Description Title of Invention: ADHESIVE COMPOSITION, ADHESIVE SHEET, AND
SEMICONDUCTOR DEVICE USING THE ADHESIVE COMPOSITION OR THE ADHESIVE SHEET
Technical Field [0001] The present invention relates to an adhesive composition used in electronic
parts and electronic materials. More particularly, it relates to a highly thermally conductive adhesive
composition used for heat dissipation materials and the like. Background Art [0002] In recent
years, due to technical advancement in performance of electronic equipment which becomes
functionally advanced, lighter in weight and>ssxaltepinisize, many electronic parts are densely mounted
on an electronic circuit board. Since many of the electronic parts mounted serve as heating elements
and the heat evolved from these electronic parts exerts an adverse influence on safety, performance
and reliability of electronic equipment, the heat as a causative factor is a major problem. Thus, there
has been an ineage rdemandfar a highly thermally conductive adhesive that conducts heat
evolved from electronic parts without loss from the parts and circuit boards to the housing and heat

sinks. [0003} x5 AGa-material tised fos e bighly thempmalyronsEriveoRITESteR, AEFSIOE0Mposition
prepared by adding high heat dissipation inorganic filler to a thermosetting resin such as an epoxy

resin to ingygage thesthexmakeanductiviiyHasbesn riepaessd (SeesdanexampleTPatent Literature 1

and 2) . Moreover, with regard to adhesives containing a polyimide resin or a polyimide silicone resin,
an adhesive composition improved in thermal conductivity, heat resistance and adhesive properties by
addition of high heat dissipation inorganic filler has been proposed (See, for example, Patent
LiteraturesIS gﬂg 43 a%:itg%ig@ dist Patent Literature [0004] Patent Literature 1: Japanese Patent
Laid-Open NG. 2008-266378 Patent Literature 2: Japanese Patent Laid-Open No. 2009-292881

]

[0001

The present invention relates to an adhesive composition
used in electronic parts and electronic materials. More
particularly, it relates to a highly thermally conductive
adhesive composition used for heat dissipation materials and

the like.

Background Art

{00021

In recent vyears, due to technical advancement in
performanmeofelectronicequipmentwhidhbecomesfunctionally
advanced, lighter inweight and smaller in size, many electronic
parts are densely mountedonan electronic ¢ircuit board. Since
many of the electronic parts mounted serve as heating elements
and the heat evolved from thesge electronic parts exerts an

adverse influence on safety, performance and reliability of



Patent Literature 3: Japanese Patent Laid-Open No. 2010-84072 Patent Literature 4: Japanese Patent
Laid-Open No. 2005-113059 Summary of Invention Technical Problem [0005] However, there are
problems such that when an inorganic filler is incorporated into the conventional composition in large
guantities, the thermal conductivity is not significantly enhanced because the dispersibility of the filler
in resins deteriorates, and the toughness and adhesive properties are remarkably lowered. [0006]
Thus, an object of the present invention is to provide an adhesive composition being capable of
controlling dhe disperdibiléyrai prikermaliheondyetive fillerahaving higbhdhermrali eoadustjvity and being
excellent in adhesion to heating elements and heat sink materials. Solution to Problem [0007] In

order to soluesthesabovermentiencd prablemse=tha presentinventnmisdireCtes:1e an gdhesive
composition containing an organic-solvent-soluble polyimide (A), an epoxy resin (B) and a thermally

conductivefiller &), 130 organic-eolveni-splie polyiRide (AL rantainies 8 stiuctwearepresented by the
following general formula (1) as a component derived from a diamine, and the content of a thermally

CondUcti\(/)eefﬂ@éé@bﬂh@%@@&%ﬁ»{w&%&@%@g being peldass thanb0Ye-by-volume[Q0§8] [Formula
n

1] C H2x

to the housing and heat sinks.
[0003]

As a material used for the highly thermally conductive
adhesive, a resin composition prepared by adding high heat
disgipation inorganic filler to a thermosetting resin such as
an epoxy resin to increase the thermal conductivity has been
proposed (See, fér example, Patent Literature 1 and 2).
Moreover, with regard to adhesives containing a polyimide resin
or a polyimide silicone regin, an adhesive composition improved
in thermal conductivity, heat resistance and adhesive
properties by addition of high heat dissipation inorganic
filler has been proposed (See, for example, Patent Literatures

2 and 4.
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[0009] (In general formula (1), X represents an integer of 1 to 10 inclusive and n represents an
integer of 1 to 20 inclusive.) Advantageous Effects of Invention [0010] According to the present
invention, there can obtain an adhesive composition being capable of controlling the dispersibility of a
the tally conductive filler, having high thermal conductivity and being excellent in adhesion to
substrates and insulation properties. Description of Embodiments [0011] The adhesive
composition according to the present invention is an adhesive composition containing an
organic-sobeentsolulile qpedyinnice $A) mpepexeresin éB) and adthermalljtconzlotives itst 1C), allowing
the organic-solvent-soluble polyimide (A) to contain a structure represented by the following general
formula (1pas e:tompeseatderived frupadiaminerand alonvngthercunpteriaf m-thernally conductive
filler (C) in the adhesive composition to be not less than 6096- by volume. [0012] [Formula 2] CxH2x0
[0013] (In general formula (1), X represents an integer of 1 to 10 inclusive and n represents an integer
of 1 to 20 inclusive.) The organic-solvent-soluble polyimide (A) in the present invention refers to a
material that,aliws 10ror-mpse f the polyimide to dissolve at 25C in 100 g of any organic solvent

Technical Problem
{0005}

However, there are problems such that when an inorganic
£filler is incorporated into the conventional compoéition in
large quantities, the thermal conductivity is not significantly
enhanced because the dispergibility of the filler in resins
deteriorates, and the touchness and adhesive properties are
remarkably lowered.

[00CeE]

Thus, an object of the present invention is to provide
an adhesive composition being capable of controlling the
dispersibility of a thermally conductive filler, having high
thermal conductivity and being excellent in adhesion to heating

elements and heat sink materials.

Soluticn to Problem
[0007]
Iin order to solve the above-mentioned proklems, the

present invention isg directed tc an adhesive composgition



among amide solvents such as N-methyl-2-pyrrolidone, N,N-dimethylacetamide,
N,N-dimethylformamide, N-vinylpyrrolidone and N,N-diethylformamide and ether solvents such as
y-butyrolactone, methylmonoglyme, methyldiglyme, methyltriglyme, ethylmonoglyme, ethyldiglyme,
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, propylene glycol monomethyl
ether, propylene glycol monoethyl ether, ethylene glycol dimethyl ether and ethylene glycol diethyl
ether. [0014] Moreover, the organic-solvent-soluble polyimide (A) in the present invention is
obtained mairly £rom theaeactionnf a tetracarhexyisiacid digalydiide wyth a)diagrineang/has a
residue of the tetracarboxylic acid dianhydride and a residue of the diamine. In this context, the
organic-solvgsat-solubtg polytiide{A) tihtherRresent inyeation-gantaing gy stayeturearepresgnted by the
above-mentioned general formula (1) in a diamine residue. Since an alkylene oxide skeleton is highly
flexible, the, aghgasion £ araghesie eonpgsiign @bsainesl oy-ising the: pelyimide with sueh a
structure to a substrate is enhanced. From the viewpoint of enhancement in adhesion, the content of

the diaming.& QE%H‘E@H%%}“&%r%6@@@\%%59%@%&%f‘@?ﬁ!@?ﬁti?@?da%eﬁeé%{ﬁaﬂgl@t(l) is

preferably 20A by diamine residues. Moreover, from the viewpoint of heat resistance, it is preferably

90% by mole o Jess, more prefergbly, 0% by mole qrless [0018L .  Ja the sirycture represented by

general formula (1), specific examples of CxH2x include a methylene group, an ethylene group, a

propylene group, ‘41}4'%’1619%3%@ H%P%’}L%”S&E%‘éﬁm% %ﬁ%‘%@%&%ﬁﬁ@@ grqup and the

like. Moreover, It does not need to have a linear structure e case it Is a propylene
group, for %ﬁaarplpl Oi,j rr[g%y ngﬂltﬂgr a n-propylene group or an i-propylene group. Moreover, in the
case where it15 a butyléhe group, it may be any one of a n-butylene group, an i-butylene group and a
t-butylene %I’Oél ]The same holds true for an alkylene group with a greater number of carbon atoms
than that. [ 8 é%g Examples of the diamine with a structure represented by
generalformula(l)includepolyoxyethylenediamine, polyoxypropylenediamine,polyoxybutylenediamine,
bis(4-aminc§5ﬁé¥8‘§&ﬁ‘m ihane, 1,3-bis(4-aminophenoxy)propane, 1,4-bis(4-aminophenoxy)butane,
1,5-bis(4-aminophenoxy)pentane, trimethylene-bis(4-aminobenzoate),
tetramethylene-his(4-aminobenzoate),polytetramethylene oxide-bis(4-aminobenzoate),
poly(tetramethylene/3-methyltetramethyjene ether)glycolbis(4-aminobenzoate) and the like. Moreover,
examples of praecl Egr ;%x@ e dianfirel include D230, D400, D2000, T403 and T5000
available from RASF Japan LTd., Elasto 250P, Elastomer 650P, Elastomer 1000P, Elastomer
1000, POREA SL-100A and CUA-4 available from IHARA CHEMICAL INDUSTRY CO., LTD., and the
like. In this connection, the diamine with a structure represented by general formula (1) used in the
present inve®fi@A Is not limited to the above-mentioned examples. [0017] In the present invention,
it is further preferred that the organic-solvent-soluble polyimide (A) have a residue of the diamine
represented by the (fdllogdmegendefab fotmida (2). By aflonireriets-Rage the deaminecfesidbe, the
solubility of the organic-solvent-soluble polyimide in an organic solvent is enhanced. Moreover, since
the polyimitlé sketdtoniyampatted naghrflexdbility Bynvirtveegkesr sildxanechafd; theladhesion of an
adhesive composition obtained by using the polyimide with such a structure to a substrate is
enhanced. From the viewpoint

Advantageous Effects of Invention
[co10]

According to the present invention, there can obtain an
adhegive compogition being capable of controlling the
dispersibility of a thermally conductive filler, having high
thermal conductivity and being excellent in adhesion to

substrates and insulation properties.



of enhancement in adhesion, the content of the diamine residue represented by the following general
formula (2) is preferably 5% by mole or more in all the diamine residues. Moreover, from the viewpoint
of allowing the dispersibility affected by hydrophobicity of the siloxane bonded moiety to be enhanced,
it is preferably 50% by mole or less. [0018] [Formula 3] [0019] In general formula (2), in
represents an integer of 1 to 30. R5 and R6 may be the same or different and represent an alkylene
group with 1 to 30 carbon atoms or a phenylene group. RI to R4 each may be the same or different
and represent an alkyl group with 1 to 30 carbon atoms, a phenyl group or a phenoxy group. Although
the alkyl group with 1 to 30 carbon atoms is not particularly limited, preferred are a methyl group, an
ethyl group; &Py LYW PANd:ARNEA Bl Moreover, although the alkylene group with 1 to 30
carbon atoms is not particularly limited, preferred are a methylene group, an ethylene group, a
propylene gepi;and a butylene group. In this connection, as in the case of the description of Cx H2x,
the alkyl group and the alkylene group do not need to have a linear structure. [0020] Specific

examples of the diggine tepresented by.geperal fmuia@NEIS; 6 the present

I,1,3,3-tetramethyl-1,3-bis(4-aminophenyl)disiloxane,

1,1,3,3-tetr 8{{9’&%&134&%@'%”()%@@2&1& éanec’:omgosition containing an
1,1,3,3,5,5-hexamethy1-1,5-bis(4-aminophenyl)trisiloxane,

1,1,3,3-tetraphenyl-1 3-gis Zzaminoethyl)disilpxane, .
1133 e e L 17 DS GGGy IAag® () < an epoxy resin (3} and

1,1,5,5-tetraphenyl-3,3-dimethy1-1,5-bis(3-aminoprapyDtris iloxane, :
1,1,5,5-tet%phe%ﬁ%§%ﬁetho§?— ) -%lsj(zf—%ming%?]%ﬁ)ﬁis ilogﬁé, allowing  the

1,1,5,5-tetraphenyl-3,3-dimethoxy-1,5-bis(5-aminopentyl)tri siloxane, |

115 3 R 10 SR RO BTG G " A £8 Eehieain a structure
1,1,3,3-tetramethy1-1,3-bis(3-aminopropyl)disiloxane,
1,1,3,3-tetrathy A S 0iM - Sifinbplydie@neeral formula (1) as a component
1,3-dimethy1-1,3-dimethoxy-1,3-bis(4-aminobutyl)disiloxane,

1,1,5,5-tet %ﬁ%ﬁﬁ%ﬂfﬂ;ﬂﬁb@(ﬂaﬁﬁ Suthy G foxare ent of a thermally

1,1,5,5-tetramethy1-3,3-dimethoxy-1,5-bis(4-aminobutyl)tris iloxane,
conductive £iller () in the adhesive composition to be not less

than 60% by volume.
[0012]

[Forr‘nulla 2]

‘ECtzxo%“ (1)
| N

[0013]
(In general formula (1), X represents an integer of 1 to
10 inclusive and n repregents an iﬁteger of 1 to 20 inclusive.)
The organic-solvent-soluble polyimide (A) in the present
invention refers to a material that allows 1 g or more of the

polyimide to dissolve at 25°C in 100 g of any organic solvent



1,1,5,5-tetramethy1-3,3-dimethoxy-1,5-bis(5-aminopentyl)tri siloxane,
1,1,3,3,5,5-hexamethy1-1,5-bis(3-aminopropyl)trisiloxane,
1,1,3,3,5,5-hexaethy1-1,5-bis(3-aminopropyltrisiloxane,
1,1,3,3,5,5-hexapropyl-1,5-bis(3-aminopropyl)trisiloxane and the like, although not limited thereto.
[0021] In the present invention, it is desirable that the weight-average molecular weight of the
organic-solvent-soluble polyimide (A) be not less than 5,000 and not more than 500,000. In the case
where two ShdaRfe Oggaitie-Solventvaatibie pelytmidesare incarperad, the-weightiavesage molecular
weight of at least one of these needs only to fall in the above-mentioned range. When the
weight-avejage olequan weightdsi lgss than 5,000, the meclampicalisteangih isyematkably lowered
and the adhesive strength may be lowered. It is preferably not less than 10, 000 . On the other hand,
when the weight:average malgeplar weight exgeeds; 300009 rihendscesity obihe resin gamposition
becomes higher and the dispersibility of the thermally conductive filler may be lowered. It is preferably

not more t@%&%@%QQO In gﬂikﬁqconng%tion, I{ﬁ?wg' -fg{ce‘@gr?@molecw&wigm 'gaagﬁéq‘reesent

invention is measured by a gel permeation chromatography method (GPC metho calculated in

terms of p |6-solvent- imide (A)J invention
may contaﬁ%ﬁxfgﬁﬁéﬁ%ﬁe 2%%%2%%%%%%%%%%%&?&% an%fhpegrdgllig%%i-lr%e rlﬁ%de without

i iring the effect of th ti tion. th j d [ jamj
mpairng the £fgLl s present nvantion, Examples thetegtinglude a esiug st adiamine

compound exe%p amines containing one benzene 1,4-diaminoberzene,

1,3-diaminobenzene, 2,4-diaminotoluene.and 1,4-diamino-2,5-dihalogenobenzene, diamines
3l e Syt it e Sl ek

bis(3-aminophenyl)ether,bis(4-amingphenyl)sulf one, bis(3-amingphenyl)sulf

one st THBRRERIn et e, TS SEHR BRER T S B R o AE e
bis(3-aminophenyl) sulfide, 2,2-bis(4-aminophenyl)propane, 2,2-bis(3-aminophenyl)propane,
2,2-bis(4-aﬁ%¥6&}erﬂ/})‘?\€§§ﬂu&55?dbane,o-dianisidine, o-tolidine and tolidine sulfonic acids, diamines
containing three benzene rings such as 1,4-bis(4-aminophenoxy)benzene,
1,4-bis(3-aRfiAdfHenoxy)benzene, 1,4-bis(4-aminophenyl)benzene, 1,4-bis(3-aminophenyl)benzene,
a,a'-bis(4-aminophenyl)-1,4-diisopropylbenzeneand o '
a,a"-bis(4-aminoph¥RY ERY BtdiidopfopyiBeRicedidifinds soluble polyimide (A} in

the present invention is obtained mainly from the reaction of
a tetracarboxylic acid dianhydride with a diamine and has a
residue of the tetracarboxylic acid dianhydride and a residue
bf the diamine. In this context, the organic-solvent-soluble
polyimide (A) in the present invention contains a structure
represented by the above-mentioned general formula (1) in a
diamine regidue. Since an alkylene oxide skeleton is highly
filexible, the adhesion of an adhesive composition obtained by
using the polyimide with such a structure to a substrate is
enhanced. From the viewpoint of enhancement in adhesion, the
content of the diamine residue with a structure represented by

the above-mentioned general formula (1) is preferably 20% by



containing four or more benzene rings such as 2,2-bis[4-(4-aminophenoxy)phenyl]propane,
2,2-bis[4-(4-aminophenoxy)phenyl]hexafluoropropane, 2,2-bis[4-(4-aminophenoxy)phenyl]sulfone,
4,4'-(4-aminophenoxy)biphenyl, 9,9-bis(4-aminophenyl)fluoreneand
5,10-bis(4-aminophenyl)anthracene and the like.In this connection, examples of another diamine
residue are not limited thereto. [0023] No particular restriction is put on an acid dianhydride
residue which the organic-solvent-soluble polyimide (A) in the present invention has and examples
thereof inchusie=a sesidue ©f afcaedshatyekide;suchaspyremellie asts-dianhydede (EMDA),
oxydiphthalic acid dianhydride (ODPA), 3,3',4,4'-benzophenonetetracarboxylicaciddianhydride (BTDA),

3,3'4,4-bighepviietracarhaxylie acid dignhyevide , (BRDAN, 3,8hé, 4 «iphgaisidionatetracaeboxylicacid
dianhydride(DSDA), 2,2'-bis[(dicarboxyphenoxy)phenyllpropanedianhydride

(BSAA)A@éﬂ@ﬁﬁg@gﬂp@pyliﬁgneﬂ@ﬁ@%@gﬁf a@@%(drﬁgﬁ (BFRA), or 1less, more
n

1,2-ethylenebis(anhydrotrimellitate) (TMEG) a e like. In this connection, examples of the acid

dianhydrid f@%‘g!&sﬁ@n@bﬁ!ﬂﬂ?:tm%t%io%@s. Among the above-mentioned examples, it is

preferred that the residue of the tetracarboxylic acid dianhydride and the residue of the diamine have a
structure i W, i%h] 1) there are few benzene rings, 2) the molecular weight is large and the volume is
bulky or 3) there are many crooked parts such as an ether linkage. By allowing them to have such a

structure, the inter%ctio&qbet§/é/%eQ1 g)cq{%%ul%%chxaeig%ggggn%?wr%gg g the. g%{‘gﬂiy o(fztl)q?

organic-solvent-so Uble pcﬁylml e inan orgarﬁc solventis enha Ceds% 251
specific examples of CiHy, include a methylene group, an ethylene
group, a propylene group, a butylene group, a pentylene group,
a hexylene group, a nonylene group and the like. Moreover, it
does not need td have a linear structure and in the case where
it is a propylene group, for example, it may be either a
n-propylene group or an i-propylene group. Moreover, in the
cage where it is a butylene group, it may be any one of a
n-butylene group, an i-butylene group and a t-butylene group.
The same holdsg true for an alkylene group with a greater number
of carxbon atoms than that.
[0016]

Examples of the diamine with a structure represented by
general formula (1) include pclyoxyethylenediamine,
polyoxypropylenediamine, polyoxybutylenediamine,
big{4-aminophenoxy)methane, 1,3-bis (4—arﬁinophenoxy) propane,
1,4-bis (4~aminophenoxy)butane,

1,5-bis{4-aminophenoxy)pentane,



The organic-solvent-soluble polyimide (A) in the present invention may be composed only of a
polyimide structural unit or may be a copolymer with another structure as a copolymerization
component in addition to the polyimide structural unit. Moreover, a precursor of the polyimide
structural unit (polyamic acid structure) maybe incorporated. Moreover, it may be a mixture thereof.
Furthermore, a polyimide represented by another structure may be mixed with any of these. In the
case where a polyimide represent ed by another structure is mixed with that, it is preferred to allow the
organic - spivery t1spiuble pplyimidez(A) doberirearpeiated in 50% by mole or more of the content. It is
preferred that the kind and amount of the structure employed for copolymerization or mixing be
selected withpukinapaiting the effeatsof dhe presentdavention. [0026b1yt Fheamethiagofisynthesizing
the organic-solvent-soluble polyimide (A) used in the present invention is not particularly limited and

the polyimide; igsynthesized . kpawn sagtbpds with a diamine and a tetracarboxylic acid dianhydride .
For example, a method of allowing a tetracarboxylic acid dianhydride and a diamine compound (a

portion thesgalmay besubaiesujth.an ahiline deritaival jo ungergo a reaciion at a low

temperature, a method of preparing a diester by a reaction of a tetracarboxylic acid dianhydride and an

alcohol and then allowing, it to-react with adiagine {3 pertian theeeof may be sybstitytpewith an

aniline derivative) in the presence of a condensation agent, a method of preparing a diester by a

reaction of 3 siacalbo/l.a5id dianhuiaiide andn Albob asd ierialquing e carbe! groups

remaining to beacid chlorihated and allowing with a diamine (a portion thereof may be

substituted.with a line derivative the lik tilized.t ar, olyiride rsor and a
known imi ggt@dnnjr:r%girédd %Sa@éab&e’ ut%ll?z%% t%%s%n?h'@éég)zkje the plo ﬁﬂrﬁge %%nﬁth%ﬂgrgcuﬂ&%%%mZ?]

