EPDXY RESI N COMPOSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND

SEM CONDUCTOR DEVI CE USI NG THE SAME FI ELD OF THE | NVENTI ON 5[ 0001]
The present invention relates to an epoxy resin conposition for

sem conduct or encapsul ation that is excellent in reliability under
hi gh tenperature and high humdity conditions and in continuous

nol dability, and a sem conductor device using the sanme. 10BACKGROUND
OF THE | NVEYDIXOX RERIBPCOMPOSITIONERDR QRN DT @R ENTAPSEEATION
transistors, ICs and LSIs have hitherto been nmanufactured by

encapsul ati ng a varAND/SENMICEONDIOOTORIEVEIE SHING, THE iSAdgMBIl asti c
packages, for exanple, heat-curable epoxy resin conmpositions, from
the viewpoint of 15 protecting the sem conductor elenents from
external environnental factors and making it possible to handle the
sem conduct or el ements. [ OOOBJELD OF THEMWVENTIONrt ant requi renents
for epoxy resin conpositions for sem conductor encapsulation is
reliability unde®0lji gh tenperature and high humidity conditions. That
20 is to say, high tenperature or high hum dity provides a good

envi ronment f orThegnésent impentioni rekatesiie ln gpoxshiesin @enpicsitiondon seamineivictor
the epoxy resin conpositions to act easily. For this reason, wires on
sem condguatapsulatiemihat ¢s excsllpatdngeliabilityrundst bigh tamderatee end hight huenidity
epoxy resin conpositions for sem conductor encapsul ation suffer from
poor r el camditipnsandrit épntiiugis modgebilidy.and apeti¢ringhcthu dévica ysingihdisemons.
The ionic 25inpurities such as the chloride ions contained in the
epoxy resin conpositions, causing poor reliability under high
tenperature and high hum dity conditions are forned by gl yci dyl
etheldfication of phenol BAGRGRESIMRIHYHENVENTION dourse of i he
production of epoxy resins. For exanple, conventional cresol novol ak
type epoxy resi 2)hﬁave hi gh solubility in solvents, so that
purification by washing wiith water becones possible, This nakes it
possible to obéaﬁnwoeé or AaMgessssushAs ritpngistossdiCs cadok-Plsehave dtidgrto (beer
a 5 higher Egri%y%. In contrast, |owviscosity crystalline epoxy |
resi ns uBRauRslred By gencapgiameos Yarehi 9§ ssricongrgan ctenants, gpsingn, plastic
| ow solubility in solvents, so that it has been difficult to obtain
hi gh- pur PESKagssoyr Pesmnle heakeuphlespoxparsimenmpasitionsydiom thecviswaringf

in order to capture the jonic inpurjties causing poor reliability 10
unde[5d hi awt%ﬁgéheaﬁemléoraiﬂlet% e 'r%mteyte‘s@ﬁﬁﬁnwgﬁge%ﬁofaﬁerwd making
contai ned in.the 0 resin c ositions, it has been proposed to
use ion YPIVIRIgE? E&ﬁ%ﬂwégmwﬁa&% et onpounds, bi smuth oxi des and
yttrium oxi des §f8£ exanpl e, see Patent Docunents 2, 3 and 4). [0005]
15Pat ent Docu . JP-A-2-187420 Patent Docunent 2: JP-A-11-240937
Pat ent Docune$h 3: .JP-A-9-157497 Patent Docupent 4: . JP- -9-16%&%0
20SUMVARY OF THES PRAVRRFFABAIGIBBEIBFILs for epoxy Rz equpgsitiqng dorseuicqpqurtar

t he above-nmentioned i.on, scavenger,s, are used, .t he use of the.ion
S CavongePeapaain S relBhBY SERST g e g e weidgy copfitigh.  That

ConAo BASShAL S R I BERLPATHRS Tl HH P b
the Occu{ngp%rr]ﬁi%s g&éhsésa}:ihrf()srié)er}orslslj cr:c];n sined i%fthg gl%(x%rgr%ginfc%{rg%gi’[ions to act easily.
For this reason, wires on semiconductor elements are prone to corrosion, and the
conventional epoxy resin compositions for semiconductor encapsulation suffer from
poor reliability under high temperature and high humidity conditions. The ionic

25  impurities such as the chloride ions contained in the epoxy resin compositions, causing

poor reliability under high temperature and high humidity conditions are formed by



[ 0007] The invention has been nmade in view of such ,
circunstances, and an object of the invention is to provide an epoxy
resin conposition for sem conductor encapsul ation that is excellent
not only in reliability under high tenperature and high humdity
5conditions, but also in continuous noldability, and a sem conduct or

devi ce using . the s .. [0 0 Nane|y,, the present invention relates
to the f&IVgWQﬁh‘F“Ea‘g‘i%Eoé 0? gnols with eplhalohy ring ipheprise plthe production of
conposi tion for .se onduct r encapsul ation, 10 including the

fol | ow ngePé’éPéﬁﬁ%’é%t é‘%(f R)’““PB F?nve(lﬁ 3 sresplosigy olakstyie epeyy espisduue high
resin; urin eI er |norgan|c filler; 15(E) a
hydr ot al cﬁ)oll"g)]g %ﬂ 5 p&“é ;\W WaFlang Veithh tvatesi brgomes PRssiblng
an acid v 10 to i P 2 .The epoxy. resin conpositiaon
for semic 8? “eﬂ‘?ﬁ’i’g? | Qaggtﬁﬁl epo Y 15818 hayiRg 4 l9wier hlotine;anignt Gie. a
t he eRox 1S an epoxy resin 20 having a

[ e5| n ge co agl
bi phefyl )iag%%ppu t %‘i"ﬁ’ %98?1‘9’0%3{3? Her BROXYeFRSHSneRgE L 16F @ high
compound e O?fﬁﬁr o oh oS 5 s gt v oAb e S Her) Byt has been
foll f + 21 x+RAl | mH2O0 (1
Zgi nO%inc ﬁﬁmﬁ%o 8bt8ﬁ}§ulléﬁfll(lﬁéetp8¥‘yﬁ§ms% sa)éééﬁ ’c}lglF%tn}( Irrie'? al i on( ?An-

is an n-val ent [36541” x satisfies 0.2.5Sx0.33, and msatisfies
0-rn53. 5. 4, The epoxy resin conposition for sem conductor

e the. componertepindie h°oey 1 Bhuthe ght e ampii s #&ﬁé‘"ﬁ;ﬁo@ﬁéﬁgﬂ%
for Ln chid PR ﬁé%%%euﬁngt%% it B o Remgi o T A Spors
Lo 2. 0% By e CRPTRRY Aere bt BroBB” 82@%&0&%?@%%%2%@& sscfdRoalehc
R e e T T i S S

cont ai neg,4 4 B an amount of fromO0.02 to 2. 0% by wei ght of the whol e of
t he epoxy resin conposition. 10[0009] 7. A sem conduct or

devi ce conpri spjm r sem conductor el enment encapsul ated with the epoxy
resin conposit or sem conductor encapsul ati on according to any

one pf itens 'P&eﬁtD&&&#%llﬁD ezqgﬂsz%nt inventors have nade
intensive studies in order to obtarn a material

Patent Document 2: JP-A-11-240937

Patent Document 3: JP-A-9-157497

Patent Document 4: JP-A-9-169830

20 SUMMARY OF THE INVENTION

[0006]

However, in the case where the above-mentioned ion scavengers are used, the
use of the ion scavengers raises a new problem of having an adverse effect on
continuous moldability, such as the occurrence of sticking of the epoxy resin

25  compositions as an encapsulating material to molds or the occurrence of stains on

surfaces of packages formed.



