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10  Background of The Invention

Electronic components are used in ever increasing numbers of consumer and
commercial electronic products. Examples of some of these consumer and commercial
products are televisions, personal computers, internet servers, cell phones, pagers, palm-type
organizers, portable radios, car stereos, or remote controls. As.the demand for these

15 consumer and commercial electronics increases, there is also a demand for those same
products to become smaller, more functional, and more portable for consumers and

businesses.

As a result of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
20 reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring,

keyboards, touch pads, and chip packaging.

Components, therefore, are being broken down and investigated to determine if there
are better building materials and methods that will allow them to be scaled down to
accommodate the demands for smaller electronic components. In layered components, one

25  goal appears to be decreasing the number of the layers while at the same time increasing the

functionality and durability of the remaining layers. This task can be difficult, however,
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interface material takes on the formof a liquid or "saoft gel". The
such as manufacturing tolerances, etc. When the heat transferability of thes¢ materials breaks

down, the performance of the electronic device in which they are used is adversely affected.

Thus, there is a continuing need to: a) design and produce thermal interface materials

and layered materials that meet customer specifications while minimizing the size of the

20  device and number of layers; and b) develop reliable methods of producing desired thermal
interface materials and layered materials and components comprising contemplated thermal

interface and layered materials.

Summary of the Invention

25 A contemplated crosslinkable thermal interface material is produced by combining at
least one rubber compound, at least one amine resin and at least one thermally conductive
filler. This contemplated interface material takes on the form of a liquid or “soft gel”. The
gel state is brought about through a crosslinking reaction between the at least one rubber
compound composition and the at least one amine resin composition. More specifically, the

30 amineresinis incorporated into the rubber c omposition t o crosslink t he p rimary h ydroxyl
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Phase change materials are useful in thermal interface material applications because

15  they store and release heat as they oscillate between solid and liquid form. A phase change
material givesxoff heat as it changes to a solid state, and as it returns to a liquid, it absorbs

heat. The phase change temperature is the melting temperature at which the heat absorption

and rejection takes place.

A method for forming the crosslinkable thermal interface materials disclosed herein

20 comprises a) providing at least one saturated rubber compound, b) providing at least one
amine resin, ¢) crosslinking the at least one saturated rubber compound and the at least one
amine resin to form a crosslinked rubber-resin mixture, d) adding at least one thermally
conductive filler to the crosslinked rubber-resin mixture, and €) adding a wetting agent to the
crosslinked rubber-resin mixture. This method can also further comprise adding at least one

25 phase change material to the crosslinked rubber-resin mixture.

The contemplated thermal interface material can be provided as a dispensable liquid
paste to be applied by dispensing methods and then cured as desired. It can also be provided
as a highly compliant, cured, elastomer film or sheet for pre-application on interface surfaces,

such as heat sinks. It can further be provided and produced as a soft gel or liquid that can be
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conductive filler to the crosslinked rubber-resin mxture, and e) adding a
wetting agent to the crosslinked rubber-resin m xture. This nmethod can
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filler. This contemplated interface material takes on the form of a liquid or “soft gel”. As
used herein, “soft gel” means a colloid in which the disperse phase has combined with the
15 continuous phase to form a viscous “jelly-like” product. The gel state is brought about
through a crosslinking reaction between the at least one rubber compound composition and
the at least one amine resin composition. More specifically, the amine resin is incorporated
into the rubber composition to crosslink the primary hydroxyl groups on the rubber
compounds, thus forming the soft gel phase. Therefore, it is contemplated that at least some

20  of the rubber compounds will comprise at least
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al | 1ef trhl&be@loubhz& may be used are ethylene-propylene rubbers (EPR EPDM),

polyethylene/butylene,  polyethylene-butylene-styrene,  polyethylene-propylene-styrene,

hydrogenated polyalkyldiene “mono-ols” (such as hydrogenated polybutadiene mono-ol,

hydrogenated polypropadiene mono-ol, hydrogenated polypentadiene mono-ol),

hydrogenated polyalkyldiene “diols” (such as hydrogenated polybutadiene diol, hydrogenated

20  polypropadiene diol, hydrogenated polypentadiene diol) and hydrogenated polyisoprene.

