DESCRIPTION EPDXY RESIN COMPOSITION FOR ENCAPSULATING ELECTRONIC PART
TECHNICAL FIELD [0001] The present invention relates to an epoxy resin composition for
encapsulating electronic parts, the composition containing a high content of an inorganic filler and
being flowable at ordinary temperature. BACKGROUND ART [0002] In recent years, the thickness
of encapsulating resins has been reduced greatly with thinning of electronic parts, such as
semiconductor packages. Encapsulation of electronic parts, such as semiconductors, has
conventionally been carried out by a transfesaeldingsmgthod by using solid epoxy resin compositions.
When a thin package is encapsulated with a resin by the transfer molding method, however, it is
feared that wire deformationdoaroccuracause thesresin s fRrcag:tofloninte a naryk epening.
Moreover, when an encapsulating area is enlarged, defective filling tends to occur more easily. [0003]
Therefore, a compression molding method using a liquid epoxy resin composition has recently come to
be used for encapsulating a wafer-level PKG for encapsulating a thin film package or a large area.
When a liquef gpax3Aiesimiédrmposition is used for encapsulation-molding, it is expected that the
composition hardly cause wire deformation and it will become possible to wholly encapsulate a large
area becaus¥thklviscosity in molding is very low as compared with a solid epoxy resin composition.
[0004] In wholly encapsulating a large area, however, there is a big problem of generation of
warpage after molé})iéiﬁ. REREE TerbiEietARighe 16 Feducethermabstresstaftet tnolding by adding
an inorganic filler in a large amount (see, for example, Patent Documents 1 to 3). When an inorganic
filler is addetfiR SargePEmbant, FRRRREH tR& Vit oSihPmbredsks dfthe corisbsition is no longer a
liquid, so that wire sweep, which is a kind of wjre deformation, or defective filling is easily caused or
resin supplyAttRE time of pi3atatSH BacEmes Hifficait Srierefore 2 egdtaing Hhépdyy resin
composition for gneapsuigting.glectronic parts,by.a compression molding method, there has been a
need for a liquid epoxy resin composition that containg ar}l)morganlc filler in a large amount, exhibits
less warage after molding, and has high flowability. [0005] Patent Document 1: JP 8-41293 A Patent
Document 2: JP 2002-121260 A Patent Document 3: JP 2007-19751 A DISCLOSURE OF THE
INVENTION:PREB:EMS Al BE SOLVED BY THE INVENTION [0006] In view of the
above-mentioned present situation, an object of the present invention is to provide an epoxy resin
compositiopcfop encapsulating electronic parts, the composition containing an inorganic filler in a large
amount, being low in viscosity and having flowability at ordinary temperature, and having the following
advantages: reactivity ard storage stahilityraserecenciled stherepoxyaresin eampesitien isssuperior in,
for example, mold releasability and appearance of molded articles, and is inhibited from generation of
warpage. MEANSFORSOLMNG dHH PROBLEMS1 0007 o £ e 1Ehe prasentdiavertion provides an
epoxy resin composition for encapsulating electronic parts, comprising:

as semiconductor packages. Encapsulationof electronic parts,
such as semiconductors, has conventionally been carried out by
a transfer molding method by using solid epoxy resin
compositions. When a thin package is encapsulated with a resin
by the transfer molding method, however, it is feared that wire
deformation may occur because the resin is forced to flow into
a narrow opening. Moreover, when an encapsulating area is
enlarged, defective filling tends to occur more easily.
[0003]

Therefore, a compression molding method using a liguid

epoxy resin composition has recently come to be used for



(A) 100 parts by weight of an epoxy resin, (B) 50 to 150 parts by weight of an acid anhydride, ©
8 to 40 parts by weight of a curing accelerator of the microcapsule-type which satisfies the following:
the viscosity increase ratio after 24 hours standing at 25C of a mixture of 10 parts by weight of the
curirg accelerator, 100 parts by weight of the epoxy resin (A), and 100 parts by weight of
methyltetrahydroxy acid anhydride as the acid anhydride (B) is 1.0 to 2.0 times, and (D) fused
spherical silica with an average particle diameter of 20 to 40 um in an amount of 88 to 92% by weight

of the compesiion wherein;  Infriiscasiy ol thecomposiien ALRSC w2 el TAle gf 25 (11

is 1000 Pas or lower, and ~ wherein the curing accelerator (C) is a fine particle composition obtained
by dispersipg @r-aseine-compedrdnavder inaa-epoXy sesin- £0008] - in enesmbadiment of the
epoxy resin composition of the present invention, the fused spherical silica (D) with an average particle
diameter of 20 tos4@ pAveortansfused spberiea sticayithian averaggparticle diameterof 0.2t0 5
um in an amount of 5 to 40% by weight. In another embodiment of the epoxy resin composition of
the presentipweation; the compobsitiorefusthew tanrtathst frnsitidene gelorisiliconeloibivncamamount of 5
to 100 parts by weight relative to 100 parts by weight of the epoxy resin (A), and (F) a dispersing
agent. Restiflidnothdrcembodimertof s spexyeresinleargpositierr obtheapresenttinvention, the
dispersing agent (F) is an organopolysiloxane derivative having in its molecule a structure
represented byIRE FSOWMGFOrHRg (15 TBrX-BIC-BIncerpa@gd[000d) a sinlthe farpta (1), A
represents a residue of an organopolysiloxane compound that has active hydrogen-containing groups
at both ends"ad h&SBHS 56'MBxane bonds, B represents a residue of a bifunctional organic
compound F&%t# two functional groups capable of reacting with active hydrogen wherein the
compound Is selected from among a biphenyl or naphthalene skeleton-containing epoxy compound, a
diisocyanate compclth nqﬁqng a dicarboxf%/gg aagifl compgund, C re%reseﬁnts a residue of a bifunctional
that y i

’ 1 - . )
organic compound as fwo active. roger?—%o%talﬁf F groups'wRErEm” fhe’ residifeis & residue of

2 bisphenol compaundioapable of eadting with 80 spoxy comaund, 3 esidueof a glycol compound
capable of reacting with a d'isocyanate compound, or a esidué of a diamino coqrﬁpouna capable of
reacting withe dicarboxylic acidcprapounds Bepreseriis airesiduedf a bifunclional rganie
compound that has two functional groups capable of reacting with active hydrogen, n represents an
integer of latacRthand:p represents-an integer oh 140120 EFERECTN@F(THE INVENTIQN [2010]
Because of the above-mentioned configuration, the composition of the present invention has sufficient
reac at higl? ¢emperdioresmand, sndoreovey, is inthdbitechfrons daereasingiin viscosdy-atdeem n
temperature. Because the composition has low tendency to increase in viscosity at room temperature,
it exhibits |esslintreasaninwistosity darirg machinevpress artcuring; se shatthe appearance of molded
articles made therefrom will be good and it therefore is suitable for compression molding applications.
Moreover, BegazettickempasitionRasssatfiicientlytighdt g sfor exampie, zeTg weeths eguatto or
higherthanthemolding temperature after compression molding, the composition is of good mold
releasabilityS @ Etihetidié FheEGApBSItic Bf tHep RSERE InEAtSA bXAibits zslow vistosity at
ordinary temperature while being highly filled with an inorganic filler in an amount of 88 to 92% by
weight, so fiat e cSpoSiToR Wil gehdrate nb Warhagé evén AR fInCpake FPESHIN package or

electronic %gfli/i&?éa}rg%géer% re encagsulate | with the composition by compression molding and

will cause neither wire sweep nor defectivé Tiling - BBadse GPRIS ehEIg<ul&BHPereibetdnic parts,

such as large-ar ' cfor packages, can be performed with the composition wijth high
productivityggr% %%%gglg%%%RgM%a%go%geiF,dt%/lﬁeﬁéi%%ssi icone g%?%?%ﬁé&%’ ail Tf}ﬁ)gle héPwith a

suitable dispersing agenk £lecirani¢,parts &'itﬁé?e'érqa%ﬁfgéfg e sealed §uc__:fceessjs_1;]ully; for example,
the composition of the present invention can be applied suitab
composition that contains an inorganic filler in a large amount,
exhibits less warpage after molding, and has high flowability.
[0005]
Patent Document 1: JP 8-41293 A

