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A vinyl Qresin is an activated cure specialty silicone rubber having the
foll ow ng base pol ynmer structure: Si Me2CH=CH2 10 Si Me2CH=CH2 ,. | 0 O- 0
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that have a nol ecul ar wei ght abou 0 to S000. Physical properties can be

vari ed fintanfage sibrafiosnft gel material at a very |ow crosslink density to
t ough el astoner network of higher crosslink density. Thermal filler

particles to he dispersed in th esin mxture should advant ageously have a
Peuh Chormar M BMARSHE EfohieSad B prel hhpair L (R e

copper, @ndidtiuemiledNdciRbd a1er, beee flumBan) Bndalldys deredt oFoRWMiaRNer es,

alum numnitride, silver coated copper, silver coated al um num and carbon

fibers. @dambiunanitiades sidyerisoateheonper, isdeer snated alugdnum and carben fiben ildmaybel

arount s 98 sai iy RGH 6 T ERE A o e R Rt L ERd [ east (70
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useful. O special efficacy is a filler conprising particul ar form of
carbon fwbed alleWenriag at woastehpepbire, gissusityceduring dgehird efhABCElisperedbility i s

avai l abl e from. lied Sciences, | nc., Cedarville, Chjo. VGCF, or_ "carbon
M ero 11 BereossiahBe 3% Hip §R5Paum ISRl FHEChye AUt LR RERES per st
conduct i giidrito FitHe Woiiplessibiie) &1 tRDcSthpIBRCHatePiaPinthter (R LR IFs GTPto

limit or contro! the thickness.

It has been also found that thermal conductivity of resin systems, such as a
combination of filler and the combined silicone resin mixture discussed above, can be

especially improved by incorporating carbon micro fibers, with other fillers, into the system.

Detailed Description

A compliant and crosslinkable thermal interface material is formulated by combining
a silicone resin mixture, such as a mixture of vinyl silicone, vinyl Q resin, hydride functional
siloxane and platinum-vinylsiloxane, an organo-titanate wetting enhancer and at least one
thermally conductive filler. More than one silicone resin mixture may be combined to
produce a compliant and crosslinkable interface material. Silicone resin containing interface

materials, with appropriate thermal fillers, exhibit a thermal capability of less than 0.5 cm®®
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t her mal conductivity Such fibers are available in varying | engths and
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car bon fj ber Vi ng ,di aneters ater, t han .5 s.diffi

i ncor por' h ai 8¥°§8g Qﬁgﬁ‘ﬁ/tcé' clgye evﬁe? %ecfllﬁseéﬂﬂélfg%coé’ﬁ & ﬁSI%SsW‘Ll%céosssi 1}"}}‘3% ne
resin mggiihoflig8IipnedacdeavaionVWabe6vdr DORendpplied b HfintorfaBe MatdriaP@Wwin 1 um
or less, are adged to the resins they do not mx well because the need to
i ncor pormt ke ésqluacrzgé oat’mta shermil gredserdoreinatse erd wil ndtalispdayuinterfoéiat he resins

f or benefici.al nment ., t her mal,, conduc e hav f ound
ot el R L AR IR TnEROR G4l {ahuneTeGH s L Fahbat Pomi
systens lkﬁ'ﬁ’& peﬁ?evt% b'é%bﬁﬁéd’t?}l dﬁsﬂéﬂ&ﬂg ni’éf'%él@taﬁd fen @hf@las tbditcRr $tcah aﬁb%@t er

anount of carbon micro bers can ded to the resin when added with

ot her f |mev1ded fsaenhighlly cbmphdnied]racﬂ ccﬂvetotmrr tfie opelhcyetrﬁzr ,pret-hmﬁlcpm)wrdmltﬁgfaae
reater ef t res to i nprqvi t her conduct ty .of the
'? her nal Sl“ %"15:‘%’(9 aﬁg?aélsi t‘%‘%ﬁ\‘ﬁ?y’w% gh?ﬁ*ea?‘ak%gﬁﬁﬁwwy O §%iher s to
pol ymer .5, iyt 8 £rﬁ‘1§£}t8{eg{b1€atq EQoont ﬁf"@lmﬂi‘f;e uéeh IhtiRla39, AN RREapeous

