. Specification ;JHERVALLY CONDUCTI VE PRESSURE- SENSI TI VE ADHESI VE AND ADHESI VE
-"SHEET CONTAI NIl NG THE SANE Techni cal Field This invention relates to

“heat - conductive and pressure-sensitive adhesives and ts i'n the
. form of -sheets, tapes, etc. wherein the heat- conductlj Immmmmmmlmﬁ
:.pressure sensitive adhesives are | ocated:on heat-conduct tive ase en

" Background Art "~ Wth an increase in integration ; heat
.value is increased in electronic parts such as hybrid packages;— - -----
nul ti nodul es, and seal ed type integrated circuits mnth Hﬁﬂhlcs and netals

Since the increase of tenperaturg ggff{8a£f n|ncrease mmwummnay cause
mal function of the electronic par a counterneasure ng the

mal functi on by attaching a heat-radlatlng menber sueh-as acheat _sink to the
el ectronic part has been taken. As a nethod for providing electronic

parts w tfyharipe I%”Pﬁﬁ§suﬁEﬂ§ mﬂ@?TM%ﬁ@@Nﬂ:m HBHBEIOR

adhesi ve prepared by addi ng al um num po etc. to a conposition

conpri si NguEe P UNEL I NAR oreryAmg € nononer and a free radical initiator is
proposed in U S . Patent 4 ,722, 960 . In this nethod, after the adhesive

I's applied onto one or both of the electronic

‘Technical Field

This invention relates to heat-conductive and pres-

-sur.e—sensitive adhesives and adhesive sheets in the form of

sheets, tapes, etc. wherein the heat-conductive and pres-
sufe—sehsitivé adhesives are loc;ted on heat-conductive base
materials.
Background Art

With an increase in integration of IC circuits, heat value
1s increased in electronic parts such as hybrid packages,
multimodules, and sealed type integrated circuits with plastics
and metals. Since the increase of temperature due to the
increased heat value may cause malfunction of the electronic
parts, a countermeasure for preventing the maifunction by
attaching a heat—radiating member such as a heat sink to the
electronic part has been taken.

As a method for providing electronic parts with heat-
radiating members, a method which comprises using an adhesive
prepared by adding aluminum powder etc. to a composition
comprising a polymerizable acrylate monomer and a free radical
initiator is proposed inU.S. Patent 4,722,960. In thismethod,

after the adhesive is applied onto one or'both of the electronic
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~part and the heat-radiating nmenber, it is necessary to effect a curing
-‘treatnment using a priiner or bl ocking oxygen. Such an~adhesion treatnment
needs a long tinme and nuch | abor, and the materials to be adhered have to
. be fixed tenporally until the conpletion of curing, thereby resulting in
- poor efficiency in producing the electronic devices. ) I n contrast
thereto, it is proposed to use-so-called heat-conductive and
_ pressure-sensitive adhesive having both heat-conductivity and
pressure-sensitivity. By using these heat-conductive and pressure-sensitive
adhesi vesP2&teRE oHi® hf?é‘rtt?a@ar?bdé‘geﬂ'ﬁ'!b;?rpr d¥i HeheFersShEYtte &fifadthg
menbers whil e needi ng neither a long tine nor _nmuch | abor. Since
heat - r adi &t FHEL Y HHE2 HRP LS UFLBInA TP QK Ryesking AXYESBr MGl Sror
nmetal oxides in a higg£¥%golar urface state, it is necessary in this

met hod t 02ERBFOGTpFE ettt R SFARR g P JiARPT RN '] heret o
d show | ent _heat ductivity.. Ho v of.th 1St
heat - concIAERY o ARCED R ASTETesh DRVE, B DR et Vel (PR iy JTial aned

requi renents. n._acr !E%eg% ssur%ﬁign5|tlve adhegégesq f or .exanpl e,

. I
it is expEPRYSHHE ThEUdhisL ve “Strengt “héat ™ rdTatT g prates ot
senlcondug%gguggﬁéégﬁéi%f€ﬁ990%53r8¥9gcg¥hu5|ng hi ghly pol ar nononers

(acrylic € Step of synthesizing adhesive pol yners.
However, nost of_hj I ner; v ransj.tion. _paqj_nt as a
honopol yner, ati%rélgﬁg%(?lgger@f%g?g?%{el?zg% e%‘?*‘ﬁ‘?%%‘%r@ﬁ%ﬁ rs%t?g%agl%gnorrer

i's used iﬂeQFLéaaaugegyatanagﬁfségﬁfe-gaﬁsgtﬁsé Eaaa%&bboﬂaquaiﬂUQ?he

resul tant polymer | evated and thus the nodul us of elasticity thereof

i's elevatﬁga€108ﬁéheéiViEf”Qﬁaaﬁﬂégs@&eW@ESQi@QQ@%&VeSB9r%sﬁ%%dﬂh%sgﬁneral

This increase in the nodulus of elasticity preventS the adhesive from

‘acqui ri Ngh8a £08bAGLC AL €8 IMd pra hrdleTalisAitiRe RN iGes), 2QEGRAYE OF
package and thus adhesi on shoul d be perfornmed under el evated pressure or at
a hi gh t eppeeatadebeHONEVEF prefilidern (i ehdie PECKAGES L1 Ag MRG@Ery eRide Wi ch
have beconme highly integrated and delicate, frequently suffer frompin

br eakage feedenyr netiitherofa t hengack agendrer meehdlabeg .adheshes weder hi gh
pressure. \Wen adhesion is performed under |ow pressure so as to avoid

"t hese phenadiatingml=sdsd andessmiomdict ter ¢ daigdhrecmade aohee tald
consequently the heat-conductivity and the adhesion are | owered, thus

i nduci ng oainfatrzxdt ovides ifrahlhigfHly polar sufifacw etedre, i hese npreblsany,
attenpts are nade to reduce the anount of highly polar nononers (acrylic
aci d, etcin)thisthetkydtbesémpbdy aphessveepsepaitiveoatdhesalpssbedng a
sufficiently |large contact area. In this case, however, the resultant
adhesi ve khahty adhesévedthaitrilt eadsthrarigihexgedlppbtheatdrandngtpvaty -or a
sem conduct or package and, as a result, suffers fromthe problens of

fal |l - of f, Hevever pofe¥nofedbhec ¥disdtiinge hant prendifiel ven3ndi PEeggHESves of
this type, it is a practice to add heat-conductive fillers to
pressur e- 3epsitive @pRSIVRS ¢330 tfREEBlY aEheeSeragghraBabPeonductivity.
When t hese heat-conductive fillers are added jn a snmall anount, the desired

hi gh heat - condut® PFTFYy 1 EfF 5 SR 2o S BEYRBONSTda e SunER™ (Hewple, 1t

RS C T R N LR T T Y RN IR

B?g‘})[ re?rgi %th‘i s J'.ngzl_oat e:ctg{rg;:)acizﬁalggg\e craei\ldbeaa'nidn'tpragvead E)?{Sﬁjls}.hgthqegrh%yagaio gr
monomers (écrylic acid, ete.) in the step of synthesizing
adhesive polymers. However, most of highly polar monomers have
glass transition points, as a homopolymer, at ordinary
temperature (20°C) or higher. When such a monomer is used in .

a large amount, therefore, the glass transition point of the

resultant polymer is elevated and thus the modulus of elasticity
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~As_descri bed above, it is advantageous to use heat-conductive and

- pressure-sénsitive adhesives since electronic parts can be. easily provided
wi th heat-radiating nenbers thereby w thout needing along tinme or nuch

.| abor. However, there have been known few heat-conductive and

- pressure-sensitive adhesives so far -which-are highly adhesive to highly

pol ar heat-radiating plates or sem conductor packages and have high

. heat-conductivity. Accordingly, it cannot be always concl uded t hat

mal functi ons of electronic parts caused by tenperature increase can be

ef f ect i vethepeef dift elievptpdrt dindi naeat tempeaaitigenahtydricch adhesivesnder

these circunstances, the present invention ainms at providin o

heat - condate usedain genesadre- Thhsiinareastha | thampdudy sk elpsid cify

adhesi on and heat-conductivity and adhesive sheets thereof, nore

parti cul aPF§vertat thenadbesiveafigopr eSTHEiddhs tFRtaghe’FFRsWHFPWAI ch

heat -radi ati ng nenbers can be adhered and fixed to electronic parts while

achi evi nghee ki iptirking ordate ¥l ya RN IIRARFEXhBECERTRS f &P¥&d under

such | ow pressure as to, cause no breakage of the electronic parts, and thus
the heat ¥WETEN i TP é‘feecﬁ %“eﬁgr‘i’gjee&ar‘?lﬁé’ ar&ﬁﬁ%F%)anerteFr ed to
t he 'heat-ra%%a%i n}g menbers to thereby r.evegée g:al functions cifn the’e

