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field of {lglygption is interface materials in elect roNPﬁTﬁ%ﬂBPﬂ?ﬂ S,
sem conductor conponents and other related | ayered material’s applications.

Background El ectronic conponents are used in ever increasing nunbers of
consuner aniNTERFAGE VATERIA LS AND MBEHODBOFPRODUECTTONF t hese

consuner and commer ci al produg}mﬁ@ﬁ}gﬁ@@p, personal conputers,

internet servers, cell phones, pagers, palmtype organi zers, portable
radi os, car stereos, or renote controls. As the demand for these consuner

and commercial electronics increases, there is also a derm'mmmmmlmmmme sane
pr oduct f‘ietlcpog_f‘f{%eﬁml | er, more functional, and nore por
e

consune sses. As a result of the size decrease pfip«t hese

prodgcts, th o] nept 5. .t hat npr. the products. must . also becone
smalTer. Exa%?egg@f %gorar]g 6I?V6Pﬁ§115elscilﬁﬁgﬁcgntrgﬁ?rﬁagﬁ WeeezecferBe CP@B%@EW n

si ze or s@hi@bedLctWOmPbRenRY dndt REkreéladiliyetdd Whteli A1 apsltatsns. r €si stors,

wi ring, keyboards, touch pads, and chip packagi ng. 20 Conponents,
therefore, are being broken down and investigated to determne if there are
better building materials and nethods that will allow tmmmm al ed
down to accommodat e the demands for smaller electronic WWWmm\"II n

| ayer edpgormpenent s, one goal appears to be decreasing the er of the

| ayers iITe at the same tine increasing the functionality and durability
of the remai p y IS 4lad [y SN r i t hat
several of t Egile&lg[g{}gr g(glg%od{ggfg n%ltgn E%td(s: Eﬁgf&t%ﬂ gh%%é/ééﬂ;’és tngﬁgg}l%\ége%oélrg%?ﬂy ‘éﬁg

pr es@nt commeradr eledrape petdects heExnples of Abse, ofathesd eohgummr candesanmsrcixcone

ner o BOUHPARE s MITERLFRS {5 FHEBE SR o B yDIeErS BRIepe

t her mal o@aBR8R, pPRHakIcBAdRs, t&CsBRbE bAkSmoR! QG Ak gL ALK b nfHEN
devices to transfer the -1 WO UZ/ 09CG31~ PCT/ USU2/ 17331 excess heat

di ssi pat@suaer gad qomysereial eleatrenipsndesseasip sthersosnalso ay gesarst farhdhosalsame
interfa eri al e_thermal gr.eases,; phase change jat.erials, and
el ast onél(raOd apego. Oen?é’nas 1a§Frea1§1 rsegglrmc R84l 20 A FIgEe rpe??téwiea T RARFEMER,apd

t hersmal biigsdssésance t han el astoner tape because of the ability to be spread

in very thin layers and provide intimte contact between adjacent 5
surfaces. Typical the | .i npedance yal ues range between 0.6-1.6C cnR/ w.
However, a s iao’i?éulﬂPga%ﬂ@r%“etaﬁf“e’rwsegw@&%@sai ge compongnts tal coepissrthance
deterio bR L ol r I i r 150C,
or ot o e B DR o i S fop o a0 10 B T 1S
t he per fasupethae sofe ohesaledvelbeni akespuied rdironiat @s witiren bbandge radstarat wioms, f r om
surface {:)Ibana ittéﬁ:audses %%Ps tg f.orm between the mating surfaces in the 10
el ect r oRPPCREE: L0BE RIS, Jd tOiPpackaging:s bet ween mating surfaces are present
for other reasons, such as manufacturing tol erances, etc. Wen the heat

trapef er abi | Coynpoheritd) ebeeford, afd Wisg brokak dowR\WAd ifvestigedd @F dBieenff thdhe
el ectronic_device in which they are used is adversely affected.

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

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,

25  given that several of the layers and components of the layers should generally be present in

order to operate the device.

Also, as electronic devices become smaller and operate at higher speeds, energy
emitted in the form of heat increases dramatically. A popular practice in the industry is to use

thermal grease, or grease-like materials, alone or on a carrier in such devices to transfer the
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Thus, there is a continuing need to: a) design and produce thernal
interface materials and | ayered materials that neet custoner specifications
whi | e m niyy @ig9gssk he size of the 15 device and nunber of I|ayaid;,48% Produce
nore efficient and better designed nmaterials and/or conponents W th respect
to the conpatibility requirements of the material, conmponent or finished

pr oduct excasrdhes) disipatadpaqressi piybiealniptehfacks. dosp conmmimypeest thednalhsienfakte
interface naterials and | ayer,ed terials. and _¢onponents c risin

cont enpiSicDat e Mrda] Freafbabess Taeap il St IRRERT et fRERY Byt oo

i nt er f agieplimt ehitlesmAteH gk RS INRE BlPmELRBiiafce Blan! BATMANEpLCHRETeIITHRY! e
thermal interface conponent and at | east one conpliant fibrous interface

" conmpone#ilitotpbedsprend: e vetyethimllayens end duevideriptmeist contaatehetivetnosdifeanti ng

crosa | iR TR T abPaBacs sHRbn hle i B ORET g kb or ous

i nt er f aggioa®MpONRIRk; ofath@drag]l @byksiis ahdtythe@wd | den@riihigcet dériarhted Bicaiticagey
conponent and the conpliant fibrqus interface conponent. At |east one

addi t i offfar thexypat cyling) sehsg famse6ite 46@ - &y atter Roaver sclinguphadsedin K&SI

| ayer ed.y: rg i | d Lal s
descri b%d%g{%%ﬁaq%dgﬁ%ﬁ i}soghsdgft%t ﬁg;bg%fo%ﬁagﬁgg?fg}éggé |tn zli ?%&{i rgt(réﬁg I (rf;{r é:lf ace
conponeddvidgtivas fran pnrfde pinioyty candes rgapy tatforhe dstween ehe utatiap suFaces \WD the

02109613(i, PCT/ US02/ 17331 d, at | t ' d at | t
one L heRFIITE AN R FTE GRS N 6o AR BH B BCESIeTaFIFal [ AT e,

conponegfohtakesueRulii théHHcQﬁf, eft WiHiEE Bat traftbrality of ﬁg&axgﬁeﬁ;ﬁg ?I‘&kg S

brought about through~a crosslinking reaction between t east one
r ubber dowmpdbnperfmmaosé of tha ckotiortihdevate inedsuth they acamised iy abieneclyaffecsidt i on.
More specifically, the 5 amne resin is incorporated into the rubber

conposi tion cr,osslink the. pri / dr oxyl., grqups,on the rubber .
conpounds t ths%qu BEE 15g° %‘?{%‘n%’ﬂt“e[&@f&( 62%%%5[1 %f‘fle‘?rggﬁ%et}leﬁarl i“ﬁ“&fﬁg@ﬁfﬂlﬂ{' ed
that ataldagtredometetihlst tier mdboATstRRITPEdIfSatibnk | wiGRBINiEEZiAE hefiBé oTNBe

term nal hydroxyl group. Am ne or am ne-based resins are added or

i ncbt pofati@andtenbeof lasse b) smdses moropffisient andrbsttaudesiane wrteddaivndar i on

of rubb ' ' fachli o) i,Nki r ' t ween
he. ooy S BSERR0HE BHTRL L LSghAi] LOLSAEOI TR EARLORR BEL VS0
of the finishal prodoppwndse) daveloprelstle miatingisr efapiodosing eleviean tlichfal aifiteiface €si n
and the rubbFr conpou&ds I%@gs to a "soft gel" phase to the m xture

i nst ead™3erIals| ang ipyered satenadnand ¢qmepangRis FaMPTiRingroRtee YRS Srvant! BisE6R ti on
t hat cogpg%?ggdﬁﬁmﬁﬁm§t one rubber 15 conpound, at |east one ami ne resin,
and at least one thermally conductive filler has been prepared, the
conposition nust be conpared to the needs of the el ectronic conponent,
vendor, or electronic product to determ ne whether a phase change materi al

i s needed to change sone of the physical properties of the composition.
Phase champ@l¥mterials are useful in thermal interface conponent
applications 20 because they store and rel ease heat as they oscillate

bet ween sol i Bayesel lintgrfaee froaterialsAdgseribed herein comprise at least one crosslinkable

thermal interface component and at least one compliant fibrous interface component coupled

to the thermal interface component. A method of forming contemplated layered interface
25  materials comprises: a) providing a crosslinkable thermal interface component; b) providing
a compliant fibrous interface component; and ¢) physically coupling the thermal interface
component and the compliant fibrous interface component. At least one additional layer,

including a substrate layer, can be coupled to the layered interface material.

A constituent of layered interface materials described herein comprises at least one

30  crosslinkable thermal interface component that is produced by combining at least one rubber

