbon at pps21mpy include a benzyl group, a phenethyl group, or the
like. 20 In the above substituents, a hydrogen atom may be

substituted WAR-HIOUENo &iNBEOX RbEHOMBN L 20F AMA G HOH: v A@n, in
group, or the |ike. Anbng the above substituents, a hydrogen atom or

a methyl groOURe SedH Bl AbLE v EQ03d] e 20The 'or%%}ﬁféhtta{ lkgéj??ggénted

resin having a phenyl ene skel eton represented by General For

is prefergbl Y i f i-ch i DeC nt_ i =

For Pexanpl 5, S N30 Kancs ACTor £5° " T6 By N bpoT Ay Ak Bo it rode pad

trade nang} dis CORNELALALLY: QIAnCAR] £hg 1y 1018, ARENOL ARl K¥hal ¥PSue made
, the dista between

epoxy resin having a phenylene skeleton I's uséd nce

crosslinking Lnts C rger, .t ore, . el asti ¢ nodul us of
t he curedbgu%€§%§%eaﬁ%y ge f%%ﬁggafa5%$h§3%9xwﬁggénnunt is preferably

10% by na§§ 95, nore and nore preferably 20% by mass or nobre with
regard to %e lotal anount of epoxy resin in order to denonstrate its

perfqgryrance. [0032] .R11 .to R19.in Ceperal Formul 7) are selected .
fromthe grouﬁggﬁg%%H§1§Fiﬁ§°%Pe§ ﬁ?gpgé@ﬁngtgﬁ1€ééléﬂ%&ﬁniﬁ%ﬁﬁ?n +on, 1N
having 1 to 10 carbo to an_al koxy grou ing 1 to 10 carbo

rrom. ant 2R T R e e B P 10/ BB Gt M B AT S R Gt
having 6 to 10 carbon atoms. The al k ro aving 1 to 10 carbon

o oy 1 B CRE O PR Sy R B D P28 BF it 15raupE et made
but yl group, _an 15 isopropyl group, an isobutyl group, or the I|ike.

The al koxy* gr#Rhaving 1 to 10 carbon atons may include a nethoxy

group, an &%ﬁ Xy group, a propoxy group, a butoxy group, or the liKke.
The aryl é g]having 6 to 10 carbon atons may include a phenyl

group,_ a tolyl group, a xylyl group, or the like. The aral kyl group
havifg 6 to 10RCER DB oat PP TREFIthe PUBBL &0Be Rty EPgEFUPSS HN composition
phenet hyl group, or the like. In the above substituents, a hydrogen

atom may Per stBRtGINAET oK ERCRBFBgRRT Wi Ry dradipfagiteuy, adhegapnoto a lead
group, a cyano group, or the like. Anong the above substituents, a

hydr ogen B¥&Re drode REtIRRPST dopihiclpeafierable. haspoo33EsTee, pierfgicellent
aral kyl -type epoxy resin having a bi phenyl ene skel eton represented by
Gener al Foaphdlinelepsing poeeepremdicabinpldad, 1gnegoxyinasis o lewdthi ey may
mai n conponent is n=0, and, for exanple, NC 3000L (rmanufactured by

Ni ppon KayakebiGoinedt dIn edddeinanmey ssmitovmanciat |dewice |valiie.eddellent
this phenol aral kyl-type epoxy resin having a bi phenyl ene skeleton is
used 20t herell salantet hebwden obtennsdlimknngppolat snhpecoarscbadgetor element
therefore, an elastic nodulus of the cured substance may be reduced.

The m xi nguameasntC asd piSéferiaty yhile by ynessi roconpe &1 aheh fetresemiconductor
preferably 20% by nass or nore with regard to the total anmount of

epoxy resemcapswraier. to denonstrate its performance. 10[ 0034]

The bi phenyl -type epoxy resin represented by General Fornula (5) ,

t he phencBRBERI &4 CR IR RP@EY THES IDRAWAWGSY a phenyl ene skel et on
represented by General Formula (6) , and the phenol aral kyl-type

epoxy resjmohayi ng a bi phenyl ene skel eton represented by Ceneral

Formula 15 (7) , respectively, may be used either alone or as a

conbiomat i on of Ftawo 10i s MHEagkhmUsetviasy @ €P8bs Natd b1 B et uFer for one
example of a semiconductor device using an epoxy resin composition

for semiconductor encapsulant according to the present invention.



The m xing ratio of the whole epoxy resin of (A) conmponent used in
the epoxy resin conposition for sem conductor encapsul ant of the
present invention is not particularly I| jted, however, is preferably
greater than or equal to 1% by mass and]1ess than or equal to 15% 25
by mass, and nore preferably greater than or equal to 2% by nmass and

|'ess than or el 2 9s519% deniBsic A abRemIRES RRAOXY M 8ShTan view showing
conposition. If the mxing ratio of the whole epoxy resin of (A

conponent 5 is% 433t &h lﬂ@eﬁﬁ@dhﬁe Revalatiet he1aboyan swehd chE! Teﬁraluatlon
concerns for reduction of liquidity and the like are less likely t

occur. Ifif f&d@ﬁlﬂ&ge%a&ugteftﬁaelmlﬁe@m& E88kD Pésirﬁ)cdﬁ@i@%%%h for
is less than or equal to the above upper limt, concerns

reduct i ons%lé&w%ﬂa}y JRSIHANGR %c%%@d%ﬂ? kbkﬁhérﬁréé’éﬁtlir&%rﬁ: i is
occur. [0036] The curing agent of conponent used In e

epoxy of esi-g; £ommesi tion for sem conductor encapsul ant of the present
invention Is generally used in an epoxy resin conposition for

Ser conduct or 48 e AlerOCLALGy oS SAGk RAr LT EPJJQ%lé'e%ﬂirHﬁaeld
however, may inc e, tor exanp : srn, 1nc

oV A e EEh I a B 5501 LROYALAC, & éfdeé’g:%%'dﬂ%g by t%%nf'g SIf e nota
co- condensi ng endl s such noI resorcin, sch
blsphenolo ﬁésgyenol F, phenylphenol or am nophenol , and/or

napht hol s suc as 15 a-naphthol, 13-naphthol or dihydroxynaphthalene
with a cogp group such as formal dehyde, under

an acidic ca#ﬁfb{fwﬁa.phe&ﬁ#ﬂgﬁﬁﬂﬁy resin synthesized from phenol s
and/g. ag&égﬁLs and di net hoxy paraxyl ene or bis (nethoxynethyl)

bi ph ﬁ&l i ke, and these may be used either alone or as a

conmbi nation of 20 two or nor 037 Anong .t hese, henol

oralkyl 1 osi n MAFPRYA BT BhERTPERG LREI SoReRARPOLenT ot By "BSRARRE of the
Formul a (8 is preferahble fron1the Vi ewpoi nt of |IQUIdIt and a | ow

hygr oscop?t=prid tge]rft‘ﬁ}antlf@ inclufdgschbral SRPHUIFESESY | ORI Pent.
selected fromthe group consisting of a hydrogen atom _an_al kyl group
having 1 t% fﬁlééF%HﬁnéFoﬁ%ll%ﬁré¥%%%@ gP ot PPN Ghg T Whe Cho? &R er of
atons, an arf group .5 having 6 to 10 carbon atons and an aral kyl

group havimd lse%h%leaﬁb%%SBtWOWbO%aRQSHW%@H@ ¥érsdmisgsterified
different fromeach other, and n represents an integer of 0 to 10.)
[0038P AlVigh 3 3kraipols havicenér 410 Por sarRopspteas be Ehe BEGEEREE if a
10 different fromeach other, and are selected fromthe group
consistin@0@PO%P%yﬁﬁﬁﬁﬁﬁnéﬁ@hbyaﬁﬁQ@@@A Egrowg ahali ng s eoredukhr bvh epoxy
atons, an al koxy group having 1 to 10 carbon atons, an aryl group

havi ng 6 ¥®siD @mmfaztwoa:n@ealncanéuzyprgﬁm@pmwrm@ wiitlo sexisfactory

carbon atons. The al kyl group having 1 to 10 carbon atons nay i ncl ude
a net hyl @d@@@@on to a lead frame made of copper in which oxidation has

progressed, an excellent mold releasing property when molded, and
20 continuous moldability may be cobtained. A semiconductor device of

the present invention includes an element encapsulated with a cured

substance of the epoxy resin composition for semiconductor

encapsulant described above. As a result, a semiconductor device

with excellent reliabilitymay be obtained. Hereinafter, the present
25 invention will be described in detail.

f0026]

First, the epoxy resin composition for semiconductor



15 an ethyl group, a propyl group, a butyl group, an isopropyl group,
an isobutyl group, or the like. The al koxy group having 1 to 10
carbon atons may include a nethoxy group,, an ethoxy group, a propoxy
group, a butoxy group, or the like. The aryl group having 6 to 10
carbon atons may include a phenyl group, a tolyl group, a xylyl

group, oreméapdeldrker The prabkyt it RARYLAY16pE0adOc£LPN aheMBpoxy
may i nclude a benzyl group, a phenethyl group, or the like. In the

above subssiimedt sea)a R aked FRYthe sybRYi takad Middyaliegeror
a hydroxyl group, an am no group, a cyano group, or the |like. Anmong

o s -t o
For oy e SLELE] ALd e 6N LY RSRTAT Somp ok Ml (K T Ml o

by s o e FLAHE LB Sy it g, SORSERAR A 00 Bl e,
melt vi SC&?:_étﬁC/E%i%ﬁzﬁglgHo@oi apound, M%Zﬁ%ésa( 0 @f‘r%qq;;o%ghcg%gg{gino oxy

Kasei Co., trade nane) i's commercially ava

L K| . ) / K ; th .
arount i Lo ah ety i D BN LR e B e Ay B

i f. dt he .t ot al t of_th i t
mass or ncgéﬁdg}dl :%,agigg.aro—co%c#enesln% aher?%%%jlc%ﬁg%l%%)%ﬁl ncgrea EEI_n éfﬂenol,

order to denons e 1ts pertornance. rhg ratio

the curin nt_of (B),c Qnent _u in the epoxy resjn_conposit.ion
for sem CORRSTa GRERHRSrARE BhepHS TP b hont 1 Gy S=rigB a1 Buch
parti.cul arly |imted, haweve i r ef er abl reater than aqr equal to

0. 5oty AR PN 1t RaRoBrTBaTaPT 1 S A% BRI hatigRGraigh a compound
pr ef er abl reater than or equal to 1% by _nass d 20 less th 0

Bl to KIRIES b ST oRe SP6ky o LEPRTEhiRbYel Gectal dtade

m xing rati o of the curing ﬁgent of é%%gfonpqnent is greater than or K _,
equal to RRPEPGEIBRE PRAFEIIEBRcRrF Folirydadorbider WRder @it peidic
and the like are less |likely to occur. If the m xing ratio of the

curing agedtabysiBp Paﬁﬁaﬁgirtmm%@%xxf K9 1o WBdGhI 18 iy ol sfger of
upper limt, concerns for reduction of soldering resistance and the

li ke are Pe3RI¢NUePy HierRhanal Ff dosphengd S or bigpherelifv Al &t diglyeidyl
of the epoxy resin of (A) conponent and the curing agent of (B)

compdrent StReatOf F11He sulpsitd tyfeghernupbebsbit epestyP Hplripel i At RPORY
epoxy resin/the nunber of hydroxyl groups in the curing agent, is not
parti cul afPYPPund tafd Pheswdy @éralkylprepérabyyptBesered nfrore phenypl pfand/or
0.5 to 2, and nore preferably set in the range of 0.6 to 1.5 in order

t 0 suppr esaphidehl umnehctiag tboryonanaxybeve endtis (MRidremedheyl)btiphenyl,
even nore preferable that the ratio be in the range of 0.8 to 1.2 in
order to @dbttalane-dpmwey apesivn resipesat hgarbgrigent coypeictmrxy resin, a
encapsul ant wth excellent noldability and reflow 10 resi stance.

[ 0042] glycifhel igmregariivpef idploary eEsi Q) cbnpbnedt buselde | reddiei @paxfy a
resin conposition for sem conductor encapsul ant of the present

i nveri onpdkylrasdiedacihd auiches £ paxital ésiaricoopddinkirarfdand emichiduchgtrin,
15 encapsul ant in order to reduce hygroscopicity, to reduce a |inear
expansi ona cpkfdidylenimines tiyppr epexiyheesah cobdintd Viby yrladdrdéct T o a
strength, and may include, for exanple, particulate materials such as
fused silpshbyaminestsaldd re slilamdaocdabughpametabfé UBY SisbEpdur Lal &diiMand
carbonate, potassiumtitanate, silicon carbide, silicon 20 nitride,

al um numMmég i dilieer OfAiN) b ddeychep¥htbdi e €PPé Sepdit¥ Gkin which is an
forsterite, steatite, spinel, nullite or titania, beads spheroni zing

these, a gb@sp ddrfundloft Re dd-kendkRsaddkELOR, ot h@i&ﬂ@l@@éﬁ@acﬂéﬂ@rand
y

having a flame-retardant effect may include al um num hydroxide,
magnesi unbyekoxd desn 2 PHealie, nakAeEPhYREBhERaPEntNBihl ke ThESRA

methane-type epoxy resin, a trimethylolpropane-type epoxy resin, a

terpene-modified epoxy resin, a linear aliphatic epoxy resin obtained



22 coefficient, alumna is preferable fromthe viewpoint of high
thermal conductivity, and the shape of the filler is preferably a
spherical shape fromthe viewoint of %% dity and nold abrasivity
when nol ded. [0043] 5A m xi ng anount of ) the inorganic filler is
preferably greater than or equal to 80% by mass and | ess than or

equal to B9%bydimssy 1MRN&cpebehabhyiff eatRiraddian sQeh es e #-B24% BYid,
mass and | ess than or equal to 92% by mass, and even nore preferably

greater thanadic dy@y YoM YRS 2R Eﬁéﬁytf'@-@lz@rlr?%ﬁcﬂ @nQ% Byoxy
mass with regard 10 to the epoxy resin conposition for sem conductor

encapsul apbs{hontdanyd emRl M t@f JMmiidabil i brry8cRYIEPSE0PbEtadiene,
property, reducing a |linear expansion coefficient, and |nprOV|ng

strength. ; ﬂat@@élbésye& engpeli0 depheashi dbens dde Juing anpyat \A;h may be

less than the Tower 1int, and noidability tends to décrease

m Xxi ng; a@HEiu@é&e%ﬂﬁ ﬁﬂ]@sé?eé‘?ﬁ?ghakﬁﬂg Ese&%}ﬂ:ﬂer al%ne oI Q%lnatlon

resin conp05|t|on or sem conduct or “encapsul ant of e present

i nventiongkngcludes fD). a conpound in which a copolynmer of 1-alkene

having 5 To 80 carbon Stoms and mal eic anhydride is 20 esterified

wi th an aigg@@ having 5 to 25 carbon atons in the presence of a

compound represented by General Formula (1) as a nold releasing

agent. In part e . n i S nDre eferabl n d

in an anount o (%g&[the%goo/é g)lp gg’? %géﬁ “hiot Iéérsﬁp S\éntr?t by frgeral

conpound onent ha hi Lspersi bi in.t sin
Pérﬁ&?a ?P an&>endi z%quﬂlexpebngﬁg refiny % enylene

25 of (A) conpone aS "an TEx ¢

oy ona y=KELE or?fie%%%%%ﬂt%&%»f’é°9%§§§%% u‘ﬂraeg br &F F5f as'i%(rf)lkyéltype
is selected fron1the 5|

of an | group havin
car bon at ORE*Y aF Hatd e ﬁiﬁ?eh§§i t% egr ?BBﬁdg?%H%eneral

and an argmatic g avi 10 carbon atons ,

the presefit™ ndRnctons 9-‘??%%9@3?1% érpwp%%éﬂt%%ataﬂ%@%esamﬁbgpom gead
copper |n whi ch OX|dat|on has progressed and a npld rel easing

property, F¥#8e jBadeioh ﬁ&ﬁ%@h tBVnGBﬁérEFOQHeﬁﬁ?ﬁula (1)

as a catal yst when a copolyner of 1-al kene and nal ei ¢ anhydride is
esterified with an-al cphol is_knportant. By, using the cgnpound
represented by Cenfera Fornul (1) as a catplyst, the @sterification

proceeds effi nt |l é{ 1 ei c
anhydrldeY{zfggfg i coh ca eofg\?ﬁg7 (8)
whi ch cat albysts arle use |ch i sgtihe i related art,

or other catal ysts| arg® used, ferefore, les n i ®Ar eact ed

al cohol is present, and when the (D) conponent produced is mxed into

t he epoxy resin conposition, a balance bet ween adhesion to copper in

whi cH-Soxi §Bn Cenelrad Fommyrles $el, hdoR notel seébetstifyopy Opeptrpups@Bisting
made to be excellent and continuous noldability nmay be inproved.

[ 0046] Rilof ma thiedrGerear altofer aul alkl) gsowgeltectiod fir om i Becgrioup atoms, an

alkoxy group having 1 to 10 carbon atoms, an aryl group having 6 to
10 carbon atoms and an aralkyl group having 6 to 10 carbon atoms,
all of them may be the same as or different from each other, and n

20 represents an integer of 0 to 3.)



24 consisting of an alkyl group having 1 to 5 carbon atons, a

hal ogenat ed al kyl group having 1 to 5 carbon atons, and an aronatic
group having 6 to 10 carbon atons. The alkyl group having 1 to 5
carbon atons may include a nethyl group,” an ethyl group, a propyl
group, a butyl 5 group, an isopropyl group, an isobutyl group, or the
| i ke. The hal ogenated al kyl group having 1 to 5 carbon atonms may

i nclude a te#duoronethyl grou trichl oronet hyl Bp, a

2- bronoet hyl\ group, or the |ikje.\ Fhe aronmatic grou ing 6 to 10
carbon atons |[may include a phenylf group, a tolyl gfoup, a xylyl
group, a naphthyl group, or 10| the |like. The hydrogen atons of the
aromati c grou éuch as this may b i h en, a

hydr oxyl he | Ifke. The

trifluoronet [ j t nethyl (6)
group of thelftoly. . . i i 15]a

pRé&nyl
group, an am nophenyl groBéO o the like. [00&AP Exanpl es of the
conpound represented by General Fornmula (1) nay 20 i ncl ude

p-tol uenesyhf gphe, ac donenzengsuloplcaacd, MXYLEOS- #: Si 0D Sroup

aci d, p-xylene- C aci mesi ylenesu oni ¢ acid,

2- ht h [ h f

2 napht nal SRERUL LAY g S0 Aol ARSI e enEs LA e 260 gazbon
id, ke th .1 | f d

Fhe. compotRg Pt bont ey iF i BPr “ﬁnﬁﬁé??%aa“ir?‘éﬁoﬁﬁ‘s'g?ﬁﬁm group

25 041 ( neral Formul are sel ect
fron1§% aﬁ%yfn%rogB aﬁﬁﬁéoT:% P éaﬁﬁHhaaéghéf Lﬁ’ﬁﬁV&@%ﬁgFBdﬂ?carbon
al kyl grouE havi 1&%9 5 ciybgg atonms, and nay_be the sanme as or

di f f er ent *FY'SR1 a1y &Tdta°5°3%E &F Pht exfnty frgmseqch gpdEr, and
a in the CGeneral Fornula is an integer of O to 5 and R3's are

sel ect ed Frofansarksy %ﬂﬁ?Qﬁ£MQﬁgolth 28-¢arbon atonms and a

hal ogenat ed al kyl group haV|ng 1 to 5 carbon atons. The al kyl group

10 having&-do 5 carbon atons may dngl ude a net hyl group, o€t hyl

group, a pxopyl group, a butyl grotp, an isopropyl group, i sobut yl

- group or the like, and the hal ogengted al kyl group having 1jto 5

carbon ato Jray clude a trifluorwegethylh group, a trichl okQnet hyl
group, a 2- brjonoet R . 35F0049P 16 g1The fonpound
represent ed I3y ML A A p-t oNuenésul f iy c

aci d, benzanes Q) Qi e 5 [ (7)

2 naphthalen s If oni .cid A=(.2- br ondgtihy e onch\éﬁ 1 20
or the Iike. Amongrthes&’® pmtolaﬁhesulfonl i OR 1éularly
preferable, and for exanple, p- t ol uenesul foni ¢ acid (manuf actured by
Tokyo Kasei Co., Ltd., trade nane) is commercially available. If this
p- t ol uene$lim f@eieralkiEbimilus e )as Réh s tRéf | dieate rotoat dlryst tHehgroup
esterification proceeds particularly efficiently, therefore,

10 consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon

atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon
atoms, R' to R' may be the same as or different from each other, and
n represents an integer of 0 to 3.)