el ect r oni RIPAr YLREIRRIF Sy FOHSYETuFETTTOPSESE R BRSPS 1P £R5°REhesi ve

heet ith the e of .these, heat-cqndyctive _and_pt ressensitli
2dhesi vest<aity SHESERT 196 CRERCREPIRGL % SOFBOTPEoD 11 PAvsstren
To achi evg_t he ve- {10 obj.ect rese i 0 v
conduct e BXTEns %’t’ngg?lés% 3 3; lr%esta ?%Pgﬂgyg%a\%e%%u{ﬁ lo‘%’f (Pﬁat hgy usi ng
an acryli cgpt ai.ning, ;W [ ) 0.~ ent
- speci f?/c %%@g%)&%%:%rrﬁrgﬁag}]%gg a%}s?%lt%?gg’is'ﬁ%nﬁg%?n ,gggggaﬁorr‘oﬂﬁgpyrrer,

of -0C or L@ Liof & CelreHeLURGEONLR 'Pg?;eréh@oaab@\t% IRRQREEHEaR be

achi eved ilTe the gifass transition poin t he copol yner and the nodul us

of el astighdYorhdiel ey 8hrek di BAEYcOSPPEE ANEEL AhenSE B L IpLdidL£angd. They
have furt’her found out that a heat-conductive and pressure-sensitive

adhesi ve g&0ebigesh By 2EEIHG: BEGHRIORIV 3£ aAlHY a8hediBaair&L 0Bd-ERHY E
filler to the above-nentioned copolyner is one excellent in adhesion and
heat - condggihd Vi AdudnMmLhEundeion deatalbebti ng nenber is to be adhered
and fixed to an electronic part with securing a sufficiently |arge contact
area, the heat-radvatridagharerbee pasbbemafhet esmpbd {rteathde tibheealieat r oni ¢
part while achieving a high heat-conductivity, even though adhesion is

per f or medthi d@ountchf HwHinepsliae rasndoecausenyd iur aglidgeebd. ) Han ehectronic
part. The present invention has been conpl eted based on these findings.
Accor di ngdyn thdel poéEseities e poilgmeres| b ehereby eatreendutficeenhndy
pressure-sensiti.ve adhesive characterized by containing: a) a copolymer of
a nononerlange ucenbhcthacent ai 1T nidiis noasaer Horever si e f rean88ans 100%

by weight of an alkyl (meth)acrylate carrying an al kyl group having from 2
to 14 adhesive shows a lowered adhesive strength to a heat-radiating

plate or a semiconductor package and, as a result, suffers from
the problems of fall—off, etc. too. In heat-conductive and
pressure-sensitive adhesives of this type, it is a practice to
add heat-conductive fillers to pressure-sensitive adhesives to
thereby achieve high heat-conductivity. When these heat-
conductive fillers are added in a smail amount, the desired high
heat-conductivity can be scarcely established. When these
heat-conductive fillers are added in a'large amount so as to

improve the heat-conductivity, on the other hand, the adhesive
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~to.14 carbon atons on average and from 12-to 0% by wei ght, preferably from
-6 to 1% by ‘wei ght, of a nonoet hyl eni ¢ unsat urated nohonmer copol yneri zabl e
therewith. The | atter nonoethyl enic unsaturated nononer is optionally
..enployed in order to delicately regulate the properties (adhesive strength,
1 cohesive force, etc.) of the copol yner. However, use of this nonoethylenic
unsat urated nononer in an anount exceeding the |evel as defined above
.results in sone troubles, for exanple, a reduced contact area due to an

i ncrease in the nodulus of elasticity of the copol yner. Exanpl es of
t he al kyl strerditlacky maheataragiading plrfe gesgp havieveredmndi @sla carbon
atons on average to be used in the main_nononers include butyl

(met h) acryesRkt, | khpmmyarisetRyohteprafE, frsdoefdl edetrh) acryl ate and

2- et hyl-hexyl (neth)acryl ate. - Exanpl es of - t he nonoet hyl eni ¢ unsat ur at ed
nmonomer copol yrftt | 98BFELPRE: @ROME /i nkt e eSVBREPESOYSt dihi BEe nbBRakeEr s such
as acrylic aﬁi d, . nmethacrylic acid and nml eic_acid, and nitrggen-containing

nmonomer s VR ARG AR SIRA TRATRA Yore dshesine s SLncsy PAEFEREPTE fe.

In the present invention, a.polar nonoper . having a glass transitjon point
(her oi naiRRi o5 ePBPr (P { B8R MYl PRRVIRAS | "hEha NRAHOHR MR D1 PSELEP S| ovier
Is enpl oyed t I ve.a nononer. m xture faqr. producin opol yper.. - Thi s pol ar
nononer i%’eerrﬁ) Ve }%1 Uy r}%ﬁcglon%fa ;J'Lrod?ﬁ %‘Jt 5 éi:]%"%ﬁéw%ﬁﬂ% pHng?'ﬁEI’y from
5to 20% wei gh ased qn t he | N .noNoner s en _used, i n_an_anmount | ess
Chan 19 B5°TE oHEVet HaSgol APTBhoner ATt o T8 dBnE T TBucEd oPERES AR overent
in the adé@%ﬂ\% a%%rsq.%es kB far which are highly adhesive to highly -

polar Beat—radiating plétés or semiconductor packages and have
high heat-conductivi ty. Accordingly, it cannot be always
condluded that malfunctions of eleétronic parts caused by
temperature increaée can be effecf:ively prevented by providing
heat-radiating members.

Under these circumstances, the present invention aims at
providing heat-conductive and pressure-sensitive adhesives
being excellent in adhesion and heat-conductivi ty and adhesive
sheets thereéf, more particularly, heat-conductive and pres-
sure-sensitive adhesives by which heat-radiating mémberé can
be adhered and fixed to electronic parts while achieving a high
heat—conduct.:ivi ty, even though adhesion is performed under such
low prgssure .as to cause no breakage of the electronic parts,
and thus the 'heat evolved in the electronic parts ;:an be
efficiently transferred to the heat-radiating members to
thereby prevent malfunctions of the electronic parts caused by
temperature increase without fail, and adhesive sheets with the

use of these heat-conductive and pressure-sensitive adhesives.



_cetani cs powders ‘such as_al uni num oxide, al yni num nitride, titanium
- di oxi de, -ti‘tanium boride, boron nitride, silicon nitride and carbon
nitride. It is recomrended that the heat-comductive filler is used in an

.amount of from 10 to 300 parts by weight, pref er bh% fg B Q parts
- by .weight, per 100 partis by wei ght of the_copol yner gf}ggg;§§% géﬁrntioned
conponent a) . Wen the content—of the- heat=cond ctiveR is_|lé¢ss than
.10 parts by weight, . excellent heat-conductivity can be hardly obtained. On
the other hand, it is undesirable that the content thereof exceeds 300
parts by weight, since the adhesivenss, etc. of the resultant adhesive is
deteriorated in this case. . The heat-conductive and

pressur e-B2fSiPPYEC aghetP9eIBYeRREORr esent invention, which contain the
copol ynmer of the above-nentioned conponent a) .and the heat-conductive

filler of the abdve@cheRVPordtt caRp¥rentnbiored: pPIeqtSy akh@ePEREE dhove,
Tedi stor sinvaRkprr e FoRtuCRRte Rt Ve e idi T ° Asba P ot e BPBY. i ¢
Compoundeh A AU (T in a =, By PEERR b RE A PG TR, R P Bent i on
The orep 8 Pormted s NS oMoNE o od, SHateild af1 8 BReRer b 1"

hot I i zat ] . ad 2 ' t
POt 0PO! YHELL 88" 40784 Cerh s A0S ROLIANGYY AAGLE e VL0 B3
acryl at es ek Ude, Lhm3hlafOL8hABABR difdnd R F&}ea&%(bét noRER! A Yehi t o
tetra (met acrylate , 1,2-ethyleneglycol di(neth)acrylate an

1, 6- hexangdi, oLy di (RN ALY PASs transiticH' o8 nXber ik LS rdiKibAg agents
and internal crosslinking agents can be used in an amount of fromO0.05 to 5

parts by yvgéaauluLiodr abhyth el ByOtdetfoB PAIdraiha MEI Rafurt0@rigarts by
wei ght of the sum of the copol yner of the above-nentioned conponent a) and

the heat - §epguE1{ Vea nldrdeh@edf tHRegboeTephioned GymNeBLitb)thithen

pol yfunctional (neth) acrylates are to be used as internal cros slinking
agents, ikeht-¢Or@IBEINEGAD pBEessubefsnesi ONoé &ARESIRE pBodusedeBiat

| arge anobunt but a trifunctional or higher conmpound in a somewhat small
anount , efddling tah Spphepr bage arowsjesffd adagtbevadudtdvesfithl ap textaenal or
internal crosslinking agent is used in an excessively small anmount, no

suf fi ci endbotegeen ti onedsebpokager can beecachicmid@ntAsira adsesiont hadshape
retention characteristics of the thus formed pressure-adhesive | ayer can be
har dl y i npeavedondbeni gich tanwhddht iwteen @ igat-radaateérggsenbver yid &pge
amount, on the other hand, the nodulus of elasticity of the resultant

pr essur e-sBenzidhéyed adhdsEiueds tol enated@ctnenild paiseyl tiheseonrang area i s
reduced and thus the heat-conductivity and adhesi on are frequently

det eri or asefficiently Iprgeadpetaot asrsot Shadeer i rrRdiatine Membsanean
invention are in the formof sheets or tapes wherein | ayer(s) of the

heat - condee tddhexrat ande§ixee- Senthe isde iy Pt gbdds BERigNdve are
formed on one or both of the surfaces of a heat-conductive base material.
Exanpl es kigh heagssendysdavitye evempthough adhesion is performed under

such low pressure as to cause no breakage of the electronicpart.