-2



change material gives off heat as it changes to a solid state, and as it
returns to a liquid, it absorbs heat. The phase change tenperature is the
melting tg type at which the heat absorption and reject pl ace.
A net hodﬁ%?h’?‘g?{m ng the crosslinkable thermal int erfaceqjtglgﬁp[@%g;r@rgl?]:
di scl osed 25 herein conprises a) providing at |east one saturated rubber
conpoundomBduridl, Q¥ i 18ds0 dndt arhiRd Sesi@Nghdami Rast! &R ther@Al1 € lc@8&UdtRKIi filr.t MEhiat
| east one saturated rubber conpound and the at |least one amine resin to
form a €PysBIP]agdthermal paterfpesseompanghisfakes op thsdferm of atliquidor “wesdhedhal | y
conduct i il C i - i ] e i.ng a
wetting gégset%’te 1![s g)rr?‘li%t (L:dpglétstl%?oz@édd] rg@g%@# gfg?(%{%% %tﬁlraé{ H{leh?tsl%%toﬁé ca% al so
" further comppuidenyidition ad theasicashnae 3nighase cotpogdonn st apecificatiinethe
crosslinked rupber-resin mixture. -3 V1'Q 02/091~(~x3(~ PCT/L1S02/ 17331 A
_ cont npPRYRITESHelSFRFOIPORAtAds e hegBRHANMROsIHOR do sroslinle dheRrmaR) RERTAD e
liquid %ﬁﬁﬁf i I i 0, C : ired.
It can S gbgélpgtr?%vlﬁglgéé g%“‘?’ﬁ?éﬁ@??%ﬁ%f‘??ﬁ? , g?u%gg,ﬂhgggst gfrireg?foﬁ?lﬂqgr
sheet f eontpmplaapiphatcatleasnsane bhtheriistee cosmpharie sviircoomprise heleastmhe térafirs]l such
as heat sinks, substrates, and/or a conpliant fibrous interface 5 materi al
or compd¥EHEY! #PMRan further be provided and produced as a soft gel or
liquid that can be applied to surfaces by any suitabl e di spensing nethod.
Even further Arhig ofBtheiel s ARG Grelida¥d eidc@bortdddn® thh albbeAsbniidsaidRalored
directly to interface surfaces, substrates, conpliant fibrous interface
mat 91 alexBire ABMIBrembingiienoe! eubber compeundsnponantysto Catiplatcaat cressbrigng
interfa COonpL i ' hernal. [
i ber s, "G iPEBANRE IneGRIRE L bl Bhialy kbl thont SR Eh st Bod e
mat er i alof tiiubbdr @nipoendsl The ontivking reactibbBétvee MR difRedediandthkirbistes,
conducti ve polc%/mer fibers, carbon fibers, graphite fibers and netal fibers,
such as cewppurdsileads taa aspdt galinhase fa the mixaire, metead jod e digridstelénduct i ve fibers
are cut to a particular length, usually depending on the
needs/ speci fi I . r . ut
00005 | nohes 15 oy el ELEARhof cokBOREn Uit Bomphad Aen A e oy
al sd5 be compotmd, st 1¢ashene amonet re@inQ@dd iah ddastsonet theanallyeastduatiou filler, s besohes
and/or to at least about 0.1 inches. The | | on tive fibers may have a
rber airgorites T67 cafPplioy b BE Sretrbit Mokecds Tletiot SEUBUE SUPTTEPbns
and/ or gknd@ast cRBObic IOAUTL €6 ABRrminRNEKHEdr Ve phase dlan S Yo i nBRled to
di ameter of at |east about 10 mi crons are presently preferred. 20
Appl i catcheigs sometofftheqirysieaiirapatied afyes egpositionf ace materials, thernal
interface conponents and conpliant fibrous interface conponents descri bed
herein compriggg.d @ﬁﬁ{%@"frﬁwp@% biRe WIBLES Bldhnal ik a&eay%hﬁn%né?mt %ﬁi@&tiotné‘
| ayer ed conponent, arr el'ectronic conponent, a sem conductor corponent, a
f i nR8hedeeduse thregniaze pnd ektledse heatans fthey csbitidtestemwemedlidtand ljyuatifoeh. A2phadari ous
obj ects,  features, asge&tﬁ?and advant ages of  the pr(gsent inventign w ||
beconme FBRECAPFEIERIVES Sihhepeas b chaigenlp aaeld pate, qodas ipieruns ’i?faﬁﬂ‘é‘fie‘rtred
enbodi MeBistbPhedtNerhe phase change temperature is the melting temperature at which the heat

absorption and rejection takes place.

A method for forming the crosslinkable thermal interface components disclosed

25  herein comprises a) providing at least one saturated rubber compound, b) providing at least
one amine resin, c) 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 e) adding a wetting agent to the
crosslinked rubber-resin mixture. This method can also further comprise adding at least one

30  phase change material to the crosslinked rubber-resin mixture.
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I nvention. -4 WD 02/119(vli 3~ Brief Description of the Figures
PCT/1J5(12/17331 Figure 1 shows a graph of displacenment v. pressure for an

enbodi menfyoQhidecsePl i ant fibrous interface conponent. Fi gﬁ?ﬁr str/sh
graph of thermal resistance v. pressure for an enbodi nent a conp |ant 5

fibrous interface conponent. Figure 3 shows a graph of thickness v. thernal

resi stance f arcontereptbeditieema] Biertace oomposnt cid be prosided tae bf Hgenebdipbned! .
Figure 4 sh?vrl/? a graph of cycle v. thermal resjistance for an enbodi nent of
Of %?RIE@

a conpl P dibyrcispensiag Bsthodnand thengursdpsidesirasialicag b be Previed o
produci By, ﬁ%gﬂg}ﬁ&ﬁﬁ 166t Srhad bﬂ&@ﬁlepﬁm@#s&%ﬂgﬁ ppd V@Jhcm&f@er i egrcé tfaces

conponent o e present 1nvention. Figure a pre
" of the onwplathert mﬁiehalsusuahnasehdaacsaﬂxs,osqbetmm akd/dr rwc@np]mwtﬁh1MMGlfane

Figures 7A-B show severa e enb, ts of the |ayered int ce
Tmter | aHTE AR GRS CRVBRRTGl PTORCS FauPrsBesd th s snl ReCeh HGlbF et
inter f aes H@&ﬁ:ﬂieﬁ'to Mrf4cesBY 'ﬂﬁﬁ&mﬁa‘l}%ﬁbeﬁﬁﬁg %éﬂ‘r&cp ERE fiREAN theShtEAA Ran 20
("wets" the surface), possess a | ow bul ermal resistance and possess a

| ow conbaptovidssl aetaaﬁapethaBuan(bec hmrlwdldme@:éy 1 imterface anrfdses, expstedese dorapliant
functi o§bof t e mat eri al hi.ckness her mal conductivity

and ar ed TSN gré?cegggtplgelg%réorﬁl%ong tr?é@é])ﬁrﬁie ﬁ?mﬁ(gwnaﬁgﬁqn S material or

conponent is able to nake contact with a mating surface, |ayer or
substrate. TeniphefiEbroiehitdtadeompPdnedts doniRist aGeurabtyesfitadrnlly conpeeat can

be %(g] Ow%bgrss, %1:5 leas{ lo?l\é\sencépSsulant, and at least one optional adhesive material. Suitable
thermally conductive fibers comprise diamond fibers, conductive polymer fibers, carbon

fibers, graphite fibers and metal fibers, such as copper fibers and aluminum fibers. The
thermally conductive fibers are cut to a particular length, usually depending on the
needs/specifications of the customer or vendor, e.g. from at least about 0.0005 inches to at

15  least about 1 inch. Thermally conductive fibers may also be cut to at least about 0.001
inches, to at least about 0.01 inches and/or to at least about 0.1 inches. Thermally conductive

fibers may have a fiber diameter of at least about 3 microns, of at least about 30 microns

and/or at least about 300 microns. Conductive fibers having a fiber diameter of at least about

10 microns are presently preferred.

20 Applications of the contemplated layered interface materials, thermal interface
components and compliant fibrous interface components described herein comprise
incorporating the materials into a layered material, a layered component, an electronic
component, a semiconductor component, a finished electronic product or a finished

semiconductor product.

25 Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention.



V1' O 02/09(f36 PCT/US02/17331 Ointerface = t/kA + 20contact Equation 1
where Ois the thermal resistance, t is the material thickness, k is the
thermal c bbMity of the material 5 Ais the area of t I e The
term "t/k%aﬂ?@&(\éﬂéents the thermal resistance of the bul kmgn?{lgﬁ'?g{ﬁgnd
"20contact" represents the thermal contact resistance at the two surfaces.
A sui t alBreef Det@iptienef tmikieuet or conponent shoul d have a | ow bul k

resi stance and a | ow contact resistance, i.e. at the mating 10 surface.

Many el ectronic and sem gaonductor applications require that the interface
mat or | all B ¢GRPETE BEPACE SFREHTE de piesro RS oF F@Mw%ega pomp s Sbrous
resul ti qﬁexffﬁ&rgogﬁgﬁ&ﬁcturi ng and/or warpage of conponents because of

" coefficient of thermal expansion (CTE) mismatches. 15 A material with a |ow
value for k, such as thermal grease, perforns well if the interface is

t hin, i .Fegure Beshows avgabpleof thetroal reditandeey. ipngseurt £oean hinbadiowst phe cempbantby as
' IittISe gﬁ) 0. OOtij nches, the thernmal performance can drop dramatically.

Al so; f oSN THAH SCEH s, differences in CTE between the mating
conponents causes the gap to expand and contract with each tenperature or
power cCyRdige 3 Bhows Yatipht dfORickheds ve tHehhirtdeendelot ki €EiBodiatene afls ompligiinpi ng
of fluid_interface materials (such as grease) away fromthe interface.

| nt er f ad®EoUgIptEriace cmponcnir ea are nore prone to deviations from surface
planarity as manufactured. To optim ze thermal performance, the interface

mat er i algshoul ghoh] @g)a?ht&f SR 01 bl TS RRE USRS 4 %&hgmm' ower
contact resistance. imal “interface materials and/or conponents possess a
hi gh t hdibmmls igterfaeectoimpionynt25 and a hi gh mechani cal conpliance, e.g. wll
yield elastically when force is applied. H gh thermal conductivity reduces
the fir ter Equat i on ile.high chani.cal. conplj ance re es the
socdld ashis ShE e chetfd of Wainkd Brofired e B ahe Pt §hiBent
of the ligggaRtoiipotéltdehdMbnt Aventascri bed herein acconplish these goals.
When properly -6 WO (12/09GE3G PCT/ US(12/17331 oriented, the thermally
conductive fibers of the conpliant fibrous interface conponent described
her ei n Viigure §5howe Rerefeaed gubodienceiihe samptiant dprausiptesiase compawyt af hswi ng
a conti 1al] onductivity path fromone surface to the other surface.
If the ;h?%gétgﬁ{é%@oﬁ exi ble and able to nove in its tip region, better
contact can be made with the surface. This 5 contact will result in an
excel | eftigwery7 4B show sefaxaleprefomted cimbadonenitd bf thenlapérzd intbrfaceamatarial of the
resi.stance of. the interface material. Layered interface materials described
her dPn GBFERIIBENEON east one crosslinkabl e thermal interface conponent and
at | east one conpliant fibrous interface conponent coupled to the thernmnal
interface conponent. A nethod of form ng contenplated | ayered interface 10
materials conprises: a) providing a crosslinkable thermal interface

conponent; b rovidin
P Detaﬂe%i [Pescsl{ptgon 9

A suitable interface material or component should conform to the mating surfaces

20  (“wets” the surface), possess a low bulk thermal resistance and possess a low contact
resistance. Bulk thermal resistance can be expressed as a function of the material’s or
component’s thickness, thermal conductivity and area. Contact resistance is a measure of

how well a material or component is able to make contact with a mating surface, layer or
substrate. The thermal resistance of an interface material or component can be shown as

