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THERMALLY CONDUCTIVE COMPOSITE MATERIAL .

-~ .TECHNICAL FIELD .- :

.The ‘-present:: invention :relates generally. to -an improved

composite! ‘material. .More ' specifically, the . present invention

-:relates to a: thermally conductive composite material that is easily

moldable: ori castable. s s
(ri v+ ooome. BACKGROUND. ART..:...

e X

¢ . .In the. heat.:sink - industries industries, ‘it has been well
known to employ metallic materials for thermal. . conductivity

.applications, .:such. as heat dissipation for cooling semiconductor

device. packages.. For these.applications; --such as heat sinks, the
metallic. . material typically:is. tooled - or machined from bulk metals
into the desired  configuration. ' .However,..such metallic :conductive

articles  :are typicélly.tverys-heavy, .costly -to machine and are

. shsceptible: to .corrosion. . . Further, the :geometries of machined

metallic heat :dissipating.articles are very .limited to the inherent
limitations . associated-with.the-machining or tooling process. As a
result, the. requirement : of. :use.. of . metallic materials .which are

machined ‘into the -desired-.form, place severe. limitations on heat

~.sink desi@n:particularqwhen:ithisuknownfthatTcertain-geometries,

simply :by .virtueof .their ,design,::would .realize .better efficiency
but.are not. attainable due:to the -limitations . .in machining metallic
articles. . e L ownov coh sl Lo L b E

- It is : widely.:known:-in :the . prior. art that improving the
overall geometry of.a heat:dissipating: article, .can greatly enhance
the overall. performance :0f the:rarticle:even 1if the .material is the
same. Therefore, .the;.need::for  improved..heat..sink..geometries
necessitated;ganggaiterhéfi#em;tb#:the;;machining of bulk metallic

. materials.. To meet:this.need, attempts have been.made in the prior

art to‘provideomoldedmcompositibns thatinclude: conductive filler
material-i therein .to. provide the: necessary. thermal. conductivity.
The: ability: to. mold a. conductive. composite enabled .the design of
more complex part geomefries to realize' improved performance of the
part. S T A S S AT A

. ;The attempts- in..the prior:art included the 'employment of a

. polymer base:matrix loaded_.with,fa:granular material, such as boxon

nitride grains. _Also,hattémptsQhavegbeen:made to. provide a polymer
base matrix loadgduwithxflékeélikeTfillergmaterial;;=These attempts

. are, indeed,J-moldable;:into'fcomplex; geometries: but..still do not

approach the desired .performance: levels: found in metallic machined
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parts. "'In addition, " known ' conductive plastic materials are
undesirable Dbecause they are typically very expensive to
manufacture because-theyyemploylvery expensive filler materials.
Still further, these:conductive :composite.materials must be molded
with extreme precision due:£0xc6ncerns of :filler:  alignment during
the molding process. -  Even :with. precision: melding: and design,
inherent problems of fluid turbulence,’ collisions with’ the mold due
to complex product’ geometries make it impossible to position the
filler 'ideally‘'thus causing: the ‘composition- to-perform far less
than desirable. - '

- Moreover, - the entire matrix of the .composition must be
satisfactory because heat transfer is ‘a bulk property rather than a
direct path property such:as' the.transfer of electricity. A Airect
path is needed :to...conduct:  electricity. However, heat is
transferred in bulk where. the entire volume of the body is employed
for 'the: transfer.’ Therefore, even:if a highly conductive narrow
conduit is provided~through5aichh lower conductive ‘body, the heat

- transfer would not.-beras ngood-:as .a body  which is consistently

marginally conductive - throughout -:the entire body. Therefore,

- consistency of -the thermal :conductivity of the entire matrix of the

composite Body-is-essentialfforﬂoverall high, thermal conductivity.
 In view of ‘the -foreqgoing,: -there.is  a:demand for  -a composite

-material that. is®highly thermally conductive. ' . In-addition, there

is a demand for a composite material that can be. molded or cast
into complex product-geometries..i There is:.also a demand for such a
moldable - article:'that *exhibits::thermal :conductivity:<as close as

possible’ to- purelyi.-metallic *conductive:*materials =while being

-relatively low:in cost to:manufacture. : :oivuns

e voora: DISCLOSURE OF " THE < INVENTION oo b P s

't st The present' invention.'preserves ‘the advantages of: prior art

- thermally s conductive .plastic*compositions.- - 'In: addition, it
-~ provides' . new: :advantages:@ not*:found r in:‘currently ' available

-+ compositions and “-overcomes  many . disadvantages'iof:'such currently

available -compositions. ¢ 0 Csfuacc e e g e e

The invention is generally directed to the novel:  and unique

.- thermally 'conductive ‘plastic: composite’ ' material'*with particular

application’in heat:sink applications wheretheat must:be moved from

one ‘region toanother.:to: avoiddevice failure.:::-The:. composite

‘material - of /the::present -invention <7enables 'a 'highly thermally

' conductive composite material -to'.bermanufactured at relatively low

cost. ° The conductive: molding composition of the present invention
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has a thermal : conductivity. above .22..W/m°K. The thermally