The present invention has been | completed based on these
findings.

Accordingly, the present invention relates to a heat-
conductive and pressure-sensitive adhesive characterized by
containing: a) a copolymer of a monomer mixture which contains
main monomers comprising from 88 to 100% by weight of an alkyl

(meth)acrylate carrying an alkyl group having from 2 to 14

_ g -



' base material include foirls of netal s—H ncl uding all oys) having high

- heat - conductivity (alum nam —coppers- inl ess, beryllium copper, etc.),
sheets made of polyners highly heat-conductiverper-se (heat-conductive

_silicone, etc.), ang plastic films containing. %Hﬂ}SHBPWHAS%ﬁ; il ers.

- Exanples of the plastic filns include filnms mage ofHmpggcﬂf5|g.ant'polyners

such as pol yi mi de, pol yethyl ene- terephthal at e, potyethylene _napht hal at e,

. pol ytetrafl uoroet hyl ene, polyet her ketone, polyether sulfone,

pol ynmet hyl pent ene, pol yether imde, polysulfone , polyphenylene sulfide,-

pol yam detarbden pélopssian averrgenandr S/ cldotgaftddy weight gfiem t he

adhesi ve sheets of the present invention should_be electrical insulating

ones, it menpgEbyianifel pnprEpeprhsfemeponss SabPRlpmesizable fhexrevitdse

cited above as the heat-conductive base nmaterial. Anong these plastic

- filns, poRpEnfERMfl tes30F Pyiveidhie tashd anethe ARPYBIMAIN FRNCMELH ewpoi nt

of heat-resi stance. By taking_ the heat-conductivity into consideration, it

s al so prefePaldtan HSROBLESPAVING & FHapsr EFBFLdA PRt r REaR

el oct 11 caROPABGT ¥Ry READ CAIGENTe A BYs TP 06 o8 090 Fegss BN

part1 cul arpyapPorerhot e R tEE U S5 RS B Fotuct  ve
A o nieaFeEoR i Ey vk RS 1 8PS o DRh AUCNRL SLEGEL SRl | N

heat - cond am average partrcl’e size 0f usua roml to
250 gm pLelgrdpaddLMd onk ydMLAdLS! el S] ehabky (65OBE LRelO P
m The - = ‘particl es maybe 1n any shape such as spheres, needles,

fl akes or r 1A e ggﬁggﬁgl ' | S /d hld B9 ove
heat - condrﬁ%%?\—/éo?ﬁgf‘é?v%sgﬁs In a%$ﬁ§0%¢léthe%ﬁefe%ar§%&t oé %)tgl;té \I%%I ur?e,

preferablaox;.éegt&giaﬂ 32 PYr¥QlUSE: oh8 bRepbthMf the surfhbhgugh the

t hi ckness of the heat-conductive base material can be appropriately

det er m nefeatlcysdablyveangss haearifit eclzdmgns prafgjably from 25 to 100
g m fromthe viewpoints of heat-resistance and heat-conductivity after
formng the heat-conductive and pressure-sensitive adhesive |ayer (s)
Simlarly, the thickness of the heat-conductive and pressure-sensitive
adhesi ve Bayer Hessedpthenesn trd beaappgepri ately determ ned, but usual ly
ranges from 10 to 200 gm preferably from 30 to 130g mfromthe vi ewpoints
of heat-resi st antg. andibeat diagaaat ishicw ng ttmighedtiomyl beidet efnmaned
appropriately. Wien the thickness thereof is 6011lmor nore, it is desirable
t o enpl oyebatkrool gtz airidon beaphoddpat yne meratbe 0 radiphcid paldy e xieziat | on
being particularly preferable) in the synthesis of the copolyner, by taking
t he adhestoreautd didetr cardutcheviusyg ofitthe eradicdana istreet accordiTige tadhesi ve
sheet of the present invention can be produced by applying the

heat - condtiné i peesenit pireenfion ediiliey &igh&silve a0l gxamesbayang {be,
optionally followed by a polynerization treatnment such as

phot opol ysectianabiyvieroof harelscirrmec Paysrans athra tibheadiafeing paaher
pressure-sensitive adhesive, and then transferring this |layer onto one or
both of t#@éhenedaeed &fxeHe Yreadbrther velbAs&hratuss £ BheebRativel vy,

t he abové-nenti oned heat-conductive and, pressure- .
conductive and pressure-sensitive adhesive according to the

present invention.

Best Mode for Carrying Out the Invention

In the copolymer to be used as the component a) in the
present invention, use is made of, as the main monomers, from
88 to 100% by weight, preferably form 94 to 99% by weight, of

an alkyl (meth)acrylate carrying an alkyl group having from 2
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.- 12 - sensitive adhesive .may be directly applied onto one or both of the
-surfaces of the heat-conductive base material, optionally followed by a
pol ynmeri zation treatnent such as photopol ynerization, to thereby formthe
..heat - conductive and pressure-sensitive adhesive | ayers w thout using any
:release liner. An appropriate nmethod may be sel ected depending on the type
of the heat-conductive base material enployed, etc. In the present
.invention, when a heat-radiating nmenber is to be adhered and fixed to an
el ectronic part by using the above-nentioned heat-conductive -and

pressur e-Eend tFaEbeRnatPDe OR aNeradesrhe el theteo?® PrevgdgbSive
material is inserted between the _electronigc part d the heaE;r?diating
member aRFHARARA £E%Per PortRd 15y P¥ki R Fabantee 2o "PRgethylenic
pressure-sensitivetfdhesion thereof. In tEﬁs pr.ocess, .t he ?ﬁat-cggductive
and presdNsatemRted BORYRRE| FEPRAY™ET ARSI AV St engt R ahB 588 ures a

ffici d d Wi h ' d f el i €]
ther o :%mf‘ge%ied%g AR 17, AP BREa b ORELABE R BRAPF o E8,  di ng
[ t- dugtii.vit d h | ! ' d
'n the eldeiFohP @i taiipreatiate digpronde ER adhe N s e ePpRl

above: et oned SUASHONLLLKS! bon MSS SRS 2UIES)Ru SNSRI CB) pheY NS

heat - condUittTe"and pressure-  sensrtTve adfesi ve | ayers orned on

both sur f@&&&@%@{%@%&ﬁ}%ﬂe@ ARG bR a&%g,)??)ti SxbBeak hgdthat ween

an electronic p eat-radi ati ng nenber to thereby adhere

and fix tl@;{ﬁ?%}f‘ E%gii?\@dngbgggbfés&ﬂs tith LR, Bait e%iﬂ‘np’l\@i,' e

provi ding a - 13 - conductivity with the use of the

-heat - condpctd H&- APl ESSUTHSENSid | 46 MhestveatayehsthdZmodidlubobred on
both surfaces.  Fig. 2 shows anot her exanple of the adhesion/fixation,

wherei n aheatrGORAUSE | MEe adsbIasstr e- sensi tive adhesive |ayer (24) is
formed directly on one or both of an electronic part (1) and a

heat -radi ating led I hieahest - (AdkR) hegyiateecakeyiggphal alkple) by
application, transferring, etc. to thereby adhere and fix the

heat - r adidga[tdl_{tg.}-rgirmﬁj firpm 20 toha 4ekacbbanatopar bn( Ayvewhigee tpr bei dsad a hi gh
heat - conductivity. ,

' in the main monomers include butyl (meth)acrylate, isononyl
(meth)acrylate, isooctyl (metﬁ)acrylate and 2-ethylhexyl
(meth)acrylate. Examples of the monoethylenic unsaturated'
monomer copolymerizable therewith i_nclude cérboxyl—containing
monomers such as acrylic acid, methacrylic acid and maleic acid,

and nitrogen-containing monomers such as acrylamide, N-
vinylpyrrolidone and acryloylmorpholine.