for sem conductor encapsul ati on havi ng excell ent continuous

nol dability, in addition to excellent reliability under high
tenperature and high humdity conditions. In the course of the
studies, the inventors have made intensive studies in the cause of
deterioration of continuous noldability. As a result, it has been
ascert ai ned tha@ 20 hydrotal cite conpound used as an ion scavenger
reacts with a Qaﬂncorporated as a rel ease agent to fornta reaction

product, which %u%esmth ocecurrence of stt1 téln of the enc&tgguh‘atin
material to a SR E&ﬁ? cdn StV P4F URSaYP9S, A ect o

k t.his findi di h be f
e L
TR Sl M R T

fl i h h
SPEC ! £ AR SR o0 SRR el SRR IR St B F

corrpound ause of its aci d vaI ue within the specific range,
resulting not only in realization of excellent reliability under high
tenperature ang &ﬁﬁh hum dity conditions, but also in decreased
occurrence of 9| cking of the encapsulating material to the nold or

decreased ocounigge L pSkalR ol MuSSHABRTIRn BEPRfia0e o

i npart excel | ent Rance I spect

nol dabi lity, tRus arrjyi o t e k%&ﬁﬁo‘ﬁn fok Ogel’t:tllzonductor ené;]%ﬂllg“on

descrlbed above, the |nv on provi dés an epoxy resin co

for q&ﬂgﬂ imknNg a hydrotaIC|te conpound
(conponent ?% oﬁ{gﬁ %§;%(?2onponent (F))., in conbination
wi th an epoxy (g§h§eﬁ Qﬂent (A)) a phenol resin (conponent (B)),
a curing accel erator 55 onpohent (C)) and an inorganic filler
(conmponent (D) )p) 2pgkd1 f&MH;conduct or devi ce encapsul ated using the
sanme. For this reason, the epoxy resin conposition has not only

excel | ent rellg@jgbﬁﬂhg%wgggng&gh tenperature and high humdity

condi tions, but also excellent continuous noldability. 15
Accordingly, t{9)s#sRoffantdB&POXY resin conposition for sem conductor
encapsul ation of  the invention nmakes it possible to produce the

sem ¢onduct or ggMiEﬁh@@Mﬁ@goﬁbgﬁK{ghgablI|ty at good productivity.
[ 0012] hen, when an epoxy resin having a bi phenyl group is

used as the epgya t&BLRYI2HLARIBAARM g WAk havihe B Sci8*aRld §M10 €6 f186tmef
i mprovi ng ﬁD|dg?I|lty g%d@?eﬁlablllt% IS gllgtaglnedCI [ 0013 Furtherln@

when a ngHee of oxidized pol yethyl ene and a | ong-chain aliphatic
acid is used as the specific wax (conponent (F)), an effect of

suppressi ng deperi or ghé 09%03{5 irBsiAPBERAPpEIGE Ofor AsdifRbAdTRST encapsulatlon
encapsul ati on (cured bod nanel y the occurrence of stains on

surface gdcoiding paRkade, in bateHeR Pk refih as ey a@Fe%GBP
OF THE IN&ENf%%N [Oogﬁfn éﬁbEﬁgoélngﬁts&¥%P£ng$§F§5 out é&ﬂlﬂ

i NVEXT | ORawhg 4 biphesdSesihed bel ow.
3. The ecpoxy resin composition for semiconductor encapsulation
according to item 1 or 2, in which the hydrotalcite compound as the component (E) is a
compound represented by the following general formula (1):
[L*1xQ” «(OH)2I " [(A")wn mHL0T* 1)
25  in which L is a divalent metal ion, Q is a trivalent metal ion, A™ is an n-valent anion, x

satisfies 0.2<x<0.33, and m satisfies 0<m<3.5.



5[ 0015] An epoxy resin conposition for sem conductor

encapsul ation of the invention (hereinafter also abbreviated to as an
"epoxy resin conposition”) includes an epoxy resin (conponent (A)), a
phenol resin (conponent (B)), a curing accelerator (conmponent (C)),
an inorganic filler (conponent (D)), a hydrotalcite conpound
(component (E)) and 10 a specific wax (conponent (F)), and has
general |y a powlter foFR§ SPOFY adefinr cqrapesition Hor agsmicorductor obreaipadatiny
tabl eting the, powder. [OOJigi4Ei <A. Epoxy Resin> Various epoxy resins
can be us¥§OHENG (R ABH Y Hedsops { dBnboRethich Ay waxsasEhgngsineronente (F3ds a

i ncl ude bi sphenal A.type epoxy resins, phenol novol ak type epoxy
resins, c’PB&E)"F’ (’i%(?\"}gl%ﬂgWﬁ&yiwdﬁégﬂ&él}a%?@*@ﬁylwﬁype epoxy resins
and triphenyl net hane ,H/Fpe epoxy resins. These epoxy resins may be
used either al ohe or cfc?ﬁ’gl’ nES{ FO3Positiono fompseaii¢anspgior . empsiesios,

bi phenyl t . epoxy resins,or |low hygroscopicity type epoxy resins in
whi chgl ov@@w@i‘f@ 0 %ﬂ%ﬁ'b%ﬁ#‘é‘%dd@ﬂt@ Weehhe ¢qipprient(rie denteineddn|ap
used fromthe, vj ' o eliabli and |dability. As such
epoxy redimdnt Ph’g\é\%%&/ﬁg) 4byepeEyt ‘étlc}ﬁ‘? WEP]@:&ﬂ%ﬁePP% 1$B0 OOOPQEHEPTa
sof teni ng poi nt_ or tin oint.,of 50 to 13QC are preferred. [0017]
<B. Phenol Resi%h> 25 ;9%8 | TeSs | GOMROSHAB N %%t Semygonduetar j gncapsulation

cor g agamketitoidhs GROR i o S GRBOHGnthe( SPRongHAE) 6 &asiained in an
; ' havi henol i ¢ hyd |
or oupe ; RoSuaPOERGR AP eRAS S Sulfhs i o tle S PRl eiae sasepestion.

noyollgk resins, &{Sﬁsol novol ak resins, biphenyl type novol ak resins,
tri phenyl net harL% pe phenol resins, naphthol novol ak resins, phenol

aral kyl- resi ns-and biphenyl aral kyl, r.esins. 5.These phenol resins may
be used either 7gl onepgrsel “¥s {Oﬁatd%‘ﬁe of TGS 'f‘mrs%mccﬂ% U RN

It is pr o] e t he epoxy resin.(component (A)) with the .
phenol (r g&‘%ﬁj&@gtgﬁpgﬁ%n@% ( Igfiqf rFe?;{l p?%‘BB?St‘tg%h 098’6%"05“9_2“)38’? te‘?f‘f‘@?%ﬁ%y
resin (c , in such a proportion a e
equi val e%@g@ﬁg%%élf%%% "Qfﬁ{;e rsofx{;?laé'g?/oups in the 5)0 Bhenol resin
(conmponent (B) }gghh respect to one equival ent of the epoxy group in
the epoxy resin (conponent (A)) is from0.6 to 1.2, and nore
Bompbunds. hav ng° Biregfiruors HatEnaf il tE R AG 8 oralth i
curing a ' nbi nat i i, h t he. .epox
Fesi n( S eb ATRARARlon b ing Bl ok Rp e, ingfudBR
exanpl es O} ERaton h m_ne- based.curi
XA e cARRERCK IS Bl ARAN B RO RN, AULDSDESERGH " B o
conmpound i r 0 r .0 ' kon, of two pr
ror et hesante SEaPEOSuftes hE g Rt nleChaC inleyfe TR, Y InG cghtt®of

CconNpoundgetkrGhiicte oPRBFRIE rg@gﬁseaﬁgﬁ? &s{) g;;ﬁ%ﬁqphgs b2EOARARRRR RS

such as triphenyl phosphi ne, osphi née;

tri sfeal kpddpbanyik)RRRAN s ﬁé bh 6k %@gﬁ%#% ﬁ@tﬁ;zf) @Sggg%cm)orated as a

tris(al kyl al koxyphenyl) phosphi nes, tris nes,

201 Ll ot Sl B RRPHE Bidah ) Sl AR ) BOGAUIDIOSRI % the

tri s(di al koxyphenyl ) phosphines, tris{trial koxyphe

tris(t eté@ﬁﬁ%@éﬁ%ﬁhﬁﬂﬂiil% %Srﬁéj;l[ﬁﬁhe EF&%@% bPRORR RN Sirace of 2 package.

di al kyl aryl'phosphi nes and al i aryl pho I nes; conplexes 0

phosphi n@p Wgﬁwﬁngﬁ%weg AR b&ﬁ@ﬁh&ﬂﬂ?/%?;’ggsga L TR BT

pol ari zati on obtained by addition of nmaleic a qui none

conpoundgusdi it dhed adrydRAACH! Eé}ﬁﬁ'&lndZ(cémb&géﬂg Eﬁdlp' ‘r?r%?ﬁgljag‘%ﬁe Rn scaveneer

napht hoqui none, 2, 3-di"net hyl benzoqui none, enzoqui noneg,
2, 3-5di neidhoeayh FdupleohtAnilg W&OI:HM@G% ap %‘icbvalue within a spec(i)f;lc range is

2, 3-di met hoxy-1, 4- benzoqui none and pheny enzoqui none,
used as the release agent in combination with each other, the above-mentioned wax



10 conpounds such as 4-bronophenol, 3-bronmophenol, 2-bronophenol,

4- chl orophenol , 3-chl orophenol, 2-chl orophenol, 4-iodophenol,
3-iodophenol, 2-iodophenol, 4-brono-2- nethyl phenol,