However, if the compound is unsaturated, it is most preferred that the compound undergo a

hydrogenation process to rupture or remove at least some of the double bonds. As used

herein, the phrase “hydrogenation process” means that an unsaturated organic compound is

reacted with hydrogen by either a direct addition of hydrogen to some or all of the double

25  bonds, resulting in a saturated product (addition hydrogenation), or by rupturing the double

bond entirely, whereby the fragments further react with hydrogen (hydrogenolysis).

Examples of unsaturated rubbers and rubber compounds are polybutadiene, polyisoprene,

polystyrene-butadiene and other unsaturated rubbers, rubber compounds or

mixtures/combinations of rubber compounds.
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crossli e'resin and the rubber conposition and/or
bet ween the rubber
15 Amine or amine-based resins are added or incorporated into the rubber composition or

mixture of rubber compounds primarily to facilitate a crosslinking reaction between the
amine resin and the primary or terminal hydroxyl groups on at least one of the rubber
compounds. The crosslinking reaction between the amine resin and the rubber compounds
produces a “soft gel” phase in the mixture, instead of a liquid state. The degree of
20  crosslinking between the amine resin and the rubber composition and/or between the rubber
compounds themselves will determine the consistency of the soft gel. For example, if the
amine resin and the rubber compounds undergo a minimal amount of crosslinking (10% of
the sites available for crosslinking are actually used in the crosslinking reaction) then the soft
gel will be more “liquid-like”. However, if the amine resin and the rubber compounds
25  undergo a significant amount of crosslinking (40-60% of the sites available for crosslinking
are actually used in the crosslinking reaction and possibly there is a measurable degree of
intermolecular or intramolecular crosslinking between the rubber compounds themselves)

then the gel would become thicker and more “solid-like”.

Amine and amino resins are those resins that comprise at least one amine substituent

30 group on any part of the resin backbone. Amine and amino resins are also synthetic resins
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metals, such as silver, copper, aluminum, and alloys thereof; and other compounds, such as

boron nitride, aluminum nitride, silver coated copper, silver coated aluminum and carbon

fibers. Combinations of boron nitride and silver or boron nitride and silver/copper also

20 provide enhanced thermal c onductivity. Boron nitride in amounts of atleast 20 wt % and
silver in amounts of at least about 60 wt % are particularly useful. Preferably, fillers with a

thermal conductivity of greater than about 20 and most preferably at least about 40 w/m°C

will be used. Optimally, it is desired to have a filler of not less than about 80 w/m°C thermal

conductivity.

25 As used herein, the term “metal” means those elements that are in the d-block and f-
block of the Periodic Chart of the Elements, along with those elements that have metal-like
properties, such as silicon and germanium. As used herein, the phrase “d-block™ means those

elements that

have electrons filling the 3d, 4d, 5d, and 6d orbitals surrounding the nucleus of the element.

30  As used herein, the phrase “f-block” means those elements that have electrons filling the 4f
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shoul d advant ageously have a high thermal conductivity. Suitable filler
materials include netals, such as silver, copper, alum num and alloys
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silver coated copper, silver coated alum num and carbon fibers.

Conmbi nations of boron nitride and silver or boron nitride and silver/copper
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15 not greater than about 1 um and a length of about 50 to 100 pum, and possess a thermal
conductivity of about two or three times greater than with other common carbon fibers having

diameters greater than 5 um.

