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
Problem torB€ Beh@atay dwrTinvention
[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



'[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 organopolysiloxane, wherein the
glass transitien-temparature £Fg) aftet curing és v10C sa60€0anid the ratezof.changerafal g After
heat-treating the composition at 175C for 1000 hours is 15% or less, and an adhesive sheet for
electronic 6ompenentsusingthersdarmen SUMMARY [(006aind da anfirsvadpect,theréis provided an
adhesive composition for electronic components comprising (a) a the uoplastic resin, (b) an epoxy
resin, (c) atlsardenert ahd (dpan brgaicpolysiloxané Wherdirbtheb§lass fansitieh ®&mperature (Tg)
after curing is -10C to 50C and the rate of change of Tg after heat-treating the composition at 175C for
1000 hours &15%Grdes$ Bnd T digihopdlyieranes@) thrthins bifdnGionak Siloxanme units and tri-
or higher functional siloxane units. [0006b] In a second aspect, there is provided an adhesive
sheet for eléttroPiCEsRgUHERts tEpHsINgEh habdsive M8 1BRmeU PSR the &dhé&ile“composition
for electronic components as gefjned fbov% and.at I%a%t one %eelablf Oprotn_etctive fikm Iartyer. [0006¢]

In a third a%lﬁ el tHer8 Vs 6rol\/idelds an eFeoctro%%uéLorrﬁpongnt c%rr?priasing an ad‘ﬁjéréivellgyer formed from
the adnesiye composition for eleciranic. compopenis, asdefined aboye. ERFECT OF THE INVENTION
[0007] Sifice the adhesive composition fof electronic components of the present invention
maintains @%%eéle%ﬁg@%%\é%s%vlgnauqqﬁ{@ ngg tempgratyure.condition over a long period of time
and is excellent in thermal cyclability and insulation reliability, the reliability of an electronic component
using it can fnesgase. BRIEF DESCRIPTION OF THE DRAWINGS [0008) Fig. 1 is a sectional
view of one embodiment of a:BGA type semiconductor apparatus using an adhesive sheet of the

-present invention. 1+ G is-a sgetienal view of.ane embediment of a:sealing deviceusing the
adhesive sheet of the present invention. Fig. 3 is a sectional view of one embodiment of a surface
mount electrania semponent usingtheradhgsive shedicof thelpresetiaventior tFigo4is arschematic

view of a sample for evaluation. Fig. 5 is a phase separation structure of Example 33. Fig. 6 is a phase

separationsstriicture ab Examipte 84s Fig. Viisa phalsessepaeation strgotureseftExargplesds.rig. 8 is a

phase separation structure of Example 36.
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



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 circuit 6 Bonding wire 7, 11 Solder ball 8 Sealing 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 [0010] The adhesive composition for electronic components of the present
(henceforth? agferreddo asrtha adhesiR édtpositiet)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

DISCLOSURE OF THE INVENTION
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.



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 an adhesive 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 -10C to 50C and the rate of change of Tg after heat-treating the composition at 175C for
1000 hourg:Bpo%4 or less. The Tg after curing, of an adhesive composition is indicative of a thermal
stress relaxation effect under a thermal cycle (thermal shock) environment. Moreover, it is also
indicative of hagge of the state of motion of an electron or an ion caused by the Joule heat generated
when a voltage is applied, i.e., change of insulation reliability. In the field of a power device and the
like, adhesion durahiitysas highsas 109p8dwourstdbeC isgeqpiredi Aegording tadhe khowledge of the
present inventors, a state after heat treatment equivalent to 10000 hours at 150C is reproduced by
performingdeegidreatment at7z5Cdaet@@hoars. ddrepefore) in the presens imantiéa,) foceising
attention on a Tg after curing and a rate of change in Tg after a heat treatment at 175C for 1000 hours
and bringirgpgeneipite e aforementioried rafgeParkedepassibléad dedigirdaaghesied
composition excellent in adhesion durability over a long period of time, thermal cyclability, and
insulation réfabily: [0PIIRRCPMH e gresaRtinverfiss athe tekRe afet2Bfingt FéfdEsifolsie having a
reaction ratio of 40% or more. The reaction ratio denotes a percentage (%) produced by determining
the amount BMREIREMEE JFH bfaferr¥atdHed dfam adnEsive Edimpaitidribefore BRdP4fter heat
treatment when increasing the temperature at a heating rate of 10C/min from 25C tq 300C by
differential Se&RARgEISANTEY D SER Gntihgh tRAdinghEFeBR8AFAMBLAE of denkrdfel heat
having decreased during the heat freatment by the residual amount of generated heat before the heat
treatment. ] Hlotlﬁggpré’sgen?%(?erﬁl%ne% EI% rgﬁlrce‘?segn S a%ﬁgﬁ?gr%gg?}a%?leogﬁg% rﬁc({-:-%sured ata

frequency L1142 ad  hegling fate:nf SCa dioamicipegelagtigiy.analyzer, The Tgafter curing

can be measured, for example, by using a cured material obtained by laminating a 36 pm-thick copper
foil to one sigg of an.adhesivedayerformed from the adhesive composition to prepare an adhesive
layer with copper foil, then curing the adhesive layer, and removing the copper foil completely by
etching. [0Qk3]dEthe Tg after curing is lower than -10C, an adhesive layer to be obtained is high in
tackiness, and handling property and insulation reliability deteriorate. It is preferably OC or higher. On
the other hand, if the.Tg excesds 3@eibe thermsakstiesprelaxation effeaidinder wetheimatcycle
environment deteriorates and, therefore, separation of an adhesive layer from an object to be adhered
caused by frioerfate distortibn gengrateshihercbetweeniorcraokadieftheadlesie Byenedcurs,
resulting in deterioration of thermal cyclability. It is preferably 30C or lower. [0014] Moreover, the
rate of chafigenf Thaftedtesddiesiencorapssiton dfer chmgtis furitter treapshant G for 1000
hours must be 15% or less. The rate of change of Tg is represented by ((Tg2-191)/Tgi)x100 (%) from
the absolut@atéiipefatite T gl poRRL glessStranBRidP PR hIet &tIREVTRRE ja‘dﬁé%is]é”daﬁ%é'rtion after
curing and the absolute temperature (Tg2) of the glass transition temperature of the adhesive
compositiorﬁod%g%lditional heat treatment at 175C for 1000 hours. An example of a method of heat
treatment at 175C is a method including curing an adhesive layer of aa adhesive Ia¥er with a copper

foil by the aforemefiffon@d HEtASH, AR it for 1866 hddrs BTSN V&R of T75C Whitd RE&Sing the face
in which the adhesive layer is exposed dispgsed.in the air, subsequently remgving.the copper foil layer
entirely by %ﬁ:rﬁ?r?grfearﬁ% %{SQP Eéaé:%rpggtﬁg r%pﬁjoevsé:avfng(;aalr?d%r %%%ﬁm%%%lg%%n. %gj?ﬁe.; of change
of Tg after QS%?%%&%?E lempsratre of 17560 1000 hours. exeaads 1%, hie.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 cytipg@ndsbe -siaraggesticgrodulus 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 100 MPa. Like the
Tg after curjng,cthe storage elastic modulus after curing of an adhesive composition is indicative of the
change of the thermal stress relaxation effect and the insulation reliability under a thermal cycle
environment. Moreover, a state after heat treatment at 150C for 10000 hours, which is required in the
fields of a power device and the like, is reproduced by carrying out heat treatment at 175C for 1000

hours. [0016]
3a



The storage elastic modulus can be determined by dynamic viscoelasticity measurement like the
aforementioned Tg. When the storage elastic modulus after curing is 0.1 MPa or more, the insulation
reliability increases more. It is preferably 1 MPa or more, and more preferably 5 MPa or more. When
the storage elastic modulus after curing is 100 MPa or less, the initial adhesive force and the thermal
cyclability increase more. It is preferably 50 MPa or less, more preferably 40 MPa or less, and even
more preferably 20 MPa or less. When the storage elastic modulus after heating at 175C for 1000
hours is 0.1 MPa érimoeetit és possiblerto comtrokthe isotutrened ef seepage ofapadhiesive layer
under a heating environment at 175C. It is preferably 1 MPa or more, and more preferably 3 MPa or
more . Ondfietothey hapenWharvibestorage erdstic mrodtius ke hemr et IFsTs R YOT0 hours is
100 MPa or less, the adhesion durability increases more. It is preferably 50 MPa or less, and more
preferably WOAP E£oF feds. WRGEEGtHIRE sioragetdiastCeuus after Baring andtheisirage elastic
modulus after heating at 175C for 1000 hours are 100 MPa or less, the adhesion durability and the

thermal cyelsbility irfcié4se fiore. [O0E7E T M2 Fhe Yethaive ‘dorn fosition 6 tha pré8ent invention
contains (a) a t_he_rmoBI_astic resin, (béa epoxy resin, ((':% hardener, and dgian oggpnogolysiloxane.
0018]  EXAmBles dFihe oraaRORU oG (o EITHE S SiiebAd o Siledhe redh: and a
silicone intermediate. The silicone oil is a bifunctional siloxane having a molecular weight being greater
than 100,030 . Thé silitohe Tesin is a silicone that has a 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 combination of a bifunctional siloxane unit and a
trifunctional;or tetrafunstional siexane wnit asyyell: [fhe silicone intermediate is a substance lower in
molecular weight than the silicone oil or the silicone resin and refers to a substance having a molecular
weight of 1Q€;0@0 or less. These may be in the form of a fine particle. [0019] In order to bring the
- Tg of an adhesive composition into the range of the present invention, it is effective, for example, to
- use an organopolysilgxaneicontainingiaileastore: furictiorakgiotpisetentedfromthetgreep consisting
of a hydroxyl group, an epoxy group, an alkoxyl group, a vinyl group, a silanol group, a carboxyl group,
an amino greupcanoxetany| group; andsahytngsiyl group asthestrganopdlysioxanes(@).tPossession
of these functional groups makes it possible to increase the initial adhesive force and to reduce the
rate of Tg charnge:drder a long-term high temperature condition. Generally, an organopolysiloxane
with a low molecular weight has a property of sublimating when the organopolysiloxane is exposed to
high temperature dorfdlitions SThetéfoke, dfslpreserhabichatPeeadsa or the fise 6fan ing
organopolysiloxane having a functional group, the o'rgagopolysiloxane bonds to a thermoplastic resin
or to an epoky ¥6&in 6t thE ofgdhopolyeiioXane BBRds Relf: Lo taER R PossiiaTS tohtrol the
sublimation of the aorganopolysiloxane under a high temperature condition, thgreb regucing the rate of
Tg change. MoreoVer siricé h@s@%ﬁﬁ&t%h%gr g‘f&gﬁ's%g]r%%se@%% oA oINS’ sd %%]t' a°crosslinked
structure can be formed, it s possible to sontrol the storage elagtic.modulus after gyring Jo a higher
modulus side; An €poxy group, an aﬁ%%x?l group, a v%y?group, a silanol group, or a hydrosilyl group is
preferable a8 @as(;éjl%ti [ﬁ%] eq{%%n[(.)OZOl Exampleslof an orge}nopolygiloxane ha_ving a functional
group are provided below. Two or more of organopolysiloxanes different in the functional groups may
be used. [0021] - §) Silicoge;pil(the fpllowing are, praduced by, Dow:Corning Tosay 69, Ltd.)
‘Dimethylsilicone oil (containing a silanol group; B116-873), alcohol-modified silicone oil (containing a
hydroxyl group; B¥16,20%), epoxy-proditied:silicene oibr(containing a8 epoxy:gagpeSE8413,
5Y16-855D, BY16-839, SF8421), phenol-modified silicone oil (containing a hydroxyl group; 5116-752,
3116-799), carboxy-madified silieone: o £cantaining a carbaxylgroups 84 161880n8146-7560),
methacrylate-modified silicone oil (containing a vinyl group; BY16-152D, 8116-152, 8116-1520), and
amino-modified siliEdge il (contaiping s amprrocgroupn SE841 7 tBY £6<87 1) arenfidted Hs.examples..
[0022] (ii) Silicone intermediate and silicone resin Methacryl-modified silane (containing a vinyl
group; DMS-V05, BMS-V221iDMS-V525 PVERD325,RYD-G828: P4 641, 8741124832, 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; cont&iRing 8 dethBxy grotipt & 5HERYI GREURY BRd a methyl group; the methoxy group content is
17% by wej th?, Z-6018 (Mw = 2000; containing a hydroxyl group, a phenyl group, and a methyl group;
the hydrox;&l%\pa dd is 6% by weight), 217E-LAKE (Mw = 2000; containing a hydroxyl group, a phenyl
group, and a methyl group; the hydroxyl value is 6% by weight), 233FLAKE (Mw - 3000; containing a
hydroxyl group, a phenyl group, and a methyl group; 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), Q88-5314 (Mw = 200; containing a methoxy group, a phenyl group, and a methyl
group; the methoxy group content is 42% by weight), SR2402 (Mw = 1500; containing a methoxy
group and a methyl group; the methoxy group content is 31% by weight), AY42-161 (Mw- 1500;