Patent Document 2: JP 2002~121260 A



also to encapsulating by compression molding of lane-area electronic parts such as silicon wafers.
BEST MODES FOR CARRYING OUT THE INVENTION [00111 As the epoxy resin (A) in the
present invention can be used epoxy resins to be used for semiconductor encapsulation. Examples
thereof include mononucleus aromatic epoxy resins having one benzene ring, such as catechol
diglycidyl ether, resorcin diglycidyl ether, phthalic acid diglycidyl ether, 2,5-dilsopropylhydroquinone
diglycidyl ether, hydroquinone diglycidyl ether, and phloroglucinol PEG; alicyclic epoxy resins;
bisphenol type ep@arresinssuchashisphernal Atype-hispbenal F type, bisphenol AD type, and
bisphenol S type, as well as oligomer mixtures obtained by partial condensation of bisp enol type
epoxy resins, and nuclear hydrogenated epoxy resins of bisphenol type epoxy resins;
tetramethylbis(4-hydroxyphenyl)methane diglycidyl ether and tetrametnyibis(4-hydroxypnenyl) ether
digivcidyi ethe: Isisherly| fipeloittetrtird@iidpbhenyl type epoxy resins and nuclear hydrogenated
epoxy resins thereof; fluorene type epoxy resins, such as bisphenol fluorene type epoxy resins,
biscresolfla&feieipe EPoRY: redits’ hdBPEE-ighyEidyl €eY; and naphthalene type epoxy resins.
Moreover, from the viewpoint of elastic modulus, with these bifunctional epoxy resins can be
combined E)%R/%rictional epoxy resins having three or more functionalities. Examples of the
polyfunctional epoxy resins include oolytunctional glycidylamines, dicyclopentadiene type epoxy
resins, and polyfur%lfc io%é?glygigij eés%ﬁﬁé@@ﬁ?yﬁ%}/ e oppre?ﬁﬁ&%)lé & B8&H Rombihation with
other epoxy resins, f ample, silylated epoxy resins, heterocyclic epoxy resins, diglycidyl ethers of
bisphenol)%\% r%%?le%og ?)E}ge 535%@&(‘;@‘2%%%&%@ %feﬁ% %{%g ﬁ%ﬂ%ﬂeﬁé’ %};(?fzega%dgdluxcts, and
diallylbisphengl Atyne spoxtesing. Preferred among these gre bisphengl Agype epoxy resins,

alicyclic epoxy resins, naphthalene type epoxy resins, and combinations of two or more of them.

[0012]  lndbedpresent invention, apacid anhydrde thathas heen ysedias g cuting,agent for an
epoxy fesin can be used as the acid anhydride (B), and examples thereof include phthalic anhydride,
tetrahydrophthatic aphydride; Bsmethyitetrahydrephthadic anbydride, himicanhyehides rv
methyltetrahydroxy acid anhydride, methylhexahydroxy acid anhydride, succinic anhydride, trimellitic
anhydride tambpyrometiitic anhydridei Theseanay be wsedsingly antalss mayebe used thya
combination of two or more of.them. Preferred among these are methyltetrahydroxyac'd anhydride and
methylhexahydrexyacid anbydiide. {0913]re rémthecpresent inkentigm xigedasithe Curing
accelerator (C) is a microcapsule type curing accelerator which satisfies that the viscosity increase
ratio after 2@HRORLStAAHIAG & IBTL P4 rhiktufe 5f Lo isehyweight of thesalringlaccelerator, 100
parts by weight of the epoxy resin (A), and 100 parts by weight of methyltetrahydroxy acid anhydride
as the aci(fﬁﬁﬁﬁﬁﬁj%c(%))glf@t%eﬁoaﬁrﬁéglﬁ?e \AStOify intrédse lid EOBrSTeretly 1P 1.5 times.
The smaller the viscosity increase ratio, the longer the handling time at the time of work can be made.
If the visco® erf’c??ﬁ‘éjeeratio exceeds 2.0 times, no resin may be filled into some part of a cavity
because the handleability at the time of work falls due to poor storage stability or the reactivity is high.
Measurement of the viscosity increase ratio can be performed at 25C by using an HST type
viscometeM?ﬁngaﬁgﬁeg&yﬁW@k@%g Eﬁ%’%?%!ﬂ@ Labs, Inc. In the present invention, as the
microcapsule type curing accelerator to be Used as the curing accelerator (C) can be easily selected a
proper one;by; mrepsuring the viscosity increase ratio of a mixture of an epoxy resin, an acid anhydride,
and a curing accelerator under the above-mentioned condition. [0014] As the microcaosule type
curing accelerator,examplesanphich can be sised-inglude-ane Hasticle-composiignabtained by
dispersing an amine compound powder in an epoxy resin, for example. The amine compound may be
selected, ofvthedrasisoef aatiscosity ircreaseatiop fregsamesgempaunds provided below as
examples: aiiphatic primary amines, alicyclic primary amines, aromatic primary amines, aliphatic
secondary amines, (@icythd secondary amiresyaromatie seegndayy assines, imidazole compounds,
imidazoline compounds, and reaction products of these compounds with carboxylic acids, sulfonic
acids, isocyanates,(@p0xX3f) ahd sbdh. Thelse may e ised sidglyor altémativélydtmicier, more of them
may be used in combination. For example, an aliphatic primary amine, an alicyclic primary amine, an
aromatic primary affine Sart aligRatRegeconeiany ifine, & aficyehé seoRdary sdinedn afomatic
secondary amine, an imidazole compound, or an imidazoline compound in combination with a reaction
product of &S CShBEARGS WA BYEFbBRYII acid t Sditciic 5818, AR 1ssiyAhREte 64N epoxy can be
used preferably. The volume average particle diameter of the amine compoundggwder is preferably

50 wn or 16555 FoTe prefePaldis 105t Tess. Mbrebver, thetthalifgasuiit st Sftening finfof the
amine compound powder is preferably 60C or higher from the viewpoint of inhibiting increase in
viscosity at 25C. [0015] In the present inventian, the incorporated amounts of these components
are 50 to 150 parts by weight for the acid anhydride (B) and 8 to 40 parts by weight for the curing
accelerator (C), respectively, relative to 100 parts by weight of the epoxy resin (A). When the content
of the acid anhydride (B) is within the above-mentioned range, the curability and the physical

properties of a cured material are good. If the content of the curing accelerator (C) is less than the
above-mentionned ranne a Ta after moldina will not hbecame <rifficianthyvy hiteh reciiltina in noor mold



