EPDXY RESI N COVPOSI TI ON FOR. SEM CONDUCTOR ENCAPSULATI ON AND

SEM CONDUCTOR DEVI CE USINO THE SAME HELD OF THE | NVENTI ON 5[ 0001]

The present invention relates to a sem conductor device reduced in
war page generation and excellent in the nounting reliability and

sol dering resistance. Mire specifically, the present invention
relates to an epoxy resin conposition for sem conductor

encapsul ation, which is used as an encapsulating material of a
single- 10 sigbedeRESNS COMPENTION PBORFEMICTAIFUCTOR EWCAPSUAIAITON
sem conduct or device using the same. BACKGROUND OF THE | NVENTI ON
(0002] 15Convent i onalAND SEMEGOINOUCTOR o vVIGE/ISRIGTEKE BadE f abri cat ed
by encapsul ati ng vari ous sem conductor el enments such as transistor,
IC and LSI with a ceram c package or the |ike, but in view of cost
and mass productivity, resin encapsul ation using a plastic package is
recently predoninating. In trﬁIBLPﬁﬁéTHEWENﬁI@ﬁcapsul ation, an epoxy
resin cqnpositi OB) has been heretofore used and achi eved good results.
20[0003]s However & 0PHchni cal innovation in the sem conductor field
brings an incre in the intearatiqn _degree. and at. the sane tine
rives targe si 2P dreel feelioBrkeles 3R a iR R BB sRrd RGP e g,
and the pa Eﬂgﬁ- I . s MY D LS
t endency, g e elr?gaa%guﬁs(g ﬂﬁtgﬂon%l?gx?ﬁlgﬁn%i%%ﬂgg{ i @@%a&%ﬁ@%%ﬁg}a\é‘%n%ﬁged
in 25 reli aRiclrchyy,t BRN pRM&H: - invBntloBC RMitedy R8T 8n  dpBxyF 4BEn Wednhhosition for
requi rement” for nore réduction in size and wei ght, the node of
package i s séniiagisihietor emgpdutaion, UrhitKlisbed s tn Baclsading amgeriaboPa (highkt |
Qutli ne Package) to area-nounted package such as BOA (Ball Gid
Array) 1Dnckidel enpa@SRtiOEHY e sBnicendatok dgede, ahdb sereicomtuetor depermasémt the o
mul tiple pins and allows for higher density nounting. [0004]

S5Meanwhi | ef2%e conventional package has a probl em such as occurrence
of separation between constituent nenbers (nmainly between an

encapsul ating resin and a die pad), which is attributable to a
thermal stress generated i s of a

sem conduct or device in tﬁ&%@?ﬁ%@'ﬁ%ﬁ% also in the
recent singl e-si[gm resin encapsul ati on-type package, since the form
t hereof is singl e-sr]ded 10 encapsul ation, deformation due to warpage
in theysol der refdnQWthal, hSehicofthRtor Ae@EL s, bett MbAGtdd HLerlc@pslating
probl em such as reduction in the nounting reliability. I'n order to
sol ve t hi svalishosamtomdactpr cdbham aich ks badsédodrel( mdvicB pethes gengic ahdkage
irrespective of package configuration, it is greatly demanded to
reduce t heonthelikenbutdh viessolgesiendmash medictivtydicsineneapewation using alplasear
expansi on coefficient, nodulus or the |ike between constituent 15
menber s of Packageinraeansty, predonrinaiag o s tips(of F§ir BeansUIakeD. 8% BRYY 65

[ 0005] The cayse of neratin r e.i ncl udes generation of
a t her mal %‘{‘T?Pég%‘"‘?:lﬁ"éq{f%“%ﬁtg 4P %ﬂfﬁq%}é?d?ﬁe@%‘%veen the |inear
expans'%(?)n coeffi[ﬁd(ﬁgt of the substrate and the |inear expansion
coeffiCl ent of the~éncapsulating resin (that is, the |linear expansion

20 coef ficient ( %ogfb%égeg%a% ?Hpg{zitfag iﬁ%%iséhﬂcﬁndxﬁ{og Eldtbﬂﬁ% dtAlreil 1f he

substrate) or rence tween the high-ténperature

nmodul us  of iht RReg st aﬁ& A0t e skthg Bndee B AhYE QiAAYISH e eRimenh8nd
encapsul ating resin (that is, the high-tenperature nodul us of the
encapsul atmigtirRatich 6f3hé Ririgl andiBpdckak alb tdndetotiebathe aibiatler ankitedor e,
for reducing the |linear expansion coefficient difference and the

hi gh- t enpeWith uthis temttnéy) shelefidapsudating A&eréed Hs rempehso bk endrerenhewet at i on
of the thermal stress, studies are being made to increase the content
of an Zhormgbabiliy flianl ever. i fn réventsisaapouiope Wiy requirement] for mers, re@uction in
Docunent 1). 50096 Pat ent Document 1:JP-A-8-153831 SUWWARY OF THE

| NVENTI ON $%eG06 peisght, the modernd ppekaeais transferrisg SamJat Quad Elgt Pepkagehand
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(0)a silicone conpound containing an al koxy group directly bonded to
silicon atomin an anount of 10 to 45 wt % based on the entire
silicone conpound and having a specific gravity of 1.10 to 1. 30.

(2) The epoxy resin conposition for sem conductor encapsulation 5
according to item (1), in which the silicone conpound as the
conponent (1)) is contained in an anmount of 0.5 to 5.0 wt % based on
the entire epoxy resin Conposition. (3) The epoxy resin
conposi t i onsOP(SusdnD@BRviPekare) RReARSIIhRHI pRkags GRhAE BGA ®alltam Addy) or
(2), in which the inorganic filler as the conponent (C) is contained
i n an anouritclading OSP (CHI Sidz Hatkage) dhad it thére respbiadest 10 pautyple pink and allows
conposition. 10 (4) The epoxy resin conposition for sem conductor
encapsul at ifonhighee dergityigpotatingny one of itens (1) to (3), in which the
al koxy group in the silicone conmpound as the conponent (D) contains
at |east a met hol8#04k oup. (5) The epoxy resin composition for
sem conduct or en sul.ati.on accarding.to any one,of itens (1) to (4),
in whi CS the sil %%‘@om?o‘ﬁ’ﬁﬁ“g%“ah IPBCkfge gﬁ%ﬁ@ (5\39}1 FaLCHHEEF §ani ¢
substituent, and the organj. ubstituent,contains a ph | arou
Too0] - sepeion bl SRl Get it Rtess R R B i P e Rl o
resi n- encapgiilah! Wik RCALARNMNCKOL FUBIPeti fhetl RROKN BBl
conposi tion for “sem conductor 20 encapsul ation”according to any one
of items ( Henfters(df)a semiconductér/devibl e SRMFokRN bfinOster QUE GRo 36 §RM LA t O
item (6), which is a single- sided resin encapsul ation-type package.
[0011] Theshglkesiked resiv endspsitationdge fackage Nditvesthy €ordd ddieds id n@lbbided) a
sem conductor 25 encapsul ating material capabl e of decreasing the

| i near 18xpareapauationedeforpiation dusfto avagpage th the soldert refBéw atep dpliable toastur,
conposition, and_at the same tinme, inhibiting an increase in the

hi gh- t enpe EXiNgEe frowproblsm suphrasapiuciondn themounting relipbilint Ingrierde sqlye
terns of iphibiting war e neration. In this,connection, .th

D bi 1 on T PRCTRR PRI ST (2 irpIth et s CUrsbectve of batkage
unconvent i <\ t. LN t he bl endin f,.an inor e

P ver o asClebith i Bbeeb YdhaRld RBE BEMARL kol R AR o,

there was gitahaed ke KRAMSAGL E@Ec@é}ﬂr}ﬂoﬁtﬁﬂr%ﬂa e AR Yonhuea

al koxy group directly bonded to silicon atomof a silicone conmpound
and t hes spgeinbirs ophepadkiige? fuch A€ehpsuBOnEr-6ia RO et sel f are cl osely
related to reduction in the |linear expansion coefficient and the

hi gh-t enper at ur ¢005fiul us. Based on this know edge, many studi es have
been further made, as a result, it has been found that use of a
speci fic silicorléecampoligeherting whmhgegnelndes (grexatiogrod e fictoal giress dlug to
bonded to silicon _atomin an anpunt of 10 to 45 w % bhased on the
entire silile8lass BimsSHoRDANENTAS IPrgr sxnspuen sossliciend of thy substrate pad the

1. 30 produces a nore marked effect in reducin he. | i,near expansi on
Coel 1 i entheEhAPRETER BPEHGIFHGELT FRAPI=CaR FID (Yeinioc e g crpamsicn

her et re . ef f i | hear p J
Feduct 10, SRRREE the ERABAIL AL Bl 1Bl U bR o GO SR FRRRNT £y
the probl efatncko j hehyesca i @?¥H SN .
refl ow step orn%hgaggﬁg?ﬁ ?%HQ%? war B;Igg&ltl"l}ft Fﬁgﬁeie o%s?dgpmgpﬁgh

si ngl e-si Q@%ﬁéﬁ%ﬁ&h@&ﬁ%@%c@ﬁkﬂkﬁﬁ?r&ﬁ%ﬂﬁ, gRhideeRbltetd Medutus

i nhi bited. e present invention has been achi eved based on this
finding. [dQH&dnchpsulatin@rosiads laddre than @seof the BYiBEEEN N Théreftle, ERAAJucRS| N
conposition for 20 sem conductor encapsul ation, including a silicone
conpound [tholimeneqpansid®) ¢ociitinhdiffarmnel 4nd theyhigh-tapemoe mbddwnddiference
specific gravity each in a specific range. Thanks to this

conf i @fr atdaentesponsibledapgantratiomef thebemmal sravadtidies gesi beipstrivsle doimpisedet | on
as an encapsul ating material can be reduced in the |inear_ expansion
coef fi ci erthe sgmtentofaniprraanic Rller imhe prepplpging majeral (Feog Ratend Aoeyaeny il
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[0018] The node for carrying out the present invention is described
bel ow, [0019] The epoxy resin conposition for sem conductor
encapsul ation (hereinafter, sonetinmes sinply referred to as an "epoxy
resin conposition”) of the present invention 5 is obtained using an
epoxy resin (conmponent (A)), a phenol resin (conponent (B)), an
inorganic filler (conponent (C)) and a specific silicone conmpound
(component (D)) and is usually in the formof a powler or a tabl et
formed by tabletqug]the powder. [0020] <Epoxy Resin (Conponent (A))>
10As for the epoxy reéesin (conponent (A)), various epoxy resins are
used. Exanpl es trheneDbcuidiad ude aymiaspisygel A-type epoxy resin, a
phenol novol ak-type epoxy resin, a cresol novol ak-type epoxy resin, a
bi phenyl -t ype epoxy resin, and a tri phenyl net hane-type epoxy resin.
One of these is used alone, or two or nore thereof are used in

conbi nati on. Anong these epSWYMABY{3 THR WVENTENreliability and 15
nol dabiljty, it is 9referred to use a bi phenyl-type epoxy resin or a
| ow noi sture absé?%&ion-type epoxy resin in which a | ower al kyl group

is added to the enyl ring. ,As sych an .epoxy resin, for ex l e, an
epoxy resin havi ﬂg‘e %e@p@iﬂg‘“éﬁhic?ﬁgﬁﬂ?ﬁt it ?LS‘%""‘EPS 3T LS ﬁse?gg‘lﬂférheng
poi nt or I i:nty O 0 1S sultabl ed 021] 2
ohenol - RegraieROR i beinn b 10 B el BHRaL A oo R oL I Sy o
toget her witdyck b SRRk bENE SR HRABESS byl n%r% s a% ngcgif {)ﬂﬂe ﬂlﬁl&ﬁ:&ic

curing agent for the epoxy resin (conponéent ectiv

i ndi cat es FHIRBHRBE ,hiﬁenrte@bérgafeaﬁo@nﬁ o tHROdnY AP la@RCasih adsEhel df@eriice
nore phenolic hydroxyl groups per one nol ecul e thereof Exanples

t her eof10i ndtond ¢heasuBdraphiamebsesjoand| thdreforee theneffeat tr efm8 ofhinkibitml wapdga, a
bi phenyl -type novol ak resin, a triphenyl net hane-type phenol resin, a
napht hol na@eurarationrie ssntficiknphéves, blending of othersyauious acgﬁm'yea ishbgitgesiydied,
aral kyl resin. One of these_resins is used alone, or_ two or nmgre

t her eof ar SULSEH! s TRYREPRK 8f WEPA8RRBREIIh dsetiiaemns ctieeds Aot ottainegia
of reliability and noldability, it is preferred to use a
Iom#hygros@gﬁ%g'resin such as phenol aral kyl resin and bi phenyl

axal | cyl resin,Vﬁb ﬂepending on'the case, a phenol novolalc resin.

