DESCRIPTION ADHESIVE COMPOSITION FOR ELECTRONIC COMPONENTS, AND ADHESIVE
SHEET FOR ELECTRONIC COMPONENTS USING THE SAME TECHNICAL FIELD [0001] The
present invention relates to an adhesive composition for electronic components and to an adhesive
sheet for electronic components. BACKGROUND ART [0002] In recent years, downsizing and
increase in packaging density of electronic instruments have advanced rapidly. Adhesive compositions
to be used for electronic instruments are required to satisfy various properties, such as adhesiveness,
heat resistance and insulation property, be¢&iSeRhey o¥en remain as adhesives in packages
eventually. [0003] Recently, much attention has been put on GaN (gallium nitride) and SiC (silicon
carbide) withekécllgnt €lédthcalcharacteRsEesSinSeaiior Siliebro(8iNWaterd fivafhalesRéretofore been
used as semiconductor elements, and the use of GaN and SiC has increased in the field of a power
device and the like. iR pafticitar, beeause o exéelértdletitieal ThifactéfistieddF SIC, the voltage
applied to a unit area of Si becomes higher than that for Si, and along with it, the temperature applied
to a unit area also becomes higher. Therefore, an adhesive is also required to have high heat
resistance being higher than 150C, sometimes higher than 200C, and moreover it is also required to
have a Ion&-@&ﬁwQ ﬂ%ﬁ#e%gture resistance enough for maintaining adhesiveness at that
temperaturﬁof%? long period of time. [0004] It has been disclosed that a tape with an adhesive for
TAB and a tape V\}ith an adhesive for a lead frame that contain a thermoplastic resin like polyamide, a

 thermosetting resin fike,an.enoxy tesin and.asllicone resinn.an adhesive Jayer, exert high insulation

reliability (see, for example, patent documents 1 and 2). Moreover, an adhesive composition

containing ap.elastomer..a thermosetiing,coampanent, a,ingrganic;filler.a, bardepgy, and a silicone
oligomer has been proposed in order to improve workability or reflow solder heat resistance (see, for

example, patentidacyment ShHHewsver, these conventional adhesive compositions had a problem that
_electrical characteristics and adhesion durability are insufficient under the aforementioned high
temperature condition over a long period of time. Patent document 1: JP 6-256732 A Patent document
2: JP 6-306338 A Patent document 3: JP 2006-283002 A DISCLOSURE OF THE INVENTION
BACKGROUND ART
[0002]
In recent years, downsizing and increase in packaging
density of electronic instruments have ﬁdvanced rapidly.
Adhesive compositions to be used for electronic instruments are
required to satisfy various properties, such as.adhesiveﬁess,
heat registance and insulation property, because they often
remain as adhesives in packages eventually.
[0003]
Recently, much attention has been put on GaN (gallium
nitride) and 85icC (silicon carbide) with excellent electrical
characteristics insgstead of silicon (3i) wafers that have
heretofore been used as semiconductor elements, and the use of

GaN and SiC has increased in the field of a power device and

the like. In particular, because of excellent electrical



Problem to Be Solved by the Invention [0005] In light of these problems, an object of the present
invention is to provide an adhesive composition for electronic components that is excellent in adhesion
durability under high temperature conditions over a long period of time, thermal cyclability and
insulation reliability, and an adhesive sheet for electronic components using the same. MEANS FOR
SOLVING THE PROBLEM [0006] The present invention is directed to an adhesive composition
for electronic components including (a) a thermoplastic resin, (b) an epoxy resin, (c) a hardener, and
(d) an organopolysiexdns, wherefn the glassdransittonyteraperatureé (Jg):after curinges -2¢0C to 50C
and the rate of change of Tg after heat-treating the composition at 175C for 1000 hours is 15% or less,
and an adbesives sheetsfohélgttronich compdrients asingithe sathes LISUMMARY [0006ahe  In a first
aspect, there is provided an adhesive composition for electronic components comprising (a) a the
uoplastic resinp)ar-gsoxgitesine fe)ehardentt, areed) ahssrgaR6p8I§SiloxaneSwherein the glass
transition temperature (Tg) after curing is -10C to 50C and the rate of change of Tg after heat-treating
the composftipA%tAvsc faalfl1@@6%@islfs%lo?cregseaﬁc}woﬁg%n%aaﬁ/sm@hgf@%omams
bifunctional siloxane units and tri- or higher functional siloxane units. [0006b] In a second aspect,
there is préiddd b Hehesve enekt fsreletidnic CompdRBRis dfprsHan diHe<iVé 1ayer formed

from the adhesive com ositiog for elegtronig ecorripoengné% aiggfined govg, ta&dmathlga%t one peelable
protective fi Iaﬂ}%ﬁ% (’?gc]l 1Y athird aspgé]t, fhere is prowc?ecta an lectronic comﬁonent

Comprisin g dhesie v o o e v soppasiio o st ol orpgperts a

defined above "EFE esive composition for

electronic (E%rggog%%é)g m%péesggi_irg/epggg ngpé@t@gbs excellent.adhesiveness even under a high

temperature condition over a long period of time and is excellent in thermal cyclability and insulation
reliability, thgdeligbility of an electronic component using it can increase. BRIEF DESCRIPTION OF
THE DRAWINGS [0008) ‘Fig. 1 is a sectional view of one embodiment of a BGA type

- semiconductor apparatussusiag anadhesie-sheet of the present inventionadhe Fig:e? isca sectional

view of one embodiment of a sealing device using the adhesive sheet of the present invention.
TAB and a tape with an adhesive for a lead frame that contain
a thermoplastic resin like polyamide, a thermosetting resin
like an epoxy resin and a silicone resin in an adhesive layer
exert high insulation reliasbility (see, for example, patent
documents 1 and 2). Moreover, an adhesive compogition
containing an elastomer, a thermosetting component, an
inorganic £iller, a hardener, and a silicone oligomer has been
proposed in order to improve workability or reflow solder heat
resistance (ses, for example, patent document 3). However,
these conventional adhesive compesitions had a problem that
electrical characteristics and adhesion durability are
insufficient under the aforementioned high temperature
condition over a long period of time.
Patent document 1: JP 6-256732 A

Patent document 2: JP 6-306338 A



Fig. 3 is a sectional view of one embodiment of a surface mount electronic component using the
adhesive sheet of the present invention. Fig. 4 is a schematic view of a sample for evaluation. Fig. 5 is
a phase separation structure of Example 33. Fig. 6 is a phase separation structure of Example 34. Fig.
7 is a phase separation structure of Example 35. Fig. 8 is a phase separation structure of Example 36.
Explanation of reference symbols 1, 9, 17 Semiconductor integrated circuit 2, 10, 15a, 15b, 15c, 19
Adhesive layer 3, 12 Insulator layer 4 Conductor pattern 5 Substrate for connecting a semiconductor
integrated diectitrG: Bondingavite ¥ ; 197.38@8816531% &ealifg resin 13a, 13b, 13c First conductive layer
14 Ceramic substrate 16 Second conductive layer 18 Silicon wafer 20 Pattern tape for evaluation 21
Island A 22 .Sea C 23 Island B 24 Inorganic filler BEST MODE FOR CARRYING OUT THE

INVENTION
DISCLOSURE OF THE INVENTICN

Problem to Be Solved by the Invention
[0005]

In liéht of these problems, an cbject of thé present
invention 1s to provide an adhesive composition for electronic
components that is excellent in adhesion durability under high
temperature conditions over a. long perica of time, thermal
cyclability and insulation reliability, and an adhesive sheet

for electronic compenents using the same.

MEANS FOR SOLVING THE PROBLEM
[0006]

The present iﬁvention is directed te an adhesive
éomposition for electronic components including {a) a
thermoplastic resin, (b} an epoxy resin, {(¢) a hardener, and
(d) an organopolysiloxane, wherein the glass transition
temperature (Tg) after curiné is —10°C to 50°C and the rate of

change of Tg after heat-treating the composition at 175°C for

1000 hours is 15% or less, and an adhesive sheet for electronic

components using the same.



[0010] The adhesive composition for electronic components of the present (henceforth, referred to
as the adhesive composition) is characterized in that (a) a thermoplastic resin, (b) an epoxy resin, (c) a
hardener, and (d) an organopolysiloxane are contained, that the glass transition temperature (Tg) after
curing is -10C to 50C, and that the rate of change of Tg after heat-treating the composition at 175C for
1000 hours is 15% or less. In order to increase the reliability of an electronic component, such as a
semiconductor apparatus under a high temperature condition over a long period of time, it is important
to design aipgpgsive excellent in adhesion durability over a long period of time, thermal cyclability,
and insulation reliability. For this reason, it is necessary that the glass transition temperature (Tg) after
curing be -186de-50C and the rate of change of Tg after heat-treating the composition at 175C for
1000 hours be 15% or less. The Tg after curing, of an adhesive composition is indicative of a thermal
stress relaxation effect under g shermaabeyele (thermabshaek) emdrainteent. Moreniies st igealso
indicative of change of the state of motion of an electron or an ion caused by the Joule heat generated
when a voltageissapplied, i.€ochaade of insulationcxatipbifityn trs th e fieid 10f s paver{device and the
like, adhesion durability as high as 10000 hours at 150C is required. According to the knowledge of the
present invemtorsep bt after e dniredtmealie GHEAIENE ®RFEG000 Fous HRIBBC &rreproduced by
performing heat treatment at 175C for 1000 hours. Therefore, in the present invention, focusing
attention on® Tgasfte EIFRICRRILY PatbBiaiange e fdfer 2PRatdreddMent HR275E ¥6F1000 hours
and bringing them into the aforementioned ranges make itopossible to design an adhesive
compositioheSRenas adhEslor §GRbiRyolaY alisng Rifod 8f BME, tﬁ’éigm‘é]ﬂéyél%mtﬁ and
insulation reliability. [0011] In the present invention, the term "after curing” refers to one having a
reaction rafi8- 09806 br Froret TRE fRaeforr Fard&ithtbEd FEFEBRELE @R Blodutadby AEtermining
the amount of residual amaqunt enerated heat of an adhesive composition.before and after heat
treatment v%ﬁgr%)e in%%%rs?ngltﬁe ?egrrgpe?gturgeeastsa ﬁéﬂacgné“a}rlaete %¥§8‘8?§|{%§¥§r#2c§8%830 by
differential seanaing calgbimeliy (beita) andiheh Aidding, e esidyel appunt 5f depesgied heat
having decreased during the heat treatment by the residual amount of generated heat™before the heat
treatment. {00121 in,the, presentinyention.a,Tg represents a peak temperature of tan5 measured at a
frequency of 1Hz and a heating rate of 5C by a dynamic viscoelasticity analyzer. The Tg after curing
can be measuyedpfor example, by using a cured material obtained by laminating a 36 pm-thick copper
foil to one side of an adhesive layer formed from the adhesive composition to prepare an adhesive
layer with copper faih thep«titing themdhesivenlayer,iangremavdad the coppek forecempletely by
etching. [0013] If the Tg after curing is lower than -10C, an adhesive layer to be obtained is high in
tackiness, &na helheling prdpe tyapdirsulaticorglabdity: deterierdite: dti igepisfarablyf 6Cmardigher. On
the other hand, if the Tg exceeds 50C, the thermal stress relaxation effect under a thermal cycle
environmeriteteidratesdras ivereforapsapdraton 6ban sdisssivetzyer fronpamebjeet &sbe adhered
caused by interface distortion generated therebetween or cracking of the adhesive layer occurs,
resulting indetéAGatBrrdiah el clasifty. AR pRIdABALIDEGEBREY 001U L2YRBreover, the
rate of change of Tg after the adhesive composition after curing is further heated at 175C for 1000
hours must9€ 8894 or less. The rate of change of Tq is represented by ((Tg2-1g1)/Tgi)x100 (%) from
the absolute temperature (Tgl) of the glass transition temperature o#the adhesiye composition after
curing and the absEFﬁteaterﬁgléLr’é 8PS of tHe GibSs tjrgnsﬁ?f)?}vté Perdttie %¥ﬁ$et5 Sive

composition after adgi,éional heat treatment at 175C f%r 1000 hours. exargglg o(fiﬁen%ethod of heat

treatment at 1 5C 15 & rﬁ&‘ﬁ%ﬁ%ﬁé&&iﬁg curlnge;salnvgd adive a?/gpg anrz%%eswea]ayer with a copper

foil by the aigregagntionad reethogh leaing, i LI AR edn 20 QYEP.Bldd S Whle keeping the face

in which the adhesive layer is expose pose e air, subsequently removing the copper foil layer
entirely by etching, and heat treating the removed face under the same condition. If the rate

EFFECT OF THE INVENTION

[0007]

3a



of change of Tg after heat treating at a temperature of 175C for 1000 hours exceeds 15%, the
adhesion durability under a long-term high temperature condition deteriorates, and separation of the
adhesive layer from an object to be adhered caused by heating or cracking of the adhesive layer
occurs. It is preferably 12% or less, and more preferably from 0.1% to 10%. [0015] Both the
storage elastic modulus at 30C after curing and the storage elastic modulus at 30C after further
heating at 175C for 1000 hours of the adhesive composition of the present invention are preferably
from 0.1 MPa to 160:MPRat hike tire=Fg aftercawring theostdrage=élastic-modulasraften eurtisg of an
adhesive composition is indicative of the change of the thermal stress relaxation effect and the
insulation egliatiiktyurderd: themedl tiele BakRGAMBAt SMEFdolVer fasstatesafte? Hes tregtment at 150C
for 10000 hours, which is required in the fields of a power device and the like, is reproduced by
carrying oUf1i&st tre QthiBhtiet 7S or 1000 HBLIE 1[oD1BY T ThEBOraGe ehistic mbifiifis can be
determined by dynamic viscoelasticity measurement like the aforementioned Tg. When the storage

elastic mofllifis aitet Etfing 780, LIMPE G Bre, THE ifsutdtion tefiabilit REreateShore. It is

preferably 1 MPa aor.more, and more preferably 5 gIFja or_.more. When the storage elastic modulus
btter curing TS 108 MPa bt 165 the il Adhesie forcd AR the Hermial & labity ineresse more. It
IS preferab}{)%}?gé\AP§r9(r:Ires§ more preferably 40 MPa or less, and even more preferably 20 MPa or
less. When the strcl)rage &fastic modulus after heating at 175C for 1000 hours is 0.1 MPa or more, it is
possible to control the occurrence of seepage of an adhesive layer under a heating environment at
175C. It is preferably 1 MPa or more, and more preferably 3 MPa or more . On the other hand, when
the storage glgsticipadulus after;heating;at 1656 faizt000 hours is 100 MPa or less, the adhesion
durability increases more. It is preferably 50 MPa or less, and more preferably 40 MPa or less. When
both the storageselastic modulus after curing and the storage elastic modulus after heating at 175C for
- 1000 hours are 100 MPa or less, the adhesion durability and the thermal cyclability increase more.
-[0017] The adhesivel composition 0f Hhe presentinventiomeentainsi(a) athernoptastie resin, (b)
an epoxy resin, (c) a hardener, and (d) an organopolysiloxane. [0018] Examples of the
organopolysiloxane {d)xinclude-g siticone aik arsjlieonedesin ardansiliconé intexrnpediaten The silicone
oil is a bifunctional siloxane having a molecular weight being greater than 100,000. The silicone resin
is a siliconerthattidsa molecular weight being greater than 100,000 and that has a three-dimensional
network structure containing a tr funtional or tetrafunctional siloxane unit as a primary component, and
it includes a combifbion?of-& bifirktibhansiboxareufit artatiRirltidraloretfafifietional siloxane
unit as well. The silicone intermediate is a substance lower in molecular weight than the silicone oil or
the silicon& F&6if andiéfes {68 SUBRBMEEhaVITR A nidleCiar RERFHTOF 1686007 0r98ss. These may
be in the form of a fine particle. [0019%, IT order to pring the Tgé}f an adh%sive co gosition into the
range of the preseht fhvention, it RESTfetva. for &Xample 16 &% Biloxans o

J(‘legélr%:oﬁolysiI%xane containing at
least one funclional groun selceted from, the group gonsisting.of & hydroxyl aroup, an epoxy group, an
alkoxyl group, a vinyl group, a S|IanoIf18roup, a carboxyl group, an amino group, an oxetanyl group, and
a hydrosilyl gro St jolysiloxane (d). Possession of these functional groups makes it
possible tdﬁ%grsgéajré%e t%%%r%%?gga%%ésive force and to reduce the rate of Tg change under a long-term
high temperature cendition. Generally, an.ergangpalysilexane with alosmolegiiarweight has a

‘property of sublimating when the organopolysiloxane is exposed to high temperature conditions.
Therefore, it is presymable that begause-ofdhp iserofan erganepelysiloxanehavinga functional
group, the organopolysiloxane bonds to a thermoplastic resin or to an epoxy resin or the
organopolysiloxang bgnds itself zsosthat i is pessibleitorcontrottheusublinfationaafiihe 34.
organopolysiloxane under a high temperature condition, thereby reducing the rate of Tg change.
Moreover, since thEsg functionabgnoups seregas zedctiongioimtst sa thatfa Erossiinkedsstructure can
be formed, it is possible to control the storage elastic modulus after curing to a higher modulus side.
An epoxy group, aR atkoxyl group, alvimg greus zasilanol gioup; o schyafosikAgroup is preferable as
a functional group. [00201 Examples of an organopolysiloxane having a functional group are
provided below. Two or more of organopolysiloxanes different in the functional groups may be used.
[0021] (1) Silicone oil (the following are produced by Dow Corning Toray Co., Ltd.)
Dimethylsific8te?8if cbntaifihg 2ol group! BA165873), alcohol-modified silicone oil (containing a
hydroxyl group; BY16-201), epoxy-modified silicone oil (containing an epoxy group; SF8413,
5Y16-855[§, ]?6-839, SF8421), phenol-modified silicone oil (containing a hydroxyl group; 5116-752,
3116-799), carboxy-modified silicone oil (containing a carboxyl group; 8116-880, 8116-750),
methacrylate-modified silicone oil (containing a vinall group; BY16-152D, 8116-152, 8116-1520), and
amino-modified silicone



oil (containing an amino group; 5E8417, BY16-871) are listed as examples. [0022] (ii) Silicone
intermediate and silicone resin Methacryl-modified silane (containing a vinyl group; DMS-V05,
DMS-V22, DMS-V52, PVD-0325, PVD-0525, PVD-1641, 87411-4031), hydros lyl-modified silane
(containing a hydrosilyl group; HMS-H03, HMS-082, HMS-992) (the foregoing are produced by Gelest,
Inc.), 3037INTERMEDIATE (Mw = 1000; containing a methoxy group, a phenyl group, and a methyl
group; the methoxy group content is 18% by weight), 3074INTERMEDIATE (Mw = 1400; containing a
methoxy gioup a pherydgioumdandta methylaggoapstie methoxy group content is 17% by weight),
Z-6018 (Mw = 2000; containing a hydroxyl group, a phenyl group, and a methyl group; the hydroxyl
value is 6% byWeighba 21 7ELLAKE tMwL2 2B080eedntainkdy & hiydroxyl group, a phenyl group, and a
methyl group; the hydroxyl value is 6% by weight), 233FLAKE (Mw - 3000; containing a hydroxyl
group, a pRenyl<grotg arid 8 methyiEgroup; the hydroxyl value is 6% by weight), 249FLAKE (Mw =
3000; containing a hydroxyl group, a phenyl group, and a methyl group; the hydroxyl value is 6% by
weight), Q88 BFIARAN = 260: Cohtaining a methoxy group, a phenyl group, and a methyl group; the
methoxy group content is 42% by weight), SR2402 (Mw =.15Q0; containing a methoxy grqup and a
ety arorms s MthBe) o SORtent 108 Tof By WG T A ¥4 HEn (G LS00 S5 &
methoxy 950%%%% a m%tih]yelagroup; the methoxy group content is 25% by weight), AY427162 (Mw =
2500; containing a mgthoxy group and a methyl group; the methoxy group content is 33% by weight),
and AY42-163-(Mw 514R00;,containing a methoxy group and a methyl group; the me hoxy group
content is 25% by weight) (the foregoing are produced by Dow Corning Toray Co., Ltd.) are listed as
examples.{0023]; ; ,4Fydther, examples include methoxy-modified resin (containing a methoxy group;
S1231 (the methoxy group equivalent is 222), SY550 (the foregoing are produced by Wacker
Asahikaset SilicongiCo.; ztd. )5 1KE89 (thednethpxy greup:eontent is 45% by weight), KR500 (the
~methoxy group content is 50% by weight), KR9218 (the methoxy group content is 15% by weight), and
KR213 (the methoxygroup.centient-is 22% loy weight) (the foregoing are produced by Shin-Etsu
Chemical Co., Ltd.), silanol-modified resin (containing a silanol group; S1300 (the hydroxyl value is 3%
by weight) 18Y&4084the lydroxyl value i$:2/8% by weight), SY430 (the hydroxyl value is 5% by weight),
1C836 (the hydroxyl value is 3.5% by weight) (the foregoing are produced by Wacker Asahikasei
Silicone Ca§ Lid. )i KR220L L KR242A, KR271, KR282 (Mw = 100,000 to 200,000), KR300, KR311
(Mw= 6000 to 10000, the hydroxyl value is 4.5% by weight), KR212 (Mw = 2000 to 3000, the hydroxyl
value is 5% byReéigRHIKR2BE, KRA0BYRR2B51RR216, KR152 (the foregoing are produced by
Shin-Etsu Chemical Co., Ltd.), 804RESIN (phenylmpthyl-based), 805RESIN (phenylmethyl-based),
806RESINAphéfyfiethyl-based), 840RESIN (phenylmethyl-based), SR2400 (methyl-based) (the
foregoing are produced by Dow Corning Toray Co., Ltd.), and silsesquioxane derivatives (containing
an oxetan%%rgﬁﬁ‘. (SX-SQ, OX-SQ-H, OX-SQSI-20; containing a vinyl-group: AC-SQ (the foregoing
are produc%i WS'[oa%osBei Co., Ltd.)). [0024] A preferable content of a functional group of these is
0.3 to 30% by weTgéH% In an organopolysiloxane. When it is 0.3% by weight or more, it is possible to
increase thféinm%g besive farce and it is possible to further reduce the rate of change of Tg. Itis
more preferably 0.5% by weight or more. Moreover, when it is 30% by weight or less, it is possible to
control the initial elastic modulus after curing to the lower modulus side. It is more preferably 20% by
weight or less. When two or more of organopolysiloxanes different in the quantity of functional groups
‘are containgg; thesguantityof dhe: functionakgroups isrexpressediby an apparent average value. [0025]
An organopolysiloxane containing a bifunctional siloxane unit and a tri- or higher functional siloxane
unit is particOlarlyipreferable. Inclusion of both a flexible bifunctional siloxane unit and a rigid
trifunctional unit makes it possible to balance the initial adhesive force and the insulation reliability at a
high level. It is desitable datthe eonteptoafithe difuinctienat silaxane-unitiec2@ moi% dtimere because
it is possible to increase initial adhesive force and to reduce the storage elastic modulus after heating
at 175C fop1866@hbufs bacadserditherfaéethat flekibility isiigkR Al smbre praterdably 30'mol% or
more. On the other hand, it is preferable that the content of a bifunctional siloxane unit be 90 mol% or
less becausé it passiBie 46 HAprovethe indulatibhFenasility Hiore A More Prefér&B1y 80 mol% or
less. When two or more of organopolysiloxanes different in the content of a bifunctional siloxane unit
are containeet #ie cditentid Tepréddnted BYdn dhpatentATagE Gt -NoFéGer 2r6m the viewpoint
of further increasin% the th%{mal'c%clabiﬂg under a lon -,termthi h temg:eraturzfopditi D, it is more
preferable At the Biftnctiotiar sifokans Uittrifdiictiohal SibxaRe Rt Fafis tmola? rafio) exceed 1.
[0026] It is desirable that a monovalent organic group having at least one member selected from
the group consisting of a phenyl group, an alkyl group, an oxetanyl group, a vinyl group, a hydroxyl
group, and an alkoxy!l group be attached to a silicoh atom of the organopolysiloxane. From the
viewpoint of the compatibility with the thermoplastic resin (a) or the epoxy resin (b) and the viewpoint
of further increasing the adhesion durability under a long-term high temperature condition, it is
desirable to have a phenyl group and an alkyl group. The alkyl group is preferably an alkyl group

havina 1 t0 12 ~rarbon atome and eavamnlec thearanf incliide a methvl arorin and a nraonvl Aarorin It ic