be increased while inhibiting the composition from increasing in viscosity when the fused spherical
silica D) Contains the fused spherical silica with an average particle diameter of 0.2 to 5 ima in an
amount of 5 to 40% by weight, more preferably 10 to 30% by weight, in the whole portion of the fused
spherical silica (D). [0018] Moreover, regarding the fused spherical silica (D), a
fusedsphericalsilicawhosesurfacehasbeentreatedinadvance with a silane coupling agent can also be
used. [0019] To the composition of the present invention can be further added silicone gel or
silicone oil (5).miRe siieorg: gel WhiGh-is RSF Spa kRewn subslaneghaga polysilexanesstructure and
is produced by a condensation reaction process or an addition reaction process. The silicone oil, which
is per se a knov#? sBstafc®rals has b polysileRaf® SRS aRd (S0 a FRdarlStfudtaretfaving
about 2000 or 55, slloxape Jengs. Thalt Bduclign syeinads are,kon aad tey ean becapjained by,
for example, the production methods disclosed in JP 54-48720 A, JP48-17847 A, and the like.
Specifically, theyltadrieiebtéined] forlexantple 2by makirggan &itd group-containing siloxane in a
relative amount of 0.3 {% O.§ molg react with o?e m(ile of vinyl rogtp-containing or%atno f@/siloxane in
the presence of a plal(inum é%)sr%pous as 2 alysié't. The iﬁ"&orporaa ed amount of the siicone gel or
silicone oil (E) ds priefeeably,5top0G pads bynveightamaereduieferaldy 46 te 8Oty weighitelative
to 100 parts by weight of the epoxy resin (A). [0020] When using the silicone gel or silicone olil (E),
it is preferable®b iﬁg“t?rpﬁf%{ﬁé’ﬁ%&éﬁﬁr withet§i&Persing agent (F) for dispersi g it in an epoxy resin
uniformly. Preferred examples of the disgersing-agentinelude Sroanopsiysiloxane degdvagieshaving a
structure represented by the following formula (1) in their molecules. -[-B-A-F-(C-D)n-C-]p- (1) [0021]
In the formula B A rebrésentd aresidie of dhor§aropetysiioxste cempound that has active
hydrogen-containing groups.at cﬁg e&% flrrllgj réagcze(ltéorg% gi}!,ox(a&e blosndés, B.represents afesidue of a
bifunctional organic compounI(]:i that has two functional groups capable of reacting With active
hydrogen wheresmthe cofpnuni tsseledtedyfram spranrg adiphenyhanpaphthatened powder
skeleton-contajning epoxy compound, a diisocya.ate compound and a dicarboxylic acid. compound, C
represents a restdt@ of B BHntfiGhat oraanic compound that have two active hydrogen-containing
groups wherein §la@ sgsidue is a residue of a. bisp.enol compound capable of reacting with an epoxy, a
residue of a glycol compound capable of reacting with a diisocyanate compound, or a residue of a
diaminc compound cepaBReofBaefig #ith LdichiRXGROETIdCORIFbUFRINEPRbFeSENtS A residue of
a bifunctional aiganic,campeund,ihat hayg twe funalionkaiups capable.aheagting it gfjve
hydrogen, n represents an integer of 1 to 20, and p represents an integer of 1 to 20. Such
organopolysiloxanedermgtyesareisuitabiblagatdispar§ingtagent #dr dispearsimgssiliconeugel dr silicone
oil in an epoxy resin hecause they contajn both an organopotysijloxane chain and an aromatic
ring-containingsaqﬁﬁﬁjb?aziljoﬁéiﬂch%ﬁ] gd%p%ti%%h%‘l’ﬂ?%@ﬁ]p rkﬁggfrd%%afﬁ%%?ﬁaﬁ%o%zonane
derivative, the fesidugdB and #he eesidie-Ddt tihe fasmuda (hymay bgithe same compound residue, and
in that case the derivative can have a structure represented by the following formula (2).
-[-B-A-B-(C-3)n-C-Jpi2)F0O53ET SIRARREIBIMHa2), Wife fRs8s BGRsusBRmS L -1on
Organ0p0|ySi|05%“%19&”&%%@6@%&%%@&%*)%&9@9Q‘&QIBE%WEQ&EOWMVI&Qgéﬁlgshas 20 to
50 silcxane bonds, B represents a bifunctional aromatic epoxy compound residue represented by the
formula (3). [00Z4] ;€hbht:0TGHZEHGMH2-JORF I @EH2 EHGH2in O I@CHZEHEHX3LOMHOHOH
[0025] parts by weight relative to 100 parts by weight of the
epoxy resin (A), and (F) a dispersing agent.

In still another embodiment of the epoxy resin
composition of the present invention, the dispersing agent
(F) is an organopolysiloxane derivative having in its
molecule a structure represented by the following formula
(1).

- [-B-A-B- (C-D)n-C-1p- (1)



In the formula (3), An represents a divalent aromatic group derived from biphenyl or naphthalene, and
m represents an integer of 1 or 2, C represents a dihydric phenol compound residue represented by
-0-Ar2-0- wherein Ar2 represents a 2,2-bisphenylpropyl group, n represents an integer of 1 to 20, and
p represents an integer of | to 20. [0026] The production method of the polysiloxane derivatives is
known and, for example, the method disclosed in the publication of Japanese Patent No. 3855074 can
be used. Moreover, specific examples of the polysiloxane derivative as a preferable dispersing agent
are also dispteseqd in Example 1 (dispersing agent B) and Example 5 (dispersing agent C) of the
above-mentioned publication. In an exemplary production method, phenol-terminated silicone oil and a
naphthalene skeletal type digdyacidyl £thear)greanadesieasttogethernandithea hisphenol A diglycidyl
ether and bisphenol A are polymerized to the reaction product. By doing so, it is possible to obtain a
dispersingagentdhatihasid pebetherstcturd anddiastepoxy grawps at the ends thereof. [0027]

The incorporated amount of the dispersing agent (F) may be any amount that is necessary for
dispersing:theérsiicomedssl o silitoge oif YEPH & reshm tor exataplenwheawusity the adove-mentioned
organopolysiloxane derivative, the amount is preferably 5 to 80 parts by weight, more preferably 10 to
50 parts by wEigRtYRRAAVE o 1OE ParS By Weight 6ithe ¢ficona bil 6raGiliconelgerfgoes}  For the
composition of the present invention can be used other additives unless the object of the present
invention fSAfHpaed. Stith Aaditves thide 8¢ftane Coupfng?agent Scafbbh Brack: art S6on.
Examples of the silane couplin ent include y-glycidoxypropylt imethoxysilane,
y-gchidox%Folpxﬁ./ﬁri%%%‘g(?/gi?a%gfgﬁ%@ﬁ%&é@c@%ﬁﬁé}%ﬁ) t tr?r%g]ﬁm%&(f/ ilafe™ ameng @
P-(3,4-epoxycyclohexypethyltriethoxysilane, vinyltrimethoxysilane, and vinyltriethoxysilane. The silane
coupling é%glé%%qg §b§ fn&%’%é%%g it essl%ee g/%%qn%ﬁélxg\a}én lcﬁ%sﬁﬁé) fdsed %Bﬁgrrllcag'l silica to the

surface of which a silane coupling.agenthas heesmade react in adyance. [0029], 4 The

incorporated amount of the silane coupling agent is preferably 0.1 to 10 phr, more preferably 2 to 6 phr
in the composition. The incarpgrated amount.of the, carbop black ispreferably, 9.1t 3 phy, more
preferably 0.5 to 3 phr in the composition. [0030] The composition of the present invention can be
prepared by mixing therabayenyentigeed eempanants Pyya saprentienal methas. ta theipeesent
invention, no organic solvent is used because the use of volatile components is to be avoided. [0031]
The compositionrefthe peesentzinvestiore had acdsgosity of 40paRas©f lewetrat 26Cwinder a shear
rate of 2.5 (I/s). The viscosity is a value measured by an HIST type viscometer manufactured by
BrookfieldsEngineering babs;und.if therealud waries depending upormmeasdring petheds: df the
composition has a viscosity exceeding 1000 Pa.s; it easily causes wire sweep or defective filling at the
time of compressiamaldihg, ahd yesiaupply danbecome difficult as iugnsd of prbdétion. [0032]
As curing conditions for the composition of the present invention, a temperature of 50 to 200C can be
used preféraBC HidTe R ably b TSmperdtrd b 20D fb F25E 2Rdld petiotof aFBR P about 10
minutes can be used. [0033] The composition of the present invention is a composition for

encapsulating EEETSHIE it A Exmple DFhE Mo BRts8 of #ie ConPstiondis<ith a method
that the encapsulation. o an elegtionic parts, preferably the encapsulation of g large-area
semiconductor package, 1S performed by a compression mold:mg methad. The compression molding
method carybe petlarmed.hyysing aknayn compiessign molding maghine, o[ ke, 40341 - The
present inv ntionswill'be exp%%rsléed be|OWVI}Il‘Ll r%mre éetail by prc%c\iléidlgndg;’] e%ar%ﬁ?es, gut t%e rrl)resent
invention ig,not /imifed thereto, [QQ33]Examples 1 to 13 and Comparative Examples 1 to 11
Respective compositions were obtained by blending the ingredients in the incorporated amounts (parts
by weight) given in Tables 1, 2Hand 3 and mixing them well at room temperature. For each of the
compositions obtained, the viscosity at 25C

EFFECT OF THE INVENTION
[(0010]

Because of the above-mentioned configuration, the
composition of the present invention has sufficient reactivity

at high temperatures and, moreover, i1s inhibited from



under a shear rare of 2.5 (1/s) was measured by an HET type viscometer manufactured by Brookfield
Engineering Labs, Inc. The viscosity increase ratio was determined as a rate of increase (%) of the
viscosity by measuring the viscosity of a resulting composition after 24 hours standingat25'C.
However, if a composition is high in initial viscosity and in a putty-like state, its viscosity increase ratio
cannot be determined. The viscosity increase ratio of an accelerator will be described later. The filling
ratio of a filler represents the filling ratio of fused spherical silica. 0036] Next, the respective
compositial I lded b mpression molding method, with a cavity of 130 x 100 x 0.3 mm on
i PR 4 GGt o d 120'% 130 X Ot iyt 5000 1o SRehio8 i ExaSEE T 0 Anc