The adhesive.compgsition accordi the present inventi ntai e resi . The
adhesive crblﬁ?pdsiti(grjls' %S’rgt%tfh%ran %%é%y res%%?%v%ﬁ%ﬁ sir?cge the viggégsgl'tti/og?%%e ad'ﬁg(g%é
composition_becomes low until the B-st?%a_, {h%gasegf&%%[%ocg@pr s%i N bﬂndr%n Q een a
material pf@bﬁ?&f’ﬁﬁfor}vﬂﬂg thé RERESVE co pos‘—’lL ion Into a shee?l(agheswe S ee% and a substrate
is enhanced. Moreover, since a crosslinking reaction %ro eeds three-digp,ensionallé/ t%y the hardening
reaction, téFethahicai<trength Srter siof fAe R&at réfstantB Shd the Adhesion 16 a substrate
are enhanced. [0028] Although no particular limitation is put on the epoxy resin_(B) used in the
present inVeMtiGH: R thE VidhA oS bt R iy BRSTRESOGiEd Epc?ﬁéa?ﬁeg%rﬁ‘i&ﬁéﬂ)eratu res
and the mechanical strength after hardening and lowering the thermal expansion coefficient, a
crystalline Bpegy résh i$BrefeREE STRE cry<BIRRE LPBxy T&sinefers 10 8n Epoxy 18sinWith a
mesogenic skeleton such as a biphenyl group, a naphthalene skeleton, an anthracene skeleton, a
phenyl bersoave grrptamia dehzanfidé Yroup. Examples of the product corresponding to such an
epoxy resin include JERYX4000, JERYX4000H, JERYX8800, JERYL6121H, JERYL6640, JERYL6677
and JERYX P399 available from Mitsubishi Chemical Corporation, NC3000, NC3000H, NC3000L and
CER-3000L available from Nippon Kayaku Co., Ltd., YSLV-BOXY and YDC1312 available from
NIPPON STEEL CHEMI@ARCRehTDinMPA032D aviilabke fEormtier Corsdratas artdiie like. [0029]
Moreover, it is preferred that the epoxy resin (B) used in the present invention be an epoxy resin with a
fluorene sketetan-fremithe siewgointssaflefhanging tHendidpefdibilig of a themhdiecoAduetive filler (C)
and enhancing the insulation properties after hardening. Examples of such an epoxy resin include
PG100, CGHERMiCe308M2 6260 and 86250 alalableg frren&sakaiGasCheniigal. Cogyttd., and
the like. [0030] Moreover, it is preferred that the epoxy resin (B) used in the present invention be an
epoxy resin whishi isdiouid ©b marreterpetatste fiem-thei viewpoitie of slexdtility atheE the
B-stageandadhes on strength to a substrate. In this context, the epoxy resin which is liquid refers to an
epoxy resin, withra: viseesity-a{f158-Ras10f lessiatizbiGunder o1 3xdah N m2-andexamples thereof
include a bisphenol Abased epoxy resin, a bisphenol F based epoxy resin, an alkylene oxide-modified
epoxy resin, a.ghycicly! amipe-based epoxysesinang te/like dxamples oithe progpetanssponding
to such an epoxy resin include JER827, JER828, JER806, JER807, JER801N, JER802, JER604,

JER630 angdJERE30L SR available from-Mitsubishi GhemicakCasparation £ BIHLNB40S:
EPICLONS850S, EPICLONB830S, EPICLON705 and EPICLON707 available from DIC Corporation,

lYleﬂ’ YD 28, 263207 N-and, G202 available HopNIPRONS REELHEHEMIEAL: Ge. hidn and the
IKe.

such a gtructure to a substrate is enhanced. Fromthe viewpoint



[0031] Moreover, the epoxy resin (B) used in the present invention may be composed of one kind
thereof and may be used in combination of two or more kinds thereof. The content of the epoxy resin
(B) is preferably not less than 20 parts by weight and not more than 800 parts by weight relative to 100
parts by weight of the organic-solvent-soluble polyimide (A). From the viewpoint of ease of
thermocompression bonding of an adhesive sheet at the B-stage to a substrate, it is more preferably
not less than 50 parts by weight. Moreover, from the viewpoints of lowering the cross-linking density of
the epoxy egsiarpitetharderingrandiesbaseing:the tonghaass of thaadhesivieneompesifioa and the
adhesion strength to a substrate, it is more preferably not more than 500 parts by weight. [0032]
Furthemorgeghasdeping ascelgeatos may.he incerperatediptadheadhegsive gorapesitier according to
the present invention if necessary. By combining an epoxy resin and a hardening accelerator, it is

made possikle,tp gscelerate the hardening akthe sRoxLresia aadde hardepdidnarshertdime. As the
hardening accelerator, imidazoles, polyhydric phenols, acid anhydrides, amines, hydrazides,

polymercapians . Liewis acid-amine Lomple: xfg?? latent hardeaing;accelaratorsrand theslike gay be
C

used. Among these, imidazoles, polyhydri enols and latent hardening accelerators which are

excellent i Al Orgﬁé&% gngfh%%}éeéﬁmgf he:cused praduct age preferablyused, These may

be used alo wo or more kinds thereof may be mixed to use. [0033] Examples of the
imidazoles, ueclud L%@%g!_i%w er%%%ﬁglglggz ql2MZ-A and Curezol 2MZ-OK (the above are
trade names, avaitablé From SHIKOKU CHEMICALS CORPORATION). Examples of the polyhydric
phenols mi}fjgé UMILITE RESIN PR-HF3 and SUMILITE RESIN PR-HF6 (the above are trade
names, avali rom SUMITOMO BAKELITE CO., LTD.), KAYAHARD KTG-105 and KAYAHARD
NHN (the ve are trade names, available from Nippon Kayaku Co., Ltd.), PHENOLITE TD2131,
PHENOLI HENOLITE VH-4150, PHENOLITE KH-6021, PHENOLITE KA-1160 and
PHENOLITE KA 1165 (the above are trade names, available from DICCorporation) and the like.
Moreover, examples of the latent hardening accelerators include a dicyandiamide based latent
hardening accelerator, an amine addret based latent hppdzning accelerator, an organic acid hydrazide
based latent hardening accelerator, ap aromatic sulfoniym salt based latent hardening accelerator, a
microcapsulated latent hardenlng ccelerator anda UV icurable latent hardening accelerator. [0034]
Examples of gh[l) wyandla latent h d ning cceleraé; includ Y7 D Y15 and
DICY50 (the are tra Vairanl éRESI ) AJICURE
AH-154 and AJICURE AH- 162 (t ove are tra m es, available from Ajlnomoto Fine-Techno
Co., Inc.) and the like. Examples of th amine adduct based latent hardening accelerator include
AJICURE PN-23, AJICURE PN-40, ARGURE MY-24 akd AJICURE MY-H (the above are trade
names, available from Ajinomoto Fine-Techno Co., Inc.), Fujicure FXR-1030 (trade name, available
from FUJI KASEI CO., LTD.) and the like. Examples of the organic acid hydrazide based latent
hardening accelerator include AJICURE VDH and AJICURE UDH (the above are trade names,
available frot® AP homoto Fine-Techno Co., Inc.) and the like. Examples of the aromatic sulfonium salt
as the aromatic sulfonium salt based latent hardening accelerator include San-Aid S1100, San-Aid
SI1150 and San-AidiSIHfthgre abbverand &rate) nameseavaikae BonSANSHIN- CHEMICAL
INDUSTRY CO.,LTD.)andthelike. Examplesofthemicrocapsulatedlatent hardening accelerator include
a material preparetl by.capsulatingeschofiheabove-meniibfédhrandenmgyaceeleratornwitha vinyl
compound, an urea compound and a thermoplastic resin. Of these, examples of the microcapsulated
latent hardgnirgiaceeleratrrprepared bydreating the-aminemedduet Haseedratenhbagdenipg accelerator
with an isocyanate include NOVACURE HX-3941HP, NOVACURE HXA3922HP, NOVACURE

HXA3932HR andNQUAE WRE HXA3QA2HRthe aigve-aieritade Aarags.ceaiaie feormASAHI KASE'
CHEMICALS CORPORATION) and the like. Moreover, examples of the DV curable latent hardening

accelerator gggk&gewqeﬂolmga $B 2 @BT UMER:CPayalatie fiors ADEIALQREQRATION) and

the like. [0035] In the case where the hardening accelerator is incorporated into the adhesive

compositiog, {he-content thereef ispreferably natdess hand4 pyt by weighband nohmarg than 35
parts by weight relative to 10 parts by Welght of the epoxy resin (B).

not particularly limited, preferred are amethyl group, anethyl

group, a propyl group and a butyl group. Moreover, although



[0036] The adhesive composition according to the present invention contains a thermally
conductive filler (C). In the present invention, the thermally conductive filler refers to a filler with a
thermal conductivity of 2 W/Tm1( or more at 25C. After a sintered body with a thickness of about 1 mm
and a porosity of 10% or less is prepared, the thermal conductivity of the filler may be measured and
determined in accordance with JIS R1611(2010). No particular limitation is put on the filler as long as it
is a filler like this and examples thereof include inorganic fillers such as carbon black, silica,
magnesiurpiexigdexzine exige calgninanaiugunsm dulFigen koramBpitiides stiganr-earmidesandg silicon
nitride based fillers, metal fillers such as copper, aluminum, magnesium, silver, zinc, iron and lead
based fillers; anddhe likeFhesefilersanayhe vaed alene;euinconabination of plurghfillgss. Moreover,
no particular limitation is put on the shape of the filler and examples thereof include a perfectly
spherical shapesg-spbericghshape acalelike,shape. afiaky shape, afpillike,shape, afiprous shape,
a needlelike shape and the like. From the viewpoint of allowing the thermally conductive filler to be
densely incarpeyaisgl, Rrgfalrastis.adlige with g.q ety spharicalisfiane, K0S Tl ouginutie present
invention, the content of the thermally conductive filler (C) is not less than 60% by volume in the
adhesive ¢ ition. Sinc ontent s .no n.60% by v: th nductivity of
the ad hesi\%?o%;%%\gis%mﬁg t}t{ecg:gm%ie?ght.p? iﬁ%é%e é{pre%ra %yll n%tél%%{ﬁ%!eﬁg%% by
volume. Inétai&zc&fnection, in the case where the adhesive composition is used as a sheet as
described below, the content of the thermally conductive filler (C) in the sheet is not less than 60% by
volume, more prefgrab{lzy Qog: Ieess tharél GQW?) Fyt\ﬁoéutH]iea 9.91%38]2? rTh% c%ng:rg by volumelof the filler is
determined by cal lﬁgtlr%g e Conten gy volume of eac mgrec‘ﬁgntef?or%1 e cd%tgr?tnbeyr\?veight and
specific gravity of each ingredient contained in th zsldhesive composition. In this context, with regard to
calculatingftﬂﬁ%%}éentage content by volume (voﬁ.2 1) of the filler in the adhesive cdHip&&ifion and the
sheet, in the case where the adhesive compagsition and the sheet contain_a solvent, the solvent shall
not be incldded i thet ARzt is 1he Totar BB RTEH by R 8%# e ingredients
excluding the solvent among ingredients contained in the adhesive composition or the sheet is
employed &s the dénsRitRBPERPIHE Perdehtage cHeRs Volund it %iRESs calculated. [0039]
Examples of the method of calculating the percentage content by volume of the filler from the cured
product of thetsReét iRcIBdB X REHIIf UkiliZing thé fofdhiing RReROgr Vi fetr©BRBRK sis, although
not limited thereto. Examples thereof include a method of first allowing the cured product of the sheet
to be heatéd fo 806 t& 900EPEIBWIhg thé résif contem ie dEE0hpE3E Ahax@ngilize, measuring the
filler weight contained, further calculating the weight of the resin, and then calculating the volume by
dividing thé wkightytthexsgelficyravityBofthe fileroi regir apydlcdia it 0B46 , It is preferred
that two or more fillers differing in the average particle diameter be used in combination as the
thermally contlustive- fiker{@)yethis edsé, itispreferied. thatlthe &¥erageparticlevdiatreter of at least
one of the fillers be not less than 6 pm. Since a thermally conductive filler with an average particle
diameter of bgarame more is incorporated, a high thermal conductivity is attained. Moreover, it is
desirable that the average particle diameter be not more than 100 pm. By allowing the average patrticle
diameter ta be r®; maretthapionypm,it B-raade passiple tosdectedge- thei sistace oughness of the
adhesive resin composition at the B-stage and to further increase the adhesive strength. [0041]
Moreover, the-garient of the thermally conductive filler with an average particle diameter of 6 pm or
more is, from the viewpoint of enhancement in the thermal conductivity, preferably not less than 40%
by volume smeres preferabhs Boldass thamSelmutvelume; instheiadhesivei epippasilion.da4this
connection, in the case where the adhesive composition is used as a sheet as described below, the
content of theythegmally conductive filler with an average particle diameter of 6 um or more in the sheet
is preferably not less than 40% by volume, more preferably not less than 50% by volume.

1,1,3,3-tetramethyl-1,3-bis{2-amincethyl}digsiloxane,
1,1,3,3-tetramethyl-1,3-bis(3-aminopropyl)disiloxane,
1,1,3,3-tetramethyl-1,3-bis(4-aminobutyl)disiloxane,

1,3-dimethyl-1,3-dimethoxy-1,3-bis{4-aminobutyl)disiloxane,
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[0042] Moreover, the theimally conductive filler (C) used in the present invention includes two or
more fillers differing in the average particle diameter and it is preferred to contain at least a filler with
an average particle diameter of 6 pm or more and 15 um or less (C-1) and a filler with an average
particle diameter of 30 um or more, more preferably 40 um or more (C-2). With regard to the average
particle diameter of the filler (C-1), as the lower limit,is more preferably 8 pm or more and as the upper
limit, it is more preferably 12 um or less, further preferably 10 pm or less. Moreover, although the
upper limitiofthe averagerparicleydiameterdifibe fitter(Q-2% isyict (mraewdaidekmited di-isspreferably
90 um or less, more preferably 70 p.m or less, further preferably 50 um or less. Since the ally
conductive;fillegs aee incorporated in combination like this, a higher thermal conductivity is attained.
[0043] Moreover, the content of the thermally conductive filler with an average particle diameter of
30 pm or morg, morequetesablyd@ium of mersdshlsep-the vigyypaiat ehanhaneenent i the the al
conductivity, preferably not less than 10% by volume, more preferably not less than 20% by volume.
Moreover,{@gg{g}ge\’/iewpoint of enhancing the withstand voltage, it is preferably not more than 35% by
volume, more preferably not more than 30% by volume. [0044] Moreover, as a thermally
conductive,filler §;9@—bd'%_%%{rh'éﬁﬂ)y‘zﬂU‘sﬁ“@%ﬁ%%@'i&’o%%ﬂ—dlu,cﬁ\l%I'quswgﬁﬁﬂ&an&%ﬁ.l?%@@'e diameter
of 6 pin or more, in addition to those described above, it is desirable that a filler with an average
particle di eitgﬁg%ess than 6 pm be incorporated. This enables the fillers with a small particle
diameter to disperse throughout the empty space between the fillers with a large particle diameter, the
thermally condugtive filler to be more densely incorpara %'nto the % Ive ition, and the
thermal cgﬁggétlg\ﬁé’(%’%ret%%ﬁ%%%g%%%go’s%tio]?ﬂlt%qt?e éﬁl é]r? e%(?%?t ?)%’gﬁ"%ﬁ%g %%%imt of the
average pairtlgle%gz‘gft%r_lﬁ ﬁ:’%ﬁ ggggcijl_aflygt@tg%dc :J,tﬁlg_ {%@ra%gé é(/)aqjtgrj?s%r_lrg%geﬂ é‘urther preferably