containing a methoxy group and a methyl group; the methoxy group content is 25% by weight),
AY427162 (Mw = 2500; containing a methoxy group and a methyl group; the methoxy group content is
33% by weight), and AY42-163 (Mw = 4500; 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] Further, examples include methoxy-modified resin (containing a
methoxy group; S1231 (the methoxy group equivalent is.222), SY550 (the foregoing are produced by
Wacker Asahikasel Bilkbene@o.qutek)) rK C89 € theamethoxy grods content is 45% by weight), KR500
(the methoxy group content is 50% by weight), KR9218 (the methoxy group content is 15% by weight),
and KR213 (thklmetHoxy grbp céatent is?229%16y WeigHth {thé foregoing are produced by Shin-Etsu
Chemical Co., Ltd.), silanol-modified resin (containing a silanol group; S1300 (the hydroxyl value is 3%
by weight)? 8 Y409 (fe hgdrokyhaliieis 2.5% 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 C8., Lt K202 KEPA2A, KR271, KR282 (Mw = 100,000 to 200,000), KR300, KR311
(Mw= 600Q tg 10000, theg droxyl value js 4.5% by weight), R212I% w = 2000 to 3000, the hydroxyl
Value i 59% b HEIGH. KALS1oRRAD0 KESSS, IR TS b oot re brdclied by
Shin-Etsu g: cr)r}li%aInCo.w L_tfdé), 804RESIN (phenylmpthyl-based), 805RESIN (phenylmethyl-based),
806RESIN (p enyllrngthyﬁbased), 840RESIN (phenylmethyl-based), SR2400 (methyl-based) (the
foregoing are produced by Raw Lorning Toray Co., Ltd.), and silsesquioxane derivatives (containing
an oxetanyl group: OX-SQ, OX-SQ-H, OX-SQSI-20; containing a vinyl group: AC-SQ (the foregoing
are produgedhy. Tpagosel (o, Ltd.)). [0024] A preferable content of a functional group of these is
0.3 to 30% by weightin an organopolysiloxane. When it is 0.3% by weight or more, it is possible to
increase thesijtial agdhesive force-and-bisjpessikie to further reduce the rate of change of Tg. It is
~more preferably 0.5% by weight or more. Moreover, when it is 30% by weight or less, it is possible to
control thelinitiakelastic modwdus-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 containied, ke qudntityrafithe furetibonakegroups is expressed by an apparent average value. [0025]
An organopolysiloxane containing a bifunctional siloxane unit and a tri- or higher functional siloxane
unit is partictildrylpreferasket ¢aclusion 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. 4Cis tesirable thabthelconténttortRé biftinctional siloxane unit be 20 mol% or more because
it is possible to increase initial adhesive force and to reduce the storage elastic modulus after heating
at 175C fof 1066 hdlirs Because of the fact that flexibility is high. It is more preferably 30 mol% or
more. Onjg other hand, it is preferable that the content of a bifunctional siloxane unit be 90 mol% or
less becau g‘"‘itsi%apo%sible to improve the insulation reliability more. It is'more preferably 80 mol% or
less. Wherbtélv% gggnno(gelgf organopolysiloxanes different in the content of a bifunctional siloxane unit
are contained, the content is represented by an apparent average value. Moreover, from the viewpoint
of further i@Q}reﬁigggtggy&erﬂailfggability under a long-term high temperature condition, it is more
preferable that the bifunctional siloxane unit/trifunctional siloxane unit ratio (molar ratio) 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, andmsarsalkexylgreup berattached to@rsiticon ateprefthexprganopolysiloxane. 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
having 1 to 18 carblitreatoimssane examples thenedfamchudeca methyl groupcarha propyligroup. Itis
desirable that the content of phenyl groups be 5 mol% or more based on the total amount of alkyl
groups and>phenryltgroups betause:if socthercommipatibitisy With théltheriveplastie eesii {81 or the epoxy
resin (b) is high and initial adhesive force increases. It is more preferably 10 mol% or more. On the
other hand? ft ishdesiabferthat the edntént be'70 MolhtilesShecatss ifso iths possiBets further
reduce the rate of change of Tg. It is more preferably 60 mol% or less. When two or more of
organopolysidxanes! ditfefert it e EdmteA'SF o Phefyl JroGE BRF Edmtainmed e céritent is
represented tg an agg;are tave'q: e value. Or%the othter hand, from th% viewpaqint of ig%reasing the
crosslink dERSIyof S adhésive dompoaition it 18 Gesirable thatan Grganic gro é)h%vin%ran alkoxyl
group, a hydroxyl group or an oxetanyl group be attached. [0027] 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 Fhore, 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
narte hyv weainaht or lece and more nrefarablhvv BO0ONartehwwweaeinaht or leace \When it ic 700 narite bhv weinaht



These may be in the form of a fine particle. Such a thermoplastic resin preferably has a functional
group that can react with an epoxy resin (b) or a hardener (c), which are described below. Specific
examples include an epoxy group, a hydroxyl group, a carboxyl group, an amino group, a vinyl group,
a silanol group, and an isocyanate group. It is preferable because a bond to the epoxy resin (b) is
strengthen by these functional groups, resulting in improvement in heat resistance. [0029]
Furthermore, from he viewpoint of compatibility with the organopolysiloxane of component (d), initial
adhesive forceitoca materizof-a Wififg beard layer orttle tike sfleXibilityrare an felaxdtioneffect of
thermal stress, an acrylic or methacrylic ester having a side chain having 1 to 8 carbon atoms is used
particularly:peeferabhs ftisprefetableratse for these polyhiéfs todvavelthe dforamentionedifunctional
groups. This is because the crosslink density increases, which is advantageous in heat resistance and
advantagedltish?aéts off the feifidl AanearveTere. (00307 L Larhe lontehtt thefdrermerttioned

functional group is preferably 0.9 eq/kg or more in the thermoplastic resirééjagﬁ]and the elastic modulus
‘rhe’cohitdht is more

after curing BB IRE Ty affet Curiy Gn B eoRPlIEd R agHrpraE $ang
preferably 1.0 eg/ké or more. Oé] %h.e other hand, i&is F%referabf%sg e /kf%eor Ie&s. %nce the flexibility
is high, it is POSSIbR 1O iRcea3e the itial AdheSivetorce and to control the increase in rate of Tg
change and in storage elastic modulus after, heating a far 1000.h iS. more preferably 2.5
eqg/kg or Iejs",gl,p AN %\ge%n Fnoor(egepsré%?ab yIffl 1§éj %g%(%v%r Iég{sz%%%%ﬁ% qqlFr(%)l&:n}‘??hgt-:-l%illt;inwpoint of flexibility
under a '0%9;%1ﬁlg@yt%%%r%t%&ggﬁm%h@w@g@,a%%{@%ﬁo ulanweight (M) of the
thermoplastic resin (a) s preferably 100,000 or more, more preferably 500,000 or more, and even
more preferghly 11,000,Q00-qrimgte. ikhe glass transitiondemperature;(d g)ds.preferaply20C or lower,
more preferably 5C or lower, even more preferably-20C or lower, and still more preferably-30C or
lower. When, using.two or more-of theraaplastia resing rwhat risdequired is;that thedviw and the Tg of
at least one of the resins satisfy these ranges. The weight average molecular weight is measured by

- GPC (gel parmeation ehremategraphy)-and galculated interms of potystyrene.iThe Tigds calculated by
a DSC method. [0032] From the viewpoint of further improving the adhesion durability under a
long-term kighgempetattire caridiion; the lophtent af-thé thefmoplasticskesin TakiSprefetably 5% by
weight or more, more preferably 20% by weight or more, even more preferably 30% by weight or
more, and {tug preafersbly7 0% by weighteriess imbre picfeidbly: 60%LHE welglit 6r1888%hd even
more preferably 50% by weight or less, in the adhesive composition excluding a solvent. [0033]
Although tif& B8EEsRRICoMpaSHioR bf B présknt mvertisRTortains at Es'SielepaRy fesin (b), the
kind thereof is not particularly restricted. The epoxy resin is not particularly restricted if it is one that

has two or FRSre&B8% Groupdin BhéSholecule Safd Examies Herdst frclGa ity Gidyt dthers of
bisphenol F, bisphenol A, bisphenol S, resorcinol, dihydroxynaphthalene, dicyclopentadiehediphenol,
alcyclopenisatazilér?e'8%%911:0},05}@ tfr?eaﬁkeﬁ?iafﬁSy?clifc):nep%xy%heln%%(y%%lsliﬁgfﬂsd&é% g?%p%%(fﬁ?zeed phenol
novolac, epoxidized cresal nevolac, epoxidi risphenylol methane, epoxidized fetraphenylol ethane,
epoxidizedl%r%3%&%%%}3?2%%%&%%}0ﬁex%%ﬁfe%egpéoexi%é ar?gptg%%i e, and phenoxy esins. Among these,
a polyfunctional epoxy resinthat has three ormare enaxy groups,in,gne malecule is used preferably in
order to increase the crosslink density of the adhesive composition. By increasing the crosslink density
by using a pelyfunclionalepaxy;resin, tispossible 1o obtain apadhesiye.compositiorexcellent in heat
“resistance, reflow resistance, film strength, and solvent resistance. [0034] Examples of the
polyfunctiopalepaxydresin include adhosresel navalasdypes speeiieallys E480H6bpIeduesdbyJER
(Japan Epoxy Resins Co., Ltd.), ESCN195 produced by Sumitomo Chemical Co., Ltd., EOCN1020,
EOCN102S, 40351045 produsedibyNippen Kayakiyedea it tds @nd thelike: RRParovelat:type,
specifically, E157S65 produced by JER, and the like; trishydroxyphenyl methane type, specifically,
EPPN501H praguyceddncNippon Kayakir@on dtdheand1032tpreduced-by IER, dnd tHedlike,;
tetraphenylol ethane type, specifically, E10315 produced by JER, and the like; dicyclopentadiene
phenol typé,speseificallys HP7200 préduddtEby DS EDaINippEH ke& Chigpdigglsi he.), and the like;
polyfunctional epoxy resins having a naphthalene structure, specifically, ESN185 produced by Nippon
Steel ChendiB&RPCE L 91d Oty 126341 HFSGICEN bY IERNWHCH RAS & specialsikeleton %afd e like. Two or

more of these epoxy resins may be used in combination. o .
a heat treatment at 175°C for 1000 hours and bringing them into

the aforementioned ranges make it possible to design an adhesive



[0035] 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 as a
copolymerized type epoxy resin of tetrabromobisphenol A and bisphenol A, or "BREN"-S (produced by
Nippon Kayak €0l tlitdr).drcehsidetationeoftthe bronine gohfent and the epoxyegeivaleht weight,
two or more of these brominated epoxy resins may be used together. Recently, from the viewpoint of
environmehfal iripact, ehoxy rdsiny eentaining ko halshen) 8peeitiéally, pRésptiorbsevntaining epoxy
resins and nitrogen-containing epoxy resins are used frequently. For imparting fire retardancy, such
epoxy resins ayl 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

t

the thermoplastic redift t8) BEERFEE the E6Mposition i8 @xXceiiBht miihitial Adhedive forde Hhd it is more
desirable that the content be 3 parts by weight or more. %/I reover, it is desjl:%ble that gChe content be
200 parts Wm%%tkbﬂé&gbgcﬁsaectgéodb %B’iﬁt%/oofcio g-é) proved more.

q ordﬁor.e. : qetre o
erm adhesion is improved more, and it is
more desirable, that the content be 150 parts by weight or.| .[Ogni’;nj & TIQ adltg siélg composition
of the presre%f ftnc\}/e%ﬁ(r)lr? %cgﬁta?nsp %%ﬁ?ar%gﬁgr (é)(?lgﬁgsg %%?%gtio to r%a |zre t pé gancee of physical

properties, such as heatresistance, insulationyeliability, ghergical tesistance, angadnegive layer

strength, by curing any of the thermoplastic resin (a), the epoxy resin (b), and the organopplysiloxane

(d). Exampleg of the-hardener include knewn materials such.as-a phengl resin: a Mmelgrine resin, a
maleimide resin, a xylene resin, a furan resin, a cyanate resin, and aromatic polyamines, e.g.,
3.3.5.5" tevamelnded Asdiaminediphenvimathians 3:3 3 Sietraetayl 4t diaaninodipheyimethane,
3,3'-dimethy1-5,5'-diethyl-4,4'-diaminodiphenylmethane, 3,3'-dichloro-4,4'-diaminodiphenylmethane,