In the present invention, a polar monomer having a glass
transition point (hereinafter referred to simply as Tg), as a
homopolymer, of 0°C or lower is employed to give a monomer
mixture for producing a copolymer. This polar monomer 1is
employed at a ratio of from 1 to 30% by weight, preferably from
5 to 20% by weight, based on the main monomers. When used in

an amount less than 1% by weight, the polar monomer fails to

contribute to the improvement in the adhesion or decrease in
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_Exanpl es of the el ectronie-part -to_be_adhered and fixed include IC tips,
- hybrid packages, multinmedul-es,- power transistors and:seal ed type integrated
circuits made of plastics or netals. The present j~pvention can_be
..advantageously applied to the adhesion and fixatioFHISTSHEEFHADBEEN Part s
- with a large heat value;, for exanple, those enpldyed i Repigdppy ! nt ¢grated
circuits. The heat-radiating nenbers; i.e——S—ansther—subjedt to be
. adhered and fixed, include heat sinks nmade-of netal foils and sheets of
al um num copper, etc. as cited above as exanples of the materials of the
heat - condbbei T@ dfathengepeldmer affthemdihgt 608 tenteof ik RR B MoneMeRat
sinks usually ranges from10 g mto 10 mm preferably from50 g mto 5 nm
and stil | epeeedsatf¥y by Beigbb, o thePHhgr hredghthradhestrr strangtton i s
not restricted thereto. The radiators may have arbitrary structures, for
exanpl e, 8REsethR ohaFiye hfes6ri nNgefFaRe. ocut-of-balpnerqt -tthidi@dtve and
pressure-sensitive adhesives or adhesive sheets thereof according .to the

present | F9EhEFBRACRANNeneNt inpervlic AGNORIALF /i REGdIRTS Ag taTd orabssh
electronic parts to heat-radi ati nenber.s as .descri b above .hut also in
finng meaplas A vedrate) AhAld MR i Ty e St b b s

aircrafts snd ngi gs. .Thﬁ hggt-conduct I ve and pressure-sensitive adhesives
and adhesF0858nha88PETtREHe8P SN achi eve the above-mentioned effects too

when enpl oyed for .these.purposes. To further illustr resent
R L T ek e R

i nvention in gr OW Nng I'Ven wherein
al | partstgrgsgytﬂ%lsghthaving carboxyl group as a polar group in the .

molecule. Examples thereof include caprolactone'—modified
acrylate (ARONIX M-5300; manufactured by Toagosei Co., Ltd.,
Tg g— 50°C), 2-ecryloyloxyethylsuccinic acid (AﬁONIX M-5400;
manufactured by Toagosei Co., Ltd., Tg ﬁ— 50°C) and 2-
acryloyloxyethylphthalic acid (ARONIX M-5500; manufactured by
Toagesei Co., Ltd., Tg <- 40°C). It is also preferable to use
monomers having hydroxyl group as a polar group in the molecule.
Examples thereof include caprolacton'e—modified hydroxyethyl
(meth)acrylate (PLACCEL F Series; manufactured by Daicel
Chemical Industries, Ltd., Tg <- 20°C), 2-hydroxyethyl acrylate
(Tg = ~ 15°C), 2-hydroxypropyl acrylate (Tg = - 7°C) and 2-
hydroxyhexyl acrylate (Tg < - 15°C).

'Fhe copolymer of the component a) in the present invention
can be synthesized by subjecting the above-mentioned 1:rtonomer
mixture to copolymerization by various methods, for example,
solution polymerization, emulsion polymerization, suspension
pblymerization, block polymerization or photopolymerization.

As the heat-conductive filler of th.e component b) in the

present invention, use can be made of various metal powders and
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. (Exanple 1) . 85 parts of 2-ethyl hexyl acrylate, 5 parts of acrylic
-acid and 10 parts of; caprol actone-nodified acryl ate;(ARONI X M 5300;

manuf act ured by Toagosei Co., Ltd., Tg <- 50C) were subjected to solution-
-.polynmerization in 210 parts of ethyl acetate in the coexistence of 0.4

S parts of 2,2-azobisisobutyronitrile while stirring at 60 to 80C under
nitrogen replacenent to give a copol ynmer solution having a viscosity of

. about 120 P, a degree of polynerization of 99.2% by weight and a solid
content of 30% by weight. To this solution were added 3 parts, per 100
parts of qqm:@aﬁolmmgqr%fswboﬁf BRUMLBHE PLES a1 YR sPT BRI/ agent
and 40 parts of boron nitride (EN) followed by well mxXxing. Thus, a

heat - conduidi@niamy rdipxidaur 1 §8RIPM ROTIHRS| é@rﬁﬁs Ny d. stlicon eyt
a polyester filmhaving been surface-treated with a rel easi ept was
enpl oyed st rides| 88de G3ERA"  ThETHES! - cofdud i v’ée%?fﬂ‘“%‘?‘g%éu&g‘-agngﬁ’?i ve

adhesi ve prepared, - ove.wa

dried i nhease drﬂ%ii]if?'& f&ralliﬁﬁciﬁoﬁsggﬁ;f'ifﬂ?%%%ﬁ?%é%ﬁgigBkkgg{w&nd

D ssur o RS ERVES St Es U8 SRPETSoF *B8 Sin' PRI KRFEE Y TRAGHs BET uag
ermpl oyed D (R Ho i ABHA Vo DR S TRTN TS S aotdfiehCisnsd’ O 1
compr o1 MGBETRNT 805 TRRanyT ety 8 SHOpRRL SPrRuesivacT T L 4

parts of .acryli.c i.dqal t f SalE [ LELeds gaeryl ate
e o s A oLBaRer 5y ko AR nit ok oL aboa SR Lods o

2, 2-di et CR()S'eZhBSQEX/' 86ELPRBENONS, (O LARRLY HBHZ AL k0Dsi Bhaéal pEd1¥as
partly polynerize y exposing to W light in a nitrogen atnosphere to

thereby ging RheYEsPrdiw ith@ract 6808bdy 3P0 phows By QR gt Waiiglzenere usabl e

in application coating. To 100 parts of this syrup were added 0.2 parts of
trimet hyl plyroRane 4 r baer Yo ated ee06sthaki AMhagent )i a8d 6@ ipaattedofnbor on

nitride (BN) and the resultant m xture was well m xed to thereby give a
phot opol wyard Zale conposition. :

The heat-conductive and pressure-sensitive adhesive of
the present invention, which contain the cdpolyme:; of the
above-mentioned component a) and the heat-conductive filler of
the above-mentioned component b)' at the ratio as defined above,
may further contain various known additives (fillers, pigments,
age resistors, tackifiers, flame retardants, etc.), if needed.
Moreover, it may contain external crosslinking agents (poly-
functional isocyanate compounds, polyfunctional epoxy com-
pounds, etc.) to improve the retention characteristics of the
pressure-sensitive adhesive. It is also possible, in the step
of forming the copolymer of the above-mentioned component a)
by photopolymerization, etc., to add polyfunctional
(meth)acrylates as internal crosslinking agents. Examples of

the polyfunctional (meth)acrylates include trimethylolpropane

tri (meth)acrylate, pentaerythitol tetra (meth)acrylate,

- 9 -



. Next, a polyester filmhaving been surface-treated with a releasing agent

- was enployed as a release liner. The photopol ynerizable conposition
prepared above was applied onto the release liner and subjected to

-.phot opol ynmeri zation by UVv-irradiating in a nitrogen atnosphere with a

hi gh-pressure mercury lanp having a light intensity of of 5 nWcn2 at 900
nm/cnR2. Then it was dried in a hot-air dryer at 130C for 5 mnutes to

. thereby forma heat-conductive and pressure sensitive adhesive |ayer of 50

gmin thickness. This ey wa f to th b t f f
21 num § of ot eRaLES 0" (RAHD AR he sfanErPoE st

mat eri al . _Thus an adfe5|ve sheet of 130 gmin total thlckness was
obt ai ned. fﬁ%%h% Acxy at An adhesi ve sheet was prepared in the sane

e S IR OB R e L
o epared 0, LIEy SEToTRANELS 2l REURL 42 i SGpulernd Sl @t pnorer
Of ngas CaE” 4L PGIL “&@P%Jéf%qca%qry'@&ﬁn %S. 1 he e 5 ayedelgnixaml e
per 100 parts by weight of the sum of the copolymer of the
above-mentioned component a) and the heat-conductive filler of
the above-mentioned component b). When polyfunctional
(meth)acrylates are to be used as interna-l crosslinking agents,
it is recommended to use a bifunctional compound in a somewhat
large amount but a trifunctional or higher compound in a
somewhat small amount., each within the range as specified above.
When such an external or internal crosslinking agent is used .
in an excessively small amount, no sufficient degree of
crosslinkage can be achiéved. 'As a result, the shape retention
characteristics of the thus formed pressure-adhesive layer can
be hardly improved. When such an additive is used in an
excessiﬁely large amount, on the other hand, the modulus of
elasticity pf the resultant pressure-sensitive adhesive is
elevated. In this case, thé contact area is reduced and thus
the heat-conductivity and adhesion are frequently deterio-
rated.
The adhesive sheets according to the present invention
are in the form of sheets or tapes wherein layer(s) of the
heat-conductive and pressure-sensitive adhesive as described

above are formed on one or both of the surfaces of a heat-

conductive base material. Examples of the heat-conductive

- 10 -



A prem x conprising 66 parts of isooctyl acrylate, 20 parts of butyl

- acrylate, 4 parts of.acryloyl norpholine , 10 parts of -

2- acryloyloxyethylsu00|n|c acid (ARONI X M 5400; manuf act ur ed by Toagosel
..Co., Ltd., Tg <- 50C) and 0.1 part of 2,2-di nmethoxy-2-phenyl acet ophenone

- (photopolynerization initiator) was partly pol ynmeri zed by exposing to W
light in a nitrogen atnosphere to thereby give a syrup having a viscosity
- of about 4,000 cP which was usable in application coating. To 100 parts of
" this syrup were added 0.2 parts of trinethylolpropane triacrylate

