SPECI FI CATI ON PRESSURE- SENSI Tl VE ADHESI VE EXCELLENT | N.HEAT RESI STANCE AND
HEAT CONDUCTI VI TY, ADHESI VE SHEETS THERECF, AND FI XI NG METHOD OF ELECTRONI C
PARTS AND HEAT- RADI ATI NG MEMBERS USI NG THEM TECHNI CAL FI ELD The present
i.nvention relates to a pressure-sensitive adhesive excellent in the heat
resi stance and the heat conductivity and adhesive sheets prepared by
formng the pressure-sensitive adhesive to the forns of sheets and tapes,
which are used for fixing electronic parts, in particular fixing electronic
parts .and heat-radiating nenbers, and also for fixing other nenbers in
various fields of building materi SEECTRIGCATEON airpl anes, vessels, etc.
BACKGROUND ART Because in electronic parts such as hybrid packages,

mul ti modul es, closed type integrated circuits with plastics or netals,

etc., with theé increase of the integration of integrated circuits, the '
heati ng vERBESURE-GENSIIdYEMHERHE %@%&‘slﬁiﬁ%@y%ﬂ&%ﬂm@mﬁﬁl\ronal

di sorders of electronicégerts by the increase of tenperature, neasures of
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IECHNICAL FIELD

The present invention relates to a pressure-sensitive

adhesive excellent in the heat resistance and the heat
-conductivity and adhesive sheets prepared by forming the
pressure-sensitive adhesive to the forms of sheets and tapes,
which are used for fixing electronic parts, in particular fixing
electronic parts and heat-radiating members, and also for fixing
other members in various fields of building materials, vehicles,

airplanes, vessels, etc.

BACKGRQUND ART
Because in electronic parts such as hybrid packages,
multimodules, closed type integrated circuits with plastics or
metals, etc., with the increase of the integration of integrated
B Jcircuits, the heating value is increased and there is a

possibility of causing functional disorders of electronic parts
by the increase of temperature, measures of preventing the
occurrence of the functional disorders by attaching heat-

radiating members such as a heat sink, etc., to electronic parts



a.nmet hod of fixing by adhesion using an appropriate adhesive may be

enpl oyed but the foll owrng problens are indicated. That~is, in the case of
usi ng an adhesi ve prepared by a solution polynerization, a | ow boiling
organi c solvent used at the production remains in the adhesive, and
evaporation of the solvent causes corrosion of electronic parts or the
evaporation and expansi on of the solvent at high tenperature cause

swel l'ing, peeling, and slipping. Also, in the case of using an adhesive
prepared by an enul sion pol ynerization, an enul sifying agent used at the
product i omareherdeqftda eeds t o cause staining, adhesion failure, and | owering
of the noisture resistance. On the other hand, recently, fromthe view
poi nt of safety aftxdetachinghheat-aladipdiieenerbat sty ¢é betheonse pafrtan
organi ¢ sol vent, photopol ynerization-type acrylic pressure-sensitive

adhesi ves aalmethpdpot dilximg baxadpesionnusisy @atapproprlisit e selhes imet ney of
obtaining a pressure-sensitive adhesive wthout using an organic solvent,
whi ch conpe €BR1pNECoRBEYRRe| Bohtowinadsahkens aralindicafied. afhas #snoner
for nodifi,cation on a base material, is, disclosed. Also, a
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causes corrosion of electronic parts or the evaporation and
expansion of the solvent at high temperature cause swelling,
.peeling, and sliﬁping. Also, in the case of using an adhesive
prepared by an emulsion polymerization, an emulsifying agent used
at the production thereof bleeds to cause staining, adhesion
féilure, and lowering of the moisture resistance.

On the other hand, recently, from the view point of safety
and the environmental hygiene relating to the use of an organic
solvent, photopolymerization-type acrylic pressure-sensitive
adhesives are proposed. For example, in U.S. Patent 4,181,752,
amethod of obtaining a pressure-sensitive adhesive without using
an organic solvent, which comprises photopolymerizing an acrylic-
acid alkyl ester and a monomer for modification on a basematerial,

'ﬁs disclosed. Also, a pressure-sensitive adhesive prepared by
forming the similar pressure-sensitive adhesive on a releasing
liner and transferring the adhesive on a base material is known.

According to such a photopolymerization-type

pressure-sensitive adhesive, it has been expected that the



above-described various problems attributable to the use.of an organic

sol vent or an emul sifyi ng agent are all avoided, the mol ecul ar wei ght of

t he pol yner obtained can be increased by irradiating a |ight having a
relatively weak intensity, and a pressure-sensitive adhesive of good heat
resi stance having a | arge corsslinking degree and a | arge cohesive force
can be obtained. Al so, the adhesive for attaching heat-radiating nenbers to
el ectronic parts is required to have an excellent heat- conductivity in
addition to a high heat resistance. Fromthis point, for exanple, (a) an
adhesi ve mlmmae-edesqrableldmganmoabLmir@blnemsvwie*tribuaabmapﬁéI thenus®ngRidH ng
a polynerizable acrylic acid ester nononer and a free radical initiator as
descri bed 9rganis: ml@ﬁlntmrmn%mulsh)?yangr agenteayenalll \ewoddieehi \Wwhe
prepared by randomy dispersi ng a heat-conductive electrically insulating
particl es RHlegnkakywetghly| afetber petyperyabtainedesan bed incEasee oy
Patent (E 66093-Al, (c) an adhesive tape having an adhesive | ayer

cont ai ni ngzrstl' t’pﬁﬁ’t?clb%*‘ﬁab?ﬁb“?hé seaprhiveiysweakgdntensdtohe and a

t hi ckness of the |ayer aEldescr% in U S Patent 4,606,962, etc., are
proposed. BERARRETS™ ¥asadpesine ‘aghg@P%hSPtaEG\v"és&é‘é‘&el baying) a
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primer or o@{.‘dlqieq{_ceptl ng oxygen and thus there -3-

Also, the adhesive for attaching heat-radiating members
to electronic parts is required to have an excellent heat-
.conductivity in addition to a high heat resistance.

From thi.s point, for example, (a) an édhesive prepared
by adding an aluminum powder to a composition containing a
polymerizable acrylic acid ester monomer and a free radical
initiator as described in U.S. Patent 4,772,960, (b) a
pressure-sensitive adhesive prepared by randomly dispersing a
heat-conductive electrically insulating particles in an alkyl
acrylate series polymer as described in European Patent (EP)
566093-Al, (c) an adhesive tape having an adhesive layer
containing silver particles having the grain sizes larger than
the thickness of the layer as described in U.S. Patent 4, 606,962,
':etc., are proposed.

However, in the case of the adhesive of above-described
(a), after applying the adhesive to one or both of an electronic
part and a heat-radiatingmember, it is necessary to apply a curing

treatment using a primer or by intercepting oxygen and thus there



is a problemthat a nuch.tinme and a large | abor are required for the
adhesive treatnment and also it is required to tenporarity fix the adherends
until the adhesive is cured, which reduces the production efficiency of
electronic parts. Also, in the case of the adhesives, etc., of
above-described (b) and (c), when the adhesive used is subjected to a heat
cycle of quick heating and quick cooling, peeling and a deterioration are

| iable to occur and a satisfactory result is not always obtained for fixing
by adhesion of electronic parts and heat-radiati ng nenbers. The present

i nvention e peeblerdehdfdemidleand bad Bt PAE§8 oA ARI R GuHed T
present invention is to provide a photopol yneri zai on-type

pressur e- Mrsathesizehtseatment edndal sonit s Feauired sbankgporilk1he ficat
conductivity w thout causing the problens of the adhesive materials added
wi t h heat -thendudhtenendgmruntci bstind adivesivestsi badeda) whiche redukals ithet 0
provi de a pressure-sensitive adhesive excellent in the heat resistance and
t he heat GExdination ¢fficigmeysofecebdekronpe gertsl. bR lsw, ningthdéecase of

pressure-sensitive adhesive in the fornms of sheets or tapes, which can
easi |y fi they asinasdikas clakd romE ghave-deschibbedr 4b) agndg (edrbwhenwithieout
requiring ch tinme and,l arge.l abor for the adhering treatnent and does not
cause the aﬁ’@@llé’rﬁ yresedsi AEPIgeted; 6Pt itpat axcle Qludindh head iaghesdye
ot Al s RS YT L2 eROYel St durck henting, ang auick soot o
el ectroni g RAL §,30d A1 AYe3U129: TPHBE 314829108 ined for fixing by
adhesion of electronic parts and heat-radiating members.
The present invention has been made under these
circumstances aqd an object of thé present invent;.ion is to provide
a photopolymerizaion-type pressure-sensitive adhesive excellent
in the héét resistance and the heat conductivity without causing
the problems of the adhesive materials added with heat-conductive
particles of above-described (a) to (c), that is to provide a
. pressure-sensitive adhesive excellent in the heat resistance and
the heat conductivity and adhesive sheets prepared by forming the
pressure-sensitive adhesive in the forms of sheets or tapes, which
can easily fix by adhesion electronic parts and heat-radiating
members without requiring much time and large labor for the
Jadhering treatment and does not cause the problem of peeling,
deterioration, etc., even when the adhesive materials are
subjected to a heat cycle of quick heating and quick cooling. As