15 [0028]

R* to R’ in General Formula (5) are selected from the group



26 | ess residual unreacted al cohol is present, and when the (D)

conponent produced is mxed into the epoxy resin conposition, a

bal ance between adhesion to copper in “ﬂh@h oxi dati on has progressed

and a nold releasing property is made to be excellent and conti nuous

nol dability 5 may be further inproved. [0050] The m xi ng anount

of the coapasist {ePrerseanhedrbyelenaiml anoaMiba dAJup harriekenabd yid RBioon
to 5% by mass and nore preferably 0.02 to 2% by mass with regard to

the total agsmeptawfatifeceQpaupiavahgliatkene dQrsod Amded ¢ Anhwdni deoup
and the al cohol in order to denonstrate its performance. If the

anount i shhel ey d be 1owWaELbbhMiomd Bﬁd%ﬁﬂﬁ@ﬁmﬂy@%d}phatﬁlﬂﬁté @8 10 carbon
sufficiently as an esterification catalyst and it the anpbunt exceeds

the upperatbiit, e z0akAl }él%bubeﬁ;!caggﬁ%zﬁngé 10 aduessel yorrd frﬁ% include a

noi sture resistance reliability o w re. 15[ 0051]

1- al kene HQE‘H?'__?;?W, idh té’lﬁjﬁyr&r}b | s aokrgpglgggeg nd,|i Buf‘?%cgﬁfi‘up, an

copol yner of kene and nal’el ¢ anhydri de terffied w

al cohol i $500L P! td}%‘l_{éﬁla,lrjl )él E%%E%géﬁ%rr‘%@ﬁ,g &5 e RA%S 1y ?aa]ﬁﬁdéﬁfe)%roup

atonms, however, Tay In or e a straight-chain

20 such aﬁa@’iﬁqnf %e’10lbggésgeat&ﬁg%ae}}]%nc%u%c%nﬁetf]ﬁb%?ﬂ(g%g ., .an ethoxy

1- oct adecene, - €l cosene, ocosene, “1-tetracont ane, ntane,

1- oct acos 1-fri -hentriacont ane, 1-dotri.acontane,
1-tritri a@gﬁ?%’nea, Ekgg g? &%f?%%’o% gﬁéégi-%geoﬁ{]pdt P %aco%tlealﬁ(ee,' & ary1 group
1- hexatri - [ nt.ane, 25 .1-hentetracont.ane
I dot et r alonraag t9:5G SebBPR SRS Y il Bk PR, dfues a tolyl group,
1- pentacont ane,. 1- henpent acontane, 1-dopent.acqntane .
LT ont ACORUANSECEBh et aehtadant aHes SEa7 1. HoRURdHG 6 to 10 carbon
1-heptacon£ane or 1rQ§Fa ontgpe, ﬁr a branched l-aﬂkfne such as ,
3- net hyl - FEPFF BBt dHE IS £ Sty BLPPPacdnbAfRethyl group, or the like.
3-nethy|-£-t tracont ane_ or .3, 4-di nethyl -tetracontane, or the |]jke, ,
and t hese ey H&EATEd SEPEREFUEMbRe Br Ui 9d o APHalRPENP S SYRR- Pruted with
nore. 5 The, nunber of carbon atons of the 1-al kene nononmer used in _.
the synt hed1 I PHEYLEHOUAGONR it BR1BO CBEBIR/ B ICIFNOLIEPRRN S Takiae 1ike.
mal ei ¢ anhydride is esterified with an alcohol is nore preferably 10
to 70 froehRe eV SUPSEARESNEA. 1D R¥RFIIedd Stoamernadec oy Eaisap 1is
i n which oxidation has progressed, even nore preferably 28 to 60 from
10 tHe viBHRBFFLH?- continuous nol dability (a nold rel easing
property), andam xturei ncl udi ngl -octacosene, 1-triacontane,
1-tetracoh®®9® 1-pentacontane and 1-hexacontane is nore preferabl e.
[0052] The copol yner of 1-al kene and nal ei ¢ anhydride used in the 15
synt hesi s of (45 t&enpbrkenybft tireeppaydiftsimyenriennted it General Formula
particularly limted, however, may include, for exanple, a conpound
repr esent €9 byaiCeerees# Rsgirulel (d)icha aconpoundmpepeasehted by Gener al
Forrmula (10) or the like, and as commercially avail abl e products,
DI ACARNA £ &giist ®f 2d-taeuamrddox30 Miphenidctur ed by M tsubishi 20
Chem cal Corporation, trade nane) using 1l-octacosene, 1-triacontane,
1- t et2lacoht ahehid (Hehiaponarmeaaw -B, Béxa¢ontaptramethwlimpeengl s as
avai |l abl e. CHCH2 CH CH

epoxy resin obtained by the reaction of epichlorohydrin and

4,4’ -biphenol or 4,4-(3,3",5,5" -tetramethyl)biphenol, or the like,
may be included, and among these, an epoxy resin of which a main
component is

25 4,4’ -bis(2,3-epoxypropoxy)~-3,3’,5,5" -tetramethylbiphenyl is more
preferable, and, for example, YX-4000K, YX-4000H (manufactured by

Japan Epoxy Resins Co., Ltd., trade name), or the like, is commercially



11 RO OO 28 (OH2-CHCH CH I11 RJm 0 \0/ (1 0) -
[ 0053] R in CGeneral Formulae (9) and (10) represents an

al i phatic hydrocarbon group having 3 or re carbon atons, and n is
an integer 5 of 1 or nore. mrepresents a copol ynerization ratio of
1- al kene and nal ei ¢ anhydride. Wiile not particularly limted, when

1- al kene bgafegeléo he a‘ﬁhﬂ'@'Bﬁp@@xﬂYIﬁa&}%é redeni $s Bt @R sYon to
ra

noles, XY, that is, mis prefe y 1/4 to 5/1, mis nore preferably

1/'2 to 2/ {ne arkh £\VORMEDREIRT S IcpRley &h ML IokiWALEBN Bas progressed may
approxi mat el y equi nol ar.

be improved. The mixing amount is preferably 20% by mass or more,
more preferably 30% by mass or more, and even more preferably 50%
5 by mass or more with regard to the total amount of epoxy resin in
order to demonstrate its performance.
[0030]
R® to R in General Formula (6) are selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
10 atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon
atoms. The alkyl group having 1 to 10 carbon atoms may include a
methyl group, an ethyl group, a propyl group, a butyl group, an
isopropyl group, an isobutyl group, or the like. The alkoxy group
15  having 1 to 10 carbon atoms may include a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, or the like. The aryl group
having 6 to 10 carbon atoms may include a phenyl group, a tolyl group,
a xylyl group, or the like. The aralkyl group having 6 to 10 carbon
atoms may include a benzyl group, a phenethyl group, or the like.
20 In the above substituents, a hydrogen atom may be substituted with
halogen, a hydroxyl group, an amino group, a cyano group, or the like.
Among the above substituents, a hydrogen atom or a methyl group is
preferable.
[C0311
25 The phenol aralkyl-type epoxy resin having a phenylene skeleton
represented by General Formula (6) is preferably an epoxy resin of

which a main component is n=0, and, for example, NC2000 (manufactured



10[ 0054] A nmet hod for producing the copolyner of 1-al kene and

mal ei ¢ anhydride is not particularly limted, and general

copol yrmeri zation nmethods such as reactingeraw materials may be used.

An organi c sol vent capabl e of dissolving g-alkene and mal ei c

anhydride nmay also 15 be used in the reaction. The organic solvent is

not parti dul arppohi REyekn dwwever,. i srpdefesmd) Vid dodereciandy available.
aromati c-based sol vents, ether-based sol vents, hal ogen-based sol vents

or the |ikef mhysablsendle ausety1FRepeeass i P-d<amPRAM HE & YAingS ene skeleton
depending on the type of the organic solvent used, however, is

pref erabl Vi HQisleel, 2@B6 AN ENER PO WAHE dHRSLIialdivnglBeihes1B8EchEdMarger,
the viewpoint of reactivity and productivity. Reaction tine is not

parti cul ardne ddfi¥ires dad e 11229 Ao iieu s QFOL MBSy iy QRbaiAREe ROYBVE educed.
is preferably 1 to 30 hours, nore preferably 2 to 15 hours, and even

more peef efrebhyx fnd AmdAnb oW Srd FOM LR 100 Whe¥PAritho A ARHABUG b¥bE¥rap1y

After conpletion of the reaction, unreacted conponents, solvents and

the like iy Bg REERVEH mdde %%ﬁ%%@&rduegeﬁhge@éﬂw a?t{a)qmrteg'fc@goxy resin
pressure and the like. As the conditions, the tenperature is

pref erabl y ;10040 220G-ABASIPL e 55 PL L to 180C, the
pressure is preferablyel3.§x103eP5 oﬁgfégghé% nore preferably 8x103
Pa or Ies%@ the tine is preferably 0.5 to 10 hours. In addition,
a radical polynerization initiator such as azobi sisobutyronitrile

(AIBN) or benzg%iS erﬁjmj%_lt{]eg%g%aclg%ﬁ%l%dqﬁﬂ %%gt ggl%ﬁ%%&' EQ?Mﬁhge group

necessary. 10] used i SYNthesi's™ o
d i [ I zal k d | ei hydr i [
COTONS SR8 ORPNIR.Rl, LabeDe A0 TBLELE AIDLS A5 5o, asbon
h 5t b h i ncl , | e,
Strai ght GRS of AAACREo Tahl TR o St Urad SarcBnalseueh agvl group

pentyl al cohal, X al cohol , . octyl al cohol,, decyl alcohol, |auryl

P Comol - g, P i oA e PG anshoh L b BYarEdI ok ScByp carbon
al cohol , behenyl al cohol ,. 2- nethyl-decan-I|-ql, 2-ethyl-decan-1-09l,
2-hexy|-oéﬁﬁﬁﬁl-of?ea§§k$¥ﬂ%ﬁﬂu33 W%qﬁi%bFﬁhgﬁe&aﬁppﬁhﬁFP@S may include a
unsat urat ed al cohol such as %0 hexenol , 2-hexen-I-ol, 1-hexen-3-ol,

pent enol , TRt h PO PpeAteRbNY br ITHEP1 | kLT (HEEW ey W vids g oup, an
either _algne or as a conbination of two or nore. Anpbng these, a

strai g’ﬁt - AP PRIV S oAb P MRV g SRR Y L 9 -0 PhoRT ab BRsL 1 K& pr diher apkexy group
fromthe viewpoint of a nold releasing | pad, and a straight-chain

al i phat i ¢ "S¥iG%at e 8O a} & AL IR ARG S1B2Y 0 DG Dée ca MR Otvo HiE 0%, mBReethoxy
preferable fromthe viewpoint of continuous noldability. If the

nunber of 9E&YBond RGP0 IERBPal & SHHOAYsBECHR! t3e thenl hksi s 1Bte eyl group
conpound in which a copolyner of 1-alkene and 30 nuleic anhydride is
esterifi e®aNiiog @ﬁ%l%&@é%omsat@"@% meiahn¢ hedesoneen pivsr ouipni & tolyl group,
continuous noldability (a nold releasing) is poor, and if exceeds the
above uppér XVim tgradhe Sirophe ol ke eadherarnel knb@nsfurcbppéngi i twhil®hcarbon
oxi dation has progressed tends to be reduced. 5[ 0056] The nol ar
rati o2of efiemsemeti onchedeeerbemeyalauhyl, andhehettopobywep, obr the like.
1- al kene and nmal eic anhydride is not particularly Iimted and may be

set arbit dar khyg, ahowesrhstittuesitsy, ebehglregehatt dthenaplkar suabicatated with
the reaction be appropriately set depending on 10 the target epoxy

resi n compediogeon 4 bydseryt ayhugt,oan endapsgkaap, si agend hercdggr ee wife 1ike.
hydrophilicity may be controlled by adjusting this nolar ratio of the
reacti on. Afwngr ghai sheod wilis tdapabite, 0h Hiydsoby¥hngtdm ad keneedmgl group is
mal ei ¢ anhydride nmay al so be used in the reaction. The organic

sol vent i prederpadikicularly limted, however, 15 is preferably

t ol uene, and aromati c-based sol vents, ether-based sol vents,

hal ogeh- bgged3gol vents or the like may al so be used. The reaction

The phenol aralkyl-type epoxy resin having a biphenylene

skeleton represented by General Formula (7} is more preferably an



Exanmpl es of (D) the compound in which a copol yner of 1-al kene 5 and
mal ei ¢ anhydride is esterified with an al cohol using the conpound
represented by General Formula (1) may ipngclude a conmpound including
one or nore selected fromdiesters represented by (a) or (b) of
General Formula (11) and nonoesters represented by (c) to (f) of

General Fepoufarddiy of dHieriStd weliv @capoachepeat hag, ughd, Ofot Nekample,
| i ke, and 10 may include non-esters represented by (g) or (h) of

Gener al Fﬂt@b@oﬁlﬁﬁaﬂﬁé&@lﬁdwwﬁ? oﬁugb Qﬁp@@ndsw@.y iYdded@atnt) is
t hose conposed of any one of (a) to neral For mula (11) alone

in the mtamﬁéﬁémﬁkflﬁ&mam@ tJh_QSEh!LQC%HQh@E 011871 AR Qook®) rbQin

(f) of General Formula (11) in the main chain skeleton randomy,

regul arl ypaghd Ny 19 ghdlh pedad (%!'H@le(t:&l tl@()%%ekinC{:Hg' B9 P88 ce Obe Vel
nore of (a) to (f) of General Fornula (11) , and including (g) and/or

(h) int h@r&@éﬂlﬁﬁﬁﬁfﬁéﬁq{t‘% %J&%@O%Q‘:gei’eg’c‘fléféfof@d A & QK nodulus

form or the like hese nay be Used either alone or as a

(1 of - Genor a1° KRl é‘%"g% ‘*zo PO R kel G oS AR, 9

ES?”L?HVS’?Q? %"%ﬁ A CE ?’%%%r‘fonég?nﬁ‘?ﬁée g?ﬁgﬁigﬂﬁ %’3?’3’" s o
Y ol 20 Bkl uicte %ﬁ]cfeéé §id LSALoN{ALLo0f LBE, COmPOnth i ey o

which a copo mer kene an ei ¢ anhy rid er

an al cohol, [ ab % or nore fromthe V|emp0|nt of
adhesi on an %éngtg & Fe S|$é%%ﬁ§berty and the conpound in which a

copol.y. 8 % alkene and mal ei c anhydride is esterified with an
al coho ié ? }erably a conmpound 32 including 70 nol % or nore of

S T R b SRRl o
gal_ ‘é)_lolr NEE}H tglg pBeﬁ)CF r@zikycI\thpe epoxy'?\:ec':s.lln(lr(’i1 v%rffc_:% a\f)%enyléne s%H)leton
represented by General Formula {6), and the phenol aralkyl-type epoxy
resin having a biphenylene skeleton represented by General Formula
15 (7), respectively, may be used either alone or as a combination of
two or more. If used as a combination of two or more, the mixing
amount is preferably 50% by mass or more and more preferably 70% by
mass or more in total with regard to the total amount of the epoxy
resin.
20 [0035]

The mixing ratio of the whole epoxy resin of (A) component usead
in the epoxy resin composition for semiconductor encapsulant of the
present invention is not particularly limited, however, is preferably
greater than or equal to 1% by mass and less than or equal to 15%

25 by mass, and more preferably greater than or equal to 2% by mass and

less than or equal to 10% by mass in the wheole epoxy resin composition.

If themixing ratio of the whole epoxy resin of (A) component is greater
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than or equal to the above lower limit, concerns for reduction of
liquidity and the like are less likely to occur. If the mixing ratio
of the whole epoxy resin of (A) component is less than or equal to

the above upper limit, concerns for reduction of soldering resistance

5 and the like are less likely to occur.

[0036]

The curing agent of (B) component used in the epoxy resin
composition for semiconductor encapsulant of the present invention
is generally used in an epoxy resin composition for semiconductor

10 encapsulant, therefore, is not particularly limited, however, may
include, for example, a resin, including a phenol novolac resin or
a cresol novolac resin, obtained by condensing or co-condensing
phencls such as phenol, cresol, resorcin, catechol, bisphenol A,
bisphencl ¥, phenylphenol or aminophenol, and/or naphthols such as

15 o-naphthol, B-naphthol or dihydroxynaphthalene with a compound
having an aldehyde group such as formaldehyde, under an acidic
catalyst, a phenol aralkyl resin synthesized from phenols and/or
naphthols and dimethoxy paraxylene or bis (methoxymethyl)biphenyl or

the like, and these may be used either alone or as a combination of

20 LwWOo or more.
[0037]

Among these, a phenol aralkyl resin having a biphenylene

skeleton represented by General Formula (8) is preferable from the

viewpoint of liquidity and a low hygroscopic property.
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(In General Formula (8), R*® to R®® are selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon
atoms, R*® to R*® may be the same as or different from each other, and
n represents an integer of 0 to 10.)

[0038]

All of R*® to R?® in General Formula (8) may be the same as or
different from each other, and are selected from the group consisting
of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, an aryl group having 6 to
10 carbon atoms and an aralkyl group having 6 to 10 carbon atoms.
The alkyl group having 1 to 10 carbon atoms may include a methyl group,
an ethyl group, a propyl group, a butyl group, an isopropyl group,
an isobutyl group, or the 1ike. The alkoxy group having 1 to 10 carbon
atoms may include a methoxy group, an ethoxy group, a propoxy group,
a butoxy group, or the like. The aryl group having 6 to 10 carbon
atoms may include a phenyl group, a tolyl group, a xylyl group, or
the like. The aralkyl group having 6 to 10 carbon atoms may include
a benzyl group, a phenethyl group, or the like. In the above
substituents, a hydrogen atom may be substituted with halogen, a
hydroxyl group, an amino group, a cyano group, or the like. Among

the above substituents, a hydrogen atom or a methyl group is
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preferable.
[0039]

The phenol aralkyl resin having a biphenylene skeleton
represented by General Formula (8) may include, for example, a
compound in which R*® to R*® are all hydrogen atoms or the like, and
is preferably a mixture of a condensate including 50% by mass or more
of a component in which n is 0 from the viewpoint of melt viscosity.
As such a compound, MEH-78518S (manufactured by Meiwa Kasei Co., Ltd.,
trade name) is commercially available. If the phenol aralkyl resin
having a biphenylene skeleton is used, the mixing amount is preferably
50% by mass or more and more preferably 70% by mass or more with regard
to the total amount of the curing agent in order to demonstrate its
performance.

[0040]

The mixing ratio cf the curing agent of (B) component used in
the epoxy resin composition for semiconductor encapsulant of the
present invention is not particularly limited, however, is preferably
greater than or equal to 0.5% by mass and less than or equal to 12%
by mass, and more preferably greater than or equal to 1% by mass and
less than or equal to 9% by mass in the whole epoxy resin composition.
If the mixing ratio of the curing agent of (B) component is greater
than or equal to the above lower limit, concerns for reduction of
liquidity and the like are less likely to occur. If the mixing ratio
of the curing agent of (B} component is less than or egual to the
above upper limit, concerns for reduction of soldering resistance
and the like are less likely to occur.

[0041]



10

15

20

25

21

The equivalent ratic of the epoxy resin of (A) component and
the curing agent of (B) component, that is, the ratio of the number
of epoxy groups in the epoxy resin/the number of hydroxyl groups in
the curing agent, is not particularly limited, however, is preferably
set in the range of 0.5 to 2, and more preferably set in the range
of 0.6 to 1.5 in order to suppress each unreacted component to be
small. Furthermore, it is even more preferable that the ratio be
in the range of 0.8 t0 1.2 in order to obtain an epoxy resin composition
for semiconductor encapsulant with excellent moldability and reflow
resistance.

[0042]

The inorganic filler of (C)component used in the epoxy resin
composition for semiconductor encapsulant of the present invention
is mixed into the epoxy resin composition for semiconductor
encapsulant in order to reduce hygroscopicity, to reduce a linear
expansion coefficient, to improve thermal conductivity and to improve
strength, and may include, for example, particulate materials such
as fused silica, crystalline silica, alumina, calcium silicate,
calcium carbonate, potassium titanate, silicon carbide, silicon
nitride, aluminumnitride, boron nitride, beryllia, zirconia, zircon,
forsterite, steatite, spinel, mullite or titania, beads spheronizing
these, a glass fiber, or the like. In addition, the inorganic filler
having a flame-retardant effect may include aluminum hydroxide,
magnesium hydroxide, zinc borate, zinc molybdate, or the 1like. These
inorganic fillers may be used either alone or as a combination of
two or more. Among the above inorganic fillers, fused silica is

preferable from the viewpoint of reducing a linear expansion
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coefficient, alumina is preferable from the viewpoint of high thermal
conductivity, and the shape of the filler is preferably a spherical
shape from the viewpoint of liquidity andmold abrasivity when molded.
[0043]

Amixing amount of (C) the inorganic filler is preferably greater
than or equal to 80% by mass and less than or equal to 96% by mass,
more preferably greater than or equal to 82% by mass and less than
or equal to 22% by mass, and even more preferably greater than or
equal to 86% by mass and less than or equal to 90% by mass with regard
to the epoxy resin composition for semiconductor encapsulant from
the viewpoint of moldability, a hygroscopic property, reducing a
linear expansion coefficient, and improving strength. Reliability
tends to decrease when the mixing amount is less than the lower limit,
and moldability tends to decrease when the mixing amount exceeds the
upper limit.