(crossl i hasgymagentplamrlapie foils ohmetalst (boebHdanrgdldexidhanang
resultant m xture was well nmixed to thereby gi ve a phot opol yner| zabl e
conposi tittkgh  heat-gqaguc t&”ﬁ&h&esté#umlPﬁFhaV|HQPB§€H suF%ﬁ&E 1eFgat ed
with a releaS|ng agent was enplo a release | ner.

phot opol \RRFY L™~ EORPESIt i ® i/ Sholre sogp@qléfﬂ'e&'rﬁ ohifBlYel ease
|l i ner and subjected to photopoly ggrlzatlon A UV-|rrad|at|n% a_ni,t rogen
at nospher®aF 13PNAYF S RS §fe (RERLIFPD WS, Std 1£MEgh e Fn?e 8y of of

5 nWcn2 gt 900 . T t d t 13 f 5
i nut gs t 3%%%%£$‘Br?ﬁrht%35{"%i§%aﬁcrl egulgr‘fdvﬁr%s%u?; s;nsratmave 2 esio-\r/e

| ayer of 30 gghgtlc kne%%FlF? f'fmgﬂa ﬁ%é §¥L€¥HEE+E§mQQEh

ﬁurfacesd Iunlnu % o Ness: oye

_ I

tﬁ?f:lkﬁSQS“&;'svﬁ%t ﬁfe&*ﬁtﬁx?%%%l&w@%%“ nafeel Sholydefiyehd ota
f fied

aeryl 2%2?%&%%{%%%% R A AT 8‘;9%2‘%2&%@*@”?9“% 500)

wer e Sublﬁ&éﬁtﬂé} SOl AR, %J}gﬂﬁéﬁﬂﬁ Sedile 11[9 oPgétBerl iRidyl geeyate in

t he coexi'st 0.4 parts of 2, 2- azob|5|so yronitrile while stirring

at 60 to O0Gdder o8 {HAeRY1EAR! mmeto 1vand deaRalaaTer psdbettep having
a viscosity of aboﬁt %EO P9 a degree of polynerization of 99.2% by wei ght

and a soljiggh LOHRNta RIma30% PoMpitide. To this solution were added 3 parts,
per 100 parts of the copol yner, of a polyfunctlonal i socyanate crosslinking

agent and 40 paHen ehehfiives vé r9Hi{BNF £Ré | preserby inelen tifiox sjouldus, a

heat - conductive and pressure-sensitive adhesive was - 18 -
be electrical insulating ones, it is particularly preferable
to use such plastic films as those cited above as the heat-
conductive base material. Among these plastic films, poly-
imide films or polyafnide films are preferable from the viewpoint
of heat-resistance. By taking the heat-conductivity into
consideration, it s also preferable to use plastic films
prepared by adding electrical insulating heat-conductive
fillers to these films .- Examples of the electrical insulating
heat-conductive fillers include SiO,, TiB,, BN, Si;N,, TiO,, MgO,
NiO, CuO, Al,0, and Fe,O,. Among these compounds, it is
particularly preferable to use BN or Al,0, which are highly
heat-conductive and easily availabl.e. It is preferable that
such an electrical insulating heat-conductive filler has an

average particle size of usually from 1 to 250um, preferably

from 1 to 100um and still preferably from 2 to 10um. The

- 11 -



__prepared. . Next, a polyester film having been surface-treated with a

-rel easi ng agent was enployed as a release liner. The-heat-conductive and

pressure-sensitive adhesive prepared above was applied onto the rel ease
.liner and dried in a hot-air dryer at 40C for 5 mnutes and then at 130C

- for additional 5 mnutes to thereby forma heat-conductive and
pressure-sensitive adhesive | ayer of 50 gmin thickness. (Exanple 7)

A f I I 20 f
APET Y SOMMLLIL0S0 el denor odg Lot 20 RaLdRuS) At
2 scry! vLgusii supe 1L gL AR SRS SUMCAELY o by Tasgoser

(phot opol yneri zahlien, | Oletfﬁifé} P50 § B2 RUSIRL I g, 8XPOSidio Lo LY

light in a nitrogen a &fe to Lhere y give a syrup having®a V|séBS|ty

of about Jo00fle¢PoplELRa 4oy E28R! ol BoaBBk! Y LBIRAA! 4RO LaLO cLIf Parts of

this syrup were’a arts o trlnethy | propané friacryla

(crosslinking agephdughd +hQ0 PRI ERnaLky MR Q%Z%a@%ri ct ol ke

m xture was well mxed to thereby give a photopolynerizable conposition.

Next , thlﬁaeaeigpobmef,ézgggﬁoﬁgme&ylaetzé@ﬁlaeal i ed @BLA19Re rSglace of a
polylnlde film(thickness cont ai ni ng aboUt 17% by vol unme "of Al 203

and subj egigq 48 %Otlojpbﬂmrﬁfé’fé%w k&/oinr Q@d't%'i@o' % PLLMOYRR
at nrosphere wth a high-pressure nercury [anp having a I ntensity of of
5 MV cn? aie@B0iRtsCHE Hew-tds idSarkiie €dndn raeahotccahdu@lwﬁty %ter TH S
SHEET HAS BEEN

forming the heat- conductive and pressure-sensitive adhesive

layer(s). Similarly, the thickness of the heat-conductive and
pressure-sensitive adhesive la§ér formed thereon can be
appropriaﬁely determined, but usually ranges from 10 to 200
i m, preferably from 30 to 130 £z m from the viewpoints of
heat-resistance and heat-conductivity , though it may be
determined appropriately. When the thickness thereof is 60 um
or more, it is desirable to employ bulk polymerization or
photopolymerization (photopolymerization being particularly
preferable) in the synthesis of the copolymer, by taking the
adhesion and heat-conductivity into consideration.

The adhesive sheet of the present invention can be
produced by applying the heat-conductive and pressure-
sensitive adhesive onto a release liner, optionally followed
by a polymerization treatment such as photopolymerization, to
thereby form a layer of the above-mentioned pressure-sensitive
adhesive, and then transferring this layer onto one or both of
the surfaces of the heat-conductive base material. Alterna-

tively, the above-mentioned heatfconductive and pressure-
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'REPLACED at 130C for 5 minutes to thereby give an adhesi ve sheet (total

- thickness: 75 IL m having a heat-conductive and pressure-sensitive
adhesi ve | ayer of 50 gmin thickness. (Exanple 8) ' An adhesi ve sheet
-(total thickness: 125 gm) was prepared in the sane manner as in Exanple 7
except for applying the photopol yneri zabl e conposition onto the both

surfaces of the polyimde film(thickness: 25 gn) containing about 17% by

- volune of Al 203. (Exanple 9) An adhesi ve sheet (total thickness 130
gm was prepared in the sane manner as in Exanple 5 except for using

capr ol act 6aBsAbdVE edhasivexyay e dageylt&weaxengfmnto Sae e bathwfct ured

by Daicel Chem cal Industries, Ltd. < -200) as substltute for t he

2-acryl oyltbﬁyévﬁ%@eéc%|téleabieateﬁ=ﬁpéy§&lér§ laaﬁamrm: IRP & Qtasly

transition point, as_a honmopol yner, of 0C or |ower. (Conparative Exanple 1)

A prem x ESE’&PW? Ang &¥ par"’ts d?olrﬁb%’c’:’tﬁ Ja‘&‘r"yl aFéeaﬁﬂeB§rtss@1°hbut @S

acrylate, 3 parts of acréﬁlc aci d and

2, 2- di met RBRYOPOPNBRY 128 BBheFBnEh?ﬁﬁm’of)‘gW rﬁsl?“f PRAGIFIHUF R )2 Rehs
partly pol yneri zed b ex 03|n to. UV [ nltr en at nosphere to
bher by gPYESSUEST 66 RAGENG 490 vretys 1598 = 5t hout GER P U AR Sioabl ¢
in application co n Tollq(_e qL tqh &3 vere adged 0. g arts of
trimet hyl gf‘B?Spa r"%ﬁ _E rosc,’gl i % apiﬁ 897 "% 0r on
nitride a@Qpéeég'Eﬁ”thghétggﬁd%%%iwg'ka %gterlal employed, etc.

In the present invention, when a heat—radiating member
is to be adhered and fixed to an'electronic part by using the
above-mentioned heat-conductive -and pressure-sensitive adhe-
sive or an adhesive shéet thereof, the adhesive material is
inserted between the electronic'part and the héat—radiating
member and adhesion is performed by taking advantage of the
pressure-sensitive adhesion thereof. 1In this process, the
heat-conductive and-pressure—sensitive adhesive has a high
adhesive strength and secures a sufficient adhered area owing
to the appropriate modulus of elasticity therecf. Thus, strong
adhesion/fixation can be established while providing a high
heat-conductivity even under such low pressure as causing no
damége in the electronic part, etc.