a matter of course, the present invention is not limited to fix

well electronic parts and heat-radiating members using the



-4- above-descri bed adhesive materials but can give .the sane effect as
above when the adhesive-materials are used for fixing other parts or
menbers than the above-described ones. DI SCLOSURE OF THE | NVENTI ON As t he
results of various investigations for solving the above-described objects,
the inventors have discovered that by conpounding a specific acrylic
nmonomer m xture with specific ceramc powder and photopol yneri zi ng the

m xture, a photopol yneri zati on-type pressure-sensitive adhesive excel |l ent
in the. heat resistance and the heat conductivity, and adhesive sheets

t her eof arabobvéadesdribed &ghesing nidseridbsibiet Areyiizesthel eahe anf Legiar t s
and heat-radi ating nenbers can be easily fixed without requiring nmuch tine
and | ar ge asbarovy wien dovel gilessive matasriale grepseqd foud fheinpjetherto
be fixed can be stably and certainly kept w thout causing peeling and

det eri or atP¥ft2ver neRherfctharethebpbove-deschiljescionesi.o a heat cycle of
qui ck heating and quick cooling after fixing, and have acconplished the
present invention based on PﬁéEBQ§HBEeQF.T¥'at f rding to an aspect
of the present invention, rovideq a pressure-sensitive adhesive

there i
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compounding a specific acrylic monomer mixture with specific
ceramic powder and photopolymerizing thé mixture, a
photopolymerization-type pressure-sensitive adhesive excellent
. in the heat resistance and the heat cor}ducti.vity, and adhesive
sheets thereof are obtained, and by using the adﬁesive materials,
electronic parts and heat-radiating members can be easily fixed
without requiring much time and large labor by the good
pressure-sensitive property and the objects to be fixed can be
stably énd certainly kept without causing peeling and
deterioration even when the fixed objects are subjected to a heat
cycle of quick heating and quick cooling after fixing, and have
accomplished the present invention based on the discovery.

That is, according to an aspect of the present invention,
there is provided a pressure-sensitive adhesive excellent in the

- ':heat resistance and the heat conductivity, comprising a

photopolymerization product of a composition containing
following four components a) to d):

a) 100 parts by weight of a monomer mixture (or the partial

polymerization product thereof) made up of from 70 to 99% by weight



a) 100 parts by weight of a nononer mxture (or the partial polynerization
product thereof) nade upof from70 to 99% by weight -5:°  of a (neth)
acrylic acid al kyl ester wherein the carbon atom nunber of the al kyl group
is from2 to 14 on an average and from 30 to 1% by wei ght of a
nonoet hyl eni cal | y unsaturated nonomer copol ynerizable with the
(meth)acrylic acid alkyl ester, b) from0.01 to 5 parts by weight of a

pol yfunctional (neth)acrylate as a crosslinking agent, c) from 10 to 300
parts by weight of at |east one kind of a ceram c powder selected froma

coval ent hgnd (M)%l@é’éeggaa%}g}fles@reﬁﬁgr@ RHHPBa PHBRY t i nBmBRY

having a wurtzite-type “or zincbl ende-type crystal structure and a substance

having a B?X%ﬁ%nab.k?ﬁ%%h@r 187 2pbht & €67 UEtAH @an b rlgd 10/ ¢roh BO Bo
parts by weight of a photopolynerization initiator. According to other

aspect of 18heyiedIgHt I0F eNtndtbe tHEIénica Dl pvunisdtanaddticnonomebeet
conprising a base material having one or both surfaces thereof the layer of

t he abovecopadvimeed zabdss wicctsetlsas t (vetljdbesyVic #cidralikygltester)| ot her

aspect of the present i1nvention, there is provided a fixing method of

el ectronic parts hidfireat O.8di &a iy peartberlsy weight cofipa i petyfunchiongl

adhesion el ectronic parts and heat-radi ati ng nenbers via the above-
(meth)acrylate as a crosslinking agent,

c) from 10 to 300 parts by weight of at least one kind

of a ceramic powder selected from a covalent bond substance having

- a total valence electron number of 8 and having a wurtzite-type
or zincblende-type crystal structure and a substance having a
hexagonal system or graphite structure, and -

d) fr_‘om 0.01 to 5 parts by weight of a photopolymerization
initiator.

Accordiﬁg to other aspect of the present invention, there
is provided an adhesive sheet comprising a base material having
one or both surfaces thereof the layer of the above-described
pressure-sensitive adhesive.

According to still other aspect of the present invention,
there is provided a fixing method of electronic parts and
heat-radiating members, which comprises fixing by adhesion
'électronic parts and heat-radiating members via the above-
described pressure-sensitive adhesive or pressure-sensitive
sheet. |

BEST MODES FOR CARRYING OUT THE INVENTION

The present invention is described in detail below.



descri bed pressure-sensi-tive adhesive or pressure-sensitive sheet. BEST
MODES FOR CARRYI NG OQUT THE | NVENTI ON The present invention is described in
detail below. -6- .In the conposition of the present invention, the
(meth) acrylic acid al kyl esters constituting the nonomer m xture (or the
partial polynerization product thereof) of the conponent a) are preferably
nonof uncti onal unsaturated (nmeth) acrylates of a non-tertiary al kyl

al cohol, such as, for exanple, ethyl (nmeth)acrylate, butyl (neth)acrylate,
i soanyl (neth)acrylate, n-hexyl (neth)acrylate, 2-ethyl hexyl

(meth)acryl ate, | dnodhe domidsitaiory|@f ethé Soresent (IBVent26ny! ehe, decyl
(nmeth) acrylate, and dodecyl (nmeth) acrylate. In these nononers, one or
mor e ki nddmefth)laeryldichpcidryl by k esiterseconshé tatdhaggehs aidionet aixpureer
of the alkyl group is from2 to 14 are used. Al so, the nonoethylenically
unsat ur at d@rnbhemar tigpb Ppiamenirat idn prodacdbbherdefiroHathe aemppaenyl i c
acid ester is used to inprove the adhesive property by introducing a

f unct i onaP) gRBRPRALral v aHend!l iunseduraties dmesd) ascriydatesand t he
heat resistance by gontrolling the glass transition tenperature of the
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n-hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl
(meth)acrylate, isononyl (meth)acrylate, decyl (meth)acrylate,
and dodecyl (meth)acrylate. 1In these monomers, one or more kinds
.of the (meth)acrylates wherein the average carbon atom number of
the alkyl group is from 2 to 14 are used. -

Also, the monoethylenically unsaturated monomer
copolymerizable with the above-described (meth)acrylic acid
ester is used to improve the adhesive property by introducing a -
functional group or a polar group and to improve the cohesive force
and the heat resistance by controlling the glass transition
temperature of the.photopolymerization product. Such an
unsaturated monomei: includes, for example, (meth)acrylic acid,
itaconic acid, sulfopropyl (meth)acrylate, a hydroxyalkyl
(meth)acrylate, a cyanoalkyl (meth)acrylate, (meth)acrylamide,

- ':a substituted (meth)acrylamide, N-vinylcaprolactam,
(meth) acrylonitrile, vinyl chloride, and diallyl phthalate.
From these monomers, one or more kinds of the monomers are used

according to the purposes.

In the monomer mixture (or the partial polymerization



(meth) acrylate, a cyanoal kyl (neth) acrylate, (neth) acrylamde, a
substituted (neth)acryl-avi de, N-vinylcaprolactam (nmeth)acrylonitrile,

vinyl chloride, and diallyl phthalate. Fromthese nononers, one or nore

ki nds of the nononmers are used according to the purposes. In the nonomer

m xture (or the partial polynerization -7 product thereof) of the ]
conmponent a), it is better that in the use proportion of the (neth)acrylic
acid al kyl ester and the nonoethyl eni cally 'unsat urated nonomner )

copol ynmeri zable with thereof, the (nmeth)acrylic acid al kyl ester is from70
to 99% by pwodintt trelresf esfibtlye faonpditent H)7/ 0y IeidttantHde in the
nmonoet hyl eni cal | y unsat urated nononer copol ynerizable with thereof is from
30 to 1% hysewprpporthon pp£f thablyethpactglioc aeHidy alkiyihtestr wsicdhgHeese
nononers in the use proportion, the adhesive property, the cohesive force,
etc., of tmanqethylericakhyiwhsatutabedyvBonaterupopblymerizable with

phot opol yneri zati on product can be bal anced well.- In the conposition of the
present | rkhaRedh, thee (Beth) assvildsapcideahk¥lrester is fimem dPotel 9Tk ibwy
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thereof is from 30 to 1% by weight, and,preferably_from 15 to 3%
by weight. By using these monomers in the ﬁse proportion, the
adhesive property, the cohesive force, etc., of the pressure-
. sensitive adhesive made up of the photopolymerization product can
be balanced well. -

In the composition of the present invention, the
polyfunctional (meth)acrylate as the crosslinking agent of the
component b) is to increase the shearing strength of the
pressure-sensitivé adhesive and as the (meth)acrylate of a
polyhydric alcohol, for example, trimethylolpropane
tri (meth)acrylate, pentaerythritol tetra(meth)acrylate, 1,2-
ethylene glycol di(meth)acrylate, and 1, 6-hexanediol
di (meth) acrylate are preferably used.