The content of the organopolysiloxane (d) is preferably 30 parts by weight or more, more preferably 40
parts by weight or more, even more preferably 50 parts by weight or more, and still more preferably
100 parts by weight or more per 100 parts by weight of the thermoplastic resin (a) described later. If it
is 30 parts by weight or more, it is possible to improve adhesion durability under a long-term high
temperature condition and corrosion resistance of a circuit and to reduce migration. On the other
hand, it is preferably 700 parts by weight or less, and more preferably 500partsbyweight or less. When
it is 700 parts-hy:weight o6 fess chedifitialzadhesive: force iseexaallenthiMoreover, Tromithe wiewpoint of
improving adhesion durability under a long-term high temperature condition and corrosion resistance
of a circuitrarmtreduemyimigration theroatent ¢ pesferably Gréater i 20% BB weightSiore
preferably 30% by weight or more, and even more preferably 40% by weight or more in the adhesive
compositicireX&iaifing AsGIVERE OR the SirerIrand St preterably- 7094 5 Weidit 'of 968 and more
preferably 60% by weight or less. [0028] The adhesive composition of the present invention

contains atFARPHAE theritiplastic rasiiia) T8 Kivd SFwhARRAS bt Battidtiftlydimited. Thermoplastic

resin has functions, such as flexlbtllll%, relaxation oféhermal stre s,oafndclngrprover{]ent in insulating

property dU&16 T Watér A5€6rBing property. Examplesior the thefmoplasti¢ résin include an
acrylonitrile-butadiene copolymer (NBR), ryionitrile- lene-styr j BS), po
ybutadiené@fr@%\%ﬁutagieﬁgfﬁéﬂeﬁg reggllﬁl %gyé%%)e?égﬁli%?églr% aégli%%%%%%ﬁrylic ester having a
side chain haying. 1 to.8 carbpn.atoms (Acpissybben polyvinyl butyral, pplyamide  polyester,
polyimide, polyamideimide, and polyurethane. These may be in the form of a fine particle. Such a
thermoplasticresin-preferably has asfupctional graupthat capfeact with an @poxy resimi) or a
hardener (c), which are described below. Specific examples include an epoxy group, a hydroxyl group,
a carboxyl greug, 3R aMINYHOUR & I FEQUR; @ Silanol Oroup -and aniiseeyrRnate(grou; Itis
preferable because a bond to the epoxy resin (b) is strengthen by these functional groups, resulting in
- improvementdn heat resistange [0029L:hanfurtbermares frosy he viewpaiateficompatibility with the
organopolysiloxane of component (d), initial adhesive force to a material of a wiring board layer or the
like, flexibilitymand aniretaxatian effecicof thetmal stress; @t &eérylic be methatrydiclesterthawving a side
chain having 1 to 8 carbon atoms is used particularly preferably. It is preferable also for these
polymers tetravedhe aferemetitivhedefunetiome Grogps. TFhis isbecdusBahe rassiirkidensity
increases, which is advantageous in heat resistance and advantageously acts on the initial adhesive
force. [0030f Fes THE éarRhi- 6 IR aRFéEMEHIBRCY FithBRAl GHSULFis preferaply 876&dkg or more in
the thermoplastic resin (a), and the elastic modulus after, curing and the Tg after curing can be
controlled &' ApFTopRaR rang&s” $HE Tontért ishivte prefétably 156 %d?l?g%??ﬁ@r%.ﬁftﬁg other hand,
it is preferab%ﬁ.o eﬁg/k or. less. %:nce thJe_z fleg_(ibility is hi%p, itis possibledt%incE%ageJIgSlinitial
adhesive f6rcd ahdt Htrol the Incidase i rats of Cf‘f] C anzg%narﬁzda i‘%\ssetoragye elastic modulus after
heating at 175C for 1000 hours. It is more preferably 2.5 eq/k less, and eye re preferably 1.6
eq/kg or |eé§5[%0§f]n = ?cl;cjlm the Gie%vp%ﬁ%oﬁl%x%ﬁitgﬁgge% %{bnﬁgitee'rr'n %:fgl t?r(%p%?ature condition,

the weight axerape moleeian wsloht (Nw) ofihebermoplastic Zesin, @) s plaferahlyd 09,000 or more,

more preferably 500,000 or more, and even more preferably 1,000,000 or more. The glass transition

temperature,(J0) is preferably 20G. of lawer, more preferably,5G or lawer, even margopreferably-20C

“or lower, and stili more preferably-30C or Iower. When using two or more of thermoplastic resins,

what_ is reguired isthat the Mwanethe, tgef ah teast e ofithe esins satisfy theseranges. The
weight average molecular weight is measured by GPC (gel permeation chromatography) and

calculated in terms-0f pelystywene. Theskaiscaleylated by a-DSC moethod. {0032t 1 Fvem the
viewpoint of further improving the adhesion durability under a long-term high temperature condition,
the contentief thepthemmoplastic/resiy (a)is preferatly 594 by weight errmbiies"Mofe préféfably 20% by
weight or more, even more

hours. Therefore, in the present invention, focusing

attention on a Tg after curing and a rate of change in Tg after

a heat treatment at 175°C for 1000 hours and bringing them into

the aforementioned ranges make it possible to design an adhesive



preferably 30% by weight or more, and it is preferably 70% by weight or less, more preferably 60% by
weight or less, and even more preferably 50% by weight or less, in the adhesive composition
excluding a solvent. [0033] Although the adhesive composition of the present invention contains at
least one epoxy resin (b), the kind thereof is not particularly restricted. The epoxy resin is not
particularly restricted if it is one that has two or more epoxy groups in one molecule, and examples
thereof include diglycidyl ethers of bisphenol F, bisphenol A, bisphenol S, resorcinol,
dihydroxyrapiheléne cdicyelopehtadiehe diptrerol calcyelope hiadiene dixylenolnandahe dike, alicyclic
epoxy phenoxy resins, such as epoxidized phenol novolac, epoxidized cresol novolac, epoxidized
trisphenylst inéthane, époxidized tettapHehylor ethaies! epoxidized rmatakglereliahiifg - cyclohexane
epoxide, and the like, and phenoxy resins. Among these, a polyfunctional epoxy resin that has three or
more epoxygtétips in one molecule is used preferably in order to increase the crosslink density of the
adhesive composition. By increasing the crosslink density by using a polyfunctional epoxy resin, it is
possible to obtain aft &de&iVE EBmpogiticH excdlent iiF heaf Tesistanté, rétfow fesiSnte s film

strength, and solvent resistance. [0034 Examples qf the polyfunctional epoxy resin include
orthocresotrﬂo%l%ckf?‘[}féjré%e%if%éﬁﬁtéfébﬁ@éﬁ%dﬁéﬁ@yﬁ] ( é)p%%'Ep%’%e}J e%?n%%éé’.l? Ltd.),

ESCN195 produced by Sumitomo Chemical Co,,Ltd., EQCN1020, E 1 1035, 1045 produced
by Nippon aiylaﬁu or.}/f}%?f ) and” t%reﬁﬁ(rét DPP r%S\L/Solgg %%)ge?%cgeégiﬁca I‘%\%}%%%g rgél%ced by JER,

and the like; trishydroxyphenyl methape tyne, spegifically, EEPNRALH produiced hyNippon Kayaku
Co., Ltd., and 1032 produced by JER, and the like; tetraphenylol ethane type, specifically, E10315

produced by, JER. and the like; dicyclopentadiene phenal fiupe. spegifically, HR7200rpyadiced by DIC

(Dainippon Ink' & Chemicals, Inc.), and the like; polyfunctional epoxy resins having a naphthalene
structure, spegifically, ESNA85, produced by Nipor SteekGhemieal o t4d. /YL 6242 produced by
JER, which has a special skeleton, and the like. Two or more of these epoxy resins may be used in

- combinatiafm; {00353 n t 1 dMoseever i ifcotder de impart firerst@rdancy, itlieeffective to.ysera
halogenated epoxy resin, especially a brominated epoxy resin. From the viewpoint of achieving both
the heat resistantcezand:the: fire rctardarroyadfan hdhésivecompaositioreatthe sametimehieis effective
for the adhesive composition to contain a brominated epoxy resin and a non-brominated epoxy resin.
Examples bethe brominated-epoxyresireinciide brondinated phenokricviorat hfgetepoxy Fésins, such
as a copolymerized type epoxy resin of tetrabromobisphenol A and bisphenol A, or "BREN"-S
(produced BYNipp6i KayarG @ tU:td.). In consideration of the bromine content and the epoxy
equivalent weight, two or more of these brominated epoxy resins may be used together. Recently,
from the vié%%%ﬁqj( of environmental impact, epoxy resins containing no halogen, specifically,
phosphorus-containing epoxy resins and nitrogen-containjng e oxy resins are useq(frequently. For
imparting fire retarddndy’ Suth epoRy resdiig %%ay% uge(?gloéé)@x *“Ih'tRe hdhesive composition of

the present invention, it is d sirab})e that the c nt%nt %the epox refiq (ft?% b%cjj Baerteb wg%ght or more
per 100 pahS By WEIGHT 5 the tREMIBpiAsticTasiT (2) Because the composition is excellent in initial

adhesive force, and itds more desirahle that the content be 3 parts by weight.or more. Moreover, it is
desirable tﬁgtg[ eocgo%tgn%]%eaZ n&é%scb‘;lv&eclaﬁfl glrsl%ég %eé a%%gs“%ﬁ/e% durabi @egticl) r?gé-\ﬁ;%rﬁ adhesion
is improved.morgand.it isamore desicabledhat the gontentbe %%%c?rté by, weight-ardegs, 10037]

- The adhesive composition of the present invention contains the hardener (c). It has a function to
realize the bajance-of physical properties.sueh asheatiresistanse. instlation telighility chemical
resistance, and adhesive layer strength, by curing any of the thermoplastic resin (a), the epoxy resin
(b), and the organcpplysiloxane 46 Examplesiof therhaidenedinciude-knowp matetials such as a
phenol resin, a melamine resin, a maleimide resin, a xylene resin, a furan resin, a cyanate resin, and
aromatic pplyamines, £:.9.231845 5 ¢etiamethydi4; 4'-diamirodipheédyimethanesuring the
3,3',5,5'-tetraethy1-4,4'-diaminodiphenylmethane,

3,3'-dimethyd 8 5igiethysdst-diammodiphenyimethafe c3Brdichibrd-4, £ idEmitotiphehylmethane,
2,2,3,3'-tetrachloro-4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl sulfide,
3,3-diamindbehzéphenone, 3,3'-diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfone,
3,4‘-diaminodi(5)henyl sulfone, 4,4'-diaminobenzophenone, and 3,4,4-triaminodiphenylsulfone. Two or
more of theldg Hﬂ%ﬁ/ be used together. Particularly, phenol resin is preferable because it is excellent in
insulation reliability. [0038] As to the phenol resin, known phenol resins, such as a novolac type
phenol resin and a t&soitype pehbifresint ‘cdttbe Tised” Barticlifatly, airesol fybé phérfdiTesin is
preferable. Since a resol type phenol resin has a methylol group and undergoes a self-curing reaction,
the heat resistance and the insulation reliability are_further improved. Specific examples of the phenol
resin include phenol, alkyl-substituted phenols, such as cresol, p-t-butyl phenol, nonyl phenol, and
p-phenylphenol, cyclic alkyl-modified phenols, such as terpene



and dicyclopentadiene, ones having a functional group containing a hetero atom, such as a nitro
group, a halogen group, a cyano group, and an amino group, ones having such a skeleton as
naphthalene and anthracene, polyfunctional phenols, such as bisphenol F, bisphenol A, bisphenol S,
resorcinol, and pyrogallol, and co-condensates of two or more phenol compounds having different
structures. Among these, a product obtained by co-condensing a phenol compound having an alkyl
substituent and a phenol compound having crosslinking reaction sites is particularly preferable. A resol
resin havingegresstinking sbaetioresités hasiteaction shesat orthro:positions and pargpositions and,
therefore, can form a three-dimensional network to further improve the insulation reliability. On the
other handzadesokrekirt havingsdn alkylsubstifieemt Hastiexibilitylbedause theameletuldr" Weight
thereof can be increased linearly and it can further improve the initial adhesive force. Examples of the
resol resintiavihgletosslinkingreactonsies ihclide phehvlaasesie Bisptiefol Areddlemicrésol resol,
and p-phenylphenol. [0039] = The content of the hardener (c).is preferably 0.1 to 200 parts by
weight perl0055Hts By FeTght Ut the tHiermopietit résin{ay 10646 fheadhdsive @31%Bgsition of the
present invention may contain (f) an inorganic filler, which can imgrove rei%(])w r.esist?nce, workability,

such as pufich&ifify” tHetmal conductvity: aha fird TEfardancy’ Exaniples therésf mclite-Silica, silicon
nitride, silicon carbide, aluminum nitride, titanium nitride, titanium carbi oron nitride, zirconium
oxide, bariuP r%%?%aﬁgie?%él%ﬁjgn g]ﬁc&gr?at%%&r%eeliaelay%%ﬁ&gs%s\ﬁcﬁnzfse% ng f%?r%ur# jh?/%%%%(gnmag nesium

hydroxide, and.calgium Mi@@&%m&@t&@%@&sﬁigdsso sugh.as zinc.oxjde, aptimony.frioxide,

antimony pentoxide, aluminuntoxide, magnesium oxide, titanium oxide, berylliam oxide, cobalt oxide,
chromium oxide; and, iron oxide, Mmetal-salts, sush as:calgium carbonate; algium borate, calcium
oxalate, magnesium carbonate, magnesium boronate, and calcium silicate, conductive fillers, such as
gold, silver, capper,iren, nigkel, graphie, carbon nanotube, and carbon black, and fillers, such as
_glass. Two or more of these may be used together. Particularly, silica, aluminum oxide, silicon nitride,
- silicon carbide,1arid aluminum hydroxide are used preferably. Silica is particularly preferable because
of that it is advantageous in reflow resistance of an adhesive composition since silica has a thermal
decomposition temperature:beingfar higher tHanc3G0C sthatit Isyeady-torcaritro| tvflgidity, and the
stability of particle diameter. Silica may be either amorphous or crystalline. Moreover, for the purpose
of improvingcheat sesistancef initial @adhesiyeiferde; andshe like tsutfade fréatiedomay ®&dapplied to
the inorganic filler by using a silane coupling agent, or the like. As to the silane coupling agent, those
mentioned balgi? nidisle BSed [D041] L¢3 The shperafithe trorganiedfle? ff) iOndtparticularly
limited. While it may be pulverization type, sPhel_ricaI form, and scaly form, and the like, pulverization
type is prefefieds THE Hiilerization Yeféfel/tbhereit (s & Shape it fs RofdpHetiehR(i.e., not round).:
Although the particle diameter of the_ inorganic filler is not particularly limited, an inorganic filler having
e Aeter 6F & im o Tesd Gt & maXiar RAriE Hameler 6 10'L 1171 or less i

an average
used preferably forthe iewpoint.of dispersibiity, apnlcabiity. teflow (esistanie and feml
cyclability. Moreover, from the viewpoint of fludity and dispersibifity, morganic fillers diftering in

average paytigle, digmeter may be used.in combination, As to the measurement. of the, particle

diameter, the measurement tan be carried out using a Horiba LA500 laser diffraction particle size

_d'Stf'Put'Ohcadef?EL%ﬂtE%% ayerage parlicle diametgr Leferred to herein s defined by a payile diameter
. (median diameter) that corresponds to 50% when particle size distribution on the basis of a
sphere-equivalent volume.isimeasured and.eumulative distibution.isiexpressed hy;gercent (%). The
particle size distribution shall be expressed in 56-divided semilogarithmic representation (0.1 to 200
lim) of particle-diameter onailvekjroe basis abhedhaxdmumlparticle diametahisdefinad: by a particle
diameter that corresponds to 100% when the cumulative distribution is expressed by percent (%) in
the particlewsize: distribution defined by:-the averagegparticle diametéroA, sampleifog measarement shall
be prepared by adding particles into ion exchange water so that clouding may be caused and then
carrying out @fifasomic-dispersioncfor 4 ConidtesC Thieimheakermmertt islcarried:oeut at aréfractive index
of 1.1 and a light transmittance in conformity with a standard value (about 70%, which has already set
in an instruRfEnB 0042y e 1 ETfe chteHESIRE NSFFRTEHIER (DNS sréferabiP2 31669%-BY weight, and
more preferably 5 to 50% by weight in the adhesive composition excluding, the solvent. [0043] The
adhesive cERIPOEHBH dfitfe Pré&&t inventiolPMay contain &rcbdping Hgehtanditts poédible to
increase the initial adhesive force to various metals %uch as copper, a rigid sup%t@'gle, such as a glass
epoxy substraté. antPthe fikeS Ex&Ripied ot the Coupling 2g8Rtinditde aZiane colpling Agent, a
titanium coupling agent, a zirconia-based coupling agent, and a phosphorus-based coupling agent.
Examples of the silane coupling agent include an alkoxyl group-containing silane that has a vinyl
group, an epoxy group, a styryl group, an acryloxy



group,-an amino group, a methacryl group, a mercapto group, or an isocyanate group. The alkoxyl

- group is preferably a methoxy group or an ethoxy group. (00441 The adhesive composition of the
present invention may contain a catalyst for the purpose of making the thermoplastic resin (a), the
epoxy resin (b), the hardener (c), or the organopolysiloxane (d) react. Examples of the catalyst for
curing the epoxy resin (b) include an amine complex of boron t ri fluoride , such as a boron trifluoride
triethylamine complex, imidazole derivatives, such as 2-alkyl 4-methylimidazole and
2-phenyl-4-alkylimidazole, argaait-acidsesuchas phthalic anhydrideptrinellitic-aplydridecand
pyromellitic anhydride, triphenylphosphine, and dicyandiamide. Examples of the catalyst for making
organopol{sitoxafé$ (dxreast wyetwatinclide platinuatbasddvatdiystand peroxide-based catalysts.
[0045] It is not controlled at all to contain a corrosion inhibitor an antioxidant, an ion scavenger,
etc. whichlcontrof gitcuit doffosiciBE iidratien GArEdHitior tothe BbbYésmértiorddingredients unless
the properties of the adhesive are impaired. In particular, an adhesive composition to be stuck on a
copper wildiig péribh PrefsrabiFcatamsia 8orrdeidh infibitof Detadss the Bxitative tegradation of an

adhesive by copper is promoted under a long-term high temperature condition. [0046] As to the
ion scaver?@éf?ﬁﬁraﬁn?_b@i%ﬁjé%h%fﬁgfé?@%]fﬁé”rgn?ﬁ gfh%dlf%tifa‘ﬁ?c filePdré Gs&d frequehtly. The use

of these prevents the migration of wiring and can control the decrease.of insulation resistance when
being used fot ant %sﬂ%%‘o% Ig%féroé:p% ic%asﬁbréla.r%ndﬁ%e P %ee Egh?éfiofnri%%%;fgﬁstﬁo Sgér’ticularly

restricted if gdslgrﬁe that can control the corrosion of the metal to be used for wiring or the like and a
migration |r5heno enon, and known corrosion inhibitors can be used. Frome viewpoint of controlling

corfosion to coppes ap migration, uizine defiyatiyes, igzole, defuatives henone deriygtives,

[
cyanoacrylic acid ester derivatives, salicylic acid ester derivatives, hindered amines (HALS), and the

like are preferable Ip_particylat, @ heterocyclic azelesepmpgound (e)ispreferable, Singe a heterocyclic

‘azole compound forms a rustproof layer on the surface of metal, such as copper, it increases the
resistanceto dengsietm high temnerature whentheadhesivesempesitian-ef the-pfasent invention is
laminated to copper. In some cases of a known adhesive composition, a heterocyclic azole compound
(e) ceasesitorhensuppliedto thesstitadelof Metah because ofitheldrogress. of a posticueingg reaction of
an adhesive 'caused by the exposure to a long-term high temperature condition, so that the rust
preventioregffect decreiases, altawingthe gretal toshie oxidizddl andadXidativeudegradatioaof an
adhesive layer occurs. Since the adhesive composition of the present invention contains the
organopolysiloxane ¢dy dekardhtdndeigoés & post-eunng rddetioneverrififis expbsed s a long-term
high temperature condition and it becomes able to supply the heterocyclic azole compound to the
surface of Fetar ft isradarhable that S4atasult'of thé ABoFE iP Betbmed Possible 18 ¢BAtrol
oxidative degradation, resulting in further improvement in resistance to long-term high temperature.
[0048]  PEXARPRES bt THE hEterGeychic ARBIE compBhfd idiudé diazdle"céhpsin gjse,’ Hiazole—
compounds, tetrazole compounds, and thiazole compounds, Moreqver, a homopolymer or copolymer
T i 5%,

that has sUcH4 5BGEhré n a 3U& chaih orthe Bf thie potimer Ak & usBd “Afhong the
heterocydlic.azole. compaunds, benzetriazgle campounds are pielerahle. Examples ol
benzotriazole compound }lt)ncluéce enzotriazole, benzotriazole derivatives, andtheir salts. Two or more
__of these may tb%%sagg tgggtgl%e‘me g_?e 9]‘7 gol&grkz(gyi_%z(% deriyative _is preferable because the
“thermal decomposition temperature of benzotriazole itself becomes higher and therefore a rust
preventioneftect is demonstrated in a higher temperature range. [0049] Examples of the
benzotriazole or benzotriazole derivative include 1,2,3-benzotriazole, 4-methyl-bencotriazole,
5-methyl-benzotriazale, sathexybenzotiazole cnitrodb-benz otbiazetes Att-heazotfiagalemni c
1-[N,N-bis(2-ethylhexyl)aminomethy1]-4-methylbenzotriazole,
1-[N,N-bis2:ethythexyghidmninomethyi]:bemethyliarizottiazokef orement ioned Tg. When
2-(2-hydroxy-5-methylpheny1)-2H-benzotriazole,
2-(3,5-di-tert=phenyt=2<wdedxyphenytpaiibenzoftiazolepring is 0.1 MPa or more,
2-(2H-benzotriazol-2-y1)-4-methy1-6-(3,4,5,6-tetrahydrophth alimidomethyl)phenol,
2-(2-hydroxy-5-tersottylpheny He2H Behzotriazole: Bhd R @-Rydroxy-4lochpRERyD 2 -beénzotriazole.

1 MPa or more, and more preferably 5 MPa or more. When the

storage elastic modulus after curing is 100 MPa or less, the



[0050] Examples of the salt of benzotriazole or its derivative include a salt of benzotriazole or its
derivative with an alkali metal, such as Na and K, and a salt with an amine, such
asmonoethanolamine, diethanolamine, triethanolamine, cyclohexylamine, and isopropylamine.
Specific examples include a benzotriazole monoethanolamine salt and a sodium salt of tolutriazole.
[0051] The content of the heterocyclic azole compound (e) is preferably 0.1 parts by weight or
more, more preferably 1 part by weight or more, and even more preferably 2 parts by weight or more
per 100 parts. by sieightrof she thetmoptasticdesing(a), therepbxy vesinlh)] and the orgarmpolysiloxane
(d) in total. On the other hand, it is preferably 7 parts by weight or less, more preferably 5 parts by
weight or lessgand Bvensmore preferdbly S pHits syeweight oress: D052 rabthe Antibxadant is not
particularly restricted if it imparts an antioxidation function and examples thereof include known
antioxidants; sueRas pishct-based antiokidaAtsy #edtherb¥sed ahtiddidants, PRBSpHdIEs-containing
antioxidants, and amine-based antioxidants. For resins having double bonds, such as NBR rubber,
there is a fEFdEAEY tRatcrbdslimcskdouble bondl potichs Brédecdssiowly andl a8 avesaR, the
adhesive layer becomes brittle when ,beingﬁleft at higg temperatures for Ign%geriod of time. The use

of an antioxiddht s Bftective Because it can ddntrotsuch ateattion: (00531 © A organi

n inorganic ion
exchanger is used frequently as the ion scavenger. An.inorganic ionh exchanger is (i high in ion
selectivity ﬂ?atsi?%gﬁi S p%%a%enaas%%%ﬁﬁqgﬁyf?gr%% 1s}‘)rllso%grlﬁ %ﬁ%ﬁrﬁﬁg W%%}%’ﬁ&%%ﬁ%s%‘f ion, (ii)
excellent in t resistance, (iii) stabl ainst organic_solvents and resins, a % W llent in
oxidation r]esét nce; %e%gfomrg,%if%rgf%e? iv% ?éf%cg\%eﬁn&ﬁg fonic r?}mlﬁﬁﬁt?eé’ an %srééggtlgd to inhibit
insulation gesistange from decreasing, prevent goresion.of alumindmaniring, :and preuent generation of
ion migration. There are a great many kinds of inorganic ion exchangers and they can be classified
into 1) aluminasjliGates (e.g., hatyral zeofite, syntheticzgolite, kaolin) 1) hydroxides or hydrous oxides
(e.g., hydrous titanium oxide, hydrous bismuth oxide), 3) acid salts (e.g., phosphoric acid zirconium,
titanium phogphate), 4) hasis salts,mixed-hydressoxides (e1g., hydrotaltites; Hale),B) heteropolyacids
(e.g., ammonium molybdophosphate) 6) hexacyanoiron(lll) salts (e.g., hexacyanozinc), and 7) others.
Commerciaknaraes jnciude XE-d 00y bé=-800 | IXE-500 P EXE> 530 elXE-5500 XE 60011 I XE-633, IXE-700,
IXE-700F, and IXE-800 produced by Toagosei Co., Ltd. Although there are a cation exchanger, an
anion excheinges,cana: aacation/anioiv éxeharfger rtheucdtion/&mon iExehangarcis preferretiisecause
there are both a cationic impurity and an anionic impurity in an adhesive composition. The use of these
prevents thevibmation of wirindrand tan contiol 1€ deeredselst insuigtion KssistaAcé Whenbeing used
for an insulation layer application. [0054] ~ The adhesive composition of the present invention may
contain a seeit. EREMPRIZSST RS sBeRPintiude &fdthdticsoNims st chids oltent Xylene and
chlorobenzene, ketone solvents, such as methyl ethyl ketone and methylisobutyl ketone, and aprotic
polar solvetts; 'stichas tiffethylformamide, dimethylacetamide and N-methylpyrrolidone. Two ormore
of these mﬁéé)i,fc}ontained. [0055] It is desirable that when the adhesive composition of the
present in I0N-is cured to a curing reaction ratio by differential scanning calorimetry measurement
of 70% (o 1009%, the resyliing.compasiign haye aysearisiand shicure containing sland A containing
the epoxy resin (b) as a primary component, island B containing the thermoplastic resin (a) as a

primary COW&E&@W5?%%%@4@&5%&%9@@9%% oxane,(dyasa primany component, and the

‘island A and the island B be in contact with each other. With reference to Fig. 5 for example, it can be
observed thatthere is a phase geparation sthushiie ¢omposedof sea C22 containing the
organopolysiloxane (d) as a primary component, island A21 containing the epoxy resin (b) as a
primary compoenent and island B23 containing the thermoplastic resin (a) as a primary component, and
that the island A21 and the island B23 are in contact with each other. By forming a sea-island phase
separation structuresaftes cusing andsbringhe island: Blcontaining thetlhérmieplasticlresimifa) as a
primary component into contact with the island A containing the epoxy resin (b) as a primary
component;itlis possiblel tooretax theistrain géneratéd atthesintarfaeesidhé islandlAfinder a high
temperature condition through the contact with the island B. Moreover, it is possible to inhibit the
epoxy resirs {B)frsmdloeédlatifg anditispredamablethatong e athesniturabiity2 especially
thermal cyclability, can be further improved. The primary component referred to herein means a
component'&dcBiinting s IRweight or Mg of the cofpongnts'forifg-tha focusedisland or

sea. [0056
[ ]silicone that has a molecular weight being greater than 100,000

10



In order to obtain such a phase structure, it is desirable that the thermoplastic resin (a) and the epoxy
resin (b) be incompatible. Furthermore, it is desirable that the thermoplastic resin (a) have a functional
group capable of reacting with the epoxy resin (b). Among thermoplastic resins (a), an acrylic resin
increase the flexibility of an adhesive composition and is excellent in initial adhesive force to a material
of a wiring board layer or the like and in thermal stress relaxation effect. Therefore, it is desirable that
an acrylic resin be the primary component of the island B. Whether the thermoplastic resin (a) and the
epoxy resiar(h) ahe: compatiblelor et it isjudgedres. follwse Thesthermoplasticresiaia) agd the epoxy
resin (b) are dissolved in a solvent at a weight ratio of 1/1 and then applied to a base material. After
drying the sotveht torforrra film rthecHazelofrthe fithheated arE7ECHBE-2 Hours i mgastied. When
the haze is 10% or more, the resins are judged to be incompatible. [0057] It is desirable that two
or more isEPEB B &N conthck Wwith s Sitgfes istarftPACH 38 St strdlin %p%ﬁédlf&ﬁﬁboiﬂtae]rface of the
island A is fully relaxed by the islands B, so that the thermal cyclability and the long-term adhesion

durability ot akirediveress taii e Fuitherithgroved Awien ftferé i Hikrge Pttion Witsré e island A

and the island B are in cantact, the strain applied to the iI%t.erface.of thesislgngaA g:sef%lgv\gg?xed by the
islands B, 56 thafthe thermal cJSabitity 51 the gt adhesion durabity of adhesiieness can be
further improved .Iherffore it.is dgsirable %l%%t _iSslalnld A be in. contact,with ﬂﬁ@% B.oyer 1Q% or more

