WO 2007/ 053475 PCT/ US2006/ 042104 METHOD FOR PRODUCI NG THERMALLY CONDUCTI VE
SHEET AND THERMALLY CONDUCTI VE SHEET PRODUCED BY THE METHOD TECHNI CAL
FIELD 5 The present invention relates to a method for producing a thernally
conductive sheet, and a thermally conductive sheet produced by the nethod.
BACKGROUND AW 2007t0687%ral | y conducti ve sheet for dissi patipag/usems/odzsodused in
el ectronic 10 conponents/electric devices such as a conputer. As for types
of thermally conductive sheets, there are thernmally conductive sheets

havi ng tacki ness on_th er.eof [ 1G] sheets not
navi ng t acki naterann FEriHoBEENREHBRMRELY QSN RHHER 480 neer

havi ng tacki neggERMAZAN CONDUOTIVE WHEETRROUIAAOED BY THEOMEMEODEdUCed Or
no tacki ness on one surface of the sheet as conpared with the tackiness of
the other 15 surface, in other words, to have tackiness significantly
differing bgiveeirAhedimont surface and the back surface of the sheet. In

order to neet this requirenent, a thermally conductive sheet in which either
a bas®& mat eri alTheprdserddnventian ralsish tedmetiod e psuiubing e tofmalpcardeetingl | v

conductive sheet .h been praposed. (see, .for, ex e, Japanese Unexani ned
Patent Publ TEM A0 RBRET So“ﬁéﬁgg’eﬁg&&g‘iﬁ@‘}?{igé’é’i%e I 133769,
respectively). In this case, due to attachnent of a base material or beads
to the sheetackbmounopessri s conplicated or the cost increases. Al so, a
powder material which is a_ blocking (adhesion) inhibjtor may be used as an
anti - bl ocki ng pgothgerallysapduchee BregidRt Heiratng Bral syusahlt YREEEHE a powder dust
and adyer selohahdRoliSctid8evi@l 8&cha® B EmpRAPONEBE npARIrRRYRAy &LANRNE for
applying the blocking inhibitor is 25 necessar i Q her than these, a
t hermal |y cbpeiudhdary ercdhpsmplly ¢ondpitivh skeepshaging taskivesssintthe pufageithesspiand ayer or
a non-tacky, I - OV r.evl ed
sheet, or ath!r’rrus’]l?é'?1 f’ lc%x@g?ﬂ%hﬁgﬁng?ﬁgaﬁgggégb %S\%gﬁs esg?f 2 at\ﬁ/%’rh%”f[' %I#Eﬁrggl?p differing
bet ween t heconfluctint slsat havoe tackihetsie rdvmirkd, sSuvkacd hankability, so bbteatdvedd by
stacking a plurality of thermal] onducti v heets.differing,in the
t acki ness p‘%otﬁcé?li‘eﬁ? g‘i‘ gnecsg%g’?it%%/%&é’@8?@%%?%‘."’3%?%}1{655 <§f6f1e[ “pr oduct i on
of sugb a shielte, &l SBer VRGN, EEifva hcRbdsaightRtRely dffeSiERtwednihd REKtHOF Re
Japanese Unexam ned Patent Publication (Kokai) Nos. 59-56471, 6-306336 and
8- 151555, rakgpkechack space shife Sbposed an acrylic pressure-sensitive
??Qﬁf' ve ggggl e-lxﬁg?&e% héR ehid RqWiintdh, bhEerRAESdMGed Rh&: 8 L high SiRehvween the
base material or beads are applied to one surface of the thermally conductive sheet has

been proposed (see, for example, Japanese Unexamined Patent Publication (Kokai) Nos.
20 2001-168246 and 2003-133769, respectively). In this case, due to attachment of a base
material or beads to the sheet, the process is complicated or the cost increases. Also, a
powder material which is a blocking (adhesion) inhibitor may be used as an anti-blocking
powder, but the blocking inhibitor may become a powder dust and adversely affects the
electronic component. Moreover, equipment for applying the blocking inhibitor is
25 necessary. Other than these, a thermally conductive sheet in which a pressure-sensitive
adhesive layer or a non-tacky layer is provided on one surface of a previously produced
sheet, or a multilayer thermally conductive sheet having tackiness differing between the
front surface and the back surface, which is obtained by stacking a plurality of thermally
conductive sheets differing in the tackiness property, is commercially available. However,
30 the production of such a sheet also requires an extra number of steps.
Furthermore, Japanese Unexamined Patent Publication (Kokai) Nos. 59-56471,
6-306336 and 8-151553, respectively) have proposed an acrylic pressure-sensitive

adhesive double-coated tape in which the adhesive force differs between the front surface
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WO 2007/ 053475 PCT/ US2006/ 042104 and the back surface. However, such a tape
has a very low thermal conductivity and is not a thermally conductive tape.
SUMVARY OF THE | NVENTI ON 5 Accordingly, one object of the present invention

is to provide a single-layer thermally conductive sheet &y klness
di ffering b&XWHEH 5?‘%3 front surface and the back surfacpeéw 2ﬁoutl‘alr%eqw ring
an additional step of renoving surface tackiness, for exanple, by applying
a base material, beads or an anti-bl ocking powder. In one enbodi nent, the

present i nwﬂec&ﬁbwu@qusoﬁeva%mca thi$¥ hap b QbW Ghedmallddnlif@imbhyiseenduct i ve
sheet conpr|5|n? shaping a thermally conductive sheet precursor
corrp05|t|oﬁﬂi‘-e|’ﬁl %ﬁ%ﬁ%@WeW%Wlng a front surface and a back surface, the
thermal |y conductive sheet precursor conposition conprising a (nmeth)acrylic

nmononmer or g @@QAX&?DFWW@EN@WV thereof, a photopol ynerization
initiator, ermal Iy conductive filler present in an anount of 20 15

vol % of nore basechrdimglyhena driest Oﬁﬁbﬁi mwnbhwmﬁ@ntlh@rmwlﬂg/a @ogiddfmer ve

conpositio ain i ati urfa he back
surface of Qtfeﬁrggli}h uwveﬁgecq P%Vl oret” ?‘h %tweeonf ?t Ve ﬁ‘fe a tr avi ol et

i rradi ati omatkduecd Mtﬁ@tsaq@hmtghataddlh@an §té]ﬁdfrafnlo01lﬁg shﬁﬁoeﬁt&:kin)éssofbrt he surface
irradiated at a higher .intensity is 3Q tines, or |ess, than the 20

i rradiati oﬁxwl@ﬁwﬂwl}w % pase waterale bears prpm antiRlodinePoMdder i nt ensi ty,

thereby curing ﬁﬁ‘@ne’%ﬁ%&m@rﬁ%&ﬁ%@hﬂh@’&h@n bhridak entRIgUGh i sheet
consisting of a single-layer thermally conductive conposition and having

t acki héss didely eamn b@ﬂﬁé pPltcR@piisiBgit surface and the back surface.
According to th pr 09‘):/%&) goagh%taﬁ{?@o QficthAShE% 81%96]%?11 é&?ﬁ%@&h&?ruﬁ’?éﬂe@t the

obt ai ned 25 th ucti ve s eet is a sin as tackiness
differing b]@vivxgarﬁronhﬂlrfammdalwk fabec, aluﬂjthtmmllbaokdwwa‘ siaca préeursoher nor e, one

surface of the sheet can al nost _no.t usti ng
The. wilt  avisBPELSIIT SR LyPE BT dRerRBET Y1 T oIS e ey B