0.1 pm or Mbore. iscdnnection, the ‘dverage parti iameter in thé présent invention

refers to an average particé? diameter of primary particles kept from}gﬁm ing.t gether and in the case
where the primaty particles SHIfp 358 et it Fé&s@o@%ﬁﬁﬂg gR tgrg&lgﬁg Jr&gate. Examples
of a method of measuring the average particle diameter of the thermally conductive filler in a paste
compositidififclbbe alﬁn]’é‘f’rlocf‘aﬁ:ﬁif’éb?@ JHRErMGHE PaftitfisSkith a SEM (scanning electron
microscope) or a TEM (transmission electron microscope) and calculating a number average of
particle diaFﬁé}%ﬂ][OO%] As the filler with an average particle diameter of 6 1,m1 or more,
preferred are alumina, boron nitride, aluminum nitride, zinc oxide, magnesium oxide, silica and the like.
It is because theselfillefs*RaVveHfigie fierrhBIVESHeTvity *dnd BFe RigRARZEHeERve-indhcréaSing the
thermal conductivity of the adhesive resin composition. [0047] Moreover, it is preferred that the
thermally comdabivefRara@y used in elsresdattinventionwsel §ilter that the®H of thei@id prepared
when 10 g of the thermally conductive filler is added to 100 g of water is not more than 6.0.
Hereinaftenspieh tcfilep iy somet meshyéfernsd 1oigiiply 48 r'akhermally-esisdicive Mlef With a pH of
6.0 or less" . Since the organic-solvent-soluble polyimide (A) in the adhesive composition has a
residue of arbdsicdunctioral dgioam sbieh ash-amife, theacid-baseimeactons enabletie
dispersibility of the thermally conductive filler to be enhanced. This causes the adhesive force of the
adhesive compositionstolarsultsteaté aftbe harddnmaicibe erdamceindhetheratally, cormhective filler
with a pH of 6.0 or less is not limited by the kind of

weight-average molecular weight of at least one of these needs

only to fall in the above-mentioned range. When the
weight-average molecular weight is less than 5,000, the
mechanical strength is remarkably lowered and the adhesive
gstrength may be lowered. It ispreferably not less than 10,000.
On the other hand, when the weight-average mclecular weight

exceeds 500,000, the viscosity of the resin composition becomes
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the filler itself and examples thereof include a filler on the surface of which many acidic functional
groups such as carboxyl groups and hydroxyl groups are present, a filler prepared by subjecting the
surface thereof to a treatment with a higher fatty acid or a silane coupling agent, and the like.
Examples of the filler on the surface of which many acidic functional groups such as carboxyl groups
and hydroxyl groups are present include carbon black and alumina. From the viewpoint of insulation
properties, preferred is alumina. Such an alumina particle is exemplified by A0802, A0809, A0820,
A0502, AG5D9tend AGEP0tdvailatledrons MonidteghsaCo. Lhtd., Drawted, AM O BAWYWES, DAM-05,
DAW-07, DAM-07, DAW-45, DAM-45, DAW-70 and DAM-70 available from DENKI KAGAKU KOGYO
CO., LTD¢jan thedikebf0048k redMoreoves, thesthermially condustive filleawittoa ptDof.6.0 or less
and other fillers than that may be mixed to use. In the case where they are mixed to use, the content of
the thermatly eonduciivefiller 1dth, aid of£1QnE lessds atefarally mol tessthbgH0% by velume in the
adhesive composition. It is more preferably not less than 50% by volume. Since the content is not less
than 40% @fggl@ﬁ@, it is;nadeipessiblesto enbance-Hie dispersibility gkthe thermallycomductive filler
and to attain higher thermal conductivity. In this connection, in the case where the adhesive
compositign s MsedAs-a sheehas geacribed helowmdhe conienhatihedhednally eenductise filler with a
pH of 6.0 or less in the sheet is preferably not less than 40% by volume, more preferably not less than
50% by v% Slgg)ilg]ae_ The adhesive composition according to the present invention may contain
a surfactant if hecessary and it is made possible to enhance the ability to cover a substrate. Moreover,
a silane COH?BQ% f\gent such as methylmethacryloxy dimethoxysilane and 3-aminopropyl
trimethoxysilane, ‘a titanate chelating agent and the like maybe incorporated into the adhesive
composition in 0.5.15 1% iy weialt ¢0nIept. 109501 - o Next.a methed gtforming. e ahesive
composition according to the present invention into a sheet'will be described. In order to form the
adhesive composition according tg the present inyention into a sheet, for : ial in the
condition ojf%‘ép(i:"nngtélL ?/grn%??’pr%%g%e%]bng m%(zllngatﬁ(eg%f%]ﬁce)fslivoec%or?%gsitall(Zan8 %%?ggs??)ﬁ/legrﬁ %ay be
applied on a, support, dried.and fa/we 1jlnto sheet.éoogsll Qg sgl\t/l@lrgtu I,Esegn hgr%\_jg Igleg_%sé only to be
appropriat&ly “BEIB&EF RIS USHS cabable oF disSolving the above-mentioned ingradients and
examples thereof include ketone solvents such as acetone, methyl ethyl ketone, methyl isobutyl
ketone, cy@bp&RtanShe A W&Sﬁé&&ﬁ&h‘é?’éﬁﬁe?%0|vé@ﬁ§‘§8e%ﬁ%s ,$ﬁ§xanle{1%eilr’la wdfofuran and
diglyme, glycol ether solvents such as methyl cellosolye, ethyl cellosolve, propylene glycol
monomethEEtheFrofyler? gifdaMhBRoethyTERER bropelB ghicot tho utﬂjﬁf‘?éflgﬁd diethylene
glycol methyl ethyl ether, and as other examples, benzyl| alcohol, propanol, N-methylpyrrolidone,
y-butyrolacteme FetRyinEetaits N AeaFREGYIHIMEMIGE Ehd B Iilfa. NIRRT RPERAEER where a
solvent with a boiling point of 120C or less under atmospheric pressure is incorporated, since
deliquoringtediT Bé iffe BIEaZE W temperature %rd‘ﬁﬁ%ﬁ%ﬁr‘(é?'@ﬁééﬁ%ﬁning is facilitd@d. [0052]
Although the method of making the adhesive composition according to the present invention into a
material in the cdagitiémef Befnyls barpstieiaivt pasitlarly IfAiaE preteéd isd e tHotPof mixing
the organic-solvent-soluble polyimide (A), the epoxy resin (B), the thermally conductive filler (C) and
other ingredientsineorpokitad s negdett in thaaboveérhreftioptd RoReatvith a préféIRF agitator, a
homogenizer, a kneader or the like and then mixing them with a bead mill, a ball mill, a three roll mill or
the like froinithe Yiewgdoinpakentiancingtieedispersibility 4f thelthephally donductve fitlar(C). [0053]
Examples of the method of applying a varnish to a support include spin coating with a spinner, spray
coating, rob¢eatingsstrearhprinting andsaxtdating, methbd svith-abladerdoater] aié kaater, a calender
coater, a meniscus coater, a bar coater, a-roll coater, a comma roll coater, a gravure coater, a screen
coater, a slititig soatef eoihetike. ) methane, bis (4-aminophenyl) sulfide,

bis{3-aminophenyl) sulfide, 2,2-bis(4-aminophenyl)propane,
2,2-bis(3-aminophenyl) propane,
2,2-bis (4-aminophenyl) hexaflucropropane, o-dianisidine,

o-tolidine and tolidine sulfonic acids, diamines containing
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[0054] Although a roll coater, a comma roll coater, a gravure coater, a screen coater, a slit die
coater or the like may be used as a coating machine, a slit die coater is preferably used since there is
little volatilization of the solvent on coating and stable coating properties are attained. Although the
thickness of a sheet-formed adhesive composition (an adhesive sheet) is not particularly limited, from
the viewpoints of insulation properties such as the withstand voltage and heat dissipation properties, it
is preferably in the range of 20 to 200 1m. [0055] For drying, an oven, a hot plate, infrared rays or
the like mayhedsednHwndryingtemperaiure and, thelsying tsne neeth onbsxdp hesin-erange where the
organic solvent can be volatilized and it is preferred that such a range in which the adhesive sheet is in

a state of heing ynsured-@riserpheed(siaieaideing at the B-stage) be appropriately set.
Specifically, it is preferred that the adhesive sheet be maintained in the range of 40C to 120C for 1

minute to severg) teng of MinWeaMpeteouars8ueral temperatures may be combinedly used and the
drying temperature may be gradually increased, and for example, a heat treatment may be carried out

at 70C, 80¢ and,90G for I migute.eaah. fA036Ine , Although the support is not particularly limited,
usually commercially available various films such as a polyethylene terephthalate (PET) film, a

polyphenylene sulfide film and a polyimide film, are, t%l) .o[go The combined surface of the
support to ‘fh’e@aduk%)elsslv(éllI cgﬁ%%gﬁ%ﬁ%%?/ bfé %bjﬁ%%gj o%a Kﬁg’]gél freatment with silicgﬁea, a silane
coupling aﬁerg},, gg%uigi_ngm ggelﬁlgg%%p_egt,ﬁpl urea agcd) th {%k%jzne%rger to egh%pnc%tehe adhesion
and the reléase prope ties Wor ver,“although the thickne2or the support is not pa?tlcu?arly limited,
from the vie\évg}g.)g}t‘ r?f‘ gsabilité/é itlis prec;‘erabl%g]rthe ra#%% 2‘c,)f 1'118 to 19(1) 1%“' [oogg% Mé)sreover, the
adhesive shee may%a%e a pré‘fective film to pro?ectt & SUrface theréot This enables the adhesive
sheet surface tpbbe Elo_ge(%tgd from ontaminsamﬁ suc ]as %arba e and dust in the air. [0059]
Examples ft%e &% ctive Tt ine g%oﬁ%flygt ?i%%e fﬁ)rﬁ, gap% ypropylene (PP) film, a polyester film
and the like. It is preferred that the protective film have a small.adhesive force to the adhesive sheet.
[0060]  NéxtCaTéthodd ﬁ%%ﬁﬁ%&%@fﬂa?&egﬁ& SiBers oG IR Adhesive composition or
adhesive sheet according to the present invention will be described with reference to examples. It is
preferred t6 ﬁa@mé%ﬁ%%@&%@gﬁiﬁmr%%%m in the condition of beirig A%4nish as
above to use. First, using an adhesive composition,-varnish, an adhesive composition coating is
formed on ‘dné 'sUﬁféC@%*%WbPéﬁ‘gﬁ%ﬁérto be bonded. Examples of the substrate and the
member include a thin plate made of metallic material such as copper and SUS, a semiconductor
device (a 18ad fraifefartiticteBRaRy thé likey & 5e bonded thereto, and the like. Exaripids of a
coating method of the adhesive composition, varnish include spin coating with a spinner, spray
coating, roff cbatify, sstte@mprintiig BY thelikeh Motedger alhougrethe ébating thigknéssivaries with
the coating procedure, the solid content of the resin composition, the viscosity and the like, it is
preferred tharthes/ainish secapphes sofastotlilow tethickpesssdifaralpmsgrio b Lwaadnot less
than 50 pm and not more than 300 pm. Then, the substrate on which the adhesive composition,
varnish is agpiedtis dried to obtain an adhesive composition coating. On drying, an oven, a hot plate,
infrared rays or the like may be used. The drying temperature and the drying time need only to be in a
range whergtiezgrganic solvent can be volatilized and it is preferred that such a range in which the
adhesive resin composition coating is in a state of being uncured or semi-cured be appropriately set.

Specifically, it is preterped-toi be Taried sut-indbe sange af 50 tonl 50Cfot d mituitieisevaral hours,
residue which the organic-solvent-soluble polyimide (A) in the
present invention has and examples thereof include a residue
of an acid dianhydride such as pyromellitic acid dianhydride
(PMDA) , oxydiphthalic acid dianhydride (ODPA) ,
3,3',4,4'-benzophenonetetracarboxylic acid dianhvdride

(BTDA), 3,3',4,4'-biphenyltetracarboxylic acid dianhydride
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[0061] On the other hand, in the case where the adhesive sheet has a protective film, it is stripped
off. The adhesive sheet and a substrate are placed so as to stand opposite each other and bonded
together by thermocompression bonding. The thermocompression bonding maybe carried out by a
hot pressing treatment, a heat laminating treatment, a heat vacuum laminating treatment or the like.
The bonding temperature is preferably not less than 40C from the viewpoints of adhesion to a
substrate and embedability. Moreover, in the case where the temperature becomes higher on bonding,
since the timepaqyired for hardening tke. pHbesive sheéetkacomes-sharband the usakitityds
decreased, the bonding temperature is preferably not more than 250C. In the case where the adhesive
sheet has @;sippest- thassupport may be stripped off before bonding and may be strgaped, off at any
point of time during the thermocompression bonding process or after thermocompression bonding.
[0062]  ,The sg%t{qfsi%wbmgﬁ&%ﬁﬂw%ﬁ%%ing thus obtained is-fogmed is
bonded to a substrate or other members by thermocompression. The thermocompression bonding

temperalLg,agags only taibe notless ihap thoidlass apsilan \wmperaMe akine resip and is

preferably in the temperature range of 100 to 400C. Moreover, the pressure on compression bonding

is preferably in the.range of ;04,49 10 MPa. Thetie is,nieferably,l speend tp.savarakminutes. [0063]

After thermocompression bonding, heat in the 120C to 400C range is applied to give a cured coating.

This heat eapmentis saied ouLby setingdomnesagiies and oraduplbringregsiog dhg demperature or

setting a temperature range and continuously increasing the temperature for 5 minutes to 5 hours. In

one case, ajl.e hﬁg{t dtﬁ Qe{% iss.%%[ried out af %39(13 lT@zﬂ_gle%{)Oc%gg_[e?{__oominutes each. Moreover,
examples ierecrincluae a me%hodeoﬁlnearr)ly increasing the temperature over a 2-hour period from
room tempﬁéatur to 250C. In this case, the heating temperature is preferably a temperature of 150C
or more an 866¢ or less, and further preferably a temperature of 180C or more and 250C or less.

[0064] With regard to a bonded body thus obtained b feing sub'lected t thern&o%%mgression
bonding, it is desirgﬁfén[ﬂatt}ﬂ‘?e%%%Y%t’rgﬁ&tﬁlt%lﬁg F‘@é@r?% Y §'N}r%m?r§r1ﬁeﬂgg YiewpGint of adhesion
reliability. That of 5 N/mm or more is more desirable. [0065] = Although the thickness of the cured
coating mdy e BBFrSHIRLA sEPSt ik preRrATIH IOV s thar goﬁﬁﬁﬁyﬁ%eﬁﬂgn 588 mm. [0066]

Next, the application of the adhesive composition in the present invention will be described with
reference #6541 E¥&nple, Bift tAd APHIEAIGY §f theé SINESEF Borp dShidHPaddorditftf ® fMESpresent

invention is not limited to the following. [0067] ‘ .
few benzene rings, 2) the molecular weight is large and the

volume is bulky or 3) there are many crocked parts such as an
ether linkage. By allowing them to have such a structure, the
interaction between molecular chains becomes weak and the
solubility of the organic-sclvent-soluble polyimide in an
organid solvent is enhanced.

[0025]

The organic-solvent-scluble polyimide (A) in the present
invention may be composed only of a polyimide structural unit
or may be a copolymer' with another structure as a
copolymerization component in addition to the polyimide

structural unit. Moreover, a precursor of the polyimide
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The adhesive composition according to the present invention can be widely used as an adhesive for a
semiconductor device and is suitably used especially for power IC packaging. Power IC refers to an IC
for power control and it is an IC in which the SiC semiconductor as well as the conventional Si
semiconductor is used, it is an IC driven at higher temperatures compared to an IC for computing, and
it maybe an IC with great calorific value. An adhesive layer is formed by sticking a bonding sheet to a
radiating fin made of metallic substrate or by applying a varnish of an adhesive composition thereto
and dryingsit Aftenwasd, the radipting finis konded to-a deadfsames which iscoage of cefper, of a
semiconductor device on which the power IC is mounted by thermocompression to give the power IC

packagingwiythis;eenneetion, the semicenductordeuige. in therplesenbinseniign1sfensii@edevices in
general which can function by utilizing characteristics of a semiconductor element as well as a device

in which a, sgipiconductorslamentis samnested ieanstpsiala oea da\deeanybich semiconductor
elements or substrates are connected each other, and an electrooptic device, a semiconductor circuit

board and gleciranic. parts coptaining, herm ase allincluded inthe,semicenductor davicg.examples

[0068] Hereinafter, the presentinvention will be described in detail on the basis of Examples, but

the presen; inveption is not limjted.thereto. In {his egnnestion the.details,f raw mgterialgdepresented

by the abbreviation in each Example will be shown below. [0069] <Raw materials for polyimide>

0DPA: 4 &-onipiinalie gl dahusdeavolapla SOmMANEG 9L BANEIrca 4n 01

2,2-bis(3-a%:i%o oxyphenyl)hexaflu opane (available from AZ Electronic Materials Co., Ltd.)

MBAA: [bi _(g}-%gﬁréo-?,-carbl%ygé%%%%methtaget(z_avag%blle fr&@gﬁ%@ggn&%ﬂ%léo%g%go” Ltd.)

SiDA:bis( mlnopro%lyl)(?gtram iloxane  (available fro tsu Co., Ltd.)
MAP: 3-amingphenol (available from TOKYO CHEMICALI@USTRY ?O. LTDé) .
Elastomer® %18%}%& a etﬁ‘y éenés ructure employed ILor copolymériZition or

mixing be selected without impairing the effect of the present
invention.
[0026]

The method of gynthesizing the organic-solvent-soluble
polyimide (A) used in the present invention is not particularly
limited and the polyimide is synthesized by known methods with
a diamine and a tetracarboxylic acid dianhydride. For example,
a method of allowing a tetracarboxylic acid dianhydride and a
diamine compound (a portion thereof may be substituted with an
aniline derivative) to undergo a reaction at a low temperature,
a method of preparing a diester by a reaction of a
tetracarboxylic acid dianhydride and an alcohol and then
allowing it to react with a diamine (a portion thereof may be
substituted with an aniline derivative) in the presence of a

condensation agent, a method of preparing a diester by a
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oxide-di-para-aminobenzoate D-400: polyoxypropylenediamine (available from BASF Japan Ltd.,
trade name "Jeffamine" D-400, the material represented by general formula (1) wherein n =5 to 7).
[0070] <Epoxy resin> EPICLONS850S: a bisphenol A based liquid epoxy resin EXA-4850-150 : an
oligomer type modified bisphenol A based liquid epoxy resin (available from DIC Corporation). [0071]
NC3000: an epoxy resin with a biphenyl skeleton (available from Nippon Kayaku Co., Ltd.)

PG100: an epoxy resin with a fluorene skeleton (available from Osaka Gas Chemical Co., Ltd.)
<Thermally sgpduetive fillert e t RBAWBD:ai LN a phdtides (Avedade pasticie adiaribtehdb thermal
conductivity: 26 W/mK) (available from DENKI KAGAKU KOGYO CO., LTD.) A0820: alumina particles

(average pasticle iametero2A rgm dhermakaenepttivive 2P VAQavaitabte fromuadmateghs Co., Ltd.:
brand name Admatechs) A0509: alumina particles (average particle diameter: 9 gm, thermal

conductivity;, 20 WHa K} fvailable from Admatachs-€aq 4t : braadaiame Admateehs) AH502: alumina

particles (average particle diameter: 0.7 gm, thermal conductivity: 20 W/K) (available from Admatechs

Co., Ltd.: hrand name Admatechs)-FAN S0 alminum aikrde: partisdes: (yerags pasiciene
like are utilized to prepare a polyimide precursor and a known
imidization method may be utilized to synthesize the yolyinéid@
from the precursor.

[coz71]

The adhesive composition according to the present
invention c¢ontaing an epoxy resin (B). The adhesive
composition contains an epoxy resin, in which since the
viscosity of the adhesive composition becomes low until the
B-stage, the ease of thermocompression bonding between a
material pre?ared by forming the adhesive composition into a
gheet (adhesive sheet) and a substrate is enhanced. Moreover,
since a crosslinking reaction proceeds three-dimensionally by
the hardening reaction, the mechanical strength after adhesion,
the heat registance and the adhesion to a substrate are
enhanced.