: T W th he s i 1 .
of the perlrln%tgPoFt%% §15nde,&.g%3he RuMmber of the islands Bir contact with the single |§and Ais

defined to be e Jean valus of the pumber;of SIAgds B canfagt Wi eaeh siand , afained by

observing 10'islands A arbitrari y chosen from an observed image to be dbtained by a transmission
electron migroscape usipg the ohservation,methad deseribed helow, Iheperimeter of each of 10
islands A arbitrarily chosen from an observation image obtained by a transmission electron
microscope ¢nder the conditions mentioned below, and the ratio of the length of a peripheral portion in
contact with the island B are measured, and then the ratio of the contact portion to the perimeter is
“calculated. The mean yalueofitberating is defmed-as the satic:ofi the lengthvefitheqrortiondn contact
with the island B to the perimeter of the island A. [0058] When the adhesive composition contains
an inorganicfiller(f)y 4t isfdeskable=that thérimenganicfillertbedoeélized  invthe istand #einthe,
above-described phase structure. With reference to Fig. 5 for example, it can be observed that an
inorganic fitler2Zeis:focatized ¢ islarsd A2% wontaivinig: an EpoXs/resia a5 aprirhantédmpanent. The
localization of the inorganic filler in the island A makes it possible to hold the stress relaxation property
of a therme@plastic Fshe rsteforalitis Pos SIS Ritthe? irproveltiie Thitsl Genksie féree, the
adhesion durability, and the thermal cyclability without reducing the reflow resistance. The localization
of the inorgdhRSTREY ifl TRE laitl AlMEEHS RAPHHR nfajorfly bFIRE orgafic fifer is Predsit in the
island A. [0059] Hereafter, the method of observation of the sea/islland structure gfter curing of
the adhesife CompoEHiondr e present iRt it 'descibed [0080Y - YFirdt théAdhasive
composition is cured. to.a curing reaction ratio by differential scanning, calorimetry of.70% to 100%. The
curing reackf?é%lrr% i0 c%% 5é ad usatgdCt toata Sél)éc))}?? %St%)hfdb%/%%y&ggﬁtro i%ast g%jégqt‘fn%%t)emperature
and heating fime.ot-he Adhesive oy qaltion gppropialple o [Q0BL] o Hhe-auing igggtion ratio
determined by differential scanning calorimetry can be determined by measuring the amount of

generated hgat of.a sample before curing,Ql(mI/ma)-and-the.amount of gengrated heat of a sample
¢ after curing, Q2 (mJ/mg), and calculating the ratio from "the reaction ratio (%) = ((Ql - Q2)/(Q1)x100."

The amouny of geperated, heat,gan bepaeasured bydising as instrament-8$C6208manufactured by
Seiko Instruments Inc. (SIl NanoTechnology Inc.), at a temperature of 25C to 350C, a heating rate of
10C/min, acssaraple@maunit 0f abedt $01mgaabdwa nitrogenigas flewof 40CG/mia ysingan#ét open pan.
[0062] Next, as to the cured adhesive composition, a macromolecular component is stained by the
ruthenium acidsstaining: techgiques At tlktrath gesampleavingawadiis o 200 xadltd 900iprh and a
length of up to 100 um is cut and it is observed by a transmission electron microscope (e.g., H-7100FA
manufactureeiipe Hitachic L tdorat ianiaccelerdtiomneoitage of 1003V are amagaificaficii of 10,000 to
40,000 times. A phase separation structure of a 5 lkm-square portion arbitrarily chosen from the
resulting obseraatich rhdgesississeived: OB CPO by drdetta idehfify the éo ehPtrhing each
phase, a model experiment is effective. For example, it is possible to determine what phase is formed
of the comB&raHt 1o BRFJERFREPBY L¥fbafiig Me REUERIE Of An"- AN ESthp6sition Excluding the
component to be identified and the structure of an adhesive%comﬁ)onent ingludicpsg the colrgponent.
[0064]  Oné 8xampleBithermatHod for Prodading the SarEsive E3Mposition-of the predent
invention is provided. A thermoplastic resin (a), an epoxy resin (b), a hardener (c), an
organopolysiloxane (d) and, as necessary, an additive, such as a curing catalyst, are added to a
solvent and then stirred, for example, at 30C for 11é 8 hours, so that a solution of an adhesive -
composition is obtained. [0065] An example of a preferable method for producing an adhesive
composition that forms the aforementioned sea/island phase separation structure is provided below.

<1> A thermoplastic resin (a), an epoxy resin (b) and, as necessary, a curing catalyst are stirred, for
avamnlae at GO to 100C for



1 to 12 hours in the presence of a solvent. In this stage, conditions are adjusted so that the reaction
ratio of the thermoplastic resin (a) and the epoxy resin (b) may become 5 to 50%. Subsequently, <2> a
hardener (c), an organopolysiloxane (d) and, as necessary, a curing catalyst and an additional solvent
are added and stirred, for example, at 30C for 1 to 8 hours, so that a solution of an adhesive
composition is obtained. The reaction ratio of the thermoplastic resin (a) and the epoxy resin (b) can
be determined by measuring the amount of generated heat of a sample before curing, Q3 (mJ/mg),
and the amsountrafigenerdtediveat ob asampleafter cdrind Q4 @nJ/mg); by diffetential scanning
calorimetry and calculating the ratio from "-he reaction ratio (%) = ((Q3 - Q4)/(Q3)x100." As to the
sample beforeaeacticny, sl samplesis skt whithds st atnfecivién e thefrmasiastic resin (a)
and the epoxy resin (b) used in <1> are stirred at 40C or lower in the presence of a solvent to dissolve.
The samplessitetredctidreféistothie Sanfplé ifthe stABAIS TheSolids depssited by drying the
respective solutions before and after the reaction under reduced pressure at 50C or lower are
measured by difiérential ScainiTy EQBNMeTS. ?ﬁ@?ﬁé&’%r@%ﬂ%@ncﬁﬁoﬁ?é% &n instrument
DSC6200 manufactured by Seiko Instruments Inc. (Sl NanoTechnology Inc.), at a tempetature of 25C
% r%%é%eoc%\‘ gyLer P 5f

to 350C, aHeiing TRt o 10EATIN A ampIE S about'to RY: and & nitrogen gas flow of

40C/min using an Al open pan. [0066 When the adhesive compositjon contaj inorganic filler
(), the foII(%\7'1\%%gSI[]:)Cr(?)E(:fﬁcc{'f?or(lg ?naeﬁkég IS Brde%r%d n EFd%r%grrnla t %)i%o%lgla%?llce |Ilé?§?%lr%£§ized in the
island A. <12 ffter ,é%ogggfg%ﬂ&%r,(fgﬁsgﬂ%sgwtg&z%vegw%wg%eﬁm% isicafed out,
thereby preparing a_dispersion liquid. <2> An epoxy resin (b) and, as necessary, a curing catalyst are
added and thgpstired, for,example,1at160,to,10000for 1deL2:-hours inthe presenge eha solvent. In
this stage, conditions are adjusted so that the reaction ratio of the epoxy resin (b) may become 5 to
30%. Subsje]g(g@zgtly, <3> a thermoplastic resin (a) that is incompatible with the epoxy resin (b) is added
~and stirred, for example, at 60 to 100C for 1 to 12 hours. In this stage, conditions are adjusted so that

-the reactiongatio pf the thermoplastic resin (a) and the epoxy resin (b) may become 5 to 50%.
Subsequently, <4> a hardener (c), an organopolysiloxane (d) and an additional solvent are added and
stirred, for examplexat80C: fordfto=8 hoursa sophatyes slutien of ap-atthesive fconipositionlis obtained.
In this method, both the reaction ratio of the stage <1> and the reaction ratio of the stage <2> are
calculated by differertiab scanning daddriretryim the sante manherz%3nahe ahdve oX& i the sample
before reaction to be used for the reaction ratio measurement in the stage <2>, a sample is used
which is olstaiheerattirhe viieh therspoky resdind®ramethedidorfanitSifér (f) are stirred at 40C or
lower in the presence of a solvent and the resin dissolves. The sample after reaction refers to the
sample in thgos?téée <2>. As to the sample before reaction to be used for the reaction ratio
measurement in the stage <3>, a sample is y}sedfw ich is obtained at a(&ime hen t%e thermoplastic
resin (a) is added té)]the%bﬂl%ﬁn@otgih%d i £3>5hd-StitrétPaf 46 For ovl%/(e:re\é/) §i%s6iv8: The sample
after reactign refers t%thre sarggle inﬂ%séage <3>. The solids deposited by drying the respective
solutions befdré dnd after the Teaction under reduced pressure at 50C or lower are measured by

diferental scanningcalefimeter The measurement condiions aredhe same a5 ihgse described

above. [00671 Ivesheet for electronic componernits (henceforth, adhesive sheet) of the

present inventign gefers to,an object that has.an adhesive layer made pf:an:adhesive composition of

- the present invention and at least one protective film layer that can be peeled. For example, a
two-layer striigture of pratective i layer/adhesive layen o atheee-layer stoueturei of protective film
layer/adhesive layer/protective film layer corresponds to this. Layers other than the adhesive layer and
the protectivedilmdayermay begontgined and; for exaniple s sucttiteof protectivedilm
layer/adhesive layer/polyimide film/adhesive layer/protective film layer is also listed. As to the adhesive
sheet, the degrerlof cure ofithe-adhesive:tayet befarecuring, i.eg it a B stagesstataimayte controlled
by heat treatment. The control of the degree of cure has an effect of preventing excessive flow of an
adhesive iyadhgringthetadtiesiveshidet 16 ah,objectto be-adheréd ssuchidsia Wiring board or an IC,
and preventing foaming caused by moisture in heat curing. The thickness of the adhesive layer, which
may be selettadappropaatelyeperdingupsn e réldtdnshity befiveerthe Blastic modulus and the
linear expansion coefficient of the layer, is preferably 2 to 500 pm, and more preferably 5 to 400 [0068]
The protectife fifis ager Féretred 16 Hetemlis Hot parfiddiady 785trictednts the' extéht #atHcéan be
peeled before_lamination of t,!he_adhesive Iaggr an obidecéto be ad_her%d ith amilging neither the
form nor th@%ﬁé‘tﬂoﬁ’?&'th@%ﬁe&%’la@g& ex g:?p%s théreof incltde iins ojfep astics, Stck as
polyester, polyolefin, polyphenylene sulfide, polyvinyl chloride, polytetrafluoroethylene, polyvinylidene
fluoride, polyvinyl fluoride, polyvinyl butyral, polyviggsl acetate, polyvinyl alcohol, polycarbonate,
polyamide, polyimide, polymethylmethacrylate, andsilicone rubber, films resulting from application of
coating treatment to those films with a releasing agent, such as silicone or a fluorine compound, or
papers with those films laminated, and papers impregnated or coated with a releasable resin. It is

more desirable that the protective film layer is colored. In this case, since whether the protective film is
nealed can he checlked vicriallyvy it ie nncceihle 1N Nnrevvent foraettina to naeal the lavar [0DNRO] In the



the obtained sample is measured under the aforementioned conditions. [00711 The adhesive
composition and the adhesive sheet of the present invention are used suitably for (1) a substrate for
semiconductor connection to be used in mounting a semiconductor element or a semiconductor
integrated circuit for a wiring board (i.e., interposer), such as a tape automated bonding (TAB)-type
pattern processing tape and an interposer for a ball grid bonding (BGA) package, (2) a lead frame
fixing tape and a lead on-chip (LOC) fixing tape, (3) a die bonding material for bonding an electronic
componentpsich asa-semicogdactorelement; @and;a SHPEGITingaHémber, suchras a lead:fitame and
an insulating supporting substrate, (4) adhesives, such as a heat spreader (a radiator plate), a stiffener
Ja reinforcementpiate) cand a shield material, (5) a sealing material of an electronic device, (6)
adhesives for optical use, such as an adhesive for optics, such as an adhesive for light path coupling,
an adhesiveé fér<assembling an optical component, and a sealing material for LED (Light Emitting
Diode), (7) various kinds of electronic materials, such as a solder resist, an anisotropic conductive film,
a copper-lined laminated boardCaedveriayaRd wntiRsdiafing laysf Befveditditcuits. The shape and
the material of an object to be adhered are not particularly limited, [0072] In particular, the

adhesive composition att thé adiasive sHeet of I preseit mbentish 8ar besedFaHicularly suitably
as an insulag r or adhesive | f po device. [007 sectional view of one
embodimer??g}g!'fg'é@éékt@%% E?%éoigﬁé&%}’r%évi\geg llﬁﬁ_\%\ég:%’angg _eos?\/ze(SA éheegt-:-{-}tgoﬁﬁéj %fesent invention
is used is depicted.in Fig. iconductar.integra ircuit i cut after an element is
formed on a9 ggm@o%@ubto%%%ﬁf%ﬁe?gug%égé" gl f%En rlsi%%}%eé:eg%é%a[%?bqﬁé%e or connecting a
semicondugfonintegrated circuit 5 with am adhasiveplayen g, hessubstrale for.coppegiing.a
semiconductor integrated circuit 5 has a conductor pattern 4 on one side or both sides of an insulator
layer 3. Thig cgnductar patteu 4 is.usedhfor connecting;en gleotrogepadip an external part (e.g., a
printed circuit board and a TAB tape) of a package. Moreover, the semiconductor integrated circuit 1
and the substate. for icannestingha semieendyctonintegrated eitgyit Srare:cenneetedwith,a;bonding
wire 6. A solder ball 7 is mounted to the conductor pattern 4, and the connection portion between the
bonding \Artie 6 ekthecsemicondpctorintegrated cidcuib § areh thietsubsti@ie forcormecting a
semiconductor integrated circuit 5 is covered with a sealing resin 8. [0074] As the insulator layer
3, a plastic, 8tichFas poRimide) polyestar, potyphenylensrsulfide 2polyethigtsdfongy, and a
polyetheretherketone, aramid, polycarbonate, and polyarylate, a composite material, such as epoxy
resin impreégisatet glasseleth, Bhifexisié insiiaticiPfiltn Ravikga-thicknéss oP Y06 125%im made of a
graphite sheet or the like, or a ceramic substrate, such as alumina, zircohia, SiC, GaN, soda glass,
and quartz §ras8 .48 skt srtibl. AParhihate FesaIting fFomYaninatiny thdormbre Bf thése also may

be used. As necessary, surface treatment, such as hydrolysis, corona discharge, col%glasma,
physical rOL?gTw%ﬁiﬁrge,%e%@%h%e%%‘ﬁﬂé@egﬁﬁ&%%ﬁa@ﬁb%yaﬁﬁllreeaj.tf&?%f7‘* W Eig. 2 is
provided as( tioﬁn% Mi@e{\/_ 01(‘: one egnnbiorgimen%o%% geaglﬂn%dgylice uasi%%]an afihe%ivg sheerg (:c{)f the
present invention. semiconductor mte%r&te “Circuito with @ 'sdldér bail 11 mduntet! is batch-sealed
with an adhesjve,l r 10 on the insulat -12._In addition o.th nicanductor.i ted circuit
9, it can be ﬁs%gta$§o§* fgrra(lg) ng’nc%ﬂ% vﬁ/locd#%a%ﬁ s%tJPa%e%vifh%irr%eblﬁ ri{?egs?%%oé}] 'ag g gggzgﬁaﬁte with an
LED light emiiting. elgypent orthe likemaunted, is-sealed onap,insyl .}%H?ie% Morgover, @ conductor
pattern may also be formed directly on a sealed adhésive layer 10. [0076] The adhesive sheet of the
present inventiontis used- suitabiyrfornespecially, a:surtacesmount glectronie componenh<Ehe structure
thereof has, on a substrate, a first conductive layer, a semiconductor integrated circuit, an adhesive
layer being inseortagtwith atdeast apary of the/first condyctivedayer andayleast apart ahthe
semiconductor integrated circuit, and a second conductive layer that connects the first conductive
layer and the semicphdyctorgintegnatedyeircuity [00Z7]ue iln Big. Bviswdepicted a sedtiohalview of one
embodiment of a surface mount electronic component using an adhesive sheet of the present
invention. Ofiboth facés of thie-ecrahii¢ stibstrateckd isrdisposed first eomductiveiayerst3a, 13b, and
13c, and on the conductive layer 13b, a semiconductor integrated circuit 17 is laminated. On the
semiconducieriftegrafeel sircuit ey | BRhBSKNE |8ers 5aeand I5b beintdih contatt Withta part of the
semiconductor integrated circuits 17 are laminated. On the other hand, on the first conductive layer
13c adhesivefiagérs, 15banad 4%¢ bembin tonhthétHRthioar SFriReRGHdive Tayer $3C R laminated.
Moreover, the semiconductor integrated circuit 17 and the first conduyctive layer 13c are connected
together by B SeBSH CEHGGEAVE I5581-E5. ThE fbutur SRS Soulcrare e fiibthe cohbetion
reliability is kept high even if being exposed to a long-term high temperature condition because surface
connection is formed unlike wire bonding. For exaTgle, if the semiconductor integrated circuit



17 is made of SiC, GaN, or the like, a long-term reliability of 200C or more is required. For
conventional wire bonding, a wire portion might crack or break due to thermomechanical stress. On
the other hand, for a surface mount electronic component, a high connection reliability can be obtained
because the second conductive layer 16 is surface-connected. [0078J The use of the adhesive
composition or adhesive sheet of the present invention that is excellent in adhesion durability under a
long-term high temperature condition, thermal cyclability, and insulation reliability for such a surface
mount elecironie comporenthiakes it possitie tbagetthebestyerformanrcesMorenver; @ne of the
features of the adhesive sheet of the present invention is that good lamination property can be
obtained irarsurfaceimodatsystemciatause the 4dhesive (Hyersis Sotigh aefididity et ifcan follow
irregularities by heat lamination. [0079] Next, examples of the methods for producing an adhesive
sheet andBntelectrofiECEMpOAeAt LSRG HheSEUhER Ve EEniitsitivRY o Pthe reSeRtivéntidn are
described. [0080] (1) Adhesive sheet (a) A ;iaint prepared by dissolving an adhesive composition of
the present Fivéniicreind EolveRtis §1§r§3i%ﬁ fo'a %i’éaﬁsaﬁg Bolyesisr it With & B4 C5ater, or the like,

and then dried. The drying conditions are qoggnonl 100 to 200C and 1 t0 5 r;nir.uétezs5 LO%Sl] (b)
On the adRESVAPIEYET TErMied T ta)fiE TARmatad d'VerdasabId protBefiva fili fayeF rade o polyester or
polyolefin that is weaker in peel strength than that mentioned ahove, and.th n.adhesive sheet of
the presen‘fﬁ%vﬁ%in@%%tgi%g g?ﬁe‘ﬁﬁi%ﬁr?egsrgfj tlﬁ%eé%%) si?gj Téye?%%ﬁtrb%ﬁﬁge% irelg)réésed by

laminating.an aghesive layer twic or ﬁé)y repeating the method described in the above (a). In
another poléag%l e?n%%dﬁ%/gﬁtgvégf t%e még%ﬁro deésc':ribed in the above (a), an insulation film is used

instead Ofd%%@%l ester film and a protective layer is further laminated by laminating an adhesive layer
on both sides of the insulation film. After the lamination, the degree of cure of the adhesive layer may

be controlled, for example, by exectiting heat treatment=at30.4p-F€ for 2010-208: hours. [0082] (2)
Electronic component (A) BOA type semiconductor apparatus (a) An electrolytic copper foil with a

thickness ofd2:t0-351A19 is: laminated,onyadape withoa adhesiventar HAB,undergonditions of 130 to
170C and 0.1 to 0.5 MPa. Then, successive heat curing treatment at 80 to 170C is carried out in an air
oven, so thataitape dor TAB ¥dth) a cipped foit iszpfepared 1 Thezcopperddit face lof the ¢&sulting tape
with a copper foil for TAB is subjected to photoresist film formation, etching, resist stripping, electrolytic
nickel platihg parideleefroBtit gotdplating , and Solder résistSilnmpredustiohoBy ofifvaly processes.
Thus, a substrate for semiconductor integrated circuit connection is prepared. [0083] “The
conductor patié®ivhayshd formedvyiusing eithBr 8fa Subfrdctive procedamd Frraddifive Hrocess. In
the subtractive process, a pattern is formed by applying etching treatment with a chemical liquid to a
laminated afitldprepaiediby adkBfing & mEAT Tt SHER ds SECEper fil 88 an iisulatdr Ber with an

insulation adhesive (the adhesive composition of the gresent invention cagztg/e used .orrzlajclsalminated

article preped by lanfifiating a precurSol 6 & ths Hafiow 18t 5+ +5 by weig

(the foregeing are produced by Shin-Etsu Chemical Co., Ltd.},
silancl-medified resin (containing a silancl group; SY300 (the
hydroxyl value is 3% by weight), 5Y409 (the hydroxyl value is
2.5% by weight), SY430 {(the hydroxyl value is 5% by weight),
IC836 (the hydroxyl value is 3.5% by weight) (the foregoing are
produced by Wacker Asahikasel Silicone Co., Ltd.) ), KR220L,
KR242A, KR271, KR282 (Mw = 100,000 to 200,000}, KR30C, KR311
(Mw = 6000 to 10000, the hydroxyl value is 4.5% by weight), KR212
(Mw = 2000 to 3000, the hydroxyl value is 5% by welght), KRZ:51,

KR400, KR255, KR216, KR1I52 {(the foregeing are produced by
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metal plate and forming an insulator layer by heat treatment or the like. Examples of the laminated
article to be used for this method include a copper-lined material for a rigid substrate, or a flexible print
substrate and a TAB tape. On the other hand, in the additive process, a conductor pattern is formed on
an insulator layer directly by electroless plating, electrolytic plating, sputtering, etc. In either case,
highly corrosion-resisting metal may be plated to the formed conductor for corrosion prevention.
[0084] The thus produced substrate for connecting a semiconductor integrated circuit may, as
necessaryshave-Btvia itile and dhetonductor. pattéhsRoFmad (o both sidgés: iy beseshinected by
plating. [0085] (b) To the substrate for connecting a semiconductor integrated circuit prepared in
(a) is adhe?6d By 3pplication vt heatithe-adiesive sRESFdbtamettingRy, ErfitithaPa Seficonductor
integrated circuit (IC) is attached by application of heat and pressure to the opposite side of the
adhesive ShEeREFH adRésive SHEETTE EEQW%hinﬁ%%ﬁ?le(ﬁ@iﬁﬁyﬁ AEeificlrel State and the
degree of cure thereof may be controlled by performing precuring at a temperature of 30 to 200C for
an appropfi&essEtisefofitirfie BRer e RniinatisH! Subseglignthy et clring &F120 to i‘@é)c is carried

out. The heat_curing is usually carried qut in an air ov ni.ILOOS6] gcgt'léhe iemiconductor integrated

. e J
circuit and e SHRSPaR T SeMicondittof Tritegrated &ircdit SoRtection are tonAected by wire
bonding r.condjtions of 150 at;about 150 kHz, and_then are seal ith, resin, [0087]
N