4- br ono- 3- net hyl phenol , 4-brono- 2, 6-di nmet hyl phenol , 4-brono- 3, 5-

di met hyl phenol , 4-bronp-2, 6-di-tert-butyl phenol, 4-chloro- 1

-napht hol , 1- br oro- 2- nap ht hol , 6-brono-2- napht hol and

4- br omp- 499 \Rft 353 "pﬁ’ﬂérﬁ@q hyqrgialcsigeepnenound hesmysarafhias aejdnealiicomithin the
t hereof; and _tetra-substituted phosphoniumsalts such as

t et r aphen$PERRGsTERGHI RIS rags Hey |18 ofeabieation celr axedent pbiebibine ninden high
tetra-p-tol yl borate rapgenyl phasphoni um t hi ocyanat e,

tetr aphe mlgﬁ@%ﬁgﬂq’l h}g%dlgw Ky fppritions, but also in decréased occurrence of sticking
t et raphe% hosphon umacet at,e, t et r aphenyl phosphaoni unt et r af | uor obor at e

, tetrap @F grﬁnﬁ@;gglf toutheomatd Apggergased occurrence of stains on the

ptoI%Itr hos honiumtetra 20 tol yl borate,
tetrap- t qﬁq:]tg &mpath ﬁéqf‘@lpgropgfcgmance also with respect to continuous

tetra-p-tert e hosphoni um. t et raphenyl borat e and
tetra-p- rfﬁ?lﬂg@%béhaw é’lﬁ\% gﬁ%?&ﬁﬁe%‘i’l% aphenyl borate. [0021]

Speci fic exanpl ﬁgggf t he am ne-based curing accel erators include
cyclic 25am di it npounds of di azabl cycl oal kenes such as

1, 5-di azabi cycl o ane 5 an
1, 8- di azabi cycl éesﬁng%‘gﬁ Yoo e *fl"eﬁ‘é‘i"? PERvidrssany pRpPRoresincgRmpQsition for
am di nium_ sal t

navi ng 1 APPRRBIRASH %ﬂg%ﬁ%&ﬁ?%ﬂaaﬁg%glt@ﬁ%%%cégﬁ%wﬁciﬁoéggﬁéﬁgﬁdﬁ and
POl oG spBlhE 3% TR Tk ot CoRBinglinn Pt BoRs HeiuRamPengt (A),
2. 3 di obhB @C*?S'@?C%h%%ﬁ%géﬁﬁ%ﬁﬁf%accgfﬁéﬁ%% @nﬁlpolégﬁi@ﬁﬂ?ﬁ A8 inggganic
Chese. phadh °9ﬂ3°§§‘§o®b%%e3'ﬁh1§°° g ﬁ%@f’%%ﬁpﬁﬁatg@ﬁ%'g e e Fo?
1 BT LY S0 e s
10[ O -

speci 11 ¢ CESkraTsC AR bt ARRARE e dlend, di t'evﬁ%élét [Copt} lt?élf%?@ﬂﬂﬂy
2- ph |

2. pnl AR T 08 oﬁ%é T bR Oﬁ8""51CRE%‘{Cé?feeé’ﬁ?Psum‘m of

i m dazol r r accel S
cither algni eniqn, makss, g’t% ?Séﬁr?gf ]gli)dﬁcue Iﬂbeg S%lrcgmﬁﬁg e ‘?V“feo%ﬁ‘é"fg thgeh
The cont el erator (conponent (C)) is preferably
set to 1 bﬁ)iftylétr% d\/\]'/glmg f and nore preferably to 3.0 to 10. 0% by
wei ght, based ﬁj@) Ee vvel ght of the phenol resin (conponent (B)).

20[ 0024] <D: Inhorganic Filler> As the inorganic filler (corrponent

(D)) used in c e

used vari ous f?ﬁ%é?@{eh@a%{( pﬁ%@gﬁ)g%ﬁﬂeﬁgﬁ b ‘?&‘%%8%&@%" Sm

fus Si r S

25 a1 ST ERORIHARDP e #ﬁ%%é%hﬁ%“f b o RO S Ry L P8 lss

for exanghgnedn @ crushed, spherical or ground form These i nor gam c

fillers may be used either al one or in conbination of two or nore

t her eof Above hz1 the silica powders are preferably used in that the
| i near expansion coefficient of a cured product obtained can be

reduced. t Peurtiek | GReP QUHB . o%mm@a{;ﬂgg@?%né 'ahg %]ailong\&ﬂﬁh @i@

parti cul arly preferably used I n view o I gh g capacil

and hi ghadid pwall lak e speb@fédRdx %:omgon?ﬁl{ﬁ)p%{ effbdl o\f ngsni(gg%ét&Ycﬁgtl n

flowability, it is preferred t norganlc onen

(D) )25havinngp é’sli‘aﬁb\é‘i‘ff%%mﬁ%xt drfe gﬁsuﬁcmmﬁéd 9% %a ﬁé&né&g t%cm@n@ev

particle dlarreter of the iInorganic npone can
on the surface of the package, becomes more effective.




[0027] 20 <E: Hydrotal cite Conpound> The hydrotal cite conpound
(component (E)) used in conmbination with the conmponents (A) to (D)
has a function as an ion scavenger. The hydrotal cite conpounds

i nclude, for exanple, a hydrotal cite conmpound represented by the
foll owi ng general forrmula (1): 25[0028] [L2+1

Xi @B+014) 2] x+RAnl i n. mH20i x( 1) in which L is a divalent netal ion, Q
is atrivalent netal ion, An" is an n-valent anion, x satisfies
0.2..5Sx_0.33, and msatisfies 0.11.3.5.}50029 In the above-nentioned
Pormila (1) LTS & dobEABREDAESHRIFTIONGR THERTYFN TE Ny oc

t hereof i nclude 3Eﬁ+, Fe2+, zn2+, ca2-F, N 2+, co2+ and cu2+.

Further, Qis 40 val ent nmetal ion, and specific exanpl es thereof

i ncl ude Al 3+, EFe3+ and 3. Then, A is an n-valent anion,. and
specific exanpl b?‘ﬁ@?’éféf Off GREIViREPUbEe inggniion viithds. desgibesibglow. [ 0030]
10The hydrotalﬁbéf conpound represented by the above-nentioned
formufa (1) ex s hi gh adsorptive capacity, and has high

adsorptive capacity to chlorine ions that deteriorate reliaghility .
under hi gh t enpg&t SRUYESRPOMRIAIRE AP hTEcRnshgior PB?@.SUIAE%PgBWg‘W‘;‘HUP?

contributes to.improvenent of reliahility under high tenperature and
hi gh hum(g?fﬁ}’a@ nese EBREVIate F%ﬁ%PFPSPP% e o CTRRSTHOM SIS HPCERISY.
However , mhef 15 t he %ngn of. the hydrotal cite canpound bl ended is

excessi vEFY (FRPRORETIANL henelhn £ (By): p SUEBE asSelsralppigompgnent

S TSGR ool Bl o iisl At
e 1ty LB . S ek . B 5 R 3

and i npr i0n- exchange aci t here may be used one obtained by
bur ni ng %%@ﬂﬁ§ﬁ?§ﬁgF%?g¥t@%%ﬂgﬂhéppgg?ésented by the above-nentioned

gener al fornulﬁ%ﬁ%@ at high tenperature (for exanple, at about 5000
[ 0032] 25From the vi ewpoi nts of econom c efficiency and easy

avai | abi Lyt .a_hydrotal cite compound is preferably a conpound
in which rf‘-.é?°§7§§gs%>is A13 and A is CO082-, in formuia (1).