anti - bl ockiphgtopeiwaiefizadion ikl8atbi, ked 4 meﬁmy%ﬁmuvé e prebBie iPEOeHS: enTet hod

of a thermal Ig)/ conductia/e tgheet o present invention is 30 described
bel ow!based©8n of mareRased ¢y éé"t?]é’P“E& {herberaatly ponduptireREPeHtionut t he
present i nweMledomg s not limted to the follow ng enbodinents and it shoul d
be understood t hat appropri ate changes and nodifications can be nade

t herei n accordi @) t oirrddeatiandhidl feaeurfite anshibe Bk sheecei of thersbegintithni t hout
departing flﬁt?fml&lgﬁacﬁgt?&l fcﬁflfférg‘ﬁ uR{agi%?é@Errdd?a\f%mﬂtglﬁitles such that the irradiation

intensity on the surface irradiated at a higher intensity is 30 times, or less, than the
20 irradiation intensity on the surface irradiated at a lower intensity, thereby curing the sheet
and obtaining a thermally conductive sheet consisting of a single-layer thermally
conductive composition and having tackiness differing between the front surface and the
back surface.
According to the production method of the present invention, while the obtained
25 thermally conductive sheet is a single layer, it has tackiness differing between the front
surface and the back surface. Furthermore, one surface of the sheet can be made to have
almost no tackiness by adjusting the ultraviolet intensity even without applying a film base
material, an anti-blocking powder or the like to the one surface.
The production method of a thermally conductive sheet of the present invention is
30 described below based on the best modes for carrying out the invention, but the present
invention is not limited to the following embodiments and it should be understood that
appropriate changes and modifications can be made therein according to the knowledge of

one skilled in the art without departing from the scope of the present invention.
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-2 WD 2007/ 053475 PCT/ US2006/ 042104 Incidentally, the term"a (nmeth)acryl"”
as used herein means "an acryl or a nethacryl"”, and "a (neth)acrylic
nononer” neans "an acrylic nononer such as acrylic acid and acrylic ester,
or a nmethacrylic nmononer such as nethacrylic acid and net hacr Iic ester". 5
Producti on M MW8HYB47SAcrylic Singl e-Laver Thermal |y Condtfcdt VS8 68AHAt
Production Method 1: The acrylic single-layer thermally conductive sheet of
this enbodinment is produced by shaping a thermally conductive sheet
precursor GRIRAKI, IRtehRY (1AeBROST" as LA hefchtShBBs "N SO ML GLhlRcEATE @hd
precursor conposition conprising a (meth)acrylic nDnoner or 10 a

pol yrer i zabt € rgBiemoReTRTTe 81eans JHHETEP SIOPHBET Hak POty i il rovfd a
thermal l'y ﬁ&n&%hétﬁ Srfid xkeﬁonpe,rx%é&ms nlefha B804 Bha pbmaGyNotdeer nore based
on the total volune o the thermally conductive conposition obtained, and
irradiating the front surface and the back surface of the sheet with
uItravﬁoIePnﬁadm&@ﬂa odbf Alg pple-Lal e Boginod Adiegibedn i ntensities,

t her eby cur, fTﬁﬂig and obtalnlng a thermally conducti ve sheet
consisting 3 Wg ‘e-layer thermally conductive composition and havi ng
t acki ness di ffen‘hng:riaeis\i@ema@aetherfﬂany\torﬂuﬁtfva@ﬁeeaaﬂthimmmnsw face. Mre
specifically, in the productloBrof the acrylic single-|layer thermally

conduct i ve PENEead byrshaminga hepaalhiRoptuctyseetasavEer WWH&’&W@ & sheehosi ti on
COMPI i Si g o TR, 0Ot HIBEY BEEISH RGBS o SmBRRABRhKBEL2SH | on

initiator and a‘thermally conhductive ler is degassed and m xed in a

pl anet@ry niprbrmegrabiooligemer theecof, mmp@lmqrm@mmm@wdmwuand shaped
into a she T 0 e front
and t he back s FANERHER RL AL R Al or J0 bl gre MEEER LR BRI LT |

wi t h ul t r avheohdty soadudcitve oomad)sﬂmm ubtmgdsantiyrraﬂuﬁfngrtbmﬁorﬁtrsmfa@had dtctback

surface, wher.eb he. shee ize ure thermal | y. .conducti ve
sheet can B‘érfa%%f g‘l A §§)“:ltfarvg’3?t§$% 8?@1& ‘I(ljl il IP%HF%%Piaﬁ?P Ifeiet or ent

i ntensi ti eshebyeashs 0 shdreaslisHaniag . denafllytdahsiioetheet fsisiadfal | ke shaped
article can be pol }é}rgerl zed and, cured. Al so, when the ultraviolet

transht t t afBeledpyer reEmpst (RBdRetive AeRRosEIon eRG hevingpclines Bilering bethaere®e t he

ul travi ol etfrohé‘éiﬂriﬁ&é&ﬁtﬁ@% Reuitideadicd §dciatafyns Bap®ahat the front
and back surfaces. The |rrcad| at |eon of ﬁjémtr%\yro te?% h?ﬁ?[&zkﬁeéégﬁnbe per f or med

by usi ng a sinalegearihermally copdugtiye slfere! thia dinhediantathe shammeldt emgudiivof 400 rim
or |ess. i_ncl | OW-.pressure

mercury | arrpﬁ'll?;BJ)S%)n %ﬁ%ngggﬁgﬁn\éﬁﬁg&g gf@lelthjgr%g%aﬂﬁfoqﬂer T %go rgrmnelralrzzclztgr | anp,
an ul trabhi ginaqrmmmlwrthermaﬂgumgdubmeﬁilleaisdhmmiamd Inam:d, ina plebﬂem:;kmimegbﬁ I anp, a

m cr O%Ve %ecﬁkteesdan wEElzjc{ lyetween wo rfm\ers ann§§]1ape mto as %eet%y cale%er mo d11§é gre

the like. Thereafter, each of the front and the back surfaces of the sheet, still holding

liners, is irradiated with ultraviolet radiation at an intensity different from the other
surface, whereby the sheet is polymerized (cured) and a thermally conductive sheet can be
obtained. By irradiating ultraviolet radiation at different intensities on each of the surfaces
25 of the sheet, the sheet-like shaped article can be polymerized and cured. Alse, when the
ultraviolet transmittance differs between liners on the front and back surfaces, the
ultraviolet radiation can be irradiated at the same intensity on the front and back surfaces.
The irradiation of ultraviolet radiation can be performed by using a lamp emitting
ultraviolet radiation at a wavelength of 400 nm or less. Examples of the lamp which can
30 be used include a low-pressure mercury lamp, a medium-pressure mercury lamp, a
high-pressure mercury lamp, an ultrahigh-pressure mercury lamp, a chemical lamp, a
black light lamp, a microwave-excited mercury lamp and a metal halide lamp. On the side