- 2,2,3,3'-tetrachterp=4 4 tdianinediphenytmethanes 4 4-diamingdiphenyhsulfisiey i ding the
3,3'-diaminobenzophenone, 3,3'-diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfone,
3,4'-diaminosiphényl salfone, 4 4 Edissninobérzoplrenone; anddB ds-trissind diphenytsulfone. Two or
more of these may be used together. Particularly, phenol resin is preferable because it is excellent in
insulation refiability:§6038nt bAS teetheephiehol kesing Rhdwhiphensirasing, Back d5d movolac type
phenol resin and a resol type phenol resin, can be used. Particularly, a resol type phenol resin is
preferable tSicéresbitypeistiehol 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 includé)%@ﬁol, alkyl-substituted phenols, such as cresol, p-t-butyl phenol, nonyl phenol, and

p-phenylphenol, cyclic alkyl-modified phenols, such as te{pene and dic &clo%ent%%igne, ones having a
functional group co%ﬁaimh% Ehatsr8 atol Y Stich 28 a riltrd §réil ‘a"hailBgén group. a cyano group, and

an amino group, ones having such a skeleton as naphthalene and anthracene, polyfunctional phenols,
such as bi%pﬁ{?a%w%ic %Fﬁijéﬁh%ggla& EphBRBES, ?553%‘%%%%%%%9%%15“0 ?a%%%%%%r?&e%%%tes of two
or more phenol compgunds haying different structures. Amaong these, a pro tained. by
co-condengi%gea% gné%@rﬁp%ﬁ%%ﬁ%iﬁ& gﬁ%ﬁ(iy?g%u%gtﬁﬁgn%%% }ézghrgno?f(ﬁ%oggu%} ﬁagving
crosslinking reacfion. sites is particulasly preferable A resolyesinshaying eresslinking £eagfion sites has
“ reaction sites at ortho-positions and para-positions and, therefore, can form a three-dimensional
network to fyrtherimprove therinsylation reliability, Ontheotherhand, @ kesol kesin haying.an alky!
substituent has flexibility because the molecular weight thereof can be increased linearly and it can
further impravestheainitial adbesive éarcec Examplescof theaesdhresindavingcoasstinkingtreaction sites
include phenol resol, bisphenol A resol, m-cresol resol, and p-phenylphenol. [0039] The content of
the hardengr ég)ds preferably@ dito2 0:parts by weightgpee 100qakts bynweight of the thieemoplastic
resin (a). [0040] The adhesive composition of the present invention may contain (f) an inorganic filler,
which can miprove refldwe yesistantd, werkabiling suth asqmurchabibityl tiernial ebadictivty, and fire
retardancy. Examples thereof include silica, silicon nitride, silicon carbide, aluminum nitride, titanium
nitride, titaiifT'éardide, boron nitride, zirconium oxide, barium titanate, calcium zirconate, metal
hydroxides, such as aluminum hydroxide, magnesium hydroxide, and calcium aluminate hydrate,
metal oxide<® liéh as zinc oxide, antimony trioxide, antimony pentoxide, aluminuntoxide, magnesium
oxide, titanium oxide, beryllium oxide, cobalt oxide, chromium oxide, and iron oxide, metal salts, such
as calcium carbonaté, E&RIUTH BoFatRT caltTUM Sxafate CHagnelitim E&Po&at%?n?éﬂh%%fu‘fﬁ 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, silicon nitride, dilicon carbide, and 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 being far higher than

300C, that it is easy to control the fluidity, and the stability of particle diameter. Silica may be either
amornhniic or ervvetalline Moranver for the niirnoce nf imnrovvina heat recictance initial adhacive



inorganic filler by using a silane coupling agent, or the like. As to the silane coupling agent, those
mentioned below may be used. [0041] The shape of the inorganic filler (f) is not particularly
limited. While it may be pulverization type, spherical form, and scaly form, and the like, pulverization
type is preferred. The pulverization referred to herein is a shape that is not 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 mm or less and a maximum particle diameter of 10 1.1111 or less is
used prefeiahty fram thee cigvepoirtiof dispersibifity z;applicability areflowe resistancer ané thiermal
cyclability. Moreover, from the viewpoint of fluidity and dispersibility, inorganic fillers differing in
average pantidleldiametérmaydsd. uséd incombitatioho As te the Theasurenseit ofithey patficle
diameter, the measurement can be carried out using a Horiba LA500 laser diffraction particle size
distributiorranalyzet *The @veérage phriclbaismetérirbfefrad trhaém 18 defiétbby @ particle diameter
(median diameter) that corresponds to 50% when particle size distribution on the basis of a

sphere-eqiivaRAE VSN R MEAsiredSd Citfthtide ditiBtftion ¥ expredsdd By Péreént (%). The
particle size distribution shall 1%% expressed in 56-divided se.miloggi ithmic r. resentaiion (0.1 to 200
| cle

lim) of partiGiediameteron & volume basie The Makimii partidle didmeteris defined bya particle
diameter that corresponds tg 100% when the cumulative distribution is.expressed.b rcent (%) in
the particlehrasri%gE d?srfrit()){%tifo%c ef(lenoe((*]D gy ﬁwr&ehg\}:e(:’f%{gg %%?t?ccﬁe%?érﬁgt%?%e%ar%p%%??/ﬁ:ggs%%ement shall

be preparedki.adding Faliciasdelo.ion xchanag, wager 2q.thatlauding ey be,cased and then

carrying out ultrasonic dispersion for 10 minutes. The measurement is carried out at a refractive index

of 1.1 and aight transmittance-in copformitywithra standad valyie,(@beut 79%, which bas already set

in an instrument). [0042] The content of the inorganic filler (1) is preferably 2 to 60% by weight, and
more preferably 5.19:50%0 Hyeweight 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 thegipitial 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, a
titanium coupling agent; @zirconia-based eouflinghagent, afd ‘@phoSphoruskisasedheoupling agent.
Examples of the silane coupling agent include an alkoxyl group-containing silane that has a vinyl
group, an epoxyrotipod siyfylkgroupranachdoXy: groeg, areaminb giroup] a’mefltacryCgdup, a
mercapto group, or an isocyanate group. The alkoxyl group is preferably a methoxy group or an ethoxy
group. (00441 s Thetadieshescompesifisn of ThE present ﬁgeﬁhéﬁ?ﬁafé?oﬁ'%ainla? catalyst for the
purpose of making the thermoplastic resin (a), the epoxy resin (b), the hardener (c), or the
organopoly&ibxarfe ) fdaty Examtplesof thetataly/st for turingthe epdxyresin @finclude an amine
complex of boron t ri fluoride_, siucféﬁs boron triflugride triethylamine complex, imidazole derivatives,
d 2

such as 2-alRAAfethyifmitaZole Shényt R alkyfimichzofe. orGahie adids” Sush as'phthalic
anhydride, trimellitic anhydride, and pyromellitic anhydride, triphenylphosphine, and dicyandiamide.
Examples S‘féﬂﬁ% SczaYaﬁy% %?On%%ﬁg Igr%ga%%go y%l (::L)Qén%g?d% %a%ﬁ%og%%h%r i%%?ﬁ%gzp%gt%lﬂn“uem-based

catalysts ang. peoyidestiasedcaralyste, [0045] o, JILisgof contalieckatalto gantaina.corrosion

inhibitor an antioxidant, an ioh scavenger, etc. which control circuit corrosion or migration, in addition

to the above;mentioned inaredients upless he properties of the adhesive gredmpaited. g particular,

 an adhesive composition to be stuck on a copper wiring portion preferably contains a corrosion

inhibitor begguse the gxidative degradation.of.an, adhesivey opper is.prometed-under:along-term

high temperature condition. [0046] As to the ion scavenger, inorganic ion exchangers different

from the inargania ditlet -are used jrequeantly athe dise=afthese prevents thednigsdtion of wiring and can

control the decrease of insulation resistance when being used for an insulation layer application.
with a copper foil by the aforementioned method, leaving it for

1000 hours in an oven of 175°C while keeping the face in which
the adhesive layer is exposed disposed in the alr, subsequently
removing the copper foil layer entirely by etching, and heat .

treating the removed face under the same condition. If the rate



[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 like and a migration phenomenon, and known corrosion
inhibitors can be used. Frome viewpoint of controlling corrosion to copper and migration, triazine
derivatives, triazole derivatives, phenone derivatives, cyanoacrylic acid ester derivatives, salicylic acid
ester derivatives, hindered amines (HALS), and the like are preferable. In particular, a heterocyclic
azole compound (e) is preferable. Since a heterocyclic azole compound forms a rustproof layer on the
surface ofgretahSueh asfcappers tidncreases the resisignee ta larg:terpuhighdemperatfe when the
adhesive composition of the present invention is laminated to copper. In some cases of a known
adhesive dormp@ditich, fachetercoyctie dzoleCompouh (@) eeases e supplied tothesurface of
metal because of the progress of a post-curing reaction of an adhesive 'caused by the exposure to a
long-term higkCterfperatiite BolaitioR, "so-thak tHeoFust bisventidh effeet décréasés llowing the metal
to be oxidized, and oxidative degradation of an adhesive layer occurs. Since the adhesive composition
of the pres&it ifvehtion cont&ing the BRganShorgsipkane @) Athakdly Ghdefybss apost-etring reaction
even if it is exposed to a long-term high temperature condition and it becomes able to su ﬁly the

heterocycliEHZSIE COMPEand B9 thE Surfacé SFmatal” IHsPresimable that a3 sttt of the above, it

becomes possible to cantrol oxidative degradation, resulting in further improyement in resistance to
long-term ﬁﬁgﬁgeerﬁtgé:rg?uir .][gd’4§]t fe Xa?n%%e@%?%gﬂ%%eer%%c' g%%—:} gdr%o%%r& ?ﬁé(s:lude diazole
compounds{,J H!fag le compounds, tetrazole compounds, and thiazole compounds. Moreover, a
homopolyrﬁer or copolymer that has such a structure in a side chain or the main chain of the polymer

may be used. Among.ihe heterasydlizqle compaunts, benzotigacis pompouds are preferable

Examples of the benzotriazole compound include benzotriazole, benzotriazole derivatives, and their

salts. Two,qrmare of these may.e. used together, The-use of a benzotriazole derivafiye.is preferable

‘because the thermal décomposition temperature of benzotriazole itself becomes higher and therefore
‘arust preventien effect isiemenstsated ina highestemperated angen (0049« prExamples of the
benzotriazole or benzotriazole derivative include 1,2,3-benzotriazole, 4-methyl-bencotriazole,
5-methyl-benzettiazole, carhexydienzeatriaz ofe,anitro-1b-benzatriazole, MH:benzottazole, Tg
1-[N,N-bis(2-ethylhexyl)aminomethy1]-4-methylbenzotriazole,
1-[N,N-bisé2:ethyhexyhamindrnethy1p-5amethylserizbtriarofeylus after curing of an
2-(2-hydroxy-5-methylpheny1)-2H-benzotriazole,
2-(3,5-di-tertpheAyE Thydosypheny Ls2HBdszotdg okl the change of the thermal
2-(2H-benzotriazol-2-y1)-4-methy1-6-(3,4,5,6-tetrahydrophth alimidomethyl)phenol,
2-(2-hydroky5eteft-6ety e hy P 2R beRZ 0T old! And S {2 Ry drEky-g-octflpheryl 224 S5enzotriazole.
[0050] Examples of the salt of benzotriazole or its derivative include a salt of benzotriazole or it
derivative fith SEIRAl étal SsGeH s RS K, dnd%E83iEWthartahine, 30EFT 3t — '
asmonoethanolamine, diethanolamine, triethanolamine, cyclohexylamine, and isqpropylamine.

D raold ot tarine St Caltof

Specific eXdfpIEEHtudea behZotridzole RASiaming: §4it ARd & SoHiaR sat futriazole.
[0051] The caontent of the heterocyclic azole compoun I I eight or
more, moréf 3ber?(z:Ltge?a %y% 5’5&" ebry d%e%%ﬁo?%%r%%%n@%%%nqmgeo%g B[%Lgfé%m%%é 2%5%%%%& ht or more
per 100 parts, by weigh ftgg thermaoplastic sesin (a), p in (b), and the organopolysiloxane
“(d) in total.%ﬁ t)fi?ée %t e% %%n l:ni%(rl?sbprge%er%a?)(%y p@aé?s bfyl/a ?vgig%?%% ess, more preferably 5 parts by
weight or legs, and even more preferably 3 parts by weight or less. [0052] The antioxidant is not
particularly restricted if it imparts an antioxidation function and examples thereof include known
antioxidants, such asphanol-basegiantioxidanigthicether-hasetkaatioxidanisp phogpheris-containing
antioxidants, and amine-based antioxidants. For resins having double bonds, such as NBR rubber,
there is a tendeneyithat crossink ©f doubledyond. pariarissproteeds stovilyrand, B3 .a résut the
adhesive layer becomes brittle when being left at high temperatures for a long period of time. The use
of an antiokidans isceffeptive besause itccanleontrol sach aureattion.0053] MPa Anrinorganic ion
exchanger is used frequently as the ion scavenger. An inorganic ion exchanger is (i) so high in ion
selectivity tHat iticatisepatiate & specific ion“from e sgstemscaitaming to b meridras 6¥ion, (i)
excellent in heat resistance, (iii) stable against organic solvents and resins, and (iv) excellent in
oxidation resié&ihcertharettre, 338 difREfvE 10T Seaverging idHiE ifpumtidSand & 8kpddi&d to