25  follows:



a conpliant fibrous interface conponent; and c) physically coupling the
thermal interface conponent and the conpliant fibrous interface conponent.
At | east g@ﬁn%ggggional_layer may be coupled with the |aygrefshsiasf ace
material described herein. The at |east one additional | ayer can conpri se
anot her interface material, a surface, a substrate, an adhesive or any
other 15 suitable |ayer. Cr@simkdrcabd ttkATheogRl., | nt er Fr@aticatponent A
contenpl at ed crosslinkable thermal interface conponent is produced by
conbining at | east one I ast one amine resin and at

| east one thermally coﬁé%%gﬁ&%‘%ﬁﬁﬁg%fk$§#§&§ontenplated interface materi al
takes on the formof a liquid or "soft gel". As 20 used herein, "soft gel"
"means a colloid in which théisdhepatereal ghdgessnas conbi ned with the
continuous phase to forma viscous "jelly-like" product. The gel state or
_soft gel state of the ther milis ti¥ Bemat eomoRaResrtthé makialight about through
a crosslinking reaction between the at |east one rubber conpound
conpesition and the at |east, g ani ne.resin conposition. Mre
specifically, the am ne res#%mggeWﬁé8fggﬁgFﬂleinto t he rubber conposition
to crosslink the 25 primary hydroxyl groups on the rubber conpounds, thus
formng the soft gel phase. Therefore, it is contenplated that at |east
sonme of the rubber conpounds will conprise at |east one term nal hydroxyl

group. As useghehemeifiA’t RPrdabiEe $6e thaMAiQ¥Mitabe A Bhe PERRSatbHA MBIV LN
group -OH occurring in many inorganic and organlc conmpounds that iaonize in

sol ut i ofeRresopfsethg thopmeplagntag! wsispanee at theéwo | sy gyitaklg interfagernaterial or
characterj st . Se ' r "RLIary
nydr oy colP G AR Ve £RnP bR R Sranc S Al D resle B Y 2 B D
posildi orufficd he nol ecul e or conpound. Rubber conpounds WO W2/ (1T (~1 3(
PCT/ US(12/ 17331 contenpl ated herein nay al so conprise additional secondary,
tertiary, or .Se. it . Qf: . l. rgo a
crossi 1 pii ng VA HPSRS iR BtoricloP R i GHRRa iR MR A7

may be degipbaditeacddenandidgdamtione fromasurfiet fhihake radiied ffopt mdmfpnaethgct or
conponent in which the gel is to be incorporated. 5 It is contenpl ated that
the rubl38f/oF oWRHAER sOic GompoRsats hacauser 85 sqoeHicamt eof jtheriaht exnsasion oltt )
crossl i nfhatgegol ecul arly with other rubber conpounds or intranolecularly
wi th thensel ves, depending on the other conponents of the conposition. It

is aLso contenpl ateq that the rubber compounds could be crgsslinked t he
ani 1é resin coBOtRIS A 98 Bl Bore Wt £ éﬁ%’%‘érigfﬁéﬁ?]gp%&f?’éi‘t’é?ﬁ f
t hensel MfRerf9e {.%_ttﬂfﬁ[ i.t.uhbep @ﬂu@féul'a%- 1t40e iﬂi‘er&{c@ftl‘ﬁﬁkx?égs %@P@é@hi‘?ﬁ% little

rubber conpositions or conpounds utilized can be either saturated or
unsat ur & 8. inghesy theet themal ifseforrnamescaandbop dunptiesldy. r ddsa, Hon khich appptativas, on

because ey are_ | sensitive t.o thermal  oxidatjion degradation. Exanples
of oat urdiEine R PRSP Dielife st sy u% el 39 ERE ik enAErr
EPDM,  Reikly ehdhyicBiperalist Yk §ofer BOEIY EUTNE OAribHofItB @rterifade@Rkness can cause

pol yet hyl ene- propyl ene-styrene, 15 hydrogenat ed pol yal kyl di ene "nono-ol s"
(suéh aPumping ¢ Ederpasieyieriads Gneh apErGass) §W@Wﬁ?@g}%ﬁﬁﬁ@€ﬁcﬁol ypr opadi ene
nono- ol , hydrogenated pol ypent adi ene nono-ol ), hydrogenated pol yal kyl di ene
"di ol s" (suchnesfabasdyiclyanaiget aral ¥buicreipaie tdideviatibydfromesiafaed planarity as

pol ypropadi ene di ol , hydrogenat ed pol ypentadi ene diol) and hydrogenat ed

pol yi soprandactpigde Jer optimize Rherpgipeifpananse. the Antgragecmaterial showldh & ablectoer r ed
that th 1 | r.OG to rupture or renove
at Ieas?oggﬁgﬂgpg?#ggggﬂﬁﬁgm%%ﬁgégkgg useﬁ&ﬂgﬁégﬁséﬁﬁé phr ase

"hydr ogenati on process” neans, that an unsaturated organi ¢ conpound IS
“reacted wit h GpEpYgaisriBce Blatsrisls ander empoRgRs POBEsHA gt hsgaal ¢andugtityor

al | 4f t I , ‘ i DA Sat ' i Gaddi 0N
nydPSgertibi SR Sechfea o link o GICHPR lhciaty Bhef ofoe 2 000 THish
. f r agnmenttierinal cheductieigc teduedstthé fidst agrem of Byuhtion d nwhijeshigh m&hakixa mohediande
unsat urated rubbers d rupber conpounds are .pol t adi.ene, pol yi soprene,
pol ystyr 2 : r

o1 yst v ERHEeD e RHE R T BY TP roR Bter DB Lhe Pidial BOmBORminet

M Xt ur esh g Q-8 it e GhateH BB &lesGABAOKGER . acbSmPBRO tHREE @oRls. t Waheh §frBperly
"conpliant" ‘enconpasses the property of a material or a conponent that is
yi el ding and formabl e, especially at about roomtenperature, as opposed to
30 solid and unyielding at roomtenper&iure. As used herein, the term
"crosslinkable" refers to those materials or conpounds that are not yet

crosslinked. g WD 02J09G&31s PCT/ USI 12/ 17331 As used herein, the term
"crosslinking” refers to a process in which at |east two




nol ecul es, or two portions of a long nolecule, are joined together by a
chem cal interaction. Such interactions nmay occur in many different ways

i ncl udi ngwfoqﬁﬁg(t&isgn of a coval ent bond, formation of hydrgg@;ﬂ%ﬂpﬂﬁ

hydr ophobi'C, rfophilic, itonic or electrostatic interaction.
Furthernore, nolecular interaction nmay al so be characterized by an at | east

t enpor apdemby,SiheathefRAIRE ebhdhdtiPetieaN oft th®|cempligntafibrout Seletfady cbgippran two
or nore nol ecul es. More than one rubber conmpound of each type may be

conbi nedescobpt bereie veillcspes she riligiice hebwesrathe meBng sudaces rihergenallowsgeeer

it is contenplated that in th referred .t her | rf-ace t, .at

| east oRahEBh b doiberhy i BoRh 5L Skt b dRe ol BRE” OB EBE e C

" conpoundexiBleefridnabtoft @bd MitsOtip tHasont bétbdredniabiedante hadcortiade suofpanthiss,
with appropriate thermal fillers, exhibit a thermal capability of |ess than
0.5 & Ceytaet Wikl FeRlt ih @p parelispbdagice phawigoe Goafachpwhielh nanIpige the spragt

int erfa%imgp%tinﬂ.t%éeﬂ ngegrade after thermal cycling or flow cycling
in IC devices because Tiquid olefins and liquid olefin mxtures (such as

t hose conprising amne resins) will crosslink to forma soft gel upon heat
15 acti vat i ohaYWBY eBlpEfpce \mf)éﬁ%;slﬁwﬁeisheaem HEPHREIS® | 3t least Aone %S%B‘Efé‘hl?, it
will no . iz bl

G spl oy SR o PAREE Eompbiient 23 4 1EBhe S5FRRR: RBRIHE® GRfbobl colpled

ani ne- bas &t theshalsinerfacadeteporent.i e arcfimidadfefbrmingocdnbemplatbth dayecaihpoaidceon or

m xt ure of rubber compounds., primarily. to faciljtate a crossli i ng.reaction
ot W e it ratalicpoRrisary AUmAvidhts 4 ekl phemel BRra FTB Y PUEEE  on
at | eash QBpI@ht RS YRBARCLATRVMRES andN§ HHysEaly %ﬁﬂﬁ% B etdran Retrren the

am ne resin and the rubber conpounds producés a™so el" phase in the

m Xt ur e compeness andfhegompljantfibsous interfipcarpppnsat. oht lepsh 98¢ péditionp! basenaes t he
am ne resin gnd the.rubber, ¢ osi tion.and/.or. betwe t rubher unds
Chensel JESCHIFY vHdt L7 IRREed REVRES el ol BBl REHIEF he dela3pe agGRERE T
the 25 @iYenean @mhptisadothBLinkdHAbe hat@iib ALktEBice AdAbYMAiE afiadhésile GmyHthaf
crosslinking (10% of the sites available for crosslinking are actually used

in the &w Jah#i ng reaction) then the soft gel will be nore "liquid-Iike".
However, if the am ne resin and the rubber conpounds undergo a significant
anount of crosslinking {40-60% of the sites available for crosslinking are

actual | y usedrosslinkably Tisshiab kntegfac€@ohiponeand possibly there is a
nmeasur abl e degree of 30 internol ecular or intranolecular crosslinking

betoen e EbeL SOOUNSE, L LeselLes) e e, ot Yol hecom L cker
resins af Radthe QubiRs icBmipbitaf, of RAR OnS Anfhe IBRSIndN FeadBRah SR don@adtivar oup
on any part of the resin backbone. Am ne and am no resins are al so
synt het ifitler.e$hisscontemplated interface material takes on the form of a liquid or “soft gel”. As
20 used herein, “soft gel” means a colloid in which the disperse phase has combined with the
continuous phase to form a viscous “jelly-like” product. The gel state or soft gel state of the
thermal interface component 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
25 primary hydroxyl groups on the rubber  compounds, thus forming the soft gel phase.
Therefore, it is contemplated that at least some of the rubber compounds will comprise at
least one terminal hydroxyl group. As used herein, the phrase “hydroxyl group” means the
univalent group —OH occurring in many inorganic and organic compounds that ionize in
solution to yield OH radicals. Also, the “hydroxyl group” is the characteristic group of
30 alcohols. As used herein, the phrase “primary hydroxyl groups” means that the hydroxyl
groups are in the terminal position on the molecule or compound. Rubber compounds
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derived fromthe reaction of urea, thiourea, nelamne or allied conpounds
with al dehydes particul arly fornmal dehyde. Typical and contenpl ated am ne
resins ar ,g{_a(ry am ne resins, 5 secondary anine resinsgpcLRlchd fsY; am ne
resins, g ymé am ne epoxy resins, al koxybenzyl ami ne resins, epoxy am ne
resins, nelam ne resins, alkylated mel ani ne resi ns, and nel am ne-acrylic
resins. cbhitaplang lieesihngaypaBo Ramprisaihdditional safouﬂarynﬁbrtﬁurp,f @f sthewise mtmml aI
cont enpl at ed enbodi nents descri bed herein B@cause a) are ring-

conpound¥drowlesrasls thakcoylAgloontdsiens ¢raFLE grrﬁ%fﬁwaﬁuﬂt e aanin feBye toms
b) they i r@ugh
Cbnden A Dy B el RS et