[0044]

The epoxy resin composition for semiconductor encapsulant of
the present invention includes (D) a compound in which a copolymer
of l-alkene having 5 to 80 carbon atoms and maleic anhydride is
esterified with an alcohol having 5 to 25 carbon atoms in the presence
of a compound represented by General Formula (1) as a mold releasing
agent. In particular, the (D) component is more preferably included
in an amount of 55 to 100% by mass in all mold releasing agents. The
compound of (D) component has high dispersibility in the epoxy resin
of (A) component, and has an excellent balance of adhesion to copper

in which oxidation has progressed and a mold releasing property.



5[0058] R in Ceneral Fornmulae (a) to (h) represents an aliphatic

hydr ocar bon group having 3 to 78 carbon atons, R2 represents a

hydr ocarbon group having 5 to 25 carbon gtons. n is an integer of 1
or nore. mrepresents a copolynerizatioﬁ atio of 1-al kene and 10

mal ei ¢ anhydride. Wiile not particularly limted, but when 1-al kene
is made to be X noles_and nmaleic anhydride is made to be Y noles,

X'Y, that is, mis perably 1/4 to 5/1, mis nore preferably 1/2 to
2/1, and even nore prgferably around 1/1 which is approxi mately

equi nol ar. 15[ 0059] E: A nunber-average nol ecul ar wei ght of

(D) the co opnd in ch a copol yner of 1-al kene and mal eic

anhydri de ESLGSLEUHU Y.V | cohol using the conpound

represente y Cener For mu tﬁk is not particularly limted as ‘)
| ong as the nunber of}j}fepeating units having 5 the structure of (a)
to (f) of General Forppla (11) is 1 or nore, and the bal ance between
adhesion to a lead fr made of copper in which oxidation has
progressed and a nol el easi ng property may be achieved in any

nol ecul ar wei ght region, however, the nunber average nol ecul ar wei ght

i f | 2.000. t 10,.000.,,.10[ Q060 h i Xi t of . _
P e 2 000 L A0 000 LOLO0BO] e el S AR P st g

anhydride s esterified with an alcphol using the conpouyn

repr esent%lﬁ By &t &Fﬁlvén(gl)l igg o?a’ﬁ%‘g?i%*iﬂr%?'l 2 Hlaﬂ'iotg@ﬂ{ated alkyl
however, is ﬁé ferabl% grggter than or equal to 0.5 parts 15 by nass

and | ess $HAWP JPEqitait 18 AFPHRAS AbPMTasnd Y 2F6FE tiFefEPEB| Hrving 6 to
greater tﬂ@n or equal to 1 parts by nass and | ess than or equal to 5
parts by HasSeWPeh 3'€did to 100 parts by mass of the epoxy resin of

(A) conponent. If the mxing anount is |ess than the above | ower

limt, a ﬁ5}eleasing property tends to be reduced, and if exceeds

20 the above upper limt, adhesion to a |ead frane nmade of copper in

whi ch oxi dat i He® pHeHcEssdaveatorts LASOFAeE| ent ingyoel |tiphdadparee of
resin conposition for sem conductor encapsul ant of the present

i nvent i on2gle i oy prd dirirao o wid cbf crReagiorr hatb carponeesed eard i prmold
bet ween the al cohol and the copol yner of 1-al kene and nal eic

anhydri derekers ey pradamdey .a thenpeeneir eprespated byoGesertdd Foy greral
(2) which is an ester compound of the conpound represented by General

34 FdOnul Boxmylandl) ke & cefiellysthwhenhe epoxyymesiof corpdsing emd orleic
sem conduct or encapsul ant including the conmpound in which a copol yner

of 1-al kenehypwdidmlisi esanhyfiedevith est eicdhed i timpartaintcohoBy using the
i ncl udes the conmpound represented by General Formula (2), it may nean

5 that t hecprmpolndepregrageant & Ben€raér abriralauld) (43 ascaselysis, athe
catal yst when the copol yner of 1-al kene and mal ei ¢ anhydride is

esteri fi egswethf mmeial@ohobeeads et Nyt iyswipeo @essp of yitidre ofohpalinshe and
in which a copolynmer of 1-al kene and nmaleic anhydride is esterified

W th an ahsbdiod .anhydride is esterified with an alcohol compared to a case

15 in which catalysts are not used which is the method in the related
art, or other catalysts are used, therefore, less residual unreacted
alcohol is present, and when the (D) component produced is mixed into
the epoxy resin composition, a balance between adhesion to copper
in which oxidation has progressed and a mold releasing property is

20 made to be excellent and continuous moldability may be improved.
[0046]

R' in the General Formula (1) is selected from the group



(I'n GCeneral Formula (2), R is selected fromthe group consisting of
an al kyl group having 1 to 5 carbon atons, a hal ogenated al kyl group
having 1 to 5 carbon atons and an aromatjc group having 6 to 10
carbon atons, and R2 representsan aIkyI:%foup having 5 to 25 carbon
15atons.) [0062] R in General Fornula (2) is selected fromthe group

consi sti ”Qoﬂéléﬁlﬁé I 29E9%R 1NV RIndviAgSL Eé@eﬁr%ﬂ@oomﬁ% a halogenated

hal ogenat ed al kyl group having 1 to 5 carbon atons and an aromati

group havéﬁ_‘ﬂ ﬁ gtr%tﬁzphg;lglﬁ Pq:% gt@é@ooﬂat‘oﬁssygﬂﬁ'ya[ﬁg%o%rtgc 1&61{# hav:.ng

Gener al For dition, R2 representsan Kyl group

5 to 25 cgrpgnlgtgg?%%re%&ms BHBSLLLUENG -8y el ide, adlerle,gy UB s

a dodecyl group, a pent adec grou group, an

oct adecyl g¢ oy 2l < RERKLL LU, %nbglaggx'?g% p,%g)hggg& 26O o buty1

group, octy up; or ‘the

r epr esent neral Fornu na d octadec
p- tolﬁgnegu?a%hg%n ld@%fﬁ’ téﬁﬁlﬁesu ﬁgﬁ%té Ebgﬁ8H9r r the like. The
p- tolueneﬁuifonate

Iyl ene B LLrT ohee S HACE Ga B end. 2ea FaRgre. Sbupsqary include a

4 (2 br onbBt hy Ty BeRTHEs §?E§ﬁataet aBpnskeneyl Lonate ackadee P orou,
Che |1 k. e%%@ﬂﬁwfeﬁ%it SR EprebertBa Dy CHABROTFO R B dpolude
conpound 7 eFREREN Gy GeReTdl FOTtiRl o (H HinFeRuPs AnPaatighy Troup, or

conmpound of the co ound represented b Gbneral Formula (3) and the

al co rrﬁlg}eb]e‘-]?%cl BENYATORR B oRENne £h¢§FﬁWP5164§IO‘F@ Sr”éﬁ’r 88 eritis may
an alkylogroup having 5 to 25 _carbon atons, R2's are selected from an

al kyl tagutedgr Bt it ArhBACHE GhBYAREX AL KACEGe it 8BLAPIGHO W ol 5 yano

having 1 to 5 carbon atons with all of them being the sane as or
di f f er ent 9FPen edEhtlt hekke. 38he aromatic group having such a substituent

may include a trifluoromethylphenyl group in which hydrogen atoms

of the methyl group of the tolyl group are substituted with £fluorine,
15 a pentafluorophenyl group in which hydrogen of the phenyl group are

substituted with fluorine, a hydroxyphenyl group, a cyanophenyl group,

an aminophenyl group, or the like.

[0047]

Examples of the compound represented by General Formula (1) may

20 include p-toluenesulfonic acid, benzenesulfonic acid,

m-xylene-4-sulfonic acid, p-xylene-2-sulfonic acid,

mesitylenesulfonic acid, 2-naphthalenesulfonic acid,

4-(2-bromoethyl)benzenesulfonic acid, methanesulfonic acid,

ethanesulfonic acid, trifluoromethanesulfonic acid, or the like.
25 Among these, triflucromethanesulfonic acid and the compound

represented by General Formula (3) are more preferable.



and a is an integer of 0 to 5.) [0065] a in General Formula (4)
is an integer of 0 to 5 R2 represents an al kyl group having 5 to 25

carbon atons, R3's are selected from5 al kyl group having 1 to 5
carbon atons and a hal ogenat ed al kyl gr having 1 to 5 carbon
atoms. R3 in CGeneral Forrmula (4) is synonynmous with R3 in Genera
Formula (3), and R2 is synonynous with in General Fornula (2).

[ 0066] 10The conpound re eral Fornmula (4) may include

oct adecyl p-tol uenesulf , p- bl uenesul f onat e, behenyl

p-tol uenesul f onat e, Lnnqgﬂ,loctadecyl

m xyl ene- 4-ful f oAat e, A /M -2-sul'f bnate, octadecyl (53)
nmesi t yl enegulheonag | enesul fonate, octadecyl 15

4- (2- bronoat hyl ) 6 i ke. [0067] An upper
limt of the mxi anount of the conp®dnd represented by Gener al

For mil & (2} i f0! lp%;m&af(agl,yﬁzg Led: chiusver e ba %eggggb@q@ogwm

pm or nore prere pm or ess WI

resin conpqsition the a t_gxeee ove

o st ure"?gﬁs. bt g PRE AT § A A e EOhL 4o amgﬁb 5 fazbon
addi tion, lower Limt of the mxin of the conpo

Fepr esent 8PS GARLAY £t e SCBF RS Hbt SbEFETEH A9 ST Qg 47
degree to, conflrn1|ts e ualitatively is 25 acceptabl e,

hOV\evg’r % % b‘?ieef%‘?%bq%/%b g’pgn or nore with regard to all resin
conp05|t|?$@ Lf the amount is below the lower limt, adhesion and

sol dering %% tance tends to becone insufficient. 37 [0068]

The epoxy resin conposition for sem conductor encapsul ant of the

present invent? ol rFE;? FRERGAL HQEMkEMe HadEngnslReeTB ir HohCab ornd R
This 1-al kene having 5 to 58 carbon atons nmay be residual 1-al kene 5

unr eact ed®Ff TPEEPrEt TP RN 3d&yd SJF?@PPZQ@V@%Q& e o KR Ph @ teEseipad a
anhydride. The anpunt of 1-al kene having 5 to 58 carbon atons

i ncl uded PalewRNERRA P Ikydi rewrpesiinidon Fo serpedmiintitor Eheapdullagiroup
of the present invention is preferably %Teater than or equal to 8

part 0y hasEnaAdte &ssarhan aroneguay e lagdepames vy greeed miehhe tleyfaggoup,
10 to 100 parts by mass of the (D) conponent. If the amount is within

t he abovearminfyl sacipf atbuitylcoreimueus Laopdeby] ianouray abel bt negroup
If the anmount is |ess than the above lower Iimt, a nold rel easing
property ¢ tlogretiles arsddded hadndehbteteadkplUngrewe dedisindel mgpér carbon
limt, a nold stain or reduction of adhesion may sonetines occur.

15[0069] atoms may thelegesxy treédilnoconpobiyligrodmr asenicoholtoterhyl group,
encapsul ant of the present invention, a curing accel erator may be

used in oad%$bremmﬁthﬂk1gﬁumpepaxytmesﬂﬂkeonposition W th satisfactory
curability and liquidity. The curing accel erator which may be used in
the 2G préeg@sa®] i nvention is not particularly limted as long as it is
commonly used in epoxy resin conpositions for sem conductor

encapsul ant, howevesgpomd imgiredentkdr bgxaapkeal aFrphASPAOLBIS may include
atom cont ai ni ng curing accel erator such as organi c phosphine, a

t et r a- substié L€tk plosphianiasnd; oppauBte sa1 pBASHNAPEY Al e EIROUNG 18dnic
adduct of a 25 phosphi ne conpounds and a qui none conpound, or an

adduct of a&i @hosphprindn CHNIHEE akdd3 &'eb@'ﬁ?l@ﬁgﬁﬁﬂmgnlgra@ld
nit rogen atomcontal ning curing accel erator such as 38

1, 8- di azaplgyshedHr dhBindecenacid, benzyLgi-smbbihy BNh e, e L1 NI aC1d

|n1dazole and these may be used either alone or as a conbination of

two o NMose.  ADNOKd hegRongntAEgani PB%@H@&&@ SO 1 & particularly
preferable fromthe viewpoint of noldability. 5[ 0070] é&anp | es

of the Orﬁﬁé‘f&rmpr'ﬁrﬂf A %&aﬂ@iebepu\gsgnéﬂeé@ff&?f& N, CQHP r&:tured

for sem conductor encapsul ant of thé presenf invention may inc u

primary phosRiifiLRaSUEEAS ethY! PAQRPRLREG) 0L s %%r&%@ﬁ@hé{?§llable. If

this p-toluenesulfonic acid is used as an esterification catalyst,

the esterification proceeds particularly efficiently, therefore,



trimet hyl phosphi ne, triethyl phosphine, tributyl phosphine or
tri phenyl phosphi ne. [0071] Exanples of the tetra-substituted

phosphoni um conpound which 15 may be us in the resin conposition
for sem conductor encapsul ant of the present invention may include a
compound represented by CGeneral Formula (12), or the I|ike. (I'n

Gener al Fogsylre st 82k 1 Ridepiasend BedhdN oS U Bt 91 whd, tHR D RRM@Bnent
and R27 represent an aromatic group or an al kyl group. A represents

an ani on gfodficad QFBhi LoPLadBi thaebdxhavd it abmp8ast 1 GRE of Mattheaktween
group selected fromany of a hydroxyl group, a carboxyl group, and

39 a thi ohdBESUn | b abEHOMBL] GiHild?0 oxAdateBhesgnt 5rograt 9PRLA%d a mold
organi c acid having at |east one functional group Sel écted from any

of a hydrpxylas @ QYRrodetalyBAME I8 UPe ARE 13 hi Bha bAHPRLBuEho1dability
aromatic ring. x and y are integers of 1 to 3, z is an integer of 0O

to 3, » apd, X5y 3y 2] i nprovedlhe conmpound represented by CGeneral
Formula (12), for exanple, 1s obtained as foll ows, however, the

method is;pgtn{imted to this. First, a tetra-substituted phosphoni um
. [ Q . . . .
hal i de, an aromatic organic 10 acid and a base are blended in an

organi ¢ sol Ve“fhé‘gﬁfcﬁkghéglc?ﬁdc ?Eitfh%r H%%(%%&@%gﬁr%%@ﬁ%%js%g{ég@%i&1 3ihuia

anion is generate ol ution sy wat er

subsequentl .. le. GaTmRYNdr 6PTESe! B9 s Conel Al FOLIUER-LAR) 4Tty S, 23

preci pit ated. € compounhd repres neral “Fornu

2 o SR SR 0 AL RSB LU oS U PSS cone
gty SASYRL D AT OIS Lingrd ol bey phenols RO Reerace ico
Tt el AN el Qe e e S
e e SRl CoRST Al O A, e S, e O o
Fapr esent 1 R T AR GGl LI ePan Fafeger COF GeTeLE aREGqNs dnds to

i nt eger of , , . )
adversely affect moisture resistance reliability of a Cu wire.

15 [0051]
A l-alkene monomer used in the synthesis of the compound in which

a copolymer of l-alkene and maleic anhydride is esterified with an
alcochol is not particularly limited as long as it has 5 to 80 carbon
atoms, however, may include, for example, a straight-chain l-alkene

20 such as l-pentene, l-hexene, l-octene, l-decene, l-dodecene,
l-octadecene, l-eicosene, l-docosene, l-tetracontane,
l1-hexacontane, l-octacosene, l-triacontane, l-hentriacontane,
l-dotriacontane, l-tritriacontane, l-tetratriacontane,
l-pentatriacontane, l-hexatriacontane, l-tetracontane,

25 l-hentetracontane, l-dotetracontane, i-tritetracontane,
l-tetratetracontane, l-pentacontane, 1-henpentacontane,

l-dopentacontane, i-tripentacontane, I-pentapentacontane,



50 to 4.) [0074] The conpound represented by General Fornula
(13) , for exanple, is obtained as follows. First,
triaromatic-substituted phosphine mhiChdif a tertiary phosphine is
brought into contact with a diazonium 10 salt, and after a step of
substituting the triaromatic-substituted phosphine with the di azoni um

group i nchudeda&dnthge di m;egitpgeo%?datne the 1cepRauBHt ke ObE Al 8Granched
However, an obtaining nmethod is not limted to this. [0075] 15Exanple

of the addugixeheas Ri0aRM HEsaRMPOURG 13N 2Ak| NMPNE. SOMRYPND MNICR Nt ane,
may be used in the resin conposition for sem conductor encapsul ant of

the presentyi I ' c _
e B 2 eALbOHOIL 00 TG H1e-2 RRML ERSaeL it P, RRoUR ke,

[ epr esent and {HASPAILYS. ALeH o b r Bidne UMK LEREASEIEN AL BLKYLr more.
group having 1 to 127 carbon atons or an aryl group having 6 to 12
car bory at offE, n%ggeﬂaé(f B& 1 Saﬁ::??nsa%forthé Ci'—%ﬁ%ﬁetméﬁé? £aCH PLNE e

3 hydr ra hy on group

R31, R32, and repr esent a ogen atomo drocar

havi 1 diff f .
12109 1 §9oLfoE R Lo Y B IS, BT Bl L L ML LA s
oyclic SLEeIERa) LOQISLASGampLes of he.Rlosphine, compauat,yeft <o 1o

. e
in the ad sSphi ne - conpoun

preferabl y_include those in i an aromatic.ring.i s unsubstituted .
b “subeti FEPRIN tH ety o PRlR S IP AL dikody gy Saams Rt Edbper in
triphenyl phgosphin tris(al kyl phenyl) phosphine, tris(al koxypheny
oot neEAER FHERAGR, P b pRRRRYel, PABLAANS DERCESAPAE. 2B ok from
subst.j t ue such as _an al kyl .group or al koxyl grou i ncl ude

Chose thavFRg T 6 B ol b Gi it OO 7 gl BhoS ST P S P LF S EHBPETEY)
fromthe vigmpoint of ,avail ability. The qui none conpound used in the
adduct of 28° fHBEPHI e 1EGAPdtMa L26TaRGCECHET Hortd 1EGRPGERE - nay- SiFaceaéane,
0- benzoqui none - benzoqui none, ant hraqui nones or the like, and

p- benzoqu?ﬁBﬁ%t?Eo%F%‘?%r% e HIBRF O FETeN éSeMPEBNPERESHRBIPOI Nt of
storage stability. [0077] As the preparation nethod of the

adduct of[goﬁ%bsphine conpound and a qui none conpound, the adduct nmay

be obtai ned by contacting and
The copolymer of l-alkene and maleic anhydride used in the

15 synthesis of (D) component of the present invention is not
particularly limited, however, may include, for example, a compound
represented by General Formula (9), a compound represented by General
Formula (10) or the like, and as commercially available products,
DIACARNA (registered trademark) 30 (manufactured by Mitsubishi

20 Chemical Corporation, trade name) using l-octacosene, 1-triacontane,
i-tetracontane, l-pentacontane and l-hexacontane as raw materials

is available.