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



inhibit 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 zeolite, kaolin), 2) hydroxides or
hydrous oxides (e.g., hydrous titanium oxide, hydrous bismuth oxide), 3) acid salts (e.g., phosphoric
acid zirconium, titanium phosphate), 4) basic salts, mixed hydrous oxides (e.g., hydrotalcites, talc), 5)
heteropolyacids (e.g., ammonium molybdophosphate) 6) hexacyanoiron(lll) salts (e.g.,
hexacyanazinc); ahd #)lotharse CoOmmercialdanmes mckided XEc100, 4 XE1300; IXE<B00: $XE-530,
IXE-550, IXE-600, IXE-633, IXE-700, IXE-700F, and IXE-800 produced by Toagosei Co., Ltd.
Although theresare atcatiom exdlrarigel yah GitiGa exchbpgern, avdca datiohamoniexéiaiger, the |
cation/anion exchanger is preferred because there are both a cationic impurity and an anionic impurity
in an adhesivel €61Apositien ETR& uBe bt tiseisresents the idhation of Widig ant&ih &diftrol the
decrease of insulation resistance when being used for an insulation layer application. [0054] The
adhesive compesition b e praseiit invertiohahay Lohtdiy a%ol&gﬁ?_%@ﬁp%@%_tﬁé?‘ééﬁ/ent include
aromatic solvents, such as toluene, xylene and chlarobenzene, ketone sqjvents, such as methyl ethyl
(etone and Tt iSBRUSTKEIBRE, and apfole POl Sonents SLhas direthyiiomamide
dimethylacetamide and N-methylpyrrolidone. Two or more of these.may be contained. [0Q55] It is
desirable tcﬁjé[t When the é)ét? 8‘%3%%%%%@5%%% Bf the rg%éasrenat i%@gr%ofhgise&}%a?gzgggﬂﬁrinag"reaction
ratio by di ntial scanning calarimetry measurement of 70% to 100%, the resulti osition have
a sea-islag(‘;?r gréétur%%céh%grorﬁr%% % §n£d¥ (;ionﬁfllélyi;fi]inogrthmeoerﬁao’xyar%éirI1m &)JS as g%%%%%% mponent,
island B coptainipg the thermoplastic-resiny(a),as a prmarycomponsatand.sea-Geontaining the
organopolysiloxane (d) as a primary component, and the island A and the island B be in contact with
each other, With reference to Fig; 5for example it can.be-ohserved thatthere is-a phase separation
_structure composed of sea’C22 containing the organopolysiloxane (d) as a primary component, island
- A21 contaiging:thesepexy-esin (b) asia primagy: eompoaent and-islapd B23recontainiy thies
thermoplastic resin (a) as a primary component, and that the island A21 and the island B23 are in
contact withredchsether By fasmingaseasislahd phaseBeparativasstructiifesaftéraduringtand bring the
island B containing the thermoplastic resin (a) as a primary component into contact with the island A
containingghe epoxy ¢ésin {basadrimaryeddmponent itds possiblectosrefasetie strais Géfierated at
the interface of the is land A under a high temperature condition through the contact with the island B.
Moreover, titdg possibief toenhibitatherapoxy résin’ (b) From Hloeulatitg and s Présiinabletthat
long-term adhesion durability, especially thermal cyclability, can be further improved, The primary
component feférre8 6 haféiR Fiéah< EBRpohent a8Countifg F8F56% by WEHRE b iiofe of the
components forming the focused island or sea. [0056] In order to obtain such a phase structure, it
is desirablé tHhatTheE théthiopiastic resin-(a) and the epoxy resin (b) be incompatible. Furthermore;itis~
desirable t t?;fa thermoplastic resin (a) have a functional group capable of reacting with the epoxy
resin (b). A g @hermoplastic resins (a), an acrylic resin increase the flexibility of an adhesive
composition and is gxcellgntin nitalaghesive forge 1a-a material.ofa,wiring hoarg dayer or the like and
in thermal stress relaxation effect. Ther ore, it Is desirable that an acrylic resin be the primary

component.gf the.island.B. Whether the thermaplastic tesinia) andJpe epoxysesin (p.are compatible

or not it is judged as follows. The thermoplastic resin (a) and the epoxy resin (b) are dissolved in a
solvent at & weightdatio of 3/1and then-applied1e1a/base material. After drying the solvent to form a
film, the haze of the film heated at 170C for 2 hours is measured. When the haze is 10% or more, the
resins are jugiged tto be incompatible. [0057] 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 ti&t dhe thermadl cyelabilityrandcthe dang-termeadfiesionr durabiity of adhesiveness can
be further improved. When there is a large portion where the island A and the island B are in contact,
the strain applied 40 thd interfacerefsthe island AvisFuly rtaxed by tatistahess, sd it the thermal
cyclability and the long-term adhesion durability of adhesiveness can be further improved. Therefore, it
is desirable thiat stasd AlBe inscontadtinitie isianitP B ovet 2B9%6'6r fdYe-BEthe Petirfictét 8F the island A.
The number of the islands Bin contact with the single island A is defined to be the mean value of the
number of KEfIsIB §if aRtagtfith @achhisiind Mobtdied B ob&ervird 16 ist&ds A Hbifrarily chosen
from an observed imag(%to be obtained by a transmission electron microsco&g usTgOthSé){Pservation
method deScribedPBlow: 3the pRrinfitersfeath BF 16 iaiands Aarbitranif chosen front an dbservation
image obtained by a transmission electron microscope under 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 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. [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,
1t ran he nheernvred that an inoraanie fillar 24 ie localized in icland A21 containina an annyy racin ac A



[0061] The curing reaction ratio determined by differential scanning calorimetry can be determined
by measuring the amount of generated heat of a sample before curing, QI (mJ/mg), and the amount of
generated heat of a sample after curing, Q2 (mJ/mg), and calculating the ratio from "the reaction ratio
(%) = ((Ql - Q2)/(Q1)x100." The amount of generated heat can be measured by using an instrument
0SC6200 manufactured by Seiko Instruments Inc. (SIl NanoTechnology Inc.), at a temperature of 25C
to 350C, a heating rate of 10C/min, a sample amount of about 10 mg, and a nitrogen gas flow of
40C/min using ahAt dpes pahh0062H ime ekt ras totewcurédddhesivercompositioniay
macromolecular component is stained by the ruthenium acid staining technique. An ultrath n sample
having a widthroff1000m e D00 pricdriera verefih of ap t6 10+in 9s eutand  i§ dbseRaehby a
transmission electron microscope (e.g., H-7100FA manufactured by Hitachi, Ltd.) at an acceleration
voltage of 200KYA&AG a M&Ghificatibh dfI{E606 & 4DDDBAMES: £ bhase séparation &flicture of a 5
lkm-square portion arbitrarily chosen from the resulting observation image is observed. [0063] In
order to idERtHHRE Boniboneritformirg: EHEK phase ‘a iodél expEhiftent R EfteGtive” For @xample, it is

possible to determine what phase is,fg}med of the comé)ccl)negt to be idgn%figd ?l)(/:cogg?rigg the
structure ofah adiedie composhtion exditding the component to Betldantified and the Sitcture of an

adnesive component ingluding the.comnonsnt. [006AL,,.., One example o fhe method for producing
the adhesiVé composition of egpresen invention1s prowdeé. At ermoglastlc résm]?a), an epoxy

resin (0). a.hardeneL (o). A0 araanonolysloxane {dhandyasdasessary. anaddiiveoalgs a curing

catalyst, are added to a solvent and then stirred, for example, at 30C for 1 to 8 hours, so that a
solution of an adhesive eamposition is, obtained,J0863}, rAR example ota preferable method for
producing an adhesive composition that forms the aforementioned sea/island phase separation
structure is; proyvided below. <1> A thermoplastic resin (a), an epoxy resin (b) and, as necessary, a
curing catalyst are stirred, for example, at 60 to 100C for 1 to 12 hours in the presence of a solvent. In
“this stage, conditions arecrdjusted-sq thatthe reqctionznatiocnfdbe thermeplastic: tesin {a)and the
epoxy resin (b) may become 5 to 50%. Subsequently, <2> a hardener (c), an organopolysiloxane (d)
and, as necassans @ecutingicatatyst and anadditional sotvertt arcfadded andtstirred 2fap example, at
30C for 1 to 8 hours, so that a solution of an adhesive composition is obtained. The reaction ratio of
the thermoptasticresim () @mtheé epokyresia () caniyel detérmireisty measuring e amount of
generated heat of a sample before curing, Q3 (mJ/mg), and the amount of generated heat of a sample
after curing QA PnEhe ¥ by Hiffershtidl Scanpitg CalbAmeiy HhdEar UTaie thE rafié fidi "-he
reaction ratio (%) = ((Q3 - Q4)/(Q3)x100." As to the sample before reaction, a sample is used which is
obtained a8 fREKVhER IHE theolFEstich ESiR Ry ahd e/ dpdk§ 1esirf (B} 188F in ¥4% &re stirred at

40C or lower in the presence of a solvent to dissolve. The samgle after reaction refers to the sample in

the stage <15 THESoiitis HepbBited By HIYiRG tFe FelpeciiVe S5(ttidhs befSrs #ht after the reaction
under reduced pressure at 50C or lower are measured hy. differential scanpin lorimeter. The
measuremuhel\ﬁftg Eon S%B’r?s aré’an i%gtﬁjrr?e%f: B3CE20 %5%3%%&%@4@ Se?l?o%sn%s%r%jmoeﬁéflnc. (sn

NanoTechnol Inc, t erat f 3 ingr in, a;sample amount
of about 16: %%g%n ua%i ﬁ?%rgagr%aﬁ%{\%gf ﬁggl%n%n%gﬁpggﬁ gger?%a%g[c(()}o%%g %I?/%hen the

adhesive composifion goptains.an dnorgania filler (B the. follwingroduetipn methad isqureferred in

. order to make the inorganic filler (f) localized in the island A. <1> After the inorganic filler (f) is mixed
with a solvgnt; balk mill freatment is capiedeuty therelby prepating acdispersian liguid. <2> An epoxy
resin (b) and, as necessary, a curing catalyst are added and then stirred, for example, at 60 to 10000
for 1 to 12 beuts-indhe prasencerof asselveat.llmvhis-Stage  eanditions: are adjusted soeethat the reaction
ratio of the epoxy resin (b) may become 5 to 30%. Subsequently, <3> a thermoplastic resin (a) that is
incompatibtes withitheérepoxy: gesinb) is:added andrstitresl] for-example, at604ed 00C farghto 12

hours. In this stage, conditions are adjusted so that the reaction ratio of the thermoplastic resin (a) and
the epoxy resimg) aayrbecome 51050%. Stibsegienty, <45 akarlener@lan ofgatopolysiloxane
(d) and an additional solvent are added and stirred, for example, at 30C for 1 to 8 hours, so that a
solution of aRGIRESIVE CORTOSIFoRTSPEhIINE: IR THIE TAethdd NBolit thefe acfion Fatic8fthe stage
<1> and the reaction ratio of the stage <2> are calculated by differential scanning calorimetry in the
same manféCadin theSalovas ASRE tHE Sanpié Belrd ﬁléaé\é%r?tc‘; B& tR8H ¥6°thtTeatfidh ratio
measurement in the stage <2>, a sample is used which is olbtainfd ata tirge when %he (it%oxy resin
(b)and the Horg&nicHiller @ dre StirrEd At 46C 0 bARY i the! Sres8AEE 6f 8¥dNent and thé 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 is used which is
obtained at a time when the thermoplastic resin (aﬂs added to the solution obtained in <2> and ‘stirred
at 40C or lower to dissolve. The sample after reaction refers to the sample in the stage <3>. The
solids deposited by drying the respective solutions before and after the reaction under reduced

pressure at 50C or lower are measured by differential scanning calorimeter. The measurement
cronditinne are the ecame ac thnee dAeceribed abhove TOOAR71 Theadhecn/acheaet for electronice



selectedappropriatelydependingupon the relationship between the elastic modulus and the linear
expansion coefficient of the layer, is preferably 2 to 500 pm, and more preferably 5 to 400 [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 layer 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, polytetrafluoroethylene, polyvinylidene
fluoride, pelyvinybftuaride] polywvinyl butyrédle polyuinybacetate, polyVinys slcohok polsicarbonate,
polyamide, polyimide, polymethylmethacrylate, and silicone rubber, films resulting from application of
coating treatrmenttocthose fifrs nith adeleasingpagentistch BssHicsals a fuorfneccsihpound, or
papers with those films laminated, and papers impregnated or coated with a releasable resin. It is
more desiradiithtthe protéétive filk iBgefisacticred. i #7i§ E8se, sicE-fnhbtHe? the protective film is
peeled can be checked visually, it is possible to prevent forgetting to peel the layer. [0069] In the
case of haliysrbtedive SHndayers %ﬁvﬁotﬁ%id??&fftha%dﬁ%%,ﬁ}%qayesr?wﬁ’%ﬁqhé* peeling forces of

the respective protective film layer are F1 and F2 (F2>F2), (F1- F2) is preferably 5 Nm-1 or more, and
more preféraBTsRIRES G hote Bringing i?)%t§Q$i?§er§hgégm%\ﬁe%%tsps&s%tﬁst t%yﬁé)é]ﬁﬁg %rotective