The polyfunctional (meth)acrylate is used in an amount

Jof from 0.01 to 5 parts by weight, and preferably from 0.1 to 3
parts by weight to 100 parts by weight of the monomer mixture of
the component a). In the range, in the case of a bifunctional

(meth) acrylate, the amount can be increased and in the case of

a trifunctional or higher functional (meth)acrylate, the amount



et hyl ene glycol di(neth)acrylate, and 1, 6-hexanedi ol di(nmeth)acrylate are
pref érably used. The pofyfunctional (nmeth)acrylate is tsed in an anmpunt of
fromO0.01 to 5 parts. by weight, and preferably from0.1 to 3 parts by

wei ght to 100 parts by weight of the nonomer m xture of the conponent a).
In the range, in the case of a bifunctional (meth) acrylate, the anmount can
be increased and in the case of a trifunctional or higher functional
(meth)acrylate, the anount - 8- can be decreased. However, if the anount
of the. polyfunctional (neth) acrylate is less than 0.01 part by weight, the
crossli nkicap Begdeerahsed.t RopEoespOl § ritd Zalowit oFRAE gewﬂﬁﬁ&e'isﬂhhy

I ncreased, while the anount thereof is nore than 5 parts by weight, there

i s a possi(bielth)pcafy laheel sries Sichadhe stV e b, wahglet, ahe oreesiiakigg I n
the conposition of the present invention, as the ceram c powder of the :
conponent depgregt affsst tdvee phiatrbpsfl yneomivze Eivn boanhetibise asuEfbaiéngla tota
val ence el ectron nunber_ of 8 and having a wurtzite-type or zincblende-type
crystal stPRGEEasedariihble hst aneenkihergof hemayenthan\ispantebywegighhite
structure hs used. The former coval ent bond substance includes dianond,

c-BN, Si CthgZe 1gm pRs§ibiddty gfjleneringcthe ashesice forcey whickagbaal
system oru%dgrsg&)_giﬁ% structure includes hexagonal BN, graphite, etc.

In the composition of the present invention, as the
ceramic powder of the component c), at least one kind of a covalent
bond substance having a total valence electron number of 8 and
having a wurtzite-type or zincblende-type crystal structure and
a substance having a hexagonal system or a gréphite structure
is used. The former covalent bond subsfance includes diamond,
c-BN, SiC, BeO, BP, AlN, etc., and the later substance having a
hexagonal system or a graphite structure includes hexagonal BN,
graphite, etc.

Now, the term "total valence electron number"” means the
total electron number of the electrons existing in the outermost
shell of each atom constituting the compound and, for example,
obtained as follows. Diamond: 4 + 4 = 8, c-BN: 3 + 5 =8, SiC:
4 + 4=28, BeO: 2 + 6 =8, BP: 3 + 5 =28, AIN: 3 + 5 = 8.
~ In general, heat is transmitted by electrons in ametallic
bond substance and by phonons (lattice oscillation) in an ion bond
substance and a co.valent bond substance, such as ceramics. Aheat
resistance forms by an electron-phonon interaction in a metal and

increases with the increase of temperature and forms by a



Now, the term"total valence el ectron nunber"” nmeans the total electron
nunber of the el ectrons-‘existing in the outernost shell” of each atom
constituting the conpound and, for exanple, obtained as follows. D anond:
4.+ 4 =8, ¢c-BN\:. 3+5 =8, SIC 4+4=8, BeO 2 +6 =8, BP. 3 +5 =8,
AIN. 3 +5 = 8. In general, heat is transmtted by electrons in a netallic
bond substance and by phonons (lattice .oscillation) in an ion bond

subst ance and a coval ent bond substance, such as ceram cs. A heat _

resi stance forns by an el ectron-phonon interaction in a netal and increases

't er act | SHORE PHARSIORRERBEFF Aot 1 & FBeRPe Ee T aq e JAPBRE L tgPrn
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ccordi ngly, as the adhesive use or fi'xing el ectroni c parts an
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the heat resSistance is hard to be influence ature rel1ance and

the heat %@@U%fvﬁﬂiﬂ% eﬂéeéa%dieﬁpa&;@fs%ﬁdrwéa&f@@i@@i%mé,Sthe
sui tabl e asconpared w thadhesi vescont ai ni ngnet al powder . e present

i nvent i onaghleedivievebitdininghe curanianpoldied wHEsEAACEhS hddtereshistanee
havi ng a hexagonal systemor a graphite structure described above fromthe

vi ew poi niis Rhedctoape cipbluenced hha demperatum me)i draoee aaly thhes head
formsuch as, for exanple, a spherical form an acicular
conductivity of a wide temperature range can be expected is
suitable as compared with adhesives containingmetal powder. The
‘present invention selectively usés_the covalent bond substance
or the substance having a hexagonal systemor a gr._'aphite structure
described above from the view point.

The ceramic powder of the component c) may have any
desired form such as, for example, a spherical form, an acicular
form, a flake form, a star form, etc. The selection of the form
may be properly determined according to the rheology of the
monomer mixture or the rheological property of the composition.

The particle sizes of the ceramic powder are usually from
0.5 to 250 um, preferably from 1 to 100 um, and more preferably
from 5 to 30 um.

Also, it is better that the thermal expansion coefficient

Jof the ceramic powder is 5.0 x 107%/°C or lower, and preferably
1.0 x 107°/°C or lower. .
When a temperature is raised, the atoms constituting a

crystal are thermally oscillated, as the result thereof, the

volume of the crystal is increased, the increase of the volume

- 10 -



form a flake form a star form etc. The selection of the formmy be
properly determ ned acc¢ording to the rheol ogy of the nononmer mxture or the
Theol ogi cal property. of the conposition. The particle sizes of the ceramc
powder are usually fromO0.5 to 250 [err]m preferably from1 to 100 [err]m
and nore preferably from5 to 30 [err]m Also, it is better that the

t hermal expansion coefficient of the ceramc powder is 5.0 x 10[err]/[err]C
or lower, and preferably 1. 0 x 10[err]/[err]C or lower. Wen a tenperature
is raised, the atons constituting a crystal are thermally oscillated, as

t he resul ti¢ bbsedfred &€ avbhermadfetpensios) alhich redueesethe idimensirceasle of
the volune - 10 - I s observed as a thermal expansion, which reduces the
di mensi onadtathphity tof ofhée heressssersenshtivevedhdbévevmadedapuw ofthehe
phot opol yneri zati on product containing the crystal, and when the

pr essur e- gErstopakyreihibza vion pradijaic contedningethe grystal, godcrherdihang
and qui ck cooling, peeling and deterioration are 1iable to occur. By .

defi ni ng tRresswrensersdhiee adhasdve ipasbirctek tocahan e cyedeert idnidle
above-descri bed range, the dinensional stabili s inmproved and t

probl ens dteakRg FRDERLLKCANG 1BEY eP?%}é?go?P‘i%’r?%e“r Fiemare I]tr}'eqbsle
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ceramic powder in the above-described range, the dimensional
stability is improved and the problems of causing peeling and
deterioration can be restrained. |
| It is better that the using amount of the ceramic powder
of the component c) is from 10 to 300 parts b—y weight, and
preferably from 20 to 120 parts by weight to 100 parts by weight
of the monomer component of the component a). If the used amount
of the ceramic powder is less than 10 parts by weight, the effect
of imparting the heat conductivity by the addition of the ceramic
powder is not sufficie.ntly obtained, while if the used amount
thereof is more than 300 parts by weight, the adhesive force is
liable to be lost, the heat resistance is lowered, and further
when the pressure-sensitive adhesive is subjected to a heat cycle
of quick heating and quick cooling, inconveniences such as peeling,
“deterioration, etc., are liable to occur.