Comparati Exem i vity diameter af 200 ) [ ight of 0.4 mm on
a silicon wgf%er ( ZOICOH‘?Ln?nlif it}r?ac%]a%%ﬁ taﬁglrru?sld %@;&%n‘% %ﬁn%ﬁ%fr%e%%s)ea?}l{g&n%% %g\érgn%?e%’l%}noéxamples 10
to 13 and €emparativerkxamples:40: and 11,1 Earsmoldedaayticles ,, the mold releasaility,and the
fillability were evaluated by the following methods. [0037] Moreover, the Tg of a molded article
was meastirechiiy.a DMAgBethed. Whilertbe meastrernepheonditions were-set atatemperature
increase rate of 2C/mmn and a frequency of 1 Hz, the temperature of a first peak of tan 6 was
determined.rFurthermaone da moldee artinte was subjectethbtd pesi curing lat 2506 fer 1hour, and the Tg
of the cured article was measured by the DMA method. While the measurement conditions were set at
a temperaftité idrégse rate G RO mirs and arfreqiengy abp 1 1 the temnpserature of a peak of tan 8 was
determined. For cured articles, warpage was evaluated by the following methods. These results are
given in Tables 1, BO&R® BS[0038| EvdiGatibh methivdsi(l} Moltbreleasability freExamplési to 9 and
Comparative Examples 1 to 9, evaluation was performed according to the following criteria after
compressiofl mbRiinG IR & 150821618 nihtiteg el tr(Qde Iike réfeardtimeshibiigood
releasabilii;é/ and can be removed from a mold, X (Poor): The resin fails to cure or deforms at the
time of rele&SiRG fram & MEIaC§8 R PE& g Be FEMETAd frorl hemBRP S L L HRTEXampIEs 10 to 13
and Compagaéti(yem%ﬁa#ng:lgf 1é)s%nd. 1, evaluation was performed according to the following criteria
after comp?essmn molding done eﬁjl E:yf'or 10 minutes. 0 (Good): The release film exhibits good
releasability and c fr . . X (Poan): The resin rails,to cure or deforms at the
time of releasing f%@npgﬁgﬁgggg fhggt‘%t%:glgrk?&obselﬁe%ﬁ%ve% fr(-)Jgr%ethg mold .H(E) Fillabil )J/L ?élppearance)
B e Eamplesd o 9 anaGamparaliyefxamales 1Ll L ayaliation s, pedarped ggeording to
the following criteria after compression molding done at 150C for 3 minutes. 0 (Good): A cavity
(100 x 100n% gr3Lmnpihasbeen filled Hp with-a sesin apdithe Appgarance.ofamalded grticle has no
defects. X (Poor): Curing started in the middle of molding, and part of a cavity (100 x 100 x 0.3
mm) has rémaibedwnfiied with & resincsethatremoldebarticle hagddefeetsdnrappeaiange caused by
defective molding. (3) Fillability (appearance) B In Examples 10 to 13 and Comparative Examples
10 and 11 seveatuation Weastperfiormed ateording totthe follmidag <riteria after compressionsnolding
done at 120C for 10 minutes. noted that in Comparative Example 10, fillability (appearance) B was not
evaluated Bé¢duse thergimpasiornwas ¢igreipsnitiabvidcosityrarithia acputhyplike stateby  E)) (Very
good): A cavity (200 mm in diameter x 0.4 mm in cavity height) has been filled up with a resin, and the
molded artit&has Fo ' RfeBiR if iR Appedrante froih #5e internal eifcurifereseeeithecsuter periphery

of a wafer. , o .
defective filling. Because of this, encapsulation of

electronic parts, such as large-area semiconductor packages,
can be performed with the composition with high productivity
and high quality.

Moreover, by blending silicone gel or silicone oil
together with a suitable dispersing agent, electronic parts
with a larger area can be sealed successfully; for example, the

composition of the present invention can be applied suitably



0 (Good): Although a cavity (200 mm in diameter x mm in cavity height) has been filled up with a resin,
a flow mark has occurred in a wafer outer peripheral part. X (Poor): Curing started in the middle
of molding, and part of a cavity (200 mm in diameter x 0.4 mm in cavity height) has remained unfilled
with a resin, so that a molded article has defects in appearance caused by defective molding.
Moreover, when the fillability (appearance) B was evaluated similarly by using the compositions of
Examples 1 to 9, the results were all "0 (Good)" (4) Warpage A In Examples 1 to 9 and
Comparativedexatmples dz0s9; evaiuationywasspertersetbacensding e therfollowing-eritedia by the
followingmethod after compression molding done at 150C for 3 minutes. After molding, the circuit
board sideedfa package bavihg beentsubjected toquost calfing svas measured and the amount of
warpage was evaluated according to the following criteria. Regarding the measuring method, the
average of the differences of height between the central part and four corners were measured by using
a laser displacement meter, and the value was regarded as the amount of warpage. (c) (Very good):
Less than 100 g O B0 NGRS than 208 ghiiand 1858NRERB00 gm X (Poor): Not less than 500
tim (5) Wa@agbe B In Examples 10 to 13 and Comparative Examples 10 and 11, evaluation was
performed-ac Hing to the following criteria by the following method after compression molding done
at 120C for 10 minzkjgest. 8ted that ianomIPaé:%ﬂve. Ex%m%le 10, warpage B was not evaltgelted because
the composition was hig inﬁ?a?%%co%ﬁﬁ and’i alprhttybll estate” He?nrﬁélafhg? he Gircuit board
side of a sji f ing. bee je 0 t cur measured and the amount of warpage
was evaljgt%%aa\%?ﬁ% igg%%%%oﬂ§vt%g%%%éiaf%%g%%g%%gtﬁé Lrlr%:e%a%ﬂrﬁlxécr%g%%%?t leotéll\ierage of the

differenceg ok hgightbetween the Geniral part and-points lacated oo four peripheralparis.at equal

intervals was measured by using a laser displacement meter, and the value was regarded as the

amount of warpage.dverygaedy. d essthan sunem 0y (Geed): Nebless than, s mrpand-less than 15 mm

X (Poor): Not less than 15 m Moreover, when the warpage B was evaluated similarly by using the
compositionssef fxamples 1 y@ 9dife reshks yepe alh 50 (Goad)y 0039 1 v THig meanings of the
abbreviations in each table are as follows. Regarding The viscosity increase ratio of an accelerator, a
viscosity irfcréasel tatiorat 250 after24honrsstaddind of aanixturerof A0 partsdoyyweight of the
accelerator, 100 parts by weight of an epoxy resin (1), and 100 parts by weight of methyltetrahydroxy
acid anhydtidelwas fhebstitéd by using anHBToype vistonetéiGmaalfaciréd by=Brovkfield
Engineering Labs, Inc. Epoxy resin (1): bisphenol A type epoxy resin (190 g/eq in epoxy

equivalenty S 1 Epoxy ¥BRINRY - THARACEHORY rESiA(285%/6§ iR epokyRganaledt) t ypaeid
anhydride (1): methyltetrahydroxy acid anhydride (164 g/ed in acid anhydride equivalent) Fused
spherical $HcEPAFE8 UM ihERRra§d PRARTC didihefeyPe, and bisphenol S type, as

well as oligomer mixtures obtained by partial condensation of
bisphenol type epoxy resins, and nuclear hydrogenated epoxy
resins of bisphenol type epoxy resins;
tetramethylbis(4—hydroxyphenyl)methaﬁe diglycidyl ether and
tetramethylbis (4~-hydroxyphenyl) ether diglycidyl ether;
biphenyl type or tetramethylbiphenyl type epoxy resins and
nuclear hydrogenated epoxy resins thereof; fluorene type epoxy
resins, such as bisphenol fluorene type epoxy resins,
biscresolfluorene type epoxy resins, and BPEF diglycidyl ether;
and naphthalene type epoxy resins. Moreover, from the

viewpoint of elastic modulus, with these bifunctional epoxy



Fused spherical silica (2): 8 Km in average particle diameter (resulting from 15% incorporation of fused
spherical silica with an average particle diameter of 2 Km to fused spherical silica (1)) Fused
spherical silica (3): 35 Km in average particle diameter Fused spherical silica (4): 30 Km in
average particle diameter (resulting from 15% incorporation of fused spherical silica with an average
particle diameter of 2 Km to fused spherical silica (3)) Silane coupling agent:
3-glycidoxypropyltrimethoxysilane Accelerator (1): curing accelerator of the microcapsule type (1)
(produced5y"ABENT REseT Cofporatin P fitHeshin Vikdoshy froreaseiratid)a Vi acEdIERsor (2):
curing accelerator of the mjcrocapsule tsype 2) (produced by Nippon Kayaku Co., Ltd.) (2.2 times in
viscosity ifcrease ra %3%?0%8%?3&) B 2- %%%ﬂﬁﬁasz&g he RRLErRGE (4P edriRg aEkelerator of

the microcapsule_type rodu edf\? Asahi Kasei Corporation) (1.3 times in viscosity increase ratio)
Acceleratolarlézg : gur&?ﬁlgé %a)\é%epa?(g 0 L{ & ?ﬁigpo%apgu g?@‘pé’ EL r%ﬁ) odurced. by Asahi Kasei