"~ conpoungsoduot dramnlpohertan stiacinthg geis ko Enidcapomsddi nki ng, d) they are nore

wat er resistant and heat resistant than urea resins, e) they can be used as

ey Shave. ni gnorrrengsh heCE g PR ol Br sk Erasndh G iy W

non- f | anmgdoRld crbbdivk dh@enoRb@R Y Frith@thdr Subed eBmpsutidtor|iak Afoldcudarliplvani ne

resins, propylated nelam ne resins, pentylated nel am ne resi ns hexyl at ed
mel ani néhamss|vies, @ndnchhe ohitkeothar eorirsnaetd ofyhd epsenqsisioat ilhip dbkyantemplatd] s
during rmatl Qn hes i t anel
sol vent tstlpagﬁﬁ I%Ibggl anap e c%a?llﬂcrllgg crﬁﬁlerg(sr?%l%%t Ielrneprggb %8?@ Qﬁdér%’gapg?fgg{;r sed

in the tsb@eB@Ek-cloéigkigeaticaymamanémselvesiox btheerubboatdoinmauadt ageousl y have a
hi gh thermal conducti vi ty. Suitable filler materials include 20 netals,

such as silver, copp al.um nu al l oys .thereof; and oth onpounds,
SucHOas bor ot ALY SinRog e the iR COTPPYEPIS Gl raPRESp clilized can be _
silver- Ceﬁﬁér%qwﬂtmpﬂﬁgauﬁ%@u@ﬁﬂg}’a‘?edaﬁlbyéﬁfoggﬁaﬂdscﬁfa verlﬁé@ﬁlrtﬁrs aﬁ%i@ﬁt I ons

of boron nitride and silver or boron nitri d si copper SO provide
enhancedbewmec idy erenktesc sensittve. toBthemml mixidatide degraaabomt Examplts dfesedtra2d wt %

and silv mounts of at | east about 60 wt 9% are rtic I
P of or aBigPery | (b STV C nb% (S nelF c SHMIBETRIPRY/et b tERRy TR0
and nostyoRyk eﬁf}@ern%muiyléﬁe | e33lycARRinb-bAE/ 1Mty 6@ b?o%ﬁ@lerﬁﬁrbﬁﬁéﬂeystyﬂeﬁe I's

desired to have a filler of ‘not |ess 't han about w nC t hernal

conddct ihyiltogenated pobialkyddiens “ntoneOi r srehhas diydrogsasied tivdguntadiengemoso-ohat
are int Kk b th ar | e al ong
wWth t hcl)lg SmgFlgértr%ﬁt qﬁp dal.é\?e me aﬂo cﬁ thggngﬁ%t%ertf’%@{m%}gﬁgas E% oF dl n and
ger mani uﬂyuroganaﬂedepblyﬂkﬂdﬁbnet‘ aRiPisirtas hidlbbatked ﬁmﬁﬂﬁadxém&ﬁolehmgunateﬂhat
have el ectrons filling the 3d, 4d, 5d, and 6d orbitals surroundi ng the

nucl eus Patypropgd lenmilelz/lu@amampd:’mmmaws31dlelﬂ.ear@| bydragenajed u%lwoweneu n,
the phr gfo%vev%r, b %kco éé {h?s% SLETE trﬁo&tg‘)?éfcﬁé’d/ﬁﬂa? &Cé&%%@ luhhér 9t he

4f and rblta [ su oun e ﬁuc eus enent, I nc t he
I anabamh;fémgamﬂwhkmoa&ss|tm1dpsl$1re & smerveed loast abmeiafchedeubledionds. sisl weed,

copper, aI u ismuth, ' galliu allo ereof,, silver, coated
oo IR Py Dere ey RSP RIReEeSr stk AT an peq Bietelogreghit foppHaK i

al | oys, r@a%teel WiE th ghm%em?saﬁaeﬁa d'ﬁ%étaéddﬁﬁihacmlﬁr Q8ishR orBt ¢d the AoMbR'
corrp05| tes, as we as her netal conposites. used herein, the term

" compourbendsrsemliing isubsaturated wpdust Casiditicanhydsegepation)i onby menturggnths slobblek en
down 1 nta &l SHEALS e EheTheak, LAGL SRR Thac? REEh AhydilldC WardSonBiyhls).| o

conpri si ng a particu of' tn GFECaY i ber
25  Examples of unsaturated rubbers and rubber compounds are polybutadiene, polyisoprene,
polystyrene-butadiene and other unsaturated rubbers, rubber compounds or

mixtures/combinations of rubber compounds.

As used herein, the term "compliant" encompasses the property of a material or a
component that is yielding and formable, especially at about room temperature, as opposed to
30  solid and unyielding at room temperature. As used herein, the term “crosslinkable” refers to

those materials or compounds that are not yet crosslinked.
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10 as "vapor grown carbon fiber" (VGCF), such as is available from Applied
Sci ences, Inc., Cedarville, Auo. VGF, or "carbon mcro fibers", are

hi ghly gr i Lstypes by heat treatnment (thermal conduct it X5 w nC) .
Addi tion @l 621 gﬂtﬂt 0.5 w. %carbon mcro fibers provides glxgiﬁ'ibé?il/%g%t |y

i ncreased thermal conductivity. Such fibers are available in varying

| engt hs and AAauosdeliagsinnaizeleyin ‘rosslihliingt soferg Mo)a p@cénm whichentleaettRos
(cm length ]IS and fromunder 0.1 to over 100 umin dianmeter. One useful

f or m of MRMEEIESEr BVQPUHRREP! Hionggrolgeude aes Joinegiogathaitbya ehamisal mteraghep-h of
about 5 . : ol A .

fhroe tuhes Hodctis By RA°ArAIND LT Ry RAMEL Mhplidl pRotllac ol o

" greater fomaation ofihydrogensbatidsf hgdrbphdbic, i indeosphdicatienit ar gecrtatit Sntefach@CF i n
pol yger rfséﬂ%%tens and.interface 20 conponents. and systens, such as the

_ hydr dged A OEIUBLEICISTHIT ARETAStER FBPhAISPoN ShiradianZedi RE (At &l leagin Erom B on
m cr of | Bk Sical®ofinectiBPPétivedn 4 MolQhuld £RSIscRLELEHLE v Lorl iEreRRb¥EREs. t ey do
not mx well, primarily because a | arge anmount of fiber nust be added to
the polyner to obtain any significant beneficial inprovenent in thernmal
conduct i vi t y.Mpiswiae ronewaibhery eomtpewly of edcht ligte maly did eempiredrigepmduemes of

carbon nicrpefibers can.he .added to polyner 25.syste t have relati,vely
P St R e A S S S R T R S
m cr of i hedrimal aflerfR e 2O6196NANN, 4theaspehy BEthe WisHer 208B6uNMIs td? BhftRilertd BEAI Bg aWhi ch
can_be added alone to the_ polyner, thus providing a,g%reat er benefit with

(34

resp@ct seratedhcomponpds Refimgrontainingces vaserged dhpsmeh drteriace; eananongeis, with

conmpone i.r ] r.af b i t k®.14.0 the
Fange. of PBopERie et iR, cRhdeht £ipstRLaRRSY RISl B PR Xy, (Bl |

t hat conwrimb grate, |thastal paxomudnse rof ahenicemndl, inddrface astponent amillngotr degtrade and
at |l east .one thermally caonductive.filler, has been prepared, the -11 WO

02/ ogc@é@b@ﬁ%ﬂﬁhﬁ%gﬁe%ﬁ@pg i iieos SEtA ﬁﬁﬁxsr?@dﬁ@éa’_sl olsfint he
el ect I OfhGnE QRO thodePORMrisif arfin® Ghdifd) WATIRFQIHAL 1ol Brfle! &S Spbd hél

[
addi ti onal phase cﬁgange material Is nee%gaﬁto change sone ofﬂq% e physical
pr op#r t iaghvasiont RMdorcovguosittenoapplidpeas fai teithgl, intdrfach ecomgmuheniyfit t il aotrbenent

or prodyct require that the conposition or interface material be i.n a "soft
e P 2 SRuRe g Al b it Freich o e e v ok AP o 457 S8
mat er i aldupBy thehal@@Mng. 0 be added. However, if the conponent, |ayered
mat eri al or product requires that the conposition or material be nore |ike

a solid, then at |east one ci)ha_se change material should be added.
Phase- change AHBIEOr aminerhased wsms @piddas paineerppBtes intodbapribseoarapasiionss| yvmer
waxes ofr,

ot ar o TSR R A KBS lowndl PARARLOR Bl trosihe hdBETSAS de,
havktg rmelite mepipandttbe iprintane or aamenelfl hgdroxyl F0@st on BOAEast Bnangfl s rabbesone
cont enpl at ed | ting poi.nts are abqut 45C and.60C.. Therpal interface
conponefPEPPHALS: ht%crﬁﬁlhpf(wg rseﬁtl,quaemeepﬁhg awsﬁr@dﬁg/ﬁﬁbb&ﬁGmPWﬂD -
bot h manugaREsReddpY otienge!ih L SakmeBI sl e ﬁ'lﬁ;uicP%'ta)(éTerTP{@ﬁgéreé‘

typi cal I'y pol yet hyl ene waxes, pol ypropyl ene waxes, and have a range o

mel ti ng cpesshnking betwedrd thebaine 46t tind HEGGhbePCMiBositionp rind'es betwebretheahibber

conductivity o bout 3. 0..W, .a thermal  resistance of out 0.25 /W
o0 sscliPufds AERsy in s B (Riseniy bf HENER g1, R SR8 Mhenes
(0. 08 MimiAd eesGOMY 1hs e6bler ey RipbahdsSaideRBSS matimabaMburkt dfcr8@1iRkihg (10% of
(plastically flow under). ﬂTU&iPI cal characteristics of PCMA5 are a) a super

hi gh padk@gfiesgveiias oy closginkingagpactaallpysed ie deaesslipking rpactien) thyn dewspéinel y
low t herﬁkvifleosé ﬁlto?yeﬁqui&-rl'lﬂe’as H".&Déde?,”ﬁ%@ AdihElestt) aRPWY rubber compounds

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
30  intermolecular or intramolecular crosslinking between the rubber compounds themselves)

then the gel would become thicker and more “solid-like”.
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a 45 phase change tenperature. PCM6OHD conprises a thermal conductivity of
about 5.0 WnK, a thernmal resistance of about 0.17Ccn2/ W (0.0028Ccn2/W, is

typi cal | ywaRBRlb&ds @t a thickness of about 0.0015 inches (QCQAJS“%]?B@lnd
conprises a typical softness of about 5 to 30 psi (plastically ow under) .