In the composition of the present inyention, as the

photopolymerization initiator as the component d), benzoin ethers
such as benzoin methyl ether, benzoin isopropyl ether, etc.:

substituted benzoin ethers such as anisoin methyl ether, etc.;
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preferably from20 to 120 parts by weight to 100 parts by weight of the

rnonorer conponent of the<component a). |f the used anount of the ceramic

powder is less than 10 parts by weight, the effect of inparting the heat

conductivity by the addition of the ceram c powder is not sufficiently

obtained, while if the used amobunt thereof is nore than 300 parts by

wei ght, the adhesive force is |liable to be lost, the heat resistance is

| owered, and further when the pressure-sensitive adhesive is subjected to a

heat cycle of quick heating and qui ck cooling, inconveniences such as

peel i ng, cdatbetidnatédracetaphermsees i slitle 49 Dp2ddietRokactepResiohiegn of

the present invention, as the photopol ynerization initiator as the

conponent 2d)2-digetdioxetrahemrdcetoprenone, nidyi sebsditusw d-ketols

i sopropyl ether, etc.; substituted benzoin ethers such as ani soin nethyl

et her, et &uch assgrsethitle? dhdrprvpropiophenons, 2ekedi eahomaéidtophenone,

2, 2-di met hoxy- 2- phenonacet ophenone, etc.; substituted a-ketols such as

2- et hyl - ZUHFANRY FREPT bERE M asiZ-naphthaleresul fonyl dliaridsetach as
chl oride, etc.; photoactive oxinmes such as

2- napht hal enesul f qnyl
1- phenonepflf’%pﬁc&dﬁyﬁgdﬂwsz-s(‘iﬁh AhRIIRAG T okTREOPRRediones2nded. The
RPN i o A e O S i SN R
gﬁgfggit 2?&?%?2?@@9&08919&% igr?taim%rﬁn'%r 8%6%}.'Xma8%9qcog § %ger%:isvgy weight
to 100 parts of the monomer mixture as the compohent a) for
obtaining a good photopolymerization property and good adhesive
-characteristics.
At the preparation of the compositidn.of the present
‘invention, first, the monomer mixture of the component a) is mixed
with the photopolymerization initiator of the component d), the
premixture is partially polymerized to provide a coatable syrupy
product made up of a partial polymerization product having a
viscosity of from about 500 to 5,000 c.p. Or the above-described
premixture of the monomer mixture and the polymerization
initiator may be mixed with a thixotropic agent such as fumed
silica to provide a coatable syrupy product.
Then,byﬁdxingthecoatablesyrupyproductthusobtained
':with the polyfunctional (meth)acrylate as the crosslinking agent
of the component b), the ceramic powder of the component c), and,
if necessary, the additional photopolymerization initiator, a
composition for photopolymerization is prepared. To the

composition can be further added, if necessary, known various
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At the preparation of the conposition of the present invention, first, the
mononmer mni xture of the*c¢dnponent a) is mixed with the photopol ynerization
dnitiator of the conponent d), the prem xture is partially polynerized to
provi de a coat abl e syrupy product made up of a partial polynerization
product having a viscosity of fromabout 500 to 5,000 c.p. O the
above-descri bed prem xture of the nononer m xture and the polynerization
initiator may be mxed with a thixotropic agent such as funmed silica to
provi de a coat abl e syrupy product. Then, by m xing the coatable syrupy

product thigdiiveedct 48 af Pe1pekyapehhnenel dnahkloxidund!,ca @adkiSier
crosslinking agent of the conponent b), the ceram c powder of the conponent

c), and, idesiaress®lyne hetaddiantonebcphoinpohy nednges ioh rict distwrbing
conposition for photopol ynerization is prepared. To the conposition can be
further adthex phicit opedegeeariyza tidunwbyy theolsradi@tion ofddlttrarioleic rays .a
filler, a pignent, an antioxidant, a tackifier resin, a flane retardant,
etc., in the rangdh shenpregestuinvention, pbhe cpuinomitien itdwsprepared
irradiation of ultraviolet rays. In the present invention, the conposition
t hus prepdred 5zadiatre Hikh Wwikraviebotoraysr k9sPrevadgvide a

phot opol yneri zation product. The irradiation of yltraviolet rays |s_carried
out in anRBRIERLY AN P ECTUGE ac@‘%’twaéﬁl?‘ﬁ’e‘?rt‘ aﬁ&@%ﬁvglgt

nitrogen %aaSYS %.tsc 'dar?:rielcf' o%tSti%[ ean"‘@?;&r%en-free atmosphere replaced with

an inert gas such as a nitrogen gas, etc., or in a state where
the composition is shielded from air by covering with a
-ultraviolet transmissible film. Ultraviolet rays are
electromagnetic radiations having a wavelengfh range of from
about 180 to 460 nm but electromagnetic radiations having
wavelengths longer than or shorter than the above wavelength range
may be used. As the ultraviolet source, a general ultraviolet
irradiation apparatus such as a mercury arc, a carbon arc, a
low-pressure mercury lamp, an intermediate-pressuremercury lamp,
a high-pressure mercury lamp, a metal halide lamp, etc., is used.
The intensity of the ultraviolet rays is properly determined by
controlling the distance between the ultraviolet source and a
substance to be irradiated or by controlling the voltage and
':usually it is preferred to use weak ultraviolet rays having an
intensity of from 0.1 to 7 mW/cm’® in view of the irradiation time
(productivity).
The photopolymerization product obtained by the

irradiation of ultraviolet rays has a sufficiently highmolecular
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the conposition is shielded fromair by covering with a ultraviolet
transmissible film Utt.aviolet rays are el ectromagneti ¢ radi ations havi ng
a wavel ength range of from about 180 to 460 nm but el ectromagnetic
radi ati ons havi ng wavel engt hs | onger than or shorter than the above
wavel ength range may be used. As the ultraviolet source, a general
ultraviolet irradiati on apparatus such as a nercury arc, a carbon arc, a
| ow pressure nercury |lanp, an internedi ate-pressure nercury lanp, a
hi gh-pressure nercury |anp, a netal halide lanp, etc., is used. The

\ned_by .controlling the

[ 1 f.th I i ol L |

T gl 140 18448 ERRRIE RELTMOEL BRI L
b |1 h | d | Jy i i t

o Cont 9408 et pLAALS 18 At dind RS SES% EBREBRAHS . an, o1
(e 1SCLaha 4 AL e, R R LR 67 AR L oo

tai ned byt e ad I 2 S A
Rl b e e R e R e R

the present fdvegidt i 9¥htd endRAPPRYYIEELE4t heAtPERdYStahteysahdatHE
acrylic pressure-sensitive adhesive having a tackiness in a nornmal state

and havi ngree gnek -haais 1 €5r 6 tadltes i v thalsh € hpr E65HhCeSERSetddEL &t ES \thhas
the feature of excellent in the
heat conductivity and a cooling and heating cycle resistance by
the existence of the ceramic powder of the component c).

The adhesive sheet of the present invention is prepared
by.forming the acrylic pressure~sensitive adhes_ive thus prepared
on one surface or both surfaces of a base material and forming
the base material having the layer into a sheet form or a tape
form.

As the base material, a metal foil such as a copper foil,
an aluminum foil, a.stainless steel foil, aiberylliunlfoil, etc.,
is preferably used as a material excellent in the heat resistance
and the heat conductivity. Also, a sheet-form material made up
of a polymer éxéellent in the heat conductivity, such as a
heat-conductive silicone rubber, a plastic film such as a

polyimide film} a polyester film, etc., a flame-retarding film,
.a non-woven fabric, etc., can be used.

The thickness of the base material is usually from about
12 pym to 4 mm and the thickness of the layer of the acrylic
pressure-sensitive adhesive formed on the base material is

usually from about 10 to 150 um.
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heat conductivity and a-cooling and heating cycle resistance by the

exi stence of the ceramc:powder of the conponent c). THe adhesive sheet of
the present invention is prepared.by formng the acrylic pressure-sensitive
adhesi ve thus prepared on one surface or both surfaces of a base material
and form ng the base material having the layer into a sheet formor a tape
form As the base material, a netal foil such as a copper foil, an al um num
foil, a stainless steel foil, a berylliumfoil, etc., is preferably useéd as
a material excellent in the heat resistance and the heat conductivity.

Also, a sheet - of mp@ipaiiict AP 1) tle diLYIBE SNEEL! 68! chi pPESAR!

conductivity, such as a heat-conductive silicone rubber, a plastic film

such as a ipatefitiicle ddrl Be 1Y YestLied i bt B{Cforﬁiﬁbaﬁﬁer§5§é§i BE them a
o .

non-woven fabric, etc., can be used. The thickness of the base material is
usual |y f aemyddeubredsheersenisd t4 verndhestibe bhi & kebsa9ind Neiney &y ehet he
acrylic pressure-sensitive adhesive fornmed on the base material is usually
f r om aboumethododé50riked]anove and-therdakt ¢ doharis fier rding hheddiye=r vateheet
of the present invention can be also carried out by formng the |ayer of

t he acryl Paepsawdace sandiath sunfiemss oHrthe redsashageriage by the net hod

descri bed _above and thereafter transferring the |ayer onto )
Furthermore, without using a releasing liner, the base material

is directly coated or impregnated with the composition for the
photopolymerization and the composition thus coated or
impregnated is irradiated with ultraviolet rays to form a
'photopolymerization product followed by heat-drying to produce
the adhesive sheet. A proper method can be eméloyed according
to the kind, etc., of the base material.

In the present invention, for fixing electronic parts and
heat-radiating members using the above-described sensitive
adhesive or the adhesive sheet thereof, by interposing the
adhesive material between an electronic part and a heat-radiating
member and a press-adhering treatment may be carried out utilizing
the pressure-sensitive adhesive property, whereby both adherends
can be fixed with a good adhesive strength even under a high-
temperature state and when the fixed assembly is subjected to a

'Eeat cycle of quick heating and quick cooling, a stable adhesive
strength can be maintained without causing peeling and '
deterioration.