[0028]

Although no particular limitation is put on the epoxy

resgin (B) used in the present invention, from the viewpoints

of enhancing the rheological properties at high temperatures
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diameter: 30 gm, thermal conductivity: 170 W/mK) (available from Furukawa Densi Co., Ltd.) FAN-50:
aluminum nitride particles (average particle diameter: 50 gm, thermal conductivity: 170 W/K) (available
from Furukawa Densi Co., Ltd.) FAN-05: aluminum nitride (average particle diameter: 5 gm, thermal
conductivity: 170 W/mK) (available from Furukawa Densi Co., Ltd.) HP-40: boron nitride (average
particle diameter: 8 pm, thermal conductivity: 40 W/mK) (available from MIZUSHIMA FERROALLOY
CO., LTD) MEN-010T: boron nitride (average particle diameter: 0.9 gm, thermal conductivity: 40
W/m.K) (availabie&one Mitsui Chemieals o hl gk 0072} s8aidening.acceleatorg2PEs
2-phenylimidazole. [0073] <Solvent> 7BL: y-butyrolactone. [0074] The evaluation method in each
of Examples.and £onpaaive sxapples wilk ke showndelew 0078k epoxy resin is

preferred. The crystalline epoxy resinrefers toanepoxy resin

with a mesogenic skeleton such as a biphenyl group, a

naphthalene skeleton, an anthracene skeleton, a phenyl benzoate

group and a benzanilide group. Examples of the procduct

corregsponding to such an epoxy resin include JERYX4000,

JERYX4000H, JERYX8800, JERYL6121H, JERYLE640C, JERYLA677 and

JERYX7399 available £from Mitsubishi Chemical Corporxation,

NC3000, NC3000H, NC3000L and CER-3000L available from Nippon

Kayaku Co., Ltd., YSLV-80XY and YDC1312 available from NIPPON

STEEL CHEMICAL CO., LTD;, HP4032D availakle from DIC

Corporation, and the like.

[0029]

Moreover, it is preferred that the epoxy resin (B) used

in the present invention be an epoxy resin with a fluorene

skeleton from the viewpoints of enhancing the dispersibility

of a thermally conductive filler (C) and enhancing the

insulation properties after hardening. Examples of such an

epoxy resin include PG100, CG500, CG300-M2, EG200 and EG250

available from Osaka Gas Chemical Co., Ltd., and the like.

[0030]

Morecover, it is preferred that the epoxy resin (B) used
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<Molecular weight of polyimide synthesized> By using a solution with a solid content of 0.1% by
weight prepared by dissolving polyimide in NMP and the GPC apparatus Waters2690 (available from
Waters Corp. ) with the following configuration, a weight-average molecular eight in terms of
polystyrene was calculated. With regard to the conditions for GPC measurement, NMP in which LiC1
and phosphoric acid each were dissolved at a concentration of 0.05 mo1/1 was employed as the
mobile phase and the running rate was set to 0.4 ml/minute. Detector: Waters996 System controller:
Waters263hColemp:avesn Yatere T R>B Peermo epatroller Watera T€M i €oluim: i BOSOH grard
comn Column: THSOH TSK-GEL a-4000 Column: TOSOH TSK-GEL a-2500. [0076] <Imidization ratio
of polyimide-syinthesizeds cur&irskdhe iiared abgarptiorn spectim of B polyryerawas hreasured and
the presence of absorption peaks (at about 1780 cnfl and about 1377 cm-) of the imide structure
derived fram pelyinide wasipesfimred cNexly the nolyneiiwas subjectgctegikeatireataent for 1 hour
at 350C, after which the infrared absorption spectrum was measured again and the peak intensities at

about 137¢ gm-d:hefore-and aftgs the heat iregtment wers-compaged By agswaingthat the imidization
ratio of the polymer after the heat treatment was 100%, an imidization ratio of the polymer before the

heat treat”a‘.e”ti""%%Q?gﬁ:‘g@eﬁswoﬂlé%tlc‘fi'égsgr%@?r%“bs‘&?ﬁ@ei . 010 aphesve,composition

prepared in each of Ex ples and Comparative Examples was applied onto a PET film with a

thickness 935 o yaina 2 camma ol gealehand dieditA0iminyigs 2 100G aftes which as a

protective film, a PP film with a thickness of 10 gm was laminated to obtain an adhesive sheet. Coating

was carried out so.that the esive s L ag a I'Hck% sqf feQ{Q'AQ‘:?%%q theprotective film
was strippgdqaﬁsﬁ1%etﬁgt%a$£il§ﬁe&wa C?an‘?ina?edgL on azieaet]éfcoppeﬁoil (NA-\(/)LP with a thickness
of 15 pm: available from MITSUiI MIN NE; & SMELTING.CO. LTD% usin& a laminating.machine

e51

(VTM-ZOOﬁPa%Q/}%\"ﬁaEFeSf}gm Takaton grpoa}glt}éln ur?dse?(%hgpc%}ﬁﬁitlons of a stage temperature of 130C,
a roll temperature of 130C, %Iamlna mg spéaed of 2 mmc{iecor%% and an agpge%gressuge of 0.4 MPa.

Then, one TR &RRHSh RahESR e Ereet ab FSRain SUC

Qxr C. Il . I LI .
6eS Aot remain on the suppor fiffin' and 18 Stuck on copper foil
when the support film is strigj ed off is defined as being good (0) and_another one iﬁf‘{‘éhé‘ﬁh an

adhesive sHRBLHHE 1058 Btk aHGFEmAms DR the Supporttim'is dEfifed s beifig pooF (). [0078]

JER604, JER630 and JERE630LSD available fromMitsubishi Chemical |
Corporation, EPTICLON8405, "EPICLON850S, EPICLON830S3,

EPICLON705 and EPICLON707 available from DIC Corporation,

¥YD127, YD128, PG207N and PG202 available from NIPPON STEEL
CHEMICAL Co., Ltd., and the like.

[0021]

Moreover, the epoxy resin (B) used in the present
invention may be composed of one kind thereof and may be used
in combination of two or more kinds thereof. The content of
the epoxy resin (B) is preferably not less than 20 pa;:ts by weight
and not more than 800 parts by weight relative to 100 parts by
weight of the organic-solvent-soluble polyimide (&) . From the

viewpoint of ease of thermocompression bonding of an adhesive
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<Adhesive strength> A protective film of a bonding sheet obtained in the above-mentioned
manner was stripped off and the bare plane was laminated on a sheet of copper foil using a laminating
machine under the conditions of a stage temperature of 130C, a roll temperature of 130C, a laminating
speed of 2 mm/second, and an applied pressure of 0.4 MPa. After the support film was stripped off,
the adhesive sheet was placed on a hot plate at 180C so that the copper foil faces downward and held
there for 30 seconds. Afterward, another sheet of copper foil was laminated on the heated adhesive
compositighaed subjecteddodhermocompressisnimnding forik minute pndéea phdssuteof 0.2 MPa.
Following this, the composition was thermally cured over a 1-hour period in a hot air circulating dryer
at 180C. Gopper foiben onerside of the lanmigate. thuscakiained onty wastetehed andeemoved with an
aqueous ferric chloride solution and was subjected to fabrication for a circuit with a line width of 5 mm.
Afterward & strip.ef-goppereilwigy 3 widhkatk; ramryas publeddipwashing direction £t 89C to the
laminate with a push gel gauge to measure the adhesive strength. [0079] < Thermal conductivity>

A protective filmLof;a.Bonding shaetobtaingd inthe abeveyrieadigned mamner wasissipped of f and the
bare plane was laminated on a sheet of copper foil using a laminating machine under the conditions of

a stage teperature qf.}30Gaa roll iempematye ot 130Eralaminating- shaed, of 2 muvseeend, and an

applied pressure of 0.4 MPa. After the support film was stripped off, the adhesive sheet was thermally
cured over.l bout .3 o3t ifglating chyer o 10C- 3 e whgle sgeper foi on the laminate thus
obtained v%%sgetc%é%a d removed with an aqueo]u1§s ferric ¢ Iorideés;olution to obtain a cured product of
the adhesi\ﬁa é:g position with a thickness of 120 rim. Afterward, the thermodiffusion coefficient of the
cured product Was measured using the laser flash thermal diffusivity measuring apparatus LFA447
available from NETZSCH Japan K.K.,Maoreover, th i |39 gwt% ftgg qured product was
measured by an A-%f “fr%gﬁ’ééﬁ) Riethod %%5 Re Jélf)lgc%i%ge% o?qt{he cu%d product v%s measured by a
DSC method to calculate the thermal conductivity according to.the equatior. such that %%r{nodiffusion
coefficient %%CifWSraﬁ h5<€"zégp}evc(?1‘ic %%%%?Qf%let&eor%enﬁacgcggo%gﬁt blé{\slollrj:rrﬁlee of"f?%ﬁl er was

determined by dividing the weight of each of the in%ﬁiients of the resin comrposition acgjed by the
|

specific graviABcHRiLIE (e GEIRRTE Yo0s01<\WitH&taRd VeItdges"P *X cuFéd product SF an

adhesive composition was obtained in the same manner as ahove except for illowing thﬁ cured
product of BR%EPRERE GFRSISHGT B have althickAiess BP 566 Bm. WAtk fsgard 16 tie product, the
withstand voltage at a temperature of 23C and a relative humidity of 50% RH was measured using the
withstand VE@etessh@Ecvie TOBSLFENNMNE i IKESULELER TRENAES ETRP. The
measurement was carried out at a rate of voltage increase of 5.0 kV/second by an alternating current
and a voltdye FlasiredantRatiAreRher ahlecitl eaFerttst 0 R Hhére RBREE Was defined as
the withstand voltage. [0081] The polyimide used in each of Examples and Comparative
Examples was Syrthbsided desordii-ietthe fOGWIRG AttHod JOGYPIERGRRpRES .  LEE300-ml
four-necked flask equipped with a stirrer, a thermometer, a nitrogen inlet tube and a dropping funnel,
under a niteagieh-atmiospheranwersesacdd: 105 68 paTEBL afd 3¢ ARy »F TP Alfle FiRkture being
stirred at 60C and dissolved. Then, to this, 29.71 g of Elastomer 1000, 2.98 g of SiDA and 1.47 g of
BAHF were atded=ar GRCeithi stirrimgpand stiered formildauro Eekowirey thiy drd miRRBEWES heated to
180C and stirred for 2 hours, after which it was cooled to room temperature to obtain a polyimide
solution A (gelid qertenitof BA:0% hinweighty: Theraeight-avdrage malecularweight of théipolyimide
was determined to be 29,000 and the imidization ratio was determined to be 991).

storage stability and heat resistance of the cured product are

preferably used. These may be used alone or two or more kinds
thereof may be mixed to use.

[0033]

Examples of the imidazoles include Curezol 2MZ, Curezol

2P%, Curezol 2MZ-A and Curezol 2MZ-CK (the above are trade
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[0083] To 20.83 g of the polyimide solution A obtained in the above-mentioned manner, were
added 12.5 g of EPICLONS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed
and stirred. To this, were added 180 g of A0820 and 25 g of MBN-010T and a process in which the
mixture is kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a
viscous liquid. The resulting adhesive composition was measured for the sticking property to copper
foil, the adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned -
manner. [Q2844 Example:2 1ablle a Ibsiml fan:necked flaskepquipped withrestizrerLathermometer, a
nitrogen inlet tube and a dropping funnel, were placed 138.53 g of yBL and 14.74 g of ODPA under a
nitrogen apesphese, the mbxureheinagtred ant gdissolved at60Ge Themto this, 374 of
Elastomer 1000, 6.53 g of D-400 and 1.83 g of BARE' were added at 60C with stirring and stirred for 1
hour. Following: thissthe mixiyteiwas heatad 191806 andiingador 2haurs-after whighdt,was cooled
to room temperature to obtain a polyimide solution B (solid content of 30.0% by weight). The
weight-average glecular yeightafibapelyimide was-determired to pR26:800,apddhe dpidization
ratio was determined to be 98%. With 20.83 g of the polyimide B thus obtained, each of the ingredients
was mixedjp the same.manRakas iLExample. 140 obtain an adhesive composigon. Thecgesulting
adhesive composition was evaluated for the sticking property to copper foil, the adhesive strength, the

thermal copglisivl®yand fhe withstandsvoliagediiie aovasmeniioneliiaaars (8l fgample 3

In a 300-ml f6ur-necked flask equipped with a stirrer, a thermometer, a nitrogen inlet tube ‘and a

dropping f%ﬁ?ﬁﬁ:ﬁ‘d‘* 4094 @Ed&}jegogff %ﬁ@@g@&aﬂ[q& ’g%;é%sphere, the

mixture being st issolved at . Then, to this, 29. astomer 1 g of SiDA

and 1.15 ere a at 60C with stirring and stirred for 1 hour. Fallowing this, the mixture
was heatgg%{éﬁgg\@rgn@ﬁggg%orﬂf ﬁ%u?si? Qfter %v%elcﬁﬁ%vé;es EGRNES to ?ggrﬁgr%%%grgﬁ%n to obtain a
polyimide solution Crésolid,co tent of 30.0%. by wej hft)' The weight-average mqlecular weight of the
Pobimide WS SERERRTRS b SR SO A the IGtFSTore At RRARe bt o B §656 Wit
20.83 g of the polyimide C thus obtained, each of the ingredients was mixed in the same manner as in
Example TRHEMYSH Adrssne 8B5MbBsitiBh 1 #AE rés AAEETE B5mBBERiE Wk aluated for

the stickin%gro erty to copper foil, the adhesive strength, the thermal_conductivity and the withstand
voltage in &g'ﬁﬁ-ﬁéﬁi%ﬁéérﬁﬁﬂﬁer.%oﬁﬁ}ﬁﬁ gt baggddaBsnfoffkdSlyiiide solution
A obtained in Example 1, were added 12.5 g of EPICLON850S, 6.25 g of EXA-4850-150 and 0.8 g of
2PZ, the niRtfd BEMETHixRFaRd SHfted. FotHid Yibrd atdRPEsTg 3@&%4@%@@@%
MEN-010T and a process in which the mixture is kneaded with a three roll mill was repeated 5 times to
obtain an &dteshrRIEdRposRBiaSBALSCOES iden i THesedtithrEathdsiveebmpasiGon Was evaluated
for the sticking property to copper foil, the adhesive strength, the thermal conductivity and the
withstand eottegiednatieabove HightreBsnaaiad [og7gnt hardening accelerator

and a UV curable latent hardening accelerator.
[0034]

Examples of the dicyandiamide based latent hardening
accelerator include DICY7, DICY15 and DICY50 (the above are
trade names, availlable from JAPAN EPOXY RESINS CC., LTD.),
AJICURE AH-154 and AJICURE AH-162 (the above are trade names,
available from Ajinomoto Fine-Techno Co., Inc.) and the like.
Examples of the amine adduct based latent hardening accelerator

include AJICURE PN-23, AJICURE PN-40, AJICURE MY-24 and AJICURE
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Example 5 = To 20.83 g of the polyimide solutionA obtained in Example 1, were added 12.5 g of
EPICLONS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed and stirred. To
this, were added 180 g of A0O509 and 25 g of MBN-010T and a process in which the mixture is
kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a viscous
liquid. The resulting adhesive composition was evaluated for the sticking property to copper foil, the
adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned
manner. [0888} Examplesdove Tazd .1Bgof therpalyimidessalatidreA htained; ivlexample 1, were
added 12.5 g of EPICLONS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed
and stirredr fothiss avare adeled 18Gg©f A0502:81d22 ¢ offEN:QEQT andpepcassnie ywhich the
mixture is kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a
viscous ligyigh Thedesultingradhesivexe@mposiion wasevaluaieddaethe: stickingpaarsresto copper
foil, the adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned
manner. [Q089] Examplg 4= <10 2083 g Rfthe:palyinide sglition G ebtainediinExamale 3, were
added 12.5 g of EPICLONBS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2P2, the mixture being mixed

and stirred, Tothis, were addeq 180 9-6f ARRPY B h 2 hofMENEOEBT andia Rrgsees dn-which the

mixture is kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a

viscous liquid, Jhe igauling.ahesius, corppagion s evaluaierlor dug,sicking preperty to copper

foil, the adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned

manner. [0090] Example 8 T0 3 g-of the polyimide soluti ai in le 3, were
added 12.é‘ﬁ%f%&rgﬁgﬁssog‘%@gS%f%xé%ssgf%%’%gaés o&g%%’ 2%%{‘, tﬁggr%ix%r(e ging mixed
and stirred. To thicsi were ?gded 180g %ftﬁ%saqgégs ancf AN-30_and 25 g of MBN—(Q}_;OT and a process

F
. . AL Om C 38U niu ent. nes é%nln acce ato .
in which tHe Rixtures RReaded with 3 three roll mill was repea 805 times to obtain an adhesive

composition as a viscous liquid. The resulting adhesive composition was evalyated for the sticking
picoperty tE)ri:?ﬂ)EgFf(ﬁlc?ﬂf@‘&(‘i*dhégsﬁeogt‘rer%gfj”t%,'al%hjécejthée(?n:'Llalg)T(lo‘_”Lch](éc#\'—?‘ﬁ?ﬁ/“ar%(}i!1 tf#e%\]i:tvﬁjﬁst%gevoltage in
the above-mentioned manner. [0091] Example 9 To 20 . 83 g of the polyimide solution C obtained
in Examplé8oWRR7dE4 13 Y I EPIEEONES0S 6 28 g ol EXA 4850 150 3nd 0.8 612PZ, the
mixture being mixed and stirred. To this, were added 180 g of A0509, 66 g of FAN-30 and 25 g of
MEN-010T¢8hd & BRoce88th Wifichithe mixEhae kRg afe § WA Lth R RIT AT Ss RpERkd 5 times to

obtain an adhesive composition as _ ‘
hardening accelerator include a material prepared by

capsulating each of the above-mentioned hardening accelerators
with a vinyl compound, an urea compound and a thermoplastic
resin. Of these, examples of the microcapsulated latent
hardening accelerator prepared by treating the amine adduct
based latent hardening accelerator with an isocyanate include
NOVACURE HX-3941HP, NOVACURE HXA3922HP, NOVACURE HXA3932HP and
NOVACURE EXA3042HP (the above are trade names, available from
ASAHI KASEI CHEMICALS CORPORATION) and the like. Moreover,
examples of the UV curable latent hardening accelerator include
OPTOMER SP and OPTOMER CP {availéble from ADEKA CORPORATION)