Fig. 1 shows an  example of the above-mentioned adhe-
sion/fixation, wherein an adhesive sheet (2) having heat-
conductive and pressure-sensitive adhesive layers (22, 23)
formed on both surfaces of a heat-conductive base material (21)
is inserted between an electronic part (1) and a heat-radiating

mehber (3) to thereby adhere and fix the heat-radiating member

(3) to the electronic part (1) while providing a high heat-
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.- 20 - thereby give a photopol ynerizabl e conposition. Next, this

- phot opol yneri zabl e conposition was applied onto a polyester filmenployed
as a release liner and having been surface-treated with a rel easi ng agent
~and subj ected to photopol ynerization by Uv-irradiating in a nitrogen

- atnosphere with a high-pressure nercury lanmp having a light intensity of of
5 mMVcn2 at 900 nj/cn2. Then it was dried in a hot-air dryer at 130C for 5

. mnutes to thereby forma heat-conductive and pressure-sensitive adhesive

| ayer of 50jimin thickness. Next, this |ayer was transferred onto the both

sur f aces @PPARCHI VitYiuli FBi thet Misek eds thasheahjcensipelitveagnd pres-

heat - conducti ve base nmaterial to thereby give an adhesive sheet of 130 g m

in total %‘h’F%kﬁ%%%l.t’(‘(%ﬁﬁ‘&?&tll"ﬁel%ﬁil(ézz)ﬁ) formedgp bakbssurfagret was

prepared in the sane nmanner as in _Exa 2.exceeéyjqr usi ng, as a_nononer

m xture, %59 pdr E8OBF ?%Uﬁ’i/le%lea?gf)‘!—% HadHidbr yhareiand 15
7 par s BMRAVIORUSHNR Thsh Bpareyes SeTaihiH ehaND LYo
acrylic acid and 0.1 part_ of 2, 2-di net hoxy- 2- phenyl acet ophenon '
(phot opol S g4 =PRELY TR e .88 HRME1SF BBl SHEFFEER B ERpoting o UV
O 0 et 0 AR MRS S LK A SR R 2 RS
this syrup were s ?edbﬁ' %E%%&tc%t%for},rié?éé‘é/%&'r,?{x?&?”%ttcﬂi AL YhalEeby ~
(crosslinkKing agen and

adhere and fix the heat-radiating rnember (3) to the electronic

part (1) while providing a high heat-conductivity.

Examples of the electronic-part to be_adhered and fixed
include IC tips, hybrid packages, fnultirhodules, power
transistors and sealed type ihtegrated circuits made of
plastics or metals. The present invention can be advanta-
geously applied to the adhesion and fixation of electronic parts
with a large heat value, for example, those employed in highly
integrated circuits. |

The heat-radiating members, i.e., another subject to be
adhered and fixed, include heat sinks made of metal foils and
sheets of aluminum, copper, etc. as cited above as examples of
the materiais of the heat-conductive base rr-taterial, and
radiators. The thickness of the heat sinks usually ranges from
10 ym to 10 mm, preferably from 50 pgm to 5 mm, and still
preferably from 100 um to 3 mm, though the present invention
is not restricted thereto. The radiators may have arbitrary
structures, for example, those provided with cooling fans.

The heat-conductive and pressure-sensitive adhesives or

adhesive sheets thereof according to the present invention may
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- 21 - parts .of boron nitride and resultant mxture was well mxed to

- thereby give a photopol ynerizabl e conposition. ¢~ Next, this _

phot opol yneri zabl e conposition was applied onto a polyester film enployed
..as a release liner and having been surface-treated with a rel easi ng agent

- and subj ected to photopol ymerization by Uv-irradiating in a nitrogen

at nosphere with a high-pressure nercury |anp having a light intensity of of
5 mMNcn2 at 900 nmj/cnR. Then it was dried in a hot-air dryer at 130C for 5
mnutes to thereby forma heat-conductive and pressure-sensitive adhesive

| ayer of Begusednnehi erhesin agheringi andafiripgseleghsreice®asitiso the both
surfaces of an alum numfoil (thickness: 30g m) employed as a - .

heat - condeatveadiatingteenkers R4 aspikpd ahavadidsialeside£igAn830 gm
in total thickness. (Conparative Exanple 4) . A prem x conprising 95
parts of Memberacrift aVa8rigusar fiebds adMAluding o byid H.ng paptegfals,

2, 2-di met hoxy-2- phenyl acet ophengne  ( phot opol yneri zation initiator) was

partly povehdelesd RIxSEdGsngaPd WikgHht i FPa At Fanmsosiher®s o

t hereby give a syrup having a, viscosit f about 4,000 cP which S usabl e
1 ool | CRFFBRIERRTERDL LY A aE® ind RS AR R AT S P 1o of
trimet hyl ol propa triacrylate. (crossldinking agent) and 40 ar of boron
e de. aneht ela e ars et et e S b ho S I RRT oY RALFGE thele

phot opol yneri zabl e conposition. Next, this photopol ynerizable

conposi t i BRRBE®Appl i ed onto a pol yester filmenpl oyed as a rel ease |iner

and having - 22‘1‘6 further illustrate the present invention in greater

detail, the following Examples will be given wherein all parts
are by weight. -
(Example 1)
85 parts of Z—éthylhexyi acrYlate, 5 parts of acrylicacid
"and 10 parts of caprolactone-modified acrylate (ARONIX M-5300;
manufactured by Toagosei Co., Ltd. , Tg <~ 50°C) were subj.ected
to solution polymerization in 210 parts of ethyl acetate in the
coexistence of 0.4 parts of 2,2—ézobisisobutyronitrile while
stirring at 60 to 80°C under nitrogen replacement to give a
copolymer solution having a viscosity of about 120 P, a degree
of polymerization of 99.2% by weight and a solid content of 30%
by weight. To this solution were added 3 parts, per 100 parts
of the copolymer, of a polyfunctional isocyanate crosslinking
agent and 40 parts of boron nitride (BN) followed by weli mixing .
Thus, a heat-conductive and préssure—sensitive adhesive was
prepared. | |
Next, a polyester film having been surface-treated with
a releasing agent was employed as a release liner. The

heat-conductive and pressure-sensitive adhesive prepared
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been surface-treated wth a rel easing agent and subjected to

phot opol yngri zation by UV-irradiating in a nitrogen atnosphere with a
hi gh- pressure nercury |lanp having a light intensity of of 5 mMN¥cnR2 at 900

~-m/cnR2. Then it was dried in a hot-air dryer at 130C for 5 m

nutes to

~thereby forma heat-conductive and pressure-sensitive adhesive | ayer of 50
g min thickness. Next, this |layer was transferred onto the both surfaces
of an alum numfoil (thickness: 30 g m) enployed as a heat-conductive base

material to thereby give an adhesive sheet of 130 gmin total

t hi ckness.

The adhespbeveHéas apRldisst eaterthe cedigase tiampl Hried iang hedmmmat i ve
Exanples 1 to 4 were each subjected to the foll ow n&g adheS|on stren th test

and heat PEYPEt aﬁcéot%sﬁor Raftinutes ARd  than 1k 139E for adddidd

strength test> A polyester filmof 25 gmin thickness was adher ed
to one faceMfuifsadifestherebeforn tahé?%*i/“g?%u%t’t\é%t apgdn @SS SMFST i n
width and 100 mmin | ength. Then, this test tape was placed on a polished
st ai nl esssﬁpaitél&ﬁdaaaﬁéﬁga L R¥PEL efb§0p#é%smgtWW%h T d JYHT er

reci procal

Af t er. agi u relLative umd| of 65%f. r 30
m nut es, ﬁ\é FE?f‘sfﬁﬁg &gg é?eI:% o gﬁ% "éﬁ#aa‘h%ﬁe fa'l’86 lﬁufneﬁo e speed
of 300 n th the use of a eli test ,machi ne at 23C unde
el ative KEREGFESSS!  G6b Eovt nBPBGYERar ho Lo SR eePWBSH U oo
In the case, of . t hesi ve sheet of I t he .adhesi ve strength was
asur ed TRERBATL adniM g A St Ve ersr £ 0B 430 WY 1A9SELY Bl e

was obtained.

(Example 2)

A premix comprising 66 parts of isononyl acrylate, 20

parts of butyl acrylate, 4 parts of acrylic acid, 10 parts of

the same caprolactone~modified acrylate as the one employed in

Example 1 and 0.1 part of 2 ,2-dimethoxy-2-phenylacetophencne

(photopolymerization initiator) was partly polymerized by

exposing to UV light in a nitrogen atmosphere to thereby give

a syrup having a viscosity-of about 4,000 cP which was usable

in application coating. To 100 parts of this syrup were added

0.2 parts of trimethylolpropane triacrylate (crosslinking

agent) and 40 parts of boron nitride (BN) and the resultant

mixture was well mixed to thereby give a photopolymerizable

composition.