Typi cal characteristics of PCMA5 are a) a super high 25 packagi ng density -
over 80% b) Amineastiamineaesind hrerthose)resnd ﬁmhednypmsevat fidastr ol annies swlistinezat and

as nentioned earlier abou 60 phase c t enper at TMB50

F her ol ZPHb AP M CAE T A emmﬁlgn%@nfgar%rf&sr@sméwgeﬁ e S
manuf ac t Rk l-S)

conduct%lé\}tli‘{%gfg nH@out @g&t ﬁﬁ%{% at ér ma frngso?sa%lgé%crﬁgmg?ﬁﬁ%%ﬁm%[d%gceﬁﬁ/W
"~ (0. 0038gntiRvluyly fcbmaﬂ@ebiydml Typiapphd echtahphatedCntine cdsimase mﬁmaxtycmnnma ré&ok5

i nches (0.04 nun). and, COf‘%)I‘I ses at |cal ﬁftness of about 5 t

(pl P{l@ﬁrw e AeRinY) teriigny; anaine JREIRS cBlErAY, prawe ?Poarms%nsara& ‘?Pz.glﬁper
hi gh pa&hﬁ‘ﬂ' E‘&lﬁslzepoxywalﬁﬂn%/ F@%B(rhelg)rgﬂeu%s%%/ 1ABAdtcd eReiahyine 1€Mﬁ§ 8896 b)
a conductive fille extrenely |ow thermal resistance, d) about a 12S

curing m@lapmn%rawbc 1em|s eMealfinsipe e arerpstieslanly osesulbansleprefdiesdninl segjedal

h h f ul | i

e s o RGE RSB e (HRPDL o NSLBe, RL B6 RuhRET FPlipauts oo
solid awdetebsl mdjnﬁ%)édﬁtalﬁﬂﬁeeﬁzamsﬁld(mﬁa@gﬁtré@ﬁﬁ%@é b RyaRs chMbiesdabilyl
state, it gives off heat. As it returns to liquid, it absorbs heat. The
phak®’ chithguherenpwereds andinolepidesnbraughgondensation Teaeilons, Qhesncanieastasith

b t |

rator | o2 e SfhchE) 6 LORodBOE R Pefifle il Bl TR BIRE SIS e mgre o,

fragi | eward radistdnt abd hedt Gesibtand tian ufdeigsiak, s thdndnbe vselgorgensilutlé saugap 10
fromthe device in which they are applied during thermal_ cycli ng, very much

li ke gr®adeinsqible payrsrs dissrpibled; ‘f’i“@‘izl apd iy miqye Ijgremelial ROy dgrcatel
descri 2 i of oved
case of TRAREHT IaERloIr A LB, ATNIRCE RS HAMs bER N bl R O

| ayey fmelamiaadredimes pnogylgsethpmelaingr rmmﬂjepmﬂyllatedpmne redins hbergitatedhe

rubber - resi n-wax .m Xt ur.es,..ma hve he same or. me t erature
Chorr raetiae grams, 8id e e et by BtoRtyE 000 Hoohsls: e dEE Frys
MOT €0V eformialin. RER redlearé Ssthile ﬁfélh'tr a@ld('eﬁﬁm@ﬁsoqj@eits%ﬁ% SRR c8&lrgs.
crosslinking, which ensures elinmnation of the punp-out problemin certain

applications. Exanples of cont en;gl ated phase change materials are nal eni zed
par af f i n wax Thpma) éileypastielentsl e disperteddn iteethamnal lﬁtﬁifa%cﬂomonwmmelxm¢ eic

anhydr i o n I a
Ferper i S0l Bt 3G L KRR, SulbBoina Bt b hNE 5,
net 2r kmetis, |sac1ahs sxlxaad,v&ppagehmﬁnum ardcailoye rtl&treofadmﬂ buhemedmﬁmulnﬂe,mph as
subst ances or, {cl es, such as filler partic)es ents. or

0

ant i oxi PRERRsNiftiie, afumingrh aptade, sifes cpafed °@BP$oﬁ’éYﬁr’°°£‘%§ %@P b CORISHES i cal
filler pawhiefd &% Eﬁ’ﬂmpﬁb@tgdegmﬁﬂiaﬁ&% S65rBR nitriak %& %ﬁ@erccﬁn%?&? Hitn&@ and

maxi m ze packing density. Additionally, substantially spherical shapes or
the |i kelwaricbpi® ghoopiodalesairenacd rthemal ebnduntivithi Brrvasstraler inngmewrtpad i on.

Typi cal 108 5(5 G W% Ian Ssﬂ\lzjesrel];l amc])cunts of at least about 60 wt % are particularly useful.

25  Preferably, fillers with a thermal conductivity of greater than about 20 and most preferably at
least about 40 w/m°C can be used. Optimally, it is desired to have a filler of not less than

about 80 w/m°C thermal conductivity.

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
30 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
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fillers in the rubber material may be in the range of about 1-20 umwth a
maxi mum of about 100 um Dispersion of filler particles can be facilitated
by addi tigp Rfpedsghicti onal organonmetal lic coupling agents 8T/ dg@}/%ﬁ?
agents, such as organosilane, organotitanate, 30 organozirconium
Organotitanate acts a wetting enhancer to reduce paste viscosity and to -13
WO 1) 2/ (ﬂ&Sd:lémEl(tT /AiSd@dJ}ﬂeBeBﬁ, the phmes &f-Hlo¢ emetmsatosegelerAent® t}glahm\tei dlenaine t hat

or ganot HiGiEabE 4f SRS Sy ko RRUE RIS P ISP S BB pRSR SCS ang v
are bi ndgg tﬁéjﬁt‘tﬁﬁc@galPr eREP eta‘i@ﬁﬂcﬁ%ﬂeqﬁﬂlhﬁm @Hyerakﬁ%bgealﬁﬂﬂﬂﬁﬁt tt1‘1?'1 b H@ﬁit

oxi dation and thernmal degradation o e 5 cured er ge
" ther mal ghaliuey ﬁtacballcymﬂmr@rﬁ,t silvEy pbated culslmfruhn(hﬂﬂwrxwoawdt Quﬁmmlnud&hlertgfmox

1076, a., ol anox 5 n amn at 0.01% t o abou
oy, ava TR dspefickiths PEn, heR Rl iofmesiive Yho bRumC CEPROREReTE or s
| ncl ude IpbB)EﬁdraéoYmﬁfs'ltéLesasS well 88 oﬂieﬁ'erﬁé’thla'&gﬁllf%sl?é"s“ ne,As( @bed® AR the - et -
east one catalyst nay al so be ad to the thermal inteérface

c ) rrp o n eneomppusdd eneans al eubstanem M@thapwﬁfés’fsmmmwgbm that leat the rhsleni dvwibattoeen
t he at ne. LUl und, the at | east one am ne resin, the at
Ieast oﬁ%ﬁlpehtsgo hﬁ prochgEIQal or all three. As used herein, the team
"catal yst" neans that substance or condition that notably affects the rate
of a chem calOfrspeditli efficadytibaufiller tompfisibe b pyrians fomd of tarbowl Ebgoieftgred to

chem.cal change. Catal yst i hor gani.c, ani.c, or a conbinatjon of
or gafi ¢ a@?tﬁm Zoyn r?é’tbeQP ﬁiteﬂrn%‘éggm IR 3§ Hs @M@V%éﬁ éromsAﬁalsedsﬁ%tosﬁcI@g

i ght apdgqfigate 0 ak%?c}él% t t L gar’rpg, t he
catalyst Is an’aci d. 'In gr ef Z(Fsarr%gl ﬁin%ra %nt sﬁgt}ﬁgﬁ?a{q’tﬂ@q [ gan or ggnl c
aci d, sutechnest Cthelbmmonductam:ty*flﬁﬂo Wbm“l@)cAdﬂﬁmnmfcaboaa[)lScwt i %, cacbcmamlumo(yl ic,
oxalic ht hal i c,

dip ¢, h tearic,
am o adPes s e L oo BrEl oPdsihngthdberce AT &b
ther mal vhRif feASAs SATBRRRALS Iﬁtn'sgl @%ﬁi@hrﬁ&elh@ﬁlﬁ) B eArBr t&fitefors RMOMbARRY at

| east one saturated rubber corrpound provid | east one ani ne resin,
c) défossend firnmgnden . latp dvent@o pmenslmntext Qde msﬂ:fble rmmfﬁ(ﬁ(aﬂ hanaldiahstetof | east
one am orma crossl inked m_xt ur.e at
oast ong piRRich b, SR e R HERF of HBOCU AL Mk cfarionstrhs Bipm

m xt ur e comdidtieity aflshongtvo sethidenizned @editer tifart Wigh 61Hes 6oriunke darbbl HBérs hedihg
m xture., L This method can al so further conprise adding at | east one 25" phase

change dipmeters ereptsr g hssl i nked rubber-resin mixture. As di scussed
herein, liquid and solid thermal interface conponents can be forned using

the conte npl g8 %f@’%ﬁ]tﬂ?cgmc@ﬂ)%f‘ﬂe Oéehalﬁéftﬂ?sgof @b@@ﬁh%lﬁn&%%%? M P interface

sem conduct or conponents, layered materials and
20  components and systems, such as the hydrogenated rubber and resin combination already

discussed. When carbon microfibers, e.g. (about 1 pm, 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
discovered that relatively large amounts of carbon microfibers can be added to polymer
25  systems that have relatively large amounts of other conventional fillers. A greater amount of
carbon microfibers 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 component. Desirably, the ratio of carbon

microfibers to polymer is in the range of 0.05 to 0.50 by weight.

30 Once the thermal interface component that comprises at least one rubber compound,

at least one amine resin, and at least one thermally conductive filler has been prepared, the
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fibers, carbon fibers, graphite fibers and netal fibers, such as copper
fibers and alum num 20 fibers. The thermally conductive fibers are cut to a
parti cul e.g. fromat |east about 0.0005 inches t about
1inch. T er‘%% 3?6 conductive fibers contenplated herein né))k/?/élgé%lﬁg]scut to
at | east about 0.001 inches, to at |east about 0.01 inches and/or to at
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fiber diameter of at |east about 10 microns are presently preferred.
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Dispersion of filler particles can be facilitated by addition of functional
organorhetallic coupling agents or “wetting” agents, such as organosilane, organotitanate,

30  organozirconium, etc. Organotitanate acts a wetting enhancer to reduce paste viscosity and to
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WO 02/ (19GGE3G PCT/ L1S(12117331 renoved. The fiber structure that results
is aligned with respect to the electric field lines, i.e. has a
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hopper. The vi brations fproduced by the rollers or beater bars orient the

fibers Hhriseneralstraeiarp ofirganctitanaigie RO, 81(OXRBsehare RS 15 shydiplygehle 2ravi ng a
fiber s i [ vertical orientation. Pneumatic flocking
~uses anélg%géﬁéga#eioﬁc}ldggﬁ?%@érﬁag?’%ﬁ% to an adhesive coated surface. VWile in
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substantial vertical orientation t _may. be denser, nore uniform or
pr oduc ST éuﬁhe?ﬁidg‘%vy{aﬂéﬁylﬂﬁérﬁ’ g:it?ﬁgpn 1t t%ﬁ'ﬁ P’s used al one. The fl ocked
fibers are seated into the adhesive with a portion of their |engths

ext endi ng fr ardaltordansisyRal ake be badr toake thermd ifitbffee donfi@neht ipotder A t er
fl ocking, a downward force (conpression) is applied to the free fiber tips

t o Kbat Promwtepseesslinking 9e chinaeactien Hebvaes the anieastAngaubbr msionnd.he et ween
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and/or infrared curing. Otentinmes, heating for about 30 minutes at about
150C nasﬁaﬁ@rugféaomdfse&mqsgqon&gﬁ%@i HyleEIgha chemiga) %ﬂ&%dce@ﬁxsrfgmay e

condi ti ﬁ%@a@gﬁ%ﬁ?ﬁ? coRbinhGsH ﬁf %\ggl?? ggtfhg)@?ﬁ&'hfé&tl haﬁ@elas. fQfndRsARlyera g€l

such as ectric ge rom CGeneral Electric
Cor for ahotosubbtandess Heldtume chebiocdni dlbo sgtaasecatdysiseen contérbplated 3nbaslaments) the ee

fiber ti 34, extendi ng fr the gel. Thi rocess. can be done. by
tenci | FIGYSis b a<bel Th gt crontimenty b SREFRGIS Ao BERSE GocnEug Fr s
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enbodi ments,” t'he gels will spontaneously wet the -19

oleic, palmitic, stearic, phenylstearic, amino acids and sulfonic acid.