(d) Finally,a’so all is'molnted low to obtain an e C nent of the preSent

invention. 1%%881fgz%?ogﬁi%9@@9&38@%@@?%&9%2%@5@ syptemy . . (3) An adhesive sheet

obtained in' (1) is famin n irregularities formed by disSposing a first conductive layer and a
semicondu%j@t]egrated circuit on one side or both sides of a ceramic substrate, and it is attached by
application of heat and pressure at 120 to 180C, thereby being batch-sealed. The degree of cure of

the adhesive layernay becontyrolled aftee the lamination ef thenadhesive:sheet. Thedisstigonductive
_layer may be formed by using either of a subtractive process and an additive process. [0089] (b)
- At least part.of the adhesivedaygnenithessemiconaustarintegtated €ircuitrand atleasttpert of the
adhesive layer on the first conductive layer are removed by YAG, carbon dioxide gas, UV laser, or the
like. Subseguenty the circuitis-heated atd 204e<180C:for several hoars, thereby heating the adhesive
layer to-cure. [0090] (c) The surface is entirely subjected to copper sputtering, followed by
electrolyticactippet pratihgr Sabsaduéntly, etelsing Processing isrddrfied vat i thecdlactielfic copper
plated surface to forma second conductive layer, thereby obtaining an electronic component of the
present invehtiopeTEe fofntation &fthesseesivdcondaciveliayer 15 afridd siit by ansticfitive process.
EXAMPLES [0091] The present invention will be described below with reference to Examples, but
the inventidl? EErotamitet B thelse Examplés! Bitofe Starting 8% plainifiy Exanisigs the méthod for

preparing a sample for evaluation and the method gf fvalua ion are describgd.
control the initial elastic modulus aiter curing co the lower

modulus side. It is more preferably 20% by weilght or less.
When two or more of organcopolysiloxanes different in the
quanﬁity of functional groups are contained, the guantity of
the functional groups is expressed by an apparent average value.
[0025]

An organopolysiloxane containing a bifunctional siloxane
unit and a tri- or higher functiocnal siloxane unit is
particularly preferable. Inclusion of both a flexible
bifunctional siloxane unit and a rigid trifunctional unit makes

it possible to balance the initial adhesive force and the
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[0092] (1) Preparation of pattern tape for evaluation To a tape with an adhesive for TAB (#7100,
(type 31NO-00F5), produced by Toray Industries, Inc.), a 18 pm-thick electrolytic copper foil was
laminated under conditions of 140C, 0.3 MPa, and 0.3 m/minute. Then, heat curing treatment was
carried out in an air oven successively at 80C for 3 hours, at 100C for 5 hours, and at 150C for 5
hours, so that a tape for TAB with a copper foil was prepared. On the copper foil face of the resulting
tape for TAB with a copper foil, photoresist film formation, etching, resist stripping, electrolytic nickel
plating, antirededteolytichgokelplatiig weye xarded duk Thos: b. pattérnitapeefor exaluatiohdiaving a
comb-shaped conductor pattern having a conductor width of 25 wri and a distance between
conductors b 25 wvas pfepared. 0098} 1(@) Measurennt ofrstérédge &lastic medulusre  To a
glossy face of an electrolytic copper foil (36 1.tm) having been cleaned in accordance with a standard
procedurelet eopper foil fageRdeariing Hrovidedin IPTABMO2Was Hifihaled APT3ECH'5 MPa, and
0.3 m/minute an adhesive sheet (the thickness of an adhesive layer was 200 Jim) from which one
protective fifn fa/&i fadBerspealad SARSthEE proteetive-fli ke WalsiceidWand tHe feSidue was

cured at 100C for 1 hour, and at 170C for 2 hours. Supseguently the cogigrffoilwa%r,e oved entirely
by etching® GAd tor the SpbSet Sahbaiethysl S stdhie eltsticThodains at 38CHF e iftial elastic

modulus) was measured under conditions, including a frequency of 1 Hz and a temperature raising
rate of 5C/E1'nﬁlt5e 61)9 ﬁgin%rae ?ﬁgr%?gvigéoe %%{[?ciﬁ% aﬁ%i‘%ér. hﬁlgretgf\ll‘%r,o?ﬁqéea%t?leasﬁ/ge’Ia"_)L/J(&ar with a

?{1‘?’8%”2108%&899'@8{13 was leftinan gyen of 175C for

copper foil layer after bei g regé ucr]ger tlgg f
1000 hours \S/viﬁ%:%eefgl%%e)?n V%hléh the% es}?/e ayer was exposed disposed in the air. Subsequently,

the copper,foil dayey was remaved.completely. by etching, and the storagerelastic.modulus of an

adhesive layer obtained by heating treatment under the same conditions as above was measured by

using a dynamic Wsgeslastigity-analyzer.f0094] (Measwement of glass transition temperature (Tg)
A sample was prepared in the same method as that described in the foregoing (2), and a glass

transition temperature svas measured-frop the peakdemperatuse:oka tand pbiained by using the
dynamic viscoelasticity analyzer. The glass transition temperature was defined as an. initial glass
transition tempesaturesTg) . dréatmentovas applieckinrtbe same manneralsa ioasanple heated at
175C for 1000 hours and a glass transition temperature was measured. The rate of change of Tg is
representeddoyt €Tg25T giyfF ghx 00 (%)-froamntheabseluteasmpecature (Tgl) ofMfhe @vitialglass
transition temperature and the absolute temperature (Tg2) of the glass transition temperature of the
adhesive ldyerrafiel the hearpeatment af 175C96r 1000 AigGis {00951 (4) Ev@Ration of Adhesiveness
(a) Initial adhesive force An adhesive sheet (the adhesive layer was 200 .t.m in thickness), from
which one prstéetivelfiliyIdyef Radh e fediBdwad Bmiried 64 075 nTRRAtk CoPpet blate under
conditions of 130C and 1 MPa. Then, another protective film Ia%\)e;r of the adhesive sheet laminated to

the copper'plafBivas BEEEETERd the rESultingadhesiE SHE Was amtin&ted to a polyimide film

unit/trifuncticnal siloxane unit ratio (molar ratioc) exceed 1.
[0029]

It is desirable that a monovalent organic group having
at least one member selected from the group consisting of a
phenyl group, an alkyl group, an cxetanyl group, a vinyl group,
a hydroxyl group, and an alkoxyl group be attached to a silicon
atom of the organopolysiloxane. From the viewpocint of the
compatibility with the thermoplastic resin (a) or the epoxy
resin (b) and the viewpoint of further increasing the adhesion

durability under a long-term high temperature conditiocon, 1t is
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(thickness = 75"UPILEX" (registered trademark) 75S, produced by Ube Industries, Ltd.) under
conditions of 130C and 1 MPa, and then heat treatment was carried out at 170C for 2 hours under a
pressure of 0.5 MPa, so that a sample for evaluation was prepared. After slitting the polyimide film
into a width of 5 mm, the polyimide film having a width of 5 mm was peeled to a direction of 90 at a
rate of 50 mm/minute, and the adhesion force at this time was measured. [0096] (b) Initial shear
strength To a rear face of a pattern tape for evaluation prepared by the method described in the
foregoing (13 sdrr adhesive sheet Gheradhesive tayeranas A0 ikinlithickness), fidrm whicki-one
protective film layer had been peeled, was laminated under condition of 130C, 0.5 MPa, and 0.3
m/minute. Fhenpaipatternitape forvesvalwation] feore which THe: protéctiviesfipg 1l GfiRgadhesive
‘sheet adhered to the rear face of the pattern tape had been peeled, was attached to a 2 mm-square
silicon waferfacebyapplicaticr 6P hebt ahd Pre3sifd iide? E6HEItHS 6f 2308Y3 MPAYEnd 10
seconds. The resulting sample has a composition in which a silicon wafer 18 is laminated on a pattern
tape 20 forévalaatien WitPar iftBReritioh 6P 8BheSiVaIa§EY 1o HsFeBrestntddih Fig 4. Heat

curing treatment was applied to this samaple in an air oven at 100C for 10ho%r and at %78C8for 2 hours,
and then d@?e%nbﬁﬁeﬁ'fgt%%%té%gﬁ}e MRS the Shdaf strergiR “adie Shsar Stdhgth was

d at t t t te 0f,0.120 / b [ bond DEL
SS-30WD (a8 BN o1 S0°66) Wan IALICHed by Saehii T L LA 00571 ) Longitorm

adnesion Quabilly-1. o10.A0IpseY face.of 2 0-A.un-thick Gonner plate iaving beep cleaned in

accordance with a standard p ure of copper foil tace cleaning provided in JPCA-BMO2 was

laminated at 130G, Q.5 MPa, and.0.3 m/minute 2,200 mmgihick adhesive layer, forming: gomposition

of the copper foil/the adhesive layer. Then, curing was carried out at 100C for 1 hour and at 170C for 2

hours. Thesgwere put intp-an ainoven gf 200 Byring theraperations; the sample was elserved at
intervals of 50 hours until 500 hours. When peeling or crack of the adhesive layer developed, it was

_consideredias N:G; {na gopd)s Qhsesvatior aftemz00 hedrsasas carriegt-eutat intesvaje o100 hours,
and evaluation was continued until 2000 hours at most. [0098] (d) Long-term adhesion durability-2
Evaluation'was carriedsoutindghp isafre aiaiyet @sin e aboVe £6). exdéptrfor shargingdhe
temperature of an air oven from 200C to 180C. [0099] (e) Thermal cyclability To a rear face of a
pattern tapeforevaluatior prepared by the hfdthod desdribedhin theddreagbingt(13, anashesive sheet
(the adhesive layer was 50 km in thickness), from which one protective film layer had been peeled,
was laminatae withe aFofiomiderconditidr 6T A3DE) D.S MPaPafd 873 fifnkinutes’ TR BPattern tape
for evaluation, from which the protective film layer of the adhesive sheet adhered to the rear face of
the pattern¥Bé #a8 beeheeled waldataehed uhdaF coddiiBhs 6F136E“PRIPE: anbl 10 seconds to

a coated face of a silicon wafer (dummy wafer, 20.mm-square) that was likened to an IC. The curing of

) _
the adhesivé'waS Taricl bifaCTO6E Fort HOTr 8hd %t H76E 16t 2 ASUrSEASIEeR Warer &’ mirror
surface of which was coated with a polyimide coating agent (produced b ray, Industries, Inc.:
STt ST HOC for Taur v SaBATOT0n = Fhiey Ampras

SP341), which'WaS tien ctred & or1 irty $am or evaluation

were prepared for each.level and the s I re nger iign, of holding at the lowest
e g AmRies e freated nder a coadiian
]

temperature a élr}%pgrature of -65C C for 45 minutes, respectively, in a heat cycle
tester 10027

The content of the organopolysiloxane (d} is preferably
30 parts by weight or more, more preferably 40 parts by weight
or more, even more preferably 50 parts by weight or more, and
still more preferably 100 parts by weight or more per 100 parts
by weight of the thermoplastic resin (a) described later. If
it is 30 parts by weight or more, it is possible to improve

adhesion durability under a long-term high temperature
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(Model PL-3, manufactured by Tabai ESPEC Corp.) and thus the development of peeling was
evaluated. The sample was taken out at 100-cycle intervals and the development of peeling was
evaluated by using an ultrasonic defect detector. When peeling was found in any one among the 30
samples, the samples were considered as N.G. (no good). Evaluation was continued to 1800 cycles,
at most. [0101] (f) Thermal cyclability after a long-term adhesion durability test A copper foil/adhesive
layer layered article having been subjected to heat treatment for 500 hours in an air ovenof200C by
the methodcdesctibed intite above §6)awas treatsthunderd conditiordftheldingat thedvaest
temperature and the highest temperature of -65C to 150C for 20 minutes, respectively, in the
apparatusidgsceibédin th@aboie (6): The samnple vids bBsarved af 500y tidintervars. When Peeling
of the adhesive layer developed, it was considered as N.G. (no good). [0102] (5) Insulation reliability
(a) Dielectfieisreakaswit i6ltaged moTs R 50IsHARIEK adtiesioe Téy@rYWé%lﬁéﬁiéﬂf a-voitage at a
constant rate for 10 to 20 seconds in average in accordance with JIS 02110 (1994). A dielectric
breakdowH Veltagé was détermied by diviting ftte U8itage’ Spplictfwhen didlechid bréakdown
occurred by the thickness of the specimen. [0103] %) Mi%rﬁtion.proger.txt fO.ne protective film layer
of an adhe%ﬁ?&?héét TtheShitkhss of tHe SdRésivaisTerwas 50 pim) was T

mc) was peé%ﬁ%?ﬁf{éﬁa the

d adhesive | lamipated t lyimide film ("UPILEX"(regi d K) 75S
orotuced By Db OUSHES. LI Und Coheions. 1206015 MPA and 013 rintte The

produced ustries, ditions, .3 m/minute. Then another

protective i er s peeled o § and a1 elestrolylc conper fol w3 hickness.prdgpm was

laminated Under conditions o 140C, 0.3 MPa, and 0.3 m/minute. Subsequently, curing treatment was

carried out,inan. air oyen at.170C for, 2 haurssa.that atape.with a cpppes fail havieg @eomposition of

copper foil/adhesive layer/polyimide film was prepared. On the copper foil surface of the resulting tape

with a copper-foil, phetargsist fitm fopmationg Bichingnand resist sifipping-were carriedeuty Thus, a
_pattern tape for evaluation having a comb-shaped conductor pattern having a conductor width of 200

-pm and a distanse hetween eeneucters of 20@ pranasiprepared dhetpattera:appeatance resulting
from application of a voltage of 200 V to this pattern tape for 500 hours at 170C was observed by the
use of a light mierascopen Titieslengtte overwdijch migrationegrenafrdm an tlectrode. was defined as the
amount of migration. [0104] '

less, and more preferably 60% by weight or less.
(00287

The adhesive composition of the present invention
contains at least cne thermoplastic resin (a), the kind of which _
is not particularly limited. Thermoplastic resin has
functions, such ag flexibility, relaxation of thermal stress,
and improvement in insulating property due to low water
abscrbing property. Examples of the thermoplastic resin
include an acrylonitrile-butadiene copolymer (NBR), an
acrylonitrile-butadiene-styrene resin (ABS), polybutadiene,
styrene-butadiene~ethylene resin (SEBS}, resin of an acrylic
or methacrylic ester having a side chain having 1 to 8 carbon

atoms {acrylic rubber), polyvinyl butyral, polyamide,

polyester, polyimide, polyamideimide, and polyurethane.
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(c) Insulation resistance value To a conductor patter face of a comb-shaped sample for evaluation
having a conductor width of 50 Rm and a distance between conductors of 50 Rm taken from a pattern
tape for evaluation prepared by the method described in the foregoing (1), a0.1mme-thick pure copper
plate witha50 pm-thick adhesive layer was laminated at 130C and 0.1 MPa, and then heat treatment
was carried out in an air oven at 150C for 2 hours. By the use of the resulting sample, under a
continuous application of a voltage of 100 V in a thermohygrostat at 85C and 85%RH, a resistance
value just aftestherapplicatian andsa fesistande walekO0tzours after. théapplication were measured.
[0105] (6) Reflow resistance To a rear face of a pattern tape for evaluation prepared by the
method descebedin #we foregemgn(Hrah adhlesivésiseet fthedthitknéass of anadhiesiveddyer was 12
km and the thickness of a protective film layer was 38 km) from which one protective film layer had
been peelée #is [difihated atASBE AvE0L MRa. Theh 4'S&ifpleerdr éFaluatiént With Structure
depicted in Fig. 4 was prepared by using a semiconductor integrated circuit (dummy wafer, 20 mm on
each sideIkeERBHIE AP IC- A siliconavafer 8 MirfdrsuUtfacE GFwhiEh 3PS BB ate dEWith B pdlyimide
coating layer (produced by Toray Industries, Inc.: SP341), which was then cured.at 350C for 1 hour,
was used. B Eiing OF the adh&Sive Wk carrPsuP Bt ABOCHSH 2 Hburs. Tty B0°mR1-square

samples produced tg this method were re.par%d EI;'loré1 ach Ig\é%l sub'@cteldsto mgitst%re c_LoentroI under
an atmosphefe of 36¢, 76 %RH foF 197 holirs, efﬁdnmaﬁe%ass%iroug% an infrared reflow furnace of a

maximum é%rg %ggature %%%%SC%J)ort 5 secands %&JE%T%% S\ggll ggg%@%ggw%g cg_%igged and the

number of peele ésgar{:%]p es among t & Z%pscgzr%p s was counted. [0106 Phase structure
observatiop, . ... ;NEXY as{a fhe cyred adhesive.composition .a magrogolecalar compopent was
stained by the ruthenium acid staining technique. An ultrathin sample having a width of 100 to 900 in
and a Ieng%ggg@ to 100 p.m was cut and it is observed by a transmission electron microscope (e.g.,
H-7100FA manufactured by Hitachi, Ltd.) at an acceleration voltage of 100 kV and a magnification of
110,000 to 40,000 times: 1A phase separation struciureoha & Rmcsquate iportionsarhitrarily €hosen from
the resulting observation image was observed. (0107] Referential Example 1 Synthesis of
organopolysilgxane At ¥ < 1. 1.5be: 120« of srethyisilicone) gil {RDV:i@325dpredigediny-Gelest, Inc.) was
mixed 2.3 g of a 35% aqueous sulfuric acid solution under nitrogen at room temperature for 9 hours.
The mixture was éeft mla oefrigerator. ovetmight ddiluted withricetveatet, kind thegrridutralized at a
temperature of 5C or lower by the addition of an aqueous sodium hydroxide solution. The mixture was
extracted fallyiwith ethérand distlled aftetdging: sothat metiiAsifoont oiRRavAg @ Wdroxyl group
was obtained. Subsequently, epichlorohydrin in an amount 10-fold molar equivalent based on hydroxyl
groups waB sieed thHeretos The i \Was RédfeFRRdTdiRXed At ZOCOWithistitfing &P40% by
weight sodium hydroxide in an amount two-fold molar equivalent with respect to hydro ylgroups was
added dropwiseS 8erP4 hbufel aitet the Eompletivhor tf?%tdréﬁw%ﬁe itior; heating was continued for

15 minutes to remove water completely, and then unreacted epichlorohydrin was removed by
distillation.%%@%%ﬁ?,et]éﬁjetn% \%V%g)%d%he%l grif[&) %%mgrrﬁ%é %rr% uét%a%ls“éigggﬁleg]iﬁgl%?ﬁ . After

removing spltoy fiation. {olueneyas exracted completely by Negling. 0,170, and 267 Pa (2

mmHg), so hE organopo?y%ﬁgxane aving an epoxy group was obtained. [0108] Reference

Exan“ﬂeZéaﬁgg%gaé%éﬁg§%998Q§"9éQQ%tance and advantageously acts on the
o initial adhesive force. |
[0030]
The content of the aforementioned functional group is
preferably 0.9 eg/kg or more in the thermoplastic resin (a),
and the elastic modulus after curing and the Tg after curing
can be controlled to appropriate ranges. The content is more

preferably 1.0 eq/kg or more. On the other hand, it is



(A-5) Organopolysiloxane A-5 was obtained in the same manner as in Reference Example 1
except for using phenylmethylsilicone oil (PDV-1625 produced by Gelest, Inc.) instead of
methylsilicone oil. [0109] Referential Example 3 Synthesis of organopolysiloxane (A-6) :
Phenyilsilicone oil having an epoxy group was obtained in the same manner as in Reference Example
1 except for using phenylsilicone oil (PDS-9931 produced by Gelest, Inc.) instead of methylsilicone oil
and adding epichlorohydrin in an amount equimolar equivalent to hydroxyl groups. Then,
phenyldimethysitane (5IP6729 praduced by Gelest ined hawing hiydrosityl grgups imagamount
equimolar to unreacted hydroxyl groups, platinum-1,3-diviny1-1,1,3,3-tetramethyl-disiloxane complex
(producediby Gelestsnich)] andd, BedivieytetramethyldisileXareivereiaddde so¢hatthetamount of
each would become 200 ppm, obtaining organopolysiloxane S in which all the unreacted hydroxyl
groups wereratkyh-mblified: foEE6le in A piedadt Fesahing Sromnaixingthe Grgandpel/sicexane A-5
obtained in Reference Example 2 and the organopolysiloxane S in a weight ratio of 1:2 was named
organopolysitoxane A-6: {01113 Referential EXample 2:Syhtsisiotacrylic FésihBAore A solution
obtained by dissolving 0.025 g of azobisisobutyronitrile in 3 g of toluene was added dropwise under a
nitrogen gas #bRI ke reactioRolHiGH obtamed By G¥SaVI % B8O 61 Bulyrmethidérytate, 10.6
acrylonitrile, 0,90 g of glycidyl methacrylate, and 0.784 g of gamma-mercaptopropyltrimethoxYsilane
as a chairftransi&fagent in 8.49 g of toluene, and a reaction was carried out at 90C for 8 hours, so
that acryli%r@%sgg -4 was obtained. [0112] Referential Example 5 Synthesis of acrylic resin B-5
Acrylic resin B=5 was obtained by carrying out the same operations asthoseofReferentialExample4
except for changing th ount of glycidyl methacrylate from tq 1. [0113] ential
Example 6 Synthggfsogi gg%ﬁélr%g%%%dy ﬁAgc}ra?I%L fge%}ln{%% %vﬁ%%%%i%é&g%y carryirrl?gf é?}rt the same

operations.ag hose.of Referegtial,xampled except for changing the amaeunt,of glycidylmethacrylate
from 0.90 g t0'0.14 g. [0114] Referential Examplé 7 Acrylic resin 3-7 Acrylic resin 3-7 was

_obtained hygcarryingut the, same operations asthose of Referential Exampter4except&gr not using
glycidyl methacrylate. [0115] Referential Example 8 Acrylic resin 8-8 Acrylic resin 3-8 was

obtained by-Gasrying eut-theisanie operations asthese of Referential xample #eexcepy for changing
the amount of glycidyl methacrylate from 0.90 g to 0.40 g.
1,000,000 or more. The glass transition temperature (Tg} is
nreferably 20°C or lower, more preferably 5°C cr lower, even
more preferably —20°C or lower, and still more preferably -30°C
" or lower. When using two or more of thermoplastic resins, what
is required is that the Mw and the Tg of at least one of the
resins satisfy these ranges. The weight average molecular
weight is measured by GPC (gel permeation chromatography) and
calculated in terms of polystyrene. The Tg is calculated by
a DS8C method.
00321
From the viewpoint of further improving the adheslon
durability under a long-term high temperature condition, the

content of the thermoplastic resin (&) 1s preferably 5% by

weight or more, more preferably 20% by weight or more, even more
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[0116] Referential Example 9 Acrylic resin 3-9 Acrylic resin 3-9 was obtained by carrying out the
same operations as those of Referential Example 4 except for changing the amount of glycidyl
methacrylate from 0.90 g to 0.54 g. [0117] Referential Example 10 Acrylic resin 3-10 Acrylic resin
3-10 was obtained by carrying out the same operations as those of Referential Example 4 except for
changing the amount of glycidyl methacrylate from 0.90 g to 1.79 g. [0118] Details
oftheorganopolysiloxanesandthe thermoplastic resins used for respective Examples and Comparative
Examples are: providied/irs Tables vandi2: [0119){Table2fTab..adranoisOx:NamédFamstaorgroup
Trifunctional/ bifunctional (molar ratio) Phenyl group/methyl group (molar ratio) Kind Cohtenrla by
wei.ght: weight or less, more preferably 60% by weight or less, and even

more preferably 50% by weight or less, in the adhesive

composition excluding a solvent.

[0033]

Althecugh the adhesive compesition of the present

invention contains at least one epoxy resin {(b), the kind

thereof isruﬁ:particularly'restﬁicted. The epoxy resin is not

particularly restricted if it is one that has two Or more epoxy

groupsij1oneznolecule, and examples thereof include diglycidyl

ethers of bisphencl F, bisphencl A, bisphenol S, resorcinol,

dihydroxynaphthalene, dicyclopentadienediphenol,

dicyclopentadiene dixylencol, and the like, alicyclic epoxy

phenoxy resins, such as epcoxidized phenol novolac, epoxidized

cresol novolac, epoxidized trisphenylol methane, epoxidized

tetraphenylol ethane, epoxidized metaxylenediamine,

cyclohexane epoxide, and the like, and phenoxy resins. Among

these, a polyfunctional epoxy resin that has three or more epory

groups in one molecule is used preferably in order to increase

the crosslink density of the adhesive composition. By

increasing the crosslink density by using a polyfunctional

epoxy resin, it is possible to obtain an adhesive compositioﬁ

excellent in heat resistance, reflow resistance, £ilmstrength,

and solvent resistance.

(0034}
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A-1:See Referential Example 1 Epoxy group 70/30 0/100 0-2kaA921E, produced by shin-Etsu . ‘
Chemical co.,Ltd. Methoxy group 15 50/50 50/50 A-3H0212, produced by shio-Etsu chemical Co., Ltd.

Silanogroup . 50/50 50/50 A-4:NR152,produced by Shiri-Etau ChemicaCo., d. Silanoi group 30/70
50/50

Examplies of the polyfunctional epoxny r@sin.include
orthocresol novolac type, specifically, E180HES produced by JER
(Japan Epoxy Resins Co., Ltd.), ESCN195 produced by Sumitomo
Chemical Ce., Ltd., EOCN1020, FOCN102S3, 1033, 1048 produced by
Nippon Kayaku Co., Ltd., and the like; DPP novolac type,
specifically, E157865 produced by JER, and the like;
trishydroxyphenyl methane type, specifically, EPPN501H
produced by Nippon Kayaku Ce., Ltd., and E1032 produced by JER,
and the like; tetraphenylol ethane type, specifically, E1031S
produced by JER, and the like; dicyclopentadiene phenol type,
specifically, HP7200 produced by DIC (Dainippon Ink & Chemicals,
Inc.), and the like; polyfunctional epoxy resins having a
naphthalene structure, specifically, ESN185 produced by Nippon
Steel Chemical Co., Ltd., YL6241 produced by JER, which has a
special skeleton, and the like. Two or more of these epoxy
resins may be used in combination.