It is difficult to incorporate large amounts of VGCF in polymer systems and interface

systems, such as the hydrogenated rubber and resin combination already discussed. When

20  carbon microfibers, e.g. (about 1 um, or less) are added to the polymer they do not mix well,
primarily because a large amount of fiber must be added to the polymer to obtain any
significant beneficial improvement in thermal conductivity. However, we have found that
relatively large amounts of carbon microfibers can be added to polymer systems that have
relatively large amounts of other conventional fillers. A greater amount of carbon microfibers

25 can be added to the polymer when added with other fibers, which can be added alone to the
polymer, thus providing a greater benefit with respect to improving thermal conductivity of

the thermal interface material. Desirably, the ratio of carbon microfibers to polymer is in the

range of 0.05 to 0.50 by weight.

Once the foundation composition that comprises at least one rubber compound, at

30 least one amine resin, and at least one thermally conductive filler has been prepared, the
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treatment (thermal conductivity=1900 w nC). Addition of about 0.5 w. %
carbon mcro fibers provides significantly increased thermal conductivity.
Such fibewse oaetias/ail able in varying | engths and di anet ePsT/usasretoys 1
mllimeter (m”m) to tens of centimeters (cm length and fromunder 0.1 to
over 100 gmin dianeter. One useful formof VGCF has a dianeter of 15 not
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rel ati v«r;?‘rl'fi q :ﬁ % e’ Arount® cogtpof:lg}tbo%grrer? cwt (Y)%ag %@g{]{q agglggﬂﬁ%&tﬁncﬁoﬁlrtrlgp
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f oundat ihydrocanbposhavimg thergenemb ﬁqnnuiee@dﬁnl aedshavmgenclubg q»mntsmptha mahgeatf 30
| east on e at | east one the nductlve | er . has
beon pr darot0 G e 100 DouRhorcnins RETwbiSBh GobGHS T HELTS PSNPHIYI TR
conpar egydxes taﬁ&hﬁkﬁéeéjﬁngé of MeltidbeintPRbm aB@tEEWOP@% 160Pendor, or electronic
product to determne if an addrtional phase change material is needed to

change sone of the physical properties of the conposition. ecifically,
i f the needs Popsedhange awisatabinare giselyl wth@tmléqtﬁrﬁa@e matarial appl @éﬁ%chwfﬁ or

0 er T A RS ALcIBRe 3 RSBl bl RO AARERIRL AL b phisd gl

t hen an I'ona q3&" &R
15  material changes to a solid state, it gives off heat. As 1t returns to a liquid, it absorbs heat.

The phase change temperature is the melting temperature at which the heat absorption and

rejection takes place.

Paraffin-based phase change materials, however, have several drawbacks. On their

own, they can be very fragile and difficult to handle. They also tend to squeeze out of a gap

20  from the device in which they are applied during thermal cycling, very much like grease. The
rubber-resin modified paraffin polymer wax system in accordance with the invention avoids

these problems and provides significantly improved ease of handling, is capable of being
produced in flexible tape or solid layer form, and does not pump out or exude under pressure.
Although the rubber-resin-wax mixtures may have the same or nearly the same temperature,

25  their melt viscosity is much higher and they do not migrate easily. Moreover, the rubber-
wax-resin mixture can be designed to be self-crosslinking which ensures elimination of the
pump-out problem in certain applications. Examples of contemplated phase change materials

are malenized paraffin wax, polyethylene-maleic anhydride wax, and polypropylene-maleic
anhydride wax. The rubber-resin-wax mixtures will functionally form at a temperature

30 between about 50 to 150°C to form a crosslinked rubber-resin network.
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added. However, if the conponent, |ayered material or product requires that
the conposition or nmaterial be nore like a solid, then at | east one phase
change mewermsabs1ghioul d be added. Phase-change materi al s t IreT/ts0%01094
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hydr ocar bons V) r.als + ' ' hNt s
in the range IQ% dg{)%ﬁd%%%&{hg t?dﬁ%%(ggﬂe?ge@ﬁﬁglxég&g’?%%? é%%ge? I %}ltt ipco ’ygel%yl ene
waxes, pelfijler payicknewetting @agentsaod ahttoxedamts. atngwstantialig kpliengalpiilertparticlesncaabout
40C to 160C., Phase chapnge materials are useful in.thermal interface.