and the like.
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a viscous liquid. The resulting adhesive composition was evaluated for the sticking property to copper
foil, the adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned
manner. [0092] Example 10 In a 300-ml four-necked flask equipped with a stirrer, a thermometer,
a nitrogen inlet tube and a dropping funnel were placed 127.61 g of liBL and 13.18 g of ODPA under a
nitrogen atmosphere, the mixture being stirred and dissolved at 60C. Then, to this, 37.14 g of
Elastomer 1000, 3.73 g of SiDA and 1.43 g of MBAA were added at 60C with stirring and stirred for 1
hour. Follopding $his, the mixture was heated to 180C and stirred for 2 hours, after which it was cooled
to room temperature to obtain a polyimide solution D (solid content of 30.0% by weight). The
weight-average maleculgraveighi£f thespelyimidennas detessinagto be-12 000anskthe imidization
ratio was determined to be 99%. With 20.83 g of the polyimide D thus obtained, each of the
ingredients wasmxeddRhe-samernanes asia Exapels 9 1oabtainanadhestve kempesition. The
resulting adhesive composition was evaluated for the sticking property to copper foil, the adhesive
strength, the thegpal %Lygyl%rgdst%%ftﬁt%nga@@q%e irtherabavermentianed manner. [0093]
Example 11 To 20.83 g of the polyimide solution D obtained in Example 10, were added 12.5 g of
EPICLONG305,0.25 810! NG3A00.A000.8.0.0F 8P% dNBBXLIEs, elogdReEaBSIERA. ] O this, were
added 180 g of A0509,°66 g of FAN-30 and 25 g of MEN-010T and a process in which the mixture is
kneaded wit I}pr E)roll mill was repeated 5 times to obtain an adhesive composition as a viscous
liquid. The'résulting adhesive composition was evaluated for the sticking property to copper foil, the
adhesive sﬂ{?qgm the thermal conductivity and the withstand voltage in the above-mentioned manner.
[0094] Examiple 12 To 20.83 g of the polyimide solution D obtained in Example 10, were added
6.25 g of EPICLO 508381125 %of NC3OOO¢3.2C5 of PGlgO nd 0.8€Oof§|§z, the mixture being
mixed and stirred. oethis, Were added THY gSOJT 9,aé:é:g of FAN-30"and 25 g B MEN-010T and a
process in which the mixture is kneaded with iwee roI(%miII was 'r:%ﬁ ted CSgéignes %o o&tlain an
adhesive coOMOEHSH aS FVigaStR fiqiiaSTHE Tadufting Aehkdive ggsriti ion WHs evaluated for
the sticking property to copper foil, the adhesive strength, the thermal conductivity and the withstand
voltage in BESs58Ve-ATErtORe8 Tnaris?. fota]Exahpigi3uct1¥§ 2bLi8Fy ﬁ#@ﬁ%lﬁﬁiide solution
ID obtained in Example 10, were added 6.25 g of EPICLONS850S, 9.25 g of NC3000, 3.25 g of PG100
and 0 . 8 Poff 2P 2 ethav it e AT AixeaRdStiEt T e i, Werskaadeaosd §oRR0509, 99 g of
FAN-30 and 25 g of MBN-010T and a process in which the mixture is kneaded with a three roll mill
was repeafsds finfestd Hhtdif Gnihesibidbripsatichas § visebudrgut. Fh&FestitthgPadhesive
composition was evaluated for the sticking property to copper foil, the adhesive strength, the the al
conductivity@iresthexvitiisthfl woitakesif the abeeamediohbs magidral conductivity

of the filler may be measured and determined in accordance with
JIS R1611{2010). No particular limitation is put on the filler
as long as it is a filler like this and examples thereof include
inorganic fillers such as carbon black, silica, magnegium
oxide, zinc oxide, alumina, aluminum nitride, boron nitride,
silicon carbide and silicon nitride based fillers, metal
fillers such as copper, aluminum, magnesium, silver, zinc, iron
and lead based fillers, and the like. Thege fillers may be uged
alone or in combination of plural fillers. Moreover, no

particular limitation is put on the shape of the filler and
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[0096] Example 14 To 20 . 83 g of the polyimide solution ID obtained in Example 10, were added
6.25 g of EPICLONS850S, 9.25 g of NC3000, 3.25 g of PG100 and 0.8g of 2PZ, the mixture being
mixed and stirred. To this, were added 180 g of A0509, 66 g of FAN-50 and 25 g of MEN-010T and a
process in which the mixture is kneaded with a three roll mill was repeated 5 times to obtain an
adhesive composition as a viscous liquid. The resulting adhesive composition was evaluated for the
sticking property to copper foil, the adhesive strength, the thermal conductivity and the withstand
voltage in the=aovesmemionedimannelJ08974 Exsanglectbly  ighe@-i 83 g obtheralyimide solution
D obtained in Example 10, were added 6.25 g of EPICLONS850S, 9.25 g of NC3000, 3.25 g of PG100
and 0.8 g fAR4 tha mixtiredeingdnixed anesstyrechel 0 this1 wrre added 189 gof ADBRS, 99 g of
FAN-50 and 25 g of MBN-010T and a process in which the mixture is kneaded with a three roll mill
was repeatgaes Emes fq ghtain W,Si&er‘f@@&@iti%a§ﬁa lscaysiliguid. TheJsesulting,adhesive
composition was evaluated for the sticking property to copper foil, the adhesive strength, the thermal

conductivity;and the withstand ¥oliage,in the abave-meniioned mannel-Exgmpig 16 +[020.83 ¢
of the polyimide solution A obtained in Example 1, were added 6.25 g of EPICLON850S, 9.25 g of

NC3000, 325 4.0126100n0.0.8.0 01 3P 7, e Sixbie g mpier apelsligeg. Todhie, prere added
180 g of A0509, 66 g of FAN-50 and 25 g of MEN-010T and a process in which the mixture is kneaded
with a thregé%lég’glgyfsgﬁa %tged 5 times to obtain an adhesive composition as a viscous liquid. The
resulting adhesive composition was evaluated for the sticking property to copper foil, the adhesive
strength, t}}eggéeﬁ]al conductivity and the withstand voltage in the above-mentioned manner. Example
17 Ina -ml four-necked flask equipped with a stirrer, a thermometer, a nitrogen inlet tube and
a dropping funnel were placed 128.53 g of 7BL.and 13,18 g of ODPA under a nitrogen atmosphere,
the mixture being s\%ﬁlre Sn8 disso v%edg éltvé)d&}ﬁqne‘n, (%lefh%,ogjf .eiﬁtg %))fg| E%%?on%%?% , 3.73 g of
SiDA and 1.83 g of BAHF were added at,60C with_stirring and stirred for 1 hour. Following this, the
mixture waSHEAIES 1 $86¢ arftEstirteld fof 21 0urd S5 wifith A 85aP¥odi8d ¥ Fooh téfiperature to
obtain a polyimide solution E (solid content of 30.0% by weight). The weight-average molecular weight
of the polyRhBE WadERPRfTd-tbBe 13506t andhfe Sritization AtAvas et /minBd%8 e 99%.
With 20.83 g of the polyimide E thus obtained, each of the ingredients was mixed in the same manner
asin Exanﬁirevﬂlw“@bt&ﬁ%ﬁ%ﬁﬁ@ﬁ%&%ﬁ&‘sﬁﬁb’ﬁﬁ%@%@?&ﬁiﬁ&%ﬁﬁé&@&&ﬁ?ﬁﬁéﬁﬁéﬁ@vas
evaluated for the sticking property to copper foil, the adhesive strength, the thermal conductivity and
the withstahel 90ItRjesid e BBEGRMEAEDhed AadfeRE@mpRIEg AL Ly a1 IE§Bfthapolyimide
solution D obtained in Example 10, were added 9.25 g of NC3000, 3.25 g of PG100 and 0.8 g of 2PZ,
the mixtureé B&ingyived ung stirréd. T his, Weraeddedn80¢of AB509266 gWiFAN-5band 25 g of
MBN-010T and a process in which the mixture is kneaded with a three roll mill was repeated 5 times to
obtain an adhesvevompopitioh asaam vist el aidl. & b eedukingdadimusiveecolmpbsitiortdvas evaluated
for the sticking property to copper foil, the adhesive strength, the thermal conductivity and the
withstand abtagent thé dieyve-hmantiohésd mandeictive filler (C) in the sheet is

not less than 60% by volume, more preferably not less than 65%
by volume.
foo3sg]

The content by volume of the filler is determined by
calculating the content by volume of each ingredient from the
content by weight and specific gravity of each ingredient
contained in the adhesive composition. In this context, with

regard to calculating the percentage content by volume (vol.
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Example 19 To 55.0 g of the polyimide solution D obtained in Example 10, were added 6.25 g of
NC3000, 2.25 g of PG100 and 0.8 g of 2PZ, the mixture being mixed and stirred. To this, were added
180 g of A0509, 66 g of FAN-50 and 25 g of MBN-010T and a process in which the mixture is kneaded
with a three roll mill was repeated 5 times to obtain an adhesive composition as a viscous liquid. The
resulting adhesive composition was evaluated for the sticking property to copper foil, the adhesive
strength, the theLirlal conductivity and the withstand voltage in the above-mentioned manner. [0098]
Example 28) of T&20:83 geaf the polyinidgesoiutioncbrpliaineddn Examplesl @Haere, added 6.25 g of
EPICLONS850S, 9.25 g of NC3000, 3.25 g of PG100 and 0.8 g of 2PZ, the mixture being mixed and
stirred. To this, wakagdedL6the f ANSHO NG hoefiMENIOLIAE aka Preeass-ivrwaich the mixture
is kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a viscous
liquid. The zesyitingadhesivescompasitignwaspualyated fan thestickingPropedy 1 cogper foil, the
adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned manner.

[0099] Example 21 +nLo20-83 gef thepelyimidg selytion A pltained in.Example 1. wee added
12.5 g of EPICLONS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2PZ, the mixturé being mixed and

stirred. To fhjs,were-added 180 9 0082033 g of FAN:3] and 25 G of MEN-Q10] and,g.process in

which the mixture is kheaded with a three roll mill wasrepeated 5 times to obtain an adhesive

composition 5. yisus,liguid - T, resulting adbesive, ftion.was,evajuated:for the sticking
a th, the thermal con

property to copper foll, the esive streng ctivity and the withstand voltage in the
above-mentione annerijé)lo %1 Example, 22 T020.83 g ofthe p imidae. lution A obtained in
Example 1?\1}v§redta%:%ecp 3. @g'? (E)) %E’ICE%?\%?@%, 53.55 éf %? Eg?%ﬂg 0- an Jé%egf"of %52, the
mixture being mixfgtaenéj stirred. To this, were added 120 g of A0820, 33 g of FAN-30 and 25 g of

MBN-OlOTCar%‘(ff'ét1 process in which the mixture is kneaded with a three roll mill was repeated 5 times to

obtain an adhesive composition as a viscous liquid. The resulting adhesive composition was evaluated
for the stic iﬂa?’p%perty to copper foil, the adhesive strength, the thermal conductivity and the
withstand voltage in the above-mentioned manner. [0101] Example 23 To 20.83 g of the
polyimide solution BGSHRHEY it ExGRpIEEWER £oled® 3 4t Bl CEBRSBBEC BTG bf
EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed and stirred. To this, were added 120 g of
A0820, 33 GBFFAN-G% aHa 287§ of MERSD L0 4Rd afBidReEEt GG RifiGe Rikridiied with a
three roll mill was repeated 5 times to obtain an adhesive composition as a viscous liquid. The
resulting agi€Sife comigdsifien was eveiirdted for te stickingisrbperty tedppdrfbil cigtsthesive

strength, the thermal conductivity and the withstand voltage in the above-mentioned manner. [0102]
thermogravimetric analysis, although not limited thereto.

Examples thereof include a method of first allowing the cured
product of the sheet to be heated to 600 to 900°C, allowing the
resin content to decompose and volatilize, measuring the f£iller
weight contained, further calculating the weight of the resin,
and then calculating the volume by dividing the weight by the
specific gravity of the filler or resin to calculate it.
[0040]

It is preferred that two or more fillers differing in the
average particle diameter be used in combination asg the

thermally conductive filler (C}. 1In this cage, it is preferred
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Example 24 To 20 . 83 g of the polyimide solution A obtained in Example were added 12.5 g of
EPICLONS850S, 6.25 g of EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed and stirred. To
this, were added 140 g of FAN-30 and 25 g of MBN-010T and a process in which the mixture is
kneaded with a three roll mill was repeated 5 times to obtain an adhesive composition as a viscous
liquid. The resulting adhesive composition was evaluated for the sticking property to copper foil, the
adhesive strength, the thermal conductivity and the withstand voltage in the above-mentioned manner.
[01031 Exampte25e avdhau300amt fatrenacketiiask equippedanithansticer: Baternoseter, a
nitrogen inlet tube and a dropping funnel, under a nitrogen atmosphere, were placed 104.00 g of yEL

and 20 . 639 pf,ORRA:the Mmiure beirg stiked at80Ganthdissalved: Thens ta this; §6:g of
Elastomer 1000, 13.92 g of SiDA and 2.56 g of BAHF were added at 60C with stirring and stirred for 1

hour. Fo”%”ﬁ\ﬂ%@&%@ %&Q&FH%‘W@SM‘%@;E&?@@C@%%E%&E 2;hourscaftesahich it was cooled
to room temperature to obtain a polyimide solution F (solid content of 30.0% by weight). The
weight-average golecylaryueight of dhe polyinige was determingd to pe 314Q0and;the jmgidization
ratio was determined to be 98%. With 20.83 g of the polyimide F thus obtained, each of the ingredients
was mixed4n the same tanperas inExamale L 1q obtaln a0 adhesivecompositions Thggesulting
adhesive composition was evaluated for the sticking property to copper foil, the adhesive strength, the -
thermal conductivity and the withstand voltage in the above-mentioned manner, [0104] Example 26

To 20. 83 éf % t#é“polyﬂi%iﬁés%‘dﬁgﬁ Bt\é’t?ta%’e%riﬁgfxa?ﬁﬁ% Jz‘fe%/veergla%‘é%%eﬁ.g‘[a ch?feEﬁ‘f& ONB850S,
6.25 g of EXA-4850-150 and 0.8 g, of 2PZ, the mixture, being, mixed and stirr% .To thi% were added
150 of ABEEE SPG o VANLSD and 2etg BREREOTT A B o b R Rt R et e 1 knoaded
with a three roll gill was ré-:‘p%ated d%times to obtain an adhesi\t/e com@o%lhioans fElrviscous iquid. The
resulting athEs @%8ﬁ1p?osiﬁo% Was evaliatéd F’olrl%hgosr?r%ﬁﬁé plrgg’e‘?ty to ceoppesr %ﬁethaenadhesive
strength, the thermal conductivity and the withstand voltage in the above-mentioned manner. [0105]
Example 27° furfﬁ@ﬁdﬁ@ﬁ§§%ﬁﬁlp%§ﬁio% StRined i g&%ﬁﬁﬁz’l was applied on a sheet of copper
foil using a bar coater and dried for 30 minutes in a hot air dryer at 100C. In this way, a laminate
prepared bE/Oeﬂf%)Wing an adhesive composition with a thickness of 120 im to be stacked on the sheet of
copper foil was obtained. The laminate was placed on a hot plate at 130C so that the copper foil faces
downward. AnothefRRBEVEFcofbsr FFFWEE ELperiniso58E Bidhd R RIRECEIniBositiohnd pressed
for 5 minutes under a pressure of 0.4 MPa. Afterward, the laminate was thermally cured for 60 minutes
at 180C. THé tanimarthus obtained Whseddlaarieor tie diiesive BaEAgU andThe: thlygnal
conductivity in the above-mentioned manner. Similar results to those of Example 1 were obtained, for
the adhesivé eweagihtio coppetfdipnasaermindd tohe s 2tRpnahd themBatal ¥afiductivity was
determined to be 6.6 W/mK. Moreover, the withstand voltage of a laminate prepared by allowing an
adhesive qonsiositionlyithcd thiekaeskast 2005 phy tobeustackedsh prstfet b Egpper folf i¥the same
manner as above was measured. A similar result to that of Example 1 was obtained, for the withstand
voltage wasldeterlifeddp bec2 Gniey,. [(106} Bramgles28ve 3Pmposition. In this

connection, in the case where the adhesive composition is used
as a sheet as described below, the content of the thermally
conductive filler with an average particle diameter of 6 um or
more in the sheet is preferably not less than 40% by volume,
more preferably not less than 50% by volume.
[0042]

Moreover, the thermally conductive filler (C) used in the

present invention includes two oxr more fillers differing in the
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With regard to the adhesive compositions obtained in Examples 8 to 19, the same procedure as in
Example 27 was performed and the compositions were evaluated for the adhesive strength, the
thermal conductivity and the withstand voltage. In each of Examples 28 to 39, similar results to those
of each of Examples 8 to 19 were obtained. [0107] Comparative Example 1 In a 300-ml
four-necked flask equipped with a stirrer, a thermometer, a nitrogen inlet tube and a dropping funnel
were placed 106.45 g of yBL and 23.58 g of ODPA under a nitrogen atmosphere, the mixture being
stirred andeisselyed ph6@CcTher.tondbise 3380240 0t Sil2A apd #1380 BARBeremdsed at 60C
with stirring and stirred for 1 hour. Following this, the mixture was heated to 180C and stirred for 2

hours, aftef which it wesicopled e roamfempgtatie {9 abiain ApElyimiderselutipn, &5.439lid content of
30.0% by weight). The weight-average molecular weight of the polyimide was determined to be 26,700

and the imigiation [gfic,wapieterrained 1g,6e 99%.1Witb 20,835,001 the SOMBIYe, Githus btained,
each of the ingredients was mixed in the same manner as in Example 1 to obtain an adhesive
compositio t h the,resulti iv iti v d_for ticking,property to
copper foiﬁlit%%%%%sﬁ%/@e gt?e gt%%\ggé}[ﬁé't&%%%ﬁ%?l%%?/%ggj%ﬁh%@a g\%e%n?gnt%n'ed manner,

the compagitien failedto:besruek,on£oppetfoil Accardinglys Ing.adbesivg composiign s stipped

from the supporting Substrate and thermallycured on a "Teflon" (registered trademark) petri dish to

measure the thermal conductjvity and the. withstand voltage. [0108] C arative Example 2 To
5.3 5 of (1S PAmTEe SHEHAR Koo Bt g T ko SHREA B & of OB W25 g of
M3N-010T and a process in Whict]lthe mixture js kneaded with a three roll mill was repeated 5 times to
obtain an fdﬁjes"i\;; EOFpBBRIGH as & viscons lixfid" Aol gR Hifd Fedutting adfleSive tofibosition was
evaluated for the sticking property to copper foil, the adhesive strength and the thermal conductivity in
the above-MEmitionePrahRERIHE cohifoSiohTafed t8'BE G on copper i LRGSR, the
adhesive composition was stripped from the supporting substrate and thermally cured on a "Teflon"
(registered tHdemaFk)DstritdiEr &5 in dEure tHe tiEr T E6Rda&iilFarld tHERithSrhl vditage. [0109]
Comparative Example 3 To 20.83 g of the polyimide solution A obtained in Example 1, were added
'12.5 g of EFIEIXINES0S,16. 78 bf BXRe485011 56 AR T8 5T 2P 2 Othernsiiaure Heingétiged and
stirred. To this, was added 83 g of AO502 and a process in which the mixture is kneaded with a three
roll mill waB¥ep&atel 5times 8 obtaid 8 hdhEsieheimpesitferad awiscdustiqai. Tpesresulting
adhesive composition was evaluated for the sticking property to copper foil, the adhesive strength, the
thermal coRduesvityt@aritRldithstaRaVerhda e the aBevEmeattionetiAanmer f01ad] Gomparative
Example 4 To 20.83 g of the polyimide solution A obtained in Example 1, were added 12.5 g of
EPICLONGR0S; 8125 gyt 4850-¢50-&icd 0.8 g ohi2RRethe Rivaumabeimprikettand Stitretls To this,
were added 35 g of HP-40 and 25 g of MEN-010T and a process in which the mixture is kneaded with
a three rollahifaiastbpeated 5 times to obtain an adhesive composition as a viscous liquid. The
resulting adhesive composition was evaluated for the sticking property to copper foil, the adhesive
strength, the thietinal conductivity and the withstand voltage in the above-mentioned manner.
However, the dispersibility of the thermally conductive filler was poor and a bonding sheet with a
surface in good conditieaweas, nohebtainednt of the thermally conductive filler

with an average particle diameter of 30 um or more, more
preferably 40 um or more is, from the viewpoint of enhancement
in the thermal conductivity, preferably not less than 10% by
volume, more preferably not less than 20% by volume. Moreover,
from the viewpoint of enhancing the withstand voltage, it is
preferably not more than 35% by volume, more preferably not more

than 30% by volume.
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[0111] The specifications given for its composition and the evaluation results of the adhesive
composition obtained in each of Examples and Comparative Examples are shown in Tables 1 to 4 and
Tables 5 to 7, respectively. [0112] Because of the contrast between each Example and
Comparative Example, it has been found that using the adhesive composition or the adhesive sheet
which contains an organic-solvent-soluble polyimide (A), an epoxy resin (B) and a thermally
conductive filler (C), allowing the polyimide (A) to contain a structure represented by general formula
(1) as a compuonent derived from a diamine and allowing the content of the thermally conductive filler
(C) in the whole resin composition to be not less than 60% by volume gives excellent results for all of
the sticking propeni-ta-eapner faik the agdbesiye Birepgihsaidthethermalkcongyativitye §3143]
Moreover, because of the contrast between Example 5 and Example 6, it has been found that allowing
a thermally,cerdugtive fillarwvith-an-akarage parisle digmeter;af epmprimorg0 Represent in the
adhesive composition or the adhesive sheet is preferred in the point that the adhesive strength and the

thermal copduetivity.are ther eohanced o IOIIAL | 1 Maroyare o comnatisondietyesn gxample 22

and Example 23, it has been found that allowing the content of a thermally conductive filler with an

average pagfigle diameter. of 8 dm grmors, in the adhesive gompasifion ot the.adhesive. sheet to be

not less than 50% by volume is preferred in the point that the thermal conductivity is further enhanced.