A method for forming the crosslinkable thermal interface components disclosed

20 herein 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 e) 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. As discussed herein, liquid
and solid thermal interface components can be formed using the contemplated method, along

with tapes, electronic components, semiconductor components, layered materials and

electronic and semiconductor products,

The contemplated thermal interface component can be provided as a dispensable

30  liquid paste to be applied by dispensing methods (such as screen printing) and then cured as
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VI's 02/09663l. PCT/USI 12/17331 fibers and will wick in to the fiber
structure. The gel may or may not include a thermally conductive filler
mat eri al .y, 2gse liner, e.g. waxy or silicone-coated p be

pl aced on“@é%lﬁ% §‘(;She fi bers and uncured gel to prevent thgeg/:ijjrsoe é‘gllfi ber
material fromsticking to a clanping fixture, and to provide protection to
t he i nt dedirdeltroah alsodle plovideasshhighlyn@ngpliaht, Suled el aerherhi@ing bi stget B pre-
interface material with uncured gel between _the fibers is coppressed to

| ess t haRPligstion enilpiarfaca uripgesesuchas dedt sikd. &) eamfwdhsr beprapided g mpuced

conpres i ght . RT f i out. 0..020 1 pch g,
adhesi véggugrz)?dg%e?r ﬁ@hfl 21?(&?0 ugjézdé IItp H%?%% Is{élqrr%{aecsi b?oég ﬂ‘g?gﬁt (ﬁgqéngﬁﬁ%ﬁtﬁe%&gﬂ

" inches [tofietleuy thaghdrinal gedrfaceicbmipoitmkt dsn bl prdvidedrasat tapdilst bai bdhapplied| e
the gel .10 Lys Qurefd. Th el is then cured, e.g. thermally cured, while
under cOHFFECQI BT iapgsHr aﬁ% G&IRSHaNIC,FORPEREUS at es curing and is desirable to
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is beneficial since the CTE of the gel is higher than that of the fibers
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t enper at ur.e her e exposing nore.fiber tips. |n,produci the.interface
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gel and the adhesive are cured. As indicated, conpression is beneficial,
and curing under 20 conpression js beneficial, because, the gel wll
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previ ougb¥ducti®ity. WO 02/ 0911i 3( PCT/ US(12/ 17331 described herein. The two
conponents are then physically coupled to produce a | ayered interface
material. As used herein, the term"interface" neans a couple or bond that
forms the common boundary between two parts of matter or space. An
interface may conprise a physical attachnent or physical couple of two
parts of nmatter or conponents or a physical S attraction between two parts
of matter or conponents, including bond forces such as coval ent
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conponents described herein conprise incorporating the materials and/or
conponents into another |ayered material, an el ectronic conponent or a
finished electronic product. Electronic conponents, as contenpl ated herein,
15 are generally thought to conprise any | ayered conponent that can be
utilized in an el ectroni cbhased product. Contenpl ated el ectroni c conponents
conprise circuit boards, chip packaging, separator sheets, dielectric
~conponents of circuit boards printed-wiring boards, and other conponents
of circuit boards, such as capacitors, inductors, and resistors.

El ectroni c- based products can be "finished” in the sense that they are
.ready to be used 20 in industry or by other consuners. Exanples of finished
consuner products are a television, a conputer, a cell phone, a pager, a
pal mtype organi zer, a portable radio, a car stereo, and a renote control.
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Al so contenplated are "internedi ate" products such as circuit boards, chip
packagi ng, and keyboards that are potentially utilized in finished
products. El ectronic products rmay al so conprise a prototype conponent, at

any stage of 25 devel opnent from concdpt-ual nodel to final

scal e-up/ nock-up. A prototype may or may not contain all of the actua
conponents intended in a finished product, and a prototype may have sone
conponents that are constructed out of conposite naterial in order to
negate their initial effects on other conponents while being initially
tested Thus speC|f|c enbodlnents and appllcatlons of interface naterlals
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WO 02/ 09( (3G PCT/ US02/ 17331 nodifications besides those al ready descri bed
are possible without departing fromthe inventive concepts herein. The

[ nvent [ Vewﬁ‘h%@(%(s matter, therefore, is not to be restri chgg/uggfﬁﬁgi] in the
spirit of the appended clains. Mreover, in interpreting both the

specification and the clains, all ternms should be interpreted in the

broadest posgbmpHanBRMbuEiGifséec@émponérith t he context. In particul ar, the
ternms "conprises” and "conprising" should be interpreted as referring to
el ements, conpongn

ts, or ste in a non- | usj . indicati t hat
the ref er encleempliatdifaus Sﬁlé?ﬁqgc,’ne@?;s’ g‘i‘(‘ii‘pgssﬁll?égﬁ E%Q‘g%réjs]é%?ml’ gﬁ%hﬁ% "ilzgd,

. or Conb];)lﬁﬁﬁgwa thePhBBY cEARIBM ﬁber@,oﬁpexﬂﬁg&ﬁant,oﬁn@ hee ?Eti&ﬁiihdlﬁ’ésﬁleﬂﬁﬁterial._
expressly referenced.” - 23 V1-"0 112/ 09CC3( CLAI What is clainmed is:

1. A | afemgres of enrhploat fhtos iintbrfacsoeppiosenty cas bafoundds tUoRetertr dicRHRAD| e

i brbusST 19 ac B ASTAOReRs RGN S USTORSTRNG (TSIl

The | aygpsickatibh Setial NolB0omB33/5691 41 8f Whikh atben@ipbrite hateil egstiepsnee tiher nal
i nterface conponent conprises at | east one rubber compound, at_I|east. one

am ne réeirentirety. af\1sb0 compliant Sibeous hiaterfage spmapangdst Sugh af fhose descgbedrhereinay er ed

I nterface teri f b 2, in. ;
componafit tar ersn racgirey pLEOhartLEleFh Bt Mydloss SRR 1R dRERE opRUR, 2o
| ayer edGENWVETT a&apHBsed tidkm8lf caldactini®, ofMiereizn.d Mendd, 4 drsmhalorsistanbberf

conpound conprises,at |east ong termnal hydrox roup. 15 S. The | ayered
i nt &0 f aekourRIaS Cam’/Bf (Q‘p(&]io%cg,ngmeFseﬁyﬁlcﬁﬂlé%@?hng%tgs% t e?ﬁﬂfb@t"%&%gﬁﬂd

conpri Sﬁﬁ 8?"1‘%4[%?2@29?? ToiE) Hﬁ@tcﬁlgpgt%g})ée)g@?cal Qofirldi€ o A¥&tCHchtBl Blah@P% of

materia wherern t t one rubber conpound further
conpr i sésfelation eaddr 1Onssi.s Aypical chdractemistesrf. GELVERar¢ a)thickdessrnasiablgcyer a

mat eri al ., of cl ai m4, erein the at.|east.  one. rubber . conpound. onpri ses
hydr ogeN4ice ER1SE %I Wvgjﬁa@% IPro3e8msiic g r%%‘@?‘?ét@ﬁm&iﬁhy kVIr}ﬁiqgég tﬁfﬂgllli)a,l or a
combi nag{ o c@ityaxh W) felfaBR' KRf lonB-terhl'8sd ANBE B8npoHcat. f RighreRBLLEAA s@ferdt! ai m
7, where‘? n %‘ﬁg %ﬁgro%enat ed poIO)Illgl ?(yl d? ene m e ©
15  performance measurements of the GELVET component, including displacement v. pressure
(Figure 1), thermal resistance v. pressure (Figure 2), thickness v. thermal resistance (Figure

3), and cycle v. thermal resistance (Figure 4).

Suitable thermally conductive fibers comprise diamond fibers, conductive polymer
fibers, carbon fibers, graphite fibers and metal fibers, such as copper fibers and aluminum
20 fibers. The thermally conductive fibers are cut to a particular length, e.g. from at least about
0.0005 inches to at least about 1 inch. Thermally conductive fibers contemplated herein may
also be cut to at least about 0.001 inches, to at least about 0.01 inches and/or to at least about
0.1 inches. Thermally conductive fibers contemplated herein may have a fiber diameter of at
least about 3 microns, of at least about 30 microns and/or at least about 300 microns.
25  Conductive fibers having a fiber diameter of at least about 10 microns are presently preferred.
Suitable thermally conductive fibers have a thermal conductivi;cy of at least about 25 W/mK.
Some suitable fibers are those available from Amoco identified as K-1100, K-800, P-120, P-
100, P-70 and T50; as well as fibers available from Toray designated as M46J and M46JB.