Corporatiqn) @.gltg:gg%gh@%%sétygggga%% (\g/%%))r esi SO,rg%r}%Jggéslilo%gne gerivat've: a product

having epoxy groups at its both ends and a weight averag olecular V\:}‘e?é]ﬁit of 23000 obtained

by makingreact togetharl00partg by wejght ofiphengl-termingled,palydimethylsiloxape (1500 in
phenol equivalent, 100 mPa.s in viscosity at éSC), 65 parts by weight of naphthalene skeletal type

diglycidy! ethep (k42 inepaxy+eg valeat), Q93:partsdy weightefitelramethyamma.dumechloride, and
34 parts by weight of bisphenol A. Silicone gel: two-component type silicone gel TSE3062

(produceddnyo@f Teshiba SiliearessCoc Lidh) epoxGilicope 0, epoyy graup,containing siicone oil
(1200 in epoxy equivalent, 700 mPas in viscosity at 25C) [0040] 6 'al gmexa OE OOT 0761 T
bisphenol A propylene oxide adducts, diglycidyl ethers of
bisphenol A ethylene oxide adducts, and diallylbisphenol A type
epoxy resins. Preferrgclamong these are bisphenol A type epoxy
resins, alicyclic epoxy resins, naphthalene type epoxy resins,
and combinations of two or more of them.
[0012]

In the present invention, an acid anhydride that has been
used as a curing agent for an epoxy resin can be used as the
acid anhydride (B), and examples thereof include phthalic
anhydride, tetrahydrophthalic anhydride,
3-methyltetrahydrophthalic anhydride, himic anhydride,
methyltetrahydroxy acid anhydride, methylhexahydroxy acid
anhydride, succinic anhydride, trimellitic anhydride, and
pyromellitic anhydride. These may be used singly and alsoc may
beusedjjlacombinationofiwm>armoreofthem. Preferred among
these are methyltetrahydroxyacid anhydride and
methylhexahydroxyacid anhydride.

[0013]
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In the present invention, used as the curing accelerator
(C) is a microcapsule type curing accelerator which satisfies
that the viscosity increase ratio after 24 hours standing at
25°C of amixture of 10 parts by weight of the curing accelerator,
100 parts by weight of the epoxy resin (A), and 100 parts by
welght of methyltetrahydroxy acid anhydride as the acid
anhydride (B) is 1.0 to 2.0 times. The viscosity increase ratio
is preferably 1.0 to 1.5 times. The smaller the viscosity
increase ratio, the longer the handling time at the time of work
can bemade. If the viscosity increase ratio exceeds 2.0 times,
no resin may be filled into some part of a cavity because the
handleability at the time of work falls due to poor storage
stability or the reactivity is high. Measurement of the
viscosity increase ratio can be performed at 25°C by using an
HBT type viscometer manufactured by Brookfield Engineering Labs,
Inc. 1In the present invention, as the microcapsule type curing
accelerator to be used as the curing accelerator (C) can be
easily selected a proper one by measuring the viscosity increase
ratio of a mixture of an epoxy resin, an acid anhydride, and
a curing accelerator under the above-mentioned condition.
[0014]

As the microcapsule type curing accelerator, examples
which can be used include a fine particle composition obtained
by dispersing an amine compound powder in an epoxy resin, for

example. The amine compound may be selected, on the basis of
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a viscosity increase ratio, from among compounds provided below
as examples: aliphaticprimary amines, alicyclic primary amines,
aromatic primary amines, aliphatic secondary amines, alicyclic
secondary amines, aromatic secondary amines, imidazole
compounds, imidazoline compounds, and reaction products of
these compounds with carboxylic acids, sulfonic acids,
isocyanates, epoxy, and so on. These may be used singly or
alternatively two or more of them may be used in combination.
For example, an aliphatic primary amine, an alicyclic primary
amine, an aromatic primary amine, an aliphatic secondary amine,
an alicyclic secondary amine, an aromatic secondary amine, an
imidazole compound, or an imidazoline compound in combination
With a reaction product of these compounds with a carboxylic
acid, a sulfonic acid, an isocyanate or an epoxy can be used
preferably. The volume average particle diameter of the amine
compound powder is preferably 50 um or less, more preferably
10 pm or less. Moreover, the melting point or softening point
of the amine compound powder is preferably 60°C or higher from
the viewpoint of inhibiting increase in viscosity at 25°C.
[0015]

In the present invention, the incorporated amounts of
these components are 50 to 150 parts by weight for the acid
anhydride (B) and 8 to 40 parts by weight for the curing
accelerator (C), respectively, relative to 100 parts by weight

of the epoxy resin (A). When the content of the acid anhydride

10
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(B) is within the above-mentioned range, the curability and the
physical properties of a cured material are good. If the
content of the curing accelerator (C) is less than the
above-mentioned range, a Tg after molding will not become
sufficiently high, resulting in poor mold releasability,
whereas 1f it exceeds the above-mentioned range, the
fillability will be poor. Preferably, the content of the acid
anhydride (B) 15 80 to 120 parts by weight and that of the curing
accelerator (C) is 10 to 25 parts by welight relative to 100 parts
by weight of the epoxy resin (A).

[0016]

In the present invention, furthermore, fused spherical
silica (D) is contained in an amount of 88 to 92% by weight in
the composition. As for the fused spherical silica, one that
is high in sphericity is preferred. If the incorporated amount
of the fused spherical silica (D) i1s less than 88% by weight,
it 1s impossible to inhibit a molded article from warping; on
the other hand, if it is incorporated in an amount larger than
92% by weight, it is difficult to give flowability to the
composition.

[0017]

In the present invention, the fused spherical silica (D)
is preferably one which containes 5 to 40% by weight of fused
spherical silica with an average particle diameter of 0.2 to

S um. The filled amount of the fused spherical silica (D) can

11
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be increased while inhibiting the composition from increasing
in viscosity when the fused spherical silica (D) contains the
fused spherical silica with an average particle diameter of 0.2
to 5 pum in an amount of 5 to 40% by weight, more preferably 10
to 30% by weight, in the whole portion of the fused spherical
silica (D).

[0018]

Moreover, regarding the fused spherical silica (D), a
fused spherical silica whose surface has been treated in advance
with a silane coupling agent can also be used.

[0019]

To the composition of the present invention can be further
added silicone gel or silicone oil (E). The silicone gel, which
is per se a known substance, has a polysiloxane structure and
is produced by a condensation reaction process or an addition
reaction process. The silicone oil, which is per se a known
substance, also has a polysiloxane structure and is of é linear
structure having about 2000 or less siloxane bonds. Their
production methods are known and they can be obtained by, for
example, the production methods disclosed in JP 54-48720 A, JP
48-17847 A, and the like. Specifically, they can be obtained,
for example, by making an SiH groub—containing siloxane in a
relative amount of 0.3 to 0.8 mole react with one mole of vinyl
group-containing organopolysiloxane in the presence of a

platinum compound as a catalyst. The incorporated amount of

12
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the silicone gel or silicone oil (E) is preferably 5 to 100 parts
by weight, more preferably 10 to 80 parts by weight relative
to 100 parts by weight of the epoxy resin (A).

[0020]

When using the silicone gel or silicone oil (E), it is
preferable to incorporate it together with a dispersing agent
(F) for dispersing it in an epoxy resin uniformly. Preferred
examples of the dispersing agent include organopolysiloxane
derivatives having a structure represented by the following
formula (1) in their molecules.