film layers ane after another. stability. Both the peeling forces Fl and F2 rec%rgferl%glé[ t0.200 Nm-1,
and more E?%?er%%?y% % 1%6%2%7\%%% ég%ésl ﬁ?m-%orcrlﬁg%erf% ig%o%s%bjIe’ to Ereven%t ueSprotective

film layers from exfqljati ontaneously; i Nm= it iS,pOSSI el them
stably. [00%]5%' I%ﬁ%%gbcﬁge |v%\§ﬁoée%%%h§§%%§r% iar%/%htggx,gthli%gégﬁggl'estéhgﬁh%ﬂgr?ear strength
of the adh '&%ﬂﬁg% after heating.he 5 MM or more; bﬁ%@&iggqedeg@mm@ﬂmgwﬁccurs in
handling of a package or reflowing. The shear strength is more preferably 10 MPa or more. The shear
strength c gglgr]easured 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, after
-laminating emoadhesive sheet of the present invention on a rear face of a pattern tape 20 for evaluation
under a condition of 130C, 0.5 MPa and 0.3 m/min as illustrated in Fig. 4, a protective film layer is
peeled and then a2xamp3guaressiliconowatendBds attathed: teean adhesive ldyerd9ilgyiagplication of
heat and pressure under conditions of 130C, 3 MPa, and 10 seconds. Subsequently, heat curing
treatment ig:canged outar 350Cfdr 2<Hours intwcair bvenzhd the slugaratrehgi 0P & dbtained
sample is measured under the aforementioned conditions. [00711 The adhesive composition and
the adhesive ShesesftherpréSent fveHtibhraré usee StitaBRMoP EL) % &ibstrate for semiconductor
connection to be used in mounting a semiconductor element or a semiconductor integrated circuit for a
wiring boarbO@.%l, 1interposer), such as a tape automated bonding (TAB)-type pattern processing tape
and an interposer for a ball grid bondin (BGA% Lg(;ﬁge 2) a lead fram fixit&g kt)a eDand alead
on-chip (LOC) fixingtape-(3) die bohtling thateriat 1oriohding &n Rlsetranic compaongnt: such as a
semicondugtor eleme%gld acguppcirg g member, such as a lead frame and an insulating supporting
substrate, ﬁra%%%ives, Sdchras a hea 's%)reader (a radiator plate), a stiffener Ja reinforcement plate),
and a shield materia), () 2 seqling fglerighaf anelectionieevices (6) aghesyias fpt 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 foLLED (Light Emitting Diode), {7hyarious kinds of
- electronic materials, such as a solder resist, an anisotropic conductive film, a copper-lined laminated
board, a coygs Jay, andaninsylating dayer betwees giFcuits: Thesshapeanebthe aterial of an object to
be adhered are not particularly limited. [0072] In particular, the adhesive composition and the
adhesive sheetefithe pigsent inyentipneanipe used pagicutartycsuitably, asan nstikdting layer or
adhesive layer for a power device. [0073] A sectional view of one embodiment of a BGA-type
semicondustof device imhahich -ancathesie shdetmf:tke préseftdmmentinnry usedyis depicted in Fig. 1.
A semiconductor integrated circuit (a tare chip) 1 cut after an element is formed on a semiconductor
substrate suchags;silicortis ddheréd tba sbBstratezor conmecting alsemicbhdastor inkédrated circuit 5
with an adhesive layer 2. The substrate for connecting a semiconductor integrated circuit 5 has a
conductor pasrh4- o/ e Side 5PBEh sides 8Pan fnsbfat8F yeP3 1 Fhid tdnductor 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. MSTEB6- the s8mmashtbietesr iﬁﬂég%&t‘é}aeci?d%}r 1 S the SubSrat 1R cofiédting a
semiconductor inte%rated cirg!:uiE S are connggte§ with a bcgpding wire 6. ioldgr ball 7 is mounted to
the conduc?oY}lpﬁan]e HQ: ant'the cohne&tion p<]J i%%)bet@v%enatlﬁe %n%ﬁ)ngl\ rfie 6%t thé Sémiconductor
integrated circuit 1 and the substrate for connecting a semiconductor integrated circuit 5 is covered
with a sealing resin 8. [0074] As the insulator layer 3, a plastic, such as polyimide, polyester,
polyphenylene sulfide, polyethersulfone, polyetheﬂ&herketone, 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 jim made of a graphite sheet or the like, or a ceramic substrate,

such as alumina, zircohia, SiC, GaN, soda glass, and quartz glass, is used suitably. A laminate
ractiiltina from Iaminatina two or more of thece alen mav he 1iced Ac nercaccarv <lirfare treatmaent



[0075] In Fig. 2 is provided a sectional view of one embodiment of a sealing device using an
adhesive sheet of the present invention. A semiconductor integrated circuit 9 with a solder ball 11
mounted is batch-sealed with an adhesive layer 10 on the insulator layer 12. In 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] Theadhésivesheet of theopresent nvention Ts used Gsiitably forsedpecially, a surface
mount electronic component. The structure thereof has, on a substrate, a first conductive layer, a
semicondueter #regiated: circuit, an adhesive layer 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 coftects 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 ofithe préseftifiFentiort: B Both-facés of the dérafific §GBstfate 14 is disposed first
conductive layers 13a, 13b, and 13c, and on the conductive layer 13b, a semiconductor integrated

circuit 17 is Iaminat%ﬁ#@%‘ﬂtﬁg%é%ﬁ%ﬁdﬁ%ﬁh@&e&%&%ﬁﬁ%ﬁh@si%x?é();ergli%‘épafnd 15b being
in contact V\BRE\SQ 98? ofﬁq%_sga(;ghco ﬁt_q}'gategg{\]tsg Glreuits 17 are laminafed, Qn.the other hand, on
ca

the first conductive ldyer esivelayers; 15b and™I5c¢ being in” contact with part of the conductive
layer 13c a mj . Moreov fy semi tor jntegrat ircuit. 17 and the first conductive
layer 13c arﬁg\/ﬂg)nr?r?e%éfegd ?ﬁ%e%%éfsrg} lse?(f:{gr%) gg% uc%tlivqeglgéﬁ %ég%%aéggﬁe%f this structure lies in
that the connegtion reliability.iskeptfigh eyeniibeing expased io a longzterm high:temperature
condition because surface connection is formed unlike wire bonding. For example, if the
semicondugionintegrated, ciceit. 47 is made of SiCs Galzenthe fikera long-termorediability of 200C or
more is required. For conventional wire bonding, a wire portion might crack or break due to
thermomechanicali stiess Onctheothes hang, for arsurfaceymeunt electrenigscampogent,g;high
connection reliability can be obtained because the second conductive layer 16 is surface-connected.
[0078J iTihe use bbthe adhesive compaositien OF adhesive shest 0108 preSerimENton that is
excellent in adhesion durability under a long-term high temperature condition, thermal cyclability, and
insulation religbility ¥6£ Suclrarsurfacé imoantelestraficicormpoenentmakes itpossible 210 ¢et the best
performance. Moreover, one of the features of the adhesive sheet of the present invention is that good
lamination prepeity can®eebtaliredif & surfacE miaint systemtbcause the adresdive Tdyer is so high
in fluidity that it can follow irregularities by heat lamination. [0079] Next, examples of the methods
for producing &Y a8heéNe s%%g%@ arfeCay slettroRié dovisshent B Hve adheielcBripdsition of the
present invention are described. [OOSO%&%}){Adhesive sheet (a) A paint prepared by dissolving an
adhesive coMpoSTiGH BF thd pr8sent Hvehtion iR A sbivert is applisd 164 Qf’ehs;éié] pofy&ster film

with a bar c? ter, 0 Hbeoli_ked argld ﬂf?lni driead. Thgrdor ing cornéjitions areh%om?onlly %LlOO to I%gOC and 1
to 5 minutes. 8081% (b) BnEﬁe adlﬁgswehlgyer ofmed “m%g)( isTafminated areleasable protective

film layer made qf polyester or.p Ig{'n tp g weaker ini e%lgstg gNt,ht n hat %@1£ I‘g_‘{;labove,
and thus anaaﬁg%g%é s éé}[j %f' th%%grés ﬁtl% r%tionEls %btz%ned. T?e tﬁijé nesss' the aggesive layer

can be furthegncreasgd by laminating an Qdﬁﬁiyemergtw&%or more by yepeating.the.method

described in the above (a). In another possible embodiment o the method described in the above (a),

an insulation filads seginstead:efihe polyester film and.asprotestive, fayek is furthes faminated by

laminating an adhesive layer on both sides of the insulation film. After the lamination, the degree of
cure of the adhesive tayes may.be conirglled fer example; yuexecutipgdreat treatment ah30 to 70C

for 20 to 200 hours.
a methyl group; the hydroxyl value is 6% by weilght), QP8-5314
(Mw = 200; containing a methoxy group, a phenyl group, and a
methyl group; the methoxy group content is 42% by weight),

SR2402 (Mw = 1500; contalining amethoxy group and a methyl group;

the methoxy group content is 31% by weight), AY42-161 (Mw=1500;
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[0082] (2) Electronic component (A) BOA type semiconductor apparatus (a) An electrolytic copper
foil with a thickness of 12 to 35 IAm is laminated on a tape with an adhesive for TAB under conditions
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 that a tape for TAB with a copper foil is 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 pronesseés. ithus, mssiistratg fouseaniconductonintegrated cirogitconnestionhtis repared.
[0083] The conductor pattern may be formed by using either of a subtractive process and an
additive process:iih the stibfractiverpriotess , a pateém isfortied Hyapplying @téhing Hedtent with a
chemical liquid to a laminated article prepared by adhering a metal foil, such as a copper folil, to an
insulator 1yt Wthyad Trsitator atFesive fheé aitesive SoRfpbsitioh GrRBRresehtitvehntion can be
used) or a laminated article prepared by laminating a precursor of an insulation layer to metal plate
and formingyan frisul&to? Myer by featitfeatment b@‘t’hé‘” like “Exampiesidfthe famifiited Eticle to be

used for this method include a copper-lined material I&ia rigid substrate, or a flexib %Qrigt substrate
l&.« )

and a TABXAPEPGH thePoffier Pahd? in iR ‘addifive protess, 3 coRbuttor patter is formetton an
insulator layer directly by electroless plating, electrolytic plating, sputtering, etc. In either case, highly
corrosion-rests i%l\ S:m 'E% {?ngf 68%?&‘[58 t%]%ﬁe gpré()ely (e:g[r)1 gc%?‘?ﬁ?écﬁ?%(?n%%\%ng%ni "[0084]
The thus produced substrate for connecti miconductor integrated circuit may, as necessary,
have a vi%%?g%ng %ﬁe%%r%%ﬁggo? é]at%egr%%%grémgéd on both sides may be connected by plating. [0085]
(b) To 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 bympplication afheaqtand pressuiedonthe PpROsike side 0idhe-adhesive sheet. The
_adhesive sheet is usually laminated while being in a semicured state and the degree of cure thereof
-may be contreliad: by, pgfoemingtpreayring atia termpeaturetofSQiot2006, far anappropriate period of
time after the lamination. Subsequently, heat curing at 120 to 180C is carried out. The heat curing is
usually carsied o ir:an dis ay&n) [0086]50 ( t(c Thersemiconductor integratet] loir Gkt the
substrate for semiconductor integrated circuit connection are connected by wire bonding under
conditions B§ 450 te 280Cat labout ¢50 kHz, ahd then aké Séaled ithmesoToo8yjour (d) Finally, a
solder ball is mounted by reflow to obtain an electronic component of the present invention. [0088] (B)
Electronic €ompenRé&nt 6f $0fake# mviAtig sy&er? 0 (L1 AR Bahssivershsetohiained in{1) is
laminated on irregularities formed by disposing a first conductive layer and a semiconductor integrated
circuit on one%idY oF Bo BT Sides BRE Thfanmicd SuBSHRRS Bhd3t RWttachel By appfiction B¥ heat and
pressure at 120 to 180C, thereby being batch-sealed. The degree of cure %f/tr'be adhesive layer may be

controlled Zft&rARE lanfif4tion of the Fdhdsive sheet Fhatifst Coidictive fayermay be ?gfr}ned by

using either of a subtractive process and an additive process, [0089] . g}t:) t least part of the
adhesive Ia&}ze}?%néj%]ées‘:leorﬁ“f%on%ﬁ%td?ﬁr?%é?aetcegd%éﬁc%u]ﬁlgncfA a’ltstsl[ée?é,z%t1 ééan% t ece)tdﬁesive 'Ifzq'/er on the

irstcondugive Jayat are fomoved by G satbon digside gas. Uhrlasep e ke, Subsequenty.