[00351

Moreover, in order to impart fire retardancy, it is
effective to use a halogenated epoxy resin, especially a
brominated epoxy resin. From the viewpoint of achieving both

the heat resistance and the fire retardancy of an adhesive
composition at the same time, it is effective for the adhesive
composition to contain a brominated epoxy resin and a
non-brominated epoxy resin. Examples of the brominated epoxy

resin include brominated phenol novolac type epoxy resins, such
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APS:Pee Referential Example 2 Epoxycarp 70/30 50/50 A-6Deferential almple 3 Epoxy group 70/30
90/.10 A-7kR2Lc,produced by Ship-East: Chemical Co.,Ltd. Sirauol grout, 100/0 50/50
A-8PAY42-16produced by-EChemical Co.,Ltd. Methoxy group 50/50 50/50 A-9:SH510, produced by

Dow Corningy CLtd. None
as a.copolymerized type epoxy resin of tetrabromobisphencl A
and bisphencl A, or "BREN"-S (produced by Nippon Kayaku Co.,
Ltd.). In consideration of the bromine content and the epoxy
egquivalent weight, two or more of these brominated epoxy resins
may be used together. Recently, from the viewpoint of
environmental impact, epoxy resins containing no halogen,
specifically, ?ﬁosphorus—containing epoxy resins and
nitrogenwcontaining epoxy resins are used freguently. For
imparting fire retardancy, such epoxy resins may be used.
[0036]

In the adhesive composition of the present invention, it
is desirable that the content of the epoxy resin (b} be 1 part
by weight or more per 100 parts by weight of the thermoplastic
resin {a) because the composition is excellent in initial
adhesive force, and it is mbre desirable that the content be
3 parts by weight or more. Moreover, it is desirable that the
content be 200 parts by weight or less because the durability
of long-termadhesion is improved more, and it is more desirable
that the content be 150 parts by weight ér less.

[0037]

The adhesive composition of the present invention
contains the hardener ({(c¢). It has a function to realize the
balance of physical properties, such as heat resistance,
insulation reliability, chemical resistance, and adhesive

layer strength, by curing any of the thermoplastic resin (a),
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0/100 25/75 AroninnV05, produced by Geleatc Vinyl group 8 0/100 ono 8a-proded by Palest,Inc. Sin
group 0/100 0/100 [0120] [Table 2] Table 2. Thermo la Name FUnCtiOnaPo p Tg rt) Molecular weight

the epoxy resin (b), and the organopolysiloxane (d}. Examples
of the hardener include known materials such as a phenol resin,
a melamine resin, a maleimide resin, a xylene resin, a furan
resin, a cyanate resin, and aromatic polyamines, e.g.,
3,3',5,5" ~tetramethyl-4, 4" -diaminocdiphenylmethane,
3,3',53,5"-tetraethyl-4,4'~-diaminodiphenylmethane,
3,3"-dimethyl-5,5"=diethyl-4,4'-diaminodiphenylmethane,
3,3'=dichloro-4,4'-diaminodiphenylmethane,
2,2',3,3"-tetrachloro~4,4'-diaminodiphenylmethane,
4,4'-diaminodiphenyl sulfide, 3,3'-diamincbenzophencne,

3, 3'~diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfone,
3,4'-diaminodiphenyl sulfone, 4,4'-diaminobenzophenone, and
3,4,4'-triamincdiphenylsulfone. Two or more of these may be
used together. Particularly, phenol resin is preferable
because it is excellent in insulation reliability.

[0038]

As to the phenol resin, known phenol resins, such as a
novolac type phenol resin and a rescl type phencol resin, can
be used. Particularly, aresol type phencl resinis preferable.
Since a resol type phencl resin has a methylol group and
undergoes a self-curing reaction, the heat resistance and the
insulation reliability are further improved. Specific
examples of the phenol resin include phenol, alkyl—substitutéd
phenols, such as crescl, p-t-butyl phencl, nonyl phenol, and

p-phenylphencl, cyclic alkyl-modified phenols, such as terpene
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Kind content(eoPkg) 0-.F3677,produced by Tohpe Corp. Hydroxyl group 0.19 1,300,000
8-2:SG-R3,produced bagase Chemten,Corp. Epoxy group 0.21 850,000 1-3:00-708-6,produced by
Nagase Chen:ten,Corp. carbonyl group 0.14 500,000 0-41:See Referential Example 4 Epoxy nPOUP

and dicyclopentadiene, cnes having a functional group
containing a hetero atom, such as a nitro group, a halogen group,
a cyano group, and an amino group, ones having such a skeleton
as naphthalene and anthracene, polyfunctional phenols, such as
bisphenol F, bisphenol A, bisphenol 8, rescrcinol, and
pyrogallol, and,co—condensateé of two or more phenel compounds
having different sﬁructures. Among these, a product obtained
by co-condensing a phencl compound having an alkyl substituent
and a phenol compound having crosslinking reaction sites 1s
particularly preferable. A resol resin having crosslinkiné
reaction sites has reaction sites at ortho-positions and
para-positions and, therefore, can form a three-dimensional
network to further improve the insulation reliability. On the
other hand, a resol resin having an alkyl substituent has
flewibility because the molecular weight thereoi can be
increased linearly and iﬁ can further improve the initial
adnesive force. Examples of the resol.resin having
crosslinking reaction sites include phenol resol, bisphenol A
resol, m-cresol resol, and p-phenylphencl.

[C039]

The content of the hardener (¢} is preferably 0.1 to 200
parts by weight per 100 parts by weight of the thermoplastic
resin {(a).

(00407

The adhesive composition of the present invention may
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-30 1,100,000 P-5'Dec Referential Example 5 Epoxy OPOUP 2.3 -30 1,100,000 B-6:nee Referentialpi6
Epoxy group -30 1,100,000 1-7:See Referential Example 7 N one 0 -30 1,100,000 B-8:See
Referential Example 8 nPoxY group 0.7 -30 1,100,000

contain (f) an incrganic filler, which can improve reflow
resistance, workability, such as punchability, thermal
conductivity, and fire retardancy. Examples thereof include
silica, silicon nitride, silicon carbide, aluminum nitride,
titanium nitride, titanium carbide, boron nitride, zirconium
oxide, barium titanate, calcium zirconate, metal hydroxides,
such as aluminum hydroxide, magnesium hydroxide, énd calcium
aluminate hydrate, metal oxides, such as zinc oxide, antimony
- trioxide, antimeony pentoxide, aluminum oxide, magnesium oxide,
titanium oxide, beryllium oxide, cobalt oxide, chromium oxide,
and iron cxide, metal salts, such as calcium carbonate, calcium
horate, calcium oxalate, magﬁesium carbonate, magnesium
boronate, and calcium silicate, conductive fillers, such as
gold, silver, copper, iron, nickel, graphite, carbon nanotube,
and carbon black, and fillers, such as glass. Two or more of
these may be used together. Particularly, silica, aluminum
oxide, siliconnitride, silicon carbide, and aluminum hydroxide
are used preferably. Silica is particularly preferable
because of that it is advantageous in reflow resistance of aﬁ
adhesive composition since silica has a thermal decomposition
temperature being far higher than 300°C, that it is easy to
control the fluidity, and the stability of particle diameter.
Silica may be either amorphous or crystalline. Moreover, for
the purpose of improving heat resistance, initial adhesive

force, and the like, surface treatment may be applied to the
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0-9:See Refereral r-ple 9 Epoxy group 0.95 1,100,000 B-10:See Referential Example 10 Epoxy group
-30 1,100,000 [0121] Example 1 A thermoplastic resin, an epoxy resin, a hardener, an
organopolysiloxane, and a curing catalyst were added to a mixed solvent of methyl ethyl
ketone/toluene - 2/1 (weight ratio) so that the resin composition ratio might become that provided in
Table 3 and the solid content might become 20% by weight, and those were stirred and mixed at 30C,
so that an adhesive solution was produced. The adhesive solution was applied with a bar coater to a
38 itm-thickrpetyethylengitetephthalateifitn €' Eimbyra'fregistergdatrademark) Clieprodaeed by
Fujimori Kogyo Co., Ltd.) with a silicone release agent so that a necessary dry thickness would be
produced, Zxdie wassdried an$50C ol 4mindtes A profevtivefim layaradas therrldndifaisd, so that an
adhesive sheet of the present invention was produced. Moreover, a storage elastic modulus, a glass
transition téAferature, adhesiveness, and insulation reliability were evaluated by the methods
described above. [0122] The protective film layer of the adhesive sheet produced by the
above-meritibtfetf method was peeled and the resulting adhesive sheet was laminated to a rear face of

a pattern tape for evaluationpreparedby,themethoﬂ,ddeg.cgi edin ghe,forevg%in (51? .und%r cgnditions of
130C and 0.1 MPa Sub&&diiently, the PET M bfthe adhesivé SheetWas Peled and-an iC with an

aluminum ?Iectrod&pa as attached tobtge %qqfesive Ia%/% by apggcatéorhgfr heafg%%d%%[;ssure under

" i : :
conditions 0%1531768 and 0. a. I@)%tyheat%urlnslfrjézat?men{lwag cafried out at or 2 hours in an

oven. SUbsgaLeNly, & ik dathwiisvashonded 1 s 1800 T it amermate, he

resulting item was s iquid sealing resin ("Chipcoat” 8118 produced by Namics Corp.).

Finally, a splder hajlwas mounted to preparg a-semicopductor apparatis.with the stiuctye of Fig. 1.

[C123] Examples 2 to 25, Comparative Examples 1 to 5
spherical {(i.e., not round). Although the particle diameter
of the inorganic filler is not particularly limited, an
inorganic filler having an average particle diameter of 3 um
or less and a maximum particle diameter of 10 um cr less is used
preferably from the viewpoint of dispersibility, applicability,
reflow.resistance, and thermal cyclability. DMoreover, Irom

~theviewpoint of fluidity and dispersibility, incrganic fillers

differing in average particle diameter may be used in
combination. As to the measurement.of the particle diameter,
the measurement can be carried out using a Horiba LALDO0 laser
diffraction particle size distribution analyzer. The average
particle diameter referred to herein is defined by a particle
diameter (median diameter) that corresponds to 50% when
particle size distribution on the basis of a sphere-equivalent
volume 1s measured and cumulative distribution is expressed by

percent (%). Theparticle size distribution shall be expressed

in 56-divided semilogarithmic representation (0.1 to 200 um)
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Adhesive sheets were produced and evaluated in the same manner as in Example 1 except for
preparing adhesive solutions so that the resin composition ratios provided in Tables 3 to 6 might be
produced. [0124] Comparative example 6 A vinyl group-containing silane (DMS-VO05 produced: by
Gelest, Inc.) and a hydrosilyl group-containing silane (HMS-031 produced by Gelest, Inc.) were mixed
so that the equivalent ratio might become 1, and then
platinum-1,3-diviny1-1,1,3,3-tetramethyl-disiloxane complex (produced by Gelest, Inc.) and
1,3-divinyltefraraethyldisiloxaneatere added wo thatthezcortents thereefmhighit leedmec260 ppm,
respectively. After agitation, the resulting adhesive solution was applied to a 38-pm thick polysulfone
film (produdédbytMitstbists Chepaiday Gopa)rdo-thet s iRt a necteary thickpeds might be
formed, dried at 120C for 10 minutes, and laminated with a protective film layer. Thus an adhesive
sheet was prEGutEE EVaIRatioR wWes darfied ot it the damelmafiBr 58 AR Exathpl8 i°6xtept for the
above-mentioned operations. [0125] = The evaluation results in the Examples and the Comparative
Examples are pioviddd i Tabies Fto*é *Phé Exampted afd Chmparative EXaMpléd prévided above:

showed that since the adhesive composition for electronic components of the present invention had
excellent a%ﬁ@gi%ﬁﬁtﬁjébﬁwgﬁs%ung‘ gl {idm S

e?ﬁ%{ﬁit%mpera ureé conditions overa IongpﬁfeerFo%rg ime,
exce_llent t%errr}ﬂ &yglabiliﬂ QQQQJB h i”5U|ati'0nnre"§|§Hi§ﬁ it c%@é@rg%seigbetr%@%i%gf a o
semiconduttor appargtLPs using Iit. 1]2%11:%561% 3? uam%?e Topinot 2145InagUPPe?e lewerline:
CONBSDOth&b%é%&auS@d‘and then carrying out ultrasonic dispersion for

10 minutes. The measurement is carried out at a refractive

index of 1.1 and a light transmittance in conformity with a

standard value {about 70%, which has already set in an

instrument) .

[C042]

The content of the inorganic filler {(f) 1s preferably 2
to 60% by weight, and more preferably 5 to 50% by weight in the

adhesive composition excluding the solvent.
[0043]

The adhesive composition of the present invention may
contain a coupling agent, and it is possible to increase the
initial adhesive force to various metals such as copper, a rigid
substrate, such as a glass epoxy substrate, and the like.
Examples of the coupling agent include a silane coupling agent,
atitanium coupling agent, a zirconia-based coupling agent, and
a phosphorus-based coupling agent. Examples of the silane
coupling agent include an alkoxyl group-containing silane that

has a vinyl group, an epoxy group, a styryl group, an acryloxy
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group, an amino group, a methacrvl group, a mercapto group, or
an isocyanate group. The alkoxyl group is preferably a methoxy
group or an ethoxy group.

[0044]

The acdhesive composition of the present invention may
contain a catalyst for the purpose of making the thermoplastic
resin (a), the epoxy resin (b}, the hardener (c), or the
organopolysiloxane (d} react. Examples of the catalyst for
curing the epoxy resin (b) include an amine complex of boron
trifluoride, such as aborontrifluoride triethylamine complex,
imidazole derivatives, such as Z-alkyl 4-methylimidazole and
2-phenyl-4-alkylimidazole, organic acids, such as phthalic
anhydride, trimellitic anhydride, and pyromellitic anhydride,
triphenylphosphine, and dicyandiamide. Examples of the
catalyst for making organopolysiloxanes (d) react together
incilude platinum-based catalysts and peroxide-based
catalysts.

(00457

It is not controlled at all to contain a corrosion
inhibitor an antioxidant, an icn scavenger, etc. which control
circuit corrosion or migration, in addition to the
above-mentioned ingredients unless the properties of the
adhesive are impaired. In particular, an adhesive composition
to be stuck on a copper wiring portion preferably contains a

corrosion inhibitor because the oxidative degradation of an
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adhesive by copper is promoted under a long-term high
temperature condition.
[0046]

As to the ion scavenger, inorganic ion exchangers
different from the inorganic filler are used freqguently. The
use of these prevents the migration of wiring and can control
the decrease.of insulaticn resistance when being used for an
insulation layer application.

[0047]

The corrosion inhibitor is not particularly restricted
if it is one that can control the corrosion of the metal to be
used for wiring or the 1ike and amigration phenomenon, and known
corrosion inhibitors can be used. From the viewpoint of
controlling corrosion to copper and migration, triazine
derivatives, triazole derivatives, phenone derivatives,
cyancacryiic acid ester derivatives, salicylic acid ester
derivatives, hindered amines (HALS}, and the like are
preferable. In particular, a heterccyclic azole compound (&)
is preferable. Since a heterocyclic azole compound forms a
rustproof layer on the surface of metal, such as copper, it
increases the resistance to long-termhigh temperature when the
adhesive compesition of the present invention is laminated to
copper. In some cases of a known adhesive composition, a
heterocyclic azole compound (e) ceases to be supplied to the

surface of metal because of the progress of a post-curing
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reactibn of an adhesive caused by the exposure to a long-term
high temperature condition, so that the rust prevention effect
decreases, allowing the metal to be oxidized, and oxidative
degradaticon of an adhesive layer occurs. Since the adhesive
composition of the present invention containg the
organopolysiloxane (d), it hardly undergoes a post-curing
reaction even 1f it is exposed to a long-term high temperature
condition and it becomes able to supply the heterocyclic azole
compound to the surface of metal. It is presumable that, as
a result of the above, it becomes possible.to control oxidative
degradation, resulting in further improvement in resistance to
long-term high temperature.
(00487

Examples of the heterocyclic azole compound include
diazole compounds, triazole compounds, tetrazole compounds,
and thiazole compounds. Morecover, a homopolymer or copolymer
that has such a structure in a side chain or the main chain of
the polymermay be used. Among the heterocyclicazole compounds,
benzotriazole compounds are preferable. Examples of the
benzotriazole compound include benzotriazole, benzotriazole
derivatives, and their salts. Two or more of these may be used
together. The use of a benzotriazole derivative is preferable
because1jwathermaldecompositiontemperaturecﬁfbenzotriazole
itself becomes higher and therefore a rust prevention effect

is demonstrated in a higher temperature range.
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[0049]

Examples of the benzotriazocle or benzotriazole
derivative include 1,2,3-benzotriazole,
4-methyl-benzotriazole, S-methyl-benzotriazole,
carboxzybenzotriazole, nitro-lH-benzotriazole,
1H-benzotriazole,
1-[N,N-bis{2~ethylhexyl)aminomethyl]-4-methylbenzotriazole,
1-[N,N-bis(2-ethylhexyl)aminomethyl]-5-methylbenzotriazole,
2—{2-hydroxy-5-methylphenyl)-2H-benzotriazole,
2-(3,5-di-tert-phenyl-2-hydroxyphenyl}-2H-benzotriazole,
2—{2H-benzotriazol-2-vl)-4d-methyl~6~{2,4,5, 6-tetrahydrophth
alimidomethyl)phenol,
2-(2~hydroxy-5-tert-octylphenyl)-2H~benzotriazole, and
2-{2-hydroxy-4-octylphenyl)-2H-benzotriazole.

[0050]

Examples of the =zalt of benzotriazole cor its derivative
includeeasalﬁcﬂfbenzotriazolecnfits<derivativexﬂithanlalkali
metal, such as Na and K, and a salt with an amine, such
asmonoethanolamine, diethanoclamine, triethanolamine,
cyclohexylamine, and isopropylamine. Specific examples
include a benzotriazole monoethanclamine salt and a sodium salt
of tolutriazole.

(0051
The content of the heterocyclic azole compound {(e) is

preferably 0.1 parts by weight or more, more preferably 1 part
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by weight or more, and even more preferably 2 parts by weight
or more per 100 parts by weight of the thermoplastic resin (a),
the epoxy resin (b), and the organopolysiloxane (d) in total.
Cn the other hand, it is preferably 7 parts by weight or less,
more preferably 5 parts by weight or less, and even more
preferably 3 parts by weight d£ less.,

[0052]

The antioxidant is not particularly restricted if it
imparts an antioxidation function and examples thereof include
known antioxidants, such as phenol-based antioxidants,
thioether-based antioxidants, phosphorus-containing
antioxidants, and amine-based antioxidants. For resins having
double bonds, such as NBR rubber, there is a tendency that
crossiink of double bond portions procseds slowly and, as a
result, the adhesive laver becomes brittle when being left at
high temperatures for a long period of time. The use of an
antioxidant is effective because 1t can control such a reaction.
[0C53]

An inorganic ion exchanger is used frequently as the ion
scavenger. An inorganic ion exchanger is (i) so high in ion
selectivity that it can separate a specific icon from a system
containing two or more kinds of ion, (ii) exceéllent in heat
resistance, (iii) stable against organic solvents and resins,
and {(iv) excellent in oxidation resistance; therefcre, it is

effective for scavenging ionic impurities and 1s expected to
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inhibiﬁ insulation resistance from decreasing, prevent
corrosion of aluminum wiring, and prevent generation of ion
migration. There are a great many kinds of inorganic ion
exchangers and they can be classified into 1} aluminosilicates
(e.g., natural zeolite, synthetic zeclite, kaolin), 2)
hydroxides or hydfous oxides (e.g., hydrous titanium oxide,
hydrous bismuth oxide}, 3) acid salts (e.g., phosphoric acid
zirconium, titanium phosphate), 4) basic salts, mixed hydrous
cxides (e.g., hydrotalcites, talc), &) hetercopolyacids (e.qg.,
ammonium molybdophosphate) ©) hexacyvancoiron{IIIl) salts (e.g.,
hexacyanozinc), and 7) others. Commercial names include
IXE-100, IXE~300, IXE-500, IXE-530, IXE-550, IXE~600, IXE-633,
IXE-700, IXE-T700F, and IXE-800 produced by Toagosel Co., Ltd.
Although there are a cation exchanger, an anion exchanger, and
a cation/anion exchanger, the caticn/anion exchanger is
preferred because there are both a cationic impurity and an
anionic impurity in an adhesive compositicn. The use of these
prevents the ion migration of wiring and can control the
decrease of insulation resistance when being used for an
insulation layer application.
[0054]

The adhesive composition of the present invention may
contain a solvent. Examples of the solvent include aromatic
solvents, such as toluene, xylene and chlorobenzene, ketone

solvents, such asmethyl ethyl ketone andmethyl iscbutyl ketone,
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and aprotic polar solvents, such as dimethylformamide,
dimethylacetamide and N—methylpyrrolidone. Two or more of
these may be contained.

[0055]

It is desirable that when the adhesive composition of the
present invention is cured to a curing reaction ratic by
differential scanning calorimetry measurement of 70% to 100%,
the'resulting composition have a sea-island structure
containing island A containing the epoxy resin (b) as a primary
component, island B containing the thermoplastic resin (a) as
aprimarycomponenteﬂmisea(Icontaining1juaorganopolyéiloxane
(d) as a primary component, and the island A and the island B
be in contact with each other. With reference to Fig. b for
example, it can be observed that there is a phase separation
(d) as a primary component, island A21 containing the epoxy
resin (b) as a primary component and island BZ3 containing the
thermoplastic resin (a) as a primary component, and that the
island 221 and the island B23 are in contact with each other.

'By£0rmingeisea—islandphaseseparationstzuctureaftercuring'
and bring the island B containing the thermoplastic resin (a)
as a primary component into contact with the island}\containing
the epoxy resin (b) as a primary compconent, it is possible to
relax the strain generated at the interface of the island A under

a high temperature condition through the contact with the island
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B. Moreover, it is;maséible to inhibit the epoxy resin (b) from
flocculating and it is presumable that long-term adhesion
durability, especially thermal cyclability, can be further
improved. The primary component referred to herein means a
Component.accounting for 50% by welght or more of the components
forming the focused island bﬁ sea.
[(0056] |

In order to obtain such a phase structure, it is desirable
that the thermoplastic resin {a) and the epoxy resin (b} Dbe
incompatible. Furthermore, it is desirable that the
thermoplastic resin (a) have a functional group capable of
reacting with the epoxy resin {(b). Among thermoplastic resins
{a), an acrylic resin increase the flexibility of an adhesive

composition and i1s excellent in initial adhesive force to a

relaxation effect. Therefore, it is desirable that an acrylic
resin be the primary component of the island B. Whether the
thermoplastic resin {a) and the epoxy resin (b) are compatible
or not it is judged as follows. The thermoplastic resin (a)
and the epoxy resin (b) are dissclved in a solvent at a welght
ratio of 1/1 and then applied to a base material. After drying
the solvent to form a film, the haze of the film heated at 170°C
for 2 hours is measured. Whenthe haze 13 10% ormore, the resins
are judged to be incompatible.

[0057]
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It is desirable that two or more islands B are in contact
with a single island A. If so, the strain applied to the
interface of the island A is fully relaxed by the islands B,
so that the thermal cyclability and the long-term adhesion
durability of adhesiveness can be further improved. When there
is a large portion where the island A and the island B are 1n
contact, the strain applied tfo the interface of the island A
is fully relaxed by the islands B, so that the thermal
cyclability and the long-term adhesion durability of
adhesiveness can be further improved. Therefore, 1T is
desirablie that isiand A be in contact with island B over 10%
or more of the perimeter of the island A. The number of the
islands B in contact with the single island A is defined to be
the mean value of the number of islands B in contact with each
island A obtained by observing 10 islands A arbitrarily chosen
from an cbserved image to be obtained by a transmissicn electron
microscoepe usi;g the observation method described below. The
perimeter of each of 10 islands A arbitrarily chosen from an
observation image obtained by a transmission electron
microscope under the conditions mentioned below, and the ratio
of the length of a peripheral porticon in contact with the island
B are measured, and then the ratio of the contact portion to
the perimeter is calculated. The mean value of the ratios is
defined as the ratio of the length of the portion in contact

with the island B to the perimeter of the island A.
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[0058]

When‘the adhesive composition contains an‘inorganic
filler (f), it is desirable that the inorganic filler be
localized in the island A in the above-described phase structure.
With reference to Fig. 5 for example, it can be observed that
an inorganic filler 24 is localized in island AZ1 containing
an epoxy resin as a primary component. Tﬁe localization of the
inorganic fiiler in the island A makes it pessible to hold the
stress relaxation property of a thermoplastic resin.
Therefore, it is possible to further improve the initial
adhesive force, the adhesion durability, and the thermal
cyclability without reducing the reflow resistance. The
localization of the inorganic filler in the island A means that
the majority of the inorganic filler is present in the island

Al

[0059]

Hereafter, the method of observation of the sea/island
structure after curing of the adhesive composition in the
present invention is described.