5[ 0022] t% respect to the blending ratio of the epoxy resin
(conponent (A)) a6 GREAGhndEShd prkefRANE0E hisebn mhflS 36 LESHOE

are preferably bl ended such that the hydroxyl group equivalent in the
phenol  r esiof tHeCpeRaNBRéntioB)Y tdAROITE Sin feh&H R5id dofpdsiBore fodisviiceitustor
nore preferably fromO,7 to 1.1 equivalents, still nore preferably
0.8 to 1. Oerddap=sufpiion,adneuing thad éhre loneer expmeipn gocfiipietqun Yateemtkably ieheed
epoxy resin. [0023] <lnorganic Filler (Conponent (C))> . As for
t he i nor gaihie iohibitmg andemgrsn Byihe hightempsedure oyydulhe of Y eicapguéating resin,
conponents (A) and éB), varioys fillers are used, and exanpl es

t her eof i n&tdARsmcoRiyqerdeierIite Bese15 as fused silica powder and
crysta &ine siligﬂ%ﬁomder, an al um na powder, talc, an al um num
nitridé” powder, a silicon nitride powder. The inorganic filler

can be used in 3fnd X "I;hefp%seﬁ‘t)ﬁ\?gl’lijﬁn rebaked ?&‘&9 f@%&i@e%g}ﬁ?mg round

forms. One of these 1’norgani c ers 1s use or nore

thereof are useqpjn C%bieﬁﬁﬁi QBxin | BnbRkilibE Yo' T)exmﬁco?lhhét&a eﬂe%ﬁg@vétig%l,s

preferably used 'and anong the silica powders above, 1 n 20

high fillipguBihg R bNovAngcdihsthedts tiydbty). use of a fused silica powder
is nore preferred. The fused silica powder includes a spherical fused
silica powder and)a caughedrdsinsed silica powder, but in view of
fluidity, use of a spherical fused silica powder is preferred. [0024]
25Al so25 from t HB) st amgimmbhesiof i nproving the fluidity, an inorganic
filler (conponent (C)) having an average particle diameter of 5 to 40
inn is preferabl(§) useahinorgpnicilemesd | y, the average particle diameter



Al so, in the specific silicone conmpound (conponent (DD, the anount of
an 5 al koxy group directly bonded to silicon atom needs to be from 10
to 45 wt% preferably from15 to 35 wt% based on the entire silicone
conpound. Because, if the anount of the al koxy group is too small,
the effect of decreasing the |inear expansion coefficient can be
hardly obtai ned, whereas if the anount of the al koxy group is too

| arge, the specific gravity of the silicone conpound becones
difficult to conyppl. 46{ie6#HUompound conEitinSREGlkbtiC pohip G001 KoRFAAOKNd
(conponent (D)) for use in the present invention includes, for

exanpl e, sesiléoalaton ey ahaint of Hdio et swviv basel drothe vty silichts eppmdmd may
be al so produced by synthesis. Exanples of the commercial product for
t he speci f ikavisghispesifee graviyaddd0¢®).30.ncl ude 3074 | NTERVEDLATE and
SR2402 15 produced by Dow Corning Toray Silicone Co., Ltd., TSR165
and XR31- B2230 pfdducekhehedyphepiin veonmesitien nfan ceernieandvaten sneapaulationnd

KR- 500 d KR213 praoduc h hin-Etsy Chem cal Co., Ltd. (0030] ,
Al'so, tHe SHRESPE dO S Zgnéxc%béh‘?dﬂg@émﬁ@ﬂ‘fnd(@)}heca?m{?é‘ﬁfﬁr@bdéed,
for 20 exanple, as faollows. at, A an_organochl orosil ane, an.,

or ganoal ko@%ﬁ"ﬁ%ﬁ angme ?l?v%{ g@? tsgr‘%%’ lff‘ﬁ?cﬁngﬁe ?{&ﬁ? FOGL PSSR, o

t hereof, which c un g | V.SJ-SeiQN k ct] orm
a silicone corrpo@zd cgﬁeai%%?‘ﬁg)f%ﬁgtéré? ? Sd{rﬁgJ qﬁﬂis%ﬁlriée%ggﬁecz%n%g%{}%@a%? f;“ue
fol | owi ng fagdoidihd td admany of (B il Ghithahe WdkdaniceMILSRNhE doRYordeRE(C) is
followi ng formula (b) and having a Enotional group wth the termnal
bei ng sel eebmainabinfah afolit,of A0 fyIr Wity bas@l onthe aitige egpxaldsindon@ostign, 1S

m xed in a mxed solution of an organic sol vent capabl e of dissolving
the rawlmateri al(4and flhe epwyt rom pomgosifonardfor semicondickor aancapaniation

| arge enough to hydrolyze al]l hydrol yzabl e groups of the raw
materi al , awerdanménww@f%w adafDoin whish ok group e thet licone
proceed, whereby . the specific _silicone conmpound can be obtai ned.
[0031] R ocampouy asihy SomipgrentD) eonisipss 1eka MOTPRGOR Ry | 5 &
substituted or ubstd tu noval ent . hydr.ocar hon. aroup_havi a
car bon nunber 019(lg )?L totr?fg, p:‘%ﬁngﬁsﬁl Icf)mgosﬁ)hrk}’ésg t%Flﬁ%Pﬂcg’mg’irl F%cg S(‘afﬂ Hor
conpound  MgyoRhot REaRPBE: OF ilink f )] 80 itfeBheS cbhfund 48
conmposi tion 8an gtbe_ %‘%ﬁt rol | ed to(q ﬁ;e]k 8{ edg@ecyﬁﬁtgg tsﬂf)eg(l5 F‘lfegmgraavﬁ y
by adj wsti agngoaentkDNEasGh o&%ﬂi&bﬁﬂs&wﬂ BANthE beflc Slibsthehitoh@mie bBRy( 2)
and (b) and can be controlled to the predeterm ned content of the
al koxy grogpuby adjusting the condensation reaction tinme. As the
catal yst for accelerating the reaction, an acid, a base or an organic
met al conpound {80181 ef er abl y added. 15[ 0033] Exanpl es of Rl in
formul ae (a) and_(b) include an al kyl group_ such as ngethyl ‘grpup,

g

et hyl group, prdpyl gfloufsmisnneygiory ¢yise oSBHIdp\IY giesigrsncapsdgingy |a
group, ten-bytyl group, pent roup, hexyl group,. heptyl group,
octyl grouff™ d'éc?%rt ﬁ@?"?‘f’gky%r p,ﬁg%%' aF n‘?HmPQEIBB’b Eqﬁcﬁe‘%ﬁm{/égﬁ?l
01 0UD: 51 | Yoo AT ocBLERN) o8 QMR BERHGIS) OF OUP 20 and hexeny!
group; “an ary‘f1 group suck as™p enyf groaup, )t'ol yl group, xylyl group,

naphthy! group gpd bi g%mﬁﬁﬂm&fa&&@ﬁ e a@%r@iﬁgltﬂt%ﬁgqéﬁ’,%ay&ha Sgle-

benzyl group and ‘phen group. O these, group an

phenyl gr ojigedasss ficlistrlafiSsltype hkadd Exanpl es of the

or ganoal koxysi | ane and sil oxane used as the raw material when
produci ng the sp@dilfic silicone conpound (conponent (D)) include

met hyl ti met hoxysi | ane, nethyltriethoxysilane, ethyltrinethoxysil ane,
5et hyl t ri et hoxy ght aresent iimaghtors medehoaaySiteesine, sitdigsl to robiths xynstdranaor

pl zenyl tri met hoxysil art e, phenyl tri et hoxysil ane, dim

et hy| d25retancappelpiingeaterial capable of decreasing the linear expansion coefficient of a cured
met hyl phenyl di met hoxysi | ane, met hYl vi nyl di met hoxysi | ane, . .
pheny! vi nyiredusbehausroxy 5o comneositiay pefl #ehs tamstimeyahibiting an increase in




of inhibiting warpage generation, whereas if the content is too

| arge, there is a tendency that the cured product of the epoxy resin
conposition is greatly reduced in the bending strength or due to

bl eed out (Il eaching) of the silicone conpound, releasability fromthe
nmolding die is inpaired, [0037] 5 <Various Additives> In the
epoxy resin conposition for sem conductor encapsulation, if desired,
ot her additives such as curing accel erator, silane coupling agent,

flame retarga —téﬁ;ﬁ%%@ﬁﬂg,%r Gaeriif E@&@ci@%@[‘ec’tﬁﬁ&g&xg Bﬁﬁhﬂﬂmﬁ

agent, pignent/colorant (e.g., carbon black), stress-reduci ng agent
and tacki f ipdrpdpRYgdacrafieid ap thist@hiechbrt NHE uhibilo@ bdt Wi §t0did) SrodDa
conponents (A) to (D). [0038] Exanples of the curing

accel er at ordifferedtusiecanpbneptionily withae eelgiogpo tiedlending of am iaetahio fidled. y
known tertiary am nes, quaternary anmmonium salts, itnidazoles and
bor on conpad\ndstesudin ais® fof tzh sitieoni scompeunda wan epvisaged. wando therep wes tohtamedf
are used in 15 conbi nation. Above al, use of an inidazole conpound
r epr eseft ednpyleags thefiamong pthess, B¢ amaynt efan Hkexyagrpuprdirectly bonded to'silicon

nol dabi lity/curability. Specific, exanpl es of ch,.an irnidazol
compound i PG SIGSHE FRABONS e SEcifi Seivilk ohiBe HyFIRfermBrEd Hsdbrse)
20 in whic I | kvl . aro or..an.aryl .qroup, and. R4
are loe oty F Atedleh b iRal bt ieRl o BT BB o
| east one a | 8161Ghs ] t

curing accglfoglri%? .O;‘%isgﬁ“%:% g%selgggpﬁ;%lgég& ?gég’]gs Y6 r%%b%&li&?% ’.quvxfte%}gk’e
nore pref eftadab Yednr PERADHEust Qf B shkcilc éilicOAS EdnHind BehtSRAX ¥n BRSXY group
(conponent (A)). [0041] As for the silane coupling agent, a silane
coupl i by adeeatlyHamidadgtot siiconr atemrie ah aplokoxyf OF aups wit% lssed ablihe aged.
Speci fic exanpl es thereof include 3-

met bacr yl osdjigenspsetpoink e kgdind arspgeific gravity of 1,10 to 1.30 produces a more