irradiated at a higher intensity, the ultraviolet radiation is preferably irradiated at an
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irradiated at a higher intensity, the ultraviolet radiation is preferably
irradiated at an -3 WD 2007/053475 PCT/ US2006/ 042104 ul travi ol et
irradiation intensity of 0.2 to 1.5 mWcn2. The irradi ation time is
preferably ral seconds to about 30 m nutes. |oI et
irradiati on“ﬁ%“&?@%%ﬁg is too low, the polynerization re ]Pﬁsozg‘lm %
excessively long tinme and both surfaces tend to | ose tackiness. 01 t he
other hand, if the ultraviolet irradiation is too high, the resulting sheet
5 may have uitRaibég iaddiation sisite ot Len gt mwand. the radion oneriBpieteadbly i t S
shape. The _irradiation intensjty.on the syrface irradi at d at. a her
intensity iFOMEVEFRELONGF @%’é‘t%%‘il’é]feér Bﬁ“ﬂ/ Fropevirediasen iy ‘?’F@‘g’lstt D‘g’”

i rradiati opmd piBRSizhiorBadtide 184k Baeively 18 GheandbotR shr@Wes tend REIBRSI ty. |f
the irradiation intensity ratio is too small, a sufficiently |ar

di f f er ence tackinesse Onthe Rihst hand gif Ferdijavirdat ipndiationas ﬁ@eéuabethﬁé@@ﬁlttnﬁégft%

sur f aces £ &, C s only on one
surfac% an%ﬁ%g‘? nh&eﬁa{itfﬁé%etg u{éféll{g\gga?é@}lpﬁg y ]ﬁaﬁng%frn g%eSB{q% ?ﬁlg ot her
surface t o ibadingnantpoiven-lvoarfed: shdited afl'mlegharnraehsaynaﬁﬂ fimé¢sandéssy may be

adj ust ed by u trav al.et |rra|at|on nsiti.es,t elvesto
it er bet dedrReddey A Ly HRuSuon i 8y PHERIFEE51 o1

transnitt angenddth. (ke ria0Rfi6n HitERRE Ao Btob EEFEalsLiRiBYY Iagesiffafthicnsiat ti ng
the ultraviolet 15 irradiation intensities thenselves tg be the sane,

Accor di ngl yackisiepgihmay agt hsroblaingg; hehvegn thedp safacss viweas /& 1Redasssi t i on

precuggor %nyfeﬁaaﬁo\f@ntdew&ﬂy YL duf fRRra8d q{eftfltﬁ'fﬂaﬁg chiBuct ek kagvi ol et
transmttanceé are used and the sane ultraviolet radiation is irradiated from

bot h |i ner msigrhéssto tharréhqsrsé@fwtto bﬁv@ﬁm\m@r@%edﬁatp mpl enent ed. 20

monombr usad 1 of 't R dPeY kil BATEE BRI OBEAR ' Ty e a

nononer us edtefigiestivenstlyesrmtditier hufwan gspetiat surfavet dy)bachyldine thebhymeiolet and i s

not artlcularl lim.te Th nof uncti onal t h)acr Ilcm)orrersrra
bo ubod 1 ndrarBtarspe i e e SR Lo D HiEsbr uisoRe: T anl 0

exanmphgs t heh@efon inGhdiGke tReriRRRE Wikl thoRRe, (MBS HINAGS, H the cARROBIRPigaNt ai ni ng
an al kyl group having a carbon nunber of 20 or |ess, and speC|f|c exanpl es

t her eof i nchera!ly eandFiveRFRPEESR PrasEsor BERGen Ydieysaiben Hnws difiesiys in
(meth) acrylgt GiradioRt fHsheahke ark MBI hA HekAL BltraQfhof lradw%mg ﬁ‘f‘aﬁﬁé{eﬁtfﬁmf I sooctyl

(meth)acrylate, decyl (meth)acrylate, ~dodecyl (neth)acrylate, acrylic acid,
met hacryl i choglelintr sides, Heanssdat inyRItigECa, UeHaplemehigd. aer yl ami de. The
nmonof uncti onal (nmeth)acrylic nononer before any pol ynerization, generally

20 Monofunctional (Meth)acrylic Monomer

The monofunctional (meth)acrylic monomer used for the thermally conductive
sheet of this embodiment may be a monomer used for the formation of a general
{meth)acrylic polymer, and is not particularly limited. These monofunctional
(meth)acrylic monomers may be used individually or as a mixture of two or more thereof.

25 Suitable examples thereof include a monofunctional (meth)acrylic monomer containing an
alkyl group having a carbon number of 20 or less, and specific examples thereof include
ethyl (meth)acrylate, butyl (meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, octyl (meth)acrylate, isooctyl (meth)acrylate, decyl (meth)acrylate,
dodecyl (meth)acrylate, acrylic acid, methacrylic acid, acrylamide and

30 N,N-dimethylacrylamide.

The monofunctional (meth)acrylic monomer before any polymerization, generally
has low viscosity and the handleability thereof is sometimes bad. In such a case, the

thermally conductive filler may not be uniformly distributed throughout the thermally
4



has | ow viscosity and the handl eability thereof is sonetinmes bad. In such a
case, the thermally conductive filler may not be uniformy distributed

t hroughout the thermally -4 WD 2007/ 053475 PCT/ US2006/ 042104 conductive
sheet. Therefore, before shaping the thermally conductive conposition
precursor i M®207/833¢Bt , the nonofunctional (neth)acryli cPEHBRTAKY047194
preferably converted into a polynerizable oligoner by partially
polymerizing it in advance and increasing the viscosity. The parti al

pol ymeri Zatc‘ngdllfc{i\?e R8T habloYe, el gﬁﬂ%ﬁgttfbénnhﬁ‘)gizo‘ﬂggft%icBl_Ypoﬁﬁ&{reS >

appr oxi mat e rom5 to 10, 000 nmPa- s arti ynerization can be
performed Ipyecussar intusshasst the denafudctipeldinfeiyacex arméremer seprefofablynonveitedt her nal

pol ymeri zati.on, ultr.aviol.et I ri.zation, .el.ectr,on beam pol yneri zati on,
Voray i rr adracrshmseres omel B Rt e R er SRR e

pol yner i zatvisessityl mht getitiglolymerizationriel erefdrablpperfonmpd tué tavitdodity becomes

pol yneri zati on, . an apprqpri |y ization initiator can he added to the
ther med |y POPROSHRARY b 568&@3)@9 a'ﬁvﬁiﬂj%ewg@f)b{mepﬁa{w_ Fae e B _
I'nitiator EXxASRHRSh@fs ahdeebito ROV MBELEBhLIAR thithlal BAIORliRGLHAR-REN&OI N
ethers such as benzoin ethyl ether and benzoin isopropyl ether, an anisoin
et hyl et hempolyareriagiiono¢leetin bpao pelypptizatiohefray Mrashdtion pslystigaton and

(4,4 -tetranet.hvl di am e henane) ,y.and stituted .ace henones such
he' 2, 2+ i mavRaRs bt RS LEPRARDANGL 1R NEE Gheh e SRR OGucad by
Sart oner Cowpaivyiyatidnl geappropriéd bolyimeidstiondnEatopandis addeday t€d thamdatly gy