..__f(le-CHg GH-CH—{— (9)
R m
I ol ot C\o




5 m xing organic tertiary phosphi ne and benzoqui nones in a sol vent
capabl e of dissolving both. As the solvent, those of which solubility
for the adduct is |ow such as acetone o[gr§ketones such as net hyl et hyl
ketone is preferable, however, the solvent is not limted to these.
In the conpound represented by General Formula (14), a conpound 10 in
whi ch R34, and R35 which are bonded to the phosphorus atom are
phenyl groups and R31, R32 and R33 are hydroggn atons, that is, a
conmpound in i 1, 4- benzy®qui none and tri phepyl phosphine are added
is prefer hervi Ln maj Fﬁini ng _a | ow nodul us of
elasticity @kﬂ?n t-ﬁe cureaeldbsgn e of the resin corrposi(i‘!)rO)
15 for sem conduct or erjcaps Iant.|[007$ The m xi ng anmount of
the curing agce erator'%s paﬁi culap]y lifited as long as it is

an anmount to{achteve t Q—éc £ 2N g effect, however, is
preferably 0{1 to 10% by nass, “-and rep fe_'almy 20 1 to 5% by mass
with regard to (A the epoxy resin. If the anount is less than the

| ower Iirr'zé g}lrability in a short time tends to be poor and if the
anount exceeds the upper |imt, curing speed is too fast, therefore,

it isdifficult to t ai tisfactary nol.d roducts due to _.. .
unfi 11 ing and §h RIS Ds G ae 10f TRIRE0R SCHELEeHE 48 ahimnaric
for sem copduct or Oer[lc%psulﬁnt , ofélhe resent invegti on,_a,sil oxane

added pol yher waid S4aEE FoViids PRIVpLT poTdBr S6BTAr iy Tt he EpdRyeger
resin o ition wth satisfactory sol dering.resistance stress and

[T qui dh L yor ThE*aTPERand SUBEAS pot S R oS HBE L baT L oR IRy PF f Tk Sty 2nd
wel | - known terials i,n the related art may. be. used,, however, X
ncl ude, Fa1 S GRaNEIddemdilE£5 R PeBRbOBHE LR Mol Taekene is
met hyl subséituent of djarret hr‘}%J sil gxane_is substituted with a

subst i t ughtaS Uch R8s X aF Ry G rGUF L CaR"BEERY g roumiade & BExy Myrsup X/ ¥
an am no a]irloup, and the |ike, [0080] 10The sil oxane added pol yner ma)é

be mi xed WrEh iGhe™ bF PERS CERLAEr &/ kittus/ Ladt ivayBEe el s5ilve 1/ dt v 2/ 1,
of greater than or equal to 0.1% by nmass_and | ess than or equal to 2%
by mass WER SVEGFARere Brafprabby e ncesichl chifpesht i DAPPIPRiDAESHY aagmolar.
anount exceeds the upper limt, there are concerns such that surface
stai #%ay[@@23%]y occur and resin 15 bl eed beconmes |onger, and if the

m xing anmount is |less than the lower limt, problens may arise such

t hat suffici ert Ifethng rﬁﬁﬁJIM§d¢¥Cl@Iga§biecppyogmeéi spetsabkene yand makeic
nol d rel easi ng agent may not be obtained. [0081] 20To the epoxy resin
COMpoSsi ti@ﬂhY&i%ﬁ%bﬁﬂm@ic@d@éﬁSfulmit@ir el peaseal dapadniegri,zation
an ani on exchanger nmay al so be added fromthe vi ewpoint of inproving

moi st ur e hekhedarechhfan Mavitdaigsyelw astenikCs mag beghsednpdmtanganic

| eavi ng characteristics. The ani on exchanger is not particularly

limted apdlweht depewdenaf erisslod viing25-4 Heene katioda be i c renyrvible ideeday also
however, may include, for exanple, hydrotalcite, or a

hydr % debe onsad nimg-leomeourd cof. afhel engatisese@tedt fromaeantpamnysularly
bi smuth, zirconium titanium tin, magnesium 44 and al um num and

t hese maylieitsdédhewbher, alopeederalsl a todnkeneataroh aobmbwhcobasBti&solvents,
Anmong these, hydrotal cite and hydroxi de-contai ni ng conpound of

bi snut h rephesearadi byo1Genergl heooghabbib)l sbevehebesabtiee BN meA xlso
(OH 2 ( CB ) X2 .111H20 (15) (In Ceneral Formula (15), 0 <)C 0.5,

and mis lepesdd.l vehentegetion [O88drature varies depending on the type of

the organic solvent used, however, is preferably 50 to 200°C and even
20 more preferably 100 to 150°C from the viewpoint of reactivity and
productivity. Reaction time is not particularly limited as long as
the copolymer is obtained, however, is preferably 1 to 30 hours, more

preferably 2 to 15 hours, and even more preferably 4 to 10 hours from



The m xi ng anount of the ani on exchanger is not particularly limted

as long as a sufficient anount to capture ionic inpurities 10 such as

a hal ogen ion is used, however, it is pr§;erably greater than or

equal to 0.1 parts by mass and | ess tha@ or equal to 30 parts by

mass, nore preferably greater than or equal to 1 parts by mass and

less thange efdimbold Kk RN VIRSS: APt £VEITIE Y %ffertﬁ@: ¥eaction,

greater than or equal to parts by mass and | ess than or equa

parts 15 BYr&RSSed ddhdsifafid t 3 chQRARAT Taﬁdb¥hga§§k8fm%£e?§ppé9/m{eqf,i Nt
of (A) conmponent. If the mxing anount is |less than t ower limt,

capturing,thesionc &Jn@élif hbhesniends rqu@lu%%di PsuE i £4 ey tﬁgﬁjfie.t hes the

m xi ng anmount exceeds the upper’limt, there are no great er ences

in effects,CoPaLs p ;&cﬁ rs]éa%@e(}:fatu}% ng?gsgégﬂblylb@gﬁ? ﬁWCefé}{cF’more

20 it is econom call ant ageous. he epoxy

| nvent oL rh bE o SR AR aahie DA S BreREa PR SR B o
o0, e LPOLFALEnbbl s Ll KON £00BL 10 SRR RO THEM PBr rerany
Vinyl o 12t £ (O Bhioed cBSnGS, & GHRM GHol s g ongnit iator
Banpl oo, P s B2 RRy S REPQRE SR LE oo (SN0 COMTny aGeRc SN ERO) may

vinyltriet 8§§€%%S@$P#¥%g¥ltrLs pgﬁggh%é%gggg§¥zsilane,

h
y- met hacry¥
P-(3.4-ep | ohexyl ) et hyl tri net hoxysi |l ane,
y- gl &i’i doﬁ@%%f)yl tri met hoxysi | ane,
y-gl yci doxypr opyl net hyl di met hoxysi | ane, , , _
y- gl yci doxypr ophff t31 & X y§9%ane, thensriEhasst oxystparmempound in which a
y- mer capt opr opyl tri met hoxysi |l ane, 10_ , . o .
y- mer capt SpF %ﬂpﬁ,ﬂm@ﬁé{%%}q HRdelc anhydride is esterified with an
y- mer capt opr opyl tri et hoxysi | ane, y-am nopropyltrinmethoxysil ane,
y- ani nopr%yg‘wlh%}e HyA Bpﬁe@%&%ﬂ%‘ﬂé lymiedop? opyia Biset hdids Pl Bpeld carbon
y-ani | i nopropyl trinmethoxysil ane,
y-ani | i nopropyl REVBYEH MatthbRgSidendoriscample, a straight chain or branched
N—p-Sgninoephyl);y-aninopropyltrinethoxysilane,
y- ( planm nebipiyd e ssoprEdpddriephex ysreehdsipeasyl alcohol, hexyl alcohol,
N-(trimethoxysilyl propyl)ethyl enedi am ne,
N- ( di met hexyyeehygbsicly |[desupr apydet hybengdicdmiobel, myristyl alcohol, cetyl
N- p- (N-vi nyl benzyl am noet hyl ) -y-am nopropyl tri met hoxysi | ane, 20
y- chl or oprbpythe ki netdroxyisid larmdothexdmetshnyl dilsphahe behenyl alcohol, 2-
vinyl trinmet hoxysilane, a titanate-based coupling agent such as
i sopropylheithgbsdeeamyltalt afatsshyl-decan-1-0l, 2-hexyl-octan-1-ol, a
i sopropyltris(dioctyl pyrophosphate)titanate,
i sopropyl $trd Nlam ctoetrhydr dmamgicdy la) tiphatdtepn2sturated alcohol such as
tetraoctyl bi s(ditridecyl phosphite)titanate,
tetra02, Zaskahdy) Ocpraihy-l-bibut yhg:birs{Iidir, deaykbhophaosphitrstli-tlapaingenol
bi s(di octyl pyrophosphat e) oxyacetatetitanate, 46
bi s(di octyt mHopAeephaha) eidyd engt bkanste,either alone or as a combination
i sopropyltrioctanoyltitanate,

[

i sopr opyl §f reidaer pbi-s 0st@@y khiekanad éstraight-chain alcohol having 10 to
i sopropyl tridodecyl benzenesul fonyltitanate, 5
[
[

sopropyl » sesd@RrO¥t Bhaciy blrelfaRab@e from the viewpoint of a mold releasing
sopropyl tri (di octyl phosphate)titanate,

i sopropyl t&dgunaHhesyt i franate, of al_itphatic saturated alcohol having 15 to
tetrai sopropyl bi s(di octyl phosphite)titanate, or the |Iike, and these

may be usgd &iANGl 2bRRe OMmA% Breerbhiabi 8RR Ve 1 QL pBRRE o A YR8 4 ous

moldability. If the number of carbon atoms of the alcohol used in

the synthesis of the compound in which a copolymer of l-alkene and



including a hal ogen atom an antinony atom a nitrogen atomor a
phosphorus atom such as a brom nated epoxy resin, antinony trioxide,

anti nony tetroxide or antinony pentoxid;, flame retardants such as

met al hydroxi de, col orants such as carb 9 bl ack, organic dyes, 25
organic pignments, titaniumoxide, red lead or red iron oxide,

I m dazol enafel @20hedri 8Er 87 8keert Fl 841G WEn & dHKE1 s A Aehb M Al §Bove
thereof, anthranilic acid, gallic acid, malonic acid, malic acid, 47

mal ei ¢ acigweﬁrﬂiaa&heeehtiﬂHwQIﬂdl%a@glrim !(gi&@ol%ﬂqe(igggm hVES poor, and

t hereof, adhesion pronoters such as aliphatic acid am conmpou

dithi ocarbardl &edy Y 8RLALoLSLAL! ] MRLe Y edincdli ohNBol 4 KfaadTBE R, made of

m xed into the epoxy resin conposition f'or sem conductor encapsul ant

5 of the pg tid ' : e dait S ssar

The epoxy roorh Shmioart taitpsIoi kel Rrbl¥E8s AL B IANS e

present ipgggé'on may be prepared using any nethod as long as a

variety of raw materials may be uniformy dispersed and m xed, 10

however, as gene hads,. a hod, _in.which after_predeterm ned

amount's of thgﬂ}%\%&oﬁl& erriag]ls? é)rfg% ﬁo?ﬂgﬁﬁﬁwn SEEBY %19%,-;)1( T C?nl (et the
i,ng. roll

like, th ] i | t.ed d k db i
e he e |5 el g kneaded b e, Mbpou oLl B kneader,
(412 aSYih e ] e on.o Lablel wih dmnstons, and MBSS onie what

addition, the oXy resin c osition for sem conductor encapsul ant,
of the prEd®dt°tdnithi'sh Oﬁa%%erﬁéﬁﬁl% B8 TR PG F &6 depending on
conpﬁ%ition di ssolved in a varietx@pf_onganic solvents, or a 20

sheet™’ or MF¢ | FREHEp P BP0, s CHTOORPSIPRI SAF BBTAFRINGYO HiRFgpsulant
coating this liquid epoxy resin conposition on a plate or. a filmand |

di stri but FHE % He'% &€ &4 VY¥ALCBREALCLRE BINDPR | T iHdeh RyuAddgsting
reaction of the resin hardly progresses, nmay al so be used. [0088]

25Next , atRefiBkuctoriUaS CESoffceré ipReseft FHAASHIG dPlWignt s@pable of
described. As the sem conductor device obtained by encapsul ating the

el enent bYLFrRLEHEX Y 1A Gmgodkrileds PohydsafeoRdricabro 8 used in the
encapsul ant obtai ned by the present invention, a sem conductor device

in whi ch BeeetEment Thecdrganigesplecsl aifeno$ pardh cad agdpi tondited ohowever,
chips, transistors, diodes or thyristors, or passive elenments such as
capadit orss pesistarly drolagines iegdmagemnedionbassdppol Yémgs negierr-Saged
the | ead frame nade of copper, and of which necessary parts are

encapsul atebveitd tivd ogpoxpasedi sotomposiard shef brksemywadducberused. The
encapsul ant of the present invention may be included. As the

seni conduttacrt duvitempenehuas variss flopesdanpla thenermd oEOfoaniesiodvent
encapsul ant such as DIP (Dual Inline Package), PLCC (Plastic Leaded

10 Chi p CasederhoweeR ( QragrEifatraBagkafge)o BOFP° ¢ Smed lev@rt Imaree preferably
Package), SQJ (Small Qutline J-|eadpackage), TSOP (Thin Small Qutline
Package) D90 FQFR 50Tld dirQuadhé&l ateRackage)r fremrmedvhy ybehdgoroductivity., 2
encapsul ated by transfer nolding and the |ike using the epoxy resin
conpasi t i eadiorors elimeonduaborpencapsid AN 1dmittkel peeseny aHvend icoRolymer
after fixing the 15 elenent on the | ead frane made of copper and

connect i ngs tde dietegd, nabwpaket, and pherd easl par tcoBot heu s £ieite PHATASbLY
a bonding pad with a wire bonding or a bunp. In addition, a package

i n which Zhiopss BHGRs A& divhibl-k (3 A Sliacked oPag kadey i 8haGkedpoint
in nmultiple stages may al so be included. 20[0089] FIG 1 is a diagram
showi ng ac£r@ssasact+ianal Artdet Hb8of OF i e Xl &t ®n, unreacted
sem conduct or devi ce using an epoxy resin conposition for

sen condugssorettaPs Yhapkn 86 GRIHLAY tikd NEy HLSERLvERYEH hQRessary, under
Elements 1 are stacked in a two-stage and are fixed on a die pad %

25 heating and reduced pressure and the like. As the condition, the

temperature is preferably 100 to 220°C and more preferably 120 to

180°C, the pressure is preferably 13.3x10% Pa or less and more



25 through a curing body of a die bonding material 2. An el ectrode
pad of the elenent 1 and a | ead frame nade of copper 5 are connected
by a bonding wire 4. The elenents 1 arezf?capsulated by a curing body
49 6 of the resin conposition for encapsulant. [0090] As the

met hod for encapsul ating the el ement using the epoxy resin

conposi ti pReferasef goNFUGOLreneaBsuLARt tRE £ 1Ge PLIESERdFd BN IO, B 10
a |low pressure transfer nolding nethod is the nost conmon net hod,
however, gButkg]ection nolding nmethod, a conpression nol di ng method or
the like, may al so be used. If the epoxy resin conposition for

sem condughgsyencapsul ant is a liquid phase or paste format room
tenperature, a dispensing nethod, a casting nethod, a printing

met hod, 10 or gheqhike c@iY(Dt?et.h@_CJ:ﬁqun rgl[i 009 Mhich .cbﬁo?ﬁq.éfic?f' 1191%ene

general encapsul ant nmethod in whic enent 1s directly resin

encapsl atggnA N ém\%@f“f&ég% M@ﬁiﬁwgkﬁgrﬁglgeﬁéi Js?}l Elée compound

conposition is not 1n direct contact w enent 1s 1

oSS . SBAE88: SAPTY, LERED-COEARLLA 1! gy JECAR ol bl ot
et et P SSO0E L A0 M L RS B0 £, 20 conera
e SoblseE: (1209l popce SUMPUSEIRI S (BIILBTES 8L, Spporan
sLomm endehiLF RS I5,23kReRRherAl S St Devige BB, anc
1A kol BERSEEIS, b LeloeR e o 20, LA AT Mo rper commute

( manuf act b t subi shi  Chem cal Corporation, trade nme, DI ACARNA
(Fogt st or LHET A ERR T Ut r= 1400 SOMCPRRDI MY £BROROE TR FAEE Brabosed
by Tokyo Kasei Co., Ltd. ). , and 4 of 5 p-toluenesulfonic , ,
ai d- monoRy drAY PSneiuT @t iPedt byo FagRS A GoRB LA £d) FL7RFein the main
di ssolved in 500 m of toluene and were reacted for 8 hours at 110C,

then t ol ueidlig&elehofed Dyt hese tRG LUASNHI BHUPE Ok et fades tep(thoidrmeral
and the solvent was renoved while the reaction was carried out for 6
hours at 18B@LRde}:r dduéds PréBsthaln rawlatay remdesdyiorgietashe and in
conpound 1. As the nol ecul ar wei ght neasured by gel perneation

chr orfet ogR phSChiEHThol(pdt Thene EymdidioRngsi Ry Eee rathydrst afahahsto (f)
t he eluent, the nunber-average nol ecul ar wei ght (M) =4100, the

mol ecul ar OheFgherall steimuta onl )Mvame) ingledingndgd apadest &) findiliomain
ratio of the conmpound 1 cal culated fromthe 15 residual amount of

unr eact edchééarsielfiteshspndaslyooreml ar i yFrom bm aabéackafdmnobras like,
t he amount of 1-al kene included in the conpound 1 was 12% An al i quot

of the peakddiheEr paydel Rs8dm hthaes adbneede risi @ rcaribim ait oGREE W or more.
anal yzed by 3-1-1-NVR, IR and GCO/MS, and it was confirned that 2.0%

by mass ofncuidideicyl, 4t otheresoldflodang (as amtl(bdedf iGen2GatthBormula (11)
conpound 1. In addition, the residual amount of unreacted stearyl

al cofidl was 119 Imaimasbadn lesketodn tdemdeimilye eegpbanty land A@94]block form,

and/or, (5) those composed of each of (g) or (h) of General Formula
(11) alone in the main chain skeleton, may also be included. An
esterification ratio of the compound in which a copolymer of 1-alkene
and maleic anhydride is esterified with an alcohol is preferably 35
25 mol% or more from the viewpoint of adhesion and a mold releasing
property, and the compound in which a copolymer of I1-alkene andmaleic

anhydride is esterified with an alcchol is preferably a compound



Synt hesi s Exanple 2: synthesis of a compound 2 in which the copol yner
of 1-al kene having 28 to 60 carbon atons and mal ei ¢ anhydride 25 is
esterified with al cohol having 18 car bor% tom; usi ng benzenesul fonic
acid 428 g of the compound 2 with 100 o nonoesterification ratio
51 was obtained follow ng the nethod descrl bed in Synthesis Exanple 1

except thahcﬂuglﬁé penzaresH HheRkCoachkh (MBNWACHLYr 88rdYod qjﬁéom@%elsters

Co d.) was used instead of p-tol uenesul foni c aci d. As the

moi ecul ai riBE8BLn BT B, BY 05 oPULIRALNOR, SAC AL 997 ARRYNUAL B S rerably

pol ystyrene conversion using tetrahydrofuran as the el uent,

nunber - avgr agg gc%gjudﬁggtgg M1)=410Q0,-Lhe nol ecul ar wei ght

di stribution (Rw/ .72, 1.9% by mass of octadecyl benzenesul fonate
was i ncl ude and the resi dualy anmount of unreact ed st earyl qal cohol

was 1% by [ ss ole co nijarea ratio
of GPC, the CH H (94 éene i ncl uded | or%_igcg was 12%
[ 0095] nt he rﬁ&pl e| 3: (Hynt hesi ofR @o%‘ﬁtﬁ?@ 4 i nhich
t he copoly of 1-al Féb h&ijnhg 28 to 60 carbon ato oaIQj mal ei ¢
anhydride 1% is esterifded;a th, al cohol having 18 c at usi ng

trifluoronethanesul fonic acid 438 of the corrpound 3 wth 100
nol % nonoestrerification rati o4qnvas obtain follow ng the t hod
descri bed i t S | el 1 except o)

trifluoronet arllg{s@?I onl(grzfa [ manuf actu ?Ft?yc% TO%BHR& el Co.,
Ltd.) was ugedRri nst .%-t uepgsul fohic acgd/ ALt
wei ght neasured by geIO on chromafography wid 0
conversion ysing tetra r of ur as the ¢luent, theSF{yunber-%verage
nol ecul ar wet ght (Mh) =4100, thke nol ecul ar- wei ght di st ri but Fon

(MV Mh) =3. 53, , 480 ppm of octadecyl 25 trifluoromethanesul fgnate was“ﬂ

i ncl uded, a a/n r SI d _I mount of unre rcté_gd ear al cghol was 1%
or |less of & . From an] t|o%1i "t he
anount of 1 ene cléud infth 52 c¢ [00 ]
Synt hesi s anpl e 4'& étgjée( s| of eJea) corrp)und 4 m,.@'t\,\aipl@\ coggl ymer
of 1-al kene}|having 28 to car bon atons|and mal ei ¢ an prl 5is
esterified wth al cohol in '10 car bonlat ons usi ng

p-t ol uenesulff gni ¢ aci d 0O gof th corrpound WI th 00 nmol %
nmonoesterifijc at| opt ai ned foll od descri bed
i n Synt hesi E%J @Q\Ng%t hatg)68 ¢ Hufact ug,r,pd by
Tokyo Kasei r Lt m) sed i nste cohoI t he
nmol ecul ar i ght measud e h per neat i on chrorrat(bgm

pol ystgr ene conversion usi ng tetrahydrofuran as the el uent, the
nunber> aveP@g@l nol ecul ar wei ght (M) =3700, the nol ecul ar wei ght
distribution (Mwv M) =3.84, 1.7% of decyl p-tol uenesul fonate was

i ncl uded, and R hien @i el Famudtaeof(al5 tonbacredrésdetanah avbispHdb ior
| ess of the whol e compound 4. From an area ratio of GPC, the anpunt

of 1-al kempdiocitoed grouthdaoomgotndod 78asatden hOORT] Bi/mdm&nts a
Exanpl e 5: synthesis of a compound 5 in which the 20 copol yner of

1- al kene hpdtraga28oi ayfifipc dalvdngabots ahdam@i atanaydrhdes isn integer
esterified with al cohol having 22 carbon atoms using

of

p-t ol uenesubf anbre acimd r3d@egeant st hecopappuiti Hati dh AH0 )61 -al kene and

nonoesterification ratio

10 maleic anhydride. While not particularly limited, but when l-alkene

is made to be X moles and maleic anhydride is made to be Y moles,

X/Y, that is, m is preferably 1/4 to 5/1, m is more preferably 1/2

to 2/1, and even more preferably around 1/1 which is approximately

egquimolar.