mter | aiPe @ EateomicrBas ke (i Ehigs Backive femire daipely Sohigrially
osci | | atsﬁhé?ﬁ’él"@rﬁaﬁesg of kit medwinl Brivite QB cditrod of RS thiQBRAOGurinkdc IR RfibR!
changes to a solid state, it gives off heat. As it returns to a liquid, it
absobbs Thypwal particle pivas asefhlofoy illersrip ¢hearubber materislemaypebe imthetrangserfzbontel -at

whi ch t heat . absor.pti o nd e[ ection takes place. Paraffin-based phase
2008 P2 PR RpER Bl oGk

change ‘eral drawbacks. On their own, they can
be very fragile and difficult to handle. They also tend to squeeze out of a
gap 20 frompifgrdeyi 6£ filetWjatticlésheynabe @pjilitard dyr iddditionerofelfuyiohalng,
very nuch like grease. The rubber-resin nodified paraffin polynmer wax

syst em ionsaReESAH i eQUPNNGIAZEA QNSNS nagRMES, FuCh @f SsgangFildce AESBAHRA G| des

signifi - Y ' - R isBERANRED N
{1 oxi bl SEEsHriPRERRE PERRoRamiEntl b il er R AR el N BB MRE
pr ed8ur dncreadt tihlen ifadinge Anbhmnetitasaite thatxxamba usedeis isapyodyd veisodtenrglatitenase.

hey. to TeieehTg) SrBERer Preanniaatso BrROTHIOKHNI Stere Kol B I ARl ol e

desi gneqngg(Qﬂ@g}gbiﬁgé}qﬁﬁgtﬁhmr@o@i ch ensures elimnation of the punp-out
problemin certain applications. anpl es of contenpl at ed phase change

materials are mal enized paraffin wax, polyethylene-maleic anhydride wax,

?nd pol yplr lopy’uéi@éidﬁatsem@y alae g chdiderk toppubitToreidatigsband. thesmnal-degsadation of & wi | |
' . r at. 30
or oss | s mhBBET e 3ohE RBERBHHOS Tyl B e 2 abur bl bt 7€ °

15  phenol type or Irganox 565, an amine type, (at 0.01% to about 1 wt. %), available from Ciba

Giegy of Hawthorne, N.Y. Typical cure accelerators include tertiary amines such as

didecylanethylamine, (at 50 ppm--0.5 wt. %).

At least one catalyst may also be added to the thermal interface material or

composition in order to promote a crosslinking or c hain reaction b etween the at 1east one

20  rubber compound, the at least one amine resin, the at least one phase change material, or all
three. As used herein, the term “catalyst” m eans t hat s ubstance or condition that notably

affects the rate of a chemical reaction without itself being consumed or undergoing a

chemical change. Catalysts may be inorganic, organic, or a combination of organic groups

and metal halides. Although they are not substances, light and heat can also act as catalysts.

25 In contemplated embodiments, the catalyst is an acid. In preferred embodiments, the catalyst

is an organic acid, such as carboxylic, acetic, formic, benzoic, salicylic, dicarboxylic, oxalic,

phthalic, sebacic, adipic, oleic, palmitic, stearic, phenylstearic, amino acids and sulfonic acid.

A method for forming the crosslinkable thermal interface materials disclosed herein
comprises a) providing at least one saturated rubber compound, b) providing at least one

30 amine resin, c) crosslinking the at least one saturated rubber compound and the at least one
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It is also advantageous to incorporate additional fillers, substances or
particles, such as filler particles, wetting agents or antioxi dants.

Subst ant ivabDlog/oeqaerical filler particles can be added toPChaSonowesf ace

m xture to maxi m ze packing density. Additionally, substantially spherical
shapes or the like will provide sone control of the thickness during
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t hat 5%Bﬁﬁﬁ‘%s&fa"ce@g?(ihﬂf'sﬁﬁaﬁle Rigdpeneh@Rethodal E@Gt furthRe théheatéal *akfbem cal
reaction wthout itselt being consuned or undergoing a "chemi cal change.