[0115] oreaver, in.camparison between Example_ 1 and Example, 24, it has heen found that
allowing Sljj{ciaian (ﬁ%:e(er?r:néf;céc?rlg ucs%lvgrﬁllg\rﬁfﬁlap ﬁel&'—gl%]f%?erﬁ‘qgljﬁg bre%grle% \?Vﬁ%sﬁql%sg c%l the thermally

conductive fllhg[tls add?fgﬁo 100 gﬁa Wate%:s riCét ore théan 6.0 to.he present in the aqlthe ive

compositiofnlor fie ‘adhesivé sheet as e thermal ylgé?l%u% |V<§(ﬁllef1 f eiléspereF(al}FéDdl i the point that

the adhesive strength and the thermal condti:qrtlivityfarelfurther enI]é;mce({a[OllQ Mgrleeover, in
n

comparisoﬁ R OEEn ﬁxgrﬁglﬁal ar?d: E?(grrﬁp 6% a ]fhée Egnt?“élstf et%veen@(ean?pafer 51 and Example

26, it has been found that allowing the o}r{ganic-solvent-soluble polyimide (A) to haye a residue of a
diamine rePreSehtsd by ﬁ%ﬁe?&ef%%%\ (2% e AdnSsive- dampositioRortRt S dhesRe'sheet is
preferred in the point that the adhesive strength is further enhanced. [0117] Moreover, in
comparisoh HeRFBER Exahpté t AntPEXANPRS2Y St FREBEET ol thaPJiIdkhiRg theTma L
organic-solvent-soluble polyimide (A) in the adhesive composition or the adhesive sheet to have a
diamine reSeREWFI I SHctire répRsEMRaDYFeneRIFGHFIA TD iF20% Dy FiBIEBF ftbre content

relative to all the diamine residues is preferred in the point that the adhesive strength is further
enhanced 2lthough the lower limit of the average particle diameter is

not particularly limited, it is preferably 0.0l pm or more,
further preferably 0.1 um or more.
[0045]

In this connection, the average particle diameter in the
present invention refers to an average particle diameter of
primary particles kept from cilumping together and in the case
where the primary particles clump together, it refers to a
particle diameter of the aggregate. Examples of a method of
measuring the average particle diameter of the thermally
conductive filler in a paste composition include a method of

directly observing the particles with a SEM (scanning electron
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[0118] Moreover, in comparison between Examples 7 and 20 and Examples 8 to 13, it has been
found that allowing a filler with an average patrticle diameter of 6 pm or more and 15 pm or less and a
filler with an average particle diameter of 30 pm or more, more preferably 40 pm or more, to be
present in the adhesive composition or the adhesive sheet is preferred in the point that the thermal
conductivity is further enhanced. Example 166 109 I0OE 101 166 1 00606 1 SZ 9 1ET 1509 169,

‘microscope) or a TEM (transmission electron microscope) and

calculating a number average of particle diameter.

[0046]

As the filler with an average particle diameter of 6 pm

or more, preferred are aiumina, boron nitride, aluminum

nitride, zinc oxide, magnesium oxide, silica and the like. It

is because these fillers have high thermal conductivity and are

highly effective in increasing the thermal conductivity of the

adhesive regin compogition.

[0047]

Moreover, it is preferred that the thermally conductive

filler (C) used in the present invention be a filler that the

PH of the liquid prepared when 10 g of the thermally conductive

filler 1s added to 100 g of water is not more than 6.0.

Hereinafter, such a filler is sometimes referred to gimply as

"a thermally conductive filler withapHof 6.0 or less". Since

the organic-solvent-soluble polyimide (A) in the adhesive

composition has a residue of a basic functional group such as

an amine, the acid-base interactions enable the dispersibility

of the thermally conductive filler to be enhanced. This causes

the adhesive force of the adhesive composition to a substrate

after hardening to be enhanced. The thermally conductive

filler with a pH of 6.0 or less is not limited by the kind of
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the filler itself and examples thereof include a filler on the
surface of which many acidic functional groups such as carboxyl
groups and hydroxyl groups are present, a filler prepared by
subjecting the surface thereof to a treatment with a higher
fatty acid or a silane coupling agent, and the like. Examples
of the filler on the surface of which many acidic functional
groups such as carboxyl groups and hydroxyl groups are present
inciude carbon black and alumina. From the viewpoint of
insulation properties, preferred is alumina. Such an alumina
particle is exemplified by A0802, A0809, A0820, A0502, A0509
and A0520 available from Admatechs Co., Ltd., DAW-03, DAM-03,
DAW-05, DAM-05, DAW-07, DAM-07, DAW-45, DAM-45, DAW-70 and
DAM-70 available from DENKI KAGAKU KOGYO CO.,LTD., and the like.
{0048]

Moreover, the therzﬁally conductive filler with a pH of
6.0 or less and other fillers than that may be mixed to use.
In the case where they are mixed to use, the content of the
thermally conductive filler with a pH of 6.0 or less is
preferably not less than 40% by veolume in the adhesive
composition. It ismore preferably not less than 50% by volume.
Since the gontent is not less than 40% by volume, it is made
possible to enhance the dispersibility of the thermally

conductive filler and to attain higher thermal conductivity.
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In this connection, in the case where the adhesive composition
is used as a sheet as described below, the content of the
thermally conductive filler witha pEof 6.0 or less in the sheet
is preferably not less than 40% by velume, more preferably not
less than 50% by volume.

[0049]

The adhesive composition according teo the present
invention may contain a surfactant if necessary and it is made
possible to enhance the ability to cover a substrate. Moreover,
a silane coupling agent such as methylmethacryloxy
dimethoxysilane and 3-aminopropyl trimethoxysilane, a
titanate chelating agent and the like may be incorpofated into
the adhesive composition in 0.5 to 10% by weight content.
[oco50]

Next, a method of forming the adhesive composgition
according to the present invention into a sheet will be
described. Inorder to form the adhesive composition according
to the present invention into a sheet, for example, a material
in the condition ¢of being a varnish prepared by mixing the
adhesive composition into a solvent may be applied on a support,
dried and formed into a sheet.

[0051]

The solvent used herein needs only to be appropriately
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selected Erom solvents capable of diggclving the
above-mentioned ingredients and examples thereof include
ketone solvents such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, cyclopentancne and cyclohexanone, ether
solvents.such as 1,4-dioxane, tetrahydrofuran and digilyme,
glycol ether solvents such as methyl cellosolve, ethyl
cellosolve, propylene glycol monomethyl ether, propylene
glycol monoethyl ether, propylene glycol monobutyl ether and
diethylene glycol methyl ethyl ether, and as other examples,
benzyl alcohol, propancl, N-methylpyrrolidone,
y~-butyrolactone, ethyl acetate, N, N-dimethylformamide and the
1ike. Above all, in the case where a solvent with a boiling
point of 120°C or less under atmospheric pressure is
incorporated, since deliquoring can be effected at a low
temperature in a short time, sheet forming ig facilitated.
[0052]

although the method of making the adhesive composition
according to the present invention into a material in the
condition of being a wvarnish is not particularly limited,
preferred is a method‘of mixing the organic-soclvent-soluble
polyimide (&), the epoxy resin (B), the thermally conductive
fi1ler (C) and other ingredients incorporated as needed in the

above-mentioned solvent with a propeller agitator, a
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homogenizer, a kneader or the like and then mixing them with
a bead mill, a ball mill, a three roll mill or the like from
the viewpoint of enhancing the dispersibility of the.th@rmally
conductive filler (C). |

[0053]

Examples of the method of applying a varnish to a support
include spin coating with & spinner, spray coating, roll
coating, screen printing and a coating method with a blade
coater, a die coater, a calender coater, a meniscus coater, a
bar coater, a roll cecater, a comma roll coater, a gravure coater,
a gcreen coater, a slit die coater or the like.

[0054]

Although a roll coater, a comma roll coater, a gravure
coater, a screen coater, a slit die coater or the like may be
used as a coating machine, a slit die coater is preferably used
since there is little volatilization of the solvent on coating
and stable coating properties are attained. Although the
thickness of a sheet-formed adhegive composition (an adhesive
sheet) is not particularly limited, from the viewpoints of
insulation properties such as the withstand voltage and heat
dissipation properties, it is preferably in the range of 20 to
200 um.

[0055]
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For drying? an oven, a hot plate, infrared rays cr the
like may be used. The drying temperature and the drying time
need only to be in a range where the organic solvent can be
volatilized and it is preferred that such a range in which the
adhesive sheet ig in a state of being uncured or semi-cured (a
state of being at the B-stage} be appropriately set.
Specifically, it is preferred that the adhesive sheet be
maintained in the range of 40°C to 120°C for 1 minute to several
tens of minutes. Moreover, several temperatures may be
combinedly used and the drying temperature may be gradually
increased, and for example, a heat treaﬁmeﬁt.may’be carried out
at 70°C, 80°C and 90°C for i minute each.

{0056]

Althoughthesuppam:isnotparticulariylimited,usualiy
commercially available various films such as a polyethylene
terephthalate (PET} film, a polyphenylene sulfide film and a
polyimide film are usable.

[C057]

The.combined surface of the support to the adhesive
composition may be subjected to a surface treatment with
silicone, a silane coupling agent, an aluminum chelating agent,
polyurea and the like in order to enhance the adhesion and the

release properties. Moreover, although the thickness of the
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gupport is not particularly limited, from the viewpoint of
ugability, it 1s preferably in the range of 10 tc 100 um.
[0058] |

Moreover, the adhesife sheet may have a protective f£ilm
to protect the surface thereof. Thisenables the adhesive sheet
gsurface to be protected from contaminants such as garbage and
dust in the air.

[0059]

Examples of the protective film include a polyethylene
fiim, a poly@xopylene (PP} film, a polyester film and the like.
It is preferred that the protective film have a small adhesive
force to the adhesive sheet.

[0060]

Next, a method of Dbonding substrates and members
utilizing the adhesive composition or adhesive sheet according
to the present invention will be described with reference to
examples., It ispreferredtomake the adhesive composition into
a material in the condition of being a varnish as above to use.
First, using an adhesive composition, varnish, an adhesive
composition coating is formed on one surface of a substrate or
a member to be bonded. Examples of the substrate and the member
include a thin plate made of metallic material such as copper

and 8US, a semiconductor device (a lead frame part thereof and
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the like} to be bonded thereto, and the like. Examples of a
coating method of the adhesive composition, varnish include
spin coating with a spinner, spray coating, roll coating, screen
printing oxr the 1ike. Moreover,although?ﬂnacoatingthickness
varies with the coating procedure, the solid content of the
resin composition, the viscosity and the like, it is preferred
that the varnish be applied so as to allow the thickness after
drying to be usually not less than 50 um and not more than 300

um. Then, the substrate on which the adhesive composition,
varnish is applied is dried to obtain an adhesive composgition
coating. On drying, an oven, a hot plate, infrared rays or the
like may be used. The drying temperature and the drying time
need only to be in a range where the organic solvent can be
volatilized and it is preferred that guch a range in which the
adhesgive resin composition coating is in a state of being
uncured or semi-cured be appropriately set. Specifically, it
is preferred to be carried out in the range of 50 to 150°C for
1 minute to‘several hours.
[0061]

On the other hand, in the case where the adhesive sheet
has a protective film, it is stripped off. The adhesive sheet
and a substrate are placed sc as to stand opposite each other

and bonded together by thermocompression bonding. The
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thermocompression bonding may be carried out by a hot pressing
treatment, a heat laminating treatment, a heat vacuum
laminating treatment or the like. The bonding temperature is
preferably not less than 40°C from the viewpoints of adhesion
to & substrate and embedabj.lity. Moreover, in the case where
the temperature becomes higher on bonding, .since the time
regquired for hafdening the adhesive sheet becomes short and the
usability is decreased, the bonding temperature is preferably
not more than 250°C. In the case where the adhesive sheet has
a support, the support may be stripped off before bonding and
may be stripped off at any point of time during the
thermocompression bonding process or after thermocompression
bonding. |

[0062]

The substrate on which the adhesive composition coating
thus obtained is formed is bonded te a substrate or other members
by  thermoccompression. The thermocompression bonding
temperature needs only to be not less than the glass transition
temperature of the resin and is preferably in the temperature
range of 100 to 400°C. Moreover, the pressure on compression
bonding is preferably in the range of 0.01 to 10 MPa. The time
is preferably 1 second to several minutes.

[C063]
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After thermocompression bonding, heat in the 120°C to
400°C range is applied to give a cured coating. This heat
treatment is carried out by setting temperatures and gradually
increasing the temperature or setting a temperature range and
continuously increasing the temperature for 5 minutes to 5
hours. In one case, the heat treatment ig carried out at 130°C
and 200°C for 30 minutes each. Moreover, examples thereof
inciude a method of linearly increasing the temperature over
a 2-hour period from room temperature to 250°C. In this case,
the heating temperature is preferably a temperature of 150°C
or more and 300°C or less, and further preferably a temperature
of 180°C or more and 250°C or less.

[0064]

With regard to a bonded body thus obtained by being
subjected to thermocompression bonding, it is desirable that
the peel strength be not less than 2 N/mm from the viewpoint
of adhesion reliability. That of 5 N/mm or more is more
desirable.

[0065]

Although the thickness of the cured coating may be
appropriately set, it is preferably not less than 50 pm and not
more than 300 um.

{0066]
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Next, the application of the adhesive composition in the
present éﬁv.é:ﬁtion will be described with reference to an
example, but the application of the adhesive composition
according to the present invention is not limited to the
following.

[0067]

The t;:\.dhESiV@ composition according to the present
invention can be widély used as an adhesgive for a semiconductor
device and is suitably used especially for power IC packaging.
Power IC refers to an IC for power control and it is an IC in
which the SiC éemiconductor as well as the conventional Si
semiconductor ig used, it is an IC driven at higher temperatures
compared to an IC for computing, and it may be an IC with great
calorific value. An adhesive layer is forﬁed by sticking a
bonding sheet nto a radiating fin made of metallic subgtrate or
by applying a varnish of an adhesive composition thereto and
drying it. Afterward, the radiating fin is bonded to a lead
frame, which is made of copper, of a semiconductor device on
which the power IC is mounted by thermocompression to give the
power IC packaging. In this connection, the semiconductor
device in the present invention refers to devices in general
which can function by utilizing characteristics of a

semiconductor element as well as a device in which a
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semiconductor element is connected to a substrate or a device
in which semiconductor elements or substrates are connected
each other, and an electrooptic device, a semiconductor circuit
board and electronic parts containing them are all included in

the semiconductor device.

Examples
[0068]

Hereinafter, the present invention will be described in
detail on the basis of Examples, but the present invention is
not limited thereto. In this connection, the details of raw
materials represented by the abbreviation in each Example will
be shown below.

[0068]

<Raw materialgs for polyimide>

ODPA: 4,4'-oxydiphthalic acid dianhydride ({available
from Manac, Inc.)

BAHF:
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoxropropane
{available from AZ Electronic Materials Co., Ltd.)

MBAZA: [bis{4-amino-3-carboxy)phenyl]lmethane (available
from Wakayama Seika Kogyo Co., Ltd.)

SiDA: big{3-aminopropyl)tetramethyidisiloxane
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{available from Shin-Etsu Chemical Co., Ltd.)

MAP: 3-aminophenol (available from TOKYO CHEMICAL
INDUSTRY-CO.; LfD;)

Elastomex 1000: polytetramethylene
oxide-di-para-aminobenzoate

D-400: .polyoxypropylenediamine (available from BASF
Japan Ltd., trade name "Jeffamine" D-400, the material
represented by general formula (1) wherein n = 5 to 7).
[0070].

"<EpoxXy resins

EPICLONS5CS: é bisphencl A based liquid epoxy resin

EXA-4850-150: an oligomer type modified bisphenol A based
liquid epoxy resin (available from DIC Corporation}.
[o0711

NC3000: an epoxy resin with a biphenyl gkeleton
(available from Nippon Kayaku Co., Ltd.}

PG1l00: an epoxy resin with a fluorene skeleton {available
from Osaka Gasgs Chemical Co., Ltd.)

<Thermally conductive fillers

DAW-45: alumina particles {average particle diameter: 45
pm,thefmalconductivity:26W/mK)(availablefrmnDENKIKAGAKU

KOGYO CC., LID.)

A0820: alumina particles (average particle diameter: 20

40



OT 66 00060 609 ' ZIT SZ9 80 08T1 i

um, thermal conductivity: 20 W/mK) (available from Admatechs

Co., Ltd.: brand name Admzatechs)

AD509: alumina particles (average particle diameter: 9
pm, thermal cénductivity: 20 W/mX) (available from Admatechs
Co., Ltd.: brand name Admatechs)

AOSOZ:aluminapﬂrticies(averagegmrticlediameter:0.7
pm, thermal conductivity: 20 W/mK) (available from Admatechs
Co., Ltd.: brand name Admatechs)

FAN-30: aluminum ﬁitride particles (average particle
diameter: 30 pm, thermal conductivity: 17¢ W/mK) {available
from Furukawa Densi Co., Ltd.)

FAN-50: aluminum nitride particles (average particle
diameter: 50 upm, thermal conductivity: 170 W/mK) (available
from Furukawa Densi Co., Ltd.)

FAN-05: aluminum nitride {average particle diameter: 5

pm, thermal conductivity: 170 W/mK) (available from Furukawa

Densgi Co., Ltd.)