Electronic parts which are object to be fixed by adhesion

include IC chips, hybrid packages, multichip modules, power
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one surface or both surfaces of the base material. Furthernore, w thout
using a releasing linet; the base material is directly:‘coated or
inpregnated with the conposition for the photopol ynerization and the
conposition thus coated or inpregnated is irradiated with ultraviolet rays
to forma photopol ymerization product followed by heat-drying to produce

t he adhesive sheet. A proper nethod can be enpl oyed according to the kind,
etc., of the base material. In the present invention, for fixing eIecIronic
parts and heat-radiating nenbers using the above-described sensitive
adhesi.ve e@rahisd sadrssi doshkebitygerietfegiatddicinositty whehaghesties or

mat eri al between an el ectronic part and a heat-radiati ng nenber and a

pr ess- adhmeitad st, r eiat e Mhenpyebentadmvertt icon canibe adrgnitigeously applied
pressure-sensitive adhesive property, whereby both adherends can be fixed
with a gobo Githdy echesiengelectironimarts hagting anpergs heatdngt vadnd, when
the fixed assenbly is_subjected to a heat cycle of quick heating and quick
cool i ng, §u§ba55e¥a§hé§'v@tﬂﬂﬁ§ﬁ$ﬁ1Q%ﬁ¢q¥¥&ﬁuntalned wi t hout causi ng

peel ing and deterigration. Electronic parts which are object to be fixed by
adhesi on i ncl ude Aéﬁ?hlB%atﬁyﬁgﬂétbaakﬁgﬁgerﬁuVPFEHlBrﬁbﬂﬁh§§ °B@ﬁEF tojs =

transi sto cl oged-type inteqrated,cir |tva | astic net a etc.
The preseﬁ? Fﬁi?%aﬁ?% ‘?‘Fjo%n%dﬁ\ﬁf %mposedso%ra p5.a e or

a sheet of the above-described metal illustrated as the base

material and other radiators.

The thickness of the heat sink is generally from 10 um
.to 10 mm, preferably from 50 pm to 5 mm, and more preferably from

100 ym to 3 mm, although the thickness is not 1imited to the range.
The radiator may have a proper structure such as the form having
cooling fins.

In addition, the pressure-sensitive adhesives and the
adhesive sheets thereof of the present invention are used not only
for fixing by adhesion such electronic.parts and heat-radiating
members but also for fixing members in other various fields such
as building materials, vehicles, airplanes, vessels, etc., with
the same effects as described above.

The present invention is described more practically.by
Jthefollowingexamples. Inaddition,allpartsintheseexémples,
" unless otherwise indicated, are by weight.

Example 1
A premixture made up of 75 parts of isooctyl acrylate,

20 parts of butyl acrylate, 5 parts of acrylic acid, and 0.1 part
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to fix by adhesion electronic parts having a |arge heating val ue, such as

hi ghty integrated circuits. Al so, heat-radiating menber$ which are ot her
object to be fixed by adhesion include a heat sink conposed of a plate or a
sheet of the above-described netal illustrated as the base material and

ot her radiators. The thickness of the heat sink is generally from110 [err]m
to 10 mm preferably from50 [errmto 5 nm and nore preferably from 100
[errfmto 3 mm although the thickness is not |imted to the range. The

radi ator may have a proper structure such.as the form having cooling fins.

In addi ti of, 2,l2e-dinthiv:er-spnshényracetephersnandst Aepalpnerigagheat s

t hereof of the present invention are used not only for fixing by adhesion
such el ectindrria twar Wasamhhekd 1 I vdbel ymer ivedebyg bunradliabeflowithxi ng
menbers in other various fields such as building materials, vehicles,

ai r pl anesulgaydlodetetmays vin ha tiikt xogen efdecatmaspheser tbepgrabvdde. aThe
present invention is described nore practically by thefoll ow ngexanples. In
addi t i on, coatgiliessHrHPshaXingl @ Visaaskty etthabensedi Q0P caied, Byr wingng

wei ght . Exanple 1 A prem xture made up_of 75 parts of isooct I acryl ate, 20

parts of B8OyPax&syrf &£hes iR Vb’ftlhc‘?y? iRageief Brimethyhatpropage.

triacrylate as a crosslinking agent and 40 parts of hexagonal
boron nitride (h-BN) as a ceramic powder, a composition was
prepared. In addition, the thermal expansion coefficient (room
temperature —» 1000°C) of the hexagonal boron nitride (h-BN) was
0.1 x 107%/°C.

The composition was coated én a polyestér film subjected
to a surface treatment with a reieasing agent, photopolymerized
by irradiating with ultraviolet rays of 900 mj/cm® from a
high-pressure mercury lamp having an intensity of 5 mW/cm?® in a
nitrogen gas atmosphere followed by heat-drying in a hot-air
circulation dryer at 130°C for 5 minutes to form the Iayer of a
pressure-sensitive adhesive made up of the photopolymerization
product having a thickness of 50 ym. Then, by transferring the
layer onto both surfaces of an aluminum foil having a thickness
of 30 pm, an adhesive sheet was prepared.

- Example 2

An adhesive sheet was prepared in the same manner as in

Example 1 except that the amount of the hexagonal boron nitride

(h-BN) was changed to 120 parts.

- 17 -



-of 2, 2-di net hoxy- 2- phenyl acet ophenone as a pol ynerizati,on initiator was
partial |y polynerized by:irradiated with ultraviolet rays in a nitrogen gas
at nosphere to providé a coatable syrup having a viscosity of about 4,000
C-p.- By mxing 100 parts of the syrup with 0.2 part of trinethyl ol propane
triacrylate as a crosslinking agent and 40 parts of hexagonal boron nitride
" (h-BN) as a ceram c powder, a conposition was prepared. In addition, the
t hermal expansi on coefficient (roomtenperature [err] 1000[err]C) of the
hexagonal boron nitride (h-BN) was 0.1 x 10[err]/[err]C The conposition

was coated on a polyester film subjegxagplle 8 surface treatnent with a
rel easi ng agent, photopol ynerized by irradiating with ultraviolet rays of
900 nj/cn2 from a Aiggatakbs syruphawing anpiksavisigyvanfi abenti 4 y000 &.p.
mVcnferr] in a nitrogen tgas at nosphere foll owed by heat-drying in a :
hot - ai r ciWaslohtaimest byrfellawbietheGane Brogedurs asoih Fxane Laysingf a
pressure-sensitive adhesive nade up of the photopel ynerization product

havi ng a thPIRAEXI UG made apy ¢ ,80maRts Bf 2rafbyéhekNd agryiater 18martst h
surfaces of _an mnum foil having a _thickness of, 30 [err]m an adhesive

|
sheet was Pf ‘é‘?% AER¥HRFS/ 21 ARaRENEE; fETNAE: avdd prdthi%ed PREtheKame

o R R v 2R Db ReRIRYY, 8) ALBRERTELSP ene
syrup with 0.2 part of trimethylolpropane triacrylate and 40 parts
of SiC, a covalent bond substance having the total valence
electron number of 8, as a ceramic powder, a composition was
-prepared. In addition, the thermal expansion coefficient (room
temperature — 1,000°C) of above-described SiC v;vas 0.6 x 107°/°C.

The composition was coated on a polyester film subjected
to a surfacé treatment with a releasing agent, photopolymerized
by irradiating with ultraviolet rays of 900 mj/cm® from a
high-pressure mercury lamp having an intensity of 5 mW/cm® in a
nitrogen gas atmosphere followed by heat-drying in a hot-air
circulation dryer at 130°C for 5 minutes to form the layer of a
pressure-sensitive adhesive made up of the photopolymerization
product having a thickness of 50 um. Then, the layer was
transferred onto both surfaces of a copper foil having a thickness

':of 35 pm to thereby obtain an adhesive sheet.
Example 4
An adhesive shéet was prepared in the same manner as in

Example 3 except that 40 parts of ALN as a covalent bond substance

having the total electron number of 8 was used as a ceramic powder
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Exarrpl e 3 A coatable syrup having a viscosity of about 4,000 c.p. was

obt ained by followi ng the sane procedure as in Exanple I using a prem xture
made up of 80 parts of 2-ethyl hexyl acrylate, 19 parts of butyl acrylate, 1
part- of acrylic acid, and 0.1 part of 2,2-di nmethoxy-2-phenyl act ophenone. By
m xi ng 100 parts of the syrup with 0.2 part of trinethyl ol propane
triacrylate and 40 parts of SiC, a coval ent bond substance having the total
val ence el ectron nunber of 8, as a ceram c powder, a conposition was .
prepared. In addition, the thermal expansion coefficient (roomtenperature
[err] 1,000 @ld® af Sid\es descovdbehSiondssObstxnte[ RavlihbethkCtothg
corrp05|t|on was coated on a pol yester film subjected to a surface treatnent
with a reVad€nge gdestrophounbet \afeBi.zeTheythermal atpamsiidrcoktffdciendt
rays of 900 m./cnjerr] froma high-pressure nmercury |anp having an

i nt ensi ty odf NM@ rrgmReTat e roger0 QR Jatwass phed ex f 0T A%ed by
heat-drying in a hot-air circul atlon dryer_at 130[err]C for 5 mnutes to
formthe |layer of a pressure- el CRIENRLIGREde up of the

phot opol yneri zat i duct hay t hi ckness of 50 [err]m Then, the
| ayer was transfe%lnegdgﬁf‘bvﬁogh gr‘f'%ﬁé%r%?aﬁe‘éo’dbérhq Sane, AP, as in

adnesive EReRPre L SERAP Y, The. BRT0R R AR TER o ehelRiaoshaic BpF onar

40 parts Hgtﬁﬁeas(hamqvwagnton&%dsubstance having the total electron
nunber of was used as ceramc powder - 18 -