(00607

First, the adhesive composition is cured to a curing
reaction ratio by differential scanning calorimetry of 70% to
100%. The curing reaction ratio can be adjusted to a range of
70% to 100% by controlling the heating temperature and heating

time of the adhesive composition appropriately.
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[0Gel]

The curing reaction ratio determined by differential
scanning calorimetry can be determined by measuring the amount
of generated heat of a sample before curing, 0l (mJ/mg), and
theamounﬁofgeneratedheatofeasampleaftercuring,QZ(mJ/mgL
and calculating the ratio from "the reaction ratic (%) = ((Q1
- QZ)/(QE)XIOOf" The amount of generated heat can be measured
by using an instrument DSC6200 manufactured by Seiko
Instruments Inc. (SI1 NancTechnology Inc.), at a temperature
of 25°C to 350°C, a heating rate of 10°C/min, a samplé amount
of about 10 mg, and a nitrogen gas flow of 40°C/min using an
Al open pan.
[0062]

Next, as to the cured adhesive composition, a

macromolecular component ig stained by the ruthenium acid

staining technigue. An ultrathin sample having a width of 100
ur to 900 pm and a length of up to 100 pum is cut and it is observed
by & transmission electron microscope {e.g., H-7100FA
manufactured by Hitachi, Ltd.) at an acceleration voltage of
100 kV and a magnification of 10,000 to 40,000 times. A phase
separation structure of a 5 pm-square portion arbitrarily
chosen from the resulting observation image 1s observed.
[0063]

In order to identify the component forming each phase,

a model experiment is effective. For example, it is possible
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to determine what phase is formed of the qomponent to be
identified by comparing the structure of an adhesive
composition excluding the component to be identified and the
structure of an adhesive component including the component.
(0064 ]

One example of the method for producing the adhesive
composition of the present invention is provided. A
thermoplastic resin (a), an epoxy resin (b}, a hardener {cj,
an organopolysiloxane (d) and, as necessary, an additive, such
as a curing catalyst, are added to a solvent and then stirred,
for example, at 30°C for 1 to 8 hours, so that a solution of
an adhesive composition is obtained.

[0065]

An example of a preferable method for producing an
adhesive composition that forms the aforementioned sea/island
phase separation structure is provided below. <i> A
thermoplastic resin (a}, an epoxy resin (b} and, as necessary,
a curing catalyst are stirred, for_example, at 60 to 100°C for
1 teo 12 hours in the presence of a solvent. In this stage,
conditions are adijusted so that the reaction ratic of the
thermoplastic resin (a) and the epoxy resin (b) may become 5
to 50%. Subsequently, <2> a hardener (c¢), an
organopolysiloxane (d) and, as necessary, a curing catalyst and
an additional solvent are added and stirred, for example, at

30°C for 1 to B8 hours, so that a solution of an adhesive
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composition is obtained. The reaction ratio of the
thermoplastic resin (a) and the epoxy resin (b) can be
determined by measuring the amount of generated heat of a sample
before curing, 03 (mJ/mg}, and the amcunt of generated heat of
a sample after curing, Q04 (mJ/mg), by differential scanning
calorimetry and calculating the ratio from "the reaction ratio
(%) = ({03 - Q4)/(031x100." As to the sample before reaction,
a sample is used which is obtained at a time when the
thermoplastic resin {a) and the epoxy resin (b) used in <l> are
stirred at 40°C or lower in the presence of a solvent todissolve.
The sample aftéZ'reaction,refers to the sample in the stage <1>.
The solids deposited by drying the respective sclutions before
and after the reaction under reduced pressure at 50°C or lower
are measured by differential scanning calorimeter. The
measurement conditions are an instrument DSC6200 manufactured
by Seiko Instruments Inc. (SII NancoTechnology Inc.), at a
temperature<af25°€tx>350°C,eaheating.ratacxﬁ10°C/min,easaﬁple

amount of about 10 mg, and a nitrogen gas flow of 40°C/min using

an Al open pan.
[0066]

When the adhesive composition contains an inorganic
filler (f), the following production method is preferred in
order to make the inorganic filler (£) localized in the island
A. <1» After the inorganic filler (f) is mixed with a solvent,

ball mill treatment is carried out, thereby preparing'a
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dispersicn liquid. <2> An epoxy resin (b) and, as necessary,
a curing catalyst are added and then stirred, f_or example, at
60 to 100°C for 1 to 12 hours in the presence of a solvent. In
this stage, conditions are adjusted so that the reaction ratio
of the epoxy resin (b) may become 5 to 30%. Subsequently, <3>
a thermoplastic resin (a) that is incompatible with the epoxy
resin (b) is added and stirred, for example, at 60 to 100°C for
1 to 12 hours. In this stage, conditicons are adjusted so that
the reaction ratio of the thermoplastic resin (a) and the epoxy
rasin (b} may‘ become 5 to 50%. Subsequently, <4> a hardener
(¢}, an organopolysiloxane (d) and an additional solvent are
added and stirred, for exanmple, at 30°C for 1 to 8 hours, sc
that_a solution of an adhesive composition is obtained. Inthis
method, both the reaction ratioc of the stage <1> and the reaction
calorimetry in the same manner as in the above. As to the sample
before reaction to be used for the reaction ratio measurement
in the stage <Z>, a sample is used which is obtained at a time
when the epoxy resin {(b)and the inorganic filler (f) are stirred
at 40°C or lower in the presence cof a solvent and the resin
dissolves. The sample after reaction refers to the sample in
the stage <2>. As to the sample before reaction to be used for
the reaction ratio measurement in the stage <3>, a sample 185
used which is obtained at a time when the thermoplastic resin

(a) is added to the solution obtained in <2> and stirred at 40°C
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or lower to dissclve. The sample after reaction refers to the
sample in the stage <3>. The solids deposited by drying the
respective soluticns before and after the reaction under
reduced pressure at 50°C or lower are measured by differential
scanning calorimeter. The measurement conditions are the same
as those described above.

[0067]

The adhesive sheet for electronic components {(henceforth,
adhesive sheet) of the present invention refers to an obliect
that has an adhesive layer made of an adhesive composition of
the present invention and at least one protective film layer
that can be peeled. For example, a two-layer structure of
protective film layer/adhesive layer or a three-layer structure
of protective film layer/adhesive layer/protective film layer
corresponds to this. Layers other than the adhesive layer and
the protective film layer may be contained and, for example,
a structure of protective film layer/adhesive layer/polyimide
film/adhegive layer/protective film layer is also listed. As
tc the acdhesive sheet, the degree of cure of the adhesive layér
before curing, i.e., in & B stage state may be controlled by
heat Lreatment. The cont;olef the degree of cure has an effect
of preventing excessive flow of an adhesive in adhering the
adhesive sheet to an object to be adhered, such as a wiring board
or an IC, and preventing fcaming caused by méisture in heat

curing. The thickness of the adhesive layer, which may be
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sel@ctedappropriatelydepéndithgxnltherelationshipk@tween
the elastic modulus and the linear expansion coefficient of the
layer, i1s preferably 2 to 500 um, and more preferably 5 to 400
[Shag

[0068]

The protective film layer referred to herein is not
particularly restricted to the extent that it can be peeled
before lamination of the adhesive laver to an object to be
adhered with damaging neither the form nor the function of the
adhesive layer, examples thereof include films of plastics,
such as polyester, polyolefin, polyphenylene sulfide,
polyvinyl chloride, polytetrafluorcethylene, polyvinylidene
fluoride, polyvinyl fluoride, polyvinyl bﬁtyral, polyvinyl
acetate, polyvinyl alcchol, polycarbonate; polyamide,
polyimide, polymethyl methacrylate, and siliceone rubber, films
resulting'frénxapplication4of coating treatment to those films
with a releasing agent, such as silicone or a fluorine compound,
or papers with those films laminated, and papers impregnated
or coated with a releasable resin. It is more desirable that
the protective film layer is coleored. In this case, since
whether the protective film is peeled can be checked visually,
it is possible to prevent forgetting to peel the layer.
[0069]

In the case of having protective film layers on both sides

of the adhesive layer, when the peeling forces of the respective
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protective filmlaver are Frand Fy (Fi1>F2), (F1 - Fo) ispreferably
5 Nm™* or more, and more preferably 15 Nm' or more. Bringing
it into this range makes it possible to peel the protective £ilm
layers one after ancther stability. Both the peeling forces
F1l and F2 are preferably 1 to 200 Nm™', and more preferably 3
to 100 Nm™. When being 1 Nm™" or more, it is possible to prevent
the protective filmlayers fromexfoliating spontaneously; when
being 200 Nm™* or less, it is possible to peel them stably.
[0070]

In the adhesive sheet of the present invention, it is
desirable that the shear strength of the adhesive layer after
heating be 5 MPa cr more because 1f so, delamination hardly
occurs in handling of a package or reflowing. The shear
strength is more preferably 10 MPa or more. The shear strength
can ke measured at a rate of 0.120 mm/sec at room temperature
by using a Bond Tester SS-30WD (with a 50 kg load cell)
manufactured by Seishin Trading Co., Ltd. Specifically, afterx
‘laminating an adhesive sheet of the present invention on a rear
face of a pattern tape 20 for evaluation under a condition of
130°C, 0.5 MPa and 0.3 m/min as illustrated in Fig. 4, a
protective film laver is peeled and then a 2 mm-square silicon
wafer 18 is attached to an adhesive layer 19 by application of
heat and pressure under conditions of 130°C, 3 MPa, and 10
seconds. Subseqguently, heat curing treatment is carried out

at 150° for 2 hours in an air oven and the shear strength of
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the obtained sample is measured under the aforementioned
conditions.
[(C071]

The adhesive composition and the adhesive sheet of the
present invention are used suitably for (1) a substrate for
semicénductor'connectionfuabeljsedjjzmountingwasemiconductor
element or a semiconductor integrated circuit for a wiring board
(i.e., interposer), such as a tape automated bonding (TAB)-type
pattern processing tape and an interposer for a ball grid
bonding (BGA) package, (2) a lead frame fixing tape and a lead
on-chip (LOC) fixing tape, (3) a die bonding material for
bonding an electronic component, such as a semiconductor
element, and a supporting member, such as a lead frame and an
insulating supporting substrate, (4) adhesives, such as a heat

spreader (a radiator plate), a stiffener

(a reinforcement

plate), and a shield maﬁerial, (5} a sealing material of an
electronic device, (6) adhesives for optical use, such as an
adhesive for optics, such as an adhesive for light path coupling,
an adhesive for assembling an optical component, and a sealing
material for LED (Light.ﬁmitting Diode), (7)) various kinds of
electronic materials, such as a solder resist, an anisotropic
conductive film, a copper-lined laminated board, a cover lay,
and an insulating layer between circuits. The shape and the
material of an obiject to be adhered are not particularly

limited.
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[0072]

In particular, the adhesive composition and the adhesive
sheet of the present invention can be used particularly suitably
as an insulating layer or adhesive layer for a power device.
[0073]

A sectional view of one embodiment of a BGA-type
semiconductor device in which an adhesive sheet of the present
inventicn is used is depicted in Fig. 1. A semiconductor
integrated circuit (abare chip) 1 cut after an element is formed
on & semiconductor substrate such as silicon is adhered to a
substrate for connecting a semiconductor integrated circuit 5
with an adhesive layer 2. The substrate for connecting a
semiconductor integrated circuit 5 has a conductor pattern 4
on one side or both sides of an insulator layer 3. This

_conductor pattern 4 is used for connecting an electrode pad to
an external part (e.g., a printed circuit board and a TAB tape)
of a package. Morcover, the semiconductor integrated circuilt
1 and the substrate for connecting a semiconductor integrated
circuit 5 are connected with a bonding wire 6. A sclder ball
7 is mounted to the conductor pattern 4, and the connection
portion between the bonding wire & of the semiconductor
integrated circuit 1 and the substrate for connecting a
semiconductor integrated circuit 5 is covered with a sealing
resin 8.

[0074]
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As the insulator layer 3, a plastic, such as polyimide,
polyester, polyphenylene sulfide, polyethersulfone,
polyetheretherketone, aramid, polycarbonate, and polyarylate,
a composite material, such as epoxy resin impregnated glass
cloth, a flexible insulation film having a thickness of 10 to
125 pum made of a graphite sheet or the like, or a ceramic
substrate, such as alumina, zirconia, $SiC, GaN, soda glass, and
quartz glass, is used suitably. A laminate resulting from
laminating two or more of these also may be used. As necessary,
surface treatment, such as hydrclysis, corona dischargé, cold
plasma, physical roughening, and easy-adhesive coating
treatment, may be applied.

[0075]

In Fig. 2 is provided a sectional view of cne embodiment
of a _sealing device using an adhesive sheet of the present
invention. A semiconductor'integrated,éircuit 9 with a solder
ball 11 mounted is batch-sealed with an adhesive layer 10 on
the insulator laver 12. 1In addition to the semiconductor
integrated circuit 9, it can be used also for a device in which
a substrate with irregularities, such as a substrate with an
LED light emitting element or the like mounted, is sealed on
an insulation layer. Moreover, a conductor pattern may also
be formed directly on a sealed adhesive layer 10.

[0076]

The adhesive sheet of the present invention is used
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suitably for, especially, a surfacemount electronic component.
The structure thereof has, on a substrate, a first conductive
layer, a semiconductor integrated circﬁit, an adhesive lavyer
being in contact with at least a part of the first conductive
layer and at least a part of the semiconductor integrated
circuit, and a second cenductive layer that connects the first
conductive layer and the semiconductor integrated circuit.
[0077]

In Fig. 3 is depicted a sectional view of one embodiment
of a surface mount electronic component using an adhesive sheet
of the present invention. On both faces of the ceramic
substrate 14 is disposed first conductive 1ayérs 13a, 13b, and
13c, and on the conductive layer 13b, a semiconductor integrated
circuit 17 is laminated. On the semiconductor integrated

_________ circuit 17, adhesive layers 15a and 15b being in contact with
apartcﬁfth@SemiconductorintegratedcircuitsZU?arelaminated.
On the other hand, on the first conductive layer 13c adhesive
layers, 15b and 15¢ being in contact with part of the conductive
layer 13¢ are laminated. Moreover, the semiconductor
integrated circuit 17 and the first conductive layer 13c are
connected together by a second conductive layer 16. The feature
of this structure lies in that the connection reliability is
kept high even if being expesed to a long-term high temperature
condition because surface connection is formed unlike wire

bonding. For example, if the semiconductor integrated circuit
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17 is made of 8iC, GaN, or the like, a long-term reliability
of 200°C or more is required. For conventional wire bonding,
a wire portion might crack or break due to thermomechanical
stress. On the other hand, for a surface mount electronic
component, a high connection reliability can be obtained
because the second conductive layer 16 1s surface-connected.
[0078]

The use of the adhesive composition cr adhesive sheet of
the present invention that is excellent in adhesion durability
under a long-term high temperature condition, thermal
cyclability, and insulation reliability for such a surface
mount electronic component makes it possible to get the best
performance. Moreover, one of the features of the adhesive
sheet of the present invention is that good lamination property
can be obtained in a surface mount system because the adhesive
layer is so high in fluidity that it can follow irregularities
by heat lamination.

[0079]

Next, examples of the methods for producing an adhesive
sheet and an electronic component using the adhesive
composition of the present invention are described.

[0080]
(1) Adhesive sheet
(a) A paint prepared by dissolving an adhesive

conmposition of the present inventicn in a solvent is applied
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to a releasable polyester film with a bar ceoater, or the like,
and then dried. The drying conditions are commonly 100 to 200°C
and 1 to 5 minutes.

L0081]

(b) On the adhesive lavyer formed in (a) is laminated a
releasable protective film layer made of polyester or
polyolefin that is weaker in peel strength than that mentioned
above, and thus an achesive sheet of the present invention is
obtained. The thickness of the adhesive layer can be further
increased by iaminating an acdhesive layer twice or more by
repeating the method_described in the above (a). In another
possible embodiment of the method described in the above (a),
an insulaﬁion film is used instead of the polyester film and
a protective layer is_ﬁuxther laminated by laminating an
adhesive layer on both sides of the insulation film. After the
lamination, the degree of cure of the adhesive layer may be
controlled, for example, by executing heat treatment at 30 to
70°C for 20 to 200 hours.

[0082]

{2y Electrcnic component

(A) BGA type semiconductor apparatus

(a) An electrolytic copper foil with a thickness of 12
to 35 um is laminated on a tape with an adhesive for TAR under
conditions of 130 to 170°C and 9.1 to 0.5 MPa. Then, succesgsive

heat curing treatment at 80 to 170°C is carried out in an air
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oven, so that a tape for TAR with a copper foll 1s prepared.
The copper foil face of the resulting tape with a copper foil
for TAB is subjected to photoresist film formation, etching,
resist stripping, electrolytic nickel plating, and
electrolytic gold plating, and solder resist film production
by ordinary processes. Thus, a substrate for semiconductor
integrated circuit connection 1s prepared.
[(0083]
The conductor pattern may be formed by using either of
a subtractive process and an additive process. In the
subtractive process, a pattern is formed by applying etching
treatmentwith&achemicalliquidt051laminatedarticleprepared
by adhering a metal foll, such as a copper foll, to an insulator
layer with an insulation adhesive {(the adhesive composition of
____________ the present inventicon can be used) or a laminated article
prepared by laminating a precursor of an insulation layer to
a metal plate and forming an insulator layer by heat treatment
or the like. Examples of the laminated article to be used for
this method include a copper-lined material for a rigid
substrate, or a flexible print substrate and a TAB tape. On
the other hand, in the additive process, a conductor pattern
is formed on an insulator layer directly by electroless plating,
electrolytic plating, sputtering, etc. In either caée, highly
correosion-resisting metal may be plated to the formed conductor

for corrosion prevention.
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The thus produced substrate for connecting a
semiconductor integrated circuit may, as necessary, have a via
hole and the conductor patterns formed on both sides may be
connected by plating.

[0085]

(b} Te the substrate for connecting a semiconductor
integrated circuit prepared in (a) is adhered by application
of heat the adhesive sheet obtained in (1), and further a
semiconductor integrated circuit (IC) is attached by
application of heat and pressure to the opposite side of the
acdhesive sheet. The adhesive sheet ig usually laminated while
being in a semicured state and the degree of cure thereof may
be controlled by performing precuring at a temperature of 30
to 200°C fo;‘an.appropriateaperixxiof time after the lamination.
Subseguently, heat curing ét 120 to 180°C is carried out. The
heat curing is usuaily carried out in an air oven.

[C086]

(c} The semiconductor integrated circuit and the
substrate for semiconductor integrated circuit connection are
connected by wire bonding under conditions of 150 to 250°C at
about 150 kHz, and then ars sealed with resin.

100871
(d) Finally, a solder ball is mounted by reflow to obtain

an electronic component of the present invention.
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(0088}

(R} Electronic component of surface mounting system

(a) An adhesive sheet obtained in (1) is laminated on
irregularities formed by disposinga first conductive layer and
a semiconductor integrated circuit oﬁ one side or both sides
of a ceramic substrate, and it is attached by application of
heat and pressure at 120 to 180°C, thereby being batch-sealed.
The degree of cure of the adhesive layer may be controlled after
the lamination of the adhesive sheet. The first conductive
layer may be formed by using either of a subtractive process
and an additive process.

100891

(b} At least part of the adhesive layer on the
semiconductor integrated circuit and at least part of the
adhesive layer on the first conductive layer are removed by YAG,
carbon dicxide gaé, UV laser, or the like. Subseqguently, the
circuit is heated at 120 to 180°C for several hours, thereby
heating the adhesive layer to cure.

[0090]

(¢} The surface is éntir@ly subjected to copper
sputtering, followed by electrolytic copper plating.
Subsequently, etching processing is carried out to the
electrolytic copper plated surface to form a second conductive
layer, thereby obtaining an electronic component of the present

invention. The formation of the second conductive layer 1is
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carried out by an additive process.

EXAMPLES
[G091]

The present invention will be described below with
reference to Examples, but the invention is not Limited to these
Examples. Before starting explaining Examples, the method for
preparing a sample for evaluation and the method of evaluation
are described.

[0092]
(1Y Preparation of pattern tape for evaluation

To a tape with an adhesive for TAB (#7100, (type 31INO~00FS),
produced by Toray Industries, Inc.), a 18 pm-thick electrolytic
copper foll was laminated under conditions of 140°C, 0.3 MPa,
and 0.3 m/minute. Then, heat curing treatment was carried out
in an air oven successively at 80°C for 3 hours,.at 100°C for
5 hours, and at 150°C for 5 hours, so that a tape for TAB with
a copper foil was prepared. On the copper foil face of the
resulting tape for TAB with a copper foll, photoresist film
fbrmation, etching, resist stripping, electrolytic nickel
plating, and electrolytic gold plating were carriedout. Thus,
a pattern tape for evaluation having a comb-shaped conductor
pattern having a conductor width of 25 um and a distance between

conductors of 25 um was prepared.

(0083}
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{2) Measurement of storage elastic modulus

To a glossy face of an electrolytic copper foll (36 um)
having been cleaned in accordance with a standard procedure of
copper foil face cleaning provided in JPCA-BMOZ was laminated
at 130°C, 0.5 MPa, and 0.3 m/minute an adhesive sheet (the
thickness of an adhesive layer was 200 pm) from which one
protective film layer had been peeled. Another protective film
layer was peeled and the residue was cured at 100°C for 1 hour,
and at 170°C for 2 hours. Subsequently, the copper foll was
removed entirely by etching, and for the exposed adhesive layer
a storage elastic modulus at 30°C (i.e., initial elastic
modulus) was measured under conditions, including a frequency
of 1 Hz and a temperature raising rate of 5°C/minute by using
a dynamic viscoelasticity analyzer. Moreover, the adhesive
layer with a copper foil layer after being cured under the
aforementioned conditions was left in an oven of 175°C for 1000
hours with the face in which the adhesive layer was exposed
disposed in the air. Subsequently, the copper foil layer was
removed completely by etching, and the storage elastic modulus
of an adhesive layer obtained by heating treatment under the
same conditions as above was measured by using a dynamic
viscoelasticity analyzer.
[C094]

{3) Measurement of glass transition temperature (Tg)

A sample was prepared in the same method as that described
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in the foregoing (2), and a glass transition temperature was
measured from the peak temperature of a tand obtained by using
the dynamic viscoelasticity analyzer. The glass transition
temperature was defined as an initial glass transition
temperature (Tg). Treatment was appliedinthe samemanner also
to a sample heated at 175°C for 1000 hours and a glass transition
temperature was measured. The rate of change of Tg is
represented by ((Tg® Tgh)/Tg")x100 (%) from the absolute
temperature (Tg') of the initial glass transition temperature
and the absolute temperature (ng} of the glass transition
temperature of the adhesive layer after the heat.treatment at
175°C for 1000 hours.
[0095]

(4) Evaluation of Adhesiveness

(a) Initial adhesive force

An adhesive sheet {the adhesive layer was 200 pum in
thickness),frmmwhichoneprotectivefilﬁlayerhadbeenpeeled,
was laminated tec a 0.5 mm—thick copper plate under ceonditions
of 130°C and 1 MPa. Then, another protective fiim layer of the
adhesive sheet laminated to the copper plate was peeled, and
the resulting adhesive sheet was laminated to a polyimide film
{(thickness = 75 pm; "UPILEX" (registered trademark) 7583,
produced by Ube Industries, Ltd.) under conditions of 130°C ana

1 MPa, and then heat treatment was carried out at 170°C for 2

hours under a pressure of 0.5MPa, so that a sample for evaluation
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was pfeparedd After slitting the polyimide film into a width

of 5 mm, the polyimide film having a width of 5 mm was peeled

to a direction of 90° at a rate of 50 mm/minute, and the adhesion

force at this time was measured.