the circuit is fieate r several hours, thereby heatingthe adhesive layer to cure.
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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[0090] (c) The surface is entirely subjected to copper sputtering, followed by electrolytic copper
plating. Subsequently, etching processing is carried out to the electrolytic copper plated surface to
forma second conductive layer, thereby obtaining an electronic component of the present invention.
The formation of the second conductive layer is carried out by an additive process. EXAMPLES
[0091] 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 forsevaludtionantdhe oaéthod. of evaluatiol Gt&destribed =[0092F ) Preparation of pattern
tape for evaluation To a tape with an adhesive for TAB (#7100, (type 31N0O-00F5), produced by
Toray Industries; 3a&l),(@8mmthick elettrohfic) copperon Whs! rviRaEaiHdet thRdfidns 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 RAWBESLI00® for s hais) ahd 2 150C fof BArs, StRtHaY & TR5E ft TAB With a copper foil
was prepared. On the copper foil face of the resulting tape for TAB with a copper fqil, photoresist film
formation, ERCHIRG, irasgist sftigphighefedraiiciniek S prating? ahdédctiSiytic &I& platir\vere carried

out. Thus, a pattern tape for evaluation h,avinﬁq 1comb-shaped condu éQC%at rn having a conductor
ct

width of 25 wriHnt dREaNe BetveEh conductors of 25 it Was prépared: 10093] ° %) Measurement
of storage elastic madul Tq.,a ce of an electrolytic fail 1.tm)-having been
cleaned in%&é an%gey_vgi _Ea{’stg%(d_a%qifgg(?durg o Egé%érr}%l ?a%%fgggni‘%}é%gg\}id%}é i% PCA-BMO2
was laminated at 5.MPa, an ' \V et (thethi tr‘less of an adhesive
layer was 3(%%' Jim C:;)frgog:rgr%%vé;rﬁ{l\gh %ﬂ% r%g'?e%%%g J1‘?& ?a?%?%%%eir?%iéle?ggnoﬁ er protective film layer
was peeleq &hd the residue was cured at 100C for 1 hour, and at 170C for 2 hours. Subsequently, the
copper foil was removed entirely by etching, and for the exposed adhesive layer a storage elastic
modulus at 30C (i.g., jnitiakelasticmodylus) wasrmeasured-ungericaneitionse including aifsequency of
-1 Hz and a temperature raising rate of 5C/minute by using a dynamic viscoelasticity analyzer.
“Moreover, thesadbesive layerwijha copper foiblayerafterdicing sured undernthe aforémeéntioned
conditions was left in an oven of 175C for 1000 hours with the face in which the adhesive layer was
exposed disposed itthecair iSubseqgiently; the eeppéefoildayeravas: emaoved dompletdly by etching,
and the storage elastic modulus of an adhesive layer obtained by heating treatment under the same
conditions asiaboveavds measarst by usingra dyhariic Viscoelasticity asalysesr. (009443
Measurement of glass transition temperature (Tg) A sample was prepared in the same method as that
described rf thé foregoiig 12), ard-algiads fransiforrierpefature way MeasiireProf?T e peak
temperature of a tana obtained by using the dynamic viscoelasticity analyzer. The glass transition
temperaturdaFES UefinedA8AN. tnitidl gladsPantich terieratiid (T4Y . TTeBifiEHWwas BPplied in the

same manner also to a sample heated at 175C for 1000 hours and aflass %rogn%tlign tevrpé)erature was
0)

measured. e ate of Rfiange of Ty Brapresented by (& i)/ Tahx100 t5m th absolute
temperature (g of the il glass rapsitign (SmpeTAIR AN ing ahspluigiemperatiie, (To2) of the
glass transition emperature of the adhesive | yer after the heat treatment at

When two or more of organcopolysiloxanes different in the

guantity of functional groups are contained, the quantity 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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175C for 1000 hours. [00951 (4) Evaluation of Adhesiveness (a) Initial adhesive force An adhesive
sheet (the adhesive layer was 200 .t.m in thickness), from which one protective film layer had been
peeled, was laminated to a 0.5 mm-thick copper plate under conditions of 130C and 1 MPa. Then,
another protective film 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"UPILEX" (registered
trademark) 75S, produced by Ube Industries, Ltd.) under conditions of 130C and 1 MPa, and then heat
treatment was casriccbaut at. 120G fdrt? hoturs:undehalgressure 6ft0.5sMPas so dhdtca shaiple for
evaluation was prepared. After slitting the polyimide film into a width of 5 mm, the polyimide film
having a width ob5 memtwasé péelddittva diréctionlof 90 @t arrateof semminimite, anhd tieadhesion
force at this time was measured. [0096] (b) Initial shear strength To a rear face of a pattern tape
for evaluafisipreparéd bystheanetHobEdéscribEdrindhe foregolg (BF AR athesiverstieettthe adhesive
layer was 100 m in thickness), from which one protective film layer had been peeled, was laminated
under condifiolidE136C 5 M 3 G 3af/mifuley Thensadpatetn fic-for dvaluation, from which

the protective film layer of the adhesive sheet adhereg to thhe rear.face of é?efpatter tagg had been
peeled, was Zitached to%4 3 tESGIHTE sTitcon Wafet face By applicatich of hekt Ja%x}ﬁr sure under

conditions of 130C, 3 MPa, apd 1 ecoigis. The resulting sample has a gomposition,in which a silicon
wafer 18 isﬂ%n%iﬁaji&eodr on %fga%errﬁq?zﬁze fg(r)g\?aﬁlét%ﬁ%ﬁth aﬁrfnge?rl\?er?gc%e%f Zﬁi Iéglll‘leéhi{?/e layer 19

as represented in Eig. 4. eat,cu i treatmentwas a lbeldf@ t@i.‘s.stg[[gele in,an aix oven.at 100C for 1
hour and af 170C o%aﬁoﬁrs, and rt%én a ;ﬂear strength was r%eaéured. Ass to the shearlstrength, a die

shear strepgthyyas measyred atroonytemperature at asate ok .120 mm/gecond byising a bond
tester MODEL SS-30WD (load cell of 50 kg) manufactured by Seishin Trading Co., Ltd. [0097] (c)

Long-term adbesion durability-1y 1 1 119 a-@lessy fage pf a,@. bmm-ihiek sepRer plate aving been

cleaned in accordance with a standard procedure of copper foil face cleaning provided in JPCA-BMO2

‘was laminated &t 130G.:05.MRa; and .3 méminuie s 20fmnvihick adhesivedayer, farmting a
composition of the copper foil/the adhesive layer. Then, curing was carried out at 100C for 1 hour and

at 170C for:2hoers. Thiese wereputintorarn ais bver of 200C€ 1 Dusing the operatieds, theesample was
observed at intervals of 50 hours until 500 hours. When peeling or crack of the adhesive layer
developedgit wasrgonsidered asd G drioygeod) pObservatioreakerc506 howrs Wasrearried out at
intervals of 100 hours, and evaluation was continued until 2000 hours at most. [0098] (d) Long-term
adhesion durabilityiz v iEiaiuationifad earrledout iy fiR2SAME niarhdrEatfake above (c) except

for changing the temferature of an air oven from 200C to 180C. [0099] (e) Thermal cyclability
cyclabi +

ity under a long-term high temperature condition, 1t

_is more preferable that the bifunctional siloxane
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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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 50 km in thickness), from which one protective film layer
had been peeled, was laminated with a roll under condition of 130C, 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 130C, 3 MPa,
and 10 seconds to a coated face of a silicon wafer (dummy wafer, 20 mm-square) that was likened to
an IC. Thecewringaofthetadhesiveavas eayrled outat 100G forl houranduat 1708 for2 hipurs. A silicon
wafer a mirror surface of which was coated with a polyimide coating agent (produced by Toray
Industries, dneSRP34 L), whicthinks e tired ar350CHor 1 hour, Was 8Bised! o106 t omSThirty
‘samples for evaluation were prepared for each level and the samples were treated under a condition
of holding afthe tovrsst eeniperatrd aiv-theighest tniperatare ot 165€ BF 2B0C fOF 48Fminutes,
respectively, in a heat cycle tester (Model PL-3, manufactured by Tabai ESPEC Corp,) and thus the
developmerit dfp&stingVias 8valated Fhé Sl vids RIKER DutHt AG0Scytte infitvalsdnd the

development of peﬂelin% was evaluated b%/ using an ultﬁ('sfs?ic defect det ct%r. When egligg was found
in any one"¥MEngHE 36 Sahisles tie SARPIES Weré detéd'88 KRG o §oodf Evéidation was

continued to 1800 cycles, at most. 0100%‘]( Thermal cyclability after a long-term.adhesion, durability
test A cop eercf%hl/%%h%giv%qa)?éhrela%/g?ep grf)l%lle‘ﬁag\}fng %%gn%g%'e%g(f o %gtst%é:tmreenétqfor 500 hours

in an air ovenoi200¢; by the methad descifed i ihe abayey(o)as salesundes 2 condiion of

holding at the lowest temperature and the highest temperature of -65C to 150C for 20 minutes,

respectively. in, the anparatus desgriped.inthe ahove te).Jhe:samplg was observed at 50p-cycle

intervals. When Peeling of the adhesive layer developed, it was considered as N.G. (no good). [0102]

(5) Insulatigy geliability {ay Dielegkichreakdewn voltagent 1d 0 @ B8 pmdhick adhesiveJayer was
applied a voltage at a constant rate for 10 to 20 seconds in average in accordance with JIS 02110

1(1994). _ A dielectrie breakdown valtage-was determined by dividingrthevoltage applied sthen
dielectric breakdown occurred by the thickness of the specimen. [0103] (b) Migration property One
protective filg layer of anradiwesive: Sheetd(ihe tHickrness afthésdhesivénkayer wast0 parkEwas peeled
off, and the exposed adhesive layer was laminated to a polyimide film ("UPILEX"(registered
trademark)cz5S produced bysUbe vadustries, 11y emdei corditorns; 188C, 05 MP&aRE B3 m/minute.

Then another protective film layer was peeled of f and an electrolytic
group are contained, the content is represented by an apparent

average value. On the other hand, from the viewpoint of
increasing the crosslink density of an adhesive composition,
it is desirable that an.organia group having an alkoxyl group,
a hydroxyl group or an oxetanyl group be attached.
[0027]

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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copper foil with a thickness of 18 p.m was laminated under conditions of 140C, 0.3 MPa, and 0.3
m/minute. Subsequently, curing treatment was carried out in an air oven at 170C 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 foil surface of the resulting tape with a copper foil, photoresist film formation, etching,
and resist stripping were carried out. Thus, a pattern tape for evaluation having a comb-shaped
conductor pattern having a conductor width of 200 pm and a distance between conductors of 200 pm
was prepareddThe patterniappearantenesaking from appfication ofavoltage 6f20EY16%his pattern
tape for 500 hours at 170C was observed by the use of a light microscope. The length over which
migration giew frohran eléctrodeswas tefined s the tameumtist rigrdtion. [0L04]3&)-mstlation
resistance value To a conductor patter face of a comb-shaped sample for evaluation having a
conductor<Fitit6f 80 RAP&ndea distancerlicthaEA condUttoRAGTS0 RN fak@h Frofm aSattern tape for
evaluation prepared by the method described in the foregoing (1), a0.1lmm:-thick pure copper plate
witha50 piick-adhesive fayed e 1BHif&ed bt 130C &Rd 0.1 Mba-Tand then HEat fre fgr)nent was

carried out in an ajr oven at 150C for 2 hours. By the use fthe.resultingﬁ%r?pi% under a continuous

applicatiort 8f SEvolta§é oF 106V i a' thermMsINgrostat at 85C and 859%RH,“a résistance value just
after the application and a resistance value 400 hours after th licatio re_measured. [0105] (6)
Reflow res%slé%éemn #Aorﬁ%éaiﬁgge%?gleprat%rr? tar e%%%r\%/a ug |§nq§?e aere %yt e method

described é%}lhé;iﬂ?{%%oig%lké&%@hﬁ&ﬁ@é@%%&%&“%%%f@ﬁdﬁ%\ﬁe laygr was12 km and

the thickness of a protective film layer was 38 km) from which one protective film layer had been
peeled wag laminated at130C and.0.4 MRa, Jhen a-sample farevaluationowith,a.structire depicted in
Fig. 4 was prépared by using a semiconductor integrated circuit (dummy wafer, 20 mm on each side)
likened to gp €. A silieon wafena mistor sudace of which was goatechwith-a polyimide.eoating layer
(produced by Toray Industries, Inc.: SP341), which was then cured at 350C for 1 hour, was used. The
_curing of the adhesiveiwas cariadeyt ahl50€ forRdoive: Twepty<30mm:-sguaieisamples produced
by this method were prepared for each level, subjected to moisture control under an atmosphere of
30C, 70 %RH femt92 hours; rendniade passithrough=amp infraeed rdflow fdriecersfia faxitnum
temperature of 265C for 15 seconds twice. Thus swell and peeling were confirmed and the number of
peeled samples,among ther20 samplesivay colintdely [006)(7) PHiasestfucture observation
Next, as to the cured adhesive composition, a macromolecalar component was stained by the
ruthenium &¢k¥staining technique. An ultrathin sample having a width of 100 to 900 in and a length of
up to 100 p.m was cut and it is observed by a transmission electron micrascope (e.g., H-7100FA
manufactured by Hifseh 4465 A §n HEEBRFatiorP Polfiige STeLGOMIRT Ghd ammagHifitafton of 10,000 to
40,000 times. A phase separation structure of 865 Rm-square \%ortiﬂcr)]n %Eﬁitr ri%cg%sen if!r%m the
resulting oBSEVALH iffagé Was SBSensd. (0L07] Referential Example Syntiesis o

esis 0
organopolysiloxane A-1 ., To 120 g.of methylsilicane oil (P V-0325 grgdgcgggy Gelest, Inc.) was
mixed 2.3 bsof%o%%aarq%legaé %0 gricl %%%s%%étjtio%% er %llt%aé’n at ?oorﬁ temperature for 9 hours.
The mixture wa "e“n'%‘ a [efugerator pyernight; diluted with ice water -and then neutralized at a

temperatureuofC ¢ or ldwer by the addition of an aqueous sodium hydroxide solution. The mixture was

extracted fully, with ether.and, distilled aften drying, sg thatspethylsilicons ail-haviag a:hydroxyl group