Thermally conductive fibers disclosed herein can be cleanéd, if necessary, to remove
30 any coatings present on the fibers. Some commercially available fibers are sold with a

coating applied to the surface, which is preferably removed by cleaning the fibers. One
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nono- ol conprises hydrogenated pol ybut adi ene nono-ol. 9. The | ayered
interface material of claim7, wherein the hydrogenated pol yal kyl di ene 25
di ol conp‘gvbgﬁfﬁ()&ggrogenat ed pol ybutadi ene diol. 10. The | gyerReh/{Rierface
material or Clarm 2, wherein the at | east one amne resin conprises a
melamne resin. -24 w0 02/(191~-G31 PCT/US02/1 7331 11. The | ayered

i nt er f acethudtadrcleahingf thetnzdlin cbBduative fibers is by heatingribadiberssinrriciorhym 8shan

al kyl ated nelamne r |2, The, l.ayer ed {'nterfacie mat eri al of claim11,

in. I
wher ei nC‘i?arﬁ‘@gall'%ﬁﬁzgige?%‘?vzfﬁich@n}cég‘?lﬁ NEBETROdS CH ASA B W% el ami ne resin. 5
13. The layered interface material of claim2, wherein the at |east one

thermal |y copduftiioe of ithingihe GRIRbInpBantafiFRLA! infREMEL ComBorkkAE @Bmpkikes: der)
" conpound or a conbination tRereof. 14. The layered interface material of

cl ai m 18rovidieg diermake comdustivp Gre haviogpripagh; bl previding dovhsente; g) RpbYNg
nder wd | i nat i . ‘
- Potent acRaRE s PR EheRr. D FEHGNR: B 81 fopudE, o Jrpblifne MEREHs o

inte wher ne phase ¢

mat er i akhec@pyiveRRha podtion dfthe ihes bayedirgoutrdfend athesinat er Hal afringl ai the 15,
wherein the wax, conprises_a paraffin_wax. red interface

. . ] | 7. The | ay )
mat er i aPdRsBivEl dispesng f gurabls crcapgiang belyvesn th%&??mc‘?ﬁ&eng%aﬂ%ﬁ eadhssivg) . 15

18. Thea@gg{eggl éh@tﬁgef&gg é’%ﬁ%ﬁﬁlﬁé fg];cggip?é.s@ng’thg A& SitiC %u?d l@ggﬁ&eeheast

one catalytirc material. interface materia claim1,

wher ei n tiehfbetoimd thentdhdsive; andh) outriag tlecacemsuizmhehile codgprcompmssiopl ural ity of
flocked thermally conductive fibers. 20. The |layered interface material of
claiim19, wherein.the plurali of .flocked thermally 20.conductive. fibers
are lg]nbedded%{orpraﬁill_‘%&g%m@léa“ﬁ#@u? Aiteriace coﬂ%onlc’étg/él_r%at W%V? 5 aPpied (92 20,
wher ei n gtif@-aRl UriRd AdnesiQf nidyasokffist BRy sitdble MARGME by ®ill ﬂiﬁﬁzscoﬁrﬁ)@is@ ahesded

in a substantially vertical orientation with portions of the Iuraliti/l of
fibers eiessadhesiyeofor espmpleeamaifiesive eomprisng ap epoxy compeundipey Egcohond2®al  of

| ai wher el nothe .pl ugal | f k I : ' '
compr1 og°mh GHes oS bbb RSkt B, AURREIME bR o

plurali tnga@Bsifi'bdiﬁé,S%elémﬂrsp'td? dabiect platsrials 4ry aleb uféfiler s ext ends out of the
encapsul ant material. -25 WO (12/11)1 (3( PCT/USI 12/ 17331 23. The | ayered

material of claim19, wherein the plurality of fl ocked ermal.ly conductive
fibdfs conprildedibers Hehlocksdiorine é‘}bSFFétteaF}{er%é( rﬂ&%heégmg dh EE‘EIF \‘/‘éﬂf‘?ong‘%?’?’

di- amond 01 Ak GTREARE 150 hP8X&Rle, by electroflocking. Electroflocking is a well-known
procedure whereby two plates, separated by some distance, are charged to opposite polarity.

The procedure is described generically by Bolgen (Bolgen, Stig W., “Flocking Technology”,

Journal of Coated Fabrics, Volume 21, page 123, 1991); and specifically for electroflocking

20  of carbon fibers by Shigematsu in “Application of Electrostatic Flocking to Thermal Control
Coating”, Proceedings of the 14™ International Symposium on Space Technology and

Science, 1984, page 583; and by Kato in “Formation of a Very Low-Reflectance Surface by
Electrostatic Flocking”, Proceedings of the 4™ FEuropean Symposium on Space
Environmental and Control Systems, 1991, page 565. The disclosures of these articles are

25  expressly incorporated herein by reference in their entirety.

In the electroflocking process, fibers on one plate pick up that plate’s charge and
become attracted to the opposite plate. They embed in the adhesive when they hit the
opposite plate. If they do not stick initially, fibers bounce back and forth between plates until

they become embedded in the adhesive, escape the electric field or the charge on the plates is
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24. The layered material of claim 23, wherein the plurality of flocked
thermally 5 conductive fibers conprises carbon. 25. The | ayered material of
claim19,, 5, the plurality of flocked thermally cond ' fhers
conprisegwgm?@ﬁgg% of at |east about 0.0005 inches. 26. Tﬁ§+¢§§%V%

material of claim?25, wherein the plurality of flocked thermally conductive
fibers wemeped SEhe AbdrasnatiurOfhabteshleas hligledulitiOrddpeot tonthbetectricdiad lind)ee.

| ayered material of claim26, wherein the plurality of flocked thermally
conduct ase spbsigtially yepicebedentationigd hapt velvet PEB#FE- 0. 01 i nches. 28. The
| ayered material of claim27, wherein the plurality of flocked thermally

conductive fy ; L56S; Lo of Jat @ﬁ%{ QetlodddCN8SHes29F The
" layered mat ewgfaﬁ%)cgpgﬁg{%gfg,%ﬂ\x;ﬁ%%eﬁl% ﬁe agrlur a ?(fa?éag%bjgﬁ:togied t hé?sml ly 15
conductapely rdigtire mdleysr disestar Haengthiciotauae the aidtstrato dutvilirafenclfiberd Gire Tévk
| ayered material of claim19, wherein the plurality of flocked thermally
conduct P& %E?tgat%BW%Vé@ o filgRReTy i%f@ftlw rapdieBly flmeﬁ?fsgr FeFons
31. Thep)rayRERdndabessi Al @fvetthehMhidGhe WHRERIN EARsPIiberak kénfowrld, {dapRiked
thermal |y conductive fibers conprises a fiber diameter of at |east about 30
m cr onsfibe2@tractureThith subgtantial lyveartieal gatientatiort.ai m 32, wherein the plurality of
fl ocked thermally conductive fibers conprises a fiber dianmeter of at |east
about 300 m : e er. tery 0, i ; '
encapsul ant @%%‘fﬁung 3%"%‘%315‘1"%% é?s?raeglj.a tngi.Eﬁlf%reﬁlfe%gor ée}ld&c%ﬁl\eoglgéﬁégfﬁr?}% i m 33,
wher ei nwhile igefligh@ifibeisahligoiherissioss & did dieaniogalf, tha ailoay aighsikbtd imties i al
or a conbination thereof. 25 35. The layered material of claim19, wherein
t hel®l vpdhesivg ingm arieaisdempsnegonduct i ve fi bers conprises a ther mal
conductivity of at |east about 25 WnK 36. A |ayered conponent conprising
the layered lgﬁfe@ér{tefﬁﬁzk[@tlﬁéﬂh@as Rhy b aisBd dtone, 26 in iPhtkioR Kiftddne another,
PCT/ LS02/ 17331 37. An el"ectroni c tonponent conprising the layered interface
mat er i at.gaineshaticrelectr@ticAldckyrg Witk dnp omebinatonmethodap ditstredmyentgthing

| yer ectibeit By ired ok & nogrle. kg S ofhe RSP o SR EOIARY DRERITRL! ng
the | aypegd: kiR fi8gtc @&, ofhehiBéridicne 4at réulS!ie alsh Uhizhed; QP ARSNT

conprising the layered interface material of claim3. '
15  substantial vertical orientation, but may be denser, more uniform or produced more rapidly

than when either method is used alone.

The flocked fibers are seated into the adhesive with a portion of their lengths
extending from the adhesive layer referred to as “free fiber tips”. After flocking, a downward
force (compression) is applied to the free fiber tips to seat the fibers in the adhesive and to

20 minimize the distance between the fiber tips embedded in the adhesive and the surface

substrate to which the adhesive is applied, as shown in Figures 5B and 5C.

The adhesive is then cured by any suitable method, including self-curing, heat curing
and/or infrared curing. Oftentimes, heating for about 30 minutes at about 150°C may be used

for curing, depending on the adhesive and curing conditions.

25 As shown in Figure 6, an encapsulant, 30, for exaniple a gel such as GE RTV6166
dielectric gel available from General Electric Corporation is introduced to fill space between
fibers 32 leaving free fiber tips 34 extending from the gel. This process can be done by
stenciling uncured gel onto the fibers or applying the gel to the givers and letting the gel soak

or wick in to the fibers. In contemplated embodiments, the gels will spontaneously wet the
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42. A tape conprising the layered interface material of claim3. 43. A
nmet hod of producing a |layered interface material, conprising: providing a

crosslin mal interface conponent; prOV|d|ng a co br ous
I nt erfacgﬁgg%)%%g{lt and 10 physically coupling the ther Hpjrduﬁ{ge“r?gce

conponent and the conpliant fibrous interface conponent. 44. A nethod of
for m ngfibtre and ol wickdhlte thidiberestructoteer The gelcmnp onenty raft indladena d&rmally

conpri sing: proyjdin | east one saturated rubber co ound; 1 ovi di ng
at | eastoetenfier m%grﬂﬂ A FOLSE AR 7Y VA 8! IgPRErcopied PaBT nal EB% aEber
conpoungy g€ fdkrs! a%ﬁ%cﬁl@@ g)‘?e\{eﬁﬂh@ ufbdf %{ﬁb@r RERRS! fdtt 88cking to a

rubber-resi'n m xture; |ng one ther 'y conductive filTer to

" the crosbmpmgedmmdabmrd tceymvxdn ptottncapn dndthg Gneddca gnateriab tduring shigpme ©o t he
crosslinked ru er-resin mxture. 45. The nethod of claim44, further

conp?i sFHGCHIFG! dQP 1 east one phase change material to the crosslinked
“rubber-resin mxture. 46. Aliquid thermal interface conposition formed by

the method ofheirdérActTmatérial vits@idutbdt ¢ beBlech Ml R cvpiRestd icolss tmed by
t he nethod of claim45. -27 WO 02/ (19GE3G, PCT/ US02/ 17331 48. A tape

conpr i sfhfgronrealtne fiken length apd glemped ipplaemto tis C@nmrweﬁahelgly Ear ﬁ’é%%@l’ ibf
form “gtﬁef}ﬁﬁ%f%‘ 8ot gﬂﬁg%ﬁné ghgers %ré%f’%g??ﬁ% Bdﬁ’ce B Jg@%d t8%giafgh?' ng:

provi di ng ernal y con I've Ravi engt

subst r abfaboapPloy 7 igehes befdry/ euring thd gelswhﬁ:hr}mnc& thé lfiberkat mms thbhf wbﬂe thetgzl t he
subsirate; enbedding the fibers into the adhesive with a portion of the
fibéPs && I ng out of the adhesive; 10 curing the adhesive; disposing a
curabl e encapsul ant between the fibers extending out of the adhesive and

beneath the ﬁ"ﬁ@ege?rigsthéﬂ ciuté@ ki b%%aﬁ?%ﬁ'&ﬁ Sk hﬂﬁerf ¢r8ssWnt h Heating
encapsul ant between the fibers |nto t he adhesive; and curing the

encap sugmalmclcelemmequrmg rapd éssdgsorpble to create a contemplated free fiber tip structure.