13- (3, 4- epoxycycl ohexyl) et hyl tri met hoxysi | ane, )
ygl yci doxyﬁlﬁéﬁﬁé eHEst M TadB%YS ﬁuedwser SyPINSIon SpeiapEw YN the Merdisg yesiamak,

§W£?§;B¥g%mg?§:§$aﬁgf ﬁ@tr%egrg%ﬁ% %ﬁleil'agggd,nown to be effective for linear expansion
yani | Tnopr afddoh! SR BPXHL | 208 as@R N ABIRI N ALl! 8680he CRSIAT of
t hese is used alone, "10 or twWo Or nore ereof "are used I'n

conmbi ngd | ORpah B kween constinfelEARNSSs Rfind REolsR i heledetaiah of R%\[}pg%e a

novol al c-type brorninated epoxy resin and a netal hydroxide.

exanpl es oh thdefAblvarep Jfatsaiglh-fidedatdn bitahdalitioftyd hhe@py cdn' HeQiffebidreBNd
di anti nony pentoxide. One of these is used alone, or two or 15 nore
t her eof arighibged] iThe presdyt invtiton.haj B0 3¢hieved based bx digiireldneof t he

rel ease agent include a conpound such as hi gher aliphatic acid,

hi gher aliphati d0H&ld ester and higher aliphatic acid calciumsalt,
and, for exanplzlg a_ carnauba wax and a po] yet hyl ene- based wax are
used. One of thd3ehiss Wakethea PSS 1BYeRHON t oMb CPRB csih SoBHPSEgTe fofsed

in conmfy nation. 044 for.the.ion . trapping agent, all .
conpouis ORGSR RNy A oing A iESPoe ahmpu et date i, (Fpine
exanpl e, qmﬁ ZI i i h dr.oxi d nd L L i .are
used. Oneh%’f gﬁ%%ﬁfgg%dﬁi glfgtcsﬁ%ﬁ% rg{l%gchﬁnr?ns&ectﬂi%%y%bf Tg?lgé hési%lcf in
25 conbi naty 0 ‘ of, t Stl.eS55 i gent
i ncl ude aaéggﬁ ( ?tieoﬁ’efla%]aggﬁp?%%%gr F%%gﬁ&g%d mE:){ hl{}ﬁ’g e %nﬁ&ﬂ% &
acryl at e- hutasaht slaiehian @a GROIMARE RANEheMRAAY |expansion coefficient while

met hacryl at e- but adi enestyrene copol yner, and a silicone conpound. One
of these isgppsRihgadrDifresed it ibe ighrererbfied anliuias easiae@dsil) separation
conbi nati on. 5[ 00461 The epoxy resin conposition for

sen c@idudiebrece mosgitehiamenbero bf & Bemjppekeint deviveot genrratom oD evampagaisced,
for exanple, as follows. That is, the conmponents (A) to (D) and, if
desired, atdventedddi e ssreisonduetondavivd erdthdrigh miiabalaty carlee obtdnedi xt ure i s




25 bismal eimde-triazine (BT) resin and only the nounting surface
side is resin- encapsulated with an encapsulating resin 3, In Fig. 1,
4 is a bonding wire connecting the sem conductor elenent 2 and the
circuit portion (not shown) on the sem conductor el enent-nounting
substrate 1, and 5 is a solder term nal for connection formed on the
ot her surface of the sem conductor el enent-nounting substrate 1. 5
EXAMPLES [ 0049] In the follow ng, Exanples are descri bed
together with Cornp@sati ve Exanpl es. However, the present invention is
not limted to these Exanples. In Exanples and Conparative Exanpl es,
"wt % means % by Wikkinghg contédf 0D ]silicone compdinel sahpainghant IDPisrdne oW
were prepared. Incidentally, Silicone Conpounds dl to dl 8 axe a
conpound haii wg weYeriassduenathe entitescpogpresissnpositiyn, Prcipithtioe ¢fahe siticongb)
and the organic group (R1) contained is shown by each conpound. Each
of the sili¥speuky ﬁ@éﬁwtbnsm%réeffwvgwm&mgg?mraézé&emﬁmﬁ@-

w th the above - (élog_@escri bed synthesis nethod, and, for exanple, the
ki nd of *t he orgalg ubstituent and the condensation reaction tine

B koxy o1 oup contiist hitbhE Tty Sk U ihelfamftle: SEuBRERbOA &) bint 58,
resin (epoxy ﬁﬁ%%eﬂ%ﬂré&&e @5&} Legq ceﬁg&&ﬁon}ﬁl%- efHeR0X Yor Rz RhAe 32
Tri phenyl et hane-type pol yfuncti onal epoXxy resin (epoxy equival ent:

169, el ti ngbrpedditing B Amd IO o2 thadBe [RNBPQle s RAIBW]of a single-sided resin
Bi phenyl arallcyl-type phenol resin (hydroxyl group equival ent: 203,

sof t eni ng podcaptulatBh@ypd fablespal Resin b2] Phenol novol ak
resin (hydroxyl group equivalent: 104, softening point: 60C) 5
[ PhenollOResi n b3]0015] Tri phenyl et hane-type phenol resin (hydroxyl

group equi val ent; sof t eni % point: 111C) t"[170053] [Curin
¢

97,
Accel erat or] 102FpHergare. when he -atkory geravy it 9I$i%°é§zwol%€ﬂ)5§]thc
Sili Co d.dl JEX | S i.f.i Lty: .1.]1558,
b1 koxy. or odPROHPLHD S obrehh mistieyy gpih g ietsr b b iisids B Biver
Hore] _ et
Becr 1o o RTRbA YerliiRHRat be Sl CAREATRANAN IR e RIS horpege
group), Or gadhibn 2B bh&RhnciAhb ¥diddin@ Hislantd. | cone Conpound d3]

( Exanpl e) Specific gravity: "1.21, alicoxy group content:
18 wt %if et hoxy [gomd)p), organic 20 substituent: phenyl group
[ Silicone Conpound d4] (Exanple) Specific gravity: 1.13,

al koxy group con¥Waat the sBicmicdofnpetuibasythgeamyphent DY hasi a @grmixt substitint
phenyl group/nethyl group [Silicone Conpound d5] (Exanple) 25Specific
gravity: lambthegrgasioysups@ugnt conpon e phesyl\aroup; adtighek pifept o pyduciog dhmi ¢
substi tuenfﬁ:él‘hrret hyl gr O|a|p %E | i cone, Conpound d63_( Exanpl e)

Speci fi c ghightqnperejurg modglug *iw §ReaeyleHpheai can hueifesysdneieieky group),
organi ¢ substituent: methyl group [Silicone Conpound d7] (Exanple)
5Specific gravity: 1.11, al koxy group content: 30 wt % (net hoxy

gr oup) 900" gani ¢ substi tﬁﬁﬁ%?%wgﬁﬁﬂwgup [Silicone

Conpouinid d8] (Exanpl e) al koxy group
content: 30 Wt%[b(ﬁ‘i‘?‘] hoxy group), organic substituent: nethyl group

Fig, 1 is a cross-sectional view schematically showing the single-sided resin

encapsulation-type package.

25 DETAILED DESCRIPTION OF THE INVENTION
[0018]



10 [Silicone Conpound d93 (Exanpl e) Specific gravity: 1.11,

al | coxy group content 22 wt % (net hoxy group), organic substituent:
phenyl group/ nethyl group [Silicone Conpound d10] (Exanple)

Specific gravity: 1,11, alkoxy group content: 15 wt % (et hoxy group),
organi ¢ 15 substituent: phenyl group/nethyl group [0055] [Silicone
Compound di I] (Conparative Exanpl e) Specific gravity: 1.07,
al koxy group content: 25 wt % (et hoxy group), organic substituent:
met hyl group 20 [rik kic8eRS cA&emmosintheGledint (vVRRMANALdsHehe L1 ©)
Specific gravity: 1.07, allcoxy group content: 17 wt % (net hoxy
group), organic $us}ituent: phenyl group/nethyl group [Silicone
Compound d13] (Conparative Exanpl e) Specific gravity:

1, 25, al koxy grolbe epertyerasin Gmposifioro feyasemicondingdri ¢nnapstiati@b (et
group [Silicone Conpound d14] (Conparative Exanpl ei: . Specific
gravity: 1.sometimesaimplygelouss ©ea e irpoxnreapnuympesiton tofshopesant iamention

D! o OUPLBESEY Gl SEIPOT i JEBES B
oo PR e BB R L 0

| k : ; 9 ; I i :
LD o MR e ISR BRI

gravity: 1.55, ajobgg@xy group content: 4 w % (nethoxy grdup), organic
substituent: phenyl "group [Silicone Conpound d18] (Conparative

Exanpl e)  <Epoxy KeskqChimpogshafeDpy: 1. 09, al koxy group content: 40 wt %
(met hoxy group), organic substituent: nethyl group 15[ 0056]

[ I norgdfic Fill ehs (fadthiet bpmal redin |(banponentaldg)y tanieus apery] reSiphard osed.
fused silica powder (average particle dianmeter: 13 pm [0057]

[ Pi gment] BoeaplerohemspliafludembigthenatiAgiyae muoxy resits & phoved hesolaleypp ek de

0059] 25 [ S| Coupl i Agent . . .
5 Net hacr yFﬂasPygﬁP%WPf %i@%ﬁ@%gﬁﬁmefeS%oeeblphi%FY@ss@%eWﬁlp: and a

exarpl es. | Pgg) AR o, SRR ERe R SRR e BRE R,
jater wer eu e ih Tohitaliah! CanBRihed) by RRAE FADIRS ARG ol Y

m xed by a m xer, and the m xtu ed at

M nut ess by moRhkibyR it W Brefiiee Vo kize adBiheniNEpe Rbatsnedinmel b 10aSmeReted,
and the resulting solid was pul verized into a powder to produce the
target 10 gowngtdoytyppexyxy eshin ohithadowercaikyl BB} added to thelUshemy ringe

t hus- obt ai ned epoxy resin conpositions of Exanples and Conparative
Exanpl es, #esushreeporysesindortranplat inospexyvesia hpeng an epety aquivaletit gl 300

the follow ng nethods. Incjdentally, noldi ngl of the epoxy resin
conposi t i off 4rAand a softening point or melting point of 50 to'130°C is suitably used.

[0021]
20 <Phenol Resin (Component (B))>
The phenol resin (component (B)) used together with the epoxy resin
(component (A)) has an action as a curing agent for the epoxy resin (component (A))
and collectively indicates & monomer, an oligomer and a polymer each having two or
more phenolic hydroxyl groups per one molecule thercof. Examples thereof include a
25 phenol novolak resin, a cresol novolak resin, a biphenyl-type novolak resin, a

triphenylmethane-type phenol resin, a naphthol novolak resin, a phenol aralkyl resin,



15 perforned by a transfer nol ding nachi ne under the conditions of a
nmol di ng tenperature of 175C and a nolding tine of 90 seconds. Al so,
the post-curing was perforned under the conditions of 175C and 3
hours. These results are shown together in Tables 1 to 6 later.