" was obtained. Subsequently, epichlorohydrin in an amount 10-fold molar equivalent based on hydroxyl
groups wagadded thereto. Fhe-mixture wasdeated and refluxed-aick20¢with stigring,and 40% by

weight sodium hydroxide in an amount two-fold molar equivalent with respect to hydroxyl groups was
added dropwise.aver- haursy After the. cempletiad Dfthe dropwiseadditivaRheating was continued for
15 minutes to remove water completely, and then unreacted epichlorohydrin was removed by
distillation.sSubgseguéntlyl, teldene avbs=added and the crugdeprddédwagoliybutadiene,
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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dissolved therein. After removing salt by filtration, toluene was extracted completely by heating to
170C and 267 Pa (2 mmHg), so that organopolysiloxane A-1 having an epoxy group was obtained.
[0108] Reference Example 2 Synthesis of organopolysiloxane (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) Phenylsilicone oil having an epoxy group was obtained in
the same manper asin Refarence £xaémple dfexcept far using:phenylsiliomé od (PDS-9931 produced
by Gelest, Inc.) instead of methylsilicone oil and adding epichlorohydrin in an amount equimolar
equivalentttochydooxyd roups.SEien pphidisddimethiyisitan el (BIR6 729  prodicad-bl Gélestine.) having
hydrosilyl groups in an amount equimolar to unreacted hydroxyl groups, ‘
platinum-1;3-aiinyI- 111, 3/3- ehaniethysdisiloaheconiplBR fstodaced By GelBCthcdr and 1,
3-divinyltetramethyldisiloxane were added so that the amount of each would become 200 ppm,
obtaining 6rgaRBPERAEIIBRAMRY'S inSWHER BlithetirBacRRdtosit foups WereHikyimodified. [0110]
A product resulting from mixing the ‘organopolysiloxane A-5 obtained in Reference Example 2 and the
organopolySifbxané sn %Wei@n??aﬁ%odﬁlﬁ\ﬁ?@%arﬁ@f%ﬁﬁo%%%bx%nvelﬂyé f%r_lcﬂﬁpReferential

Example 4 Synthesis_of acrylic resin dB-4n iSACsoAuté%neobtgglgd by 9'5595\/"{}9,%{323_5 a%%
azobisisob%tfi’b ﬁf*ﬁ‘l%lin%réJ Froldérie Was added dr}opwis% Under a fi rogen‘gas flow o a reaction

solution obtained by dissolving_5. of n-butyl .tlﬂa r}g_ﬁatg,sl @g_gt_;é_lggiglqeb .90.g ot glycidyl
methacryl%t%?gﬁg’ %%8%8% g%omr%%agmg C%X ogr%%)efl triﬁne hoxY%nane as a chaintransfer agent in

8.49 g of tolyene, and @ %SREEBQ was caftied gut.at 90C for.8 baursspdhat actylicresins-4 was

obtained. [0112] Referen xample 5 Synthesis of acrylic resin B-5 Acrylic resin B-5 was
obtained by@@i@yjng out the same operations asthoseofReferentialExample4 except for changing the
amount of glycidyl methacrylate from 0.90 g to 1.4 g. [0113] Referential Example 6 Synthesis of

{acrylicresin 8-6 wuAcpdieresin 36-wasebtained by carrying-ouithe same operationsias those of
Referential Example4 except for changing the amount of glycidyl methacrylate from 0.90 g to 0.14 g.
[0114] Referentiab Exampla 3-Aanyio fesitndInen tAodylic tesin 3a7 wathetsthined by cartying out the
same operations as those of Referential Example 4 except for not using glycidyl methacrylate. [0115]

a material of a wiring board layer or the like, flexibility,

and an relaxation effect of thermal stress, an acrylic or

methacrylic ester having a side chain having 1 to 8 carbon atoms

is used particularly preferably. It is preferable also for

these polymers to have the aforementioned functional groups.

This is because the crosslink density increases, which 1is

advantageous in heat resistance and advantageously acts on the

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



Referential Example 8 Acrylic resin 8-8 Acrylic resin 3-8 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 0.40 g. [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 exeeptfon changing4hie ameuntefglycklyhmethaerylate from 0.90,9 te 12799, [0118]
Details oftheorganopolysiloxanesandthe thermoplastic resins used for respective Examples and
Comparative Examplesiaresprovideddn Jabtes:hand2.{0219){Tableiti<l dna®r anciofOx Name
Fanctaorgroup Trifunctional/ bifunctional (molar ratio) Phenyl group/methyl group (molar ratio) Kind
Cohtenrlacbyweight.he increase in rate of Tg change and in storage elastic
modulus after heating at 175°C for 1000 hours. It is more
preferably 2.5 eq/kg or less, and even more preferably 1.6 eg/kg
or less.
[0031]
From the viewpoint of flexibility under a long-term high
temperaturecoadition,theweightaveragenwlecularweight(Mw)
of the thermoplastic resin {a) is preferably 100,000 or more,
more preferably 500,000 or more, and even more preferably
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 DSC method.
r0032]
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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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
preferably 30% by welght or more, and it is preferably 70% by
welght 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 dixylencl, and the like, alicyclic epoxy
phenéxy resins, such as epoxidized phencl 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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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

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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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
Kind content(eoPkg)

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-.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 -30 1,100,000 P-5'Dec
Referential Example 5

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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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 0-9:See Refereral r-ple 9 Epoxy group 0.95

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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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-thick polyethylene terephthalate film
("Filmbyna‘«(registered trademank) «<E producedlyy FujihordiKogyo Coipktolewitk alsificone release
agent so that a necessary dry thickness would be produced, and it was dried at 150C for 4minutes. A
protective fitra layerwas thentéminatéd yso tatanctiesivelstivet bl the fresentihvention was
produced. Moreover, a storage elastic modulus, a glass transition temperature, adhesiveness, and
insulation FSliaBHEF Wete Bvakiated b thé Hictheds 8¥scribéddbodé [D12ZF°C ThePiotective film
layer of the adhesive sheet produced by the above-mentioned method was peeled and the resulting
adhesive sheet fias 18miiatel & hreirF faceSdrid patteftape f6r  &-uminum nitride, :
evaluationEr,eparedbythemethoddescribed!in the Loregoing (éL under 1%on(ggtions of 130C and 0.1 MPa.
Subsequently; thé BPET il of ffe SdRéEdiveSheat WAS Peeied aRd AnTCWith an-aldminum electrode
pad was attached t(ghthe_. %%h%siive Iaytegr3 byc%olpéigation of he%t réd pres s#e 1%'”5?5 g{gr&deiggns of 170C

and 0.3 Mﬁg}ﬁ%kt, eat curing freatment was carried ot at 150G for ours in an oven.

Subsequenily, b 25-0rm el ire as. bonded tq hjs aL 180C, 140 Kz Euriheymora, o esulting tem

was sealed wit iquid sealing resin ("Chipcoat” 8118 produced by Namics Corp.). Finally, a solder

ball was mounted, te prepare.a semiconducion apparatus-withthe; structuresef, Fig, 4 f123] Examples

2 to 25, Comparative Examples 1 to 5 Adhesive sheets were produced and evaluated in the same

manner as-ipsExample 1.exceptiordueparngagdhesive selutions o that dhe: resim comprsition ratios
provided in Tables 3 to 6 might be produced. [0124] Comparative example 6 A vinyl

. group-containing silanes{DMS-¥e5 pradueced Ry 4slestdad.) anha hydrosityhgroup-eodtaining silane
(HMS-031 produced by Gelest, Inc.) were mixed so that the equivalent ratio might become 1, and then
platinum-1:3-divingd-b 1 j3i3-tetramethykdlisioxanecemplex (produced ibyr@eke st ciat ) iand
1,3-divinyltetramethyldisiloxane were added so that the contents thereof might become 200 ppm,
respectivelyo After agitation, tire resultirigead hesive solution wvascapplied toac38-piithick polysulfone
film (produced by Mitsubishi Chemical Corp.) so that a filmwith a needed dry thickness might be
formed, drieelstrEP0E fR119 Mmttesrandiadfinded witha préteEivefilm Ryer. THus arfadhesive
sheet was produced. Evaluation was carried out in the same manner as in Example 1 except for the
above-mefiforied %E)éf‘ﬁ%i%ns‘?()pper' 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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[0125] 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 adhesion
durability also under high temperature conditions over a long period of time, excellent thermal
cyclability and high insulation reliability, it could increase the reliability of a semiconductor apparatus
using it. [0126] [Table 3] Euample Topinotl2145InagUPPere /ewerline: contest)onotn by B-I EOO
100 8-3 150n@4ck00.¢c filler by using a silane coupling agent, or the like.

As to the silane coupling agent, those mentioned below may be

used.

(0041}

The shape of the inorganic filler (£) is not particularly

limited. While it may be pulverization type, spherical form,

and scaly form, and the like, pulverization type i1s preferred.

The pulverization referred to herein is a shape that is not

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

the viewpoint of fluidity and dispersibility, inorganic 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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of particle diameter on a volume basis. The maximum particle
diameter is defined by a particle diameter that corresponds to
100% when the cumulative distribution is expressed by percent
(%) in the particle size distribution defined by the average
particle diameter. A sample for measurement shall be prepared
by adding particles intco ion exchange water so that clouding
nmay be caused‘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) is 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
initia;adhesiveforce1x3variousn@talssﬂxﬁlascopper,earigid
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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100
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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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]

{c) 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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over 4 hours. After the completion of the 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
.wasextracﬁedcompletelyknrheatingfx;170%Zand267E%x(meﬂg),
so that organopolysiloxane A-1 having an epoxy Jroup was
chtained.
[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-1,3-divinyl-1,1,3,3-tetramethyl-disiloxane
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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0<2 SO0-01 (surface Me eaCycerical silica, 0012662 6-4: movolac type phenol. Imin, produced by
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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 epoxy resin, and the curing catalyst given in Table 8 were added to toluene so that the solid_

The inorganic filler,

content wauld become 50% by weight, followed by stirring at 80C for.3-hours. Mor ~the
thermoplagtic resin given in Table 8 was added and methyt ethwt store was adged so gt the solid
content mightbecome 209 by weight, fallowed by siirring.at SGC! far, 5| hburs..Furthermare, a
hardener, [ary organopolysn@exaﬂe and a mixed solvent of methyl sthiyr ketonetolueneg =271 (weight
ratio) werdrasided-—fottowectby St A mixing R-30Cs THenmrepalaion sharadiesive sheet and
evaluationthereabwere ottt St At same-mantiet-as-i-bxamitle- 1A prestiniedphase structure
was depic gQ|QE|0 o) af?;(ij EV?I}J?’-)N(H%DYPQHITQ wereg pro sided.incTable 8 Anisland A2 r:z?rutammg an
epoxy resin as a primary.component and.an island 323 conthining a-thermdplasticresin-ag a primary
componentiieie Bresefitin dsea-022 containing-gn-drgahopelysilekaneant-the-island-A21 and the
island 323|were in contactwwith €ach other. MoreoVer; dn:indrganicifler 24 vas presentin the island
A21. [OlBJ]EqXé.rﬁpﬂéu?: 4 Amadhesive sheet deipl oducEd by prefary s auhesive Solution in
the same mantier as inExample-i-dicept-forusing-dthernaplasicesingan-cpaxyresiti-a hardener,
an organopolysiloxane rant-a-curng catalyst so that-the compasifion tfatio may hecome that
provided in-Table 8_A presumed phase structure Jas ceﬁ?cﬂdﬂ inHg-B-and-evaluatian-results are
providedin Table 8. An garkg&df\g;’*lgé“+u“ng an-epexy-resintas-alprmary-companenttand-an island

323 contai

Fﬁﬂg ‘At

oiymer Co

ermoplastic Tesiry as-a-primary-component were dispersed in a sea 022 containing

an organopalysiloxane.. [0134) Example 35, ... . he epoxy-resin, the thermoplastic resin, and the

[ curing catafyst ﬁft‘.‘)“ﬂ‘iid*ed in Table 8 were added to a mixed solvent of methyl ethyl ketone/toluene = 2/1

(weight ratig) sesthat a solid content will become 20% by weight, and they were stirred at 80C for 8
hours. Subsequently, the hardener and the

[Table 5]

Bxample
16 17 e 9 20 23 22 23
Thermoplazric resin (2] goper line: kind 15 Bt B-5 -6 3-6 a7 5-5 5-9
Lowep line: content {parts by weightl 160 160 160 100 100 H 100 100
Epory resir (b) Upper line: kind BOONLD2S | BOCN1A2E [ BOCN10Z2S | BOSHI0DZS | ¥OCNI02S § 80CN1025 | BOCH1025 | ECCH1C2E
[ Lower line: content {parts by weight} 37 7 37 37 37 37 37 Ell
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
Organcpelysilexane {d) ygper line: kind A1 A=1 A-T Al -2 A-3 ne3 A3
Lowsr lins: coprent [parts by weight) 100 100 100 40 0 90 a0 20
curing cazalyst Upper line: kxind 258 ZEZ BT ok ZER 2RT 2% 282
Lower lipe: content (parts by weightl 0.3 0.3 0.3 0.3 0.3 2.3 0.3 0.3
Gier additive Upper line: kind By HOBP - -
Lowar line: content (parts by weight) 0.5 [
Glass Tranzitlon Initial {°C) 19 1% ig zB 3 5 14 13
emperature (TSt 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 1.2 11.8 12.4
Sterage seastic modulus lyniejal MPa) 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
tong-term adhesion durabiiity-i th} 1490 1600 1508 1500 1L0G 1500 1400 1300
ECO g80 209 04 00 S0 1300 lze0
FwERRLIItY 250 250 250 300 256 330 300 300
fnsulscson refiability Breakdown woltags {kV/mm) 138 133 123 10z 11 Lg inz 114
rmount of wigration {pm} =g 5 <5 <h 5 16 Bl <5

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

CKM1E36: p-teri-Bu type novolac resin produced by thowa Highpolymer Ca., Lud.