- [-B-A-B-(C-D)n-C-]p- (1)

[0021]

In the formula (1), A represents a residue of an
organopolysiloxane compound that has active
hydrogen-containing groups at both ends and has 20 to 50
siloxane bonds, B represents a residue of a bifunctional organic
compound that has two functional groups capable of reacting with
active hydrogen wherein the compound is selected from among a
biphenyl or naphthalene skeleton-containing epoxy compound, a
diisocyanate compound and a dicarboxylic acid compound, C
represents a residue of a bifunctional organic compound that
have two active hydrogen-containing groups wherein the residue
is a residue of a bisphenol compound capable of reacting with
an epoxy, a residue of a glycol compound capable of reacting

with a diisocyanate compound, or a residue of a diamino compound

13
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capable of reacting with a dicarboxylic acid compound, D
represents a residue of a bifunctional organic compound that
have two functional groups capable of reacting with active
hydrogen, n represents an integer of 1 to 20, and p represents
an integer of 1 to 20. Such organopolysiloxane derivatives are
sultable as a dispersing agent for dispersing silicone gel or
silicone o0il in an epoxy resin because they contain both an
organopolysiloxane chain and an aromatic ring~-containing chain
or a long-chain aliphatic chain.

[0022]

Regarding the organopolysiloxane derivative, the residue
B and the residue D in the formula (1) may be the same compound
residue, and in that case the derivative can have a structure
represented by the following formula (2).

- [-B-A-B-(C-B)n-C-]p- (2)

[0023]

In the formula (2), A represents a residue of an
organopolysiloxane compound that has active
hydrogen-containing groups at both ends and has 20 to 50
siloxane bonds, B represents a bifunctional aromatic epoxy
compound residue represented by the formula (3).

[0024]

[Chem. 1]

14
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~—CH,CHCH,— [0Ar10H,CHCH, ], —— OAr10CH,CHCH, — (3

| |

OH OH OH

[0025]

In the formula (3), Arl represents a divalent aromatic
group derived from biphenyl or naphthalene, and m represents
an integer of 1 or 2, C represents a dihydric phenol compound
residue represented by -0-Ar2-0- wherein Ar2 represents a
2,2-bisphenylpropyl group, n represents an integer of 1 to 20,
and p represents an integer of 1 to 20.

[0026]

The production method of the polysiloxane derivatives is
known and, for example, the method disclosed in the publication
of Japanese Patent No. 3855074 can be used. Moreover, specific
examples of the polysiloxane derivative as a preferable
dispersing agent are also disclosed in Example 1 (dispersing
agent B) and Example 5 (dispersing agent C) of the
above-mentioned publication. In an exemplary production
method, phenol-terminated silicone o0il and a naphthalene
skeletal type diglycidyl ether are made react together and then
bisphenol A diglycidyl ether and bisphenol A are polymerized
to the reaction product. By doing so, it is possible to obtain
a dispersing agent that has a polyether structure and has epoxy
groups at the ends‘thereof.

[0027]

15
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The incorporated amount of the dispersing agent (F) may
be any amount that is necessary for dispersing the silicone gel
or silicone oil (E) in a resin; for example, when using the
above-mentioned organopolysiloxane derivative, the amount is
preferably 5 to 80 parts by weight, more preferably 10 to 50
parts by weight relative to 100 parts by weight of the silicone
0il or a silicone gel.

[0028]

For the composition of the present invention can be used
other additives unless the object of the present invention is
impaired. Such additives include a silane coupling agent,
carbon black, and so on. Examples of the silane coupling agent
include y-glycidoxypropyltrimethoxysilane,
Yy-glycidoxypropyltriethoxysilane,

B~ (3, 4-epoxycyclohexyl)ethyltrimethoxysilane,
B-(3,4-epoxycyclohexyl)ethyltriethoxysilane,
vinyltrimethoxysilane, and vinyltriethoxysilane. The silane
coupling agent may be incorporated if desired even in the event
of using fused spherical silica to the surface of which a silane
coupliné agent has been made react in advance.

[0029]

The incorporated amount of the silane coupling agent is
preferably 0.1 to 10 phr, more preferably 2 to 6 phr in the
composition.

The incorporated amount of the carbon black is preferably

16
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0.1 to 5 phr, more preferably 0.5 to 3 phr in the composition.
[0030]

The composition of the present invention can be prepared
by mixing the above-mentioned components by a conventional
method. In the present invention, no organic solvent is used
because the use of volatile components is to be avoided.
[0031]

The composition of the present invention has a viscosity
of 1000 Pa's or lower at 25°C under a shear rate of 2.5 (1/s).
The viscosity is a value measured by an HBT type viscometer
manufactured by Brookfield Engineering Labs, Inc. if the value
varies depending upon measuring methods. If the composition
has a viscosity exceeding 1000 Pa's, it easily causes wire sweep
or defective filling at the time of compression molding, and
resin supply will become difficult at the time of production.
[0032]

As curing conditions for the composition of the present
invention, a temperature of 50 to 200°C can be used'preferably,
more preferably, a temperature of 100 to 175°C and a period of
about 2 to about 10 minutes can be used.

[0033]

The composition of the present invention is a composition
for encapsulating electronic parts. An example of the method
of use of the composition is such a method that the encapsulation

of an electronic parts, preferably the encapsulation of a

17
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large-area semiconductor package, is performed by a compression
molding method. The compression molding method can be
performed by using a known compression molding machine, or the
like.

[0034]

The present invention will be explained below in more
detail by providing examples, but the present invention is not
limited thereto.

[0035]

Examples 1 to 13 and Comparative Examples 1 to 11

Respective compositions were obtained by blending the
ingredients in the incorporated amounts (parts by weight) given
in Tables 1, 2 and 3 and mixing them well at room temperature.
For each of the compositions obtained, the viscosity at 25°C
under a shear rate of 2.5 (1/s) was measured by an HBT type
viscometer manufactured by Brookfield Engineering Labs, Inc.
The viscosity increase ratio was determined as a rate of
increase (%) of the viscosity by measuring the viscosity of a
resulting composition after 24 hours standing at 25°C. However,
if a compositionishighininitial viscosity and in a putty-like
state, its viscosity increase ratio cannot be determined. The
viscosity increase ratio of an accelerator will be described
later. The filling ratio of a filler represents the filling
ratio of fused spherical silica.

[0036]

18
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Next, the respective compositions were molded by a
compression molding method, with a cavity of 100 x 100 x 0.3
mm on an FR-4 circuit board (120 x 120 x 0.4 mm) at 150°C for
3 minutes in Examples 1 to 9 and Comparative Examples 1 to 9,
and with a cavity diameter of 200 mm and a cavity height of 0.4
mmon a siliconwafer (200 mm in diameter and 0.7 mm in thickness)
at 120°C for 10 minutes in Examples 10 to 13 and Comparative
Examples 10 and 11. Formoldedarticles, themoldreleasability
and the fillability were evaluated by the following methods.
[0037]

Moreover, the Tg of a molded article was measured by a
DMA method. While the measurement conditions were set at a
temperature increase rate of 2°C/min and a frequency of 1 Hz,
the temperature of a first peak of tan 6 was determined.
Furthermore, a molded article was subjected to post curing at
150°C for 1 hour, and the Tg of the cured article was measured
by the DMA method. While the measurement conditions were set
at a temperature increase rate of 2°C/min and a frequency of
1 Hz, the temperature of a peak of tan 0 was determined. For
cured articles, warpage was evaluated by the following methods.
These results are given in Tables 1, 2, and 3.

[0038]
Evaluation methods
(1) Mold releasability

In Examples 1 to 9 and Comparative Examples 1 to 9,

19
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evaluation was performed according to the following criteria
after compression molding done at 150°C for 3 minutes.
O (Good) : The release £ilm exhibits good releasability

and can be removed from a mold.

X (Poor): The resin fails to cure or deforms at the time
of releasing from a mold, so that it can not be removed from
the mold.

In Examples 10 to 13 and Comparative Examples 10 and 11,
evaluation was performed according to the following criteria
after compression molding done at 120°C for 10 minutes.

O (Good): The release film exhibits good releasability

and can be removed from a mold.

X (Poor): The resin fails to cure or deforms at the time
of releasing from a mold, so that it can not be removed from
the mold.

(2) Fillability (appearance) A

In Examples 1 to 9 and Comparative Examples 1 to 9,
evaluation was performed according to the following criteria
after compression molding done at 150°C for 3 minutes.