[0063] 20 (1) TMA Measurenent (cal culation of reduction ratio of

| i near expansion coefficient / index of effect of decreasing |inear
expansi on coefficient) Each of the epoxy resin conpositions of

Exanpl es anshdGosijteagitaaliey] Feiip|0rs oftiRsemedinksid usedtalond, dré®b opefahskdfh a
size of 3 M (W x3 mm (D)x20 mn (14) under the nolding conditions
above and térenisgbst combigeticnnd@mdngethesenphiehélarsing hiovdew cofpretishility @d 25
test piece for TMA neasurenent. The di mension in the height direction
of the testmpigilitynwhds prefemed touspy lpwrhygrostopicaesin sush s abenok alkyl wsin a
tenperature rise rate of 5C/mn in a tenperature range of 25 to 260C
by a conpr cedbihenierbel Figetrdependms o thersass, @ Bienplnovakek Fesi cal

anal yzer, (Q400) Eqaogzi actured by TA Instrunents, and the |inear
expansi (;n coef fi (CTE2) in a tenperature range of 170 to 260C

was cal cul at ed. %ﬁi%%éﬂegt to the ble,{a&ygp%&@&f{hk Yool ket [eBRRERd 1) bllPne

material s of the sane - epoxy resin-phenol " r Sys val ue

of a sanpl %hmﬁxe(@o&ﬁon@nﬁﬁﬁpﬁege%ég%%e;pzﬁfggbg%égg§dséueh BB Pdrdwyl 2

and 3 in which the 'silicone Conpoun was subtracted
from the Chtipveduirelent igakd phefl miie(Cofgntii (B)N Gecbnits eHGheg. 5 weds
anount of various silicone 10 conpounds (subtraction), the obtained
val ue i s diequddehtynddprefenablinforaddetd 1dfequivelests,|still amee profepablin®l8 to 1.0
(division), and the resulting value is defined as the "CTE2 reduction
ratio".10[ 0e@Eyalgqrisaped ane epsiyrigeupravivilaeidn the xpenysestm coef fi ci ent of
each sanpl e (each Exanple, 15 each Conparative Exanple) neasured, the
reduction ratio &P2ili near expansi on coefficient (CTE2 reduction

ratio; ppniw9 cal.cul at e cording to the following (1) to (3):
(1) In Casémé’f@aﬁk%%sﬁ%ﬁr??l&p?%m%?%%nd Conpar ative Exanples 1 to 10
Reduction ratio L J f 4G

silicone 20 corrp‘g%Jfr‘]O(ll:-I h%ﬁg%rgggpg g%i ég&rngng%%t(lbg r%l.?érhtatt0 ?"?;Ee”g’g?’%f%?"‘:’m
[(CTE2 of emcihdsBNRAaBous HEEZROhsel Sfld RxSY LMY TRI e Llilidi dod@N8ch
conpound blended] X100 (2) In Case of Exanple 12 and Conparative
Exanpl @S 14s &ned kiica powder andRed@llinensilfcatjodrdaf shi dl@ahaepanaiesitas, an
coefficient per anount of silicone conpound bl ended (CTE2 reduction
ratio; ppnmilwnédun] (iBideopafden ot asspheizidCEERIR25 Tie nesgjanicSillet em be

2) / amount of silicone conpound bl endedlllxoloo (3) I'n Case of Exanple 13
and Conpar Befvie 3oy aefpfasexemplen gruphed, spherical anflegrgend &mpsat Pee of tiemear

expansi on coeff.iclent, per unt of silicgone ¢gonpound bl ended (CJE2
Feduct i on PaTEREE TSR fpd 2P, Greo sF e fhetegharebused dsygombiatons

system 3)/a unt of.silic&ne cog%qﬂnd Qgﬁgdedﬁxﬁﬁp.EOOGQb STEe sanpl e
was rated PR P PRI dS BFECE S0 FE AEPS BN PHRENIER FEOCE
reduct b®On Labl @16 b . i 1 L

ot ai ri) by B SELARES HodkhF pS gy A1) w16 3 BREDIME phitirl hore
standard rgsfefedY StIRMubddesiich ?M@de?rﬁ‘?ch;des 2 Phdic3l FRedBiied pbi@erSinhicone
conpound was not added) fromthe CTE2 value of a test piece

( Conpar at i ¢eshed doeRl &ilika fooudBpRIbat inv lelXdpligity] Lise 6P ANPh&@IcalN Sisddsilica
Exanpl e 13) produced by additionally adding the same anmount of the

i nor gani ¢ jawdeeis praferpddace of the silicone conpound (subtraction) and
di vidi ng the obtained value by the anount of the additionally added
inorganic fillef0Q2d] vision) (the value of CTE2 reduction ratio was
from-4.5to -3.05), rated "AA" when greatly snaller (the value of
CTE2 r¥uction Aded oiemasthe edandpoiah of 4mgoving the gflvigity, wie Anqrggnise fillen he

val ue of CIE2 15 reduction ratio was fromnore than -3.05.tq -2.0),
and rat ed ©empopRRHCY) hayme an aypigas pﬁlﬂ@dw@m& t%%E@mrlﬁawéﬂcr%%uﬁe tio

8



(0069) Wth respect to each of the thus-obtained sen conductor

devi ces, the package 25 after post-curing was nonitored in the

| ong-side direction by a tenperature-variabl e three-di nensi onal
profile measuring system (conposed of three conponents of a refiow
scope/ wi de vi ew core9055a manufactured by Cores Corporation, a canera
FAST CAM MH#4- 10K manuf actured by Photron, and a warpage anal ysis
software Vi c-3D produced by Correlated Solutions, inc.), and the

di spl acene i i i : i >

bet aeon { ho o e Al Habe frf et e TRABUAcr [ bghint €55 e
war page. TheesaieRame eﬁém;né;ebg{mhr@eﬂc&ﬁ:ﬁ&bmy a&slalbla%cma&ﬁﬁaﬁm&&mFH a
tenperature range of 25 to 260C, and the nmaxi mum val ue- m ni nrum val ue
i n the neaspuribndesite distdbicivh andipdee shep sakidg@unar s gery wiabaéhan safiplé fbmhow.
[0070] Next, to what extent (to what % the warpage variation at
refl ow of tthepmemgbpulativd. si ded resin encapsul ati on-type package
contai ning a predeterm ned anount of various silicone conpounds was
reduced Jas conpat®@@3ith the warpage variation at reflow of a

si ngl e-si ded resji.n encapsul ation-t ackage a standard resin
system (resin sygg%ﬁP“T,°§&EHW“§WW%BEE@ﬁ@ﬁ@%?h@shméF#g@%HéﬂEBﬁﬁﬁ@ﬁd)
was cal cul a , d val ue obt ai ned I Vi din he,cal cul ated val ue
by the amodtioided B RisieRroBURES eble % B & i s GhE 8
defined as = ed Ut r:aty | Ay k.
o07e] o coRBTERE BELAR, 1Pl oler ! BEGRrAL: R Cprthorkfl (s 10
(each Exanpingll, 8@CdHeCOIPaERME th HfbHr LkpaRRA WosHicich 8y IBS BRhRH of
ratio (% of warpage variation at reflow was cal cul ated according to
t he foll0owimggehio) filler {s3kduc2d ahd )thd Minésasxpaisiokxdafiicikat bf dhel dpoxpdesin
Conparative Exanples Ito 10 Reduction ratio (% of warpage
vari ati on aempesitionis incfefsed ipthg ebsphuts eduedtsclfifes @ zashit. shnphmpage veedatpage
variation of resin system 1)/ampunt of silicone conpound bl ended] x100
(2) In Cas&fow Endsipivecony e Wangrailthe gentey afihe inorgapicfler {mponent

AR LIV CHC TSI (TR o
2)/ t Ll d 100 (3) In Ca f Ex |
2)/ amount ShsLLooanoFamaNS Bl gl X100, (3) 10 Cose,of Bearple

vari atijgn at reﬁbmmr:[(marpage variation of each sanple - warpage
variation of resin System 3)/anount of silicone conpound bl ended] x100
[0072] The<SpiiilcSiNGse Caﬁqp&]ﬁalébomp@ﬁnﬁ(bgpcal cul ated reduction ratio
of warpage 10 variation at reflow was smaller than the reduction

rati o of war pagelheasgeafic osiliahe reefiipound (votripeneot$B))ofised didiz¢tharnadth ythe
adding the inorganic filler (Conparative Exanple 1, Conparative
Exanpl e 11¢onmsmeris &) w%wpsﬂigge&e contions theé theaspe¢ifio gravitp thaseof is
8.75% (the effect of decreasing the warpage variation at_reflow was
hi gh), r at Bem AR tol58rng theamapntofen afoxy groap diatatly dppdedte sidicomaipm is
-12%, rated "B" en.lLarger (the value 15 was, from pggre than -8,75%
o - bogh (1 RimdBee Y " vl Pl 4 Airee sl iy o PREPT BHCcut SHBPTEN ners

5% BBl or HPRREts ucoChRRL R B e e R 0

vari ation ah.digkbw was judged. (1 tualsics nsax U saidurexa) said
0/01m 1"l Isul s ) tit ) 10 111 |

[0027]
The specific silicone compound (component (D)) need to have a specific

25  gravity of 1.10 to 1.30, preferably 1.11 to 1.21. Because, if the specific gravity is too
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small, the effect of reducing the linear expansion coefficient can be hardly obtained,
whereas if the specific gravity is too large, the high-temperature modulus rises.
 [0028]

Also, in the specific silicone compound (component (D)), the amount of an
alkoxy group directly bonded to silicon atom needs to be from 10 to 45 wi%, preferably
from 15 to 35 wi%, based on the entire silicone compound. Because, if the amount of
the alkoxy group is too small, the effect of decreasing the linear expansion coefficient
can be hardly obtained, whereas if the amount of the alkoxy group is too large, the
specific gravity of the silicone compound becomes difficult to control.

[0029]

The specific silicone compound (component (D)) for use in the present
invention includes, for example, several commercial products. Alternatively, the
compound may be also produced by synthesis. Examples of the commercial product
for the specific silicone compound (D) include 3074 INTERMEDLATE and SR2402
produced by Dow Corning Toray Silicone Co., Ltd,, TSR165 and XR31-B2230
produced by Momentive Performance Materials Inc., and KR-500 and KR213 produced
by Shin-Etsu Chemical Co,, Ltd.

[0030]

Also, the specific silicone compound (component (D)) can be produced, for
example, as follows. That is, an organochlorosilane, an organoalkoxysilane, a
siloxane, or a partial hydrolysis condensate thereof, which can undergo a hydrolysis
condensation reaction to form a silicone compound containing a structural unit
represented by the following formula (2) and a structural unit represented by the
following formula (b) end having a functional group with the terminal being selected
from Ry, a hydroxyl group and an alkoxy group, is mixed in a mixed solution of an

organic solvent capable of dissolving the raw material and the reaction product and

10
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water in an amount large enough to hydrolyze all hydrolyzable groups of the raw
material, and a hydrolysis condensation reaction is allowed to proceed, whereby the

specific silicone compound can be obtained.

[0031]

l?--:

——-O——S'I_O__. e (a}

Q

,R-l

—— Qe S — = (b)
b
in which R, is a substituted or unsubstituted monovalent hydrocarbon group having a
carbon number of 1 to 12, and all R;s present in the silicone compound may be the same
or different.

[0032]

At this time, the composition can be controlled to the predetermined specific
gravity by adjusting the kind of the hydrocarbon group of R; in formulae (g) and (b) and
can be controlled to the predetermined content of the alkoxy group by adjusting the
condensation reaction time. As the catalyst for accelerating the reaction, an acid, a
base or an organic metal compound is preferably added.