Comparative Example 2

An adhesive sheet was prepared in the same manner as in

Example 1 except that 40 parts of Al,0, as an ion bonding substance
was used as a ceramic powder in place of 40 parts:of the hexagonal
boron nitride (h-BN). The thermal expansion coefficient (room
temperature — 1,000°C) of above-described Al,0, was 6.0 x 10°3/°C,
Comparative Example 3
By carrying out a solution polymerization of 75 parts of
isononyl acrylate, 20 parts of butyl acrylate, and 5 parts of
acrylic acid in 210 parts of ethyl acetate in the presence of 0.4
part of 2,2'-azobis-isobutyronitrile with stirring at a
temperature of from 60 to 80°C in a nitrogen gas atmosphere, a
polymef solution having a viscosityof 120 poise, a polymerization
':ratio of 99.2% by weight and a solid component ratio of 30.0% by
weight was obtained. By mixing 100 parts of the polymer solution
with 3 parts of a polyfunctional isocyanate compound as a
crosslinking agent and 40 parts of hexagonal boron nitride (h-BN)

as a ceramic powder, a pressure-sensitive adhesive solution was
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in place of SiC as a coval ent bond substance having the.total valence
el ectron nunber of 8. “The thermal expansion coeffici ent” of AN (room
-tenperature-> 1,000C) was 4.0 x 10[err]/[err]C. Conparative Exanple 1 An
adhesi ve sheet was prepared in the same manner as in Exanple 1 except that
the use of 40 parts of the hexagonal boron nitride (h-BN) was omtted.
Conparati ve Exanple 2 An adhesive sheet was prepared in the same manner as
in Exanple 1 except that 40 parts of Al[err]err] as an ion bonding.
substance was used as a ceram c powder in place of 40 parts of the
hexagonal ppepapedi.tride (h-BN). The thermal expansion coefficient (room
tenperature [err] 1,000[err]C) of above-described Al[err]Jerr]Jwas 6.0 x
10[err]/[err]C. Chhpapxesser&xaapsiétidvByadhesjivegsolutionokasi omated on
pol ynmeri zation of 75 parts of isononyl acrylate, 20 parts of butyl '
acryl at e, a pod Y& sian £1idh supiecteddiodaisn qohregtmfenmvhwh aceekeasingt he
presence of 0.4 part of 2,2'-azobis-isobutyronitrile with stirring at_a
t enper at urgeRE Q‘T}Cbﬁfgertltﬁ%'@'[‘éFY}’Egllﬁl a ntraesigavlationpterer at ABTGmer
sol ution having a viscos of 120 pchl sed a poI mer.i zahl op ratio of 99.2%
by wei ght£ %ﬁdsa“”sr&r‘?%s'cdfﬁ%nfé%ﬁtn%ﬁl Rl 9 heFgRtmiRetest &P eRE T By
m Xi ng 1&5 sofé‘?1 rrer sol utiQ gvts of .a _pol xfuncti onal
socyanat R i ® ths BrESarERer G Sdsate AnheRevBapariBe AR hor on
nitride (thEw pm. Then, the layer was transferred onto both surfaces of

an aluminum foil having a thickness of 30 um to thereby obtain

an adhesive sheet. '

Then, each of the adhesive sheets prepared in Examples

1 to 4 and Comparison Examples 1 to 3 described above was subjected

to a heat-resisting shearing retention force test, a

cooling+heating cycle shearing retention force test, and a heat

resistance test by the following methods. The results are shown

in Table 1 below.

Each adhesive sheet (10 mm width) was adhered to one end

of the lengthwise direction of an aluminum plate (125 mm x 25 mm

X 0.4 mm) such that the adhered area became 20 mm x 10 mm, after

allowing stand for 30 minutes at 80°C, a load of 500 g was applied

"to the lengthwise direction of the adhered area at 80°C, and

whether or not the adhesive sheet was retained without falling

for 120 minutes or longer was tested. As the test results, the

case of being retained was evaluated as “A” and the case of being

not retained was ewvaluated as “B”.
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as a ceramc powder, a pressure-sensitive adhesive solution was - 19 -
prepared. The pressure-sensitive adhesive solution was ctoated on a

pol yester filmsubjected to a surface treatment with a rel easi ng agent and
after heat-drying in a hot-air circulation dryer at 40[err]C for 5 m nutes,
was further dried at 130[err]C for 5 mnutes to formthe |ayer of the
pressure-sensitive adhesive having a thickness of 50 [err]m Then, the

| ayer was transferred onto both surfaces of an alum numfoil having a._

t hi ckness of 30 [err]mto thereby obt ai n an adheS|ve sheet. Then, each of

t he adhesiyg, - . sqn Exanples 1
to 3 described g retention

force test, a COO|Iﬂ‘gtﬁ@a%]éﬂQOﬁﬁ%(ﬁhérSggaihogheeikﬁgi:' 9‘%5 %r‘:(iglrgle%zh arq.%dgna

heat resi stance test by t ow ng net resarts

Tabl e 1 beteten s - f@§¢éttest§heaehngdﬁegeeb' eﬁeE%r qe.0Tft W dhesive
sheet (10 nmwi dth) was adhered to one end of the-lengthw se |rect|on of

an al uni nudhsrdd; (a5 mmal okei g to Grhniforush hinutkReaddbered Argag
becanme 20 mm x 10 nm after allowi ng stand for 30 m nutes at 80[err]C a
| oad of 5@XF HOMsy afgs i @pblbedbhe Wengtihe ssusicesding ebndbeisdbengdear ea
at 80[err]C, and whether or not the adhesive sheet was retained wthout
falling changed from 80°C for 60 minutes to 0°C for 60 minutes, furthermore,

~to 80°C for 60 minutes, and thereafter to 0°C for 60 minutes,
whether or not the adhesive sheet was retained without falling
_was tested. As the test results, the case of retained was evaluated
as “A” and the case of not retained was evalu_ated as “B”.
Heat Resistance Test

A transistor in a TO-220 package (according to the
standard of JEDEC) was fixed by adhesion to a heat sink, the
temperature thereof became constant by immersing i.n water, using
each adhesive sheet, thereafter, a definite output was supplied
to the transistor, and the temperature difference (T, - T,) of
the temperature (T,) of the transistor and the surface temperature
(Tl)' at the lower side of the adhesive sheet was measured. From
the teniperature difference, the heat resistance was calculated
by the following equation.
; Heat resistance (°Cecm?/W) = (T, - T,) x A/P

A: Area of the transistor (cm?)

P: Consumed electric power (W) of the transistor

In addition, the temperature (T,) of the transistor was

measured by a thermocouple spot-welded to the metal base portion

- 21 -



for 120 mnutes or |longer was tested. As the test results, the case of
bei ng retained was eval'tiated as "A" and the case of bei'ng not retained was
eval uated as "B". - 20 - Cool i ng heating Cycle Shearing Retention Force
Test. In the same manner as in the heat-resisting shearing retention force
test, each adhesive sheet (10 nmw dth) was adhered, after allowing to
stand for 30 mnutes at 80[err]C, a |load of 500 g was applied. Wen the
surroundi ng conditions were changed from80[err]C for 60 mnutes to O[lerr]C
for 60.m nutes, furthernore, to 80[err]C for 60 mnnutes, and thereafter to
O[err] C f @f dheritmaresistwhetgmrkage NoRlisos athee Suwe adee dlemmsra Qi NEE )
without falling was tested. As the test results, the case of retai ned was
eval uat ed ais the' lgwen Isddeaod ¢henathestisienetiewds wasameasad eds byBihakiiagt
Resi stance Test A transistor in a TO 220 package (according to the standard-
of JEDEC) angBaiilkeleimghesheattpink mast insaktingea ttdrpurenanpl e Her tbe
becane co sagnt b¥ inpersing in water, using each adhesive sheet, .
t her eaf t eP018 -def Pt ES GRSt thestheppocewprle Wareplasest sndrhe heatt sénk
tenperature differenc T[err].- TlLerr of the tenperature (T[err])  of the
transi st oS tERS Steﬁ{-:*aguﬁéééltt ‘F%Eq?rtéJe{eﬂ Ehe) Reat ?’n‘ék Ia&ﬂei‘:s’ﬁ adhefivae
adhesi ve S sured. Framthe t erature difference, the heat
SHEEE A R U B SN T detraered’ SEes wad not

resi stancé was cal cul ate
influenced. -
Table 1
Heat-Resisting | Cooling+*Heating | Heat-
Shearing Cycle Shearing Resistance
Retention Force Retention Test
Test Force Test
Example 1 A A 3.3
Example 2 A A 2.3
Example 3 A A 5.5
Example 4 A A 5.0
Comparative A A 15
Example 1
Comparative A B 7.5
Example 2
Comparative ‘B B 3.3
Example 3 '
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Heat resistance ([err]Ccnferr]/W = (T[err] - T[err]) x AP A" Area of the
transistor (cnferr]) P:=-Consunmed electric power {W of the transistor In
addition, the tenperature (T2) of the transistor was neasured by a
thernncouple spot-wel ded to the netal base portion - 21 - of the

transi stor package. Al so, the surface tenperature (T[err]) at the | ower
side of the adhesive sheet was neasured by naking a small hole in the heat
sink and inserting a thernocouple in the hole. In this case, the

t hernocoupl e was placed in the heat sink disposed at the interface bet ween

t he heat sink and Eienm dhleesesaltbeshows ireaheasbooestdbre sdt bah Béd&een
adhered area was not influenced. Table 1 Heat-Resisting .