Speci al ty-Chem cal s)) and 2, 2-di et hoxyacet ophenone. O her exanpl es i ncl ude
subst 1 ut e FONARES GIPOSHEKPEENS et hy - 2- hydr oxypr opi ophenone, and aromati c
sul fonyl chlorides such 20 as 2-napht hal enesul fonyl chloride. These

phot opol y e, #RblvaRrikdlioh idtigss My be used individually or in an arbitrary
conbi nati on. The anount_ of the polynerization initiator is not particularly
limted but is &Esaapleyofthophatorphierrizaipniaitietor ingludp benzpiyethosyshiet s by nass
of the non : : WA |3 j hermal |y
conductive Ti qng?tﬂf\;éﬂ%gh&%g%%?%{oﬂ%h%eél%%ﬂ%ﬁfglﬁﬁﬁ%éfs Hrl}glr’ g %gﬁtsch{gr mal |y
conduti i ve isipeatyl ¢thereMeighier's kftsta(d4'-tdtratiathy ldidmioordzaphendingy andExesiiued of t he

thermally conductive filler.inglud hydr ous net al ound, a netal

oxi dor o mAPAPPHAPI Gt PR e e R Bl ToiE Wik ki nd of
conmpound mMgyodiRedBESurdieACHInpEa, i ldsc@t 630 (1RAARaHAGsodteFbPtbaddidy of ki nds
of conpounds ma%)hbe used_ in conbination. In viewof filling property and
curing rat erstialbpbhemicals hard w21 soxyrqetaphenope NORST aiammpies iRalpREErbStnged

a-ketols such as 2-methyl-2-hydroxypropiophenone, and aromatic sulfonyl chlorides such

20 as 2-naphthalenesulfonyl chloride. These photopolymerization initiators may be used
individually or in an arbitrary combination. The amount of the polymerization initiator is
not particularly limited but is usually from 0.1 to 2.0 parts by mass per 100 parts by mass

of the monomer component.

25 Thermally Conductive Filler

The thermally conductive filler is an essential component for causing the thermally
conductive sheet to exert substantial thermal conductivity. Examples of the thermally
conductive filler inciude a hydrous metal compound, a metal oxide, a metal nitride and a
metal carbide. Sole compound or secle kind of compound may be used or a plurality of

30 compounds or a plurality of kinds of compounds may be used in combination. In view of
filling property and curing rate of sheet, a white-type filler such as aluminum hydroxide,
magnesium hydroxide and alumina (aluminum oxide) is preferred. As for the amount

filled, the thermally conductive filler is preferably filled to occupy from 20 to 80 vol% of

-5-



magnesi um hydr oxi de and al um na (alum num oxide) is preferred. As for the
anount filled, the thermally conductive filler is preferably filled to
occupy from20 to 80 vol % of -5 WD 2007/ 053475 PCT/ US2006/ 042104 t he

thermal |y conductive conposition. If the amount filled is | ess than 20 vol %
the thermaW@aNFOBHTSVity of the conposition decreases aldl/PHE04E2¥dr mance
as the thermally conductive sheet is not satisfied. Furthernore, if the
thermal ly conductive filler content is less than 20 vol % the ultraviolet
adiation iy, dofs .56 3biked Biopblifiol NEHIEL A AN Y Bapof Idihetheand tends to
be transmtt f'ofm one surface to the other surface Wi thout yiel di ng a
decr ease i rhernel aontivciivity bithe corbpsgionyleemabes el thé p@&rmmcelasrctadgmaﬂg
ultraviolet r ati.on .at = dif.f nt, irradiati tenltle

br ought ouf?n‘ﬁg‘{lﬁe FIEENIF pot sgisdif ]i?‘ﬁ%lhgn??re 1{%@&@ ¥?@3€t&v§%ﬂlsels%oﬁen6bt ai ned
in the tackisess Joebwesane ﬁllft@VlfblléOﬂaﬁlaﬁmﬂlsl‘maﬁ&k:aﬁetréiﬁsy of tHdpRalghemtiuctaad t he

handl eabl lity decreases. On t he ot her if the thermally conductive
Filler>10 COWE @K terdste e Eanspuig) fogm PTFeS‘%’II%%EeTP E‘i’f’égr ?’F&r"ﬂthoékﬁfﬂg}ntgé“ poor

adhesi on t QiegreR@ah theIBNREAL ihsR) BREME e Gs [BalSing Did ol fRAGROR K Y
fulfilling its heat-conducting function. Exanples of the hydrous netal

conmpound i dfferent ipagiption ipyeRititigeot ANL wenshit ovh Anadeat denffipicrtridiptgeon to t he
ey ot GRS G AR A XL AER AN RIS I (VA QY dxaTEl o5 Of 1 e

netal oxide inc um OXI n| um oxi ZI'rconl um oxi de and
Zi nc oxi de and ﬂaaddmﬁ]leatnlmymlmrhaeﬁtfmvme@ﬁmhmﬂed tled thenmadly ctndanpleedleof t he

metal pitride inclu Q al u tride and silicon nitride.
Exanmples o ar bi de an
185 oS enESs 0 SaPh s B i #ﬂé%moareadhaﬁwomfc bi de and
silicon cargéh&atmgbeléméﬂt%d fm\m BisAclodlgRIfANG RO aPadntti&lng fedctienand a filler
havi ng an average particle size smaller than  the Iarge average particle

si ze are prigfER @tW%QIOthE%WW%WC uge baripye hydexignngraleddn added (anount

filled) of fggdddih@hdiB&NoR: d086d-8aeA6ka dninRUR HyiRRideAnd BB ABAR{ unct i onal
(meth)acryli'c nononer, a polyfunctional (nmeth acr ylic m)norrer Is preferably

i ncl uded. &U&%@dm(ﬂXﬂ@PbS plothg igiat exidmimiclud¢ heyWipacexyde, Btanpmomids, t he pol ymer
can b0 0S 3l Rl G Aol Bk e of DRSS T o AL b G, CBBE Sganced.

Exanpl es of unc I'ona acrylic nononer ud
di acryl at e, thantetal annic;el 1a¢1®de rdnatitraiacalyhabe rdmide ancpﬁﬁctCﬁlaﬁﬂTMb AEeampixadtpl es of
t he di acryl dj acr 1,4- but nedl

e ,.6- hexanedi ol | a
di acryl ate,t f‘ﬁfﬁh §FT§F ¢ befion cambidss Augppem %‘F}:é% %déﬂé?oﬁl%r é@ﬁr yl at e.
Exanpl es ofpdhig atlafga@ﬂefbg%t;ﬁmcmcdxzé%dtarﬂumeﬁahryﬂgoeht i ?@Fm id1E '51%5 EIMiﬂPeTr han
ri

trinmet hyl ol propane trinethacryl ate and pentaery nonohydr oxy
triacryl at ehe Exgmyyicege partiglh size arepagdenaly ased insembatipe hecgesethh pnewit

tetraagryl a&d%e@f‘a%o%ht filled) of the filler can be increased.

In addition to the monofunctional (meth)acrylic monomer, a polyfunctional

(meth)acrylic monomer is preferably included. By including a polyfunctional
(meth)acrylic monomer, the polymer can be crosslinked and in turn, the strength of the
sheet can be enhanced. Examples of the polyfunctional (meth)acrylic monomer include a

25 diacrylate, a triacrylate, a tetraacrylate and a pentaacrylate. Examples of the diacrylate
include 1,6-hexanediol diacrylate, 1,4-butanediol diacrylate, ethylene glycol diacrylate and
diethylene glycol diacrylate. Examples of the triacrylate include trimethylolpropane
triacrylate, trimethylolpropane trimethacrylate and pentaeryih:itol monohydroxy
triacrylate, Examples of the tetraacrylate include pentaerythritol tetraacrylate and di-

30 trimethylolpropane tetraacrylate. Examples of the pentaacrylate include dipentaerythritol
(monohydroxy) pentaacrylate. The polyfunctional (meth)acrylic monomers may be used

individually or in combination of two or more thereof. The amount of the polyfunctional
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30 trinethyl ol propane tetraacryl ate. Exanples of the pentaacrylate include
di pentaerythritol (nonohydroxy) pentaacrylate. The pol yfuncti onal
(meth)acrylic nononers may be used individually or in conbination of two or
nore thereof. The ampbunt of the polyfunctional -6 W 2007/053475

PCT/ US2006/ 942284534 7fet h) acryl i ¢ nononer is usual |y from TG EB%E*4E parts
by mass per 100 parts by nmass of the nonofunctional (nmeth)acrylic nononer.