{0033]

Examples of R; in formulae (g) and (b) include an alkyl group such as methyl
group, ethyl group, propyl group, butyl group, isopropyl group, isobutyl group, tert-
butyl group, pentyl group, hexyl group, heptyl group, octyl group and 2-ethylhexyl
group; an alkenyl group such as vinyl group, allyl group, butenyl group, pentenyl group
and hexenyl group; an aryl group such as phenyl group, tolyl group, xylyl group,
naphthyl group and biphenyl group; and an aralkyl group such as benzyl group and
phenethyl group.  Of these, a methyl group and a pheny] group are preferred.

11
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[0034]

Examples of the organoalkoxysilane and siloxane used as the raw material

when producing the specific silicone compound (component (D)) include

methyliritnethoxysilane, methyltriethoxysilane, ethyltrimethoxysilane,
5 ethyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane,
phenyltrimethoxysilane, phenyliriethoxysilane, dimethyldimethoxysilane,
methylphenyldimethoxysilane, methylvinyldimethoxysilane,

phenylvinyldimethoxysilane, diphenyldimethoxysilane, methylphenyldiethoxysilane,
methylvinyldiethoxysilane,  phenylvinyldiethoxysilane, diphenyldiethoxysilane,

10 dimethyldiethoxysilane, tetramethoxysilane, tetracthoxysilane,
dimethoxydiethoxysilane, and hydrolysis condensates thereof. Omne of these is used
alone, or two or more thereof are used in combination,

[0035]

As regards the specific silicone compound (component (D)), in view of low

15 linear expansion of the epoxy resin composition as the encapsulating material, the
alkoxy group in the silicone compound preferably contains at least a methoxy group.
Furthermore, as for the organic substituent present in the specific silicone compound
(component (D)), in view of high-temperature (from 170 to 260°C) modulus of the
epoxy resin composition as the encapsulating material, the organic substituent

20  preferably contains a phenyl group,

[0036]

The content of the specific silicone compound (component (D)) is preferably
set fo a range of 0.5 to 5.0 wt%, preferably from 1.0 to 4.0 wi%, based on the entire
epoxy resin composition. , Because, if the content of the specific silicone compound

25  (component (D)) is too small, it tends to become difficult to sufficiently exert the effect

of inhibiting warpage generation, whereas if the content is too large, there is a tendency

12
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that the cured product of the epoxy resin composition is greatly reduced in the bending

strength or due to bleed out (leaching) of the silicone compound, releasability from the
molding die is impaired.
[0037]

<Various Additives>

In the epoxy resin composition for semiconductor encapsulation, if desired,
other additives such as curing accelerator, silane coupling agent, flame retardant, flame
retarding aid, release agent, lon trapping agent, pigment/colorant {e.g., carbon black),
stress-reducing agent and tackifier may be appropriately blended, in addition to the
components (A) to (D).

[0038]

Examples of the curing accelérator include a phosphorus-based compound, and
conventionally known tertiary amines, quaternary ammoniwm salts, imnidazoles and
boron compounds. One of these is used alone, or two or more thereof are used in
combination, Above all, use of an imidazole compound represented by formula (1) is
preferred in view of moldability/curability. Specific examples of such an imidazole
compound include 2-phenyl-4-methyl-5-hydroxymethylimidazole,

[0039]
Rs
N

A3 o

N
l
H

in which Ry is an alkyl group or an aryl group, and Rz and Ry are -CHj or -CH,0H and
may be the same or different, provided that at least one of Ry and R4 is -CH>OH.

[0040]

13
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The content of the curing accelerator is preferably set to be from 0.001 to 8.0
wi%, more preferably from 0,01 to 3.0 wt%, based on the epoxy resin (component (A)),

[0041]

As for the silane coupling agent, = silane coupling agent having two or more

5 akoxy pgrowps Is suitably wused. Specific examples thereof include 3-
methacryloxXypropylirimethoxysilane, B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, y-
glycidoxypropylirimethoxysilane, y-mercaptopropyltrimethoxysilane, ¥-(2-
aminoethyljaminopropyltrimethoxysilane, y-mercaptopropylmethyldimethoxysilane, y-
anilinopropylirimethoxysilane, and hexamethyldisilazane. One of these is used alone,

10 ortwo or more thereof are used in combination,

[0042]

Examples of the flame retardant include a novolak-type brominated epoxy
resin and a metal hydroxide, Also, examples of the flame retarding aid include
diantimony trioxide and diantimony pentoxide, One of these is used alone, or two or

15  more thereof are used in combination.

[0043]

Examples of the release agent include a compound such as higher aliphatic
acid, higher aliphatic acid ester and higher aliphatic acid caleium salt, and, for example,
a camauba wax and a polyethylene-based wax are used. One of these is used alone, or

20 two or more thereof are used in combination,

[0044]

As for the ion trapping agent, all known compounds having an jon irapping
ability can be used, and, for example, hydrotaleites, bismuth hydroxide and ytirium

oxide are used. One of these is used alone, or two or more thercof are used in

25  combination,

[0045]

14
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Examples of the stress-reducing agent include a butadiene-based rubber such as
methyl acrylate-butadiene-styrene copolymer and methyl methacrylate-butadiene-
styrene copolymer, and a silicone compound. One of these is used alone, or two or
more thereof are used in combination.

[0046]

The epoxy resin composition for semiconductor encapsulation of the present
invention can be produced, for example, as follows. That is, the components (A) to
(D) and, if desired, other additives are blended and mixed, and the mixture is charged
into a kneader such as mixing roll machine and melt-kneaded in a heated state. The
kneaded product is then subjected to a series of steps including solidification by cooling
to room temperature, pulverization by conventional means, and, if desired, tabletting,
whereby the target epoxy resin composition can be produced,

[0047]
<Semiconductor Device>

The method for encapsulating a semiconductor element by using the epoxy
resin composition obtained as above is not particularly limited and may be performed
by a conventional molding method such as normal transfer molding, whereby a
semiconductor device is manufactured, Examples of the thus-obtained semiconductor
device include a semiconductor device such as IC and LS,

[0048]

The semiconductor device of the present invention obtained in such a way
includes, for example, a single-sided resin encapsulation-type package shown in Fig. 1.
This single-sided resin encapsulation-type package is in a state where a semiconductor
element is mounted on a semiconductor element-mounting substrate 1 such as
bismaleimide-triazine (BT) resin and only the mounting surface side is resin-

encapsulated with an encapsulating resin 3, In Fig. 1, 4 is a bonding wire connecting
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the semiconductor element 2 and the cireuit portion (not shown) on the semiconductor
element-mounting substrate 1, and 5 is a solder terminal for connection formed on the

other surface of the semiconductor element-mounting substrate 1.

s EXAMPLES
[0049]

In the following, Examples are described together with Comparative Examples.
However, the present invention is not limited to these Examples. In Examples and
Comparative Examples, "wt%" means % by weight.
10 [0050]
The components shown below were prepared. Incidentally, Silicone
Compounds d1 to d18 are a compound having structural units represented by formulae
(a) and (b), and the organic group (R;) contained is shown by each compound. Each of
the silicone compounds was produced by synthesis in accordance with the above-
15  described synthesis method, and, for example, the kind of the organic substituent and
the condensation reaction time were appropriately adjusted to give the desired specific
pravity and alkoxy group content,
[0051]
[Epoxy Resin al]
20 Biphenyl-type epoxy resin (epoxy equivalent: 192, melting point: 105°C)
[Epoxy Resin a2]
Triphenylmethane-type polyfunctional epoxy resin (epoxy equivalent: 169,
melting point: 60°C)
[0052]
25  [Phenol Resin bl]
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Biphenyl aralkyl-type phenol resin (hydl'.oxyl group equivalent: 203, softening
point: 65°C) |
[Phenol Resin b2]

Phenol novolak resin (hydroxyl group equivalent: 104, softening point: 60°C)
[Phenol Resin b3]

Triphenylmethane-type phenol resin (hydroxyl group equivalent: 97, softening
point: 111°C)

[0053]
[Curing Accelerator]

2-Phenyl-4-methyl-5-hydroxymethylimidazole

[0054]
[Silicone Compound d1] (Example)

Specific gravity: 1.155, alkoxy group content: 18 wit% (methoxy group),
organic substituent: phenyl group/methyl group
[Silicone Compound d2] (Example)

Specific gravity: 1.155, alkoxy group content: 31 wit% (methoxy group),
organic substituent: methyl group
[Silicone Compound d3] (Example)

Specific gravity: 1.21, alkoxy group content: 18 wt% (methoxy group), organie
substituent: phenyl group
[Silicone Compound d4] (Example)

Specific gravity: 1.13, alkoxy group content: 15 wit% (methoxy group), organic
substituent: phenyl group/methyl group
[Silicone Compound d5] (Example)

Specific gravity: 1.12, alkoxy group content: 35 wt% (methoxy group), organic

substituent; methyl group
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[Silicone Compound d6] (Example)

Specific gravity: 1.13, alkoxy group content: 14 wi% (methoxy group), organic
substituent: methyl group
[Silicone Compound d7] (Example)

Specific gravity: 1.13, alkoxy group content; 30 wi% (methoxy group), organic
substituent: phenyl group/methyl group
[Silicone Compound d8] (Example)

Specific gravity: 1.135, alkoxy group content: 30 wi% (methoxy group), organic
substituent: methyl group
[Silicone Compound d9] (Example)

Specific gravity: 1.11, alkoxy group content: 22 wt% (methoxy group), organic
substituent: phenyl group/methyl group
[Silicone Compound d10] (Example)

Specific gravity: 1.11, alkoxy group content: 15 wi% (methoxy group), organic
substituent: phenyl group/methyl group

[0055]
[Silicone Compound d11] (Comparative Example}

Specific gravity: 1.07, alkoxy group content; 25 wi% (methoxy group), organic
substituent: methyl group
[Silicone Comipound d12] (Comparative Example)

Specific gravity: 1.07, alkoxy group content: 17 wi% (methoxy group), organic
substituent: phenyl group/methyl group
[Silicone Compound d13] (Comparative Example)

Specific gravity: 1.25, alkoxy group content: 0 wi%, organic substituent:
phenyl group
(Silicone Compound d14] (Comparative Example)

18



Degree of effect on nodulus Reduction ratio of warpage variation
(W% Effect of decreasing warpage variation at refl ow
Characteristics of silicone conpound [ 0074] As
apparent fromthe results in Table |, in the standard resin system 1,
all of the epoxy resin conpositions containing a silicone conpound
havi ng an al koxy group anmount and a specific gravity each falling in
the specific range specified in the present 5 invention (products of

Exanples 1 to || )Sphdfie geavitar desphfkest gohp dealRas) MY Reganicnadktituent:
expansi on coefficient (CTE2) and a good degree of effect on nodul us

and in tur nphﬂnﬂ\g@@/ng@mfégrospfect of decreasing the warpage variation
at reflow Above all, in les 1, 2, 4, 5 8, 10 and Il which are

an epoxy re@ih%%tﬁ%@qmdé%ﬁldgpmaar@wﬂxmﬂn)e conpound of a type where

the organic subst,S nt cont |ns@2 phenyl group, |t'J can be confirned
that 10 the hi gh®? BRI Oy BB PEERtOG W Es crgaaicr Bibstitveat: ng

this, a 410 %% ecreaS| ng effect is provided on warpage
char act eri s‘%llszﬁsi%atlj yg [0075] <Exanpl es in Resin System 2