Cool i ng[ ertiatedihengdhiasditve Shemtisngf the preSynteiShentiog in Reanplansd
Retenti on Force Retention Test Test Force Test Exanple -
1 to A satisfy the heatAresn.stJ.ng shear8ng fetanilimr® force test aad

A 2.3 Exanple 3 A A
55 Exanp|té1e4coollng heaglng shearlng retention force testy arcenpeddente

A in the hpéat res.lstance, do nnglga%e a possibility of causing
problems of peeling and deterioration when they are subjected to
the heat cycle of quick cooling and quick cooling, have a low heat
resistance, and are excellent in the heat conductivity.

On the other hand, in the adhesive sheet in Comparative

.Example 1 without adding a ceramic powder and the adhesive sheet
in Comparative Example 2 using Al,0,, which is an ion-bonding
substance, as a ceramic powder,- the heat resistance cannot be
reduced to those of the adhesive sheets of the present invention,
and also the adhesive sheet in Comparative Example 2 is inferior
in the cooling-heating shearing retention force test. Also, in
the adhesive sheet in Comparative Example 3, wherein the same
ceramic powder as that in the present invention is added to the
pressure-sensitive adhesive which is not of a photopolymerozation
type but is of an organic solvent solution type, the heat
resistance can be sufficiently reduced but the adhesivé sheet

':cannot satisfy the heat-resisting shearing retention force test
and the cooling+heating cycle shearing retention test.

INDUSTRIAL APPLICABILITY
As described Iabove, in the present invention, by

employing the constitution that a specific ceramic powder is
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Conpar ative A - B 7.5 Example 2

Conpar at i ve Bt B © 383 Exanple 3 - 22 -
Fromthe results shown in the above table, it can be seen that the adhesive
sheets of the present invention in Exanples 1 to 4 satisfy the

heat -resi sting shearing retention force test and the cooling [err] heating
shearing retention force test, are excellent in the heat resistance, do not
have a possibility of causing problenms of peeling and deteriorati on when
they are subjected to the heat cycle of quick cooling and quick cooling,
have a | ovitestpoeastedainea phdtepelemeelilzantionn tipe parissighydrnsdtive On
the other hand, in the adhesive sheet in Conparative Exanple 1 w thout
adding a cedhesiveo\ithe paed sure-wHnsi live kelite siveCexpaldente i ixting | et
using Alferr](err], which is an ion-bonding substance, as a ceranic
powder, t Iresistancsi apdintle chaabt coadnetivat vt enchéde aidhesd vedsisats
sheets of the present invention, and also the adhesive sheet in Conparative
Exanpl e 2 Gherep®rcan be ohkained; nPleer |bYickresy adbasing matenirds/force

test. Also,. in the, adhesi ve shee n Conparati ve Exanpl e 3, wherein the
same_cer afAS AR RER e A BeRE S PaBE A N PERbESS PandR AT ILY Hixed

pressur o~ Sensiiuy ¢ AUSSe MBLER oty of, 3,000t PRELYTEL 0L oMy YA P!

~is of an
treatment, peeling or deterioration is not caused, even when the

adhesive materials are subjected to a heat cycle of quick heating
and quick cooling, and the objects to be fixed can be stably
-maintained. Furthermore, the adhesive materials of the present
invention are not limited for the use of fixing—electronic parts
or members but can be widely ut.:ilized for the uses of fixing
requiring a high heat resistance and a high heat conductivity,

such as building materials, vehicles, airplanes, vessels, etc.
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resistance can be suffieiently reduced but the adhe5| ve ‘sheet cannot
sat i sfy the heat-resi sti‘fig shearing retention force test:and the
cooling[err]heating cycle shearing retention test. | NDUSTRI AL APPLI CABI LI TY

As described above, in the present invention, by~empleying the constitution
that a specific ceramc powder is - 23 - mcorpgrated in a

phot opol yneri zati on type pressure-sensitive adhesi ﬂﬂ,ﬂmﬂmm#lm h
e eat

pressure-sensitive adhesive excellent in the heat
conductivity and the adhesive sheets thereof can be obt ai' nel. Al so,

t hese adhesive materials, electronic [ nd heat-radi ati ng nenbers can
be easily fixed w thout requiring a much tinme and a large | abor for the

adhering treatment). peqitdib e odiesi 0ivé | AdheéSivet egaustenteyanneen the
adhesive materials are subjected to a heat cycle of quick heating and quick -

- cooling, aekbidtamdsemid HeabecdhdedtLantPecsmpbliyingi at ai ned. Furthernore,
. the adhesive materials of the present invention are not |limted for the use
- of fixing pHmpaiymepizdatsion peodects bfit acaompesivtilehy conicbindadgf or t he
uses of fixing requiring a high heat resistance and a hi gh heat

conduct i vifiod laniotg afownicetipeonesterahl 8¢ dkhicl es, airpl anes, vessels,

etc. - 24 -
a) 100 parts by weight of a monomer mixture (or a partial

polymerization product thereof) made up of from 70 to 99% by weight
of a (meth)acrylic acid alkyl ester wherein the carbon atom number
of the alkyl group is from 2 to 14 on an average and from 30 to
1% by weight of a monoethylenically unsaturated monomer
copolymerizable with the (meth)acrylic acid aikyl ester,

| b) from 0.01 to 5 parts by weight of a polyfunctional
(méth)acrylate as a crosslinking agent,

c) from 10 to 300 parts by weight of at least one kind
of a ceramic powder selected from a covalent bond substance having
a total valence électron number of 8 and having a wurtzite-type
or zincblende-type crystal structure and a substance having a
hexagonal system or graphite structure, and

d) from 0.01 to 5 parts by weight of a photopolymerization
initiator.

‘ 2. Apressure-sensitive adhesive of claim 1, wherein the
thermal expansion coefficient of the ceramic powder of the
component ¢) is 5.0 x 107°/°C or lower.

3. An adhesive sheet comprising a base material having

formed on one surface or both surfaces thereof the layer of a
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' QPAINB 1. A pressure-sensitive adhesive excellent in heat resistance and
heat - conductivity conpfi-sing a photopol ymeri zation product of a conposition
containing follow ng four conponents a) to d): a) 100 parts by weight of a

nmpnoner mxture (or a partial polynerization pf af de up of
from70 to 99% by weight of a (nmeth) acrylic qmgulﬂamﬁﬂm“ﬁerel n the
carbon atom nunber of the alkyl group is from2«tc OR a; average and
from30 to 1% by wei ght of a nonoet hyl eni cally unsat urated nononer -
copol ynmeri zable with the (nmeth)acrylic acid al kyl ester, b) from0.01 to 5

parts b j 2 v - | o
) gqgt%y%,orgg p%ﬂ%;'*%ly‘*g‘mé Qa3lye( SRED) 26RY ! A @hdchéa € ressldtfidWanaent

c) from1l I ght of at |east one kind of a ceram c powder
sel ect ed ftﬁu@mga%a%h%%tq%w 253N 6a Pl BHo8ob6l gneyakzardenebeotinet
number of 8 and having a wurtzZite-type or zincbl ende-type crystal structure’
and a subgifanceohpykigisnhesaganalingyss Ebowingr fpit toomdonmits &) doddly
from0.01 to 5 parts by weight of a photopol ynerization initiator. 2. A
pressur e- sensi ti ve)allbe piart soby eedightlio f\dmeonomet el xtharerdbrétpmpsairdiaal
coefficient of the ceram c powder of the conponent c) is 5.0 X

10[ er r] / [ prolly@enri dadviem p8odartdtimsta®) madetur ofpfran 7§ to BASovrHedohsl

havi ng fornmed on one surface or both surfaces thereof the |ayer of a - 25 -
of a (meth)acrylic acid alkyl ester wherein the carbon’atom number

of the alkyl group is from 2 to 14 on an average and from 30 to
1% by weight of a monoethylenically unsaturated monomer
copolymerizable with the (meth)aérylic acid alkyl ester,

b) from 0.01 to 5 parts by weight of a polyfunctional
(meth)acrylate as a crosslinking agent, _

c) ﬁrom 10 to 300 parts .by weight of at least one kind
of a ceramic powder selected from a covalent bond substance having
a totai valence electron number of 8 and having a wurtzite-—type
or zinéblende—type crystal structure and a substance having a
hexagonal system or graphite structure, and |

d) from 0.01 to 5 parts by weight of a photopolymerization
initiator.