Next, a polyester film having been surface-treated with

a releasing agent was employed as a release liner. The

photopolymerizable composition prepared above was applied onto

the release liner and subjected to photopolymerization by

UV-irradiating in a nitrogen atmosphere with a high-pressure

mercury lamp havinga light intensity of of 5mW/cm’ at 900 mj/cm’.
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film <Heat resistance test> By using an adhesive sheet, a
“transistor 'in a TO 220 package was adhered or clipped and fixed under a
~contact bonding pressure of 1 kg/cn2 to a heat sink which had been inmersed
.inm water to obtain a constant ‘tenperature. Then a definite output was
- supplied to the transistor and the difference (T2-T1) in the transistor
tenperature (T2) fromthe tenperature of the |ower surface of the adhesive
. sheet (Ti) was measured. Next, the heat resistance was cal culated in

accordance with the fol lowing formula. Heat resistance (Ccn2/W = (T2 -
T1) x A/ P RheRrhhdiag girigdean(anpotrain|deyer & IRAEr foxyS cumiikas
transi stor. The transistor tenperature (T2) was neasured by using a

t her mocoupherepyif afm adeats aansuatiye ppdipres gireheershrkyYs eeh9sdMeage. On
the other_ hand, the tenperature of the |ower surface of the adhesive sheet
(Ti) was he¥streld I8 #mrin fhigkaesls. hdhési hayars weattmsnaferrned #dcting a
t her nrocoupl e thereinto. The thernocouple was placed in the heat sink such
that it dg’aenBPtBi wargiqeaserre a3t 81URA NHEh U af Bhigkness: adRest W8 sheet

ith th /i that t.h ti f the th |
o 1 BRSPS, B o i

adhesive sheet of 130 um in total thickness was obtained.

(Example 3)

An adhesive sheet was prepared in the same manner as in
Example 2 except for using 100 parté of boron nitride in the
photopolymerizable composition. —

(Example 4)

An adhesive.sheet was prepéred'in the same manner as in
Example 2 except for using, as a monomer mixture, 64 parts of
isononyl acrylate, 1 part of acrylic acid and 15 parts of the
same caprolactone-modified acrylate as the one employed in
Example 1.

(Example 5).

A premix comprising 66 parts of isooctyl acrylate, 20
parts of butyl acrylate, 4 parts of acryloylmorpho_line, 10 parts
of 2—acryloyloxyethylsuécinic acid (ARONIX M-5400; manufac-

tured by Toagosei Co., Ltd., Tg <- 50°C) and 0.1 part of

2,2-dimethoxy-2-phenylacetophenone (photopolymerization ini
tiator) was partly polymerized by exposing to UV light in a
nitrogen atmosphere to thereby give a syrup having a viscosity
of about 4,000 cP which was usable in application coating. To
100 parts of this syrup were added 0.2 parts of

trimethylolpropane triacrylate (crosslinking agent) and 40
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_TABLE 1 Heqt resi stance (c - cn/ 14) Adhesi ve strength (gf/20 mm w dt h)

parts of boron ﬁitride and the resultant mixture was well mixed
_to thereby give a photopolymerizablé composition. |
Next, a polyester film having been surface-treated with
a releasing agent was employed as a release liner. The
photopolymerizable composition prepared above was applied onto
the release liner énd subjected to photopolymerization by
UV-irradiating in a_nitrogen atmosphere with a high-pressure
mercury lamp having a 1light intensity of of 5 mW/cm® at 900 mj/cm®.
_Thén it was dried in a hot-air-dryer at 130°C for 5 minutes to
thereby form a heat-conductive and pressure-sensitive adhesive
layer of 50 ym in thickness. This layer was transferred onto
the both surfaces of an aluminum foil (thickness: 30 pu m)
employed as the heat-conductive base material. Thus, an
adhesive sheet of 130 gm in total thickness was obtained.
(Example 6)
95 parts of 2-ethylhexyl acrylate, 5 parts of acrylic acid
and 10 pafts of caprolactone-modified acrylate (ARONIX M-5300;
manufactured by Toagosei Co., Ltd., Tg <- 50°C) were subjected
to solution_polymerization in 210 parts of ethyl acetate in the
coexistence of 0.4.parts of 2,2-azobisisobutyronitrile while
stirring at 60 to B80°C under nitrogen replacement to give a
copolymer solutiqn having a viscosity of about 120 P, a degree
of polymerization of 99.2% by weight énd a solid content of 30%
by weight. To this solution were added 3 parts, per 100 parts
of the copolymer, of a polyfunctional isocyanate crosslinking
agent and 40 parts of boron nitride (BN) followed by well mixing.

Thus, a heat-conductive and pressure-sensitive adhesive was
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prepéred.-

Next, a polyester film having been surface-treated with
a releasing agent was employed as a release liner. The
heat-conductive and pfessure—_sensitive adhesive prepared
above was applied onto the release liner and dried in a hot-air
dryer at 40°C for 5 minutes and then at 130°C for additional
5 minutes to thereby form a heat-conductive and pressure-
sensitive adhesive layer of 50 um in thickness.

(Example 7)

A premix comprising 66 parts of isooctyl acrylate, 20
parts of butyl acrylate, 4 parts of acryloylmorpholine, 10 parts
of 2-acryloyloxyethylsuccinic acid (ARONIX M-5400; manufac-
tured by Toagosei Co., Ltd., Tg <- 50°C) and 0.1 part of
2 ,2—dimethoxy—z—phenylécetophenone (photopolymerization ini-
tiator) was partly polymerized by exposing to UV light in a
nitrogeﬁ atmosphere to thereby give é syrup having a viscosity
of about 4,000 cP which was usable in application coating. To
100 parts of this syrup were added 0.2 parts of
trim_ethylolpropane' triacrylate (crosslinking agent) and 100
parts alumiﬁa (A1,0,) and the resultant mixture was well mixed
to thereby give a photopolymerizable composition.

Next, this photopolymerizable composition was applied
onto one surface of a polyimide film (thickness: 25 pu m)
containing about 17% by volume of Al,0, and subjected to
photopolymerization by UV-irradiating in a nitrogen atmosphere
with a high-pressure mercury lamp having a light intensity of

of 5 mW/cm® at 900 mj/cm’. Then it was dried in a hot-air dryer

- 19 -
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" at 130°C for 5.minute$ to thereby give an adhesive sheet (total
thickness: 75 g m) having a heét—conductive and pressure-
‘'sensitive adhesive layer of 50 gm in thickness.

(Example 8)'

An adhesive sheet (ﬁotal thickness: 125 pm) was prepared
in the same manner as in Example 7 except for applyi’ng' the
photopolymerizable composition ohto the both surfaces of the
polyimide film (thickness: 25 pm) containing about 17% by -
volume of Al,O,. |
(Example 9) - -

An adhesive sheet (total thickness 13'Oum) was prepared
in the same manner - as in Example 5 except .for using
caprolactone~-modified hydroxyethyl acrylate (PLACCEL F Se-
ries; manufactured by Daicel Chemical Industries, i..td. ;, Tg <
-20°C) as a substitute for the 2-acryloyloxyethylsuccinic acid
emp.loyed as a monomer having a glass transition point, as a
homopolymer, of 0°C or lower.

(Comparative Example 1)

A premix comprising 67 parts of isooctyl acrylate, 30
parts of butyl acrylate, 3 parts of acrylic acid and 0.1 part
of 2,2-dimethoxy-2-phenylacetophenone (photopolymerization
initiator) was partly polymerized by exposing to UV light in
" a nitrogen atmosphere to thereby give a syrup ﬁaving a viscosity
of about 4,000 cP which was usable in application coating. To
100 parts | of this syrup were added 0.2 parts of
trimethylolpropane triacrylate (crosslinking agent) and 40

parts of boron nitride and resultant mixture was well mixed to
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thereby give a photopolymerizable-cornpositidn.

Next, this photopolymerizabie composifion was applied
onto a polyester film employed as a release liner and having
been surface-treated with a releasing agent and subjected to
photopolymerization by UV—irradiating in a nitrogen atmosphere
with a high-pressure mercury lamp having a light intensity of
of 5 mW/cm® at 900 mj/cm?’. Then it was dried in a hot-air dryer
at 130°C for 5 minutes to thereby form a heat-conductive and
pressure-seﬁsitive adhesive layer of 50umin thickness. Next,
this layer was transferred onto the both surfaces of an aluminum
foil (thickness: 30um) employed as a heat-conductive base
material to thereby give an adhesive sheet of- 130 gum in total
thickness.

(Comparative Example 2)

An adhesive sheet was prepared in the same manner as in
Example 2 except for using, as a monomer mixture,- 65 parts of
isooctyl acrylate, 20 parts of butyl acrylate and 15 parts of
acrylic acid.

(Comparative Example 3)

| A premix comprising 77 parts of butyl acrylate; 20 parts

of isobornyl acrylate, 3 parts of acrylic acid and 0.1 part of

2,2-dimethoxy-2-phenylacetophenone (photopolymerization ini-
tiator) was partly polymerized by exposing to UV light in a

nitrogen atmosphere to thereby give a syrup having a viscosity

of about 4,000 cP which was usable in application coating. To

100 parts of this syrup were added 0.2 parts of

trimethylolpropane triacrylate (crosslinking agent) and 40
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parts of boron nitride and resultant mikturé was well mixed to
thereby give a photopolymerizable coméosition.