HP-40: boron nitride {(average particle diameter: 8 um,
thermal conductivity: 40 W/mK) {(available from MIZUSHIMA

FERROALLOY CO., LTD)
MBN-010T: boron nitride (average particle diameter: 0.9

pum, thermal conductivity: 40 W/mK}) (available from Mitsui

Chemicals Co., Ltd.).
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[0072]

<Hardening accelerators>

2PZ: 2-phenylimidazole.
[0073]

<Solvent>

yBL: v-butyrolactone.
[0074]

The evaluation method in each of Examples and Comparative |
Examples will be shown below.
[0075]

<Molecular weight of peolyimide gynthegizeds

By using a solution with a solid content of 0.1% by weilght
prepared by dissolving polyimide in NMP and the GPC apparatus
Waters2690 (available from Waters Corp.) with the following
configuration, a weight-average molecularZWéight in terms of
polystyrene was calculated. With regard to the conditions for
GPC measurement, NMP in which LiCl and phosphoric acid each were
digsolved at a concentration of 0.05 mol/l was employed as the
mobile phase and the running rate was set to 0.4 ml/minute.
Detector: Waters996
System controller: Waters2690
Column oven: Waters HTR-B

Thermo controller: Waters TCM
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Column: TOSOH grard comn
Column: THSOH TSK-GEL 0-4000
Column: TOSOH TSK-GEL a-2500.
[0076j

<Imidization ratio of polyimide synthesizeds

First, the infrared abscrption specﬁrunzof a polymer was
measured and the presence of absorption peaksg {(at about 1780
em™t and about 1377 cm™’} of the imide structure derived from
polyimide was confirmed. Next, the polymer was subjected to
a heat treatment for 1 hour at 350°C, after which the infrared
absorption spectrum was measured again and the peak intengities
at about 1377 cm™* before and after the heat treatment were
compared. By assuming that the imidizationratioof the polymer
after the heat treatment was 100%, an imidization ratio of the
polymer before the heat treatment was determined.
[0077]

<Sticking property to substrates

An adhesive composition prepared in each of Examples and
Comparative Examples was applied onto a PET film with a
thickness of 28 um using a comma roll coater and dried for 30

minutes at 100°C, after which ag a protective film, a PP film

with a thickness of 10 pm was laminated to obtain an adhesive

sheet. Coating was carried out so that the adhesive sheet had
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a thickness of 120 um. Afterward, the protective film was
stripped off and the bare plane was laminated on a sheet of copper
foil (NA-VLP with a thickness of 15 pum: available from MITSUZI
MINING & SMELTING CO., LTD) using a l.aminating machine (VIM-200M
avalilable from Takatori Corporation) under the conditions of
a stage temperature of 130°C, a roil t@mb@rature of 130°C, a
laminating speed of 2 mm/second, and an applied pressure of 0.4
MPa. Then, one in which an adhesive sheet does not remain on
the support £ilm and is stuck on copper foil when the support
film is stripped off is defined as being good (O} and another
one in which an adhesive sheet fails to be stuck and remains
on the support film is defined as being poor (x).
[0078]

<Adhesive strength>

A'protective film of a bonding sheet obtained in the
above-mentioned manner was stripped off and the bare plane was
laminated on a sheet of copper foil using a laminating machine
under the conditions of a stage temperature of 130°C, a roll
temperature of 130°C, a laminating speed of 2 mm/second, and
an applied pressure of 0.4 MPa. After the support film was
stripped off, the adhesive sheet wasg placed on a hot plate at
180°C so that the copper foil faces downward and held there for

30 seconds. Afterward, another sheet of copper foil was
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laminated on the heated adhesive composition and subjected to
thermocompression bonding for 1 minute under a pressure of 0.2
MPa. . FQllowing this, the 'cc_amposition was thermally cured over
a 1-hour period in a hot air circulating dryer art 180°C. Copper
folil on one‘side of the laminate thus obtained only was etched
and removed with an agueous ferric chloride solution and was
subjected to fabrication for a circuit with a line width of 5
mm. Afterward, a strip of copper foil with a width of 5 mm was
pulled upward in a direction at 90°C to the laminate with a push
gel gauge to measure the adhesive strengthf
[0079]

< Thermal conductivity>

A protective film of a bonding sheet obtained in the
above-mentioned manner was stripped off and the bare plane was
laminated on a sheet of copper foil using a laminating machine
under the conditions of a stage temperature of 130°C, a roll
temperature of 130°C, a laminating speed of 2 mm/second, and
an applied pressure of 0.4 MPa. After the support film was
stripped cff, the adhesive sheet was thermally cured over 1 hour
in a hot air circulating dryer at 180°C. The whole copper foil
on the laminate thus obtained was etched and removed with an
aqueous ferric chloride solution to cbtain a cured product of

the adhesgive compositionwitha thickness of 120 um. Afterward,
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ﬁhe thermodiffusion coefficient of the cured product was
measured using the laser flash thermal diffusivity measuring
aﬁparatus LFA447 available from_NETZSCH Japan K.K. Moreovet,
the specific gravity of the cured product was measured by an
Archimedes method and the specific heat of the cured product
Was measured by a DSC method to calculate the thermal
conductivity according to the equation such that
thermodiffusion coefficient x specific gravity x specific heat.
The percentage content by velume of the filler was determined
by dividing the weight of each of the ingredients of the resin
composition added by the specific gravity to calculate the
volume., |
[0080]

<Withstand voltages>

A cured product of an adhesive composgition was obtained
in the same manner as above except for allowing the cured product
of an adhesive composition to have a thickness of 200 um. With
regard to the product, the withstand voltage at a temperature
of 23°C and a relative humidity of 50% RH was measured using
the withstand voltage testing device TOS5101 available from
KIKUSUI ELECTRONICS CORP. The measurement was carried out at
a rate of voltage increase of 5.0 kV/second by an alternating

current and a voltage measured at the time when an electric
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current of 0.2 mA or more flowed was defined as the withstand
voltage.
[0081]

The polyimide used in each of Examples and Coméarativé
Examples was synthesized according to the following method.
10082}

Example 1

In a 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel,
under a nitrogen atmosphere, were placed 105.68 g of yBL and
11.79 g of ODPA, the mixture being stirred at 60°C and dissolved.
Then, to thisg, 29.71 g of Elastomer 1000, 2.9%8 g of SiDA and
1.47 g of BAHF were added at 60°C with stirring and stirred for
1 hour. Following this, the mixture was héated to 180°C and
stirred for 2 hours, after which it was cocoled to room
temperature to obtain a polyimide sclution A (solid content of
30.0% by weight). The weight-average molecular weight of the
polyimide was determined to be 29, 000 and the imidization ratio
was determined to be 99%.

[0083]

To 20.83 g of the pelyimide solution A obtained in the

above-mentioned manner, were added 12.5 g of EPICLCN8505, 6.25

g of EXA-4850-150 and 0.8 g of 2PZ, the mixture being mixed and
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stirred. To thisg, were added 180 g of AO820 and 25 g of MBN-C10T
and a process in which the mixture is kneaded with a three roll
mill was repeated 5 times to obtain an adhesive composition asg
a viscous liquid. The resulting adhesive composition was
measured for the sticking property to copper foil, the adhesive
strength, the thermal conductivity and the withstand voltage
in the above-mentioned manner.
[0084]

Exarﬁple 2

In a 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel, were
placed 138.53 g of yBL and 14.74 g of ODPA under a nitrogen
atmosphere, the mixture being stirred and dissolved at 6C°C.
Then, to this, 37.14 g of Elastomer 1000, 6.53 g of D-400 and
1.83 g of BAHF were added at 60°C with stirring and stirred for
1 hour. Following this, the mixture was heated to 180°C and
stirred for 2 hours, after which it was cooled to room
temperature to obtain a polyimide solution B (solid content of
30.0% by weight). The weight-average molecular weight of the
polyimide was determined to be 26,800 and the imidization ratio
was determined to be 98%. With 20.83 g of the polyimide B thus
obtained, each of the ingredients was mixed in the same manner

as in Example 1 to obtain an adhesive composition. The
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resulting adhesive composition was evaluated for the sticking
property to copper foil, the adhesive strength, the thermal
conductivity and the withstand voltage in the above-mentioned
manner.
[o085]

Example 3

In a 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel were
placed 104.94 g of vBL and 11.7% g of ODPA undér a nitrogen
atmosphere, the mixture being stirred and dissolved at 60°C.
Then, to thisg, 29.71 g of Elastomer 1000, 2.98 g of SiDA and
1.15 g of MBAA were added at 60°C with stirring and stirred for
1 hour. Following this, the mixture was heated to 18C°C and
atirred for 2 hours, after which it was cooled to room
temperature to obtain a polyimide solution C (solid content of
30.0% by weight). The weight-average molecular weight of the
polyimide was determined to be 30,500 and the imidization ratio
was determined to be 99%. With 20.83 g of the polyimide C thus
obtained, each of the ingredients was mixed in the same manner
as in Example 1 to obtain an adhesive composition. The
resulting adhesive composition was evaluated for the sticking
property to copper foil, the adhesive strength, the thermal

conductivity and the withstand voltage in the above-mentioned
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manner.
[0086]

Example 4

To 20.83 g of the polyimide solution A cbtained in ﬁxample'
1, were added 12.5 g of EPICLON850S, 6.25 g of EXA-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of DAW-45 and 25 g of MBN-C10T and a process
in which the mixture is kneadéd with.a three roll milil was
repeated 5 times to obtain an adhesive composition as a viscous
liquid. The resulting adhesive composition was evaluated for
the sticking property to copper foil, the adhesive strength,
the thermal conductivity and tﬁe withstand voltage in the
above-mentioned manner.
[0087]

Example 5

To 20.83 g of the polyimide solution A obtained in Example
1, were added 12.5 g of EPICLON8S50S, 6.25 g of EXA-4850-150 and
0.8 g of 2P%, the mixture being mixed and stirred. To this,
were added 180 g of A0509 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a viscous
liquid. The resulting adhesive composition was evaluated for

the sticking property to copper foil, the adhesive strength,

50



the thermal conductivity and the withstand voltage in the
above-mentioned manner.
[0088]

Example 6

To 20.83 g of the polyimide solution A obtained in Example
1, were added 12.5 g of EFICLONS50S, 6.25 g of EXA-4850-150 and
¢.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of AO502 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three rcll mill was
repeated 5 times Lo obtain an adhesive composition as a viscous
liquid. The resulting adhesive composition was evaluated for
the sticking property to copper foil, the adhesive strength,
the thermal conductivity and the withstand voltage in the
above-mentioned manner.
[0089]

Example 7

To 20.82 g of the polyimide scolution C obtained in Example
3, were added 12.5 g of EPICLONSS0S, 6.25 g of EXA-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of A0509 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a viscous

ligquid. The resulting adhesive composition was evaluated for
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the sticking property to copper foil, the adhesive strength,
the thermal conductivity and the withstand voltage in the
above-mentioned manner.
[C090]

Example 8

To 20.83 g of the polyimide soluticn C obtained in Example
3, were added 12.5 g of EPICLONSS0S8, £.25 g of EXA-4850-150 and
0.8 g of 2P%Z, the mixture being mixed and stirred. To this,
were added 180 g of AC509, 33 g of FAN-30 and 25 g of MBN-010T
and a process in which the mixture is kneaded with a three roll
mill was repeated 5 times to cbtain an adhesive composition as
a viscous liquid. The resulting adhesive compogition was
evaluated for the sticking property to copper foll, the adhesive
stfength, the thermal conductivity and the withstand voltage
in the above-mentioned manner.
[0091]

Example 9

To 20.83 g of the polyimide gsolution C obtained in Example
3, were added 12.5 g of EPICLON850S, 6.25 g of EXA-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of AO509, 66 g of FAN-30 and 25 g of MBN-010T
and a process in which the mixture is kneaded with a three roll

mill was repeated 5 times to obtain an adhesive composition as
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a viscous liquid. The resulting adhesive composition was
evaluated for the sticking property to copper foil, the adhesive
strength, the thermal conductivity and the withstand voltage
in the above-mentioned manner.
[co92]

Example 10

In & 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel were
placed 127.61 g of yBL and 13.18 g of ODPA under a nitrogen
atmosphere, the mixture being stirred and dissolved at 60°C.
Then, to thisg, 37.14 g of Elastomex 1000, 3.73 g of SiDA and
1.43 g of MBAA were added at 60°C wii;,h stirring and stixrred for
1 hour. Following this, the mixture was heéted to 180°C and
stirred for 2 hours, after which it was cooled to room
temperature to obtain a polyimide solution D (sclid content of
30.0% by weight). The weight-average molecular weight of the
pelyimide was determined to be 12,000 and the imidization ratio
was determined to be 99%. With 20.83 g of the polyimide D thus
obtained, each of the ingredients was mixed in the same mannex
as in Example 9 to obtain an adhesive composition. The
resulting adhesgive composition wasg evaluated for the sticking
property to copper foll, the acdhesive strength, the thermal

conductivity and the withstand voltage in the above-mentioned

53



manner.
[cC93]

Example 11

To 20.83 g of the polyimide solution D obtained in Example
10, were added 12.5 g of EPICLONS50S, 6.25 g of NC3000 and 0.8
g of 2PZ, the mixture being mixed and stirred. To this, were
added 180 g of A0509, 66 g of FAN-3C and 25 g of MBN-010T and
a process in which the mixture is kneaded with a three roll mill
was repéated 5 times to obtain an adhesive composition as a
viscous liguid. The resulting adhesive composition was
evaluated for the sticking property to copper foil, the adhesive
gtrength, the thermal conductivity and the withstand voltage
in the above-mentioned manner.
1009%94]

Example 12

To 20.83 g of the polyimide golution D ocbtained in Example
10, were added 6.25 g of EPICLON850S, 9.25 g of NC3000, 3.25
g of PGL00 and 0.8 g of 2PZ, the mixture being mixed and stirred.
To this, were added 180 g of A0509, 66 g of FAN-30 and 25 g of
MBN-010T and a process in which the mixture is kneaded with a
three roll mill was repeated 5 times to obtain an adhesive
composition as a viscous liquid. The resulting adhesive

composition was evaluated for the sticking property to copper
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foil, the adhesive strength, the thermal conductivity and the
withstand voltage in the above-mentioned manner.
[0095]

Examﬁ;le 13

To 20.83 g of the polyimide solution D obtained in Example
10, were added 6.25 g of EPICLON850S, 9.25 g of NC3000, 3.25
g of PG100 and 0.8 g of 2PZ, the mixture being mixed and stirred.
To this, were added 180 g of A0503, 99 g of FAN-30 and 25 g of
MBN-010T and a process in which the mixture is kneaded with a
three roll mill was repeated 5 times to obtain an adhesive
composition as a viscous liguid. The resulting adhesive
composition was evaluated for the sticking property to copper
foil, the adhesive strength, the thermal conductivity and the
withétaﬁd voltage in the above-mentioned manner.
[0096]

Example 14

To 20.83 g of the polyimide solution D obtained in Example
10, were added 6.25 g of EPICLON850S, 9.25 g of NC3000, 3.25
g of PG100 and 0.8 g of 2PZ, the mixture being mixed and stirred.
To this, were added 180 g of A0509, 66 g of FAN-50 and 25 g of
MBN-010T and a process in which the mixture is kneaded with a
three roll mill was repeated 5 times to obtain an adhesive

composition as a viscous liguid. The resulting adhesive
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composition was evaluated for the sticking property to copper
foil} the adhesive strength, thé thermal conductivity and the
withstand voltage in the above-mentioned manner.
[0Cc97]

Example 15

T020.83g;ofthepolyimidesolutioni)obtainedjJ1Example
10, were added 6.25 g of EPTCLONS850S, 9.25 g of NC3000, 3.25
gof PG100 and 0.8 g of 2P7, the mixture being mixed and stirred.
To this, were added 180 g of A0509, 99 g of FAN-50 and 25 g of
MBN-010T and a process in whiqh the mixture ig kneaded with a
three roll mill wWas repeated 5 timesjﬁo obtain an achesive
composition as a viscous liquid. The resulting adhesive
composition was evaluated for the sticking property to copper
foil, the adhesive strength, the thermal conductivity and the
withstand voltage in the above-mentioned manner.

Example 16

To 20.83 g of the polyimide solution A obtainec"ﬂl in Example
1, were added 6.25 g of EPICLON8S0S8, 9.25 g of NC3000, 3.25 g
of PG100 and 0.8 g of 2PZ, the mixture being mixed and stirred.
To this, were added 180 g of RO509, 66 g of FAN-50 and 25 g of
MBN-010T and a process in which the mixture is kneaded with a
three roll mill was repeated 5 times to obtain an adhesive

composition as & viscous liguid. The resulting adhesive
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composition was evaluated for the sticking property to copper
foil, the adhesive strength, the thermal conductivity and the
,withstaﬁd voltage in the above-mentioned manner.

Example 17

Tn a 300-ml four-necked flask eguipped with a stirrer,
a .the_rmometer, a riitrogen inlet tube and a dropping funnel were
placed 128.53 g of yBL and 13.18 g of ODPA under a nitrogen
atmosphere, the mixture being stirred and dissolved at 6£0°C.
Then, to thisg, 37.14 g of Elastomer 1000, 3.73 g of SiDA and
1.83 g of BAHF were added at 60°C with stirring and stirred for
1 hour. Following this, the mixture wés heated to 180°C and
stirred for 2 hours, after which it was cocled to room
temperéture to obtain a polyimide solution E (solid content of
30.0% by weight) . The weight-average molecular weight of the
polyimide was determined to be 13,000 and the imidization ratio
was determined to be 99%. With 20.83 g of the polyimide E thus
obtained, each of the ingredients was mixed in the same manner
as in Example.lé to obtain an adhesive composition. The
resulting adhesive composition was evaluated for the sticking
property to copper foil, the adhesive strength, the thermal
conductivity and the withstand voltage in the above-mentioned
manner.

Example 38
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To 41.7 g of the polyimide solution D obtained in Example
10, were added 9.25 g of NC3000, 3.25 g of PG00 and 0.8 g of
2PZ, the mixture being mixed and stirred. To this, were added
180 g of AO509, 66 g of FAN-50 and 25 g of MBN-010T and a proCess
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a vigcous
liquid. The resulting adhesive composition was evaluated for
the sticking property to copper. foil, the adhesive strength,
the thermal conductivity and the.withstand voltage in the
above-mentioned manner.

Example 19

To 55.0 g of the polyimide solution D obtained in Example
10, were added 6.25 g of NC3000, 2.25 ¢ of PGL00 and 0.8 g of
2PZ, the mixture being mixed and stirred. To this, were added
180 g of A0509, 66 g of FAN-50 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a viscous
liguid. The resulting adhesive composition was evaluated for
the sticking property to copper foil, the adhesive strength,
the thermal conductivity and the withstand voltage in the
above-mentioned manner.
[0098]

Example 20
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To 20.83 g of the polyimide sclution D obtained in Example
10, were added 6.25 g of EPICLON850S, 9.25 g of NC3000, 3.25
g of PG100 and 0.8 g of 2PZ, the mixture being mixed and stirred.
To this, were added 260 g of A0509% and 25 g of MBN-010T and a
process in which the mixture is kneaded with a three roll mill
was repeated 5 times to obtain an adhesive composition as a
viscous liguid. The resulting adhesive composition was
evaluated for the sticking property to copper foil, the adhesive
strength, the thermal conductivity and the withstand volitage
in the above-mentioned manner.
[0Cc99]

Example 21

To 20.83 g of the polyimide sclution A obtained in Example
1, were added 12.5 g of EPICLON850S, 6.25 g of EXA~4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of A0820, 33 g of FAN-30 and 25 g of MBN-010T
and a process in which the mixture is kneaded with a three roll
mill was repeated 5 times to obtain an adhesive composition as
a viscous liguid. The resulting adhesive composition was
evaluated for the sticking property to copper £oil, the adhesive
strength, the thermal conductivity and the withstand voltage
in the above-mentioned manner.