Cat al ystpsovided 4se taprothgerinde applethdiecctipito mtestreb iswriades Ar electomineimepapeisps
and netal halides. Al though they are not substances, |ight and heat can

al so act as cat al n n e -5 an
acid. In pr ef‘dg)rp ?ic%’}?ogﬁbgﬁﬁlﬁ% O%Q%Iﬁg% aﬁh‘é‘ﬁﬁina‘i‘ nﬁl?&kﬁgnh%%edtglr% él Q%Eit%ggslréelﬂ%:lﬁ as
car bSXy|cbﬁ1,pr1§£ ﬁtcbq),orzftmrgnﬂte madleiloirto aslayeredl Imateriatli zﬁﬁelbamdm Comparant or a
phthalic, sebacic, adip oleic, palmtic, stearic, P g/l Stearic, am no
aci ds arﬁill%]ﬁqi fe%ﬁqtremﬁd?raduct Electronic components, as contemplated herein, are generally

thought to comprise any layered component that can be utilized in an electronic-based
product. Contemplated electronic components comprise circuit boards, chip packaging,
separator sheets, dielectric components of circuit boards, printed-wiring boards, and other

20  components of circuit boards, such as capacitors, inductors, and resistors.

Electronic-based products can be "finished" in the sense that they are ready to be used
in industry or by other consumers. Examples of finished consumer products are a television,
a computer, a cell phone, a pager, a palm-type organizer, a portable radio, a car stereo, and a
remote control. Also contemplated are "intermediate" products such as circuit boards, chip

25  packaging, and keyboards that are potentially utilized in finished products.

Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up/mock-up. A prototype may or may not
contain all of the actual components intended in a finished product, and a prototype may have
some components that are constructed out of composite material in order to negate their

30 initial effects on other components while being initially tested.
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A nmethod for formng the crosslinkable thermal interface materials
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separator sheets, dielectric conmponents of circuit boards, printed-wiring
boards, and other 20 conponents of circuit boards, such as capacitors,

i nductors, and resistors. Electronic-based products can be "finished" in
the sense that they are ready to be used in industry or by other
consuners. Exanples of finished consunmer products are a television,
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Product Form
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Paraffin Wax 3.1 2.2 none none none none Butylated nelamne resin 1.7 0.4
1.332 14 Oganotitanate 1.5 1.0 6.67 6.67 4 8 Sulfonic Acid Catal yst
0.1 none worg/oaaane none none Phenolic Antioxidant 0.1 0. PChArse3/owme none
none Al um num powder 86 90 80 80 none none Silver Powder none none none
none 90 none Boron Nitride none none none none none 70 Product Form Tape
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Viscosity, Pa.s NNA N A 200 160,150 220. -13 W) 03/064148 PCT/ US03/ 01094
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possbbl exedpt irotite gpéqitact thegppendad thens.iMorsavéry e mderprspng bhdr b specifieation

i nventive, subj ect tier herefore, is.not,to be restricted 5 except .in
the. opi Ahd 1o CEfs dplerns ahoiid Bt imp@d R e Bredint Spprib it i St
speci f i GatH @88 comBkt. thpaticalafBhe Riths *@nPrissd™QmddcORplisthgr hoaldek interpréed
broadest possible manner consistent wth the context. In particular, the
terns "@dngfeirngdo elameentss 6AMPPRANE O SEPUING Ben-pxalusi v wawner, indicatingthat thg t o
el enents,. co t i - | UsLyv.e : [.ndi i NGt hat
the 1 ef i BERG Cishisn ERmPY RS, o8 sfbel M B s eifs PRIGLY, drdhfifhed 2
or qonbiotiRd elhichts, ddnpdrears, 6 dps il areawrppresdipref@encetleps that are not
expressly referenced. -14 WO 03/064148 PCT/ US03/ 01094
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CLAIMS What is clainmed is: 1. A crosslinkable thermal interface materi al
conprising at |east one rubber conpound, 5 at |east one am ne resin and at
| east onewOhenemEld y conductive filler. 2. The thermal i ntechases/mperial of
claiml1, further conprising at |east one phase change material. 3. The
thermal interface material of claim1l, wherein the at | east one rubber
conmpound conprises at |east one terdjigshydroxy group. 10 4. The therma
interface material of claim3, wherein the at | east one rubber conpound
conprises at |east one saturated conpound. 5. The thermal interface