15 [0059]



was obtained follow ng the nmethod described in Synthesis Exanple 1 25
except that 170 g of behenyl al cohol (manufactured by Kao

Corporation) was used instead of stearyly-al cohol. As the nol ecul ar

wei ght nmeasured by gel perneation chromatography with pol ystyrene
conversion using 53 tetrahydrofuran as the eluent, the

nunber - aver ageA mireeit-arrewaigghino (&) 1 2440, gHthe £ nob e elcatompb@hd in which
distribution (Mv Vh) =3.85, 2.1% of behenyl p-toluenesul fonate was

i ncl uded, a atisbd hgndresifdaak 1agnendn®@mdlng Racheddiedenyk & €ohofi wasit¥ an
or less of the whole compound 5. 5 Froman area ratio of GPO, the

amount of alceh&Enss iinct e etbrigbunie reprpositte® sl [RO9]1a (1) is not
Synt hesis Exanple 6: synthesis of a conmpound 6 in which the copol yner

of 1-al kepgrhavhgr 2P 1tichi24dCa¢ DM AL 8 ARGmPBIeh € rapRKdh hdeuddd $laving
esterified with al cohol having 18 carbon atonms using

p-tol ueneght f onkecdetd of (a) t38Qr9 of BeAbXLUroLhuils el cosene1 or more,
1-docosene and 1l-tetracosene (nmanufactured by |Idemtsu Kosan Co.,

Ltd., tragdgqname ddiNEAE ) f | ei [ :
di ssol vedgicril oE nehe t?Eﬁﬁgéﬂaﬁﬁh‘%g%ﬁ%&gaoéfeggle%%%émgée@%x‘?ﬁewp%r o

(BPO) was i ree i fascTel r i ~whi i
at 110C. "/‘&?gééjl?q%}&hl{ah ié%&'gﬁ he ?3‘%11'3‘%) SR %oﬁn&%nﬁé%qﬁe%a%‘é?@]o%%‘gﬁ% My be

was furtheggyh f L ylal
40 g of erorienaaury il st e 10k SRR Pho R R L rnR 0y B¥rage
235 g of ' I ) i Xtur agked for 8 hours

at 110C, %ﬁ%%mtgg%%eyn%?%tsaﬁr%r%%gg}%f egfioﬁgm?éeﬂﬁ’{)@@ﬁfe in stages up

to 16QC ﬁ@@l grreact ed conponents were renoved while the reaction was
carried o ?o 6 hours at 160C under reduced pressure, resulting in
380 g of the ound 6 with 100 %.nopnoesterificatipn ratio.

t he nol ecul ar C@/g%)g %Xlnzlegagﬁnpélg%zgfg?bbé@ eT At l@hwgﬁﬁ oagr%% ymer of

e LY B E0% SOy SR, LR oL SR Lue 20 % 1S S dilndi S sing

distributjon (Mv M), =2. 66, 2 3%.0f 54 octadec p-.t.ol,uenesul f onat

ans | nol uHeR, e ik TPREPARAF S AT St SEET R ey RO BRARG ar Ly
was 1% or_|ess of .the whole co und 6. Froman area ratio of GPO

the ambuntLb el aNRY Sirc TR EHGY CH (BRhe 19052 5| Bogb]s parts
Synt hesi s Exanple 7: synthesis of a conpound 7 in which the copol yner

of 1-al kehe REFi i 265808 CarHHR b ok’ RAJtAIEIESan Yt RaEeRreferably
esterified with alcohol having 18 carbon atons using

p-t ol ueneSEFRoRT cEhrt @Y &dHRL bR hAramEs Riedressedy 1833othanfof ipual to
conpound 7 with 85 nol % nonoesterification ratio was obtai ned .

f ol | owi ng® tBRL ethoBag8sét FhetPgar et hESi BEEKaRY @apseRécphe teRAxY HEsin
addi ti on anount of p-toluenesul fonic acid was changed to 2 g. As the

mol ecul arOhelifghtorpasared byt §&e péxhpatdwmnthienbe vy ridpty tiet #bove lower
pol ystyrene conversion using tetrahydrofuran as 15 the eluent, the
nunber - avekage molneddl zales gt pEMRREZER0Endhdarbe ecadugedyeipght 1f exceeds
di stribution (Mwv M) =3.87, 1.0% of octadecyl p-toluenesul fonate was

i ncl dded, thadkdree runpatudliraimourdhetionr éactedestefirghe ahaddhobf wagE¥® in
of the whole conpound 7. Froman area ratio of GPO the anmount of

1- al kene Winttludexdidat idre remnpowat ek seals bE2%ne20[i0s00Ficient.

Synt hesi s Exanpl e 8: synthesis of a conpound 8 in which the copol yner

of 1-al keb@0®&hliing 28 to 60 carbon atons and nal ei ¢ anhydride is
esterified with al cohol having 18 carbon atonms using

p-t ol uenesul f oriie gwixdy (@ddint icompastunbh Ffoer easbdin@b3dOr gerofagdielant of
conmpound 8 with 85 nol % nonoesterification rati o was obt ai ned

fol | owi ngtiidemeidndidesstibedid m Byptbeats dtgiplel bf the esterification

25 reaction between the alcohol and the copolymer of 1-alkene and maleic
anhydride, and may include a compound represented by General Formula

(2) which is an ester compound of the compound represented by General



except that the addition amount of p-toluenesul fonic acid was changed

55 to 8 g. As the nol ecul ar weight nmeasured by gel perneation

chromat ography with pol ystyrene conversi®an using tetrahydrofuran as

t he eluent, the nunber-average nol ecul ar wei ght (M) =4100, the

nol ecul ar wei ght distribution (Mwv M) =3.88, 4.0% of octadecyl 5

p-t ol uened@irigaat é1l haand ridlcudddohand tWeen ddiadgpboxanpenin ofempesidtiet for
stearyl al cohol was 1% or |ess of the whole conmpound 8. From an area
rati o of EPGicphdughoumncepsilahkeire livatingdate cnmphenddmpauich 8 amgslymer
12% [0101] 10Synthesis Exanple 9: synthesis of a conpound 9 in which

t he copol pied-ef ké¢nal kedendbed ngridydo @A icarsarrattors andhmaheatcohol
anhydride is esterified wth al cohol having 18 carbon atons w t hout

usi ng a canallydes38k gonpothe repnpeended by thnébalmFdimula (2), it may mean
nonoesterification ratio 15 was obtained foll ow ng the nethod

descr i Hed thatSyht hesiysolmxd e & axeepboyt Bahepat oFuenesal {ONi s agdall as a
which is an esterification catalyst was not added. As the nol ecul ar

wei ght neasuaégsbywheh pies neabd Dinehraiat-egaphy andt hapel ¥SkMhedside is
conversion using tetrahydrofuran as the eluent, the nunber-average

ol ecul ar epekghtic@ widn 29380cotibe Iheeuban-Mes 0hthrcldd Bt L1989 compound
(Mwv Wn) =2.62, and the residual anmount of unreacted stearyl al cohol

was 7% of ihhenibiolL copanoned Of 1F0MedR ah&and Bli® 0hyEPCdet 1 auntrieq
of 1-al kene included in the conpound 9 was 12% [0102] 25Synt hesi s

Exanpl e 1Qibgl gaw aktemed. i nvesti gation of the effects of reducing

sul fonate and the |ike by changing the renoving nethod of the
esterification catal yst residue o nt hesis Exanple 3. 56

Synt hesi s Exanpl e 10:,300.0 g of ae copol yner of 1-al kene having 28

to 60 carbon atons andtnal ei ¢ anhydride and 141 g of stearyl al cohol
were nelted at 70C, aE then, 1 of 10 wt % aqueous sol ution of

trifl uoromethanesul fohj c acid s added. The reaction m xture 5

obt ai ned tirred r 5h s at 150C. After that, the
ure of 120C, and free £2)

l'iquid was oFet—tT
trifluoronmethanesul fopy ¢ acid and water were renoved by distillin
the |iquid under reduﬁed pressure for 3 hours with a reduced pressure
of 30 Torr, resultingthn 435 g of a conpound 10. The conpound 10 10
i ncl uded 480 ppm of t@ oct adecyl trifluoronethanesul fonate. From an
area ¥@&tio of GPC, th& anpbunt of 1-al kene included in the conpound 10
was 14% 0 hesi apl e L1 .bel ow all d investigation of, .
t he effec%gﬁléé%@!&%dg@?ﬁ%ﬁéu dné%elgnaerﬁgjt?i?k THY PRt fgrpLsting
step for rempving the esterifi.cati.on catalyst of Synthesis Exanple 1
by sol venf)%c %a%?]ﬁ%f %%Q%éjsa\vsl@&rrﬂﬂoe%lf?\r@@a6t‘§%%f ?Héajc%%%}% alkyl
of 1-al kene havi n%. 28 t 68 carBon at ons an&j mal ei ¢ anhydride and, 141
g of steaPyPURl RORHTY 70 NereCREPPRASHNT (RS AlbR IR 161 Xoup having 6 to
p-t ol uene_sLHI forgji c acid- rmnoh%dr ate )

carbon atoms, and represents an alkyl group having 5 to 25 carbon

15 atoms.)
[0062]

R' in General Formula {2) is selected from the group consisting
of an alkyl group having 1 to 5 carbon atoms, a halogenated alkyl
group having 1 to 5 carbon atoms and an aromatic group having 6 to

20 10 carbon atoms. R! is synonymous with R! in General Formula (1).
In addition, R® represents an alkyl group having 5 to 25 carbon atoms,

and this substituent may include a decyl group, a dodecyl group, a



was added, and the m xture was stirred for 8 hours at 150C. The

reaction m xture obtained was cooled to 80C, and 500 g of acetone was
added dropw se over 60 m nutes under ref]ux. After the conpletion of
dropwi se addition, stirring was stopped d the m xture was al |l oned

25 to stand for 60 mnutes at a liquid tenperature of 70C, resulting

in separabion, ooy he /R@ct h ok 1 Ligugr 14t YEESup ThE, e

acet one ?%yeraoéc%n%hﬁb f %ayé%ﬁ%n |u§?%38un$£é%?%l éJeagyﬁu%fgghgﬁcosyl
57 and su iC i 99ﬂ£ hi, S &gg?__
operationg%ggb?égggﬂggggafce, ?2@ ?ﬁ?%ﬁgg %ﬁ@%%ﬁ&aé %éﬁnv ggbtyl group.
distilling tgﬁerﬁg@gning | ower | ayer under reduced pressure for 6

hours at B0C W tH a reduced pressure of 30 Tarr, resulting in 420 5 g

of a conp g il cont ai ni ng 600 ppm of octadecyl p-tol uenesul f onat e.
Froman area tatio of GPO the amount of 1-al kene included in the
conmpoynd 11 9% [0104] Synthesi.s ample 12_bel ow al | d .
st gati on DH (HETRT PEL ARG or PEAtY N5 PR nEPELATar (b B inelude

conponent s _j ncl udjng 1-al kene excessjively r atin e sol vent
cronning SebiSery et Yt o RE R S Gy Benenya
300.0 g of the copol r of a 1-aJ kene _having 28 to 60 carbon atons
and nalei3_53ﬁ9%? %Hi%ghf?ﬁIle =St aP?PnggéPESHBPtﬁer%CE%??%Hlat
70C. Then, 4 of p-toJ uenesul fonic acid-nDnohﬁdrate was added, and
the mixt uFe*¥aSnSTITTREINES stAsesy 1 BoeyY 1 ehe - Fegkt f BRa ke xt O rdecyl
obt ai ned was, cool ed to 80C, and 500 of acetone_was added dropw se

g
over 60 nPRBtEELeRHEH FUIdBe. R tHe 2cORPPERRORNEFUYE BPRF e OCtadecyl
addition, stirring was stopped and the 20 m xture was allowed to
st and ¥ or 4502 WP FRReRt it L Panapnaf Ldmpetsr upetareryt, meEBanesnytonate,
separation of the reaction_nother liquid into two |ayers. The acetone
| ayer of @ftapPeYl cdpencsHdiioarig: e @l sréjlypramrebhaneanyfonate, or
sul foni c acid conponent was renoved. After this washing operation was
repeat ed Fhoeltk®res, remmining acetone was 25 renoved by distilling
t he renaining | ower | ayer under reduced pressure for 6 hours at 90C
with reducédoptessure of 30 Torr, resulting in 390 g of a conpound 12
cont ai ni ng 300 ppm of octadecyl 58 p-toluenesul fonate. From an area
rati o of GPC, When anmamposfindl rapkenentad| hddibnarathéoconpgeund) 12s wesed as
3% [0105] The conponents used in Exanples 1 to 14 and
Conpadrat i vee Exanpbend Yerareseshican yelGenerz0106FmBEpexy 1) esancomp¢npd
conponent : Epoxy resin 1: epoxy equival ent of 185 g/ eq,
bi phenyl - rgpeeepokgd resGaneréh Fommeilia fd) paiith dfs 408G {emaoipotiudedft the
by Japan Epoxy Co., 10 Ltd. trade nane EPI COAT YX-4000K) Epoxy
resin 2: epoxyueduraatesiniedd BY7Ggheqal phermokl ar @)k yind yhe epoilyocl may be
resin having a phenyl ene skeleton with a softening point of 52C
(manuf act uretudyd N ppon Kayaku Co., Ltd. trade name NC2000) Epoxy
resin 3: epoxy equivalent of 273 g/eq, phenol aral kyl-type

—~ 1 /S
(Rﬂa/\ \ // E ° “4)

20 (In General Formula (4), R? represents an alkyl group having 5 to

25 carbon atoms, R’ s are selected from an alkyl group having 1 to
5 carbon atoms and a halogenated alkyl greoup having T to 5 carbon

atoms with all of them being the same as or different from each other,



15 epoxy resin having a bi phenyl ene skeleton with a softening point
of 52C (manufactured by N ppon Kayaku Co., Ltd. trade nane NC-3000L)
Epoxy resin 4. epoxy equival ent of 220 g, ortho-cresol

novol ac-type epoxy resin with a softeni poi nt of 52C (nmanufactured
by N ppon Kayaku Co., Ltd. trade nane EOCN-104S) 20[ 0107] Curing

agent of LBy goppopentn: Lhendle resinshgsed curing agent 1: hydroxyl
equi val ent of 199 g/eq, phenol aral kyl-type phenol resin having a
biphenyle@gogggleton with a softening point of 64C

(manufactured by Meiwa Kasei Co., Ltd. 25 trade name MEH 7851SS)
[0108] lnorganéQMItk%%&a?fFSE%uﬁgwmanﬁgtén fﬁ%eg r of!@QﬂQ 0'52%%%&%%ents
th an a % %si ze Of ' 10. m

1: spherical fused silica w erage partic

S Compound=il: *THEE O 1 P ar Reo | et Ha ST BRI 5 1 S8 from
comound Scbl el heb 1 SREHELIE B an b0 CRrBart e MR L
obia ned 4P SUMREPAS FYOTL = CATRRUR o1 SETROURTEB ghi e 1
SISt BB a2 IRET, Cophhe s CREPRIN (5, 00Laied L0 Sk el S
CorPoun B L R AR o0 1 Syriiests Examle o Comouns

t he conporggg%f obtained in Synthesis Exanple 11 Conmpound 12: the

conpound ained in Synthesis Exanple 12 [0110] Curing

accel erator: Curing accel erator. 1. adduct of i
tripHéhyIphosﬁ%?%eC%WRP%ﬂﬂrﬁQRﬁﬁﬂﬁﬂﬁeﬁoﬁé FereFploFREF U A/dT ¢1 vBdy include
Coupl i ng agent 1:_ y-glycidoxypropyltrimethoxysilane (manufactured by

Chi sso CoPpbRraeFoh BT le sl sRretersanry2seotetaancsul Eardbn, Hrehdayl

(manuf actured by M tsubishi Chem cal Corporation trade name carbon
#5) [0112p-toluenesulfonate, octadecyl benzenesulfonate, octadecyl

m-xylene-4-sulfonate, octadecyl p-xylene-Z-sulfonate, octadecyl

mesitylenesulfonate, octadecyl Z2-naphthalenesulfonate, octadecyl
15 4-(2-bromcethyl)benzenesulfonate, or the like.

[0067]

An upper limit of the mixing amount of the compound represented
by General Formula (2) is not particularly limited, however, is
preferably 100 ppm or less, and more preferably 40 ppm or less with

20 regard to all resin compositions. If the amount exceeds the above
upper limit, moisture resistance reliability of Cu wire tends to
deteriorate. In addition, a lower limit of the mixing amount of the
compound represented by General Formula (2) is not particularly
limited and a degree to confirm its existence qualitatively is

25 acceptable, however, it is preferzbly 0.4 ppm or more with regard
to all resin compositicns. If the amcunt is below the lower limit,

adhesion and soldering resistance tends to become insufficient.



60 (Exanples 1 to 14 and Conparative Exanple 1) The epoxy
resin conposition was prepared by m xi ng the above conponents in
parts by mass shown in Table 1 and Tablg¥;, respectively, biaxially
kneadi ng under the conditions of a kneadi'ng tenperature 5 of 100C and
a kneading tine for 30 m nutes, cooling, and then pulverizing. [0113]
The epoxypgggn conpositions prepared in the Exanples and the
Conpar ati ve Exanpl e were eval uated by each of the followng tests. 10

Eval uati on 1 esthd Sy SR, iBnfRLl 85 dnad: T fc&idé%oéﬂ)e;é% S8 of

to copper oxide: copper ~oxi de substrate oxi at'i ng

on a hea_t tﬂé‘%gj ésgﬁlgri%ge%rti%r{ﬂﬁw&ﬁélg&e %Z_gr%‘fgﬁ)g/ l{r?ohﬂélgpdg itj.)é d%fé%ﬁbon atoms.

conposition a tablet” were 1nte e

condi tion 7 : 23 _and L hut and truncal e _

Come, hopZalh et BaVFRAA0S e TR Stondiay Bd THIGAET 1 catiene

mmxt hickn .and the contact area -of 1Q bet ween .t he copper .
oD Padel T A he BERRR 2l At st R Bt He bk er R Rhde ic

oxi de "subs
substrate iapeter,.of 3.6 20 and a thicknes f Qb5 . and
Then: " theetBudt P 2L BRI BB prokERt Bt Hihe Vo (SRR Grans
site of the epoxy.resin conposition was .pressed fromthe horizontal
directi onl%gug%%dﬂ‘et p%n}é) trEasrEwe RVEPLSPIORORgEchOor encapsulant
correlatiog m%th sol der reflow ng,resistance in a sem conductor to

sone ext efit, PAAPLESH T o™ hE HEFEFRRFRAY | FFFA TS 148 S fovgl to 8
was nmade to be @ greater than or equal tq 12 N and |l ess than 14 N

was made PaThe B mglﬁa ddlasmaihes RF REGabde 5 BFFLE PyoRass wigh regard
Mol d rel easi ng | oad: A mold for | oad evaluation at the tinme of
a mol'd r er%a%(?%@%%%ﬁaem%%saﬁ e DhnFaPeRr R ht e AeBnat eI, 1sa¥d thin
a lower nold as a transfer nold type. A schematic di agram when seen

in a pl antif &RoTeofanste i nRel fredff sy ABNE1RRPEF IRdLabad ity e obfained.
FIG 2 and a schematic di agram showi ng a cross-sectional structure of

an A unit16ftig @mounts ishdAasi thanp Ghsg ahogspdereyel ymiThea stk refleasing
t he nol ded product attached to the internediate nold after nolding is

a di amet epropeniy Ol gmpomed lackergfeced, 1aml fifi thieckmesst ¢xceddss.thz upper
and 3, 11 represents 10 an internmediate nold, 12 represents a Cal,

and 13 rept@sents mokdimiain o4 regresénnsof hadines e mpro daame tdmk sl ®ccur .,
represents an air vent. 16 represents a handle and 17 represents a
hol e IfSor p@SHEhul | gauge insert, respectively. The epoxy resin
conposition was injected into the nold for |oad 15 eval uation at the
time of a nol din etlfemasipuxyusiesdnacbopopliessur £ot rasmsf@mamtidimegncapsulant
machi ne (manufactured by TOM Co., Ltd., Y-series manual press) under

t he condi ¢f artse girezembd| tintenpesat W evaf ng756;e bera g e atayobepi esd Uirre order
of 6.9 MPa and a curing tinme of 60 seconds, and the nol ded product 14

of 8 pi eces/dhotimaset eposferesim dethpoAfittdion2®ithesaml sfagsotheurability
push-pul | gauge fromthe hole 17 at the top of the internediate nold

reli ed onatdel tautdday. nehdedupt aguetcddepd t e hadh d1o ridie dentigygredintttie
nold 11 after nolding (see FIG 3) , and the | oad applied when the

ol ded pregeisénmasvedshes iwasotpasdl edla CoPliiRuedslads 16RE aRBiel E&ckmonly
for evaluation were nolded in 20 shots 25 and the neasurenent was

carried oyse@nih hepdm) deds i eduglosaf ibhe akt 8EmiBoahotboradflcidSulant,

average val ue was shown as the nold rel easing |oad. The eval uation

has a corkelabdon ndy hirtiakle Firofid‘é%ta&n}éilte%/ af p%§?ho§§sp£€%céé%ining
nol ding to sone extent, and as a result of the determ nation, 15 N or

less was gRAeLnd O (DatdF SRS a%héﬁgééiy %Hgsﬁﬁﬁ?e,t han 20 NMBstituted
made to be o, and 20 N or nore was nade to be X. [0116]
phosphonium compound, a phosphobetaine compound, an adduct of a
25 phosphine compounds and a guinone compound, or an adduct of a

phosphonium compounds and a silane compound; or a nitrogen

atom-containing curing accelerator such as



5Conti nuous noldability (air vent block and nold stain) : The
chip and the |like were encapsul ated by the epoxy resin conposition

using an automatic | ow pressure transfer @DIding machi ne

(manuf actured by Dai-Ilchi Sei ko Co., Lt GP- ELF) under the

conditions of a nold tenperature of 175C, an injection pressure of 10
9.8 MPa andgaqCyk i i f4 70 sReQds, _-Aan | tal ol