Both the compression and thermal cure aid in creating the free fiber tip structure. The

thermal cure is beneficial since the CTE of the gel is higher than that of the fibers and the gel

15  will shrink more than the fibers upon cooling to room terhperature, thereby exposing more

fiber tips.

In producing the interface material, the adhesive curing may be delayed to coincide
with the curing of the gel. In one embodiment, the fibers are seated at the same time as the
gel and the adhesive are cured. As indicated, compression is beneficial, and curing under

20  compression is beneficial, because the gel will maintain the cured thickness and the fibers can
spring back somewhat to stick up from the gel. Cohesion of the gel to the fibers is not strong
enough to keep the fibers from assuming their original position prior to curing. Curing
results in the free fiber tips which are desirable for enhanced thermal éontact with the

adjacent surface(s).

25 A method of forming contemplated layered interface materials comprises: a)
providing a crosslinkable thermal interface component; b) providing a compliant fibrous
interface component; and c) physically coupling the thermal interface component and the

compliant fibrous interface component.

The crosslinkable thermal interface components and the compliant fibrous interface

30 components can be individually prepared and provided by using the methods previously
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A A AFU. AsU. A . AT. A . A . Ath AYU. A . A . iA{ ]A\( ,LAJ]AiAY{]A]LI\/Ndst ',W>] | ]
o kf a\ ca] ca] ca] ca] ca] ca] cal] ca] ca] ca a)J cal ca
CRngAaf ‘W) %’g@g‘]cgg]cgl\g?]ca] ]ca] ca] ca] ca!; >FI 1 dBT Fﬂ%&ﬁﬁl}fl
df N *| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] calesajbed|leadina] Tia] tved cahpdrehtsadre ahddBphidiclly coupled to produce a layered

Ol I JH#S6A cal ca] ca a], c”a] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cd?% %‘P&'&P&f;] éa]glé% ﬁ%ﬁ%ﬂ%&ﬁ%f}w&qr 3 cg]eeaq a&peRlp @f P C%] cms% C a b
*EF DM s B A O 4. C

al ca] caﬁé%f%“%@afbcg]’%% gg]‘icazu]lct%g]r ca cqﬂ t]%l?af%lalg ?@-] fﬁ f;?a]g] caﬁj/ﬂls g%llZuZ
' 2334u4| phgFedgttachment or physical couple of two parts of matter or components or a physical

| o] Cal CHEAP BT OAER AT NS A 0 EPEB0 1 AcLos b I Fish b 2P VAL IRKK

- KOLM MN@INBIA ORIV RIvL 5h Woll Gor¥ed Lm] é‘sal/ﬁﬁ]déﬁ]WQa]l ﬁ% Issgﬁln%l caj ca

] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] cal ca] ca STWIT, UULV@
WK hydrogen bonding and/or magnetlc attraction. The two components, as descnbed herein, may

Yf YYZqZZ3)\ ’\’\’\’\’\ ca ca ajcalc

al ca] 2a%2§]ﬂcé}ﬂga calI a ca c 3?8%1@ cb]né?ﬁ‘lﬁ%h] %‘f@u% 8g %g'%[]aNccd

] dzdd) efdosipbhdtitq] | +kk) |11 3mm1 nnnToo}xsnl d _Z]]]]ca] ca]ca]ca]ca]ca]ca]ca]cal

ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] {ca] ca] r?] ca] ga]zca] ]ca] ]ca] ca] ]ca]a]cg]ﬂcg;i)gg
! I\/tttX J GzzzV- Xsni caJcalca]c

]O 2;] ;]r cZ] §Z] JRvr ; %&%ﬁlﬂp@{éﬂ {F} PH?&[F@&FP@ rata | wathenywbieLrcal ca

] ca' | }V"}ahbt}h}:xvl" & ?% ter1 l a sh wi in Fgur S 7?ca']dceﬁ ca]]hca ectronic, component

cal calcafJca ca]] ca] ca]
c a] c a] c ac]m@]lsa] a:h]ye.:a]i ma]alcfacld] ma]:-n@l] 1c19] z aib}strétegwe@l@) and an additional layer 130.

:i g;rg L] ”1]%}%% {cgg]%g @] C acjo(’E’Lﬂ ﬁc glggg‘!p?i%tcg J)r%%; ?n%r%eﬁ:]ecc%]m%%llgn%] Gglcale
LZdRhg @496 & thermtig 1%%@@&&@&1@]1&?]]4‘3 agwahgRl %%t%ﬁ)ka&@&dcﬁe]r&ﬁ] ﬁ@}’c a] ca
] ca] ca] ca] ca) caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ZAMY?| <I P°/<S} cal ca
] cajléa] cﬂap&b]%a]b@@pbd]x@qlzdarp@tap@ia]ﬂaat}@éqﬂyaq@a}awa]subgtmq lesgrs a\]oam] cahwakcal ca

14021‘ gia]cg, '\l%l(céa ]f‘?ﬁ] Té‘% y\gCU]méf lc%lr] °§fééa?%§] %] E‘H%’B‘?f}t 5’}’%&1] aprefyred caj ¢
a] ca] ca]e@rﬁ)bdﬁﬁérﬁs Ay Sae4trate eaﬁﬁf@e@b@ﬂiceabﬁgéﬁamﬁh enkgiad arl sratFal watheahcal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU{ ca] ca] ca] ca! 4j Gecknz XRévJ| 5{e

{vql gb] XRtkagIne-Susiare slchap cfaqltddp@a]oeaqrca Ve Wieks] engeld phagdiep peaprsa] ca] ¢

(vl gby S L R h S RRL N palabE MR olinect e, Vil L 415 ca

ca] 28] cahtedhera‘cajped] majudead oca]s[ch]amahs bﬂ Ea?a +OHihdr; an]d it’s ox1]de:s)j 2(1: gol(}:rgﬁjeé ‘gfsgg] calc
I b cal ca

L) ol co e R Lo ST REMG! PV oh Bovpanpgs, lcad or ot

? éoo/%& & (rﬂetalih(l)—l %‘@&d@ﬁ balllﬁllfa&: (Qlasg’ Aid PofEmeds stikh d8hIHmIhRIY (e dubstrate” may

%10%{ & (e)/en h@d@flme(d)as anwh[eg palymmwmt ®hen consﬁde):ingmmsﬁ(ﬁn(e)rﬁaces In more
9" F10% ‘%réfcrre/& %%%Wﬁlmegs the)(' subiétlrgt(g(c(o pg'l)sesI gsm%dégg/f(é rm%?)n in the packaging and

25  circuit board industries such as silicon, copper, glass, and another polymer.

Additional layers of material may be coupled to the layered interface materials in
order to continue building a layered component or printed circuit board. It is contemplated
that the additional layers will comprise materials similar to those already described herein,
including metals, metal alloys, composite materials, polymers, monomers, organic

30 compounds, inorganic compounds, organometallic compounds, resins, adhesives and optical

wave-guide materials.
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Applications of the contemplated thermal interface components, layered interface
materials and compliant fibrous interface components described herein cofnprise
incorporating the materials and/or components into another layered material, an electronic
component or a finished electronic product. Electronic components, as contemplated herein,

15  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 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

20  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

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

Electronic products may also comprise a prototype component, at any stage of

25  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

initial effects on other components while being initially tested.

Thus, specific embodiments and applications of interface materials have been

30 disclosed. It should be apparent, however, to those skilled in the art that many more
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component comprises at least one rubber compound, at least one amine resin and at

10 least one thermally conductive filler.

3. The layered interface material of claim 2, wherein the at least one thermal interface

component further comprises at least one phase change material.

4, The layered interface material of claim 2, wherein the at least one rubber compound

comprises at least one terminal hydroxy group.

15 5. The layered interface material of claim 2, wherein the at least one rubber compound

comprises at least one saturated compound.

6. The layered interface material of claim 4, wherein the at least one rubber compound

further comprises at least one saturated compound.

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

or a combination or mixture thereof.

8. The layered interface material of claim 7, wherein the hydrogenated polyalkyldiene

mono-ol comprises hydrogenated polybutadiene mono-ol.

9. The layered interface material of claim 7, wherein the hydrogenated polyalkyldiene
25 diol comprises hydrogenated polybutadiene diol.

10.  The layered interface material of claim 2, wherein the at least one amine resin

comprises a melamine resin.
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10 15.  The layered interface material of claim 3, wherein the at least one phase change

material comprises a wax.
16.  The layered interface material of claim 15, wherein the wax comprises a paraffin wax.

17.  The layered interface material of claim 2, further comprising at least one catalytic

material.

15 18.  The layered interface material of claim 3, further comprising at least one catalytic

material,

19.  The layered interface material of claim 1, wherein the compliant fibrous interface

component comprises a plurality of flocked thermally conductive fibers.

20.  The layered interface material of claim 19, wherein the plurality of flocked thermally

20 conductive fibers are embedded in an adhesive material.

21.  The layered material of claim 20, wherein the plurality of flocked thermally
conductive fibers are embedded in a substantially vertical orientation with portions of

the plurality of fibers extending out of the adhesive material.

22.  The layered material of claim 21, wherein the plurality of flocked thermally
25 conductive fibers comprise an encapsulant material disposed between the portions of
the plurality of fibers, wherein the plurality of fibers extends out of the encapsulant

material.
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25 35.  The layered material of claim 19, wherein the plurality of thermally conductive fibers

comprises a thermal conductivity of at least about 25 W/mK.

36. A layered component comprising the layered interface material of claim 1.
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interface component.

.44. A method of forming the crosslinkable thermal interface component of claim 43,

comprising:
providing at least one saturated rubber compound;
15 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;

adding at least one thermally conductive filler to the crosslinked rubber-resin ‘mixture;

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

45.  The method of claim 44, further comprising adding at least one phase change material

to the crosslinked rubber-resin mixture.
46. A liquid thermal interface composition formed by the method of claim 45.

47. A solid thermal interface composition formed by the method of claim 45.
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48. A tape comprising the thermal interface component of claim 45.

49. A method of forming the compliant fibrous interface component of claim 43,

comprising:

providing thermally conductive fibers having a length;
5 providing a substrate;

applying adhesive to the substrate;

flocking the fibers to the substrate;

embedding the fibers into the adhesive with a portion of the fibers extending out of

the adhesive;
10 curing the adhesive;

disposing a curable encapsulant between the fibers extending out of the adhesive and

beneath the free ends of the fibers;

compressing the fibers with encapsulant between the fibers into the adhesive; and

curing the encapsulant while under compression.
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