O her Additives, etc. 5 1n the thermally conductive sheet of this

enbodi Ment (, Ua%EQYS nddBinbd ¥ §5uaRF BoR®. 0 A A A8 by Mds A% 10D BayiRRBALbes of the
thermal |y conductive sheet are not inpaired. Specific exanpleés of the

addi tive i thelnehefmctiensak (mhétblecrylic Beadsér nki ng agent, a plasticizer, a flane
retardant, an antioxidant, a flame retardant aid, an antisettling agent, a

t hi ckener, ﬁ tgif&m rQpy agent (e.g., ultrafine powder silica), a

er A ves, elC; . . .
surfactant; - ng agent, a 10 colorant, an electrically conducting
particde, an anidihé dletrgalbgendyctiae shettadf thinaabédiatntngrvgendditiveacdn e er
di sper sant ..g., titanate),.and a pol rizatjon initiator other than those
desor | bed. *abi0sloneis B8 Haariel pew® dpl el R ahesT w41 PRERe ool nat | o
of two or @?é&ﬁq $-RSHRR LT thbAdENAMRLIES: d hekibee s @fsslinkRNckAM pisstdRse ki bed
bel ow by referrin tpo Exanpl es, but the present inventionis not limted to

t hese Exanplas retnagurenaridys, a fameypiapiagt aif nartsettiing pgenk pthigenema

fol |l owi ng go,gm L I Lt i intensity of
ul travi ol et%ﬁ?&a{g%pgt%ig%g& S rrgfgge roﬁe%l%iaﬁgﬁ | RA%#W( rranlégg%et%graed by ET,
Model 1Nane coloRB6 5CeBtricAlysmndydieg partiulle sini antisthing agest, & imet] ofactilatingegant, et

radi ati on fore and after transm ssion.throu t he |iner, wer.e asured by
Uaing the aBOeEBERH R dias athESREntaoR b b0 R P PERce o
the |iner wbsveddheyernddrides macier dedhdividualie of @lcombinagod oftvdloaimod U travi ol et
transmttance %% _cunulative intensity of ultraviolet radiation (after
transm ssi 31?‘?]‘70 unul ative intensity of ultraviolet radiation (before

transm ssion) x 100 Exanple 1 30 The conponents according to the fornul ation
showniin Tabtevkipel ow were charged en bloc into a planetary m xer and

kneaded under reduced pressure (50,
The present invention is described below by referring to Examples, but the present

invention is not limited to these Examples.
Measurement of Ultraviolet Intensity:
In all of the following Examples and Comparative Examples, the cumulaiive

20 intensity of ultraviolet radiation was measured by using UVIRAD™ (manufactured by
EIT, Model Name: UR365CH3). Also, the cumulative intensities of ultraviolet radiation
before and after transmission through the liner were measured by using the above-
described apparatus and the ultraviolet transmittance of the liner was determined
according to the following formula:

25 Ultraviolet transmittance (%o) =

cumulative intensity of uliraviolet radiation (after transmission)/cumulative

intensity of ultraviolet radiation (before transmission) x 100

Example 1

30 The components according to the formulation shown in Table 1 below were
charged en bloc into a planetary mixer and kneaded under reduced pressure (50 mmHg
Abs.) for 15 minutes to obtain a thermally conductive sheet precursor composition. The

obtained thermally conductive sheet precursor composition was sandwiched between two
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Abs.) for 15 mnutes to obtain a thermally conductive sheet precursor
conposition. The obtained thermally conductive sheet precursor conposition
was sandw ched between two -7 WD 2007/053475 PCT/ US2006/ 042104 col orl ess

transparent %ﬁ{gg%gsene terepht hal ate (PET) liners trea%gg@g\;no%g?]%ws‘ll | i cone

r el ease agen aving an ultraviolet transmttance o
cal ender-nol ded into a sheet. The obtained sheet still holding liners on
both surfaces thereof was irradiated with ultraviolet radiation for 15

m nutes at C@Bﬂés@h@ﬁb’@hﬁeﬂt %ﬂy@hyl&eﬁ%éﬂm?alﬂ@(m linkshaged and a3ilRofLreMe N2 on

t he other surface, where mm t hi ck_si ngl e-| a%%\r t her nal | conducti ve
sheet (Sheégennnmm@wpaﬂweple%%mﬁ% 0§8W"a"i‘ﬁ§‘ Galepaitaglde iopgsheet.

hi gh-intengjt Mbtaﬁiéa £n%whs@ihl%1dlggim&§ A boiRsurBies tga@&ﬁglas@ﬁad%a #fg A and the

surface irradiated wt lowintensity ultraviolet radiation was designated
as Surf aceuBraviblet adaamnémzlmeu@wmn@tmwaé@dﬁmW@m ontohe siréreerahdit i on shown

in Tab el I wer e et ar nd kneaded
under reduggg Ino\\f(y/ess re ?gtgmgs ace ﬁér y mlﬁgp%lebl%&gmgg a thermally
conductive c§1|itiﬁeﬁivemheﬁﬁl951$@f 1 Cosspbsied 0 Here',l'hﬁ swdkiediraiisted Weth mlhhmeﬁﬁ@duct ive

sheet precursor conposi tion was sandw ched between two 15 col orl ess
transpar enttpp lqt rsaation vyas Sedenaffdien Surtage 4 ¢ pufasg Eediptedvithnd havi ng an’

ul traviol eﬁo&ﬁrﬁ&ﬁ{ﬂz Eﬁﬁﬂﬁ)‘i‘et95d1a%%r(%a§8éi1g%§ie§@9§ﬁrﬂ£@'ﬁjed into a sheet. The
obt ai ned sheet still holding liners on both surfaces thereof was irradiated

with ultraviol et rad| ation for 15 mnutes at an intensity of 0.31 mWcnR on
one sl f ac&xample@ 72 mWcn2 on the other surface, whereby a 0.5 mmthick

single-ayer thefrmblaednduetieshertmimhaehot) 135,290,001 A e Here. the

surface irradi ated w y ‘ul'traviolet ratron was designated
as Surf ace chargablert hiec mmiplaﬁetmrgf méagkrahdkinaat ¢durddemretinted pedsture (A0tmmbdgol et

radi ati on nat e Sur.fac 3 25 The conpone

accor di ng l‘%a %ﬁcgelgdgﬁmegfq %ﬁﬂigﬁ&wﬁw Gﬁﬁgxgin%kﬁ&‘i@ﬁf‘ﬁ@tréomﬁ ﬁth@n bl oc
into a pl angtaafey ey edukiieIRQREpUAGRT: chRPLEEH \Dég%ﬁﬁd%@heﬁ%@hﬁ@@h@wop\bs )
for 15 mnutes to obtain_a thermal % conducti ve sheet precursor conposi tion.