to incorporate subst eri ca particles to makimze packing
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t he comapmend fotdes&bidMaked.n Exarrpl es A through F bel ow. The exanpl es shown
i ncl ude one or nore of the optional additions, e.g., ant| oxi dant, or

wet ability enhancer. The anmounts of such additions vary but, generally,
t hey may be S syl deane%@mctwmte@ ﬁ@refsmql%wsﬂgcoagmhm iRg GEdeliAvEng i n wt .

%: fill g@%ﬁtﬂ 3 u% total (filler plus resins); wetability enhancer 0.1
to 5% (o ? ? e5|on pronoters 0.0l to 1 % (of total) and anti oxi dant

0.01 to 1 % (of total) It -5. WO U2/ 0(rl 7(r~ PCT/USO2/1 S73 shoul d be
noted the addition at |east_ _about 0 5% carbon fibef significantly increases
thermal conductivity. [The eMeebitksCH he\ﬁmg o s physi co- cheni cal
measurenents for the clntegpl at ed m,xt Past e Exanpl es
Conponent BEFSi | i cone rlesi n]m x@r@2’520®4 819. 8]6312 poxy

si | ane0. 10. 10. 10. 1Si | |

t erm nat ed0. 10. 10. 10. ]
spher es758075808084Vi s

i ny y@ox%‘ne@rg oG T Phnat e3. 83. 8Al uni num

osi Uy (Pa. s) 80235782 85 80 dhe5| ve strength

(psi ) 10045250180160250Mbdul e§“at 25C (Moa) 203522301428Ther nal

| mpedance(cn2C/ w) 0. 440} 550. 400. 500. 280525 Ther nal
Conductivityl.81.51.81.53.03. 2(wW nC) E|Hoxy silane and sil anol term nated
vinyl siloxane are adhesion pronoting additives. Organo-titanate acts a
wetting enhancer to reduce paste viscosity and to increase filler |oading.
The organo-t |‘t’1@bﬂa@ée%ﬂ§eﬂie #k8 cleguisirdpipingadilitivesfos addition pergelasemetener aI

structur |
group, f%md) ar e%%%%gl;ﬁﬁte?ﬁ ?on?%a} ér ou;){esasy%% eﬁ’r%agf)ﬁ'g}gq Eaﬁv part| cle
si zes i nv4hBadelNg@MOT46L(IAUSIVAG BiNdF ans MEEX DR (500t yTeid Basend appl i cations

of conpliant and crosslinkable thermal interface nmaterials have been

di scl osed. It should be apparent, however, to those skilled in the art that
many nore nodifications besides those already described are possible

W t hout departing fromthe inventive concepts herein. The inventive subject
matter, therefore, is not to be restricted except in the spirit of the
appended cl ai ns. Mreover, in interpretl-ng both the specification and the
clains, all terns should be interpreted in the broadest possible manner
consistent with the context. In particular, the terns "conprises" and
"conprising” should be interpreted as referring to el enents, conponents, or
steps in a non-exclusive manner,
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el enents, conponents, or steps nmay be present, or utilized, or conbined
with ot heyy@dRpRysS, conponents, or steps that are not ex Cqﬁgﬂy,m,n
referenced. _7_ WD 02/ Q(~17G- W claim PCT/US02/ 111573 A conpliant and
crosslinkable material useful as an interface material for electronic

devi ces conpriaiengmple, & eeniemplaigd silicproisainmeigiure aould be &ormed 2 dallarwsone
wetting enhancer and at | east one thermally conductive filler. 2. The
conpliant and crosslinkable material of claim1 wherein the at |east one
silicone resin mxture conprises a vinyl term nated sil oxane, a reinforcing