Bamie 13 ER ARl GTCMBIGERAGIFT2 e Ssten 2
Specific gravity: 1.23, alkoxy group content: 1 wt% (propoxy group), organic
substituent: methyl group
[Silicone Compound d17] (Comparative Example)
10 Specific gravity: 1.55, alkoxy group content: 4 wt% (methoxy group), organic
substituent: phenyl group
[Silicone Compound d18] (Comparative Example)
Specific gravity: 1.09, alkoxy group content: 40 wi% (methoxy group), organic
substitu_ent: methyl group
15 [0056]
[Inorganic Filler (additional filler is also the same)]
Spherical fused silica powder (average particle diameter: 13 pm)
[0057]
[Pigment]
20 Carbon black
[0058]
[Flame Retardant]
Magnesium hydroxide
[0059]
25 [Silane Coupling Agent]

3-Methacryloxypropylirimethoxysilane
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[0060]
[Release Agent)

Polyethylene oxide wax

[0061]

[Examples 1 to 13 and Comparative Examples 1 to 14

Respective components shown in Tables 1 to 6 later were mixed in the ratio
shown in the same Tables and thoroughly mixed by a mixer, and the mixture was melt-
kneaded at 100°C for 2 minutes by using a twin-screw kneader, The obtained melt
was cooled, and the resulting solid was pulverized into a powder to produce the target
powdery epoxy resin composition,

[0062]

Using the thus-obtained epoxy resin compositions of Examples and
Comparative Examples, measurements and evaluations were performed according to the
following methods. Incidentally, molding of the epoxy resin composition was
performed by a transfer molding machine under the conditions of a molding
temperature of 175°C and 2 molding time of 90 seconds. Also, the post-curing was
performed under the conditions of 175°C and 3 hours. These results are shown
together m Tables 1 to 6 later.

[0063]

(1) TMA Measurement {calculation of reduction ratio of linear expansion coefficient /
index of effect of decreasing linear expansion coefficient)

Each of the epoxy resin compositions of Examples and Comparative Examples
was molded into 2 test piece with a size of 3 mm (W)x3 mm (D)x20 mm (H) under the
molding conditions above and then post-cured under the conditions above to produce a
test piece for TMA measurement. The dimension in the height direction of the test

piece was measured by temperature rise measurement at a temperature rise rate of
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Inorganic filler (C) 87.81 87.81 Pignent 0.51 0.51 Fl ane
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Al koxy group amount (w% - 18 CTE2 Reduction ratio (ppmAvt% -

Ef fect of decreasing CTE2 - AA Mdulus at 260C (GPa) 1.18 120 Degree
of effect on nodulus A A Reduction ratio of warpage variation

(% wt 0/ 0)
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5°C/min in a temperature range of 25 to 260°C by a compression method (load: 0.05

55
-5.79

N}

in a thermal mechanical anelyzer (Q400) manufactured by TA Instruments, and the

linear expansion coefficient (CTE2) in 8 temperature range of 170 to 260°C was

calculated,

5 [0064]

Incidentally, with respect to the materials of the same epoxy resin-phenol resin

system, the CTE2 value of a sample composed of a standard resin system (resin systems

1, 2 and 3 in which the silicone compound was not added) was subtracted from the

CTE2 value of each test piece containing a predetermined amount of various silicone

compounds (subtraction), the obtained value is divided by the amount added of the

silicone compound (division), and the resulting value is defined as the "CTE2 reduction

ratio”,

[0065]

That is, using the Jinear expansion coefficient of each sample (each Example,

gach Comparative Example) measured, the reduction ratio of linear expansion

coefficient (CTE2 reduction ratio; ppm/wi%s) was calculated according to the following

(D to 3
(1) In Case of Examples 1 to 11 and Comparative Examples I to 10

Reduction ratio of linear expansion coefficient per amount of silicone

compound blended (CTE2 reduction ratio; ppim/wi%) = [(CTE2 of each sample - CTE2

of resin system 1)/amount of silicone compound blended]x 100

(2) In Case of Example 12 and Comparative Examples 11 and 12

Reduction ratio of linear expansion coefficlent per amount of silicone

compound blended (CTE2 reduction ratio; ppm/wit?6) = [(CTE2 of each sample - CTE2

25  ofresin system 2)/amount of silicone compound blended]x100

(3) In Case of Example 13 and Comparative Examples 13 and 14
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Reduction 1atio of linear expansion coefficient per amount of silicone
compound blended (CTE2 reduction ratio; pprm/wi%) = [(CTE2 of each sample - CTE2
of resin system 3)/amount of silicone compound blended]x100

[0066]

The sample was rated “A” when the value above was smaller than the value
(CTE2 reduction ratio caused by the addition of the inorganic filler) obtained by
subtracting the CTE2 value of a sample composed of a standard resin system (resin
systerns 1, 2 and 3 in which the silicone compouvnd was not added) from the CTE2 value
of a test piece (Comparative Example 1, Comparative Example 11, Comparative
Example 13} produced by additionally adding the same amount of the inorganic filler in
place of the silicone compound (subtraction) and dividing the obtained value by the
amount of the additionally added inorganic filler (division) (the value of CTE2
reduction ratio was from -4.5 to -3.05), rated “AA” when greatly stmaller (the value of
CTE2 reduction ratio was less than -4.5), rated “B” when larger (the value of CTE2
reduction ratio was from more than -3.05 to -2.0), and rated “C™ when greatly larger
(the value of CTEZ reduction ratio was more than -2.0). Based on these results, the
effect of decreasing CTE2 was judged.

[0067)

(2) DMA Measurement (measurement of 260°C high-temperature modulus / index of
effect on high-temperature modulus)

Each of the epoxy resin compositions of Examples and Comparative Examples
was molded into a test piece with a size of 5 mm (W)x50 mm (L)x1 mm (T) under the
molding conditions above and then post-cured under the conditions above to produce a
test piece for DMA measurement. The test piece was subjected to three-point bending
measurement by using a viscoelasticity measuring apparatus (RSA3) manufactured by

TA Instruments. More specifically, temperature rise measurement was performed
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under the conditions of a vibration strain of 0.04%, a frequency of 1 Hz, a temperature
range of 25 to 260°C and a temperature rise rate of 10°C/min, and the value of storage
modulus B' at 260°C was read. The sarmple was rated “AA” when the value above was
smaller than 1.0 GPa, rated “A” when from 1.0 GPa to less than 1.7 GPa, and rated “B”
when 1.7 GPa or more, and the effect on high-temperature modulus was judged (degree
of effect on high-temperature modulus).

{0068]

(3) Warpage Amount (caleulation of reduction ratio of warpage variation / index of
effect of decreasing warpage variation)

Using each of the epoxy resin compositions of Examples and Comparative
Examples, a semiconductor element was transfer-molded under the conditions ahave to
obtain a single-sided resin encapsulation-type package. The obtained single-sided
resin encapsulation-type package was used for warpage evaluation, That is, as shown
in Fig, 1, an Si chip (size: 30 mmx30 mmx0.2 rany (thickness)) 2 as a semiconductor
element was mounted and fixed on a BT resin (produced by JCI) (size: 49 mmx49
mmx0.21 mm (thickness)) 1 as a semiconductor element-mounting substrate, and only
the mounting surface side was resin-encapsulated using each epoxy resin composition
obtained above (size of encapsulating resin 3; 49 mmx49 mmx0.7 mm (thickness)),
whereby a singie—sided encapsulation-type semiconductor device was manufactured.
In Fig. 1, 4 is & bonding wire connecting the Si chip 2 and the circuit portion (not
shown) on the BT resin 1, and 5 is a solder terminal formed on the other surface of the
BT resin 1.

[0069]

With respect to each of the thus-obtained semiconductor devices, the package
after post-curing was monitored in the long-side direction by a temperature-variable

three-dimensional profile measuring system (composed of three components of a reflow
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d10 - - Inorganic filler (C) 87.81 87.81 Pignment 0.51 0.51 Fl ane
retardant 0.10 0.10 Silane coupling agent 0.15 0.15 Rel ease agent
0.25 0.25 Characteristics of silicone conpound Specific gravity
1.155 Al koxy group amount (w% - 18 CTE2 Reduction ratio (ppmwt%
- -5.80 Effect of decreasing CTE2 - AA Mdul us at 260C (GPa) 1.31

1. 33 Degree of effect on nodulus A A Reduction ratio of warpage
variation (%4w% -16.71 Effect of decreasing warpage variation at

refl ow - Alcopeiwide view core9055a manufactured by Cores Corporation, a camera FAST CAM
MH4-10K manufactured by Photron, and a warpage analysis software Vic-3D produced
by Correlated Solutions, inc.), and the displacement in the height direction was
measured. The difference between the maximum value and the minimum value was
5  defined as warpage. The warpage of the molded product obtained was measured in a
temperature range of 25 to 260°C, and the maximum value-minimum value in the
measurement was calculated as the warpage variation at reflow.
[0070]
Next, to what extent (to what %) the warpage variation at reflow of the single-
10 sided resin encapsulation-type package containing a predetermined amount of various
silicone compounds was reduced as compared with the warpage variation at reflow of a
single-sided resin encapsulation-type package of a standard resin system (resin systems
1, 2 and 3 not containing & silicone compound) was caleulated, and a value obtained by
dividing the calculated value by the amount added of the silicone compound (division)
15 was defined as the "reduction ratio of warpage variation at xeflow",
[0071]
That is, using the warpage variation of each sample (each Example, each
Comparative Example) measured, the reduction ratio (%) of warpage variation at reflow
was calculated according to the following (1) to (3):
20 (1) In Case of Examples 1 t0.11 and Comparative Examples 1 to 10
Reduction ratio (%) of warpage variation af reflow = [(warpage variation of
each sample - warpage variation of resin system 1)amount of silicone compound
blended]x100
(2) In Case of Example 12 and Comparative Examples 11 and 12
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(0077] 5As seen fromthe results in Tables 2 and 3, also in the resin
system 2 (Table 2) and the resin system 3 (Table 3) where the

conbi nati on of the epoxy resin and the phenol resin was changed from
that in the resin system 1, both of the epoxy resin conpositions
containing a silicone conpound having an all coxy group anount and a
specific gravity each falling in the specific range specified in the
present inventio Exanpl es nd 13) have a | arge effect of
decreasing the |i g‘éﬁnoﬁ g}) "éT‘@WP ot asfoy “a{ﬁ"&ar&ag@d’é’aat@é@fee

f eff dul d t ef f
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| 0Z-0 , Z9-E 18-1L8 Ilco 01-0 5r0 5t0 cr, LE. | 1 cat
| 8" | Q($) In dasé of Example 13 and Comparative Examples 13 and 14

5 Reduction ratio (%) of warpage variation at reflow = [(warpage variation of

each sample - warpage variation of resin system 3)/amount of silicone compound
blended]»100
[0072]
The sample was rated “A™ when the caleulated reduction ratio of warpage
10 variation at reflow was smaller than the reduction ratio of warpage variation at reflow in
the case of additionally adding the inorganic filler (Comparative Example 1,
Comparative Example 11, Comparative Example 13) (the value was from -12 to -
8.75%) (the effect of decreasing the warpage variation at reflow was high), rated “AA”
when greatly smaller (the value was less than -12%), rated “B” when larger (the value
15 was from more than -8.75% to -5%) (the effect of decreasing the warpage variation at
reflow was low), and rated “C” when greatly larger (the value was more than -5%).
Based on these results, the effect of decreasing the warpage variation at reflow was

Judged.