[06961

(b} Initial shear strength
To a rear face of a pattern tape for evaluation prepared

by the method described in the foregoing (1), an adhesive sheet

(the adhesive layer was 100 pm in thickness), from which one

protective film layer had been peeled, was laminated under

condition of 130°C, 0.5 MPa, and 0.3 m/minute. Then, a pattern

tape for evaluation, from which the protective film layer of

the adhesive sheet adhered to the rear face of the pattern tape

had been peeled, was attached to a 2 mm-sguare silicon wafer
_____________________________ face by application ¢f heat and pressure under conditions of
130°C, 3 MPa, and 10 seconds. The resulting sample has a
composition inwhich a siliconwafer 18 is laminated on a pattern
tape 20 for evaluation with an intervention of an adhesive layer
19 as iepresented_in Fig. 4. Heat curing treatment was applied
to this sample in an air oven at 100°C for 1 hour and at 170°C
for 2 hours, and then a shear strength was measured. As to the
shear strength, a die shear strength was measured at room
temperature at a rate of 0.120 mm/second by using a bond tester
MODEL S$SS-30WD (load cell of 50 kg) manufactured by Seishin

Trading Co., Ltd.
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[0097]

(c) Long-term adhesion durability-1

To a glossy face of a 0.5 mm-thick copper plate having
been cleaned in accordance with a standard procedure of copper
foil face cleaning provided in JPCA-BM02 was laminated at 130°C,
0.5 MPa, and 0.3 m/minute a 200 mm~-thick adhesive layer, forming
a composition of the copper foil/the adhesive layer. Then,
curing was carried out at 100°C for 1 hour and at 170°C for 2
hours. These were put into an air oven of 200°C. During the
operations, the sample was observed at intexvals of 50 hours
until 500 hours. When peeling or ;rack of the adhesive layer
develcoped, it was considered as N.G. (no good). Observation
after 500 hours was carried out at intervals cf 100 hours, and
evaluation was continued until 2000 hours at most.
[ogss]

{d) Long-term adhesion durability-2

Evaluation was carried out in the same manner as in the
above {c) except for changing the temperature of an air oven
from 200°C to 180°C.
[0099]

(e) Thermal cyclability

To a rear face of & pattern tape for evaluation prepared
by the method described in the foregeing (1), an acdhesive sheetl
(the adhesive layer was 50 pm In ﬁhickness), from which one

protective film layer had been peeled, was laminated with a roll
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under condition of 130°C, 0.5 MPa, and 0.3 m/minute. Then, a
pattern tape for evaluation, from which the protective film
layer of the adhesive sheet adhered to the rear face of the
pattern tape had been peeled, was attached under conditions of
130°C, 3 MPa, and 10 seconds to a coated face of a silicon wafer
(dummy wafer, 20 mm-sguare) that was likened to an IC. The
curing of the adhesive was carried out at 100°C for 1 hour and
at 170°C for 2 hours. A silicon wafer a mirror surface of which
was coated with a pelyimide coating agent (produced by Toray
Industries, Inc.: SP341), which was then cured at 350°C for 1
hour, was used.
[01007

Thirty samples for evaluation were prepared for each
level and the samples were treated under a conditicn of holding
at the lowest temperature and the highest temperature of -65°C
to 150°C for 45 minutes, respectively, in a heat cycle tester
(Model PL-3, manufactured by Tabail ESPEC Corp.) and thus the
development of peeling was evaluated. The sample was taken out
at 100-cycle intervals and the development of peeling was
evaluated by using an ultrasonic defect detecteor. When peeling
was found in any one among the 30 samples, the samples were
considered as N.G. (no good). Evaluation was continued to 1800
cycles, at most. |
[0101]

(f) Thermal cyclability after a long-term adhesion
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durability test

A copper foil/adhesive layer layered article having been
subjected to heat treatment for 500 hours in an air oven of 200°C
by the method described in the above (c) was treated under a
con&ition_of holding at the lowest temperature and the highest
temperature of -65°C to 150°C for 20 minutes, reSpectively, in
the apparatus described in the above {e). The sample was
observed at 500-cycle intervals. When peeling of the adhesive
layer developed, it was considered as N.G. (no good).
[0102]

(5) Insulation reliability

{a) Dielectric breakdown vocltage

To a 50-um thick adhesive layer was applied a voltage at

a constant rate for 10 to 20 seconds in average in accordance

with JIS C2110 (1994), A dielectric breakdown voltage was

determined by dividing the voltage applied when dielectric
breakdown occcurred by the thickness of the specimen.
[0103]

(b) Migration property

One protective film layer of an adhesive sheet (the
thickness of the adhesive layver was 50 um) was peeled off, and
the exposed adhesive layer was laminated to a polyimide film
("UPILEX " (registered trademark) 753 produced by Ube Industries,
Ltd.) underxr conditions, 130°C, 0.5 MPa and 0.3 m/minute. Then

another protective film layer was peeled off and an electrolytic
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copper foil with a thickness of 18 pm was laminéted under
conditions of 140°C, 0.3 MPa, and 0.3 m/minute. Subsequently,
curing treatment was carried out in an air oven at 170°C for
2 hours, so that a tape with a copper foil having a composition
of copper foil/adhesive layer/polyimide £film was prepared. On
the copper feil surface of the resulting tape with a copper foll,
photorésist film formation, etching, and resist stripping were
carried out. Thus, a pattern tape for evaluaticn having a
comb-shaped conductor pattern having a conductor width of 200
um and & distance between conductors of Z00 pm was prepared.
The pattern appearance resulting from application of a voltage
of 200V to this pattern tape for 500 hours at 170°C was observed
by the use of a light microscope. The length over which
migration grew from an electrode was defined as the amount of
migration.
[0104]

(¢} Insulation resistance value

To a conductor patter face of a comb-shaped sample for
evaluation having a conductor width of 50 pm and a distaﬁce
between conductors of 50 um taken from a pattern tape for
evaluation prepared by the method described in the foregoing
(1), a 0.1 mm-thick pure copper plate with a 50 um-thick adhesive
layer was laminated at 130°C and 0.1 MPa, and then heat treatment

was carried out in an air oven at 150°C for Z hours. By the

use of the resulting sample, under a continuous application of
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a voltage of 100 V in a thermohygrostat at 85°C and B5%RH, a
resistance value just after the application and a resistance
vélue 400 hours after the application were measured.
[0105]

(6} Reflow resistance

Tc a rear face of a pattern tape for evaluation prepared
by the method described in the foregeing (1), an adhesive sheet
{(the thicknesé of an adhesive layver was 12 um and the thickness
of a protective £ilm layer was 38 pm) from which one protective
film layer had been peeled was laminated at 130°C and 0.1 MPa.
Then a sample for evaluation with a structure depicted in Fig.
4 was prepared by using a semiconductor integrated circuit
(dummy wafer, 20 mm on each side) likened to an IC. A silicon
wafer a nmirror surface of which was coated with a polyimide

coating layer {(produced by Toray Industries, Inc.: SP341},

which was then cured at 350°C for 1 hour, was used. The curing
of the adhesive was carried out at 150°C for 2 hours. Twenty
30 mm-sguare samples produced by this method were prepared for
each level, subjected to moisture control under an atmosphere
of 30°C, 70 %RH for 192 hours, and made pass through an infrared
refiow.furnace of a maximum temperature of 265°C for 15 seconds
twice. Thus swell and peeling were confirmed and the number
of peeled samples among the 20 samples was counted.

[0106]

(7} Phase structure observation
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Next, as to the cured adhesive composition, a
macromolecular component was stained by the ruthenium acid
staining technigue. An ultrathin sample having a width of 100
um to 900 um and & length of up to 100 um was cut and it is observed
by a transmission electron microscope (e.g., H-7L00FA
manufactured by Hitachi, Ltd.) at an acceleration voltage of
100 kV and a magnification of 10,000 to 40,000 times. A phase
separation structure of a 5 um-sguare portion arbitrarily
chosen from the resulting observation image was observed.
[0107]

Referential Example 1 Synthesis of organopolysiloxane

To 120 g of methylsilicone oil (PDV-0325, produced by
Gelest, Inc.) was mixed 2.3 g of a 35% aqueous sulfuric acid
solution under nitrogen at room temperature for 9 hours. The
mixture was left in a refrigerator overnight, diluted with ice
water, and then neutralized at a temperature cf 5°C or lower
by the addition of an agueocus sodium hydroxzide solution. The
mixture was extracted fully with ether and distilled after
drying, so that methylsilicone oil having a hydroxyl group was
obtained. Subsequently, epichlorchydrin in an amount 10-fold
molar equivalent based on hydroxyl groups was added thereto.
The mixture was heated and refluxed at 120°C with stirring and
40% by welght sodium hydroxide in an amcunt two-fold molar

equivalent with respect to hydroxyl groups was added dropwise
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Examples 26 to 32 Adhesive sheets were produced and evaluated in the same manner as in
Example 1 except for preparing adhesive solutions so that the resin composition ratios provided in
Table 7 might be produced. Evaluation results are provided in Tablee7,_[0131] [Table 7] 0000931
626 Example=27 EXaMple.2820010:26 26309320 80108pk2t30he dropwise addition,
heating was continued for 15 minutes to remove water completely,
and then unreacted epichlorohydrin was removed by distillation. -
Subsegquently, toluene was added and the crude product was
dissolved therein. After removing salt by filtration, toluene
.wasextractedcompletelyknrheatingfx;170%Zand267E%x(meﬂg),
so that organopolysiloxane A-1 having an epoxy Jroup was
obtained.
[0108}
Reference Example 2 Synthesis of organopolysiloxane
(A-5)
Organopolysiloxane A-5 was cbtained in the same manner
as in Reference Example 1 except for using phenylmethylsilicone
oil (PDV-1625 produced by Gelest, Inc.) instead of
methylsilicone oil.

[0109]

Referential Example 3 Synthesis of organopolysiloxane

Phenylsilicone oil having an epoxy group was obtained in
the same manner as 1in Refeience Example 1 except for using
phenylsilicone ¢il (PDS-9931 produced by Gelest, Inc.} instead
of methylsilicone oil and adding epichlorohydrin in an amount
equimolar equivalent to hydroxyl groups. Then,
phenyldimethylsilane (SIP6729 produced by Gelest, Inc.) having

hydrosilyl groups in an amount eguimeclar to unreacted hydroxyl
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groups, platinum—l,3—divinylwl,1,3,3—tetramethylwdisiloxane
complex (produced by Gelest, Inc.), and
1,3~divinyltetramethyldisiloxane were added so that the amount
of each would become 200 ppm, obtaining organopolysiloxane S
in which all the unreacted hydroxyl groups were alkyl-modified.
(01101

A product resulting from mixing the organopolysiloxane
A-% obtained in Reference Example 2 and the ocrganopolysiloxane
S in a weight ratio of 1:2 was named organopolysiloxane A-6.
[0111]

Referential Example 4 Synthesis of acrylic resin B-4

A solution cbtained by dissolving 0.023 ¢ of
azobisisobutyronitrile in 3 g of toluene was added dropwise
under a nitrogen gas flow to a reaction solution obtained by
acrylonitrile, 0.90 g of glycidyl methacrylate, and 0.784 g of
gamma—mercaptopropyltzimethoxysilane as a chain transfer
agent in 8.49 g of toluene, and a reaction was carried out at
90°C for 8 hours, so that acrylic resin B-4 was obtained.
[0112]

Referential Example 5 Synthesis of acrylic resin B-5

Acrylic resin B-5 was obtained by carrying out the same
operations as those of Referential Example 4 except for changing
the amount of glycidyl methacrylate from 0.20 g to 1.4 g.

[0113]
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Referential Example 6 Synthesis of acrylic resin B-6

Acrylic resin B-6 was obtained by carrying cut the same
operations as those of Referential Example 4 except for changing
the amount of glycidyl methacrylate from 0.90 g to 0.14 g.
(0114}

Referential Example 7 Acrylic resin B-7

Acrylic resin B-7 was obtained by carrying out the same
operations as those of Referential Example 4 except for not
using glycidyl methacrylate.
[0115]

Referential Example 8 Acrylic resin B-8

.AnyliC resin B-8 was obtained by carrying out the same
operationse&sthosecﬁ?Referentia&.Example44except for changing
the amount of glycidyl methacrylate from 0.8%0 g to 0.40C g.
[0116]

Referential Example 9 Acrylic resin B-9

Acrylic resin B-9 was obtained by carrying out the same
operations as those of Referential Example 4 except for changing
the amount of glycidyl methacrylate from 0.90 g to 0.54 g.
[0117]

Referential Bxample 10 Acrylic resin B-10

Acrylic resin B-10 was obtained by carrying out the same
operations as those of Referential Example 4 except for changing
the amount of glycidyl methacrylate frem 0.90 g to 1.792 g.

(0118}
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Details of the organopolysiloxanes and the thermoplastic
resins used for respective Examples and Comparative Examples
are provided in Tables 1 and Z.

(0119]

[Table 1]

Takie 1. Organopnlysiloxane {d)

Mame Functional group T;I;’;nr’t:::zi/ Fhenyi gizﬁgfﬁethw‘
Einc Contenr (% by weighit} {molar xatio) imolar ratieol
E~1 {5ae Fefersntial Examplie 1 Epoxy group 5 79430 G/100
A2 :!{119218, produced by Shin-Etsu Chemical Co., Ltd. Methony group 15 5Q/50 50/50
2-3 Englz, produced by Shin-Etsu Chemical Co.. Ltd. Bilanel group S S0/50 SO/50
LS \KE152, produced by Shin-Etsu Chemical Te., Zed. silannl grouvp 5 30470 50450
REE :See Referential Exampis 2 Epony group 5 030 H0/50
2-¢ :See Referantial Example 3 Epoxy group 5 7630 BO/30
a7 jKRZlB, produced by Shin-Evsu Chemical Co., Ltd. Silanal group 5 100/¢ 50/50
kX :A‘f42—'_=61, prodused by Shin-Etsu Chemical Ce., Ltd, Methoxy group e 50/50 /50
-0 ESHB'M}, produced py Dow Sorning Toray Co., Lid. Kone ] 0/190 257473
A1 %D}-&S—VOS, praduced by Selest, Inc. Vinyl group g B/100 G/ran
A1l (HM3-031, produced by Gelest, Inc. 3iH aroup 5 0/130 0/:00
[(0120]
[Table 2]
Table Z. Thermoplastic resin {a)
Hane Punctional group Ty Moleculer weight
Kind Contert {eg/kg) ()
B-1 XF3677, produced by Tohpe Corp. Hydroxyl group 0,18 1,306,000
5-2 :86-P3, produced by Nagase Chemied, Corp. Epeoxy group T 0,21 15 850,000
B-3 18G-TDB-4§, procuced by Hagase ChemteX, Corp. Carboxyl group 0.14 -5 500,060
B¢ ,3ee Referential Exampls 4 Epoxy droup i.8 -30 1,300,000
Bb ‘:See Referential EZxampie & Epoxy Group 2. =30 1,100,000
B-& |See Referential Example 6 Epoxy group .22 3G 1,300,000
5-7 1Ssc Refersntial Example 7 Rane 0 -39 1,100,008
B~8  [See Referential Example 8 Epoxy group G.7 -30 1,100,090
B-9 :See fefereutial Example 9 Epory group .25 -30 3,300,000
B-10 '3ce Referential Example 10 Epoxry group 32 =30 1,166,000

[0121]
Example 1

A thermoplastic resin, an epoxy resin, a hardener, an
organcpolysiloxane, and a curing catalyst were added to a mixed
solvent of methyl ethyl ketone/toluene = 2/1 (welght ratio) so
that the resin composition ratio might become that provided in

Table 3 and the solid content might become 20% by weight, and
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those were stirred and mixed at 30°C, so that an adhesive
sclution was produced. The adhesive solution was applied with
a bar coater to a 38 um~thick polyethylene terephthaiate film
("Filmbyna' (registered trademark) GT produced by Fujimori
Kogyo Co., Ltd.) with a silicone release agent so that a
necessary dry thickness would be produced, and it was dried at
150°C for 4 minutes. A protective film layer was then laminated,
so that an adhesive sheet of the present invention was produced.
Moreover, a storage elastic modulus, a glass transition
temperature, adhesiveness, and insulation reliability were
evaluated by the methods described above.

[0122]

The protective film layer of the adhesive sheet produced
by the above-mentioned method was peeled and the resulting
adhesive sheet was laminated to a rear face of a pattern tape
for evaluation prepared by the method described in the foregoing
(1) under conditions of 130°C and 0.1 MPa. BSubsequently, the
PET film of the adhesive sheet was peeled and an IC with an
aluminum electrode pad was attached to the adhesive layer by
application ¢of heat and pressure under conditions of 170°C and
0.3 MPa. Next, heat curing treatment was carried out at 150°C
for 2 hours in an oven. Subsequently, a 25-um gold wire was
bonded to this at 180°C, 110 kHz. Furthermore, the resulting
item was sealed with a liguid sealing resin ("Chipcoat" 8118

produced by Namics Corp.). Finally, a solder ball was mounted
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to prepare a semiconductor apparatus with the structure of Fig.
1.
[0123]
Examples 2 to 25, Comparative Examples 1 to 5

Adhesive sheets were produced and evaluated in the same
manner as in Example 1 except for preparing adhesive solutions
so that the resin composiﬁion ratics provided in Tables 3 to

6 might be produced.

Comparative example ©

A vinyl group-containing silane (DMS-V05 produced by
Gelest,lnc.)andaahydrosiiylgroup~containingsilane{HMS—OBl
pxoduéad by Gelest, Inc.) were mixed so that the egquivalent
ratio might become 1, and then
platinum-1,3-divinyi~1,1,3,3-tetramethyl-disiloxane complex
(produced by Gelest, Inc.) and
1,3~divinyltetramethyldisiloxane were added so that the
contents thereof might become 200 ppm, respectively. After
agitation, the resulting adhesive solution was applied to a
38-um thick polysulfone film (produced by Mitsubishi Chemical
Corp.) sothat a filmwith a neededdry thicknessmight be formed,
dried at 120°C for 10 minutes, and laminated with a protective
film layer. Thus an adhesive sheet was produced. Evaluation
was carried out in the same manner as in Example 1 except for

the above-mentioned operaticns.
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[G125]

The evaluation results in the Examples and the
Comparative Examples are provided in Tables 3 to 6. The
Examples and Comparative Examples provided above showed that
since the adhesive composition for electronic components of the
present invention had excellent adhesionAdurability'alsg under
high temperature conditions over a long period of time,
excellent thermal cyclability and high insulation reliability,
it could increase the reliability of a2 semiconductor apparatus
using it.

[0126]

[Table 3]

Example
1 z 2 4 |3 3 7
Thermoplastic resin {2} ypper line: kind 8-1 BeZ B-3 E-4 B-5 N B-€
" Lower iine: content {parts by weight) 100 100 100 100 108 100 100
Epoxy resin (o} Upper iine: kind EQCHi0ZE | socHiczs | BOON102S | BEOCH1C2S { EQCHI 025 | EOCH102S | EOCH102S
Lower line: content iparts by welight) 37 27 37 37 37 37 37
Hardenexr (¢} upper Line: kind cKMzADO | CKM2400 | SKM2400 | CEM240C | CKM200 | CKM2400 | CKM2400
Lower line: content (DArTs 5y weight) 0 5G S0 50 30 54 e
Organopolyzxloxane {d}  ypper lime: kind B-3 a3 A-3 n-3 A3 A3 B3
Lower lihe: cohtent |parts by wsight) 100 100 LT 109 100 103 100
Guring catalyst upper line: kind 25 2EZ ZET IE2 2RE 2E% 28%
Lower iine: content |parts by welght) 2.3 0,3 6.3 0.3 G.3 6.3 0.3
Glass transiticn initial (°C) ] ] € 25 23 11 12
temperature {Tg)
After 175°Cx1060 h treatment (°C) 16 50 43 83 T4 42 45
Rate of change (%) 13.5 14.5 14.0 iz.8 13,4 13.3 1.8
Storage elastic wodulus |rnitial (MPa) 5 5 3 18 55 4 3
After 1737Cx1000 k treatment {MPaj 46 45 42 78 142 45 81
pohesiveness Initial adbesive force (N/em) 18 18 17 i8 19 i7 13
Long-tekm adhesion durability-l {hj 1300 1050 1200 1300 1100 1300 1200
Thermal cyclabilivy (cyeles) 1508 1500 1508 1008 700 1400 1490
']LA;::naﬁ cyclabllity after Long-term adhesion durakility 250 300 300 285G 280 350 200
Fnsulation rellabilisy L kdown veitage (KV/mm) 80 36 a6 125 163 55 50
Amocunt of migration (pm) i 5 5 <5 <5 5 3

ZOCHINZS: Cresol novoiac types spoxy resin produced by Mippos Kavaku Co., Ltd.
GEM2400: peterc-Bu type novolac resin produced by Shows Highpolymes Co., Ltd.

2EZ: 2-®thylimidazole

[0127]

[Table 4]
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Example
3 9 1o 11 i2 13 iiq i5
Thermoplastic resin (al yeper bind B-6 137 B-a 3-8 Beé B-§ B-6 E-5
Lowey : content {parts by weight) 1c0 100 100 100 100 ing e 100
Epoxy rssin ibi Upper kind ECCNL0ZS | pocdinzs | BOCK1035 | B00K1025 | ROCKLGZS | EOCHL02S | EGCHI0LS ) BOCNI02S
Tower content fparcs by weight) 37 a7 37 3T 27 37 37 37
Hardener (€} Upper kind CEMZ400 | CHMZADC | CIM2E0C | CKM2A00 | cuMzdco | CK<2480 | o:M2400 | CKMIZEZ
Lower line: coatent [(parts by weight) 50 50 50 50 50 S0 so L1l
organopolysilozane {&Y peer tine: king B-2 A ESH A6 A7 A-B B-g B
Lower iine: content {rarts by weight! 130 1040 o0 04a 100 FRals) G0 100
Curing catalyst Upper + kind ZEZ 2R 285 2EZ 283 ZEL 8% ZEZ
Lowsr line: content i(parts by weighti a.3 0,4 0.2 13 [ 0.3 0.3 0.3
Giass transision Initial {°C) i6 5 is 23 16 24 -5 24
temperatuze (Tgh
After L75°Cx1000 1 treatment {°C} 54 z8 53 &4 52 63 5 ]
nate of change (%} 13.1 9.3 11.% 13.9 12.5 131 14.5 12.3
Scorage elastic modulus [rpicial (MPa) 15 1 7 21 34 73 G.03 11
After 175°0Cx1D00 h treatmesnt {(MPa) 52 30 &0 &8 BS 1z Ge 114
Adtesiveness Initial adhesive foree {(H/cml 20 22 16 14 i 23 24 34.5
Long-term adhesicn durabiity-i (h} 1300 2000 1500 1200 1408 1436 1200 1400
Thermal cyclability 1300 1600 1290 000 B 1600 1708 800
Tiny after iohg-rarm adhesion o 300 500 300 250 260 308 350 250
insulasion rel:abllity | okdoun voltags (%v/mm) 102 70 102 100 108 115 58 138
Amount of migrarion {pm) 5 il B o <5 <5 0 <2
EOCHINZE: Chesol novelzs type epoxy resin produced by Hippon Xayaku Co., Ltd.
CHMIAOD: prters-Bu cype / bisphenol A nevoiac resin produced by Showa Righpoiwmer Co., Lid,
CHM1ZEZ: Co-condensate of p-tert—Bu type / phenol sesel resin preduced by Showa Highpolwvmer Za., Ltd.
ZEZ: Z-Bthylinidazele
[0128]
[Table 5]
Bxample
16 17 e 9 20 B 22 23
Thermoplazric resin {2) goper line: 15 Bt B-5 -6 3-6 a7 5-5 5-9
Loswer lin iparts b G0 160 G0 100 ing 16 L0 100
Epory resir (b) Upper line: BOONLD2S | BOCN1A2E [ BOCN10Z2S | BOSHI0DZS | ¥OCNI02S § 80CN1025 | BOCH1025 | ECCH1C2E
Lower line: content {parts by weight} 37 7 37 37 37 37 37 k]
Hardener (<) Upper line: kind CHM163E | CKMIG3E | CKMIE36 | CLM1636 | UHMi636 | CHMI636 | CRMIE36 | LHMIEIE
Iower line: content [parts by weidbt? 50 58 30 50 54 A 50 50
Grganopelysiloxane (99 Ugper line: kivd ) A7 et P -3 -3 Td a3
Lowar line: ceptent [parts by weight) 100 100 100 40 0 40 a0 20
curing cazalyst Upper line: kxind 25 BT ok ZER 2RT 2% 282
Lower lipe: content (parts by weightl 6.3 0.3 0.3 2.3 2.3 0.3 0.3
Gier add Upper line: kind - HOB? - - - - -
Lowsr iine: content (parts by weight) [
Glass Tranzitlon Initial {°C) H 1% ig zB 3 5 14 13
temprraturs (Tgh
After 175YCx1300 L treatient {"C} T L-1e) [¥2 (33 ED 36 L 54
fate of change {4) 1.0 10.6 11.3 12.3 15.0 11.2 11.8 12.4
terage eiastic modulus Jipseia) (MPab 41 40 10 13 ES o.a 3 12
Biter 375°Cx1000 h treatment (Mra) 11e 108 05 &2 76 &2 54 66
#dbesiveness Initial adhesive force (M/om 4.5 34,8 4.7 21 23 4 17 18
Longoterm adhesion durabiiity-i in} 1490 1600 1508 1500 1L0G 1500 1400 1300
The o ECO g80 800 1c0a 00 1609 1300 lze0
:ngfwal cyriahility FL Long-Lern @ T UrARELIEY 230 280 250 300 256 330 100 300
fnsulscson refiability Breakdown woltags {kV/mm) 138 133 123 10z 11 Lg inz 114
Amount of wigration {pm} g <5 <5 <5 5 16 5 <5

EOCHLO25: Crescl novolac type epody sesin preduced by Kippen Kayaka Co., Lud.

CKM1E36: p-rveri-Bu type novelac resin prodused by Shows Highpolymer

2iRk: Z-Echylimidazole

2TE: 1.2, 3-Benzotrizzele

HOBP: Zv-Hiydboyy-4-r-ofroxybenzophancne

[(0129]

[Table 6]
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Example Comparative exsmpie
Zq 5 1 2 3 Ll 5 [
ThEIMOPiIAsStic Iesin ia) Upper . Kind B-19 B-6 - Bel2 B-2 -7 B-6 -
Lower : content (pzrts by weight) 190 100 90 100 100 100
Epoxy resin {b} Upper kind EOCHNIDZE | BOCHIOZS | BOCHIUIS | ROCH1G2S - BOCHIN25 ] BOCNI0LE -
Lower content {parts by weight} 7 17 37 a7’ 7 EX]
[FaEdeies ™ Te Upper kind CIM1EG | cxzacn | ckMieds | CRM1E36 | CEMLE2E - CRMZAGD -
Lower line: content (payts by weight) 50 50 L1 50 50 50
Organopolysiloxane 1 ypper line: kind 2-3 PEERR B - - - A3 A~L10/A-1E
Lower lipa: content [parts hy welght) 20 280 160 0.1
Curing catalyst Upper line: kind 282 Efobd 2ES ZRE 257 252 ZET Fr-based
LoWer line: content {parts by weight) [ 9.3 c.3 G.3 0.3 0.3 (]
[T rsmsieon Tnitial (°Ci 465 1 -5 54 s0 15 12 -5
temperavure {Tgl
Rfter 175°Cx1000 h txeatwent (°C) =k 34 a 148 1z2 10& a7 -1
faTe of change (%) k 14.7 E.5 4.9 2.7 z2.3 12.% 2.8 1.5
srorage elastic modulus iigjrial [MEal &5 z G005 23 78 71 5 5.5
rfter L75°0Cxl000 h treatwent (MPa) 181 3z 0.41 H0 BED 570 9z 1.z
[pdnesivensss Initial adhesive forse (H/cm) 19 13 1% zs g z3 13 5
Long-teri adhesion durability-i in} £0ae 2000 2030 100 50 156 106 zo00
a3 1560 1600 11 1600 150 1500 1600
b nhesion du h 450 500 E - - - [
Tnsuiation reliamiiity
Ereakdown voitage {kV./nam) 42 @k 21 158 145 132 T a8
mmount of migratisn (pm) <5 <5 Fhe 5 10 20 20 <5

EOCH1025: Fresol novolac iype epoxy resin produced by Wippon Hayaku Co., Lud.
CKM24$09: p-tert-bu typs novelec resin produced by Showa Highpolymer Cao.. Lid.
CKM1636: p-tert-Bu type novelac rewsin produced by Shows Higbpelymer Co., Ltd.