additivie, a Cteaionef€l and|,a cabgbysfeighi- The corrpl NefF@idioar oss! | nkabl e
materi af—of thlﬁ [Uitfconer €l ”‘e7§’ 7'0st7 Fa% ET“a‘ l?éi?:ﬂﬁf.deﬁ gf%r

silicone. nJ i ant an nka e nat|eri erei n

st
. the reinfor Vi ny 5. The co g é@] jfive
crossl i nkaﬁf@%%wﬂ?“ f cI ai m Vi aéﬁgﬁ) the drossli ﬁﬁ% ri ses}a

hydri de| f unct i SH@Xangj | oxane) 6. The conpliant and crosslinkable nmaterial of
clai m 2, Batinemn-vikdsibaxaneyst com@0rX@ppa pl ati fum conplesalyst. The
conpliant and crosslinkablelmaterial of claim6,] wherein the platinum
conplex is a platinumvinylsiloxane conpound. 8. The conpliant and
crosslinkable material of claiml, wherein the wetting enhancer conprises
an organo-ti t'ay fe§in GRIRRPS Bsh beburdd £ Mdriadfonfitchpef205:s lok Bleddtk & toificpitire!
according to claim1 wherein said filler conprises at |east one of silver,
copper, talfom agamphand ekdstonyes. Thegeastipbn ivar bydnasitylatehe, (additiod eurm of winylde,

| umi h | t | t ed d b
i bero. e apeLT i anestiepEaRe BrefoRt Simiredfitieanoroelt R vehd or ol
accor di nﬂaﬁx%n%&hﬁ?e?esfdﬂrﬁa&f ccﬁﬂ’;ﬂ@:fc‘ss PRAeSRI Nhum 64tRyéts BRrSIPEgBCRgidi tion to
at | east one other fill 02/03d 71i.1 PCT/ US02/ OLS73

S1P6832.0, and platmum vmylsﬂoxane

Contemplated examples of vinyl silicone include vinyl terminated polydimethyl
siloxanes that have a molecular weight of about 10000 to 50000. Contemplated examples of
hydride functional siloxane include methylhydrosiloxane-dimethylsiloxane copolymers that
have a molecular weight about 500 to 5000. Physical properties can be varied from a very soft
gel material at a very low crosslink density to tough elastomer network of higher crosslink

density.

Thermal filler particles to be dispersed in the resin mixture should advantageously
have a high thermal conductivity. Suitable filler materials include silver, copper, aluminum,
and alloys thereof; boron nitride, aluminum spheres, aluminum nitride, silver coated copper,
silver coated aluminum and carbon fibers. Combinations of boron nitride and silver or boron
nitride and silver/copper also provide enhanced thermal conductivity. Boron nitride in
amounts of at least 20 wt. %, aluminum spheres in amounts of at least 70 wt. %, and silver in

amounts of at least about 60 wt. % are particularly useful.

Of special efficacy is a filler comprising a particular form of carbon fiber referred to
as "vapor grown carbon fiber" (VGCF) such as is available from Applied Sciences, Inc.,
Cedarville, Ohio. VGCF, or "carbon micro fibers", are a highly graphized type by heat

treatment (thermal conductivity = 1900 w/m°C). Addition of about 0.5 wt. % carbon micro

-4.