EE?ELT L Tyl shhity MARet Al Cbd G g TROMB S ?sifﬂ@%ﬂﬁq‘f%ﬁg (e

K j : ) | - .00F

Y LD e EAleS hort SOMERIY Hinondt! Aoy b 7o oHERBE KA Bibe bhory
o . <F7S f -

O s isirsl) drelA1S ook VTS SR, WL | BEHERTP ABE B KSinh hd ©

KOH g, i idi. . -

nax 8; 2 BfpHERARfelfe (R epdxd reGHE TPftse BpSKS) ELAS IR b B0 BAFaIAD BF

conbi nat I iEer SHE Be HEKE Bt *De st Bnéi Fﬁ%ﬁe&?ﬁ%ﬁfﬁ bfllow

O o ¢ PRI foBRiY Upe ARy rBahT IR iR BRSS e Aita o BN rines

Iongzmarmgaéfﬂagbg,eu%g dﬁd}ﬁfthé be eineg]%ﬂ%gw; AhEREGRHPN ADGIhS

cured prod _ _ conversely t ngﬂ-polar group is OFIE?P%%
on the nRkfhsSthes hadvidPatbfky dqlRaRRY of 1P 20 18 A ERnHE FAfr 3ie

[ 0035]
point of 50 to 130°C are preferred.
[0017]
<B: Phenol Resin>

25 The phenol resin (component (B)) used in combination with the epoxy resin

(component (A)) functions as a curing agent for the epoxy resin (component (A)), and

6



The oxi di zed pol yet hyl ene-based wax having the specific acid val ue
used in the invention may be any, as long as it satisfies the
above-nentioned acid val ue, and 20 exanpl es thereof include an
oxi di zed pol yet hyl ene produced by a | ow pressure pol yneri zation
process, an oxidi zed pol yet hyl ene produced by a high pressure

pol yneri zati on process and an oxi di zed hi gh density pol yet hyl ene

pol yrer . mitmsealbmodomen, phgymdrh ahé peljnase aviay asomaymbe pieediehydroxyl
al one or in conmbination of two or nore thereof. Above all, in view of
r el easabigroups, imonoxndecwé therbofyh Fxempiasythesop dbohedeh phenod rpoblakeesing
preferably used. Specific exanples thereof include Licowax PED 136,
153 and S2dsohemublakt xesiad, biphGhdr fypetnoyvdlakarepink. Kiphehfii@jane type phenol
Exanpl es of the |long-chain aliphatic acids used in the invention

i ncl ude hesinglenaphttiol mooothkhepsingg phénod sarilbpl a¢stnss arich dnpeytyl pwalliyil tresins,
aci d), heptadecanoic acid having 17 carbon atons (nanely, margaric
aci d) 5 oclhesephanol resisinRynteisag citiger adonbon irbeanbinstiqmeliteioyor nsdre drereof.
acid), eicosanoic acid having 20 carbon atons (nanely, arachic acid),
docosanoi ¢ aci dO®E8li ng 22 carbon atoms (nanely, behenic acid),
tetracosanoi ¢ acid having 24 carbon atons (nanely, lignoceric acid),
hexacosanoi ¢ adt i mafeined 12 blepdrthe apaxtyomsin(pempdnent 64)) ovitic theqihgiol resin
hept acosanoi ¢ aci d_having 27 carbon atons (nanely, carboselic acid),
oct acosanfetepeientl (Bhving mepatien eaougo i cireathel spoxy resinpisomponant (A)),
acid), triacontanoic acid having 30 carbon atonms (nanely, nelissic
aci d), dé&peqifieadlys Eheick aaproponiayithay tspeqyalen odtlmiotal hadwoxyl gloypseinothe
acid), tritriacontanoic acid having 33 carbon_atons (nanely, )

cer onBl i Phprol gein (ermpanent ()} Wi re¥nect tor ong equinadent o Shecenesly dzroryinnge
34 carbon atons, (nanely, geddic acid) and pentatriacontanoic acid
havi ng 35P&af 56 (§pHREN g‘?«ﬁllg/fm@é}-@ﬁﬂ b1 and ragrepreferphbysizom®). Bid bhat i ¢
acids may be used either alone or in conbination with two or nore
thereof . Abovel®1% in terns of bleeding properties, carboxylic acids
having 30 or nore carbon atons are preferably used. Specific exanples
t her eof SeeQUEEE Ufcelelt9B0 and 550 manufactured by Baker Hughes

| ncor por at ed. 037] 20The drop. poi nt of the carboxyl

gr oup- cont ai ni GTREK CPRBAMBIIVINERS CHaRg AgFeleraigcidtion Gaike yesdias the

used,Ln the inveqﬁion i.s prefer E from 100 to 140C, . and nore .
pr ef (1:$ abFYWRg AL Ho (q@@@_ne%g 51)?/ d’ﬁe‘gdpntco@ Ragen n‘éggu&"@d €PQXYa resin
met hod in accorda Wi, t h TM D127 (2004). ecifically, jt is
measur ed?%?gmsnf%tr@‘@sg{lﬁ th O s ﬁmmeﬁmtc%ﬁ), oAl cEampls therpefinglug s
oo enEbgi GRSt Al oS iSaPo s aRal B e
(conponent. (F).) is, within the aboye-nmentioned yange, ,the carboxyl .

gr oup- Shidkadit A5 BRERD COBRBERENt 1PRY) AR DF Mo LOLE alae or e campliptien
has excel Lent heat ﬁtab'lity and excel l ent continuous noldability.
Then, wh&h™9¥ WPEIHEPht is within the above-nentioned range, the

polyﬁﬁhylene-bﬁgﬁﬂ wax is fully nelted in the case when the epoxy
resifi” conposit as cured, thereby resulting in nearly uniform

naving & Speci PPELGE BORPED Fh [Re ARSI e Brac Fey Qigpinie
(7)), i PGPS Pamigls o Ea RS R et A 4BePesp b RO i
AN T S R R S A
cpeci 11 it BBl ANE, oent fon s r oY el BYBPosshites
Vel i exbpl el IR B Cormat Y oi |ty w R RE R RS, ¢

tris{dialkoxyphenyl)phosphines, tris(trialkoxyphenyl)phosphines,



pol yet hyl ene- based wax/| ong-chain aliphatic acid) is set preferably
to 1/9 to 9/1, and nore preferably to 3/7 to 7/3, by weight ratio.

[ 0040] The content of the specific wax (conponent (F)) is preferably
from0.02 to 5 2. 0% by weight, nore preferably fromO0.1 to 1.0% by
wei ght, and particularly preferably fromO0.1 to 0.5% by wei ght of the
whol e of the epoxy resin conposition. [0041] <O her Various

Addi t i vestris(teiraahexgploeny] )phsiphinesnp adalkylphnsphines, di diglkyary Iphosphitest i o,
various additives 10 such as a silane coupling agent, a flane

r et ar dantalkyddiatdphosphkinas:deomplexeat, ofatlese phesphind usinnepuadenhd aggpiohomas;
such as carbon black, a colorant and a tacldfier may be appropriately
i ncor por atogthouhds dutring dntrémolehelac opganietivs (Wpined pF) addisoneefledaleic
These various additives are incorporated in anounts appropriately set
wi t hi n t rahydndee q@nonerpaimpongds reackf de didbedzotiache)v 8f-fobuguirmE 0 A442]
As the silane coupling agent, there is suitably used, for exanple,
one havi mgphihoquinommpr e ZB4dbnythytbeupsuBpec, f i 2,6ekmetiydienzo@reafe, 2,3-
i nclude 3- nethacryl oxypropyl trinmethoxysil ane,

p- (3, 4- eﬂbmy@y&Y—éhe@YgigﬂHqummoﬁy%ﬁth-1,4-benzoquinone and phenyl-
gl yci doxypropyl tri nmet hoxysi | ane, y- mer capt opr opyl tri met hoxysi | ane, 742-
20 am nodshhenzaaiinops.opstl tedmpaundxy baviape one or more m bonds such as
7- mer eapt opr opyl met hyl di net hoxysi | ane, 7-

ani | i noprdiapgrhenylracthens, $¢ theaephosphine eampowydstcanpands davilp dxeanyilt e
coupling agents may be used ejther alone or in conbination of two or
nor e t heelrizatigpalgpined by reacting thesexphepphies edfmpdvads wathehalegeaatgd phenol

i ncl ude novol ak type brom nated epoxy 25 resins and netal hydroxides
suchl@s cagRevtdsnsush dsokbermopksnely 8-frpmephenel,a3-bramondienol, 4tdhderephanol,
used, for exanple, diantinpny trioxide or diantinony pentoxide. These
flanme reBa¥Riaphespl L-¢rlgrophenpd odtiasophenol.a-isdephsnol, R-iedemtienal, #dmowp-2-
two or nore thereof. [0044] Exanples of the stress reducing agents

i ncl ude Biftdpkenel. r dieme-Ssmethyirhenolet-hiamaerd ydimetyinhendl efrdrangBdne
copol yners and t hyl et hacryl at e- but adi enestyrene copol yners, and
sili conedBB‘?fEIS‘H enol, ﬁ@@%@ré@@%@ﬁ@@?h@obgé'r'l‘t:}ﬂoﬁ?a!rnbléhth@ed 1dremar-

Composi { FERMGY  SOPESNATERROlonanhs it ORGSR diFaPRGEs)  AECHPd by
oL 8 e SSTELS A (b Euind P S
convent | BHEPRSTRTHSBPHIT T o RABHBR FFoaPhaa PBg ThoRtsan fioprp P K eiFer
S0l 1 11 GRPREREOACSPR TR oot HEAMAat LI PHA FORBIBSr YRR
e i L AR
N R R e T —
E i e AEM RN T A L A
o e S, - BB o SRS ek
under goi {16% tﬁle fbg’ove- menti oned tableting process. The sem conduct or

devi ces GRAGE farji%d i ncl ude sem conduct or devi ces such as | Cs and
25LSl s. [0021]