mat er i alWhdt ig¢laimedds: wherein the at | east one rubber compound conprises
hydr ogenat ed pol yal kyl di ene nono-ol, hydrogenated pol yal kyl di ene diol, or
a conbination or mxture thereof. 15 6. The thermal interface material of

claim5, Whe%eél‘assrlilﬂﬁaﬁl&‘@{e%ﬂﬁﬂﬁﬁe?ﬂc@ﬁ%ﬁéﬁbrlwrfﬂﬁﬁ at QRO rubBFRbISEnd,

hydr ogenat ed pol ybut adi ene nono-ol . 7. ermal interface material of

clai m 5, whenrtleasttone anyuir regipraad etileps oypea thephallyeenductive filkesnpr i ses
hydr ogenat ed pol ybut adi ene diol. 8. The thernmal interface material of claim

1, wherein thgedermabterRe8 nABACof @81, ARG RBRIPHSRS a8 138 AMBIpASser €SI N. 9.
The thermal interface material of claim8, wherein the nelam ne resin

conpri ses anchaigeyhateral. nel ami ne resin. 10. The thernmal interface materi al
of claim9, wherein the al kylated nelam ne resin conprises butyl ated

nel am ng_ r esife tepmhilintetiBe WAL LALET, flfcReil B4t gdst Sile tbBérPompoier €i n
the at |least one thermally conductive filler conprises a netal powder, a

boron ni t ri deompripesuahtbastong terunaiydroxySranp- mi xt ure t hereof. -15

10 4. The thermal interface material of claim 3, wherein the at least one rubber compound

comprises at least one saturated compound.

5. The thermal interface material of claim 4, wherein the at least one rubber compound
comprises hydrogenated polyalkyldiene mono-ol, hydrogenated polyalkyldiene diol,

or a combination or mixture thereof.

15 6. The thermal interface material of claim 5, wherein the hydrogenated polyalkyldiene

mono-ol comprises hydrogenated polybutadiene mono-ol.

7. The thermal interface material of claim 5, wherein the hydrogenated polyalkyldiene

diol comprises hydrogenated polybutadiene diol.

8. The thermal interface material of claim 1, wherein the at least one amine resin
20 comprises a melamine resin.
9. The thermal interface material of claim 8, wherein the melamine resin comprises an

alkylated melamine resin.

10.  The thermal interface material of claim 9, wherein the alkylated melamine resin

comprises butylated melamine resin.

25 11.  The thermal interface material of claim 1, wherein the at least one thermally
conductive filler comprises a metal powder, a boron nitride compound or a