4. An adhesive sheet of claim 3, wherein the thermal
expansion coefficient of the ceramic powder of the component c)
“is 5.0 x 107/°C or lower. |

5. An adhesive sheet of claim 3, wherein the base material
is made up of a material excellent in the heat resis'tance and the

heat-conductivity.

- 26 -



Jpressure-sensitive adhesive excellent in the heat resistance and the

“heat - conductivity conprd sing a photopol ynerization product of a conposi tion
containing follow ng four conponents a) to d)y:T a 100 parts by weight of a
yrononer m xture (or the partial polyneri zatlon ‘ made up of
from70 to 99% by wei ght of a (neth) acrylic a l“l m!l““ mﬂﬂ erein the
carbon atom nunber of the al kyl group is from 2 LOM ars average and
from30 to 1% by wei ght of a nonoethylenically unsaturated nonomer

copol yneri zabl e with the (meth)acrylic acid alkyl ester, b) from0.01 to 5
parts by weight gf pelaahxémtél@é@& fo(f”ﬁ?iﬁ(‘éy%ﬁ&? 33 Jﬁx{h%%'dé‘é%f‘ﬂaf‘ge”t
c) from1l0 to 300 parts by weight o east .one a ceram ¢ powder
sel ect edi§regye Gpvekent meerd gyhyt,ance havi ng a total valence el ectron
nunber of 8 and having a wurtzite-type or zincblende-type crystal structure
and a substance haw figx fn§eothb fSyBé €t Oh i8Rt d EnatHt W Ldi fchd!)
from0.01 to 5 parts by weight of a photopol ynerization initiator. 4. An
adhesi vemeteers piwhdlchi cofiprikéngi fixireg byesdhes spalsatrael paetenindf the
ceram c powder of the conponent c) is 5.0 x 10[err]/[err]C or lower. 5. An
adhesi vehedkeradiatingnmembeher ¥iin ahprgssureatsensiltive rmttesivefl a

materi al excellent in the heat resistance and the heat-conductivity.
excellent in the heat resistance and the heat-conductivity

comprising a photopolymerization product of a composition
containing following four components a) to d):

a) 100 parts byweight of a nionomer mixture (or the partial
polymerization product thereof) made hp of from 70 to 99% by weight.
of a (meth)acrylic acid alkyl ester wherein the cerbon atom number
of the alkyl group is from 2 to 14 on an average and from 30 to
1% by weight of a monoe-'thylenically t_msaturated monomer
cepolyrnerizable with th"e (meth)acryiic acid .alkyl ester,

b) from 0.01 to 5 parts by weight of a polyfunctional
(meth)acrylate as a crosslinking agent,

c) from 10 to 300 parts by weight of at least one kind
of a ceramic powder selected froma covelent bond substance having
a total valence electron number of 8 and hav:Lng a wurtzite-type
or zincblende-type crystal structure and a substance having a

'hexagonal system or graphlte structu-re, and

d) from 0.01 to 5 parts by weigf_it of a photopolymerization
initiator. B : .

8. Afixing meth;od of electronic parts and heat-radiating

members of claim 7, whef.ein the thermal expansion coefficient of
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- 26 - 6. An adhesive sheet of claim5, wherein the base material is
ade up of a netal fokk: 7. A fixing nethod of el&ctronic parts and

-heat -radi ati ng menbers, which conprising fixing by j ni c
parts and heat-radiating nenbers via a pressure-sﬂr’ﬂmﬁm nja mgr _
excellent in the heat resistance and the heat-conducCtievi Sl Nng a
phot opol yneri zati on product of a conposition containing follow ng four

conponents a) to d): a) 100 parts by weight of a nonomer m xture (or_the

partial polynerization product thereof) nade up of from70 to 99% by wei ght

of a (meth) acryli.c acid alkyl,.ester erel n..t apb f the
al kyl ﬁrl F?lr:é%ﬁ Qopgeﬂo)éntla c%\r%z}b%neéan%d ago%’gogﬁ)@ﬁ%%%ggﬁ?'of a
nmonoet hyl eni ca URSAL L | ] h iati
(mochyatryl i o acks Ayt FEFRBRUT E1ERRRpHIE p APz Bl hoak Fadiating
POl yTunCLicthiale  "TRHALACEYhBESs8S FLLIAT Ty 8UhEI1 8 ectiohl €/Baltd andO
parts by weight 'of at |east one kind of & ceram ¢ powder selected froma
coval ent paitd ;S IS Mabdiss avidiah F@hesTee ebREEE ORaviifefored and
having a wirtzite-type or zincblende-type crystal structure and a substance
havi ng a teaamahesYayem 6f 4 paysuresisamiitrive anthedive excellernto ik
parts by weight of a photopol ynerization initiator.

the heat resistance and the heat-conductivity comprising a

photopolymerization product of a composition containing
following four components a) to d):

_ a) 100 parts by weight of a monomer mixture (or the partial
polymerization product thereof) made up of from 70 to 99% by weight
of a (meth)acrylic acid alkyl ester wherein the carbon atom number
of the alkyl group is from 2 to 14 on an average and from 30 to
1% by weight of a monoethylenically unsaturated monomer
copolymerizable with the (meth)acrylic acid alkyl ester,

b) from 0.01 to 5 parts by weight of .a polyfunctional
(meth)acrylate as a crosslinking agent,

c) from 10 to 300 parts by weight of at least one kind
of a ceramic powder selected from a covalent bond substance having
a total valence electron number of 8 and having a wurtzite-type
or zincblende-type crystal structure and a substance having a

"hexagonal system or graphite structure, and

d) from 0.01 to 5 parts by weight of a photopolymerization
initiator.

10. A fixing method of electronic parts and heat-

radiating members of claim 9, wherein the thermal expansion
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8. A fixing nethod of electronic parts and heat-radiating menbers of claim
-7, wherein the thermal- ‘expansion coefficient of - 27 =~ the ceramc
- pomder of the conponent c¢) is 5.0 x 10[err]/[err]C or lower. 9. A'Tleng
wret:hod of electronic parts and heat-radiating rrerrH"’ﬂy"mg i ses
fixing by adhesion el ectronic parts and heat-radi Wum
adhesi ve sheet having forned thereon the layer of a p essure Sen5|t|ve

adhesi ve excellent in the heat resistance and the heat-conductivity
conprising a photopol yrreri zati on product of a composition containing

foll ow ng f : ) 0 £ts by wei h of. a_mangner

m xture %gre%& Ear:(t :62? tr%'"ggt P?"%& 8&(3{:&1? 8‘5’10)“ ﬁ‘&dé:)ufisg?’ r&m 70
to 99% b ogh f th) acrylic acid alkyl ester wherein the carbon
atom nu 8?95? Bﬁ(e)lalké/:lnegroup is from2 to 14 on an average and from30 te

1% b ht of | bl
y weight o leﬂOQ{lMI@MHdeﬂS;Hgf%l%a#ﬂll@%O dgfizable

with the (nmeth)acrylic actd al kyl romoO parts by wei ght

of a pol yhdiafionpnenferk) 8€r¥laiR RS wherdSs ik bageaA8Rbria)l i50Rn4E O
300 parts by weight of at |east one kind of a ceram c powder selected from

a coval enp bdnd maberdalecRaellgng int BheVhbg&tCLesisthhea aHADEReOhe8tand
having a wurtzite-type or zincblende-type crystal structure and a substance
havi ng achedagbsialityyst em or graphite structure, and

12. A fixing method of electronic parts and heat-

radiating members of claim 11, wherein the base material is made

up of a metal foil.
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d) fromO0.01 to 5 parts by weight of a photopolynerization initiator. 10. A
fixing nmethod of el ectfionic parts and heat- radiating renbers of claim9,
wherein the thermal expansion - 28 - coefficient of the ceram c powder
‘of :the conponent c) is 5.0 x 10[err]/[err]C or lower. 11. A fixing nethod
of electronic parts and heat- radiating nenmbers of claim9, wherein the
base material is made up of a material excellent in the heat resistance and
the heat conductivity. 12. A fixing nethod of electronic parts and heat -
radi ating menbers of claim11l, wherein the base material is nade up of a

metal foil. - 29 - ABSTRACT
A pressure-sensitive adhesive excellent in the heat

resistance and the heat-conductivity comprising a
photopolymerization product of a composition containing a) 100
parts by weight of an acrylic monomer mixture or the partial
polymerized product thereof, b) from 0.01 to 5 parts by weight
of a polyfunctional (meth)acrylate as a crosslinling agent, c)
from 10 to 300 parts by weight of a ceramic powder made up of a
covalent bond substance having the total valence electron number
.of 8 and having a wurtzite type or zincblende type crystal
structure or a substance of a hexagonal systeﬁ or a graphite
structure, and d) from 0.01 to 5 parts by weight of a
photopolymefization initiator; an adhesive sheet using the
pressu;e—sensitive adhesive; and-a fixing method of electronic
parts and heat-radiating members using them. By using the
adhesive materials, electronic parts and heat-radiating members
can be easily fixed by adhesion without requiring much time and
large labor, and there is no fear that peeling and deterioration
occur, even wl'_zen they are slubj ected to a heat cycle of quickheating

and quick cooling.
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