The &bt ai felrlestdrnsnarspt EGhdiners paes ek e spireraeisate 2genpad haviwgrmas
sandwi ched ub@év%&@raﬁé’iﬁﬂaﬁ&lo?@h‘%sémdt(fa%ﬂéef?%cﬁ&éd gfz,' avs%tsay 'I‘EQS‘?]E%E@BQ%PGI' ate

(PET) liners treated with a silicone rel ease agent and havin
ul travi ol etstitl haldggilinessmaeodf suoBoes teomeb! sab amﬂlmtedmitldelﬁ;tawnlebradlashn&tr 15 The
obt ai ned shegt St dokgi 98 31 818200 BOLIESYLI A 5P mIERES! ol " T adi at ed
surface, whereby a 0.5 mm-thick single-layer thermally conductive sheet (Sheet 2) was
20 obtained. Here, the surface irradiated with high-intensity uliraviolet radiation was
designated as Surface A and the surface irradiated with low-intensity ultraviolet radiation

was designated as Surface B.

Example 3

25 The components according to the formulation shown in Table 1 below were
charged en bloc into a planetary mixer and kneaded under reduced pressure (50 mmHg
Abs.) for 15 minutes to obtain a thermally conductive sheet precursor composition. The
obtained thermally conductive sheet precursor composition was sandwiched between two
colorless transparent polyethylene terephthalate (PET) liners treated with a silicone release

30 agent and having an ultraviolet transmittance of 98%, and calender-molded into a sheet.
The obtained sheet still holding liners on both surfaces thereof was irradiated with
ultraviolet radiation for 15 minutes at an intensity of 0.05 mW/cm? on one surface and

0.80 mW/cm? on the other surface, whereby a 0.5 mm-thick single-layer thermally
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ultraviolet radiation for 15 mnutes at an intensity of 0.05 miWcnz on one
surface and 0.80 mWcnR2 on the other surface, whereby a 0.5 mmthick
single-layer thermally -8 WO 2007/ 053475 PCT/ US2006/ 042104 conductive sheet
(Sheet 3) was obtained. Here, the surface irradiated with high-intensity

ul travi ol et WEROEHIS$Swas designated as Surface A and th@CIASeMEE42194 adi at ed
with lowintensity ultraviolet radiation was designated as Surface B. 5
Exanpl e 4 The conponents according to the forrrul ation shown in Table |I bel ow

were charged,en bl.g

pressure (5’%? ndgey es%%t (IS?&? 3?@%%8%&{ a%nlﬁg I?ﬂggvr’rél @1—1&1%21%15@“ ve
sheet prec umlﬁmolenacpmmwasrdesfghﬂed aMcmd atum‘éue waifdcg icaligat tvithe sheet
precur sor MRoS| tio dWI ched, bet col orl ess transparent
pol yet hyl e Bﬁeﬁ%‘ﬁt‘ﬂ%"é@@ gy quﬁg?gn%%eaétsgl\éw%]ﬁh a silicone rel ease
agent and haV| ng an ultraviolet transmttance of 98% and cal ender-nol ded
into assheetyampldwe obtai ned sheet still holding Iiners on both surfaces
thereof was 1rradiated with uI_travi olet radiation for 15 mnutes at an
intensity of 0.CBespnpaEntsmopriding o the femalationstmymynleble 1dslovheest her

surface, whgr i ﬁﬂﬂﬁﬁi ve sheet
(Sheet 4) @S?%%ngﬁg%t%ﬁag%}?h@%m z]i(%:“g%lgé F%%?ge{ag%dvar;ém%? -1 ntenS| ty

ul t ravi ol et Abadioat i mmuwado dﬁamgtr‘thﬁ:reﬁlbasonﬁuﬂfvasbeeApmmsmrhemumﬁsaceTher r adi at ed
wth |owi tenS| tr voet di ation was .desi nat Sur f ace

Bl e o0ang ek O s P b AR B R S BRRvR Hhapi o
bel ow wer e C(ﬁdﬁ%g@ﬂmﬁierﬁ pelyethilee GrdphtalateaPY TinGEY réufed JaneasBebndReledser educed

pressure (50 nrg:g for #}2 mnutes to obtain a therpally conductive
sheet pr ecup&sal é‘ﬁ’ﬁB& P‘ﬂ pggvio Eans%‘fa&%‘éfc?gt/hé?‘ﬁﬁa}l?ryie’f:@ﬁaiﬁéﬂf}t?/éSl%ﬂ?éet

precursor CcomnawditdidReaas! BARHYIRBE Un BEhWEE et %@reo?%@fﬂa@ﬁ%d%ﬁqns parent
pol yet hyl ene terephthal ate iners treated with silicone rel ease 25

agent and hdtrﬁwgleb}}ﬂdlmllvl’r'@mlémut@sr%hlsmetnﬁlmﬂfé) Bf mBBorn” emenecatfessdead - nol ded
into a Sheeé 33 m-{’@s Q%ﬁ{e% r&ﬁfat%g v‘?ﬁe&%bka rghjntglclkl Eesla tlpe% l urfaces
te t u t

thereof was irra r’avi o |on m Autes at an
i ntensisty ofondudbe shtec{fheardt)one obmmchdéere,nhh sﬂa&&ﬂﬁﬂ%@ﬂ&nﬂmgmmmhﬁr

surf ace, ick s | ayer | 1.y ,.conductive sheet
(Sheot °5) "nduentieCiomaor Vir &gl B PeEX e Iufiis trafoIRR. | nrens ty 30
ul travi ol et |ohaidieatityontrnasicrtedibgnaldiesignatid ds3eefadk Bnd the surface irradiated
with lowintensity ultraviolet radiation was designated as Surface B.

Example 5

20 The components according to the formulation shown in Table 1 below were
charged en bloc into a planetary mixer and kneaded under reduced pressure (50 mmHg
Abs.) for 15 minutes to obtain a thermally conductive sheet precursor composition. The
obtained thermally conductive sheet precursor composition was sandwiched between two
calorless transparent polyethylene terephthalate (PET) liners treated with a silicone release

25 agent and having an ultraviolet transmittance of 98%, and calender-molded into a sheet.
The obtained sheet still holding liners on both surfaces thereof was irradiated with
ultraviolet radiation for 15 minutes at an intensity of 0.05 mW/cm?® on one surface and
0.32 mW/cm?” on the other surface, whereby a 0.5 mm-thick single-layer thermally
conductive sheet (Sheet 5) was obtained. Here, the surface irradiated with high-intensity

30 ultraviolet radiation was designated as Surface A and the surface irradiated with

low-intensity ultraviolet radiation was designated as Surface B.