80-pin qugagfﬁggé%ggi%%gg%%ﬁ% P. a Iead7?rgﬁgzgggghgghggpgggégg%@

out er di nensj f. age; 2 t hi; s p

7o 6. 5wt b i e R e T SR B85 g e PEE 2 a

t hi ckness | e 00 ILn S 5 G

of the ai%oﬁgz?gg{%%ﬁgag§$%er g@ﬁ%ﬂ bémgbéugﬁgéébgggr%% %ﬁ%{i§ﬂ§§§§d¥&s
every 50 h i D f _ai l.ock.(a _state in
which thetoaefund FE PO AT ekl BEOREIABRI R

of 0.§3nn1?890? t hi ckness of 50 un) unit and bl ocks the air vent) ,

and evalu£ ronwas perfornmed by the follow ng four 20 stages. O der

of preference was B, d C_.. however, C or_above is a practicall .
p0s5 bl o 1 angel Al TR T SEATL RO SRR HEREm T3 DR B dGreha® Zesin
occurred up to 400 shots B: . The air vent bl ock occurred up to 300 .
ohots & Theb8rf O GoR GOBERFEaY (b EP SO0 S otls TP L G nvent ion
vent block occurred up to 100 shots. For the nold stain, the

o1 s, BBSGTVGHISE Lo R0, SR G kg e beyaPlSrBALEy thephenyl
foll ow ng %ive stages fromthe ex%ggt of 6 spread of _the stain

from the GAPEPRHEFy. SYYaf W FSe AS gimghRKbwBheFPhENgOY
above is a, practically possible range. A. No stain occurs

B: SpreadddPRSRR nPRREPIE Ar 26T 1IgdY FhOSRE 104V EYCBuPface 5C

Spread of stain was greater than 20 area% and | ess than or equal to

40 ar ea% bF1TRENEIRICSPRING aderiethylbosghriagd SribuavhrRasSrhieat @F

than 40 area% and_|ess than or equal to 60 area% of the cavity

surface triphenylphgsplghiead of stain was greater than 60 area% of

the cavity surface 10[0117] Ml ding of PKG for Au wire reliability

test: [OCKBI sture resistance reliability: TEG chip which foims an
alumnumcircuit (3 Mmx3.5 mMm the alum numcircuit was exposed

wi t hout a protkseanwkes i¢htheadcdireachibdtontded ghesphdnofim acd@@ind khich
SOP | ead franme (package size is 7.2 mx11l.5 mm thickness is 1.95

m), land mayabersainipagdhendeals ubstpceid-isindé oresamhabndast ok rencapsulant
bonded with a wire pitch of 80 pmusing an Au wire (a wire dianeter

of 25 pm ahdhpupresernt 1899:80%n mEy snwasde pcapmdiant rapteeehyd bGeneral
epoxy resin conposition using a | ow pressure transfer nol di ng nmachi ne
20( manuf aEbumeda byi Kot aki SGer Kiiken. , Ltd., KTS-125) under the

conditions of a nold tenperature of 175C, an injection pressure of

9.8 MPa and a curing tine of 2 mnutes, and the 16-pin SOP package

was prepared. The pﬁgkage prepared was post-cured at 175C for 4

hours. 24 +

| —
Ros —P —Ra27 [A]y [AHL (12)

— R 26 — X

(In General Formula (12), P represents a phosphorus atom. RM, R?
20 R and R” represent an aromatic group or an alkyl group. A represents
an anion of an aromatic organic acid having at least one functional

group selected from any of a hydroxyl group, a carboxyl group, and



25[0118] Molding of PKGfor Cu wire reliability test: Misture
resistance reliability: TEG chip which forns an 64 al um numcircuit
(3.5 Mx3.5 mMmm the alum numcircuit Wa%é;exposed W thout a protective
film was attached onto a die pad of a ¥6-pin SOP | ead frame (package
size is 7.2 mx11.5 mm thickness is 1.95 mm), and an al um num pad

and a sub - Si ter mi i bonde ; - .
80 pm usi %gtgtr}%to%ﬁ%\ngg% l?la%%?lé) m‘ﬁ@ﬁyf {eI?g of A 5 %%%\én%f&p%ra ﬁéf%rfé&@o?&amc

05,29 Jo13 s SHcsosam Il Sl b GOV KEPLE SPTERR) 4o

using a |l ow pressure transter

K ki Sej ki TS h diti .nol .
temper at ure sy iy A FatElty e BrE A e 8 S ind i o arprgic
time of Zr{% ut ’an%lnd %?g %g{: b%{ggggf?%c?gf vz\ﬁsispraq,{)ad_rf%ﬁlgd. e-ll%%f Or téo 3,

package prepared was post-cure r 4 hour's. I'stu
resi stance crieI;a ility test: 15A HAST (H ghly Accel erated tenperature
and hum dﬂly ¥ ess Test) test was carried out in accordance with

| EC68- 2- GE%glﬁflg t he package prepared. The presence of open defects

of the ci was measured under the test conditions of 130C, 85%RH,

an applying voltage of 20 V for 240 ur 480 hours i f wreis
used). Resul tsﬂéﬁ OE‘I%W?dZEe%Ee?%tﬁfgg’ye&é‘?r%]efbﬁé’@?%%) 1groT example,
packages. égfé?zﬁo . Sol der | ng resi stance test: A lead frame and the |ike,
in which & ‘ E€of O bl SRBNNPEVE i EBR BRI s "R uht BHE SRS s Ep s -
on the nmold at 180C in order to 25 reproduce the_oxidation state )
usi ng a | b Press ke rer SHEFEL T HEEHI i (BRI EE N ddShy2 D qdtil cserRanic
Co., _Ltd. GP-ELF), and was preheated for 2 minutes, and then, the
epoxyt % estRi e A thHIE e IHjER0eEd 1ne8nuAYERNE ReSebRent | s afe arixed
mol d tenperature of 180C, an injection pressure of 7.4 MPa and a
curing tivwelbPrnbo sexbmds argi@tacserpebhauREh? el el pfoBEerpd 4n the
| ead franme nmade of copper, the size is 14x20 mmxthi ckness 2. 00 nm

the seni contidEiot Tt MEenx7ahRk 5S t ¢k e¥P LBBENRY t Hde compound
sem conductor elenent and the inner lead unit of the lead frane were
bonded wi F¢Pregpnied ibe Ghindrad dicamutler (6R) 2B8apnpevasepiepadteet by In the
encapsul ant nolding the lead frane and the like in which the

seni conductpowh@ reptrefehbediblyi Gemerhl Pprmadaniint e, B2, Rikhud R’ which
sem conduct or devices heat-treated for 4 hours at 175C 10 as a

post -lour eayasodndadito thei phosplates fumm 2@ bhoafsrablgOhamdl agroups, AH
relative humdity of 60% and then an IR reflow treatnent (260C,

accor di ngis epredediabilons compdEDEGIdeired ad)yaas<ypeotronpeth shherpresenecdng,
of peeling and cracks of the inside of these sem conductor devices

wer e obsethvad issi nthearmld,t raasb® d sf lpawfdebbityoan( aahof ast urles diteryls.

Hi tachi Kenki FineTech Co., Ltd. m-scopelO) and those in which even

any one of0®h®] peeling or the cracks occurred were considered to be
defects. The results are shown as the nunber of defective

sem conduct or Eieaisless FWrhNphospbhobBeandebesmpbutief@eish iyl ¥ used in
|l ess, it is considered to be in a practically possible range.

20 the resin composition for semiconductor encapsulant of the present
invention may include a compound represented by General Formula (13},

or the like.
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x1) i :
f _—
P+
3 (13)

(\(1)g

(In General Formula (13), P represents a phosphorus atom, X1
represents an alkyl group having 1 Lo 3 carbon atoms and Y1 represents
a hydroxyl group. £ is an integer of 0 to 5 and g is an integer of
0 to 4.}

[0074]

The compound represented by General Formula (13), for example,
is obtained as follows. First, triarcomatic-substituted phosphine
which is a tertiary phosphine is brought into contact with a diazonium
salt, and after a step of substituting the triaromatic-substituted
phosphine with the diazonium group included in the diazonium salt,
the compound is obtained. However, anobtainingmethod isnot limited
to this.

[0075]

Example of the adduct of a phosphine compound and a quinone
compound which may be used in the resin composition for semiconductor
encapsulant of the present invention may include a compound

represented by General Formula (14), or the like.
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FQST
Res— P (14)

R3. R% R 32
OH

(In General Formula (14), P represents a phosphorus atom. R*:, R,
and R*® represent an alkyl group having 1 toc 12 carbon atoms or an
aryl group having 6 to 12 carbon atoms, and may be the same as or
5 different from each other. R, R¥, and R*® represent a hydrogen atom
or a hydrocarbon group having 1 to 12 carbon atoms, may be the same
as or different from each other, and Rm'and szmay'be bonded to each
other and become a cyclic structure.)
[0076]

10 Examples of the phosphine compound used in the adduct of a
phosphine compound and a quinone compound may preferably include
those in which an aromatic ring is unsubstituted or substituted with
an alkyl group or an alkoxy group such as triphenyl phosphine,
tris({alkylphenyl) phosphine, tris(alkoxyphenyl) phosphine,

15 trinaphthyl phosphine, tris({benzyl) phosphine, and the substituent
such as an alkyl group or an alkoxyl group may include those having
1 to 6 carbon atoms. Triphenyl phosphine is preferable from the
viewpoint of availability.

The quinone compound used in the adduct of a phosphine compound

20 and a guinone compound may include o-benzogquinone, p-benzoguinone,

anthraquinones or the like, and p-benzoquinone is preferable among
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these from the viewpoint of storage stability.
[00773

As the preparation method of the adduct of a phosphine compound
and a quinone compound, the adduct may be obtained by contacting and
mixing organic tertiary phosphine and benzoquinones in a solvent
capable of dissolving both. As the solvent, those of which solubility
for the adduct is low such as acetone cor ketones such as methylethyl
ketone is preferable, however, the solvent is not limited to these.

In the compound represented by General Formula (14), a compound
in which ®**, R® and R*® which are bonded to the phosphorus atom are
phenyl groups and R*', R¥* and R*® are hydrogen atoms, that is, a compound
in which 1,4-benzoquinone and triphenyl phosphine are added is
preferable from the viewpoint of maintaining a low modulus of
elasticity when heating the cured substance of the resin composition
for semiconductor encapsulant.

[0078]

The mixing amount of the curing accelerator is not particularly
limited as long as it is an amount to achieve the curing accelerating
effect, however, is preferably 0.1 to 10% by mass, and more preferably
1 to 5% by mass with regard to (A) the epoxy resin. If the amount
is less than the lower limit, curability in a short time tends to
be poor and if the amount exceeds the upper limit, curing speed is
too fast, therefore, it is difficult to obtain satisfactory molded
products due to unfilling and the like.

[0072]
To the epoxy resin composition for semiconductcr encapsulant

of the present invention, a siloxane added polymer may be added for



lerg 88

10

15

20

25

| 030 LZ.0 1lcoo louo E6000 ET O ET O rC

43

the purpose of obtaining the epoxy resin composition with
satisfactory scldering resistance stress and liquidity. The
siloxane added polymer is not particularly limited and well-known
materials in the related art may be used, however, may include, for
example, modified silicone oil in which part of the methyl substituent
of dimethyl siloxane is substituted with a substituent such as an
alkyl group, an epoxy group, a carboxyl group, an amino group, and
the like.

f0080]

The siloxane added polymer may be mixed with one, or two or more
kinds, and may be used in the ratio of greater than or equal to 0.1%
by mass and less than or equal to 2% by mass with regard to all epoxy
resin compositions. If the mixing amount exceeds the upper limit,
there are concerns such that surface stain may easily occur and resin
bleed becomes longer, and if the mixing amount is less than the lower
limit, problems may arise such that sufficiently low modulus of
elasticity and dispersibility of the mold releasing agent may not
be obtained.

{0081]

To the epoxy resin composition for semiconductor encapsulant
of the present invention, an anion exchanger may also be added from
the viewpoint of improving moisture resistance of a device such as
an IC, and high temperature leaving characteristics. The anicn
exchanger is not particularly limited and well-known materials in
the related art may be used, however, may include, for example,
hydrotalcite, or a hydroxide-containing compound of an element

selected £from antimony, bismuth, zirconium, titanium, tin, magnesium,
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and aluminum, and these may be used either alone or as a combination
of two or more. Among these, hydrotalcite and hydroxide-containing
compound of bismuth represented by General Formula (15) are
preferable.

Mg:-xAlx (OH) 2 (CO3) x/2 *mH20 (15)

(In General Formuia (15), 0 <X< 0.5, and m is a positive integer.)
[0082]

The mixing amount of the anion exchanger is not particularly
limited as long as a sufficient amcunt to capture ionic impurities
such as a halogen ion is used, however, it is preferably greater than
or equal to 0.1 parts by mass and less than or equal to 30 parts by
mass, more preferably greater than or equal to 1 parts by mass and
less than or equal to 10 parts by mass, and evenmore preferably greater
than or equal to 2 parts by mass and less than or equal to 5 parts
by mass with regard to 100 parts by mass of the epoxy resin of (A)
component. If the mixing amcount is less than the lower limit,
capturing the ionic impurities tends to be insufficient, and if the
mixing amount exceeds the upper limit, there are no great differences
in effects compared to those of the upper limit or less, therefore,
it is economically disadvantageous.

{00831

To the epoxy resin composition for semiconductor encapsulant
of the present invention, in order to enhance adhesion between the
resin component and the inorganic filler, well-known coupling agents
such as a variety of silane-based compounds such as epoxysilane,
mercaptosilane, aminosilane, alkylsilane, ureidosilane or

vinylsilanrne, titanium-based compounds, aluminum chelates, or



sEclo. o gT 0161 0 01 ,1/4C10 T O MIIoOE TOE 8TS 88 Gz 0

10

15

20

25

45

aluminum/zirconium-based compounds, may be added, as necessary.
Examples of these may include a silane-based coupling agent such as
vinyltriethoxysilane, vinyltris{p-methoxyethoxy)silane,
y-methacryloxypropyltrimethoxysilane,
B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
v—-glycidoxypropyltrimethoxysilane,
y—glycidoxypropylmethyldimethoxysilane,
v-glycidoxypropyltriethoxysilane, vinyltriacetoxysilane,
y-mercaptopropyltrimethoxysilane,
y-mercaptopropylmethyldimethoxysilane,
y-mercaptopropyltriethoxysilane, y-aminopropyltrimethoxysilane,
y-aminopropyimethyldimethoxysilane, y—-aminopropyltriethoxysilane,
y—anilinopropyltrimethoxysilane,
y-anilinopropylmethyldimethoxysilane,

N-p- (aminoethyl)-y-aminopropyltrimethoxysilane,

y— (B-aminoethyl)aminopropyldimethoxymethylsilane,

N- (trimethoxysilylpropyl)ethylenediamine,
N-(dimethoxymethylsilylisopropyl)ethylenediamine,
N-B-(N-vinylbenzylaminoethyl)}-y-aminopropyltrimethoxysilane,
y-chloropropyltrimethoxysilane, hexamethyldisilane or
vinyltrimethoxysilane, a titanate-based coupling agent such as
isopropyltriisostearoyltitanate,

isopropyltris (dioctylpyrophosphate)titanate,

isopropyltri (N-aminoethyl-aminocethyl)titanate,

tetraoctylbis (ditridecylphosphite)titanate,
tetra(2,2~diallyloxymethyl-1-butyl)bis(ditridecyl)

phosphitetitanate, bis(dioctylpyrophosphate)oxyacetatetitanate,
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bis (dioctylpyrophosphate)ethylenetitanate,
isopropyltrioctanoyltitanate,
isopropyldimethacrylisostearoyltitanate,
isopropyltridodecylbenzenesulfonyltitanate,
isopropylisostearoyldiacryltitanate,

isopropyltri (dioctylphosphate)titanate,
isopropyltricumylphenyltitanate or

tetraisopropylbis (diocctylphosphite)titanate, or the l1ike, and these
may be used either alone or as a combination of two or more.
[0084]

The mixing amount of the coupling agent is preferably greater
than or equal to 0.05 parts by mass and less than or equal to 5 parts
by mass, and more preferably greater than or equal to 0.1 parts by
mass and less than or equal to 2.5 parts by mass with regard to 100
parts by mass of the inorganic filler of (C) component. If themixing
amount is less than the lower limit, moisture resistance tends to
be reduced, and if the mixing amount exceeds the upper limit,
moldabiiity of the package tends to be reduced.

[0085]

In addition, well-known organic or inorganic compounds
including a halogen atom, an antimony atom, a nitrogen atom or a
phosphorus atom such as a brominated epoxy resin, antimony trioxide,
antimony tetroxide or antimony pentoxide, flame retardants such as
metal hydroxide, colorants such as carbon black, organic dyes,
organic pigments, titanium oxide, red lead or red iron oxide,
imidazole, triazole, tetrazole, triazine or the like, and derivatives

thereof, anthranilic acid, gallic acid, malonic acid, malic acid,
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maleic acid, aminophenol, quinoline or the like and derivatives
thereof, adhesion promoters such as aliphatic acid amide compounds,
dithiocarbamates or thiadiazole derivatives, or the like, may be
mixed into the epoxy resin composition for semiconductor encapsulant
of the present invention as other additives, as necessary.

[0086]

The epoxy resin composition for semiconductor encapsulant of
the present invention may be prepared using any method as long as
a variety of raw materials may be uniformly dispersed and mixed,
however, as general methods, a method, in which after predetermined
amounts of the raw materials are thoroughly mixed by a mixer or the
like, the mixture is melted and kneaded by a mixing roll, a kneader,
an extruder or the like, is cooled, and pulverized, may be included.
It is easy to use if made as a tablet with dimensions and mass suitably
fitted for the molding conditions.

[0087]

In addition, the epoxy resin composition for semiconductor
encapsulant of the present invention may be used as a ligquid epoxy
resin composition dissolved in a variety of organic solvents, or a
sheet- or film-shaped epoxy resin composition, obtained by thinly
coating this liguid epoxy resin composition on a plate or a film and
distributing the organic solvent under the conditions that a curing
reaction of the resin hardly progresses, may also be used.

[0088]

Next, a semiconductor device of the present invention will be

described. As the semiconductor device obtained by encapsulating

the element by the epoxy resin composition for semiconductor
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encapsulant obtained by the present invention, a semiconductor device
in which an element such as active elements such as semiconductor
chips, transistors, diodes or thyristors, or passive elements such
as capacitors, resistors or coils is mounted on a supporting member
of the lead frame made of copper, and of which necessary parts are
encapsulated with the epoxy resin composition for semiconductor
encapsulant ¢f the present invention may be included. As the
semiconductor device such as this, for example, general IC for resin
encapsulant such as DIP (Dual Inline Package)}, PLCC (Plastic Leaded
Chip Carrier), QFP (Quad Flat Package), SOP (Small Outline Package),
SOJ (Small Outline J-lead package)}, TSOP (Thin Small OQutline Package)
or TQFP (Thin Quad Flat Package) formed by being encapsulated by
transfer molding and the like using the epoxy resin composition for
semiconductor encapsulant of the present invention, after fixing the
element on the lead frame made of copper and connecting the terminal
part and the lead part of the element such as a bonding pad with a
wire bonding or a bump. In addition, a package in which chips such
as MCP (Multi Chip Stacked Package) are stacked in multiple stages
may also be included.