23



On

88-0
507 | 88-0

I SO

1
| crc L Etil"
00

51-0 SZ-0
Sr

CO oro
s-Ls 1go |
|S' L8 15-0

18.L8 |
444444 79-E
Z9"E

Z9-6
ore

520 520 520 5T0 20 20 5T0 sT0 5790 §T0 §¢°0 STl JuaBE a5Ea[3Y]

5§10 $1°0 510 S0 STO S1°G £1'0 SI°0 500 ST0 S1°0 s1°0 Juede Surdnoo awe|lg -
o010 0170 010 009 or'Q o1 {1'a 8010 419 or'p 010 010 b e e
150 IS0 150 150 150 150 150 150 1870 187 1] 15°0 BB
1848 | 1848 | 1848 | 1848 | 1848 | 1848 | 18728 | 18748 | 1848 | 1848 | 1948 1848 {0} 19]]g 21uesI0U]
e - - - - - - - - - - - o[p
- [N - - - - - - - - - - GP
- - 79°L - - - - - - - - - ar
- - - Z9'L - - - - - - - - p
- - - - 9L - - - - - - .- 9P
- - - - - Z5F - - - . - — 5 {0 punodwoo suooiig
- - - - - - 9t - - - - - P
- - - - - - - Z9°E - - . - £p
- - - - - - - - TOE - - - [4}
- - - - - - - - - |zeE ] e - [P
- - - - - - - - - - - - {{euo11ppe) 13[]17 S1uETI0T]
HAl] 0eo 070 00 QD 0Z0 07 { 0’0 0T0 020 XA 0ED JOJBI3[F008 FuIIngy
- - - - - - - - - - - - £9
830 380 380 330 330 280 380 880 830 330 9l L1 &S () uisar jousyg
S0 S0'T 0T 56T S0°Z 507 e’z 0’ S¢T SUE 122 20t 19
- - - - - - - - - - - - N.N
By | €Y | & | vy | vy | svv | evv | &% | v | &b | e ) Te (v) urser Lxodg
11 01 6 8 L 9 g ¥ £ 4 I [ wasAg
(1 waysAg wisay ul sapdurexy) sajdurexy nssy
[OARN
[QSICEAR

<(prepue;s) [ wsisAg msay ur sojdurexg>

{2001

26




oro
18-1L8

TWS
11

Z9' E

| aro | | ore 111t Z9t
| sot | awmn 1 | ore ai
1. 8.5

ch

1

Etti7
1.0 Ste

5t0 9 E17,
5
[ oro

gro
5t0
1st)

Sr

vy Vv v v - MWO[I9I I8 UOKRLEA
v v Vv v v vV vV sBedres Surseassap Jo Joayy
vLEL- | $5°91- | Z8°01- | €¢T6 “g- ‘01- ‘€1~ "6 ‘6 "9{- G- - (%0725 voeL e
L88- | OL'0I- | O6'El- | T€6 | zE6- | 1998~ | 9551 oBedrem Jo oRes Tononpay
Vv vy v vy v v vV VY ¥ VY a4 Vv SN[IPOUI U0 [99J)0 JO 29183(]
S0 | 8K0 | ool 860 | €£1 | s5'1 op0 | 80 | 621 | z£'0 | 690 99'() (®dD) D,09Z 18 SNUPOy
4 ﬁ. w w v Y 4 v K4 VY vy - ZHLD duIseaIaap Jo 19a1H
98'¢- | v9- | soe | 0ze | 80°¢- | 86¢- | TeE- | v | bTE | LLS- | WS- - (941 undd) onet woyonpay Z91D
st |z | ot | o | s | s2 | s1 | s £ { 81 81 - (M) qunowe | - punodwoo
: : . . dno2B Axoqly JUODI|IS JO
111 It SI'T €11 £1°] [y £1'] 1Z1T | ss11 | ssU'T | sst1 - Ajlaeic ;yi0adg |sonsuaorrey]
1 01 6 ] L 9 S ¥ £ 7 ] [ wolsAg
(1 waysAg msay w sajdmexsy sa[durexy uisey
ORI )

{penunuod) 1 2jqel.

27




| LEO 11l It 1 112i L - TW8 150 01'0 510 Ste 1 507 810
l1orG I I L. WE 111111 IS1I1-s | CO" 010 I*0 5tO0 Ev 50.Z

88'0

[0074]

As apparent from the results in Table 1, in the standard resin system 1, all of
the epoxy resin compositions containing & silicone compound having an alkoxy group
amount and & specific gravity each falling in the specific range specified in the present

5 invention (products of Examples 1 to 11) have a large effect of decreasing the linear
expansion coefficient (CTE2) and a good degree of effect on modulus and in turn, have
a great effect of decreasing the warpage variation at reflow. Above all, in Examples 1, -
2,4, 5,8, 10 and 11 which are an epoxy resin composition using a silicone compound of
a type where the organic substituent contains a phenyl group, it can be confirmed that
10 the high-temperature modulus is a low modulus and reflecting this, a more excellent

decreasing effect is provided on warpage characteristics at reflow.
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[0075]

<Examples in Resin System 2 (standard)>

Table 2
[Examples in Resin System 2] (Wi%)
Resin Systern 2 EXT;PIG
Epoxy resin (A) al 7.27 4,92
a2 - -
bl - -
Phenol resin (B) b2 - -
b3 3.69 2.49
Curing agcelerator 0.22 0.15
Inorganic filler (additional) - -
dl - 3.62
d2 - -
d3 - -
d4 - -
Sil; d5 - -
ilicone compound (D) 6 - -
d7 - -
d8 - -
d9 “ -
410 - -
Inorganic filler (C) 87.81 87.81
Pigment 0.51 0.51
Flame retardant 0.10 0.10
Silane coupling agent 0,15 0.15
Release agent 023 0.23
Characteristics of silicone Specific gravity - 1,155
compound Alkoxy group amount (wt%) - 18
CTE2 Reduction ratio (ppm/wi%) - -5.79
Effect of decreasing CTE2 - AA
Modulus at 260°C (GPa) 1.18 1.20
Degree of effect on modulus A
Reduction ratio of warpage variation (%/wit%4) - -16.96
Effect of decreasing warpage variation at reflow - AA
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[0076]
<Examples in Resin System 3 (standard)>
Table 3
[Examples in Resin System 3] (Wi%)
Resin System 3 Exall';ple
. al - -
Epoxy resin (A) 2 =53 340
bl - -
Phenol resin (B) b2 - -
b3 6.03 4.08
Curing accelerator 0.12 0.08
Inorganic filler (additional) - -
di - 3.62
dz ~ -
d3 - -
dd - -
Sili ds - -
ilicone compound (D) 3 - -
d7 - -
d& - -
d9 - -
d10 - -
Inorganic filler (C) 37.81 87.81
Pigment 0.51 0.51
Flame retardant 0.10 0.10
Silane coupling agent 0.15 0.15
Release agent 0.25 0.25
Characteristics of silicone; Specific gravity - 1,155
compound Alkoxy group amount, (wi%) - 18
CTE2 Reduction ratio (ppm/wi%) - -5.80
Effect of decreasing CTE2 - AA
Modulus at 260°C (GPa) 1.31 1.33
Degree of effect on modulus A A
Reduction ratio of warpage variation (Y/wi%4) - -16.71
Effect of decreasing warpage variation at reflow - AA

(0077]

As seen from the results in Tables 2 and 3, also in the resin system 2 (Table 2)

and the resin system 3 (Table 3) where the combination of the epoxy resin and the

phenol resin was changed from that in the resin system 1, both of the epoxy resin
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compositions containing a silicone compound having an alkoxy group amount and a
specific gravity each falling in the specific range specified in the present invention
(Examples 12 and 13) have a large effect of decreasing the linear expansion coefficient

(CTE2) and a good degree of effect on the modulus and in furn, have a great effect of

§  decreasing the warpage variation at reflow.
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[0079) As seen fromthe results in Table 4, in the standard
resin system1, all of the epoxy resin conpositions containing a
silicone conpound having an al koxy group anount and a specific
gravity with at |east either one being out of the specific range 5
specified in the present invention (products of Conparative Exanples
2 to 10) have a snmall effect of decreasing the |inear expansion
coefficient (CTE2) and in turn, also a |low effect of decreasing the
war page variatiopogp) reflow. [0080) <Conparative Exanples in Resin
System 2 (standard)> Table 5 Conparative Exanples in Resin System
2wt % Resi n Syst émsénCiem dltearesuite i-Yabiphein the dtarddardopeixn wystas il nall 69 thal
7.27 4,92 4.92 Phenol resin (B) b2 - - 133 3.69 2.49 2.49
Curi ng accebefyatesin Grapsitionsc@iaigng a silicone compound having an alkoxy group

amount and a specific gravity with at least either one being out of the specific range
5 specified in the present invention (products of Comparative Examples 2 to 10) have a
small effect of decreasing the linear expansion coefficient (CTE2) and in turn, also a

low effect of decreasing the warpage variation at reflow,
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Inorganic filler (additional) - 3,62 Silicone conmpound (D) dl 1 -
- diz - - di3 3.62 dl6 - di7 - - - di8 - - -
I norganic filler (C
[0080]
<Comparative Examples in Resin System 2 (standard)>
Table 5
Comparative Examples in Resin System 2 (wi%)
Resin System| Comparative Example
2 11 12
Epoxy resin (A) :‘; 7’_‘?‘7 492 4.92
bi - - -
Phenol resin (B) b2 - - -
b3 3.69 2.49 2.49
Curing accelerator (.22 0.13 0.15
Inorganic filler (additional) - 3.62 -
dil - - -
di2 - - -
di3 - - 3.62
Sili di4 - - -
ilicone compound (D) 415 - - .
d1é - - -
di7 - - -
dig | - - -
Inorganic filler (C) 37,81 87.81 87.81
Pigment 0.51 0,51 0.51
Flame retardant 0.10 0.10 0.10
Silane coupling agent 0.15 0.15 0.15
Release agent 0.25 0.25 0.25
Characteristics of Specific gravity - - 1.25
silicone compound | Alkoxy group amount (wt%) - - 0
CTE2 Reduction ratio (ppm/wi%) - -3.04 -0.04
Effect of decreasing CTE2 - B C
Modulus at 260°C (GPa) 1.18 2.11 1.31
Degree of effect on modulus A B A
Reduction ratio of warpage variation (%/wil) - -8.77 -0.25
Effect of decreasing warpage variation at reflow - B C
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87.81 87.81 87.81 Pignment 0.51 0,51 0.51 Flanme retardant 0.10 O, 10
0.10 Si lane coupling agent 0,15 0.15 0.15 Rel ease agent 0.25 0.25
0.25 Characteristics of silicone conpound Specific gravity - - 1,25
Al koxy group amount (wt% - O CTE2 Reduction ratio (ppmw% - -3.04
-0.04 Effect of decreasing CTE2 - B C Modulus at 260C (GPa) 1.18 2.11
1. 31 Degree of effect on nmodulus AB A

[0081]

<Comparative Examples in Resin System 3 (standard)>

Table 6
Comparative Examples in Resin System 3 (Wt%%)
Resin Systern| Comparative Example