Specific examples of the amine-based curing accelerators include cyclic
25 amidine compounds of diazabicycloalkenes such as 1,5-diazabicyclo[4.3.0]nonane-5

and 1,8-diazabicyclo[5.4.0]undecene-7; derivatives thereof; cyclic amidinium salts such



EXAMPLES [ 0047] Exanples will be described bel ow in conbination
wi th Conparative Exanpl es. However, the invention should not be
construed as being [imted to these Exanples. 5[0048] First, the

foll ow ng respective conponents were prepared. [0049] [Epoxy Resin]

Bi phenyl type epoxy resin (manufactured by Japan Epoxy Resin Co.,
Ltd., YX- 104000, epoxy equivalent: 192, nmelting point: 105C) [0050]
[ Phenol Resphrhol novolacBalh@weyeof;atoalpoywhds havingniheamblerelai polarizanishadidield
by Meiwa Plastic Industries, Ltd., MH7851SS, hydroxyl equival ent:

203, sof tipnaddjtipoiofimal&ib @nhidi{de) §iinohaompouriis csatle matigt-benzoquinone, 2,5-
2- Phenyl - 4- net hyl - 5- hydr oxynet hyl i m dazol e manuf actured by Shi koku

Cheni cal stolguponat i on) IHasdith@pfitane; gani c2,FdithethybSugninoat, f used,s-

silica powder (average particle dianmeter: 13 p.n [ 0053]

[ Pi gnent |didGathythenbd@utores P Seditietiorkl thmeRet-dddantdquindngn 2 Si-dimethoxy-1,4-

hydr oxi de [0055] [Silane Coupling Agent]

3- Met Aac riehpoquinangy éntd: iphesiidxdrbenzaneinsid) 066 pohpiywndst advirig en€orpmored n

el] DHT-4A (manufactured by Kyowa Chem cal Industry Co., Ltd.)

[ Hydr ot altontle s@chmes uhiazopRinylmethane, to these phosphine compounds; tertiary amines
such as pyridine, triethylamine, triethylenediamine, benzylmethylamine,
triethanolamine, dimethylaminoethanol and tris(dimethylaminomethyl)phenol; and
derivatives thereof.

10 [0022]

Specific examples of the imidazoles include 2-methyl imidazole, 2-phenyl
imidazole,  2-phenyl-4-methyl  imidazole,  2-phenyl-4-methyl-5-hydroxymethyl
imidazole and 2-heptadecyl imidazole.

These various curing accelerators may be used either alone or in combination

15  of two or more thereof.

[0023]

The content of the curing accelerator (component (C)) is preferably set to 1.0 to
12.0% by weight, and more preferably to 3.0 to 10.0% by weight, based on the weight
of the phenol resin (component (B)).

20 [0024]
<D: Inorganic Filler>

As the inorganic filler (component (D)) used in combination with the
components (A) to (C), there are used various fillers. Examples thereof include silica
powders such as fused silica powders and crystalline silica powders, alumina powders

25  and talc powders. These inorganic fillers may be used in any form, for example, in a

crushed, spherical or ground form. These inorganic fillers may be used either alone or



DHT- 4A- 2 (manufactured by Kyowa Chemical Industry Co., Ltd.) 10

[ Hydrotal cite Conpound e3] DHT-4C (manufactured by Kyowa Chem cal

I ndustry Co., Ltd.) [Hydrotalcite Conpound e4] DHT-4H (manufactured
by Kyowa Chem cal Industry Co., Ltd.) [Hydrotal cite Conpound e5]

151 XE- 700F (rmanufactured by Toagosei Co., Ltd.) [0057] [Wax fl]

(Exanpl e) Long-chain aliphatic acid (nmanufactured by Baker
Hughes | necrpdiezdted. of t¥oi @i do®Othefedf.opAbwmiendll, tAd 6iica poivdensadre @ref&ablyyg
KOH g)) 20 [Wax f2] (Exanple) Long-chain aliphatic acid

( manuf actuseédh thpt Bakmeat-txpheson coadfigeontatfedured privdud obEneddraopepedutd.
101C, acid value: 79 ng KOH g)) [Wax 3] (Exanple)

Oxi di zed @bthg esiltopl pemelersa sphenealufusat siliexdpdydets arei mrticulatbpprefersbliused in
Li cowax 25 PED 136, (drop point: 111C, acid value: 60 ng KOH g)) [Wax
f 4] (Exarpew)pf their high fillinpdagacieycnd diigleftwitélity. wax ( manuf act ured by
Clariant (Japan) K. K., Licowax PED 153, (drop point: 120C, acid

val ued 25 ng KPPl [wvax f5] (Exanple) Oxi di zed

pol yet hyl ene wax (nmanufactured by dariant (Japan) K K., Licowax 5
PED 521, (drop Ipethar, :in ST of dwipthved| flasvability iy ik @réferryd foruse 1] inorganic
(Conpar ati ve Exanpl e) . Long-chain aliphatic acid (nmanufactured
by Baker fHiggkeomponent(BD) badeg an ayaragecpagtice duwmgterpdisrio 409@C, Hui average
val ue: 120 nmg KOH/ g)) [Wax 17] (Conparative Exanple) 100xi di zed

pol yet hyIrerelediameres o thecingrgagichijller dgampaneno(R)) earche mepsuded, fpeeaninle,e
C- 8500, (drop point: 95C, acid value: 9 ng KOHg)) [Wax f8]

( Conpar atUsipg &camsneyially availablgglasar adidlgacsipniseasteringapanticle t sizee dishyjbution
Baker Hughes Incorporated., Unilin 700 (drop point: 105C, acid val ue:
0 nylkoHegslyzersfor paneasyemenbyamite randemixiaipn eyt from a popwstigint hyl ene
wax (rmanufactured by Cariant (Japan) K K., Licowax PE 520, (drop

poi nt: 120C, adP®oal ue: 0 ng KOH g)) [0058] [Exanples 1 to 15 and
Conparative Exanples 1 to 4] 20The respective cor’rPonents shown in
Tables 1 10 3 doebrihsEenteHaiicmORBIcNiE dcampansal (i imre kel satrio 7he

sane Tabl e nd nelt-kneaded using a tw n-screw kneader at 100C for
2 ni nut e&? 3‘#%21?{ welght A ertigashureleraly ¢o 8P dot 9aHuby Weigkhpt e whole of

ul verized to obtain a desired powdery epoxy resin conposition.
P the epoxy resin composition. Tl?atv\lﬁsj to >éay, QNhE?I/l the content of the inorganic filler

15 {component (D)) is too small, the viscosity of the epoxy resin composition excessively
decreases to tend to cause poor appearance (occurrence of voids) in molding.
Meanwhile, when the content thereof is too large, the flowability of the epoxy resin
composition is deteriorated to tend to cause a flow of wires and incomplete filling.

[0027]
20  <E: Hydrotalcite Compound>
The hydrotalcite compound (component (E)) used in combination with the
components (A) to (D) has a function as an ion scavenger. The hydrotalcité
compounds include, for example, a hydrotalcite compound represented by the following
general formula (1):
25 . [0028]
[L*15Q*«(OH)2 ] [(A™ i mH 0] )

10



[ 0059] 25Usi ng each of the epoxy resin compositions of Exanples and
Conpar ati ve Exanpl es thus obtained, the gelation tine thereof was
nmeasured by the followng nethod. Further, using each of the epoxy
resin compositions, the continuous noldability thereof was eval uated
according to the follow ng nethod. Furthernore, reliability of each
of the epoxy resin conpositions under high tenperature and high

hum di ty iovidch Ldna divederae\nadtaldbgd) fya triveldn® hletaMitig Afeishmch-valent anion, x
addi tion, package 5 stains in the above-nentioned eval uati on of

cont i nuoustisfidsedHA<i0t33, and madatisfi’Vaimsdt d. These results are shown in
Tables 1 to 3 described later. [0060] <Gelation Tine> About 0.1 to
0.5 g of the ed6839resin conposition was placed on a hot flat plate
10 at 175C, and nelted while stirring with a glass rod having a

di amet er of 1. 9nnhe abowementiodedr amulac@hweibiandivhlast metal hee andbspecified
was taken as gelation tine (second). Taking into_consideration