-9 WD 2007/ 053475 PCT/ US2006/ 042104 Conparative Exanple 1 A 0.5 mmthick
single-layer thermally conductive sheet (Sheet 6) was obtained in the sane
manner as in Exanple 1 except that, as shown in Table | below, the
formulation was different. 5 Conparative Exanple 2 The components accordi ng
to the for mY@8P3¢Kown in Table 1 bel ow were charged %ﬁ%ﬂgﬂ%‘”‘i“ﬁ]@ﬂ) a

pl anetary m xer and kneaded under reduced pressure (50 nmHg Abs.) for 15
mnutes to obtain a thermally conductive sheet precursor conposition. The 10
obt ai ned t e i ve sheet precursor conposition was sandw ched

bet ween two@in—g%aw Es lgi%mspar ent pol yethyl ene terephthalate (PET) liners
treated with a 0. oonthidkelingistyengemallgnanduativersheciiShaet ¢)avasaibétined in

Lransi{ ange. o, 9605 andecal S09RL-IPAPY. hAbR #rAEFheonTHE ABLALNRS Sheet

still holdi on ac ereof was irradiate

ul travi ol etwasaighfatriton for 15 mnutes at an intensity of 0.03 mWcn2 on one
surface and 15 0.98 nWcnR2 on the other surface, whereby a 1.0 mmthick

si ngl e | ayer thermally conductive sheet (Sheet 7) was obtained. Here, the
surface irr C #gh-intensity wultraviolet radiation was designated
as Surface A andytbemsithRe8ordihat BE @mWalibh sHo®Wih ThBBSitkdoviiviavi ol et

radi ati on was designated as Surface B. 20 Conparative Exanple 3 The
conponent s chergod di blge ingo 2 plendteyy mikertand knesdedwndenctatsdaressiye(Hmmwéiee  char ged
en bl oc int | 50 nmHg
abs. ) or 1o B BOELEY LDk « IR R AR Bl BCHGE Lo RpSIRL Tk
conpos$dt i ombtaliedd theabblly cedutthershed byecasmdootpbsitorsheetanpwebad Isoweenawposi t i on

was sandw ched bet ween t colorless tr ar ent | yet hy].ene

er epht nal L BRSO TR Al GRS MG s havi ng
an ul travi olgght anf & id @fedolet rARHinadooRbE RReEdRECRdIdeR R0 8 shhReet . The
obt ai ned sheet still holdi nq liners on both surfaces thereof was irradiated
with ul t r abieotbeined shveh stilbhpldisg liners gp hotheurfzges Barcphwanisiadiptedfwith 52 MW cnZ on
both surfa - : - M -4 Dl g I 1 I THEY, ducti ve
sheet (Sheg‘tﬂ%gwl%g&o taf?rngsdglﬂsﬂé&ﬁg%ﬂfe{l %&w%{hogg?gﬁén&f&g%nvem (gﬁa@g, one

arbi tlary sup8 adécmhen die sthgnaitrfade, aheBby fad demm-thithl sirgheelapdriisrmslly f ace was

desi gnat ed &)%dl%firvg et (%hee_t jl?was obtained. Here, the surface irradiated with high-intensity

ultraviolet radiation was designated as Surface A and the surface irradiated with

low-intensity ultraviolet radiation was designated as Surface B.

20 Comparative Example 3

The components according to the formulation shown in Table 1 below were
charged en bloc into a planetary mixer and kneaded under reduced pressure (50 mmHg
Abs.) for 15 minutes to obtain a thermally conductive sheet precursor composition. The
obtained thermally conductive sheet precursor composition was sandwiched between two
25 colorless transparent polyethylene terephthalate (PET) liners treated with a silicone release
agent and having an ultraviolet transmittance of 98%, and calender-molded into a sheet.
The obtained sheet still holding liners on both surfaces thereof was irradiated with
ultraviolet radiation for 15 minutes at an infensity of 0.52 mW/em® on both surfaces,
whereby a 0.5 mun-thick single-layer thermally conductive sheet (Sheet 8) was obtained.
30 Here, for the sake of convenience, one arbitrary surface was designated as Surface A and

the other surface was designated as Surface B.
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2007/ 053475 PCT/ U82006/ 042104 The thermal |y conductive filler cont ents in
Exanpl es and Conparative Exanples are shown in Table 2 bel ow. Table 2:

Cont ent * (vol % ThefthermatyraprdpcitisHilse tonjentsHin Bxampien agheemparEkenpl e Conpar ati ve
Examlel ) I @ num72.9 63.5 63.5 44.5 21.9 2.0 72.9
63.5 hydrOX| e‘% eého%mén?géeh&(lﬁc gravity of the binder part was set to 1.0
g/cnB, and the specific gravity of alum num hydroxi de was set to 2.4 g/cnB.
Measuring Met hod: Table 2: Content* (vol%) of Thermally Conductive Filler in Sheet

Example Comparative Example
1 2 3 4 5 1 2 3
H34 (aluminum 72.9 | 635 | 63.5 | 445 | 219 2.0 729 | 635
hydroxide)
3 *  The specific gravity of the binder part was set to 1.0 g/em’, and the specific gravity of

aluminum hydroxide was set to 2.4 g/em’.

Measuring Method: ‘
The thermally conductive sheets produced above were evaluated for the
10 adhesion energy on both surfaces (Surface A, Surface B) of the sheet by the following
‘method. At the evaluation, the sheet was used for evaluation after stripping the liners
from both surfaces thereof.
Adhesion Energy:
The tackiness of both surfaces of the sheet was evaluated in terms of the
15 adhesion energy by using Probe Tack Tester RPT1000 {manufactured by RHESCA).
Here, the adhesion energy was determined from the area of the stress-strain curve
obtained by the measurernent. As the adhesion energy is larger, the tackiness is larger.
The measuring conditions are as follows.
Load: 500 g
20  Press-contact time: 1.0 second
Testing speed: 600 mm/min.
Stainless steel-made probe (diameter: 5 mm)
The adhesion energy is shown as an average of the number of measurements
(n=5).
25 The measurement results of UV irradiation intensity and adhesion energy are

shown in Tables 3 and 4 below.

-12



The thermal ly conductive sheets produced above were evaluated for the 10
adhesi on energy on both surfaces (Surface A Surface B) of the sheet by the
following nethod. At the evaluation, the sheet was used for eval uation
after stripping the liners fromboth surfaces thereof. Adhesion Energy: The
t acki ness oWMBPHBPf aces of the sheet was eval uated i TGEY3121Phe 15
adhesi on energy by using Probe Tack Tester RPTI 000 (nmanufactured by
RHESCA). Here, the adhesion energy was determ ned fromthe area of the
stress-strain curve obtgined By ptdfTRISEEETRANN/ A8 the adhesion energy is
| arger, the_ tackiness is larger The neasuring conditions_are fol | ows.
Load: 500 @ 20 Press-contact |t Sondace B Ol(sSaI:fan@iB TeSuifarg AdPade BSOO nmi ni n.
St ai nl ess stmg{lplgade probe (di angser: [5 mm13The [adhesi oppenergy i{s shown as
an aver age |Gk i€ 2nunDer of neasgipenenfs o(71=5) .| 25 Thepmeasurement results

of WV irradigy rmtensity and gghesiion Sy Oy [are s'nW rm Tables 3 and 4

bel ow. -12 "E"i \EJ'Z/ 053475 PETS US?S?JG/ GL‘oz"i\Oi‘qOS Fatfre—3—U ;Su rraciat i on

I nt ensi t FERE) Surf-ace—A|St e—B—-StH eﬁd—@eH—ae%—B—Be&mlelO.SZ
y ) vt

0.13 4.0 EEAMRPES2 o 72 0 31 2 8375 o 0057y 05 94 0 Exadple 4 0.33

0.05 6.6 Miampertive Bxapolplog 6 952 coppar Hide F 490 52 0 13 4.0

Conpar at i ve Cospagstive Bxgnmgg20.03 8387  |Conddidati e ExanplZe’ 3 0.52]0.52 1.0 1)

Rati o of UV Jompadiisit¢ Esamplafensit §5dn Surfdc® A tio that 6@ Surface B Table 4:

Adnesi ve ENEr 0y TP Gl INGH WY o COPAHSE 06 STEGhce SU7 1 2CE A Surface B

Surface A/ Surfa

P
o
T
D
P

Table 4: Adhesive Energy (mJ) of Thermally Conductive Sheet

Surface A | Surface B | Surface A/Surface BV

Example 1 1.00 0.07 14.3
Example 2 2.62 0.19 13.8
Example 3 3.41 0.23 14.8
Example 4 3.92 0.58 6.8
Example 5 4.47 0.73 6.1