[G089]

FIG. 1 is a diagram showing a cross-sectional structure for one
example of a semiceonductor device using an epoxy resin composition
for semiconductor encapsulant according to the present invention.
Elements 1 are stacked in a two-stage and are fixed on a die pad 3
through a curing body of a die bonding material 2. An electrode pad
of the element 1 and a lead frame made of copper 5 are connected by

a bonding wire 4. The elements 1 are encapsulated by a curing body
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6 of the resin composition for encapsulant.
[0090]

As the method for encapsulating the element using the epoxy resin
composition for semiconductor encapsulant of the present invention,
a low-pressure transfer molding method is the most common method,
however, an injection molding method, a compression molding method
or the like, may also be used. If the epoxy resin composition for
semiconductor encapsulant is a liquid phase or paste form at room
temperature, a dispensing method, a casting method, a printing method,
or the like may be included.

[0091]

In addition to a general encapsulant method in which an element
is directly resin encapsulated, a hollow package method in which an
epoxy resin composition is not in direct contact with an element is
also possible, and an epoxy resin composition for encapsulant for
hollow package may also be suitably used.

[Examples]
[0092]

Hereinafter, the present invention will be described in detail
with reference to examples, however, the present invention is not
limited to these.

[0093]

Synthesis Example 1: synthesis of a compound 1 in which the
copolymer of 1-alkene having 28 to 60 carbon atoms andmaleic anhydride
is esterified with alcohol having 18 carbon atoms using
p~toluenesulfonic acid

300 g of a copolymer of amixture of 1-octacosene, 1-triacontene,
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trade name DIACARNA (registered trademark) 30), 140 g of stearyl
alcohel (manufactured by Tokyo Kaseil Co., Ltd.), and 4 g of
p-toluenesulfonic acid-monohydrate {manufactured by Tokyo Kasei Co.,
Ltd.) were dissclved in 500 ml of toluene and were reacted for 8 hours
at 110°C, then toluene was removed by heating the mixture in stages
up to 160°C, and the solvent was removed while the reaction was carried
out for 6 hours at 160°C under reduced pressure, resulting in 436
g of the compound 1. As the molecular weight measured by gel
permeation chromatography with polystyrene conversion using
tetrahydrofuran as the eluent, the number-average molecular weight
(Mn)=4100, the molecular weight distribution (Mw/Mn)=3.51, and a
monoesterification ratio of the compound 1 calculated from the
residual amount of unreacted stearyl alcohol was 100 mol%. From an
area ratio of GPC, the amount of l-alkene included in the compound
lwas 12%. An aliquot of the peak at 17.2 to 17.8 minutes of retention
time in GPC was analyzed by 'H-NMR, IR and GC/MS, and it was confirmed
that 2.0% by mass of octadecyl p-toluenesulfonate was included in
the compound 1. In addition, the residual amount of unreacted stearyl
alcohol was 1% by mass or less of the whole compound 1.
[00%94]

Synthesis Example 2: synthesis of a compound 2 in which the
copolymer of 1-alkene having 28 to 60 carbon atoms andmaleic anhydride
is esterified with alcohol having 18 carbon atoms using

benzenesulfonic acid

428 g of the compound 2 with 100 mol% moncesterification ratio
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was obtained following the method described in Synthesis Example 1
except that 4 g of benzenesulfonic acid (manufactured by Tokyo Kasei
Co., Ltd.) was used instead of p-toluenesulfonic acid. As the
molecular weight measured by gel permeation chromatography with
polystyrene conversion using tetrahydrofuran as the eluent, the
number-average molecular weight (Mn)=4100, the molecular weight
distribution (Mw/Mn)=3.72, 1.9% by mass of octadecyl
benzenesulfonate was included, and the residual amcunt of unreacted
stearyl alcohol was 1% by mass or less of the whole compound 2. From
an area ratio of GPC, the amount of l-alkene included in the compound
2 was 12%.

[0095]

Synthesis Example 3: synthesis of a compound 3 in which the
copolymer of 1-alkene having 28 to 60 carbon atoms andmaieic anhydride
is esterified with alcohol having 18 carbon atoms using
trifluoromethanesulfonic acid

438 g of the compound 3 with 100 mol% monoesterification ratio
was obtained following the method described in Synthesis Example 1
except that 0.1 g of trifluoromethanesulfonic acid (manufactured by
Tokyo Kasei Co., Ltd.} was used instead of p-toluenesulfonic acid.
As the molecular weight measured by gel permeation chromatography
with polystyrene conversion using tetrahydrofuran as the eluent, the
number-average molecular weight (Mn)=4100, the molecular weight
distribution (Mw/Mn)=3.53, 480 ppm of octadecyl
trifluoromethanesulfonate was included, and the residual amount of
unreacted stearyl alcohol was 1% or less of the whole compound 3.

From an area ratio of GPC, the amount of l-alkene included in the
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compound 3 was 14%.
[0096]

Synthesis Example 4: synthesis of a compound 4 in which the
copolymer of 1-alkene having 28 to 60 carbon atoms andmaleic anhydride
is esterified with alcohol having 10 carbon atoms using
p—toluenesulfonic acid

340 g of the compound 4 with 100 mol% monoesterification ratio
was obtained following the method described in Synthesis Example 1
except that 68 g of 1-decancl (manufactured by Tokyo Kasei Co., Ltd.)
was used instead of stearyl alcohol. As themolecular weight measured
by gel permeation chromatography with polystyrene conversion using
tetrahydrofuran as the eluent, the number-average molecular weight
(Mn)=3700, the molecular weight distribution (Mw/Mn)=3.84, 1.7% of
decyl p-toluenesulfonate was included, and the residual amount of
unreacted l-decanol was 1% or less of the whole compound 4. From
an area ratio of GPC, the amount of l-alkene included in the compound
4 was 12%.

[0097]

Synthesis Example 5: synthesis of a compound 5 in which the
copolymer of 1-alkene having 28 £o 60 carbon atoms andmaleic anhydride
is esterified with alcohol having 22 carbon atoms using
p-toluenesulfonic acid

340 g of the compound 5 with 100 mol% monoesterification ratio
was obtained following the method described in Synthesis Example 1
except that 170 g of behenyl alcohol (manufactured by Kao Corporation)
was used instead of stearyl alcohol. As themolecular weight measured

by gel permeation chromatography with polystyrene conversion using
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tetrahydrofuran as the eluent, the number-average molecular weight
(Mn)=4400, the molecular weight distribution (Mw/Mn)=3.85, 2.1% of
behenyl p-toluenesulfonate was included, and the residual amount of
unreacted behenyl alcohol was 1% or less of the whole compound 5.
From an area ratio of GPC, the amount of l-alkene included in the
compound 5 was 12%.
(00981

Synthesis Example 6: synthesis of a compound 6 in which the
copolymer of 1-alkene having 20 to 24 carbon atoms andmaleic anhydride
is esterified with alcohol having 18 carbon atoms using
p-toluenesulfonic acid

180 g of a mixture of 1l-eicosene, l-docosene and l-tetracosene
(manufactured by Idemitsu Kosan Co., Ltd., trade name LINEALENE 2024),
and 58 g of maleic anhydride were dissolved in 500 ml of toluene and
0.16 g of benzoyl peroxide (BPO) was added in three installments every
20 minutes while heating at 110°C. After the completion of BPO
addition, the reaction solution was further heated for 7 hours at
110°C. 160 g of stearyl alcohol and 4.0 g of p~toluenesulfonic acid
were added to the toluene solution of 235 g of this copolymer, and
the mixture was reacted for 8 hours at 110°C, then toluene was removed
by heating the mixture in stages up to 160°C, and unreacted components
were removed while the reaction was carried out for 6 hours at 160°C
under reduced pressure, resulting in 380 g of the compound 6 with
100 mol% moncesterification ratio. As the molecular weight measured
by gel permeation chromatography with polystyrene conversion using
tetrahydrofuran as the eluent, the number-average molecular weight

(Mn)=9800, the molecular weight distribution (Mw/Mn)=2.66, 2.3% of



oz X rl

10

15

20

25

101 1 0. 1PT 1TUE | DYE 81.0 180 030 tro

54

octadecyl p-toluenesulfonate was included, and the residual amount
of unreacted stearyl alcohol was 1% or less of the whole compound
6. From an area ratio of GPC, the amount of l-alkene included in
the compound 6 was 12%.

[0099]

Synthesis Example 7: synthesis of a compound 7 in which the
copolymer of 1-aikene having 28 to 60 carbon atoms andmaleic anhydride
is esterified with alcohol having 18 carbon atoms using
p-toluenesulfonic acid (addition amount: decreased)

340 g of the compound 7 with 85 mol% monoesterification ratioc
was obtained following the method described in Synthesis Example 1
except that the addition amount of p-toluenesulfonic acid was changed
to 2 g. As the molecular weight measured by gel permeation
chromatography with polystyrene conversion using tetrahydrofuran as
the eluent, the number-average molecular weight (Mn)=4000, the
molecular weight distribution (Mw/Mn)=3.87, 1.0% of octadecyl
p-toluenesulfonate was included, and the residual amount of unreacted
stearyl alcohol was 5% of the whole compound 7. From an area ratio
of GPC, the amount of l-alkene included in the compound 7 was 12%.
{0100]

Synthesis Example 8: synthesis of a compound 8 in which the
copolymer of 1-alkene having 28 to 60 carbon atoms andmaleic anhydride
is esterified with alcohcol having 18 carbon atoms using
p-toluenesulfonic acid {(addition amount: increased)

340 g of the compound 8 with 85 mol% monoesterification ratio
was obtained following the method described in Synthesis Example 1

except that the addition amount of p-toluenesulfonic acid was changed
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to 8 g. As the molecular weight measured by gel permeation
chromatography with polystyrene conversion using tetrahydrofuran as
the eluent, the number-average molecular weight (Mn)=4100, the
molecular weight distribution (Mw/Mn)=3.88, 4.0% of octadecyl
p-toluenesulfonate was included, and the residual amount of unreacted
stearyl alcohol was 1% or less of the whole compound 8. From an area
ratio of GPC, the amcunt of l-alkene included in the compound 8 was
12%.

[0101]

Synthesis Example 9: synthesis of a compound 9 in which the
copolymer of 1-alkene having 20 to 24 carbon atoms andmaleic arhydride
is esterified with alcohol having 18 carbon atoms without using a
catalyst

380 g of the compound 9 with 75 mol% monoesterification ratio
was obtained following the method described in Synthesis Example 6
except that p-toluenesulfonic acid which is an esterification
catalyst was not added. As the molecular weight measured by gel
permeation chromatography with polystyrene conversion using
tetrahydrofuran as the eluent, the number-average molecular weight
(Mn)=9300, the molecular weight distribution (Mw/Mn)=2.62, and the
residual amount of unreacted stearyl alcohol was 7% of the whole
compound 9. Froman area ratio of GPC, the amount of 1-alkene included
in the compound % was 12%.

[0102]

Synthesis Example 10 below allowed investigation of the effects

of reducing sulfonate and the like by changing the removing method

of the esterification catalyst residue of Synthesis Example 3.
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Synthesis Example 10: 300.0 g of the copolymer of 1-alkene having
28 to 60 carbon atoms and maleic anhydride and 141 g of stearyl alcohol
were melted at 70°C, and then, 1 g of 10 wt% aqueous solution of
trifluoromethanesulfonic acid was added. The reaction mixture
obtained was stirred for 5 hours at 150°C.

After that, the liquid was cooled to a temperature of 120°C,
and free trifluoromethanesulfonic acid and water were removed by
distiliing the liquid under reduced pressure for 3 hours with a reduced
pressure of 30 Torr, resulting in 435 g of a compound 10. The compound
10 included 480 ppm of the octadecyl trifiucromethanesulfonate. From
an area ratio of GPC, the amount of l-alkene included in the compound
10 was 14%.

[01031]

Synthesis Example 11 below allowed investigation of the effects
of reducing sulfonate and the like by introducing a step for removing
the esterification catalyst of Synthesis Example 1 by solvent
cleaning.

Synthesis Example 11: 300.0 g of the copolymer of 1-alkene having
28 to 60 carbon atoms and maleic anhydride and 141 g of stearyl alcochol
weremelted at 70°C. Then, 4 g of p-toluenesulfonic acid-monbhydrate
was added, and the mixture was stirred for 8 hours at 150°C. The
reaction mixture obtained was cooled to 80°C, and 500 g of acetone
was added dropwise over 60 minutes under reflux. After the completion
of dropwise addition, stirring was stopped and the mixture was allowed
to stand for 60 minutes at a liquid temperature of 70°C, resulting
in separation of the reaction mother liquor into two layers. The

acetone layer of an upper layer including unreacted stearyl alcohol
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and sulfonic acid component was removed. After this washing
operation was repeated twice, remaining acetone was removed by
distilling the remaining lower layer under reduced pressure for 6
hours at 90°C with a reduced pressure of 30 Torr, resulting in 420
g of a compound 11 containing 600 ppm of octadecyl p-toluenesulfonate.
From an area ratio of GPC, the amount of l-alkene included in the
compound 11 was 9%.

[0104]

Synthesis Example 12 below allowed investigation of the effects
of reducing low molecular weight components including l-alkene by
excessively repeating the solvent cleaning step of Synthesis Example
11.

Synthesis Example 12: 300.0 g of the copolymer of a l-alkene
having 28 to 60 carbon atoms and maleic anhydride and 141 g of stearyl
alcohol were melted at 70°C. Then, 4 g of p-toluenesulfonic
acld-monohydrate was added, and the mixture was stirred for 8 hours
at 150°C. The reaction mixture obtained was cooled to 80°C, and 500
g of acetone was added dropwise over 60 minutes under reflux. After
the completion of dropwise addition, stirring was stopped and the
mixture was allowed to stand for 60 minutes at a liquid temperature
of 70°C, resulting in separation of the reaction mother liquid into
twoc layers. The acetone layer of an upper layer including unreacted
stearyl alcohol and sulfonic acid component was removed. After this
waéhing operation was repeated five times, remaining acetone was
removed by distilling the remaining lower layer under reduced
pressure for 6 hours at 90°C with reduced pressure of 30 Torr,

resulting in 390 g of a compound 12 containing 300 ppm of octadecyl
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p-toluenesulfonate. Fromanarea ratioof GPC, the amount of 1-alkene
included in the compound 12 was 3%.
[0105]
The components used in Examples 1 to 14 and Comparative Example
5 1 are shown below.
[0106]

Epoxy resin of (A) component:

Epoxy resin 1: epoxy equivalent of 185 g/eq, biphenyl-type epoxy
resin with a melting point of 108°C {manufactured by Japan Epoxy Co.,

10 Ltd. trade name EPICOAT YX-4000K)

Epoxy resin 2: epoxy equivalent of 237 g/eq, phenol aralkyl-type
epoxy resin having a phenylene skeleton with a softening point of
52°C (manufactured by Nippon Kayaku Co., Ltd. trade name NC2000)

Epoxy resin 3: epoxy equivalent of 273 g/eq, phenol aralkyl-type

15 epoxy resin having a biphenylene skeleton with a softening point of
52°C {manufactured by Nippon Kayaku Co., Ltd. trade name NC-3000L)

Epoxy resin 4: epoxy equivalent of 220 g/eq, ortho-cresol
novolac-type epoxy resin with a softening point of 52°C (manufactured
by Nippon Kayaku Co., Ltd. trade name EOCN-104S35)

20 [0107]

Curing agent of (B) component:

Phenol resin-based curing agent 1: hydroxyl equivalent of 199
g/eq, phenol aralkyl-type phenol resin having a biphenylene skeleton
with a softening point of 64°C {(manufactured by Meiwa Kasei Co., Ltd.

25 trade name MEH-7851SS)
[0108]

Inorganic filler of (C) component:
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Inorganic filler 1:

[0109]

Component

Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound

Compound

[0110]
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spherical fused silica with an average

particle size of 10.8 um and a specific surface area of 5.1 m®/g

{D) :
1l: the compound 1 obtained in Synthesis Example 1
2: the compound 2 obtained in Synthesis Example 2
3: the compound 3 obtained in Synthesis Example 3
4: the compound 4 obtained in Synthesis Example 4
5: the compound 5 obtained in Synthesis Example 5
6: the compound 6 obtained in Synthesis Example &
7: the compound 7 obtained in Synthesis Example 7
8: the compound 8 cbtained in Synthesis Example 8
9: the compound 9 obtained in Synthesis Example 9

10: the compound 10 obtained in Synthesis Example 10
11: the compound 11 obtained in Synthesis Example 11

12: the compound 12 obtained in Synthesis Example 12

Curing accelerator:

Curing accelerater 1: adduct of triphenylphosphine and

p~benzoguinone

[G111]

Cther additives:

Coupling

agent 1i: y-glycidoxypropyltrimethoxysilane

(manufactured by Chissc Corporation trade name S510=GPS-M)

Colerant 1: carbon black (manufactured by Mitsubishi Chemical

[0112]

Corporation trade name carbon #5)
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(Examples 1 to 14 and Comparative Example 1)

The epoxy resin composition was prepared by mixing the above
components in parts by mass shown in Table 1 and Table 2, respectively,
biaxially kneading under the conditions of a kneading temperature
of 100°C and a kneading time for 30 minutes, cooling, and then
pulverizing.

[0113]

The epoxy resin compositions prepared in the Examples and the
Comparative Example were evaluated by each of the following tests.
Evaluation results are shown in Table 1 and Table 2.

[0114]

Adhesion to copper oxide:

A copper oxide substrate oxidized by heating on a heat panel
board for 2 minutes at 220°C and the epoxy resin composition made
as a tablet were integrally molded under the conditions of 175°C,
6.9 MPa and for 2 minutes, and, a truncated cone-shaped molded product
(upper diameter 3 mmxlower diameter 3.6 mmxthickness 3 mm, and the
contact area of 10 mm® between the copper oxide substrate and the cured
resin) was obtained on the copper oxide substrate {a diameter of 3.6
mm and a thickness of 0.5 mm), and then, the substrate of each molded
product obtained was fixed, cured site of the epoxy resin composition
was pressed from the horizontal direction and torgque (N) was measured.
The evaluation has a correlation with solder reflowing resistance
in a semiconductor to some extent, and as a result of the determination,
14 N or more was made to be ©, greater than or equal to 12 N and less
than 14 N was made to be o, and less than 12 N was made to be x.

[0115]
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Mold releasing load:

A mold for load evaluation at the time of a mold releasing is
made of an upper mold, an intermediate mold, and a lower mold as a
transfer mold fype. A schematic diagram when seen in a plan view
of an intermediatemold aftermolding is shown in FIG. 2 and a schematic
diagram showing a cross-sectional structure of an A unit of FIG. 2
is shown in FIG. 3, respectively. The shape of the molded procduct
attached to the intermediate mold after molding is a diameter of 14.0
mm and a height of 1.5 mm thickness. In FIGS. 2 and 3, 11 represents
an intermediate mold, 12 represents a Cal, and 13 represents a runner.
14 represents the molded product and 15 represents an air vent. 16
represents a handle and 17 represents a hole for push-pull gauge insert,
respectively.

The epoxy resin composition was injected into the mold for load
evaluation at the time of a mold releasing using a low pressure
transfer molding machine (manufactured by TOWA Co., Ltd., Y-series
manual press) under the conditions of a mold temperature of 175°C,
an injection pressure of 6.9 MPa and a curing time of 60 seconds,
and the molded product 14 of 8 pieces/shot was transfer molded. After
the molding, the push-pull gauge from the hole 17 at the top of the
intermediate mold relied on the circular molded product 14 attached
to the intermediate mold 11 after molding (see FIG. 3), and the load
applied when the molded product was pushed was measured.
Continuously, the materials for evaluation were molded in 20 shots
and the measurement was carried out on the molded product of the latter
10 shots, and the average value was shown as the mold releasing load.

The evaluation has a correlation with stable productivity of mass
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productionmolding to some extent, and as a result of the determination,
15 N or less was made to be ©, greater than 15 N and less than 20
N was made to be ¢, and 20 N or more was made to be x.

[0116]

Continuous moldabkility {air vent block and mold stain):

The chip and the like were encapsulated by the epoxy resin
composition using an automatic low-pressure transfer molding machine
(manufactured by Dai-Ichi Seiko Co., Ltd. GP-ELF) under the
conditions of a mold temperature of 175°C, an injection pressure of
9.8 MPa and a curing time of 70 seconds, and a molding obtaining a
80-pin gquad flat package (80pQFP: a lead frame made of copper, an
outer dimension of the package: 14 mmx20 mmx2 mm thickness, a pad

size: 6.5 mmx6.5mm, and a chip size: 6.0 mmx6.0 mmx0.35 mm thickness)

was carried out up to 400 shots continucusly.

Evaluation of the air vent block was performed by visually
observing the mold every 50 shots, checking the presence of air vent
block (a state in which the resin cured product adheres to the air
vent block {(a width of 0.5 mm and a thickness of 50 um) unit and blocks
the air vent}, and evaluation was performed by the following four
stages. Order of preference was A, B, and C.. however, C or above
is a practically possible range. Evaluation results are shown below.

A: No problems occurred up to 400 shots

B: The air vent block occurred up to 300 shots

C: The air vent block occurred up to 200 shots

D: The air vent block occurred up tc 100 shots

For the mold stain, the mold was observed after 400 shot molding,

and was evaluated by the following five stages from the extent of
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spread of the stain from the gate entry. Order of preference was
A, B, and C.., however, C or above is a practically possible range.