cur abbl i texamptes ithergafhieciate Wgst,dfedl, AnfiatCahdNitelCat’i and Cifte Fertlfd, 8cca
or less. [0061] 15[ Conti nuous Mbl dability] A ol di ng nol d was
pr evi ousl|tyivalensametdl ioa, pat kmegHiowasmptes dhsrabBineideidll!, EadtandMbtie Ehaxy
resin conpositions obtained in the Exanples and the Conparative
Exanpl es 4AY it amnsfatant apiodj mad ¢peolfiti xgripdespiberofimelude 70K, Sdhd, Gkdiand
time: 90 seconds), and this procedure was repeated. The nol di ng shot
number uM®i. the epoxy 20 resin conposition is stuck to the mol di ng
nol d (sticking) was counted. Then, a nolding shot in which the
sticking occur{@BOfas defined as a stop shot, and the nunber thereof
was descri bed. I'ncidental |y, the above-nentioned package

i ncl ddes a bal Thgrhydretalcdy comomynds tipsesented by3the raboxe-3Bntiomed forButangl)n
thi ckness) and a sem conductor elenment (10 25 Mmmx 10 mnmx 0.3 mMmin
t hi cknes €¥hibie highdsoigtize paparineryl hap highi aglsenptivy capsgiy ta-flprine ions that
Tenperature and H gh Humidity Conditions] On the sem conduct or
devi ce nelflgFiawate r edabidity e yoder b digbablewperagurpiasud t digh (lumeidityr goeditions.
pressurized steamtest: no bias voltage) was conducted in an

envi r onmé¥eotgingl B ot cantibgts, tRHmMpPTaNsMeas pE relipbility ainder highrtemperaase and
measured after the HAST 5 test. \Wien the resistance val ue was

i ncr eas e&ighhungdity conghtiens in peopaigrctertbe emevntdasreelblopded) ubHgagve when
poor (disconnected). The tinme when this di sconnection_occurred during
t he HASTthecamoups of tlas hydrailritgcompeund plendedyis aepssivety ineraaggsh cpeijnuous
under high_tenperatyre and high hum dity conditions. [Q063]

10[ Pack a§®lHit)sis deteriorafed. ¢ %@ X8y &f ngish eineertaisticyathieopmepnt of the
continuoys noldability, the nélr_rber of ol di n&gshots until stains were

vi sual | yPEGRAGcepmRound dlended ay Brefraly sepinck g do el dyunieiaht. apdimore
descri begfeferglglgzsfo 8}65\%‘ 3095]"% b)%x V\?éi It %f ’chlz:l v}r/ﬁojlg of tIBIe 'ep(_3x5y resi%%o?n%osition.

[0031]

e

20 Further, in order to decrease adsorbed water and improve ion-exchange
capacity, there may be used one obtained by burning the hydrotalcite compound
represented by the above-mentioned general formula (1) at high temperature (for
example, at about 500°C).

[0032]
25 From the viewpoints of economic efficiency and easy availability, such a

hydrotalcite compound is preferably a compound in which L is Mg?*, Q is AI*" and A™

11



_Liu_

6L88

10

15

20

25

T'0 1 CO FO 817 EZO I TIE 9T I< 178Th L1.5

1 zx01 I I 50 10 G 8ZOT 5Z

is CO5%, in formula (1). Specific examples of the hydrotalcite compounds satisfying
such formula (1) include DHT-4A, DHT-4A-2, DHT-4C and DHT-4H manufactured by
Kyowa Chemical Industry Co., Ltd. and IXE-700F manufactured by Toagosei Co., Ltd.

[0033]
<F: Specific Wax>

The specific wax (component (F)) used in combination with the components
(A) to (E) is a carboxyl group-containing wax having an acid value of 10 to 100 mg
KOH/g, and there is used, for example, a oxidized polyethylene-based wax or a long-
chain aliphatic acid having the above-mentioned specific acid value. Such waxes may
be used either alone or in combination with two or more thereof.

[0034]

The carboxyl group-containing wax used in the invention generally has a polar
group inciuding a carboxyl group and a non-polar group including a long carbon chain,
so that the polar group is oriented on the resin cured product side and conversely the
non-polar group is oriented on the mold side in molding, thereby functioning as a
release agent.

[0035])

The oxidized polyethylene-based wax having the specific acid value used in
the invention may be any, as long as it satisfies the above-mentioned acid value, and
examples thereof include an oxidized polyethylene produced by a low pressure
polymerization process, an oxidized polyethylene produced by a high pressure
polymerization process and an oxidized high density polyethylene polymer. These
oxidized polyethylene-based waxes may be used either alone or in combination of two
or more thereof. Above all, in view of releasability, an oxide of a high density
polyethylene polymer is preferably used. Specific examples thereof include Licowax

PED 136, 153 and 521 manufactured by Clariant (Japan) K.K.

12
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[0036]

Examples of the long-chain aliphatic acids used in the invention include
hexadecanoic acid having 16 carbon atoms (namely, palmitic acid), heptadecanoic acid
having 17 carbon atoms (namely, margaric acid), octadecanoic acid having 18 carbon
atoms (namely, stearic acid), eicosanoic acid having 20 carbon atoms (namely, arachic
acid), docosanoic acid having 22 carbon atoms (namely, behenic acid), tetracosanoic
acid having 24 carbon atoms (namely, lignoceric acid), hexacosanoic acid having 26
carbon atoms (namely, cerotic acid), heptacosanoic acid having 27 carbon atoms
(namely, carboselic acid), octacosanoic acid having 28 carbon atoms (namely,
montanoic acid), triacontanoic acid having 30 carbon atoms (namely, melissic acid),
dotriacontanoic acid having 32 carbon atoms (namely, laceroic acid), tritriacontanoic
acid having 33 carbon atoms (namely, ceromelissic acid or pricinic acid),
tetratriacontanoic acid having 34 carbon atoms (namely, geddic acid) and
pentatriacontanoic acid having 35 carbon atoms (namely, ceroplastic acid). These
aliphatic acids may be used either alone or in combination with two or more thereof.
Above all, in terms of bleeding properties, carboxylic acids having 30 or more carbon
atoms are preferably used. Specific examples thereof include Unicid 700 and 550
manufactured by Baker Hughes Incorporated.

[0037]

The drop point of the carboxyl group-containing wax (component (F)) having a
specific acid value used in the invention is preferably from 100 to 140°C, and more
preferably from 110 to 130°C. The drop point can be measured by a method in
accordance with ASTM D127 (2004). Specifically, it is measured as a temperature at
the time when the melted wax first drops from a metallic nipple. In the following, the
drop point can be measured by a similar method. Then, when the drop point of the

wax (component (F)) is within the above-mentioned range, the carboxyl group-

13
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containing wax (component (F)) having a specific acid value has excellent heat stability
and excelleﬁt continuous moldability. Then, when the drop point is within the above-
mentioned range, the polyethylene-based wax is fully melted in the case when the
€poXy resin composition is cured, thereby resulting in nearly uniform dispersion of the

5  carboxyl group-containing wax (component (F)) having a specific acid value in the
resin cured product. For this reason, segregation of the carboxyl group-containing wax
(component (F}) having a specific acid value on the surface of the resin cured product is
suppressed, which makes it possible to decrease stains on a mold or sticking thereof to a
mold.

10 [0038]

The acid value of the carboxyl group-containing wax (component (F)) having a
specific acid value used in the invention is required to be from 10 to 100 mg KOH/g,
and more preferably from 15 to 80 mg KOH/g. The acid value exerts an influence on
compatibility with the resin cured product. In the case where the acid value is too

15  small, continuous moldability is deteriorated by stains, whereas in the case where the
acid value is too large, not only stains occurs, but also the wax reacts with the
hydrotalcite compound (component (E)) described above to cause deterioration of
retiability. Incidentally, the acid value is measured and represented as the number of
milligrams (mg) of potassium hydroxide (KOH) required for neutralizing free aliphatic

20  acids contained in 1 g of the wax,

[0039]

In the specific wax (component (F)) used in the invention, the oxidized
polyethylene-based wax and the long-chain aliphatic acid are preferably used in
combination, from the viewpoint of suppressing deterioration in appearance of the resin

25  cured product (formation of stains). The ratio of the oxidized polyethylene-based wax

and the long-chain aliphatic acid used in combination in this case (oxidized

14
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polyethylene-based wax/long-chain aliphatic acid) is set preferably to 1/9 to 9/1, and
more preferably to 3/7 to 7/3, by weight ratio.
[0040]
The content of the specific wax (component (F)) is preferably from 0.02 to
5 2.0% by weight, more preferably from 0.1 to 1.0% by weight, and particularly
preferably from 0.1 to 0.5% by weight of the whole of the epoxy resin composition.
[0041]
<Other Various Additives>
In the epoxy resin composition according to the invention, various additives
10 such as a silane coupling agent, a flame retardant, a flame retardant aid, a stress
reducing agent, a pigment such as carbon black, a colorant and a tackifier may be
appropriately incorporated, in addition to the components (A) to (F), as needed. These
various additives are incorporated in amounts appropriately set within the range not
impairing the effects of the invention.
15 [0042]
As the silane coupling agent, there is suitably used, for example, one having
two or more alkoxy groups. Specific examples therecof include 3-
methacryloxypropyitrimethoxysilane, B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, y-
glycidoxypropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane, y-(2-
20  aminoethyl)aminopropyltrimethoxysilane, y-mercaptopropylmethyldimethoxysilane, y-
anilinopropyltrimethoxysilane and hexamethyldisilazane.  These silane coupling
agents may be used either alone or in combination of two or more thereof.
[0043]
Examples of the flame retardants include novolak type brominated epoxy

25  resins and metal hydroxides such as magnesium hydroxide. As the flame retardant aid,

15
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there is used, for example, diantimony trioxide or diantimony pentoxide. These flame
retardant aids may be used either alone or in combination of two or more thereof.