O (Good): A cavity (100 x 100 x 0.3 mm) has been filled
up with a resin and the appearance of a molded article has no
defects.

X (Poor): Curing started in the middle of molding, and

part of a cavity (100 x 100 x 0.3 mm) has remained unfilled with

a resin, so that a molded article has defects in appearance

20
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caused by defective molding.

(3) Fillability (appearance) B

In Examp%es 10 to 13 and Comparative Examples 10 and 11,
evaluation was performed according to the following criteria
after compression molding done at 120°C for 10 minutes. It is
noted that in Comparative Example 10, fillability (appearance)
B was not evaluated because the composition was high in initial
viscosity and in a putty-like state.

©@ (Very good): A cavity (200 mm in diameter x 0.4 mm in
cavity height) has been filled up with a resin, and the molded
article has no defects in its appearance from the internal
circumference to the outer periphery of a wafer.

O (Good): Although a cavity (200 mm in diameter x 0.4
mm in cavity height) has been filled up with a resin, a flow
mark has occurred in a wafer outer peripheral part.

X (Poor): Curing started in the middle of molding, and
part of a cavity (200 mm in diameter x 0.4 mm in cavity height)
has remained unfilled with a resin, so that a molded article
has defects in appearance caused by defective molding.

Moreover, when the fillability (appearance) B was
evaluated similarly by using the compositions of Examples 1 to
9, the results were all "O (Good)"

(4) Warpage A

In Examples 1 to 9 and Comparative Examples 1 to 9,

evaluation was performed according to the following criteria

21



GOT 7003 puop 061 100j Comparative 1 Example 2 OOT ()PST L Ri CO | 6ELL %(.1.88 Putty
001 AOOa. poop ;1DT poop erdIXSX3 asTpsxpdmop

by the following method after compression molding done at 150°C
for 3 minutes.

After molding, the circuit board side of a package having
been subjected to post curing was measured and the amount of
warpage was evaluated according to the following criteria.
Regarding the measuring method, the average of the differences
of height between the central part and four corners were
measured by using a laser displacement meter, and the value was
regarded as the amount of warpage.

@ (Very good): Less than 100 um

O (Good): Not less than 100 pm and less than 500 um

X (Poor): Not less than 500 um

(5) Warpage B

In Examples 10 to 13 and Comparative Examples 10 and 11,
evaluation was performed according to the following criteria
by the following method after compression molding done at 120°C
for 10 minutes. It i1s noted that in Comparative Example 10,
warpage B was not evaluated because the composition was high
in initial viscosity and in a putty-like state.

After molding, the circuit board side of a silicon wafer
having been subjected to post curing was measured and the amount
of warpage was evaluated according to the following criteria.
Regarding the measuring method, the average of the differences
of height between the central part and points located on four

peripheral parts at equal intervals was measured by using a

22



t GOT 110201 E | 6201 Re 1(1-13 DOT 7003 poop OSTI Good i(1) ursex f,xodsjCL 1 Epoxy
resin (2) Fused spherical silica (1) | (P) awlTTs

laser displacement meter, and the value was regarded as the
amount of warpage.

© (Very good): Less than 5 mm

O (Good): Not less than 5 mm and less than 15 mm

X (Poor): Not less than 15 m

Moreover, when the warpage B was evaluated similarly by
using the compositions of Examples 1 to 9, the results were all
"O (Good)"

[0039]

The meanings of the abbreviations in each table are as
follows. Regarding the viscosity increase ratio of an
accelerator, a viscosity increase ratio at 25°C after 24 hours
standing of a mixture of 10 parts by weight of the accelerator,
100 parts by weight of an epoxy resin (1), and 100 parts by weight
of methyltetrahydroxy acid anhydride was measured by using an
HBT type viscometer manufactured by Brookfield Engineering Labs,
Inc.

Epoxy resin (1): bisphenol A type epoxy resin (190 g/eg
in epoxy equivalent)

Epoxy resin (2): alicyclic epoxy resin (135 g/eq in epoxy
equivalent)

Acid anhydride (1): methyltetrahydroxy acid anhydride
(164 g/eq in acid anhydride equivalent)

Fused spherical silica (1): 10 pum in average particle

diameter
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Fused spherical silica (2): 8 um in average particle
diameter (resulting from 15% incorporation of fused spherical

silica with an average particle diameter of 2 um to fused

spherical silica (1))

Fused spherical silica (3): 35 um in average particle
diameter
Fused spherical silica (4): 30 um in average particle

diameter (resulting from 15% incorporation of fused spherical
silica with an average particle diameter of 2 um to fused
spherical silica (3))

Silane coupling agent:
3-glycidoxypropyltrimethoxysilane

Accelerator (1): curing accelerator of the microcapsule
type (1) (produced by Asahi Kaseil Corporation) (1.2 times in
viscosity increase ratio)

Accelerator (2): curing accelerator of the microcapsule
type (2) (produced by Nippon Kayaku Co., Ltd.) (2.2 times in
viscosity increase ratio)

Accelerator (3): 2-methylimidazole

Accelerator (4): curing accelerator of the microcapsule
type (3) (produced by Asahi Kaseil Corporation) (1.3 times in
viscosity increase ratio)

Accelerator (5): curing accelerator of the microcapsule
type (4) (produced by Asahi Kasei Corporation) (1.2 times in

viscosity increase ratio)
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12 Example 13 Comparative Example 10 Comparative Example 11 Epoxy resin(i) 70 70 70 70 70 70
Epoxy resin(2) 30 30 30 30 30 30 Acid anhydride(1) 100 100] 100 5 1.00

Organopolysiloxane derivative: a product having epoxy
groups at its both ends and having a weight average molecular
weight of 23000 obtained by making react together 100 parts by
weight of phenol-terminated polydimethylsiloxane (1500 in
phenol equivalent, 100 mPa's in viscosity at 25°C), 65 parts
by weight of naphthalene skeletal type diglycidyl ether (142
in e?oxy equivalent), 0.03 parts by weight of
tetrameﬁhylammonium chloride, and 34 parts by weight of
bisphenol A.

Silicone gel: two-component type silicone gel TSE3062
(produced by GE Toshiba Silicones Co., Ltd.)

Silicone oil: epoxy group-containing silicone oil (1200
in epoxy equivalent, 700 mPa's in viscosity at 25°C)

[0040]
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Silicone gel 14 28 - - 14 14 Silicone oil - - 20 40 -
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1690 Fused spherical silica(4) 1770 1890 1830 2000 - -
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Carbon black 11111 Accelerator 20 23 20 20 3 - Accelerator(2) - - - 10 Total 20 2148 2079 2274
1886

{

[0042]
[Table 3]
Example Example Example | Example | Comparative | Comparative
10 11 12 13 Example 10 | Example 11
Epoxy resin (1) 70 70 70 70 70 70
Epoxy resin (2) 30 30 30 30 30 30
Acid anhydride (1) 100 100 100 100 100 100
Orggnopgly51loxane 3 5 5 10 3 3
derivative
Silicone gel 14 28 - - 14 14
Silicone oil - - 20 40 - -
nggd spherical _ N _ N 1660 _
silica (2)
nggd spherical _ B _ _ _ 1690
silica (3)
Fused spherical 1770 1890 1830 2000 - -
silica (4)
Silane coupling agent 3 3 3 3
Carbon black 1 1
Accelerator (1) 20 20 20 20 5 -
Accelerator (2) - - - - - 10
Total 2011 2148 2079 2274 1886 1921
Filling ratio of 88.0% | 88.0% | 88.0% | 88.0% 88.0% 88.0%
filler i
Viscosity (initial) 750 950 300 400 Putty 900
VlS?OSlty Lnerease 1.5 1.5 1.4 1.5 - 2.8
ratio (time(s))
Tg after molding 150 150 145 145 100 140
Mold Releasability Good Good Good Good Poorxr Good
Fillability Good Good Good Good Good Poor
(appearance) A
Tg after post curing 150 150 145 145 150 150
Very Very Very Very
Warpage A good good good good Good Good
Fillability Very Very Very Very
- Poor
(appearance) B good good good good
. Very Very Very Very
W - d
arpage B good good good good very goo
[0043]