[61l00]
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Example 22

To20.83 g of the polyimide solution A obtained in Example
1, were added 12.5 g of EPICLON850S, 6.25 g of EXA—4850-.150 and
0.8 g of 2PZ, the mixtﬁre b@ing.mixed and stirred. To this,
were added 120 g of A0820, 33 g of FAN-30 and 25 g of MBN-010T
and a process in which the mixture is kneaded with a three roll
mill was repeated 5 times to obtain an adhesive composition as
a viscous liquid. The resulting adhesive composition was
evaluatedforthestickingpropertytoéopperfoil,theaﬁhesive
strength, the thermal conductivity and the withstand voltage
in thé above-mentioned manner.
foio1]

Example 23

To 20.83 g of the polyimide solution A cbtained in Example
1, were added 12.5 g of EPICLON850S3, 6.25 g of EXA~-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. 7o this,
were added 120 g of AO820, 33 g of FAN-05 and 25 g of MBEN-01CT
and a process in which the mixture i1s kneaded with a three roll
mill was repeated 5 times to obtain an adhesive composition as
a viscous liguid. The resulting adhesive composition was
evaluated for the sticking prdperty to copper foil, the adhesive
strength, the thermal conductivity and the withstand voltage

in the above-mentioned manner.
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[0102]

Example 24

T020.83g;ofthepolyimidesolution}&obtainedijExample
1, Wefe addéd 12.5 g of EPICLON850S, 6.25 g of EXA-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 140 g of FAN-30 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a viscous
liquid. The resulting adhesive compogition was evaluated for
the sticking property to copper foil, the adhesive strength,
the thermal conductivity and the withstand voltage in the
above-mentioned manner.
[0103]

Example 25

In a 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel,
under a nitrogen atmosphere, were placed 104.00 g of yBL and
20.63 g of ODPA, the mixture being stirredat 60°C and dissolved.
Then, to this, 8.67 g of Elastomer 10C0, 13.92.g of SiDA and
2.56 g of BAHF were added at 60°C with stirxing and stirred for
1 hour. Following this, the mixturé was heated to 180°C and
stirred for 2 hours, after which it was cooled to room

temperature to obtain a polyimide solution F (sclid content of
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30.0% by weight). The weight-average molecular weight of the
polyimide was determined to be 31,400 and the imidization ratio
was determined.to'be 98%. With 20.83 g of the polyimide F thus
obtained, each of the ingredients was mixed in the same mannex
as in Example 1 to obtain an adhesive composition. The
resulting adhesive ccmposition was evaluated for the sticking
property to copper foil, the adhesive strength, the thermal
conductivity and the withstand voltage in the above-mentioned
manner.
[0104]

Example 26

To 20.83 g of the polyimide solution B obtained in Example
2, were added 12.5 g of EPICLON850S, 6.25 g of EXA-4850~150 and
0.8 g of 2PZ, the mixture being mixed and stirred. To this,
were added 180 g of AO820, 33 g of FAN-30 and 25 g of MBN-010T
and a process in which the mixture is kneaded with a three roll
mill was repeated 5 times to obtain an adhesive composition as
a viscous liquid. The resulting adhesive composition was
evaluatedforthestickingpropertytocopperfoil,theadhesive
strength, the thermal conductivity and the withstand voltage
in the abové—mentioned manner.
[0105]

Example 27
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The adhegive composition obtained in Example 1 was
applied on a sheet of copper foil using a bar coater and dried
for 30 minutes in a hot air dryer at 100°C. In this way, a‘
1aﬁinate'prepareé by allowing an adhesive composition with a
thickness of 120 um to be stacked on the sheet of copper foil
was obtained. The laminate was placed on a hot plate at 130°C
so that the copper foll faces downward. Ancther sheet of copper
foil was superimposed;on the adhesive composition and pressed
for 5 minutes under a pressure of 0.4 MPa. Afterward, the
1aminate was thermally cured for 60 minutes at 180°C. The
laminate thus obtained was evaluated for the adhesive strength
and the thermal conductivity in the above-mentioned manner.
gimilar results to those of Example 1 were obtained, for the
adhesive strength to copper foil was determined to be 8.2 N/cm
and the thermal conductivity was determined to be 6.6 W/mK.
Moreover, the withstand voltage of a laminate prepared by
allowing an adhesive composition with a thickness of 200 pm to
be stacked on a sheet of copper foil in the same manner as above
was measured. A similar result to that of Example 1 was
obtained, for the withstand vcltage was determined to be 2.3
kV.

[0106]

Exampies 28 to 33
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With regard to the adhesive compositions obtained in
Examples 8 to 19, the same procedure as in Example 27 was
performed and the compositions were evaluated for the adhesive
strength, the thermal conductivity and the withstand voltage.
In each of Examples 28 to 39, similar results to those of each.
of Examples 8 to 19 were obtained.

[0107]

Comparative Example 1

In a 300-ml four-necked flask equipped with a stirrer,
a thermometer, a nitrogen inlet tube and a dropping funnel were
placed 106.45 g of yBL and 23.58 g of ODPA under & nitrogen
atmosphere, the mixture being stirred and dissolved at 60°C.
Then, to this, 13.92 g of SiDA and 8.79 g of BAHF were added
at 60°C with stirring and stirred for 1 hour. Following this,
the mixture was heated to 180°C and stirred for 2 hours, after
which it was cooled to room temperature to obtain a pelyimide
solution G (solid content of 30.0% by weight). The
welght-average molecular weight of the polyimide was determined
to be 26,700 and the imidization ratio was determined to be 99%.
With 20.83 g of the polyimide G thus obtained, each of the
ingredients was mixed in the same manner as in Example 1 to obtain
an acdhesive composition. Although the resulting adhesive

composition was evaluated for the sticking property Lo copper
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foil, the adhesive strength and the thermal conductivity heat
in the above-mentioned manner, the composition failed to be
stuck on copper foil. Accordingly, the adhesive composition
was stripped from the supporting substrate and.therméily'cured
on a “Teflon” {registered trademark) petri dish to measure the
thermal conductivity and the withstand voltage.
[0108]

Comparative Example 2

To 83.3 g of the polyimide solution A obtained in Example
1, were added 180 g of A0820 and 25 g of MBN-010T and a process
in which the mixture is kneaded with a three roll mill was
repeated 5 times to obtain an adhesive composition as a viscous

_liquid. Although the resulting adhesive composition was

evaluated for the sticking property to copper £foil, the adhesive
strength and the thermal conductivity in the above-mentioned
manner, the composition failed to be stuck on copper foil.
Accordingly, the adhesive composition was stripped from the
supporting substrate and thermally cured on a “Teflon”
(registered trademark) petri dish to measure the thermal
conductivity and the withstand voltage.
[0109]

Comparative Example 3

To 20.83 g of the polyimide solution A cbtained in Example
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1, were added 12.5 g of EPICLON850S, 6.25 g of EXA-4850-150 and
0.8 g of 2PZ, the mixture being mixed and stirred. 7To this,
was added 83 g of A0O502 and a process in which the mixture is
kneaded with a three roll mill wag repeated 5 times to obtain
an adhesive composition as a viscous liquid. The resulting
adhesive composition was evaluated for the sticking property
to copper foil, the adhesive strength, the thermal conductivity
and the withstand voltage in the above-mentioned manner.
[o110]

Comparative Example 4

To 20.83 g of the polyimide solution A obtained in Example
1, were added 12.5 g of EPICLONS50S, 6.25 g of 4856-150 and 0.8
g of 2PZ, the mixture being mixed and stirred. To this, were
added 35 g of HP-40 and 25 g of MBN-010T and a process in which
the mixture ig kneaded with a three roll mill was repeated 5
times to obtain an adhesive composition as a viscous liquid.
The resulting adhesive composition was evaluated for the
sticking property to copper foil, the adhesive strength, the
thermal conductivity and the withstand wvoltage in the
above-mentioned manner. However, the dispersibility of the
thermally conductive filler was poor and a bonding sheet with
a surface in good condition was not obtained.

[0111]
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The sgpecifications given for its composition and the
evaluation results of the adhesive composition obtained in each
of Examples and Comparative Examples are shown in Tables 1 to
4 and r.Pables 5 to 7, respectively.

{0112]

Because of the contrast between each Example and
Comparative Example, it has been found that using the adhesive
composition or the adhesive sheet which contains an
organic-solvent-soluble polyimide (A), an epoxy resin (B) and
a thermally conductive filler (C), allowing the polyimide (A)
to contain a structure represented by general formula (1) as
a component derived from a diamine and allowing the content of
the thermally conductive filler (C) in the whole resin
composition to be not less than 60% by volume gives excellent
results for all of the sticking property to copper foil, the
adhegive strength and the thermal conductivity.

[0113]

Moreover, because of the contrast between Example 5 and
Example 6, it has been found that allowing a thermally
conductive filler with an average particle diameter of 6 um or
more to be present in the adhesive composition or the adhesive
sheet is preferred in the point that the adhesive strength and

the thermal conductivity are further enhanced.
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[0114]

Moreover, in comparison between Example 22 and Example
23, it has been found that allowing the content of a thermally
conductive filler with an average particle diameter of 6 pum or
more in the adhesive composition or the adhesive sheet to be
not less than 50% by volume is preferred in the point that the
thermal conductivity is further enhanced.

[0115]

Moreover, in comparison between Example 1 and Example 24,
it has been found that allowing such a thermally conductive
filler that the pH of the liguid prepared when 10 g of the
thermally conductive filler is added to 100 g of water is not
more than 6.0 to be present in the adhesive composition or the
adhesive sheet as the thermally conductive filler (C) is
preferred in the point that the adhesive strength and the
thermal conductivity are further enhanced.

[0116]

Moreover, in comparison between Example 1 and Example 2
and the contrast between.Example'21 and Example 26, it has been
found that allowing the organic-solvent-scluble polyimide (A)
to have a residue of a diamine represented by general formula
{(2) in the adhesive composition or the adhesive sheet 1is

preferred in the point that the adhesive strength is further
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enhanced.
[0117]

Méreover_, in comparison between Example 1 and Example 25,
it has been found that allowing the organic-solvent-soluble
polyimide (A} in the adhesive composition or the adhesive sheet
to have a diamine residue with a structure represented by
general formula (1) in 20% by‘mole or more content relative to
all the diamine residues is preferred in the point that the
adhesive strength is further enhanced.

[0l18]

Moreover, in comparison between Examples 7 and 20 and
Examples 8 to 13, it has been found that allowing a filler with
an average particle diameter of.6 pm or more and 15 pm or less
and a filler with an average particle diameter of 30 um or more,
more preferably 40 um or more, to be present in the adhesive
composition or the adhesive sheet is preferred in the point that

the thermal conductivity is further enhanced.
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000000000 Adhesive strength (10/cm) 8.57.7 8.26.58.6 5.7 8.8

[0123]
[Table 5]
Ttens Example|Example | Exanple [Example]Exanple Example |Example|Example|Example;Rxample
™ 1 2 3 4 5 5 7 E 9 10
sticking property o] G O O O O O O O @]
hdhesive -strength) , 4 1.7 8.2 6.5 8.8 5.7 2.8 8.8 8.2 8.9
(N/cm)
Thermal
Conductivity £.6 6.3 6.4 7.8 4.4 2.2 4.6 7.2 8.2 9.2
{W/mK)
Wlthsw(nfmvm'tage 2.6 2.4 1.9 2.8 4.7 11 4.8 4.1 3.5 4.6
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Conductivity 6.6- 6.3 6.4

8.6 8.2 8.9 Thermal
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7.84.42.24.6-7.28.29.2 (WOmMK)

Claims
[Claim 1}

- An adhesive composition containing an
organic-solvent-soluble polyimide {A), an epoxy resin (B) and
a thermally conductive filler (C}, an organic-solvent-soluble
polyimide (A) containing a structure represented by the
following general formula (1) as a component derived from a
diamine, and the content of a thermally conductive filler ()
in the adhesive composition being not less than 60% by volume.

[Formula 1}

“E CtzxO%‘ (1)
N

(In general formula (1)}, X represents an integer of 1 to 10

inclusive and n represents an integer of 1 to 20 inclusive.)

[Claim 2]

The adhesive composition according to claim 1, wherein
the thermally conductive filler (C) includes two or more fillers
differing in the average particle diameter and at least one

filler has an average particle diameter of & um or more.

[Claim 3]
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Withstand voltage (kV) 2.6 2.41.22.84.71.14.84.13.54.6 Claims [Claim 1]
Anadhesivecompositioncontainingan

The adhesive composition according to claim 1 or 2,
wherein the thermally conductive £iller (C) includes two or more
fillers differing in the average particle diameter and contains
at least a filler with an average particle diametér of 6 um or
more and 15 pm or less and a filler with an average particle

diameter of 30 um oxr more.

[Claim 4]

The adhesive composition according to any one of claims
1 to 3, wherein the thermally conductive filler (C) includes
a filler that the pH of the liquid prepared when 10 g of the
thermally conductive filler is added to 100 g of water is not

more than 6.0.

[Claim 5]
The adhesive composition according to any one of claims
1 to 4, wherein the thermally conductive filler (C) includes

alumina.

[Claim 6]
The adhesive composition according to any one of claims
1 to 5, wherein the organic-solvent-soluble polyimide (A) has

a residue of a diamine represented by the following general
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organic-solvent-soluble polyimide (A), an epoxy resin (B) and a thermally conductive filler (C), an
organic-solvent-soluble polyimide (A) containing a structure represented by the following general
formula (1) as a component derived from a diamine, and the content of a thermally conductive filler (C)
in the adhesive composition being not less than 60% by volume. [Formula1]CXH2 X0+ (1) (In
general formula (1), X represents an integer of 1 to 10 inclusive and n represents an integer of 1 to 20
inclusive.) [Claim 2] The adhesive composition according to claim 1, wherein the thermally
conductive §ilet (G indydes two or more fillers differing in the average particle diameter and at least
one filler has an average patrticle diameter of 6 pm or more. [Claim 3] The adhesive composition
according teglatmilzor2, wherein the thermally conductive filler (C) includes two or more fillers
differing in the average particle diameter and contains at least a filler with an average particle diameter
of 6 um or more and 15 um or less and a filler with an average particle diameter of 30 um or more.
[Claim 4] The adhesive composR;ﬂ according to aR/QOne of claims 1 to 3, wherein the thermally
conductive filler (C) includes a filler that the pH of the liquid prepared when 10 g of the thermally

conductive filler is added to 100 of ater is not ore than 6.0. [Claim 5] The adhesive
composition jng to a py®. Sip.lhe.tpgﬁnawcp@yq tive fiftér (C) includes
alumina. [Cla

organic-solvent- soluble polyimidetA) has a residue bfladiamine represented by the following general

The adhe ive (E mp05|t|on ccording to any one of claimS 1 to 5, wherein the
formula (2) . [Formula 2] R4

(In the general formula (2), m represents a range of 1 to 3C.
Moreover, R° and R® may be the same or different and represent
an alkylene group with 1 to 30 carbon atoms or a phenylene group.
R' to R* each may be the same or different and represent an alkyl

group with 1 to 30 carbon atoms, a phenyl group or a phenoxy

group. )

[Claim 7]

An adhesive sheet containing an organic-solvent-socluble
polyimide (A), an epoxy resin (B) and a thermally conductive
filler (c), an organic-solvent-soluble polyimide (A)
containing a structure repﬁesented by the following general
formula (1) as a component derived from a diamine, and the
content of a thermally conductive filler (C) in the sheet being
not less than 60% by volume.

[Formula 3]
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Si- 0SiR6 - NH2 (2) m (In the general foimula (2) , m represents a range of 1 to 30. Moreover, R5
and R6 may be the same or different and represent an alkylene group with 1 to 30 carbon atoms or a
phenylene group. 125- to 12.4 each may be the same or different and represent an alkyl group with 1
to 30 carbon atoms, a phenyl group or a phenoxy group. ) [Claim 7] An adhesive sheet containing
an organic-solvent-soluble polyimide (A) , an epoxy resin (B) and a thermally conductive filler (C) , an
organic-solvent-soluble polyimide (A) containing a structure represented by the following general
formula (1) as a component derived from a diamine, and the content of a thermally conductive filler (C)
in the sheet being not less than 60% by vblume. [Formula 3] Cx H 2x0 +1 (1) (In general formula (1),
X represents an |nt g@of 10 i i nd n rgptiesents an integer of 1 to 20 inclusive.) [Claim 8]
The adhesive sheet attording &X%Iam 7, Wherein the thermally conductive filler (C) includes two or
more fillers differirg in the average particte'dfameter and at least one filler has an average particle
diameter of 6 um or more. [Claim 9] The adhesive sheet according to claim 7 or 8, wherein the

thermally W?@K@PM (&ipcludes wo og marg filersdiiering imthesaverage paktisle diameter and
S

contains at least a filler with an average particle diameter of 6 pm or more and 15 pm or less and a

filler with an average pagticle diansiar of 304 or et [l Wleo 20 inclusive.)

[Claim 8]
The adhesive sheet according to claim 7, wherein the
thermally conductive filler (C) includes two or more fillers
~differing in the average particle diameter and at least one

filler has an average particle diameter of 6 um or more.

[Claim 9]

The adhesive sheet according to c¢laim 7 or 8, wherein the
thermally conductive filler {C) includes two or more fillers
differing in the average particle diameter and contains at least
a filler with an average particle diameter of 6 um oxr more and
15 um or less and a filler with an average particle diameter

of 30 pm or more.

[{Claim 10]
The adhesive sheet according to any one of claims 7 to

9, wherein the thermally conductive filler (C) includes a filler
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The adhesive sheet according to any one of claims 7 to 9, wherein the thermally conductive filler (C)
includes a filler that the pH measured when 10 g of the thermally conductive filler is added to 100 g of
water is not more than 6.0. [Claim 11] The adhesive sheet according to any one of claims 7 to 10,
wherein the thermally conductive filler (C) includes alumina. [Claim 12] The adhesive sheet according
to any one of claims 7 to 11, wherein the organic-solvent-soluble polyimide (A) has a residue of a
diamine represented by the following general formula (2). [Formula 4] R1R2 H 2N - R5Si - 0S i R6N H
(2) m (In thesgenesapforaulad 2y dnmiiepresegts & rargehsfin®130; Mordori RS &ihd Femay be the
same or different and represent an alkylene group with 1 to 30 carbon atoms or a phenylene group.
121 to R4 machamay bedhe same arfdiffersnt and reptesent-an @it groGp with 1 to 30 carbon atoms,

a phenyl group or a phenoxy group.)
[Claim 11]
The adhesive sheet according to any one of c¢laims 7 to
10, wherein the thefmally conductive filler (C) includes

alumina.

[Claim 12]

The adhesive sheet according to any one of claims 7 to
11, wherein the organic-solvent-scluble polyimide (A) has a
residue of a diamine represented by the following general
formula (2).

iFormula 4]

R R?2

|
H,N — R5— S o} Si— R6—NH, (@
RS R4

{In the general formula (2}, m represents a range of 1 to 30.
Moreover, R® and R® may be the same or different and represent
an alkylené group with 1 to 30 carbon atoms or a phenylene group.

R’ to R® each may be the same or different and represent an alkyl
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[Claim 13] A cured product of an adhesive composition according to any one of claims 1 to 6 or of
an adhesive sheet according to any one of claims 7 to 12. [Claim 14] A semiconductor device

comprising a cured product of an adhesive composition according to any one of claims 1 to 6 or of an
adhesive sheet according to any one of claims 7 to 12.

group with 1 to 30 carbon atoms, a phenyl group or a rhenoxy

group. )

{Claim 13]
A cured product of an adhesive composition according to
any one of claims 1 to 6 or of an adhesive sheet according to

any one of claims 7 to 12.

{Claim 14]
A semiconductor device comprising a cured product of an
adhesive composition according to any one of claims 1 to 6 or

of an adhesive sheet according to any one of claims 7 to 12.
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