[0044]

Examples of the siress reducing agents include butadiene rubbers such as
metﬁyl acrylate-butadiene-styrene copolymers and methyl methacrylate-butadiene-
styrene copolymers, and silicone compounds. These stress reducing agents may be
used either alone or in combination of two or more thereof.

[0045]

The epoxy resin composition for semiconductor encapsulation according to the
invention may be produced, for example, by the following procedure. That is to say,
the above-mentioned components (A) to (F) and optionally one or more other additives
are appropriately blended by a conventional method and melt kneaded in a heated state
with a kneader such as a mixing roll. Subsequently, the kneaded mixture is solidified
by cooling at room temperature, and thereafter pulverized by a known means, followed
by tableting as needed. Through such a series of steps, the desired epoxy resin
composition can be produced,

[0046]
<Semiconductor Device>

A method for encapsulating a semiconductor element using the epoxy resin
composition thus obtained is not particularly limited, and can be performed by a known
molding process such as usual transfer molding to obtain the semiconductor device. It
is also possible that a powder pulverized to a granular state is applied to a compression
molding process, without undergoing the above-mentioned tableting process. The

semiconductor devices thus obtained include semiconductor devices such as ICs and

LSIs.
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EXAMPLES
[0047]
Examples will be described below in combination with Comparative Examples.
However, the invention should not be construed as being limited to these Examples.
5 [0048]
First, the following respective components were prepared.
[0049]
[Epoxy Resin]
Biphenyl type epoxy resin (manufactured by Japan Epoxy Resin Co., Ltd., YX-
10 4000, epoxy equivalent: 192, melting point: 105°C)
[0050]
{Phenol Resin]

Biphenyl aralkyl type phenol resin (manufactured by Meiwa Plastic Industries,
Ltd., MH78518S, hydroxyl equivalent: 203, softening point: 65°C)
15 [0051]
[Curing Accelerator]
2-Phenyl-4-methyl-5-hydroxymethylimidazole —manufactured by Shikoku
Chemicals Corporation)
[0052]
20  [Inorganic Filler]
Spherical fused silica powder (average particle diameter: 13 pm)
[0053]
[Pigment]
Carbon black
25 [0054]

[Flame Retardant]
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Magnesium hydroxide

[0055]
[Silane Coupling Agent]

3-Methacryloxypropyltrimethoxysilane

[0056]
[Hydrotalcite Compound el]

DHT-4A (manufactured by Kyowa Chemical Industry Co., Ltd.)
[Hydrotalcite Compound 2] '

DHT-4A-2 (manufactured by Kyowa Chemical Industry Co., Ltd.)
[Hydrotalcite Compound e3]

DHT-4C (manufactured by Kyowa Chemical Industry Co., Ltd.)
[Hydrotalcite Compound e4]

DHT-4H (manufactured by Kyowa Chemical Industry Co., Ltd.)
[Hydrotalcite Compound e5]

IXE-700F (manufactured by Toagosei Co., Ltd.)

[0057]
[Wax f1] (Example)

Long-chain aliphatic acid (manufactured by Baker Hughes Incorporated.,
Unicid 700 (drop point; 110°C, acid value: 63 mg KOH/g))
[Wax £2] (Example)

Long-chain aliphatic acid (manufactured by Baker Hughes Incorporated.,
Unicid 550 (drop point: 101°C, acid value: 79 mg KOH/g))
[Wax £3] (Example)

Oxidized polyethylene wax (manufactured by Clariant (Japan) K.K., Licowax
PED 136, (drop point: 111°C, acid value: 60 mg KOH/g)) '

[Wax f4] (Example)

18



CEE az
60 877

10

15

20

25

Zl t787 LI'S 1.0 6C88 Il ' 20 co FO It L17 QZO
T 17817 LI*S TM6C88 1| | | 10 coCM

Oxidized polyethylene wax (manufactured by Clariant (Japan) K.K., Licowax
PED 153, (drop point: 120°C, acid value: 25 mg KOH/g))

[Wax £5] (Example)

Oxidized polyethylene wax (manufactured by Clariant (Japan) K.K., Licowax
PED 521, (drop peint: 105°C, acid value: 17 mg KOH/g))

[Wax £6] (Comparative Example)

Long-chain aliphatic acid (manufactured by Baker Hughes Incorporated.,
Unicid 350 (drop point: 92°C, acid value: 120 mg KOH/g))

[Wax f7] (Comparative Example)

Oxidized polyethylene wax (manufactured by Toyo Petrolite Co., Litd,
Petrolite C-8500, (drop point: 95°C, acid value: 9 mg KOH/g))

[Wax f8] (Comparative Example)

Saturated alcohol (manufactured by Baker Hughes Incorporated., Unilin 700
(drop point: 105°C, acid value: 0 mg KOH/g))

[Wax 9] (Comparative Example)

Polyethylene wax (manufactured by Clariant (Japan) K.K., Licowax PE 520,
(drop point: 120°C, acid value: 0 mg KOH/g)) '

[0058]

[Examples 1 to 15 and Comparative Examples 1 to 4]

The respective components shown in Tables 1 to 3 described later were
blended in the ratios shown in the same Tables, and melt-kneaded using a twin-screw
kneader at 100°C for 2 minutes. Then, the molten product was cooled and thereafter
pulverized to obtain a desired powdery epoxy resin composition.

[0059]

Using each of the epoxy resin compositions of Examples and Comparative

Examples thus obtained, the gelation time thereof was measured by the following
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- method.  Further, ‘using each of the epoxy resin compositions, the continuous

moldability thereof 1\évas evaluated according to the following method. Furthermore,
reliability of each of the epoxy resin compositions under high temperature and high
humidity conditions was evaluated by the following method. In addition, package
stains in the above-mentioned evaluation of continuous moldability was also evaluated.
These results are shown in Tables 1 to 3 described later.

[0060]
<Gelation Time>

About 0.1 to 0.5 g of the epoxy resin composition was placed on a hot flat plate
at 175°C, and melted while stirring with a glass rod having a diameter of 1.5 mm.
Time until resin cobwebbing has not been observed was taken as gelation time (second).
Taking into consideration curability, it is generally proper that the gelation time is 60
sec or less.

[0061]

[Continuous Moldability]

A molding mold was previously cleaned. A package was encapsulated with
each of the epoxy resin compositions obtained in the Examples and the Comparative
Examples by transfer molding (molding temperature: 175°C, and molding time: 90
seconds), and this procedure was repeated. The molding shot number until the epoxy
resin composition is stuck to the molding mold (sticking) was counted. Then, a
molding shot in which the sticking occurred was defined as a stop shot, and the number
thereof was described.

Incidentally, the above-mentioned package includes a ball grid array (BGA)
substrate (35 mm x 35 mm x 0.5 mm in thickness) and a semiconductor element (10
mm x 10 mm x 0.3 mm in thickness) mounted thereon.

[0062]
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[Reliability under High Temperature and High Humidity Conditions]

On the semiconductor device manufactured as described above, a HAST test
(unsaturated pressurized steam test: no bias voltage) was conducted in an environment
of 130°C and 85% RH. The resistance value thereof was measured after the HAST
test. When the resistance value was increased by 10% or more, the semiconductor
device was judged to be poor (disconnected). The time when this disconmection
occurred during the HAST test was described as the life time (hr) of reliability under
high temperature and high humidity conditions.