A: No stain occurs

B: Spread of stain was 20 area$% or less of the cavity surface

C: Spread of stain was greater than 20 area% and less than or
equal to 40 area% of the cavity surface

D: Spread of stain was greater than 40 area% and less than or
equal to 60 area% of the cavity surface

F: Spread of stain was greater than 60 area% of the cavity surface
[0117]

Molding of PKG for Au wire reliability test:

Moisture resistance reliability: TEG chip which forms an
aluminum circuit (3 mmx3.5 mm, the aluminum circuit was exposed
without a protective film) was attached onto a die pad of a 16-pin
SOP lead frame (package size is 7.2 mmx11.5 mm, thickness is 1.95
mm) , and an aluminum pad and a substrate-side terminal was wire bonded
with a wire pitch of 80 um using an Au wire (& wire diameter of 25
pm and purity of 99.98%). This was encapsulant molded by the epoxy
resin composition using a low pressure transfer molding machine
{manufactured by Kotaki Seiki Co., Ltd., KTS-125) under the
conditions of a mold temperature of 175°C, an injection pressure of
9.8 MPa and a curing time of 2 minutes, and the 16-pin SOP package
was prepared. The package prepared was post-cured at 175°C for 4
hours.

[0118]
Molding of PKG for Cu wire reliability test:

Moisture resistance reliability: TEG chip which forms an
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SOP lead frame (package size is 7.2 mmx11.5 mm, thickness is 1.95
mm) , and an aluminum pad and a substrate-side terminal was wire bonded
with a wire pitch of 80 um using a Cu wire (a wire diameter of 25
pm and purity of 99.99%). This was encapsulant molded by the epoxy
resin composition using a low pressure transfer molding machine
(manufactured by Kotaki Seiki Co., Ltd., KTS-125) under the
conditions of a mold temperature of 175°C, an injection pressure of
9.8 MPa and a curing time of 2 minutes, and the 16-pin SOP package
was prepared. The package prepared was post-cured at 175°C for 4
hours.

[0119]

Moilsture resistance reliability test:

A HAST (Highly Accelerated temperature and humidity Stress Test)
Cest was carried out in accordance with IEC68-2-66 using the package
prepared. The presence of open defects of the circuit was measured
under the test conditions of 130°C, 85%RH, an applying voltage of
20 V for 240 hours (480 hours if Cu wire is used). Results are shown
as the number of defects among 15 packages.

[0120]

Soldering resistance test:

A lead frame and the like in which a semiconductor element (a
silicon chip) was mounted was set on the mold at 180°C in order to
reproduce the oxidation state using a low pressure transfer machine
(manufactured by bai-Ichi Seiko Co., Ltd. GP-ELF), and was preheated

for 2 minutes, and then, the epoxy resin composition was injected
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under the conditions of a mold temperature of 180°C, an injection
pressure of 7.4 MPa and a curing time of 120 seconds, and a
semiconductor device of 80pQFP {a lead frame made of copper, the size
is 14%x20 mmxthickness 2.00 mm, the semiconductor element is 7xX7 mmx
thickness 0.35 mm, the semiconductor element and the inner lead unit
of the lead frame were bonded with a gold line with a diameter of
25 um) was prepared by encapsulant molding the lead frame and the
iike in which the semiconductor element {the silicon chip) was mounted.
The twelve semiconductor devices heat-treated for 4 hours at 175°C
as a post-cure was humidification treated for 120 hours at 60°C and
a relative humidity of 60%, and then an IR reflow treatment (260°C,
according to conditions of JEDEC-lLevel 3) was performed. The
presence of peeling and cracks of the inside of these semiconductor
devices were observed using an ultrasonic flaw detector (manufactured
by Hitachi Kenki FineTech Co., Ltd. mi-scopell) and those in which
even any one of the peeling or the cracks occurred were considered
to be defects. The results are shown as the number of defective
semiconductor devices among n=6. If the number of defects is 1 or

less, it is considered to be in a practically possible range.
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filler,

04 E 0 0 68 [0123] Exanples 1 to 14
(A) the epoxy resin, (B) the curing agent, (C) the inorganic
and (D) the conpound in which afﬁppolyner of 1-al kene and

mal ei ¢ anhydride is esterified with an

10

15

20

25

[0123]

Examples 1 to 14 include ({(A) the epoxy resin, (B) the curing
agent, {C) the inorganic filler, and (D) the compound in which a
copolymer of l-alkene and maleic anhydride is esterified with an
alcchol using a compound represented by General Formula (1), and
include those in which the types of the (A) compound, and the types
and the mixing amounts cof the component (D) are changed. In all
Examples 1 to 14, results were obtained in which adhesive strength
to the copper oxide was high, and soldering resistance by the IR reflow
treatment after the humidification treatment using the lead frame
made of copper in which oxidation has progressed was excellent. In
particular, in all Examples 1 to 13, results were obtained in which
mold releasing load was low, and continuous moldability (air vent
block and mold stain) when encapsulant molding the elements and the
like, or moisture resistance reliability was excellent.

Among these, in Examples 1, 9, 10, and 11 which used, as the
(A) component, one or more resin of the epoxy resin 1 which is a
biphenyl-type epoxy resin represented by General Formula (5), the
epoxy resin 2 which is a phenol aralkyl-type epoxy resin having a
phenylene skeleton represented by General Formula (6) and the epoxy
resin 3 which is a phenol aralkyl-type epoxy resin having a biphenylene
skeleton represented by General Formula (7} in an amount of 50% by
mass or more with regard to the total amount of the (A) component,
and, as the (D) component, the compound 1 in which the copolymer of
l-alkene having 28 to 60 carbon atoms and maleic anhydride was
esterified with the alcohol having 18 carbon numbers using

p-toluenesulfonic acid, results with an excellent balance of adhesive



5 al cohol using a compound represented by General Formula (1), and

i nclude those in which the types of the (A) conmpound, and the types
and the m xi ng anounts of the conponent ) are changed. In al
Exanples 1 to 14, results were obtained n whi ch adhesive strength to
t he copper oxide was high, and soldering resistance by the IR refl ow

10 treat mepteaftercd hendumidd catiiRn Wolakieat rush Bgahbe £@Pﬁa}$£ﬁr@y
made of copper in which oxidation has progressed was excellent. In

particul aé@lﬁ@rﬁilléj :Eé@i%&?cel da Id1d Ei%‘l'e%%l\“@r ﬁr@?&ﬁt{}e@mbﬂi WAl b sing

nol d rel easing | oad was | ow, and conti nuous I"dabiTity (air vent

bl ock and; gpkd, sigh @o%%&i@%%’i‘éi‘a%’ﬂﬁ?‘ %5!9 %Qﬁt%f&@@t&cﬁ%lﬁq%tam

15 like, or npisture resistance reliability was exce I ent. Anong

these, in, Exampies by, 9’E2159m 8091 wWhi ¢ \AEeHS&gn ﬁc(r%%%ta(\l?lm same

one or nmore resin of the epo y resin 1 Fchis type "epoxy

resing epéﬁéﬁﬁfc &F By L84 fltrl%ﬁ_%k%mgalanggglfﬁﬁ’é‘é’ a%tgﬂé?m SN § same

a phenol aralkyl-type ep y Tesin having a phenyl ene eton

repr esent gaby f@f‘fé@icfoém& e ] LG AL eagia{%é?w&? F&ndving

phenol ara €poxy resin aV|ﬁ ene’s eto

represent Sgtgi/ 3 tO 1hdu|:etog‘7?aia £g%e AN ant ﬁe %%\ ie S_L% deé) Compound

more with“7egaf anoun Rorponén

the (D) c mpone co nd 1 |n. i ch_the copol.y

-2 kene Ravi R bhot e%%  CST S Y SEC KRRy HY i a@dwa% a solvent
esterified mnth thq% cghol haV|n t18 car bon nunber§1§% gg q
p- t ol ueneSUFFBRTe Hdiky, Pe‘&ﬁ SR Ent 8%t FATT dd15Y HyRSRETS
69 strength to the co , ure resistance reliability,

sol der ngCPBRFETAntR ﬁﬁ?dg?%mgg%ﬁﬂg property (nold rel easing

| oad), ? ig |nuous nol dability (air vent block and nold stain)

wer e obtalﬂ 4 Exanpl e 12 whi ch used Conpound 10 contai ning the sane

5 anount of octadecyl trlfluoronethanesulfonate as _Conpound 3 had

same char act er PRt5& 58S BAaR e 13, %WE%EﬁEﬂV%I%§aW€9ﬁoH§ﬁF6?lF%ﬁ%&Fﬁ?ound
catal yst residue were different. In exanple 13 which used Conpound 11

in which Phencatbfysth ¢ SORRIYTRES Aledudedens aaar-ﬁg A0 sBP vehtcarbon atoms
cleaning step, Cu wire noisture resistance reliability was inproved

10 conpar 8B4t st apkyixadpMesies feubljed withdhe pécebpémhanmy 18 warbon
Conpar ati ve Exanpl e 1whi chusedConpound 9 in which the copol yner of

1- al Kehe REWPAYS 201l wRiMshr? SBGRE valkd MalefBranhgdisrnimsreliability
esterified with the al cohol having 18 carbon 15 nunbers w t hout using

a cat al ysvasnpabisfactesny sthanwavamn| sgbiesiiveg wasesathstactloe ygopper oxide,
however, adhesive strength to the copper oxide, soldering resistance,

mol d reIeagiﬂgri@@dyeQQﬁtanﬂaismqﬁd1n%ﬂ@a§ﬁngvénadblenﬂ obldosita ugusl air
nol dability were inferior. In Exanple 14 which used conmpound 12

cont ai ni ngeat shb¢k contcemtt iofiolsainkédah i POt porsteirie fregsiogt.ante Examplie 14
reliability, adhesive strength to the copper oxide and sol dering

resi st ancehweheusadi sératorg , L howevteriniaig aventaldl coktehtcont Lnabdksne,
nol dability and nold releasing |oad were inferior. [0125] 25According

to t preseaturaveasi stenas sdiovebiIn thx anjplhessiven sepexythesonthe copper
conposition for sem conductor encapsulant with excell ent adhesion to

a | ead fraredeudel cblaeppat résiiicoxiedat s801 Hasct IOy Progieessedai Alvent
excellent nold rel easing property and conti nuous noldability and the

li ke may beoehtaf nesht imesed ol d4iils t8pexy mRSid reQrBeshhi 0B6adbyebe
suitably used for electronic conponents such as I C and LSI,

particul aihyeracpackage in which oxidation of a lead frame 5 nade of
copper easily progresses such as MCP (Multi Chip Stacked Package) in

whi ch chi pg1ase stacked in multiple stages. 71 CLAIMS 1. An epoxy

resin conposition for sem conductor encapsulant, conprising: 5(A) an

epoxyg esi N,  according to the present invention, as shown in Examples, an
epoxy resin composition for semiconductor encapsulant with excellent

adhesion to a lead frame made of copper in which oxidation has



(B) a curing agent; (C) an inorganic filler; and (D) a conmpound in
whi ch a copol yner of a 1-al kene having 5 to 80 carbon atons and
mal ei ¢ anhydride is esterified with an aJcohoI 10 having 5 to 25
carbon atons in the presence of a conpouﬁﬁ represented by General
Formula (1), O1Il R-S-CHII 0 d) (wherein, in CGeneral Formula

(1), RL ?r@?k@%@@, fg.onathe WRUM QNS thRIngf paBpalky! 286 Ot inuous
having 1 to carbon atons, a hal ogenated 15 alkyl group having 1 to

5 carbon - i P ban -at .
5 carbon B98N0, S0 ANALOIANS GIPUE SN 10 LACOrGREPORA BHBly restn

compri si NdomBodi 81 581 BY 80 PabPy We LRI AN ALANTon2E SondBEAROBNich as
resin conposition according to aim 2, wherein the anount o

the 1-alk ' b i s t

B part e by riee AN e TRaktyr Lratrdbe  Bhath il 03 Rad rane
regard, ond00 BR" Lsphy: T 3 g, (D conpaneal vie e PO K &Sidkie

conposi tion accor rther “conpri sing:
represent EgcQng?nle{l aln £ n&’f‘lliaps( Dre UelleB 17 IQluH:igle stages.



R2 (2) (wherein, in General Formula (2), R is selected fromthe
group consisting of an alkyl group having 1 to 5 carbon atons, a

hal ogenat ed al kyl group having 1 to 5 carbon atons and an aronmatic
group having 10 6 to 10 carbon atons, a & R2 represents an al kyl
group having 5 to 25 carbon atons). 5. The epoxy resin conposition
according to C aimd4, wher ei n driagmgount of the conpound
represented by General Formula (2) included in the whol e epoxy resin
conposition is greater 15 than or equal to 0.5 ppmand | ess than or
equal to 100 ppm 6. The epoxy resin conposition according to Claim
1, wher eirn g «C CERQHNEAchBBE SE 854 el PYs GRS A u MR bl 181t
trifluoronmethanesul fonic acid.” 7. The epoxy resin conposition
accordi ng-4p, (4 8 p1, 20wherein the conpound represented by Genera
Formula (1) is a conmpound represented by General Formula (3), 73 O
I S 1 a0 i Gggﬁ; rroyla (3), R3's are selected from an
alkylggtoup hagékgﬂi to}§}é§%%%% atons and a hal ogenated al kyl group
having 1 to 5 r . , .y be the sane as or different from
each other, anda I%@?éﬁ?' ggﬁr of 0 to 5). 8 The epoxy resin

conposi tion acgording to C aim4, ) erein the conpound
r epr esent ed by&éeﬁg}gfxﬁgg%ﬁfh 6}fefé gﬂgonpound represented by

Gener al FornU|ﬁn(%?bompo$%h in which a copelymer ¢f a l-alkene having 5 to
80 carbon atoms and maleic anhydride is esterified with an alcohol
10 having 5 to 25 carbon atoms in the presence of a compound represented

by General Formula (1),

O

R'—S—OH (1)

O

(wherein, in General Formula {1}, R!' is selected from the group
consisting of an alkyl group having 1 to 5 carbon atoms, a halogenated
15 alkyl group having i to 5 carbon atoms, and an aromatic group having
6 to 10 carbon atoms).
2. The epoxy resin composition according to Claim 1, further
comprising:
a l-alkene having 5 to 58 carbon atoms.
20 3. The epoxy resin composition according to Claim 2,
wherein the amcunt of the l-alkene having 5 to 58 carbon atoms

is greater than or egual to 8 parts by mass and less than or equal



10(in General Formula (4), R2 represents an al kyl group having 5 to
25 carbon atonms, R3's are selected froman al kyl group having 1 to 5
carbon atons and a hal ogenated al kyl gr having 1 to 5 carbon
atons, and may be the sanme as or differe fromeach other, and a is
an integer of 0 to 5). 15 9. The epoxy resin conposition according to
Caiml, whepgipathe By ahdkoNasith & clraalkere 10avHagt38p1 onsos Ca bate ¢
at ons. 10 The epoxy resin conposition according to Claiml, mhereln
the al cohgbppsnehearyl al cohol. 11. The epoxy resin conposition
according to Claim1l, 20wherein the (A) the epoxy resin includes at

| east onesepoxye &I, rébiselerbeditiom éeéo%ﬂ%’ CONSI Sitnl rlq ‘?Efur%her
bi phenyl -type epoxy resin represented by General” Formula (5)

phenol arggg%klgyg . epoxy resin having a phenyl ene skel et on
represented by Gen ral Formula (6), and a phenol aralkyl-type epoxy

(3TN e R e o 0 R ERT B e T B (e

group consisting of a hydrogen ato an al kyl group having 1 to 10
carbon atons, an al ko group hay 1 to 10 carbon atons, an aryl
group having 6 to 10 carbon at and an aral kyl group having 6 to
10 carbon atons, R4 t R7 may bgf the sane as or different from each
ot her, and n represen an intgger of 0 to 3), (in CGeneral Formula
(6), R8 to Rl are sel ted fr the group 15 consisting of a hydrggen
atom an aI o 10 carbon atons, an al koxy groupﬁ )
having 1 to 0 carbo tons n aryl group having 6 to 10 carbon
atons and an aral kyl Proup haV|ng 6 to 10 carbon atons, R8 to Rl may
be the sane as or difklrent fromeach other, and 75 n represents an
integer of 0 to 20), O

(wherein, in General Formula (2), R!' is selected from the group
consisting of an alkyl group having 1 to 5 carbon atoms, a halogenated
alkyl group having 1 to 5 carbon atoms and an arcmatic group having
10 6 to 10 carbon atoms, and R? represents an alkyl group having 5 to
25 carbon atoms).
5. The epoxy resin compesition according to Claim 4,
wherein the amount of the compound represented by General
Formula (2) included in the whole epoxy resin composition is greater
15 than or equal to 0.5 ppm and less than or equal to 100 ppm.
6. The epoxy resin compesition according to Claim 1,
wiherein the compound represented by General Formula (1) is
trifluoromethanesulfonic acid.
7. The epoxy resin composition according to Claim 1,
20 wherein the compound represented by General Formula (1) is a

compound represented by General Formula (3),



(in CGeneral Forrmula (7), R11 to R19 are selected fromthe group
consisting of a hydrogen atom an al kyl group having 1 to 10 carbon 5
atons, an al koxy group having 1 to 10 carhon atons, an aryl group
having 6 to 10 carbon atonms and an aral kyl" group having 6 to 10

carbon atons, RIIto R19 may be the sane as or different from each
other, and n represents an_integer of 0 3). 12. A sem conductor
device, conprising: 10a ctor e[jenent encapsul ated by the
epoxy resin conposition to CI im1. 13. The sem conductor

devi ce according to C IQ em conduct or el errel(ts)
i s nmounted En dke frarre made copper, and an

d

el ectrode p € sem\yonducgbr 15 el|lenent and an inner |ead of
the lead fr §of co e conn ed by a bonding wire. 14.
The sem conduct or devi ce according to im13, wherein two or

more of th@fﬁ?%%g?ea ul% 8l gpnts. ar aerggg%%qeayﬂb&ﬁ 09 $1AGKYL 2B having

the die pa
1 to 5 carbon atoms and a halogenated alkyl group having 1 to 5 carbon

atoms, and may be the same as or different from each other, and a
5 is an integer of 0 to 5),
8. The epoxy resin composition according to Claim 4,
wherein the compound represented by General Formula (2) is a

compound represented by General Formula (4),
R2
— O
{ ) |s| o/ (4)
N
(R3—)a/ X/ ¢|;|)

10 {in General Formula {(4), R? represents an alkyl group having 5 to

25 carbon atoms, R s are selected from an alkyl group having 1 to
5 carbon atoms and a halogenated alkyl group having 1 to 5 carbon
atoms, and may be the same as or different from each other, and a
is an integer of 0 to 5).
15 9. The epoxy resin composition according to Claim 1,

wherein the l-alkene is a 1-alkene having 28 to 60 carbon atoms.
10. The epoxy resin composition according to Claim 1,

wherein the alcohol is stearyl alcohol.
il. The epoxy resin composition according to Claim 1,

20 wherein the (A) the epoxy resin includes at least one epoxy resin



10

15

74

selected from the group consisting of a biphenyl-type epoxy resin
represented by General Formula (5}, a phenol aralkyl-type epoxy resin
having a phenylene skeleton represented by General Formula (6), and
a phenol aralkyi-type epoxy resin having a biphenylene skeleton

represented by General Formula (7},

rox
VAW |} e ®)

(inGeneralFormula(5),thoRjareselectadfrmnthegroupconsisting
of a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, an aryl group having 6 to
10 carbon atoms and an aralkyl group having 6 to 10 carbon atoms,
R4toR7maybethesameasorcﬁfferentfromeachother,andnrepresents

an integer of 0 to 3},

(6)

(in General Formula (6), R® to R are selected from the group

consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon

atoms, R® to Ru’may‘be the same as or different from each other, and



10

15

20

15

n represents an integer of 0 to 20),

) )
Q R12 R13R15 R17 (/J\\j R12 R13R16 R17 Q
[ N N @
X Y e
11 11 11
R4 RPgie RI9 R4 RPPgris R

-n

(in General Formula {(7), R' to R are selected from the group
consisting of a hydrogen atom, an alkyl group having 1 to 10 carbon
atoms, an alkoxy group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms and an aralkyl group having 6 to 10 carbon
atoms, R to Rw:may'be the same as or different from each other, and
n represents an integer of 0 to 3).
12. A semiconductor device, comprising:

a semiconductor element encapsulated by the epoxy resin
composition according to Claim 1.
13. The semiconductor device according to Claim 12,

wherein the semiconductor element is mounted on a die pad of
a lead frame made of copper, and an electrode pad of the semiconductor
element and an inner lead of the lead frame made of copper are connected
by a bonding wire.
14. The semiconductor device according to Claim 13,

wherein two or more of the semiconductor elements are mounted

by being stacked on the die pad of the lead frame made of copper.