2EZ: 2-Bthylimidazole

[0130]
Examples Z6&6 to 32

Adhesive sheets were produced and evaluated in the same
manner as in Example 1 except for preparing adhesive solutions
so that the resin composition ratios provided in Table 7 might
be produced. Evaluation results are provided in Table 7.
[0131]

[Table 71
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16 10 15 Imgmerm adhesiond0000i 1100-1 1200 MM 1260 MOO 1500 1700 1200 Memel cyclabili"
Mcm 0009-0100 30602300 durability gest 250 200 950 100 400 450 250

Esample 26 Example 27 Exampie 26 Example 29 Example 30 Exawple 33 Exampie 32

uUpper lins: kiné

Thermepiaszic resin . . B-2 Bz B3 B Bl B-1 52
1 1 H ntent i T
ta) bouer line: content {parts by 100 1on 100 160 106 160 inn
weiahty
ooxy Tesin (b ?gi:i E:z zznfsnt (parts b Bocn-1028 | DOCH-1G25 | EOCN-1025 | EOOH-1028 | EOCK-1025 | BOCH-102S ROCK-L02S
RORY TER3 = i eentent (b t 100 1.3 104 £3.6 £3.6 3.8 100
w
E sz 3 sand . . -4 n-1 252786 e52780 £s2730 BS2780 crRM1282
4 i B o rts
§ fHexdenar te content (parts by 50 5.6 50 . 31.0 31.8 50
-]
% : :
= Jorganopotysitonare - fifﬁem (sares by A3 A3 A3 a-3 A3 -3 A3
o |td) - T gares by 130 130 13g 100 100 100 130
3 Upper limes nind
= |curing catalyst 125; 1]1112' 2;2tent iparts by TEE TeE TEE TER TEE TR Ter
e ¥ . : T 2.2 2.7 2.2 1.8 s Y 2.2
% weight
LS TP Upper line: kind ) N
© !'(":;e‘m"cnc azele || ver line: content (parts by Hazele i
weighth
. Upper line: kind
I ks I . - = - -
morganic filler LPV7T 00T S s by sa-cl s0-01 g0-€1 B . _ se-C1
LE) oty 53.4 43,4 434 3.4
Glass transivion Initisd {°C} 35 35 33 10 ie 14 40
temperature (74!
Efcer 173°Cxi000 h trearment (7C) e a0 T 3% 41 37 84
. Rate of thange (b} 14 14.2 14.1 10.2 1 5.5 14
o T pm
4 [storage eiastic Tnitisl {(MPFal 45 52 48 I ? 7 52
8 [meauius
i nEten 20 treatmeat {MPA) 79 16 sz 39 4z 36 74
§
7 [mitial eanesive toree i/em: 13 13 1.3 1% 16 15 13
5 |inicial shear wurength (Mpa} 15 13 13 i 18 15 15
f
= N :
% [neng-rern adhesion durability-d {n) : 1200 1100 1200 1600 1500 - 1700 1200
The 1 iliky = Long- m & 2
femmal cyclability sfcer 1o term sdResion . 200 . o0 o0 oo .
dursbiliny test
tnsulation reiisbilivy (migration) 3 iz ] 5 3 H <2

50-C1 (surfsce tremted): spierical silice, preducsd by Admetechs Go., Tud,, having an average parvicie diameter of b.3pm
#-4: Novnlac type phenol rosin, produced by M2iwa Plagtic Industries, Ltd.

P52750: Co-condensate of p-teft-Bu type rescl T

in / bisphenol A resol regin, produced by Hunei Chemical Industry Co., Ltd.
CHMLZB2: Co-condensate of p-kert-Bu tType resol resih / phenol resol resin, produced by Shows Highpolymer Co., Ltd.

2R: Triphenylphosphine

(01327
Example 33

The inorganic filleﬁ, the epoxy resin, and the curing
catalyst given in Table 8 were added to toluene so that the solid
content would become 50% by weight, followed by stirring at 80°C
for 3 hours. Moreover, the thermoplastic resin given in Table
8 was added and methyl ethyl ketone was added so that the solid
content might become 20% by weight, followed by stirring at 80°C
for 5 hours. Furthermore, a hardener, an organopolysiloxane,
and a mixed solvent of methyl ethyl ketone/toluene = 2/1 (weight
ratio} were added, followed by stirring and mixing at 30°C.
Then, preparation of an adhesive sheelt and evaluation thereof
were carried out in the same manner as in Example 1. A presumed

vhase structure was depicted in Fig. 5 and evaluation results
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IRsulatien reliability(migration) 6 12a 000 <2 S0-01 (surface Me eaCycerical silica, 0012662 6-4:
movolac type phenol. Imin, produced by RCIOS PI. 002780: Co-condensate 02 p sort su type resod
re510 / 0041262: co-condensate 02 0-0600-1" typo 00501 re5191 TOP: Maphonylmhosphine
aroduced by G nei Chemical Teleatry Co., Ltd. 031 otooleprod cod by showi HighpelYmer Cem Md.
[0132] Example 33 The inorganic filler, the epoxy resin, and the curing catalyst given in Table 8
were added to toluene so that the solid_ content would become 50% by weight, followed by stirring at
80C for 3 heurs. Mereavesdtherthesmnoplastic esinigivendh Zablec® was adideg and mstiyl ethyl
ketone was added so that the solid content might become 20% by weight, followed by stirring at 80C
for 5 hours: erthesmore, mrhardener; @amonganopelysilexanes and @ Mikedsohent of miethyl ethyl
ketone/toluene = 2/1 (weight ratio) were added, followed by stirring and mixing at 30C. Then,
preparatioi lof amcaphesivecsheet andaevaiuationtheye swere cirfied D0t irP iessarie Whafner as in
Example 1. A presumed phase structure was depicted in Fig. 5 and evaluation results were provided
in Table 8 &R ISIAACCARE bRtHIMINY af 'EPoxyResiBsLe pARfag Compdnent and &r isiaRd 323
containing a thermoplastic resin as a primary component were present in a sea 022 containing an

organopoly<iBxane Hnd e IsiRiarT drththa fSiatid B2Fwerk mFodhtact With AR othéF Moreover,

an inorganic filler 24 was present in the island A21. . ,
g inorganic fEller 24 was present in the island AZ1.

[0133]
Example 34

An adhesive sheet was produced by preparing an adhesive
soluticn in the same manner as in Example 1 except for using
a thermoplastic resin, an epoxy resin, a hardener, an
organopolysiloxane, and a curing catalyst so that the resin
compesition ratio may become that provided in Table 8. A
presumed phase structure was depicted in Fig. & and evaluation
results are provided in Table 8. An island A21 containing an
epoxy resin as a primary component and an island B23 containing
a thermoplastic resin as a primary component were dispersed in
a sea C22 containing an organcpolysiloxane.
[0134]
Example 35

The epoxy resin, the thermoplastic resin, and the curing
catalyst provided in Takle 8 were added to a mized solvent of
methyl ethyl ketone/toluene = 2/1 (welght ratio) so that a solid
content will become 20% by weight, and they were stirred at 80°C

for 8 hours. Subsequently, the hardener and the
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[0133] Example 34 An adhesive sheet was produced by preparing an adhesive solution in the
same manner as in Example 1 except for using a thermoplastic resin, an epoxy resin, a hardener, an
organopolysiloxane, and a curing catalyst so that the resin composition ratio may become that
provided in Table 8. A presumed phase structure was depicted in Fig. 6 and evaluation results are
providedin Table 8. An island A21 containing an epoxy resin as a primary component and an island
323 containing a thermoplastic resin as a primary component were dispersed in a sea 022 containing
an organopelysiexaney 134 &Example-3bded TheTepaxy resimdhe thésmapkasiio sesinpand the
curing catalyst provided in Table 8 were added to a mixed solvent of methyl ethyl ketone/toluene = 2/1
(weight ratieysoythat tahsdlidceantent will lhecoene 20% by weight, and they were stikéekcatt80C for 8
hours. Subsequently, the hardener and the organopolysiloxane provided in Table 8 and a mixed
solvent of avEthy tethylketoneltdlyarec= 281 (weightrativ) wera Atldedis zejist id solidicontent to
20% by weight. Henceforth, an adhesive sheet was produced in the same manner as in Example 33. A
presumed pHase sticilie Wad'dépieteeindEg. 7 antieyafuatR e33R afe pidvie® FFT&ble 8. An
island A21 containing an epoxy resin as a primary component and an_island B23 containing a
thermoplastic-redin B8 2EpRANPEGHBoReH HrE PrEséittin 48ehE 25 coftaimifig ah &nC
organopolysiloxane and the island A21 and the jisland B23 are.in contact with each %%I . [0135]
Example 38721 Fhé @Poky ?é’gﬁ andtfe %btifg %3{%&& pto\id&d i Table & Wete A gé to toluene so

that the solid content ma%Recome SQ%SQ%Weight and were stirred at 80C fo& 3 hoursi Mareover, the

thermoplasci%nr%%ilnngli{l/gn in Table 8 was addaesd.aTrE)(;fﬁL rr%ae¥r¥ylceotﬁglok%?§ne Was added o that the solid

content may, become.20% by weight, fallowec! by sitting aj 80 Jot & hours. Ap, adhesive sheet was

produced in the same manner as in Example 33 except for addihg a hardener, an organopolysiloxane,

an inorgag&@'?én%ngﬁ mixed, selvent of methyl.ethylketepe/toluene, 512/1 (weight1atie), stirring and

‘mixing at 30C. A presumed phase structure is depicted in Fig. 8 and evaluation results are provided in

Table 8. An island A>3 coRtaiRing an epaxy #esinAs.a pimany companent, an istard 223 containing a
thermoplastic resin as a primary component, and an inorganic filler 24 were dispersed in a sea C22

containing pmarganopolysiloxane. [0136] [Table 8] Exam le 31 Example 34 Example 35 Example 36

Cpf adh"ive Thero plaotoo resin(a)
Example 36

The epoxy resin and the curing catalyst provided in Table

8 were added to toluene so that the solid content may become
50% by.weight, and were stirred at 80°C for 3 hours. . Moreover,
the thermoplasticl resin given in Table 8 was added. Thenmethyl
ethyl ketone was added so that the solid content may become 20%
by weight, followed by stirring at 80°C for 5 hours. An adhesive
sheet was produced in the same manner as in Example 33 except
for adding a hardener, an organcpolysiloxane, an inorganic
filler, and a mixed solvent of methyl ethyl ketone/toluene =
2/1 (weight ratic), stirring and mixing at 30°C. A presumed
phase structure is depicted in Fig. 8 and evaluation results

are provided in Table 8. Anisland AZl containing an epoxy resin

as a primary component, an island BZ3 containing a thermoplastic
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Upper lane: land Lower line:content(porno by welght) 1-1 100 B-1 100 100 4-1 100 Epoxy resin 110
Upper line LoweronPaz 110310 120 1110310 0.20 011310 120 120 Fardener(cl

resin as a primary component, and an inorganic filler 24 were
dispersed in a sea C22 containing an organcopolysiloxane.
[0136]

[Table 8]

Ezample 33 Example 34 Example 25 Ezample 38
Thermoplasti sin (s} @ kand B-i B-1 a-1 B
Woplastic wesin (s Lower line: content (partTs by weight) 100 100 100 100
. . upper iine: kind E103LS E1G31S 210315 514315
BORY resin B Lower lime: content (parts by weight} 126 ian 120 320
sardener (e} Upper line: kind TKM998 CRM9O% CHM308 CTHME0G
Hardenes (o Sowsy iine: content (parts by weighti S 5 56 56
cemposition of
adhesive . o Upper line: kind i 4 R4 Y
Grgenopol ysilesane (d} Lower line: content (parts by weight} a0 [ 80 80
curing catalyst (af Upper iine: kind c11z c11z2 €3z i1z
rang satalyst Lowez iine: conbtent (parts by weight) 4 4 B H
HG-CL [surface—
Tnorgaric filler (gl Upper ime: kind rreated _ _ treated
garic fuller gy Lowar line: content {parts by weightl} article) article)
40 9
Phase soparation structire . (Fig &) {rig &) (Fig Ty (Fig B8
Cliss Initial (°0) : 4z 41 35 5
transition
ToMperature Rfrer 175°Cxlo00 b treatment (7O} 88 L 34 9z
nate of change (%) 4.7 4.4 14.4 14.8
Storage ¢lastic|rgicial mpa) Tz 63 38 E
modulus
nfrer 175°Cxi000 h treatment (MPa) zi0 130 e 320
reflow resistance (Number of peeled samples/20 samples) Bz /20 2420 a/2a
Insuiation Insulation resistance vaiwe just after measurement {0 Zxipl? 8x16% ix10i® Pl
reliability
Insulation resistance value after 400 hours (R} gu10% 42107 &x10¥ zx10%°
Adhesiveness Initial adhesive force (N/cm) 11 12 1z 10
fong-term adhesien durability-1 (h) 450 1100 1200 354
Long-term idhesion durasbility-2 (h} 604 - - -
Thermal cyclability £09 800 L1 300

ELG318: Tetraphenylolethans-type epexy resin, produced by Japan Bpoxy Resins Co., Lud.
CHMSNB: Risphenol A type rascl resin, produced by 2howa Highpolymer Co., Ltd.

INDUSTRIAL APPLICABILITY
[6137}

Since the adhesive composition for electronic compenents
of the present invention maintains excellent adhesiveness also
under high temperature conditicns over a long period cof time
and is excellent in thermal cyclability and insulation
reliability, the reliability of an electronic component using
it can increase. The adhesive composition for electronic
components and the adhesive sheet for electronic components of

the present invention are used suitably for varicus types of
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Upper-nand Lower line:content(parts bY weight, )171,1906 SE 00 59 1524908 56 14)4909 56

Orgampolf?saloonne laU Upper line, 913:4 Lower :one: content (paby weight) .14 14 91 80 80 A4 80
curing catalystle)

electronic materials, such as (1) a substrate for semiconductor
connection to be used in mounting a semiconductor element or
a semiconductor integrated circuit for a wiring board (i.e.,
interposer), such as a TAB-type pattern processing tape and an
interposer for a BGA package, (2} a lead frame fixing tape and
a LOC fixing tape, (3) a die bonding material for bonding an
electronic component, such as a semiconductor elément, and a
supporting member, such as a lead frame and an insulating
supperting substrate, (4) adhesives, such as a heat spreader,
a stiffener, and a shield material, (5} a sealing material of
an electronic device, (6) adhesives for optical applicatioﬁs,
such as an adhesive for light path binding, an adhesive for
assembling an optical component, and a sealant for LED, and (7)
a solder resist, an anisotropic conductive £film, a copper-lined
_laminated sheet, a cover lay, and an insulating layer between

circults.
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Upper line: kind Lowen line: content (part, bY sleight/ 1110 4 Cilf. 4 5141 5111 Inorganicfallerfa)

Upper line, kind mower logy, content (parts by weight) SO-Cf(surface- treated article) 40
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oparatoo (Figs) (fla6) (P197) Fig8) tenpenntc:e al9C) 42 41 39 82 8E 84 91 Rate of change Pi 14.7
144144

CLAIMS

1. An adhesive composition for electronic components
comprising (a}) a thermoplastic resin, (b) an epoxy resin, (cC}
a hardener, and (d)-an organopolysiloxane, wherein the glass
transition temperature (Tg) after curing is -10°C to 50°C and
the rate of change of Tg after heat-treating the composition
at 175°C for 1000 hours is 15% or less and the organopolysiloxane
(d} contains bifunctional siloxane units and tri- or higher

functional siloxane units.

2. The acdhesive composition for electronic components
according to claim 1, wherein both the storage elastic modulus
at 30°C after curing and the storage elastic modulus at 30°C
after further heating at 175°C for 1000 hours are 0.1 MPa to

100 MPa.

3. The adhesive composition for electrenic ccmponents
according to claim 1 or 2, wherein the organopolysiloxane (d}
contains at least one functicnal group selected from the group
consisting of a hydroxyl group, an epoxy group, an alkoxyl group,
a vinvyl group, a silancl group, a carboxyl group, an amino group,

an oxetanyl group, and a hydrosilyl group.

4. The adhesive composition for electronic components
accerding to claim 3, wherein the conternt of the functional
group of the organcopolysiloxane (d) is 0.3 to 30% by weight in

the organopolysiloxane (d).
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14.8 Ctoge 9104114 modulus "brag",,,,, 72 63 39 96 After L75Cx6000 h treatmentUdda) 210 130 00
320 ReflowesncPeeledes 20 0/20 4/29 2/20 0/20 fallnd value just aftca? 2.1c. 89159

5. The adhesive composition for electronic components
according to any one of claims 1 to 4, wherein the
organopolysiloxane (d) has alkyl groups and phenyl groups
attached to silicon atoms and the content of the phenyl groups
is 5 to 70 moi% based on the total molar number of the alkyl

groups and the phenyl groups attached to silicon atoms.

6. The adhesive composition for electronic components
according to claim 1, wherein the bifunctional siloxane units
in the organopolysiloxane {d) are present in an amount of 20

to 90 mol%.

7. The adhesive composition for electronic components
according to any one of claims 1 to 6, wherein the thermoplastic
resin {a) has at least one functional group selected from the
group consisting of an epoxy group, a hydroxyl group, a carboxyl
group, an aminc group, a vinyl group, a silanol group, and an
isocyanate group in an amount of 0.9 to 3.0 eg/kg and contains

an acrylic acidester ormethacrylicacidester with a side chain
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4/10" insulation roan/stance value after 400 honrs(n) 9,10 4.10 2,10' Adhesovoness Initial
adhoolvforce(1/cm) 11 12 13 10 Long-term adhmnhonabi-1 950 1100 1200 350 Long-term sun 104
durty- :

having 1 to 8 carbon atoms.

8. The adhesive composition for electronic components
accordihg to any one of claims 1 to 7 further comprising (e)

a heterocyclic azcle compound.

9. The adhesive compesition for electronic components
according to claim 8, wherein the heterocyclic azole compound

(e) 1s a benzotriazole compound.

10. The adhesive compesition for electronic components
according to any one of claims 1 to 8, wherein when the
composition is cured to a curing reaction ratioc, as measured
by differential scanning calorimetry measurement, of 70% to
100%, the composition has a sea-island structure containing an
island A containing the epoxy resin (b} as a primary component,
an island B containing the thermoplastic resin {a) as a primary
component, and a sea C contalning the organopolysiloxane (d)
as a primary component, and the island A and the island B are

in contact with each other.
11. The adhesive composition for electronic components

according to claim 10, wherein two or mere islands B are in

contact with one island A in the sea-island structure.

82



600 Thermal 4041 chili,to 800 800 900 500 110310: Tetraph nylobethane-type epoxy resin,

~ produced by aapnr, 'Epoxy Resins Co., Ltd. C99908: Basphen 1 A type resol resin, produced by
Shofm Highpolanner Co., Ltd. Crib: 2-UndecylinAgoole INDUSTRIAL APPLICABILITY [0137]

Since the adhesive composition for electronic components of the present invention maintains excellent
adhesiveness also under high temperature conditions over a long period of time and is excellent in
thermal cycrability and insulation reliability, the reliability of an electronic component using it can
increase. The adhesige compositiore forelectropicscomponents anictheradhesivesheetfor glectronic
components of the present invention are used suitably for various types of electronic materials, such
as (1) a substraterfor sgnticonductoridbmmettiofiuo Hecusedirrmbsinting (& semiconductonr efement or a
semiconductor integrated circuit for a wiring board (i.e., interposer), such as a TAB-type pattern
processing tBpélanid, awintepbset for 4 BGA patkade, {254 Idad fratne fisingtape abd & LOC fixing
tape, (3) a die bonding material for bonding an electronic component, such as a semiconductor
element, and &lsuppotting:nmiehihers3udls ad i lead frEmié Bfid an insulating supporting substrate, (4)
adhesives, such as a heat spreader, a stiffener, and a shield material, (5) a sealing material of an
electronic device, (6) adhesives for optical applications, such as an adhesive for light path binding, an

adhesive for assembling an optical co,mpon%nt, and a seaiant for LED, and (7?1a sglder resist, an
anisotropic conductive filnf, & Copperikad S Mifinated sRect=a cavariay” Bhd an insulating layer

benNeenC"%%%%rf%%%ﬁm%n adhesive layer formed from the adhesive

composition for electronic components according to any one of

claims 1 to 12, and at least one peelable protective film layer.

14. BAnelectronic component comprising an adhesive layer
formed from the acdhesive composition for electronic components

according fo any one of claims 1 to 12.

" 15. The electronic component according to claim 14,
wherein the component has, on a substrate, a first conductive
layer, a semiconductor integrated circuilt, an adhesive layer
formed from £he adhesive composition for electronic components
according to any one of claims 1 to 12 being in contact with
‘at least a part of the first conductive layer and at least a
part of the semiconductor integrated circuit, and a second
conductive layer that connects the first conductive layer and

the semiconductor integrated circuit.
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1. An adhesive composition for electronic components comprising (a) a thermoplastic resin, (b) an
epoxy resin, (c) a hardener, and (d) an organopolysiloxane, wherein the glass transition temperature
(Tg) after curing is -10C to 50C and the rate of change of Tg after heat-treating the composition at
175C for 1000 hours is 15% or less and the organopolysiloxane (d) contains bifunctional siloxane units
and tri- or higher functional siloxane units. 2. The adhesive composition for electronic components
according to claim 1, wherein both the storage elastic modulus at 30C after curing and the storage
elastic modulus at 30C after further heating &B2¥5&~oF 1000 hours are 0.1 MPa to 100 MPa. 3.
The adhesive composition for electronic components according to claim 1 or 2, wherein the
organopolysiloxane(d}y E6atairscatleastiche fuhclohalgroap Seleetst fromthé%jfoup consisting of a
hydroxyl group, an epoxy group, an alkoxyl group, a vinyl group, a silanol group, a carboxyl group, an
amino groip S&tt BREthRYE sl Anea HydiFodity Ferotip! o © 4 TRE AaReSleLopositidr for
electronic components according to claim 3, wherein the content of the functional group of the
organopoly&ifbxane (8575650 3698 by WEGHAR THE ofganopoRy/iloxaneg @)™+ ~ 5. The adhesive
composition foi(ele. tr.oQic comgorﬂnentslacgordin%tc]r any one of claéms 1 toe4 V\ihergw the
organopolysifoxahe (d) Has afkyl grotips At phenyt §rotps attached t6 ilicon atorns and the content
of the pheny),aloyps 12,219, 40 M93sed g7 due fatal molal, Aumper of the.alkyl grops and the
phenyl groups attached 1o silicon atoms. - “The adhesive omposition for electronic components
according {5, BiMch wherein e hilupeonalsilgyane unis i the,praanapolaliaxane () are present
in an amount of 20 to 90 mol%. . The adhesive composition for electronic components according
to anyone of glaims J.10-6, whereinithe thgumopiasticrasin. (a) hasaatdeast pnedunstional group
selected from the group consisting of an epoxy group, a hydroxyl group, a carboxyl group, an amino
_group, a vinygrorpy a:slanekgroup; apd-a-isegyanate group i anamarnt 0£.0.9-t0:3.0:eq/kg and
contains an acrylic acid ester or methacrylic acid ester with a side chain having 1 to 8 carbon atoms.
8. The adhesive-composiiondor electoniccempenentsraccosdipg 4o anywone-of dlafmstbto 7 further
comprising (e) a heterocyclic azole compound. 9. The adhesive composition for electronic
componenisiaéeardingstoictaiirb8, winerkirs the heterocyclic azole compound (e) is a benzotriazole
compound. 10. The adhesive composition for electronic components according to any one of
claims 1 to 9, wherein when the composition is cured to a curing reaction ratio, as measured by
differential scanning calorimetry measurement, of 70% to 100%, the composition has a sea-island
structure containing an island A containing the epoxy resin (b) as a primary component, an island B
containing the thermoplastic resin (a) as a primary component, and a sea C containing the
organopolysiloxane (d) as a primary component, and the island A and the island B are in contact with
each other. 11. The adhesive composition for electronic components according to claim 10,
wherein two or more islands B are-in-contact with one island A in the sea-island structure. —12.
The adhesive composition for electronic components according to claim 10 or 11 further comprising (f)
an inorganic filler, wherein the inorganic filler (f) is localized in the island A in the sea island structure.
13. An adhesive sheet for electronic components comprising an adhesive layer formed from the
adhesive composition for electronic components according to any one of claims 1 to 12, and at least
¢ ‘one peelable protective film layer. 14. An electronic component comprising an adhesive layer
“formed from the adhesive composition for electronic components according to any one of claims 1 to
12. 5. The electronic component according to claim 14, wherein the component has, on a
substrate, a first conductive layer, a semiconductor integrated circuit, an adhesive layer formed from
the adhesive composition for electronic components according to any one of claims 1 to 12 being in
contact with at least a part of the first conductive layer and at least a part of the semiconductor
integrated circuit, and a second conductive layer that connects the first conductive layer and the
semiconductor integrated circuit. ABSTRACT In order to provide an adhesive composition for
electronic components that is excellent in adhesion durability under long-term high temperature
conditions, thermal cyclability, and insulation reliability, designed is an adhesive composition for
electronic components containing a thermoplastic resin (a), an epoxy resin (b), a hardener (c), and an
organopolysiloxane (d), wherein the glass transition temperature (Tg) after curing is -10C to 50C and
the rate of change of Tg after heat-treating the comggsition at 175C for 1000 hours is 15% or less.