[0063]

[Package Stains]

In the above-mentioned evaluation of continuous moldability, the number of
molding shots until stains were visually confirmed on the surface of the package was

counted and described.
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Conmpound el

f7 -

0.1 Inorganic Fitler (D) 88.79 88.79 88.79 88.79 Hydrotalcite
(E) 0.1 0.10.1210.12Wx (F) f6 0.3 - - -

0.3 - -

0.3 - f9
[0066]
[Table 3]
(parts by weight)
Comparative Example
1 2 3 4
Epoxy Resin (A) 4.84 4.84 4.84 4.84
Phenol Resin (B) 5.17 5.17 5.17 5.17
Curing Accelerator (C) 0.1 0.1 0.1 0.1
Inorganic Filler (D) 88.79 88.79 88.79 88.79
Hydrotalcite Compound el (E) 0.1 0.1 0.1 0.1
fo 0.3 - - -
7 - 0.3 - -
Wax (F) 18 - - 0.3 -
9 - - - 0.3
Pigment 0.5 0.5 0.5 0.5
Flame Retardant 0.1 0.1 0.1 0.1
Silane Coupling Agent 0.1 0.1 0.1 0.1
Gelation Time (sec) 48 48 48 48
Reliability under High Temperature and
High Humidity Conditions 215 1020 1019 1021
Life Time (hr)
Continuous Moldability 93 155 29 29
(shots)
Package Stains
(shots) 65 108 19 16
[0067]

The above-mentioned results reveal that the gelation time of all the epoxy resin

compositions of Examples was proper and that the excellent evaluation results were

obtained also for continuous moldability and reliability under high temperature and high

humidity conditions, which shows that the epoxy resin compositions for semiconductor

encapsulation also excellent in practicality were obtained.

In particular, in Examples 6

and 7 in which the oxidized polyethylene wax and the long-chain aliphatic acid were

used in combination as the wax components, not only reliability under high temperature

and high humidity conditions of the epoxy resin compositions was excellent, but also

the extremely excellent results were obtained for continuous moldability and package

stains evaluation.

24




- - - 03 Pignent 0.5 0.5 0.5 0.5 Flane Retardant 0.1 0.1 0.1 0.1
Silane Coupling Agent 0.1 0.1 0.1 0.1 Gelation Tine (sec) 48 48 48 48
Reliability under H gh Tenperature and H gh Hum dity Conditions Life
Time (hr) 215 1020 1019 1021

[0068]

In contrast, the epoxy resin compositions of Comparative Examples using the
waxes having an acid value too small or too large, departing from the specific range,
were significantly poor in the evaluation of continuous moldability and package stains.

5 It is therefore apparent that no epoxy resin composition excellent in both of continuous
moldability and reliability under high temperature and high humidity conditions was
obtained.

[0069]

While the invention has been described in detail with reference to specific

10 embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope
thereof.

Incidentally, the present application is based on Japanese Patent Application
No. 2011-252847 filed on November 18, 2011, and the contents are incorporated herein

15 by reference.

All references cited herein are incorporated by reference herein in their
entirety.

[0070]

The epoxy resin composition for semiconductor encapsulation according to the

20  invention exhibits excellent continuous moldability and excellent reliability under high
temperature and high humidity conditions, and is useful as a material for encapsulation

n various semiconductor devices.
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Conti nuous Mol dability (shots) 93 155 29 22 Package Stains (shots) 65
108 19 16 [0067] 5The above-nentioned results reveal that the
gelation tine of all the epoxy resin conpositions of Exanples was
proper and that the excellent evaluation results were obtained al so
for continuous noldability and reliability under high tenperature and
hi gh hum dity conditions, which shows that the epoxy resin

conmposi t igipF & cEaTVEgsct or encapsul ation al so excellent in
practicality were obtained. In particular, in Exanples 6 10 and 7 in
whi ch the oxidi zed pol yet hyl ene wax and the |ong-chain aliphatic acid
were used in conbination as the wax conponents, not only reliability
under hi gh t enmer at urg, agg i lihupkibdatidzo gk t kaiSoRluctdi® REKYation,
resin compositions was excellent, but” also the extrené\y excel'l ent
results \@gﬁ&r@fﬁg%@m{)@@ﬁg SnbdRHRYA) IPigabi ity and package stains
eval uation. = [ 0068] I'n contra%t, he epoxy resin conpositions
of Conparative EXagB)&S Mdshng the waxes having an acid value too
smal|l or too |large, departing fromthe specific range, were
significantly Qgga héhdi R&igval uation of continuous noldability and
package st ains. t 1s therefore apparent that no epoxy resin
conposi tion exgehhefing scBREf©f continuous noldability and
reliability under high tenperature and high hum dity conditions was
obt ai ned. [0069D) Whidegednherillgtyenti on has been described in detai

with reference to specific 10 enbodi ments thereof, it wll be

apparent to ongepkhldrefildiR dolipodhd; sahat various changes and
nodi fications can be made therein without departing fromthe spirit

and scope ther epfa carboxyl rouF%hﬁﬁﬁﬁ@Ha‘){,habh% B asieNfal@PBf 16361100 the
based on Japanese Pat ent plication No. 2011-252847 filed on

Novenber Kk#1/g2011, and the contents are incorporated herein 15bhy
reference. Al references cited herein are incorporated by reference
herein in their entirety. [0070] The epoxy resin conposition for

sem conduct or encapsul ati on according to the 20 invention exhibits
excel I ent cont 2nuous Thel epduy ireyinanemexdedn eftk k&hicahdudtdry enbgigalatibgh
tenperature and high humdity conditions, and is useful as a nmaterial
f or encapsidrdibi o claimVig vwieddn SesTepoxydesih @t thievorgpsnent (A) is an epoxy resin

having a biphenyl group.

3. The epoxy resin composition for semiconductor encapsulation
according to claim 1 or 2, wherein the hydrotalcite compound as the component (E) is a
compound represented by the following general formula (1):

[L*1xQ”" (OB [(A™ Y mH, O &
in which L is a divalent metal ion, Q is a trivalent metal ion, A™ is an n-valent anion, x

satisfies 0.2<x<0.33, and m satisfies 0<m<3.5.

4. The epoxy resin composition for semiconductor encapsulation
according to any one of claims 1 to 3, wherein the wax as the component (F) is a

mixture of oxidized polyethylene and a long-chain aliphatic acid.
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VWHAT IS CLAIMED I S: 1. An epoxy resin conposition for sem conduct or
encapsul ation, conprising the follow ng conponents (A) to (F):

(A) an epoxy resin; (B) a phenol resin; (C) a curing accelerator; (D)
an inorganic flller (E) a hydrotal cite conmpound; and (F) a
car boxyl group- contalning wax having an acid value of 10 to 100 ng
KOH g. 2. The epoxy resin conposition for sem conductor encapsul ati on
according to claiml1l, wherein the epoxy resin as the conponent (A) is
an epoxy resin having a biphenyl group. 3. The epoxy resin conposition

for sem conductpr encppsuw,gly Oﬂzsﬁlc C&»ﬁgﬂo@ﬁmho f as'eﬁﬁéonﬁﬁctgr (ﬂﬁ%ﬁﬂeﬂlon

the hydrotal cite conpound as t nent is a conp

repr esenta%@orﬁihg; tlaeﬂﬂcy%ﬂeow Elgmgaep% afl th@CeEWhﬁ &olﬂapogk%tz is contai ed,m an

XQ@B+x(0) dx+RAN-) x | ri. mH2ol x- ( i N whi al ent net i on,
Qis a trinhest FomlRd2 to%%/wwélgh@dmb VAbIE I 18Ry resuiS@&mﬁasitfo%
0.2Sx0. 33, and msatisfies . The epoxy résin conposition for
sem conduct or encapsul ati on according to any one of clains 1 to 3,
wherein the wax as the conponent (F) is a m xture of oxidized

pol yethyl ene amd a | ang- ¢paty RkinPhahipesi@iehdfor semiconduder THRaFRMN¥W¥n
resin conposition for sem conductor encapsul ation accordlng to any

one of Cla@édFBing tb%nd oﬂéhtﬁJr @hithst N §0%@féﬁmhe(c|:e}nﬂoie§p@‘? a3k B6ktainBd 3 an
anount of from0.02 to 2. 0% by melght of the whole of the epoxy resin

conposi t ig@fdunt of from 0.6 toﬁm%@%gm%ﬂﬁb WRHTR O tHel cPBx§ RlsinS@IMFRRBACT Or
encapsul ation according to any one of clains 1 to 5, wherein the
conponent (F) is contained in an anmount of fromO0.02 to 2. 0% by

wei ght of the whole of the epoxy resin conposition. 7. A

sem conduct or devi ce ALogafitGridugtor device Obshifliffg eh e FRAlcoRMEGARS Wldhae
with the epoxy resin conposition for senlconductor encapsul ation
accor di ngnéapsalated Ongthofthec lepbXsp résihOcémposition for semiconductor encapsulation

according to any one of claims 1 to 6.
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