Next, this photopolymerizable composition was applied
onto a polyester film employed as a release liner and having
been surface-treated wifh a releasing agent and subjected to
photopolymerization by UV-irradiating in a nitrogen atmosphere
with a high-pressure mercury lamp having a light intensity of
of 5 mW/cm? at 900 mj/cm’. Then it was dried in a hot-air dryer
at 13b%2fbr 5 minutes to théreby form a heat—donductivé and
pressure-sensitive adhesive layer of 50 um in thickness. Next,
this layer was transferred onto fhe both surfaces of an aluminum
foil (thickness: 30 um) employed as a heat-conductive base
material to thereby give an adhesive sheet of 130 ugm in total
thickness.

(Comparative Example 4)

A premix comprising 95 parts of'butyl'acrylate, 5 parts
of acrylic acid and 0.1 part of 2 ,2-dimethoxy-2-
phenylacetophenone (photopolymerization initiator) was partly
polymerized by exposing to UV light in a nitrogen atmosphere

to thereby give a syrup having a viscosity of about 4,000 cP

which was usable in application coating. To 100 parts of this

syrup were added 0.2 parts of trimethylolpropane triacrylate
(crosslinking agent) and 400 parts of boron nitride and
resultant mixture was well mixed to thereby give a
photopolymerizable composition.

Next, this photopolymerizable composition was applied

onto a polyester film employed as a release liner and having
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been surface-treated with a reléasing agent and subjected to
photopolymerization by UV-irradiating in a nitrogen atmosphere
with a high-pressure mercury lamp having a light intensity of
of 5 mW/cm® at 900 mj/cm®. Then it was dried in a hot-air dryer
at 130°C for 5 minutes to thereby form a heat-conductive and
pressure-sensitive adhesive layer of 50 2m in thickness. Néxt,
this layer was transferred onto the both surfaces of.an aluminum
foil (thickness: 30pum) employed as a heat-conductive base
material to thereby give an adhesive sheet of 130 ﬁm in total
thickness. -
| The adi’lesive sheets prepared in the above Examples 1 to
8 and Comparative Examples 1 to 4 were each subjected to the
following adhesion strength test and heat resistance test.
' Table 1 summarizes the results.

<Adhesive strength test>

A polyester film of 25 ugm in. thickness was adhered to
one face of an adhesive sheet to thereby give a test tape of
20 mm in width and 100 mm in length. Then, this test tape was
placed on a polished stainless plate and adhered thereto'by
preésing down with a 2 kg roller reciprocally. After aging at
23°C under a relative humidity of 65% for 30 minutes, the test
tape was peeled off at an angle of 180° at a tensile speed of
300 mm/min with the use of a peeling test machine at 23°C under
a relative humidity of 65% to thefeby examine_ the adhesive
strength.

In the case of the adhesive sheet of Example 7, the

adhesive strength was measured without adhering to a polyester
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film.
<Heat resistance test>

By using an adhesive sheet, a transisﬁor in a TO-220
paékage was adhered or clipped and fixed under a contact bonding
pressure of 1 kg/cm® to a heat sink which had been immersed in
water to obtain a constant temperature. Then a definite output
was supplied to the transistor and the difference (T2-T1) iﬁ
the transistor temperature (T2) from the temperature of the
lower surface of the adhesive éheet (Tl) was measured. Next,
the heat resistance was calculated in accordance with the
following formula.
Heat resistaﬁce (°C *cm®/W) = (T2 - Tl)x A/P

A: transistor area (cm®) |

P: electrical power (W) consumed by transistor.

The transistor temperature (T2) was measured by using a
- thermocouple spo't welded to the metallic base of the transistor
package. On the other hand, the temperature of the lower
surface of the adhesive sheet (Tl) was measured by forming a
small hole in the heat sink and inserting a thermocouple
thereinto. The thermocouple.was placed in the heat sink such
that i; did not give influence onto the adhered area of the
adhesive sheet, with the proviso that the location—éf the
thermocouple was as near as possible. A smaller value means

the higher heat-conductivity.
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,100 3.0 ‘
“adhesi ve sheets of Exanpl es 1.t0 -8 according-to the present
'showed a hi gh adhesive strength (not |ess than 600 O—m-w-dt-h) and a
heat resistance (not more than 5.0 C -cn2/ W 'ﬁﬁ

~smal |
* these adhesive sheets were very excellent in adhesijon anBEPLACED

heat - conductivity. Industrial Applicability: .

As the results given in the above Table 1 clearly show,

HEETHAS: BEEN

As described—ab

t he

i nventi on. each

t hat

Ye,

t he

. present invention can provi de--heat-cenductive and pressure-sensitive
adheS|ves bei ng excellent in adhesion and heat-conductivity by which heat-
- 25 - ABLE

Adhesive strength Heat resistance
(gf£/20 mm width) (°C - cm?/W)
Ex. 1 - 1,200 4.5
Ex. 2 1,800 5.0
Ex. 3 1,300 | 1.5
Ex. 4 2,200 . 3.3
Ex. 5 1,500 : 3.0
Ex. 6 680 2.9
Ex. 7 1,200 ) 3.5
Ex. 8 1,500 - 4.2
Ex, 9 - 1,200 3.6
Comp.Ex.1 500 ' 3.3
Comp.Ex.2 1,500 8.0
Comp.Ex.3 300 12.0
Comp.Ex.4 100 3.0

As the results given in the above Table 1 clearly show,

the adhesive sheets of Examples 1 to B according to the present

invention each showed a high adhesive strength (not less than

600 gf/20 mm width) and a small heat resistance (not more than
5.0 °C em?/W) , which indicates that these adhesive sheets were
very excellent in adhesion and heat-conductivity.
Industrial Applicability:

As described above, the present invention can provide
heat-conductive and pressure-sensitive adhesives being

excellent in adhesion and heat-conductivity by which heat-

- 25 -



radiating nmenbhers can be well adhered and fixed to electronic parts while

-'achleV|ng a high heat-conductivity, even though adhesion is perfornmed. under
'such | ow pressure as to cause no breakage of the electronic parts, and
“wadhesi ve sheets thereof by addi ng a heat-conductive filler to an acrylic

- copol yner containing, as a copol ynerization conponent, a polar nononer
having a glass transition point, as a honopol yner, of 0C or lower. ains

1. A heat-conductive and pressure-sensitive adhesive characterized by -
containing: a) a copolyner of a nmononmer m xture which contains main
nononer s E3dpr tEnagnemker SEan beopod byadresrd and fixadaHe edeckyondpyl at e
carrying an al kyl group having from2 to 14 carbon_ atons on average and
from 12 tRRDYS b‘yh%\g ¢ gheh bEViNgRORE BY | RARE-GRARALGEAY R EY noRYRBr tholugh
copol ymerizabl e therewi th and fron11 to 3Q% by wei ght, ‘based on the above
mai n monoAEResien s Rerhormsid mnd QY| RESSSUERAS &R FBHFE, PR a
honmopol yner, of 0C or

r; and fron110 00 parts by per 100
oLy ke airon ot e Bl eEt EORAATREF L orane eSS RS TPEFEPT . o
The heat condycgtive a ressur e-sensi esive as ¢lainmed in cIa|n11
wher ei n S8 dA9GHaF ﬁnﬁ&ﬁ%Cﬁ&%ﬂﬁ&laeg|f§sl§arr3&%.% ahef1e Bgbolimés
honmopol ymer of 0C or_l ower hayv rLboxy u pol ar
group in ?‘Flﬁtalrlue%%i &° aSCOR(?hﬁ veé &e&ns%wmg’%e%%$aéeb ?‘["? 8?§§ﬁ8r
heat - conducti ve an r ure-s NS| ti v dhesi_v as cI d I im1l or
are forne ‘6Jhn%ne %ré)% ’?51 B e Lﬁ?lgretgsgo a%n 13”“295’%“ (dbgse
mat eri al The adhesive sheets as clainmed in cIa|n13 wherein said

heat - condbctlve base material is a plastic filmcontaining an el ectrical
i nsul ati ng heat-conductive filler.
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Claims
1. A heat-conductive and pressure-sensitive adhesive
characterized by containing: a) a copolymer of a monomer mixture
which gontains main monomers comprising from 88 to 100% by
weight of an alkyl (meth)acrylate carrying an alkyl group having
from 2 to 14 carbon atoms on average and from 12 to 0% by weight
of a monoethylenic unsaturated monomer copolymerizable
therewith and frbm 1 to 30% by weight, based on the above main
monomers, of a polar monomer having a glass transition point,
as a homopolymer, of 0°C or lower; and b) from 10 to 300 parts
by weight, per 100 parts by weight of the above copolymer, of
a heat-conductive filler.
2. The heat-conductive and pressure-sensitive adhesive as
claimed in claim 1, wherein said polar monomer having a glass
transition point, as a homopolymer, of 0°C or lower is a monomer
having carboxyl group as a polar group in the molecule.
3. Adhesive sheets wherein layer (s) of the heat-conductive
and pressure-sensitive adhesive as claimed in claim 1 or 2 are
formed on one or both of the surfaces of a heat-conductive base
material. |
4. The adhesive sheets as claimed in claim 3, wherein said
.heat—conductive base materiél is a plastic film containing an

electrical insulating heat-conductive filler.
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