11. A conpliant and crosslinkable material according to claim1l wherein
said filler conprises said carbon mcro fibers and at |east one other

filler cogRyisspsssi|ver, copper, alum num and alloys thgigaig,hR9n
nitride, alumnumnitri de silver coated copper, silver coat eoP al um num

and carbon fibers; and m xtures thereof. 12. A conpliant and crosslinkabl e
mat er i a|ﬁba@qupwnpﬁgslgr@ﬁ@mﬁhyrmqemétf@nﬁalaqond@ézytty oﬁ@clpfybctrwn agfilablig el filler

conpri ses_subst herlc c es n
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anti oxi ganf, ov’EfHoo%ﬁlthdxﬁé?ér @Hi &éﬂﬁfdrﬂn%@ﬁ'd@an‘f@éﬁffin%{ g@%@ﬂhﬁh BEbLIt@ C' aim
7 wherein said antioxidant is present in an anount of 0.01 to . 1S

A di spensabhda pagtheofaboa SOao1l0D aunt, aaahﬂossessashemiaabcblﬁlunmlqualbowtstwbldr as an
interface material for electronic devices conprisi ng at | east one silicone
resin nithieatignes greates shan voifeothet comrgoreribaTciterabaying dipmatsrs gpter thar .y

conductive filler. 16. A sheet or film of a conpliant and crosslinkable
Taterl A usehgls diishl « BSRbARELIRLAd Al dYGEE SEILANGAEUAER oy | S! no
at | east one siI9cone resi |€ast - one Mancer and at

| east ongidohekd¥h ﬂﬁm@x@r@@béﬁésle&eb&vel IVeken chrbonAnidRs filbdds,@f g, (@J@ung weh, 6OT¥RY, 1 ant
and crosslinkable materi al conpr|5|nﬁ conbi ni ng at I'east one silicone resin

m Xt ur e ang addedtto tleassms)trhey denet my welhberewse tbmnleedtto insagtorasn e largepmentpf
conductiye A e further rising
For m atiteetap et BEOE e BR BER Ak CrfoifV el gtk RBaIEY i ng <0
clai m 1dwdveR&le ISQQI5RI tha rmahc@ mggesa%hcqlntmeaﬂb@h nfiSrodiehedh hefadiéd @
capabl e of bei’ng cut to size and appl as an interface between conponents

i n an elregh syatdnss tzhetvlnayerclzmzel}b\lamdmmmfof otlier iflsisng)\ gisatet dreoyrdlof carbon
conductivity_of a oI I risi I nCor por at i t herei n car m cro
P bere. dnter el e led e B eied bOB Fhartbets 1earcan i HgrbaThe
PCT/ US1 %8419%1;%&% tpmmg'a%%e& @hﬁlﬂit Rﬁth%syem tg(?mwb%'iy@gﬂe&?dl d carbon

mcro fiber present 1 n ah amount of | east about % or in a
ratio ofcooémdtmtynsf theaghérimabingerfape pmltmatercﬂ‘lrahly theastio Of @fhon2Ricrafipes teod

according.to claim21 fur risi, additionally incorporating a
filler T} vatipg‘{aqggggb%gﬁgiigg%glwqy © copper, alumnum and alloys

t hereof; boron nitride, alumnumnitride, silver coated copper, silver

coated al umi Wymals%%vﬁﬁﬁ%%ﬂs {d Resporaf\AbSthrklaiy 3phdrREr S0 partibibs 16
. A&s. Ah. AA. Ah. As. A. As V9&

maximize packing densxty Additionally, substantially spherical shapes or the like will also
provide some control of the thickness during compaction. Dispersion of filler particles can be
facilitated by addition of functional organo metallic coupling agents or wetting agents, such
as organosilane, organotitanate, organozirconium, etc. Typical particle sizes useful for fillers
in the resin material may be in the range of about 1-20 pm with a maximum of about 100 pm.
Antioxidants may be added to inhibit oxidation and thermal degradation of the resin mixture

gel. Typical useful antioxidants include Irganoz 1076, a phenol type of Irganox 5635, an
amine type, (at 0.01% to about 1 wt.%), available from Ciba Giegy of Hawthorme, New York.