From the examples provided above, it was found that the
compositions of the present invention exhibited a liquid form

at room temperature in spite of the inclusion of a filler in
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1921 Filling ratio of filler 88.0% 88.0% 88.0.% 86.0% 88.0% 80.0% Viscosity(initial) 780 950 300 400
Putty 900 Viscosity increase ratio(time(s)) 1.5 1.5 1.4 1.5 - 2.8 Tg after molding 150 150 145 145

e
f

a high filling ratio, reconciled reactivity with storage
stability, excelled in, for example, mold releasability and
fillability into a cavity, and were inhibited from warping.
Especially, package molding on a silicon wafer was extremely
good in the case of the use of silicone gel or silicone oil
together with a suitable dispersing agent (Examples 10 to 13).
On the other hand, regarding the compositions of the comparative
examples, they were no longer in a ligquid form when a filler
was highly filled (Comparative Examples 1 and 2); the amount
of warpage increased as the flowability of a composition was
increased by saving the filling amount (Comparative Examples
3, 4, and 5); fillability into a cavity was deteriorated when
the content of a curing accelerator was excessively large
(Comparative Example 7); and it was impossible to reconcile
reactivity with storage stability and fillability into a cavity
was deteriorated when the viscosity increase ratio of a curing
accelerator was excessively large (Comparative Examples 8 and
11). Moreover, when the content of a curing accelerator was
excessively small, the Tg after molding was low and the release
from a mold was impossible (Comparative Examples 1 to 3, and
6). When a curing accelerator that is not a capsule type curing
accelerator was used, the viscosity increase ratioc of a

composition became high (Comparative Example 9).

29



100 140 Mold Releasability Good Good Good Good Poor Good Fillability (appearance) Good Good
Good Good GoodPoor Tg after post curing 150 150 145 145 150150 Warpage A Very good Very good

Very , MCSLLP

CLAIMS

1. An epoxy resin composition for encapsulating
electronic parts, comprising:

(A) 100 parts by weight of an epoxy resin,

(B) 50 to 150 parts by weight of an acid anhydride,

(C) 8 to 40 parts by weight of a curing accelerator of
the microcapsule-type which satisfies the following: the
viscosity increase ratio after 24 hours standing at 25°C of
a mixture of 10 parts by weight of the curing accelerator,
100 parts by weight of the epoxy resin (A), and 100 parts

" by weight of methyltetrahydroxy acid anhydride as the acid
anhydride (B) is 1.0 to 2.0 times, and

(D) fused spherical silica with an average particle
diameter of 20 to 40 um in an amount of 88 to 92% by weight
of the composition,

wherein the viscosity of the composition at 25°C under
a shear rate of 2.5 (1/s) is 1000 Pa-g or lower, and
wherein the curing accelerator (C) is a fine particle
composition obtained by dispersing an amine compound powder

in an epoxy resin.

2. The composition according to claim 1, wherein the
fused spherical silica (D) with an average particle
diameter of 20 to 40 um contains fused spherical silica
with an average particle diameter of 0.2 to 5 um in an

amount of 5 to 40% by weight.
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good Very good Good Good Fillability (appearance)B Very good Very good Very good Very good Poor
Warpage B Very good Very good Very good Very good -1 Vegood [0043] MCSLLP

3. The composition according to claim 1 or 2, further
comprising (E) silicone gel or silicone oil in an amount of 5
to 100 parts by weight relative to 100 parts by weight of the

epoxy resin (A), and (F) a dispersing agent.

4. The composition according to claim 3, wherein the
dispersingagent (F) is an organopolysiloxane derivative having
initsmolecule a structure represented by the following formula
(1) :

- [-B-A~-B- (C-D)n-C-]p- (1)

wherein A represents a residue of an organopolysiloxane
compound that has active hydrogen-containing groups at both
ends and has 20 to 50 siloxane bonds, B represents a residue
of a bifunctional organic compound that has two functional
groups capable of reacting with active hydrogen wherein the
compound 1s selected from among a biphenyl or naphthalene
skeleton-containing epoxy compound, a diisoéyanate compound
and a dicarboxylic acid compound, C represents a residue of a
bifunctional organic compound that has two active
hydrogen-containing groups wherein the residue is a residue of
a bisphenol compound capable of reacting with an epoxy compound,
a residue of a glycol compound capable of reacting with a
diisocyanate compound, or a residue of a diamino compound
capable of reacting with a dicarboxylic acid compound, D

represents a residue of a bifunctional organic compound that
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From the examples provided above,was found that the compositions of the present invention exhibited
a liquid form at room temperature in spite of the inclusion of a filler in a high filling ratio, reconciled
reactivity with storage stability, excelled in, for example, mold releasabilityveh@lfilfability into a cavity,
and were inhibited from warping. Especial ly, package molding on a silicon wafer was extremely good
in the case of the use of silicone gel or silicone oil together with a suitable dispersing agent (Examples
10 to 13). On the other hand, regarding the compositions of the comparative examples, they were no
longer in & Fi§uiti B Wien & fiffer WS Highly I ConTarkfiie Exaples T afd %)‘V ffie amount of
warpage increased as the flowabilit tof a comrgé)sition w slin%re d g)r/l?avin thre fjc!lgggcgmount
(Comparaﬁ?(/grlfi%?ﬁbleg 34 %%ﬁ%{; ﬁllgﬁ}liﬁ/ into’a cavi y was deteriorated when the-content of a
curing ac%eIerislrtlotrewaes],f ex%esi;iv,&ly fge (Comparative Example 7); and it was impossible to reconcile
reactivity With storaae ste?bllity and fillability into a cavity was deteriorated when the viscosity increase
ratio of a curing accelerator was excessively large (Comparative Examples 8 and 11). Moreover, when
the content of a curing accelerator was excessively small, the Tg after molding was low and the
release from a mold was impossible (Comparative Examples 1 to 3, and 6). Whena curing accelerator
that is not a capsule type curing accelerator was used, the viscosity increase ratio of a composition
became high Comparative Example 9). MCSUP CLAIMS 1. An epoxy resin composition for
encapsulating electronic parts, comprising: (A) 100 parts by weight of an epoxy resin, (B) 50 to
150 parts by weight of an acid anhydride, (C) 8 to 40 parts by weight of a curing accelerator of the
microcapsule-type which satisfies the following: the viscosity increase ratio after 24 hours standing at
25C of a mixture of 10 parts by weight of the curing accelerator, 100 parts by weight of the epoxy resin
(A), and 100 parts by weight of methyltetrahydroxy acid anhydride as the acid anhydride (B) is 1.0 to
2.0 times, and (D) fused spherical silica with an average particle diameter of 20 to 40 pm in an
amount of 88 to 92% by weight of the composition,  wherein the viscosity of the composition at 25C
under a shear rate of 2.5 (I/s) is 1000 Pa.s or lower, and wherein the curing accelerator (C) is a fine
particle composition obtained by dispersing an amine compound powder in an epoxy resin. 2. The
composition according to claim 1, wherein the fused spherical silica (D) with an average particle
diameter of 20 to 40 pm contains fused spherical silica with an average particle diameter of 0.2 to 5
pm in an amount of 5 to 40% by weight. MCSUP 3. The composition according to claim 1 or 2,
further comprising (E) silicone gel or silicone oil in an amount of 3 to 100 parts by weight relative to
100 parts by weight of the epoxy resin (A), and (F) a dispersing agent. 4. The composition
according to claim 3, wherein the dispersing agent (F) is an organopolysiloxane derivative having in its
molecule a structure represented by the following formula (1): -[-B-A-B-(C-D)n-C-)p- (1) wherein A
represents a residue of an organopolysiloxane compound that has active hydrogen-containing groups
at both ends and has 20 to 5C siloxane bonds, B represents a residue of a bifunctional organic
compound that has two functional groups capable of reacting with active hydrogen wherein the
compound is selected from among a biphenyl or naphthalene skeleton-containing epoxy compound, a
diisocyanate compound and a dicarboxylic acid compound, C represents a residue of a bifunctional
organic compound that has two active hydrogen-containing groups wherein the residue is a residue of
a bisphenol compound capable of reacting with an epoxy compound, a residue of a glycol compound
capable of reacting with a diisocyanate compound, or a residue of a diamino compound capable of
reacting with a dicarboxylic acid compound, D represents a residue of a bifunctional organic
compound that MOSLLP has two functional groups capable of reacting with active hydrogen, n
represents an integer of 1 to 20, and p represents an integer of 1 to 20.
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