Comparative Example 1 3.10 3.02 1.0
Comparative Example 2 3.62 0.11 32.9
Comparaiive Example 3 3.02 3.15 0.96

5 1) Ratio of adhesion energy on Surface A to that on Surface B

In the case of the thermally conductive sheets according to the present invention
of Examples 1 to 5, a thermally conductive sheet having tack strength differing between
one surface and the other surface could be obtained by irradiating ultraviolet radiation

10 at different intensities. On the other hand, in the sheet of Comparative Example 1, the
amount of the thermally conductive filler was as low as 2.0 vol% and therefore, almost
no difference was yielded in the tackiness of both surfaces of the sheet obtained. In
Comparative Example 2, the ultraviolet radiation was irradiated at an irradiation
intensity ratio exceeding 30 times while employing a certain high filler content and

15 therefore, the filler migrated to Surface B of the sheet. The migration of filler to one
surface of the thermally conductive sheet is not preferred because the filler may desorb
from the sheet to cause contamination in the production process or stain the adherend of
the sheet. In Comparative Example 3, the irradiation intensity was the same on both
surfaces and accordingly, almost no difference was yielded in the tackiness of both

20 surfaces.
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Exanple 1 1.00 0.07 14.3 Exanple 2 2.62 0.19 13.8 Exanple 3 3.41 0.23 14.8
Exanple 4 3.92 0.58 6.8 Exanple 5 4.47 0.73 6.1 Conparative Exanple 1 3.10
3.02 1.0 Conparative Exanple 2 3.62 0.11 32.9 Conparative Exanple 3 3.02
3.15 0.96 5 1) Ratio of adhesion energy on Surface Ato that on Surface B In
the case of the thermally conductive sheets according to the present
invention of Exanples 1 to 5, a thermally conductive sheet having tack
strength differing between one surface and the other surface could be
obtained By rrradiating ultraviolet radiation 10 at different intensities.

her mal 1y condlot | v PR o rediRing SUPRAY ShogBFICeh FRPBRYPE. ol most | no
di ff i el ggd i ' :
ITTerence was yie ?dgti ' gh@kgg rr% ?‘ghg%lgts??ngﬁftW& sft%ﬁiﬁc&}s&ﬂﬁoﬁﬁﬁé‘&

obtained. In Conpa % e ultraviolet Iat1 on was
i rradi at ebavang afront susthica anda backsuefase,the thatmallyesordedii vegeodipasitimepredurdoe

enploying a certain high filler content and.15 therefore, the filler
m gr at ed fxgnggﬁqa%egmghigqcryfl}femglp%qr_ormlmg}@g}e iggmef thereal. 3 o one  surface

of the th?’%&%@éﬂgmgﬁ%ﬁﬁtihfﬁﬁt&%ﬁta t.hémﬁ?lk o%haﬁﬁfvreqﬁﬁpsfe@ggqn%%nfow&r may

desorb f eet to cause contamnation I n the production process or

st ai n t he2@sbidt enthoed bastdhen shectotal volnmEarfphe thermalyboomdpttevesompositionr adi at i on
intensity was éhe same on both surfaces and accordingly, alnost no

di f f er enc8OWHS | ded in the tacki ness of both 20 surfaces. -13 dains: 1.

A method for producig aikAkdl b roAIdEEE URd BRGRL sHABRUFHd Geel @y ShaPi ng

a thermal ly conductive conposition precursor 1nto a sheet having ront
surface anHramidbetahdistior afodiffetentultiaeiols itradiatomdntnsivies swnhphatithé oradpmtienur sor

conprising a (meth)acrylic nooer or.a .polynerizable ol]jgoner thereof, a
phot opol yg"é?l?s topdﬁe ?#@Fgfgﬁ?te A igher WB%/‘ 18 @ﬁﬂﬁ‘éﬁz P(/l?g?’i €present in
an anount ;0of 5:..20 - Y I t t |y
conduct i vg?%:dtl)mn%%sl #%Fséﬁpé%gl?aslﬁrnfg%%ﬁg%%&g b#gilé‘?%ﬁkg}i%}g Iiﬁ{gé}% %L{(gﬁltg t@ﬁ%ﬁ{ce and
t he back and btamimy a theemalheanduitive sheet having a single-layer thermally conductive

composition and having tackiness differing between the front surface and the back surface.

2. The method for producing a thermally conductive sheet as claimed in
claim 1, wherein the (meth)acrylic monomer or the polymerizable oligomer thereofis a
polymerizable oligomer obtained by partially polymerizing a (meth)acrylic monomer and

thereby increasing the viscosity of the (meth)acrylic monomer.

3. The method for producing a thermally conductive sheet as claimed in
claim 1 or 2, wherein said thermally conductive filler is a filler selected from aluminum

hydroxide, magnesium hydroxide and alumina (aluminum oxide}).

4. The method for producing a thermally conductive sheet as claimed in any
one of claims 1 to 3, wherein the ultraviolet irradiation intensity on the surface irradiated
at a higher intensity is from 2 to 20 times the irradiation intensity on the surface irradiated

at a lower intensity.
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ultraviolet radiation of different ultraviolet irradiation intensities such
that the irradiation intensity on the surface irradiated at a higher
intensity is 30 tines, or less, than the irradiation intensity on the
surface irradiated at a lower intensity, thereby curing the sheet and
obt ai ni ng awohwsmEs4’y conducti ve sheet having a single-ﬁﬁ§@pﬂpﬁﬁﬁﬁﬁ ly
conductive conposition and having tackiness differing between the front
surface and the back surface. 2. The nmethod for producing a thermally
conductive sheet as TeahdiRsl foPpro@hciidd thernvdligc8hdhctieshecomE Blasddihi ¢ mononer
or the polynerizable oligonmer thereof is a polynerizable oligonmer obtained
by parti al B $610% Beins] igh svherein thy alsryiplet g g e inteas@ 15O0RPeby i ncr easi ng

t he vi scosi 2 ; i z 3. The nmethod for producing a
thermal |y ?:tgﬁrcli\g](;:ctn:} \r}% téﬂgg?ﬁgg{&célhgﬁmﬁqgﬂé}n%é%sllgi m21l or 2, wherein said
thermal |y conductive filler is a filler selected from al um num hydroxide,

magnesi um hydr oxi de d alum na (.al um num oxide). 4.. The net hod. for

pr oduci ng a thernal |l egﬁﬁlk}'c‘ioﬁ’@‘éc(ugﬁgibefppa{g&ucc %gﬁ'ﬁ‘ﬁ pf?%iuﬁ{‘]%}] mﬁth%(?%]?a clains 1to
3, Wwher ei niiehfallyl dohautiiot SHeel d14ia@i af ingnt b @fsistitoan the surface irradiated
at a higher intensity is from2 to 20 tinmes the irradiation intensity on the
surface irradiated at a lower intensity. -14 WO 2007/ 053475

PCT/ US2006/ 042104 5. The nethod for producing a thermally conductive sheet
as claimed in any one of clains 1 to 4, wherein the ultraviolet irradiation
intensity is 0.2 to 1.5 mNcnR on the side irradiated at a higher

intensity. 5 6. Athermally conductive sheet produced by the production

met hod of a thermally conductive sheet clained in any one of clains 1 to 5.
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