combination or mixture thereof.
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WO 03/064148 PCT/ US03/01094 12. The thermal interface material of claim
11, wherein the netal powder conprises alum num powder, silver powder,
copper powo@s/06eti4@ conbi nation or m xture thereof. 13. TRETUSES/mab4
interface material of claim2, wherein the at | east one phase change
material conprises a wax. 5 14. The thermal interface material of claim 13,
wher ei n,t he ce
mat er i aI E \g’?‘é tﬁ?’%gflfl%?fdﬁgnﬁge%%pﬁég?%nw ijeeeé%%monegg@e% %ﬁﬁ rfcgt erial.
16. The ther aRimihihgiohaes; sitedroivakr, 0dppek abwid e, orfawohtbération wp niisturetheteof. east
one catalytic 10 material. 17. The thermal interface material of one of
claim 1550r %gglse
sul f oni 2 aci ?ﬁ a?fpﬂer%gé’n@%na eérlz?rla |%ﬁ%1?g%idtg%a{g§ér%r h%%)?‘ one‘ls of cl ai s
1 or 2, furtlneatercadmmnpﬂsasg\mx | east one wetting agent. 15 19. The thernal
interface material of claim 18, wherein the wetting agent conprises
or gagot iy Ea”a‘rﬁl af} Sé?féi ﬁﬁeﬁﬁi'mmﬁ{l?‘%&ﬂ%élﬁtﬁ%%m&sﬁ}ﬁ haﬂaﬁ’ﬁ?rface
material of claim 5‘ n e ectroni ¢ conponent conprisin e thernmal
interface mamexial of claiml. 22. A | ayer ed conponent conprising the
thermal interface material of claim2. 20 23. An el ectroni c conponent
conpri sij§g t%e%@ﬁﬁﬁ%tér%k@ af¥ril ?%1@1&1 filfuﬂfler(ébﬁig t%ﬁst ofe chﬁ}yn@
conmposi tion conprising t thermal 1nterface r|a of claim 1.
sol i d conposimatatalconprising the thermal interface material of cl a| m 2.
26. A tape conprising the thermal interface material of claim2. 25. A
met hod gf f Omrﬁgr&a%@e?ﬁhe Hla%waﬁomﬁmlfuhﬂér%t@ﬁgmg% feawne c&@NMIEi i ng:
25 provi di ng at 1ast one saturated rubber conpound

10 materia

17. The thermal interface material of one of claim 15 or 16, wherein the at least one

~ catalytic material comprise sulfonic acid catalyst.

18.  The thermal interface material of one of claims 1 or 2, further comprising at least one

wetting agent.

15 19.  The thermal interface material of claim 18, wherein the wetting agent comprises

organotitanate.
20. A layered component comprising the thermal interface material of claim 1.
21.  An electronic component comprising the thermal interface material of claim 1.
22. A layered component comprising the thermal interface material of claim 2.
20 23.  Anelectronic component comprising the thermal interface material of claim 2.

24. A liquid composition comprising the thermal interface material of claim 1.

25. A solid composition comprising the thermal interface material of claim 2.

26. A tape comprising the thermal interface material of claim 2.

25. A method of forming a crosslinkable thermal interface material, comprising:
25 providing at least one saturated rubber compound;
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WO 03/ 064148 PCT/ US03/01094 providing at |east one am ne resin;
crosslinking the at | east one saturated rubber conpound and the at | east
one am neword®e414¢ o form a crosslinked rubber-resin m xt uP€T/tsdsiorogs at

| east one thermally conductive filler to the crosslinked rubber-resin

m xture; 5 and adding a wetting agent to the crosslinked rubber-resin

m xture. 26. . ‘ i .5, further conprising adding at |east one
phase changep&}{?%@ggpggit%;l% e?%%ég1 i nked rubber-resin mxture. 27. A
liquid thermal interface conposition fornmed by the nethod of claim?25. 10

28. A solid CHSF#KING theat feastone sappsd ubbercappaindgnd the ahlees 9B 871N aji m 26.
29. A tape com®ficts atcl;gssﬁﬂgé'dr}g{)%érg%%ﬁmeconposi tion of claim28. 30. An
e e

el ectroni c conponent conprising t rmal 'nterface material of claim27.

31. An electronic conponent copprising t thermal j.nterface terial of
claim28. - peddingat legsq one thennalrir}?conduct?ve ftl]l?er to the crossilnked rugber-rgs?n mixture;
5 and

adding a wetting agent to the crosslinked rubber-resin mixture.

26.  The method of claim 25, further comprising adding at least one phase change material

to the crosslinked rubber-resin mixture.
27. A liquid thermal interface composition formed by the method of claim 25.
10 28. A solid thermal interface composition formed by the method of claim 26.
29. A tape comprising the thermal interface composition of claim 28.
30.  An electronic component comprising the thermal interface material of claim 27.

31.  An electronic component comprising the thermal interface material of claim 28.
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