To illustrate the inQention, a number of examples were prepared by mixing the
components described in Examples A through F below. The examples shown include one or
more of the optional additions, e.g., antioxidant, or wetability enhancer. The amounts of such
additions may vary but, generally, they may be usefully present in the following approximate
amounts (in wt. %): filler up to 95% of total (filler plus resins); wetability enhancer 0.1 to 5%
(of total); adhesion promoters 0.01 to 1% (of total) and antioxidant 0.01 to 1% (of total). It
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Epoxy silane and silanol terminated vinyl siloxane are adhesion promoting additives.
Organo-titanate acts a wetting enhancer to reduce paste viscosity and to increase filler
loading. The organo-titanate used was isopropyl triisostearyl titanate. General structure of
organo-titanate is RO-Ti{OXRY) where RO is a hydrolyzable group, X and Y are binder

functional groups. Aluminum spheres have particle sizes in the range of 1-20 um.

Thus, specific embodiments and applications of compliant and crosslinkable thermal
interface materials have been disclosed. It should be apparent, however, to those skilled in
the art that many more modifications besides those already described are possible without
departing from the inventive concepts herein. The inventive subject matter, therefore, is not to
be restricted except in the spirit of the appended claims. Moreover, in interpreting both the
specification and the claims, all terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms “comprises” and “comprising” should be

interpreted as referring to elements, components, or steps in a non-exclusive manner,
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devices comprising at least one silicone resin mixture, at least one wetting enhancer and at

least one thermally conductive filler.

2. The compliant and crosslinkable material of claim 1 wherein the at least one silicone

resin mixture comprises a vinyl terminated siloxane, a reinforcing additive, a crosslinker and

. catalyst.

3. The compliant and crosslinkable material of claim 2, wherein the vinyl terminated

siloxane is vinyl silicone.

4, The compliant and crosslinkable material of claim 2, wherein the reinforcing additive

is vinyl Q resin.

5. The compliant and crosslinkable material of claim 2, wherein the crosslinker

comprises a hydride functional siloxane.

6. The compliant and crosslinkable material of claim 2, wherein the catalyst comprises a

platinum complex.

7. The compliant and crosslinkable material of claim 6, wherein the platinum complex is

a platinum-vinylsiloxane compound.

8. The compliant and crosslinkable material of claim 1, wherein the wetting enhancer

comprises an organo-titanite compound.

9. A compliant and crosslinkable material according to claim 1 wherein said filler
comprises at least one of silver, copper, aluminum, and alloys thereof; boron nitride,
aluminum nitride, aluminum spheres, silver coated copper, silver coated aluminum, and

carbon fibers; and mixtures thereof.

10. A compliant and crosslinkable material according to claim 9 further comprising

carbon micro fibers in addition to at least one other filler.
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coated alummum and carbon fibers; and mixtures thereof

12. A compliant and crosslinkable material according to claim 1 wherein at least one

portion of said filler comprises substantially spherical particles.

13, A compliant and crosslinkable material according to claim 1 further comprising an

antioxidant.

14. A compliant and crosslinkable material according to claim 7 wherein said antioxidant

is present in an amount of 0.01 to 1 wt. %.

15. A dispensable paste of a compliant and crosslinkable material useful as an interface
“material for electronic devices comprising at least one silicone resin mixture, at least one

wetting enhancer and at least one thermally conductive filler.

16. A sheet or film of a compliant and crosslinkable material useful as an interface
material for electronic devices comprising at least one silicone resin mixture, at least one

wetting enhancer and at least one thermally conductive filler.

17. A method of making a compliant and crosslinkable material comprising combining at
least one silicone resin mixture with at least one wetting enhancer and at least one thermally

conductive filler.

18. A method according to claim 17 further comprising formulating a dispensable paste of

said material.

19. A method according to claim 17 further comprising molding said material as a sheet
or film capable of being cut to size and applied as an interface between components in an

electronic device.

20. A method of increasing the thermal conductivity of a polymer comprising

incorporating therein carbon micro fibers and at least one thermally conductive filler.
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