2iRk: Z-Echylimidazole

2TE: 1.2, 3-Benzotrizzel

e

HOBP: Zv-Hiydboyy-4-r-ofroxybenzophancne

[(0129]

[Table 6]
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organopolysiloxane provided in Table 8 and a mixed solvent of methyl ethyl ketone/toluene = 2/1
(weight ratio) were added to adjust the solid content to 20% by weight. Henceforth, an adhesive sheet
was produced in the same manner as in Example 33. A presumed phase structure was depicted in
Fig. 7 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 are

present in a sea C22 containing an organopolysil

xane and the island A21 and the.island

Example

Comparative exampis

23 arein

contact with each other. [0135] Example 36 T
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EOCH1025: Fresol novolac iype epoxy resin produced by Wippon Hayaku Co., Lud.

CKM2409: p-ters-Bu typs novelac resin produced by Shewa Bighpolymer €o., Ltd.
CKM1636: p-tert-Bu type novelac resin prodused by Shows Highpelymer Co.,

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

pe produced.
[0131]

[Table 71

13

Evaluation results are provided in Table 7.



100 Epoxy resin 110 Upper line LoweronPaz 110310 120 1110310 0.20 011310 120 120

Fardener(cl Upper-nand Lower line:content(parts bY weight, )171,1906 SE 00 59 1524908 56
14)4909 56

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
i) hower ling: content {parts by 100 1on 100 160 106 160 inn
weiahty

pouy resin (b) ?gi:i E:z zzr‘fpnt (parts b Bocn-1028 | DOCH-1G25 | EOCN-1025 | EOOH-1028 | EOCK-1025 | BOCH-102S ROCK-L02S

PORY 1853 mowet line: vontent (o ¥ 100 61,3 164 . £3.5 £3.6 §3.6 160
" el ght )
= Dpper iime: Rim
2 Jsazaanar 1) Fper iias: ;;rfmt (pares by t-4 n-4 252780 252780 252780 P52780 CHM1282
g fresae P ooew pares by 50 EEN 50 1.8 33,9 31.6 50
-]
% e
= Jorgancpotysidonane : fifﬁem (sares by A3 A3 A3 a-3 A3 -3 A3
o |y A garta By 130 130 130 100 100 100 130
s oot
3 Upper limes nind
T [curing cataiysr  jumeer tine: comtent iparts by Te 22 Ter e Eid TeP 1oy
¥ ! 2. 2.2 2.2 1.5 15 1% 2.2
% weight)
& Juetmracyclic azala |FEESF MinEi kind

Lower linef ¢onTent {parts by

6.1
e weighot
. Upper line: kind
I ks 2 . - = - =
";T ganic filler Lower line: content [psrts by S“CAI 5403 qu S{OB C; - - - S'_O3 C‘zl
weiahe) . ) - =
Glass tyansition Initisl {°C) 35 36 33 10 0 14 40
temperature (74!
Efcer 173°Cxi000 h trearment (7C) e a0 T 3% 41 37 84
- Rate of change (%) i4 14.2 14.1 10.2 1 5.5 14
= T ")
4 [storage eiastic Tnitisl {(MPFal 45 52 48 I ? 7 52
] medulus
=' nresr 195°CA1S00 n treatment (MR 74 76 sz 3% 4z 3% 74
8
T |Enitial adresive torce {N/cm! i3 13 13 1% 18 15 13
Z |#nicial shear wirength (MPa} 15 13 i3 i1 16 13 15
=
s ; :
& |Leng-rerm adhesion durability-3 {n) . 120¢ 1100 1206 1600 1500 5 1760 1200
Tha 1 iliky = Long- m & 2
fefmal Cyclability aiter Loag-tern dhesion 250 200 t5o 200 ion 150 250
durabiliny Test
Insuiation relisbilivy (migration) & iz a 5 3 3 <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 / bisphenci A resol resin, preduced by Gunei Chemical Industry Co., Lid.
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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Orgampolf?saloonne laU Upper line, 913:4 Lower :one: content (paby weight) .14 14 91 80 80 A4 80
curing catalystle) Upper line: kind Lowen line: content (part, bY slelght/ 1110 4 Cilf. 4 5141 5111
Inorganicfallerfa)

were’provided in Table 8. An island A2l containing an epoxy
resin as a primary component and an isiand B23 containing a
thermoplastic resin as a primary component were présent in a
sea C22 containing an organopolysiloxane and the island A21 and
the isiand B23 were in contact with sach other. Moreover, an
inorganic filler 24 was present in the island AZl.
[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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Upper line, kind mower logy, content (parts by weight) SO-Cf(surface- treated article) 40
CO-Cl(surface- treated article) 40 oparatoo (Figs) (fla6) (P197) Fig8) tenpenntc:e al9C) 42 41 39

organopolysiloxane provided in Table 8 and a mixed solvent of
methyl ethyl ketone/toluene = 2/1 (weight ratio) were added to
adjust the solid content to 20% by weight. Henceforth, an
adhesive sheet was produced in the same manner as in Example
33. A presumed phase structure was depicted in Fig. 7 and
evaluaﬁion results are provided in Table 8. An island AZl
containing an epoxy resin as a primary component and an island
B23 containing a thermoplastic resin as a primary component are
present in a sea C22 containing an organcpolysiloxane and the
island AZl‘and the island BZ3 are in contact with each other.
[0135]
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,
thethermoplastidresingivenjj1TableE%wasadded. Then methyl
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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82 8E 84 91 Rate of change Pi 14.7 14.4 14.4 14.8 Ctoge 9104114 modulus "brag",,,,, 72 63 39 96
After L75Cx6000 h treatmentUdda) 210 130 00

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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320 ReflowesncPeeledes 20 0/20 4/29 2/20 0/20 fallnd value just aftca? 2.1c. 89159 4/10"
insulation roan/stance value after 400 honrs(n) 9,10' 4.10 2,10 Adhesovoness Initial
adhoolvforce(1/cm) 11 12 13

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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10 Long-term adhmnhonabi-1 950 1100 1200 350 Long-term sun 104 durty- 600 Thermal 4041

chili,to 800 800 900 500 110310: Tetraph nylobethane-type epoxy resin, produced by aapnr, 'Epoxy
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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 adhesive composition for electronic components and the adhesive sheet for electronic
components of the present invention are used suitably for various types of 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 boagg {iz¢;zinterposer), 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 naterial Hersbenrdinganwededtianic Compahent, such @scarsemicondctor
element, and a supporting member, such as a lead frame and an insulating supporting substrate, (4)
adhesives, $tftRFasa Heat spreddér) arstitehas farfd Axhidld materfdl &) @<ealmgimatdifal of an
electronic devige, %adhesive§ fgrgpg%aloagﬁg%%ti%rls gugg as an adtﬂ%srive fortlight géginding, an
adhesive forassent 1|qn€grém %IE) [o fj omponent, and a gea%]antxf%r?Eﬂf ande(]ﬁa Sold&r resist, an
anisotropic gondyctive flm.a.coppaklined (aminated sheet, acovert lay, @rd ap ingetatingslayer
between circuits. CLAIMS 1. An adhesive composition for electronic components comprising (a)
a thermoplastieresin,g(b) Anceporyeresin, 1g) a fiacdehers: and (dy an ogganspatysiloxane iwherein the
glass transition temperatureréT ) after curing is -10C to 50C and the rate of change of Tg after
heat-treatingtthé tormipb3fion & Wfbﬁf(?b@ﬂn%r%%i@z@%rtﬁé%é%ﬁi?ﬂ%?@rjglﬁ%b@%%xane (d)
contains bifun tiongl scilégfggebuiné'%snacr@itgﬁ%higlhﬁcr) f%rrllcéio&]gl. %ilsoxgng L{:nitf._ OrZh'il'h eadhesive
composition (fo efectronic components according to daim 1, Wwherein both the storage astic modulus
at 30C after guring ang-the storagerlasticimedulus at 30C after further heating at 175C for 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) contains at least one functional group selected from
the group consisting of a hydroxyl group, an epoxy group, an alkoxyl group, a vinyl group, a silanol

group, a carboxyl gréup, antaf bUB, SABREENYH grodiy arfi& Rydidshi GieupCRerES The
adhesive cogncpcogggnnf%r electronic Gompo Q?naﬁ%%rgi%%éo &a@ni@a%eawg rein the cont ”#s‘)f the
%

n )
functional group of the raanopoﬁ/silokaneefg) is 0.3 to 30% by weight in the organopoi}l/y oxane (d).
5. The adhegivexzpmpgsition fer.elestionrie.componanis ageorsling to: any.ene of: laims ot 4, wherein
the organopolysiloxane (d) has alkyl groups and phenyl groups attached to silicon atoms and the
content of tiefpleenyl grédprs-is s t3: 70 enei% BASEd ofrtheltdtd) miclarrumber 0f thélalkykgroups and

the phenyl groups attached to silicon atoms. 6. The adhesive composition for electronic
component R& Eiﬁg 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 anyone of claims 1 to 6, wherein the thermoplastic resin (a) has at least one
functional group selectedrfriemsihe-group consistag of an epoxy=greup ra hydraxyhgemip, escarboxyl
group, an amino group, a vinyl group, a silanol group, and an isocyanate group in an amount of 0.9 to
3.0 eq/kg arid-eorginscart achiiciatid estelor Mengdy|ic heid ssrn With &y sidéchaie Haling 1 to 8
carbon atoms. . 8. The adhesive cor& ositign for_electronic cgég on%gt accordin%\;o any one of

claims 1 to ?ﬂﬂﬁ?e]r%%rﬁﬁri ﬁl@s(g)oélﬁe 85)7&@%%@ %‘8%5& “E9 FHE adhe s 1(§8mposition
for electronic components agcording to.claie. 8, whegein the hetsrocyclic azole compound.(e) is a
benzotriazole compound. 10. The adhésive composition for electronic components according to
any one of claims tite;9owherein vihatcthe eomppsitionds cureddo @uguring reactionadiop as
measured by differential scanning calorimetry measurement, of 70% to 100%, the composition has a
sea-island stiycie tantainifig dilislahdA eoRtaitifg e ép@%¥PFasin (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. 11.4Theadhesive-composition, for-electronig components, according,to-claim 10,
wherein two or more islands B are in contact with one island A in the sea-island structure.
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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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 adhzsive bempdisitiohvfor elethoniccéompadnentslactording to apyomessficiaims 1 to
12 being in contact with at least a part of the first conductive layer and at least a part of the
semiconducf? datedidted ercaityamd a sekofid &ohductivedager tha® E6riedts the first conductive
layer and the semiconductor integrated circuit. ABSTRACT In order to provide an adhesive
compositionF5FERERERETonTFsRehts that1s exeellent i AGHES oA M r &Ry UhdeF foHyEterm high

temperature conditions, thermal cyclability, and insulation reliability, designed is an adhesive

composition¥or &feftnicompbnentd EoREIAMY & thefmopiastic Tésin'(a) &t hox§ T8%hb), a
hardener (c), and an organo iloxane (d), wherein, the glass transition temperature (Tq).after curing
e T o ARGt 1 Ak noai batig e RONSE oD At LYSLfora000 nours

is -10C to 50C and the rate of charige of

. 0 . _
Is 15% or le?;;sr'oups 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

81



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.
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12. The adhesive composition for electronic components
according to claim 10 or 11 further comprising (£) an inorganic
filler, wherein the inorganic filler (£} is localized in the

island A in the sea island structure.

132, 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. 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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