3 13 14
; al - - -

Epoxy resin (A) ) ) 340|340
bl - - -
Phenel resin (B) b2 - - -

b3 6.03 4,08 4,08

Curing accelerator 0.12 0.08 0.08
Inorganic filler (additional) - 3.62 -
dll - - -
di2 . - -

dl3 - - 3.62
s di4 - - -
Silicone compound (D) 315 - - -
dié - - -
d17 - - -
dl8 - - -

Inorganic filler (C) 87.81 87.81 37.81

Pigment 0.51 0,51 0.51

Flame retardant 0.10 0.10 0.10

Silane coupling agent 0.15 0.15 0.15

Release agent 0.25 0.25 023

Characteristics of Specific gravity - - 1.25
silicone compound Alkoxy proup amount (wt?) - - 0

CTE2 Reduction ratio (ppm/wi%) - -3.04 -0.04
Effect of decreasing CTE2 - B C

Modulus at 260°C (GPa) 1,31 2.2 1.47
Degree of effect on modulus A B A

Reduction ratio of warpage variation (%/wt%) - -3.77 -0,13
Effect of decreasing warpage variation at reflow - B c

[0082]
5 As seen from the results in Tables 5 and 6, also in the resin system 2 (Table 5)

and the resin system 3 (Table 6) where the combination of the epoxy resin and the
phenol resin was changed from that in the resin system 1 (see, Table 4), both of the

epoxy resin compositions containing a silicone compound having an alkoxy group
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Reduction ratio of warpage variation (%4w% - -8.77 -0.25 Effect of
decreasi ng warpage variation at reflow .. B C [0081] <Conparative
Exanples in Resin System 3 (standard)> Table 6 Conparative Exanpl es
in Resin System 3wt % Resin System 3 Conparative Exanple 13 14
Epoxy resin (A) a 5.02 3.40 3.40 Phenol resin (B) bl b2 -

b3 6.03 4.08

10

15

20

25

amouat and a specific gravity with at least either one being out of the specific range
specified in the present invention (Comparative Examples 12 and 14) have a small
effect of decreasing the linear expansion coefficient (CTE2) and in tutn, also a low
effect of decreasing the warpage variation at reflow,

f0083]

It is understood from Tables 1 to 6 that in the products of Examples 1 to 11, the
linear expansion coefficient is decreased as compared with the product of Comparative
Example 1 obtained by adding a conventional inorganic filler or the products of
Comparative Examples 2 to 10 containing a silicone compound having an alkoxy group
amount and a specific gravity with at least either one being out of the specific range
specified in the present invention and also, the degree of increase in the high-
temperature modulus is reduced as compared with the product of Comparative Example
1, revealing that generation of warpage is suppressed. Similarly, also in the products
of Examples 12 and 13, it is understood that the generation of warpage is suppressed as
compared with the products of Comparative Examples 11 and 13 obtained by adding a
conventional inorganic filler or the products of Comparative Examples 12 and 14
containing a silicone compound having an alkoxy group amount and a specific gravity
with at least either one being out of the specific range specified in the present invention.

[0084]

In this way, as proved in Examples above, the epoxy resin composition for
semiconductor encapsulation of the present invention has a marked effect of decreasing
the thermal siress and in tuen, provides an effect of greatly decreasing the warpage
variation at reflow and significantly enhancing the soldering resistance, Accordingly,
when a single-sided resin encapsulation-type package by a molded array packaging

system or an electronic component such as SOP is resin-encapsulated by using the
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4.08 Curing accelerator 0.12 0.08 0.08 Inorganic filler (additional)
- 3.62 Silicone conpound (D) dIl - - dil2 - di3 - - 3.62 di4 -
- di5 - - - di6 - - - d17 - -

¢pOXy resin composition for semiconductor encapsulation of the present invention, an
electronic product having high reliability can be obtained.

[0085]

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

5 embodiments thereof, it will be apparent to one skilled in the art that various changes

and modifications ¢an be made therein without departing from the spirit and scope
thereof.

Incidentally, the present application is based on Japanese Patent Application
No, 2011-162305 filed on July 25, 2011, and the contents are incorporated herein by

10 reference.

All references cited herein are incorporated by reference herein in their

entirety,

[0086)

The epoxy resin composition for semiconductor encapsulation of the present

15  invention can decrease the high-temperature modulus and thermal expansion coefficient
of an encapsulating resin formed using the composition and is effective in suppressing

the generation of warpage and useful, for example, as an encapsulating material of a

single-sided resin encapsulation-type package.

20 Description of Reference Numerals and Signs

[0087]
1 Semiconductor element-mounting substrate (BT resin)
2 Semiconductor element ($i chip)
3 Encapsulating resin
25 4 Bonding wire
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d18 - - Inorganic filler (C 87.81 87.81 87.81 Pignent 0.51 0.51
0.51 Flane retardant 0.10 0.10 0.10 Silane coupling agent 0.15 0.15
0. 15 Rel ease agent 0.25 035 0.25 Characteristics of silicone
conmpound Specific gravity - - 1.25 Al koxy group amount (% - - O
CTE2 Reduction ratio (ppmiw% - -3.04 -0.04 Effect of decreasing
CTE2 - B C Mbdulus at 260C (GPa) 131 2. 32

5 Solder terminal
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1.47 Degree of effect on nodulus A B A Reduction ratio of warpage
variation (%wY0) - -8.77 -0.13 Effect of decreasing warpage
variation at reflow - B C [00821 5As seen fromthe results in Tables
5 and 6, also in the resin system?2 (Table 5) and the resin system 3
(Tabl e 6) where the conbi nati on of the epoxy resin and the phenol
resin was changed front that in the resin system1l (see, Table 4),
both of the epoxy resin conpositions containing a silicone conpound
havi ng an aWEAEISECIAIMERKDuUNt and a specific gravity with at | east

ei ther one being out of the specific range specified in the present

i nvention (Conparative Exanples 12 and 14) have a small effect of
decreasing the |inear expansion coefficient (CTE2) and in turn, also
a low effect of decrea®RngPorKerofilr SAROSHION AWT GRMIFEDGUSIOr ofRcaBPIBEER)

It is understoad from.Tabhles Ito 6 at in the products of Exanples
lto 11, th@oFPﬁﬂﬁﬁﬂ%i%ﬁﬁ%ﬁ%ﬂm%ﬁﬁ?¥% VD) s decreased as conpar ed
with the product,gf Compa i.ve Exanple 1 obtained by adding a
conventi onal inopganiéggpﬁgéFﬁ%T t he products of Conparative Exanples
2 to 10 containigg a i Hfp&ncompound having an al koxy group 10
anount and a specific dgravity with at |east either one being out of
the specific rangs spegiiidr@hid fllel:h8d present invention and al so, the
degree of increase in the hightenperattire nodulus is reduced as
conpared wi th th@)pr odutliconé cEapqmad abitsienkeangitexy lgroupeditatly Bonded as
generation of warpage is suppressed. Simlarly, also in the products
of Exanpl esili¢on atpmi i 8n ampuntof G0 dets w6 dachan thdentigesibivat icompand and

war page i s_suppressed as 15 conpared with the products of Conparative
Exanpl es 11!51‘&1?&1&31’301558&"%#13%0”@(1&%9 a conventional inorganic filler
or the products of Conparative Exanples 12 and 14 containing a
silicone conpound having an al koxy group anount and a specific

dhect 1ed in tnd prostft fbeniEnn ARG 30 PEiPRERS ok Hon
in Exanpl egqs o clafif 1800 Yin HESH IR0 hid 8nd érgﬁ)glﬁtgg?gggﬁt%ﬁed

encapsul ation of the present invention has a mar

decr easi ngintanQmioBRroTel5 16510053 B3 dnthé &Htie ok P YdsHRompBsifdd. ect of
greatly decreasing the warpage variation at reflow and significantly
enhanci ng the sol dering resistance. Accordingly, when a single-sided
resin encapsul ati on-type package by a nol ded array packagi ng 25
system or an elémtron%g=GENHbm@ﬁn soepesiion SQP  semicersiupior nenagpsulhidne d
by using the epoxy resin_ caonposition for _sem conductor encapsul ation
of the prcASEFIEAR BRIM bAr 2, avhecrintbe ingrgapic fillspapdhe srmpoRgntiChis contained
reliability can b i ned 0085], Wi J e the inventiaqn has been
descri bed ﬁnélé'f"éﬂ%l(’?\?\é ﬁwﬁrw&{’%ﬁ@@tpﬁe@ﬁﬁﬁﬂﬁﬂ"'sg‘ CHRPSHIMeNt s t her eof ,
it wll be apparent to one skilled in the art that various changes
and nodifications can be made therein wi thout departing fromthe

spirit and scopg therggf. : ' t Al Yorm: i
application is based on fgggkéggnP%#@ﬁ%ﬁﬁgpﬁ#cé?wgﬂﬁ%§§p§%@%§%2§§05

filed on JgbatdidB, to 28% loncad¥fclhii® £AMNCRItRred ehd AIROLPQFAL S tﬁf)rsﬂiicéheby

10 reference. | references cited herein are incorporated by

ref erence doaipeund asmhet doaiphnen (DY @hitins pIEB64 mEthexegoxy. resin
conposition for sem conductor encapsul ation of the present 15

i nvention can decrease the high-tenperature nodulus and therm
expansi on coefficient of an encapsulating resin formed using the
conposition and is effective in suppressing the generation of warpage
and useful, for exanple, as an encapsulating naterial of a

si ngl e-si ded resin encapsul ati on-type package. 20 Descri ption of

Ref erence Nuneral s and Signs [0087] 1Sem conductor el enent-nounting
substrate (BT resin)
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2Sem conductor elenent (Si chip) 3Encapsul ating resin 25 4Bondi ng
wire 5Solder textlinal WHAT IS CLAIMED IS: 1. An epoxy resin
conposition for sem conductor encapsul ation, conprising the follow ng
conmponents (A) to (0): (A) an epoxy resin; (B) a phenol resin;
(© an inorganic filler; and (D) a silicone conmpound

contai ning an al koxy group directly bonded to silicon atomin an
anmount of 10 to 45 wt % based on the entire silicone conpound and

havi ng a speci fi §. gr aviliey epbxyl.réén t condpoSifion 2fof henépardyctsre sineapsulation
conposi tion for sem conductor encapsul ati on according to claiml,

wher ei n t hecearding nayeoapbepitsdsio hwhereimplersilivong ®mpiognd extha coreppnem an
amount of 0.5 to 5.0 wt% based on the entire epoxy resin conposition.
3. . The epoxy) hssnoraepicsastituent apdihe eteanie shgiiuens cotiaanmRRAM STENMP.
according to claim1 or 2, wherein the inorganic filler as the
conponent (C) is contained in an anount of 70 to 92 wt % based on the

For sem bonduct of encabs AFAFPRCE c dptiphg Tt B PR b,

3, wher el N sbiRaRhid@KYelBhOHD Wil HE Sk CRUR CONBAMRA a5: LiisaiRRpent

(D) contains at |east a nmethoxy group. epoxy resin
conposi t i OBndafdul BRALERRINE ALY BRE S TG ] kP) according to any one of
claims 1 to 4, wherein the si?’i cone conmpound as the conponent (D) has
an organi ¢ substituent, and the organic substituent contains a phenyl
group. 6. A sem conductor device obtained by

resi n-encapsul at7.ng aTsenrtoisaeiveton devbe amntding tohelaitiesepbixl is e single-
conposi tion for sem conductor encapsul ation according to any one of
claims 1 t#del resin encapsujationyypeqapkagenduct or devi ce according to claim
6, which is a single- sided resin encapsul ation-type package.
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