- conductive ‘composition .includes a- polymer .base matrix of, by
'volume, between 30iand; 60:percent:. - A first thermally conductive -
*filler, by  volume,- between- 25..and. 60 percent is provided in the

composition'that;has.a relatively .high .aspect ratio of :at least

710z 1, Also in: the : composition .mixture- - is a second . . thermally

conductive filler, by volume,:.:-between 10.and 25 percent that has a

~relatively:low:aspect.ratio-of.5:1, or less... . R

' During.the molding.process  of .the composition:of the present

invention, the mixture is introduced into a mold cavity:and flows

‘-into :the.: various part: geometries.. -The_ high: aspect ratio filler

generally aligns.:withn'the;fflow of ithe mixture. in the :-mold but
inherently leaves:: small. random .voids therebetween. : ' The: low aspect

.ratio filler  in:the-mixture: fills.the voids between the high aspect

ratio filler: in: the mixture: »As;-a ;result, the number of .interfaces

-and base ‘matrix :thickness between filler members is .greatly reduced

thus resulting in' thermal :conductivity and performance superior to
that found:in prior art thermally.composite.materials. .
- It+is therefore:an object 'of: the present:invention .to. provide

a conductive composite material that has a thermal, conductivity

- much greaterithan.found=ingpri0r art: composites. -

It is an object of the .present invention  to: .provide a

- conductive composite.material ithat -is. moldable. .

It is a further object of the present invention. to:provide a

:low. cost conductive .composite material..y . .r ;o

Another object of the present:.invention:  is to -provide a

‘conductive - composite material::that:enables the .molding of complex

part geometries, S oplke
It:isa.further, object. of the:present.invention to provide a
conductive composite material that..is.:significantly. lighter in

.weight than metallic.materialsi. .. . .:-.., T

It is yet a further ‘object of the present,.invention to

'-provide%hacjconductive_ﬁcoﬁpositqumaterial ‘that .has a thermal

conductivity close to puréfhétélliéﬁmaterials.uﬁ;'.1ﬂ;,!4ﬁ .
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-~ BRIEF_DESCRIPTION OF THE DRAWINGS °
#:. " The novel -features which'.are characteristic: of .the present

invention are ‘set! forth}:in'-theﬁ-appended claims.: ,. However, the
inventions preferred embodiments,' together:with- further objects and

5 attendant advantages, will.be.best understood by reference to the
following detailed ‘description :taken  in:. connection with the
accompanying drawings in-which: -

Fig. 1 is a cross~section of a prior art thermally conductive

- composite material:- employing alow -aspect ratio filler in a base
10 matrix; I S T T '

Fig. 2 is a cross-section.of:a prior art thermally conductive
composite material employing'.a:high aspect ratio in a base matrix
‘with - filler shown'in-theoreticaliideal alignment; .

-7 -~ Fig.' 3-is a cross-section of:a prior.art thermally condﬁétive
15 composite ‘material employing a high  aspect ratio filler in a base
matrix with filler:shown in-a realistic alignment after molding:;

Fig. - '4::-is*-a cross-section- of the thermally conductive
.composite"'material'tinw.accordéhce with - the' present invention

i employing  "both: high aspect " ratio :filler- and low . aspect ratio
20 C CERller; it S tmal s BmL i acreae
Fig. S5A*isia“top:view of a high aspectsratio:filler member of
a“flake-like/configuration; o= 1. vl
’ Fig. SBuisha%cross—sectional%vieWﬁthrough%the ‘line -5B-5B of
CFig.BA; G nennn gnesmsceg sdr S Hoet ool cied iy ; ;
25, Fig. 6A is a topiviewiof aihighaaspectfratio=filler=member of
-rarice-like configuration:: : - i S R TN TR ELT S
»+Fig. "6B‘iis 'a ‘cross-sectional  view through the line -6B-6B of
Fig. 6A; ' o
Fig. 71Ais a'top .view of a high: aspect:ratio: filler member of
30 - a’strand-like configuration; i+ v - T
Fig. 7B is a cross-sectional ‘view through the 1line 7B-7B of
3 V- ARy ) WL S R S R R TR . .
v "Fig. B8:'is a top view of:ahigh aspect: ratio:filler member of
a whisker-~like configuration; i
35 Fig. 9 is a top view of a low aspect ratio spheroid filler
member; and . '
Fig. 10 is a top view of a low aspect ratio grain filler

member.
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MODES FOR CARRYING. QUT THE. INVENTION

Referring ".first: .to-.Figs. . 1-3,. various prior art .composite

materials 10.and 30,:.which are readily commercially available, are

?? : .+ shown.- In particular, -theseprior art. composite materials 10 and

5 ..30-generally. show a. base-matrix of polymer .12, for example, with

different types of filler; material. 14 and 16. Each of these

compositions are shown in enlarged detail for.clarity and ease of

ﬂ% : " illustration.. :

" As. seen-.in Fig. :1, .a:-cross-sectional. view of. a prior art

©-10. .. composite material 10 with:a base polymer matrix 12 and spheroid
filler .14 is provided. . In.this -prior. art. example, the . base matrix
.12 is.loaded..with ;low aspect;ratio.filler .12 .which. typically has a
. length to.width.ratio:less: than 5:1. . For example, the mixture may

include, by volume, 40. base-,matrix,.andg_Goq_percent,”granular or
15 - : spheroid filler:.,. !:The base.polymer matrix 12 is, essentially, non-
conductive ;and. the, spheroid -filler: 14 is..a metallic.material or
boron nitrideiwhich: has:an independent thermal .conductivity of on

the order: of. approximately 400:W/m°K, .. . fe .
- As . can. be understoocd,:: the  loading: of thermally conductive
200 filler in a polymer base matrix will-render the material;thermallj
conductive: ﬁhile permitting .the. material ,to be moldable. When
employed as a.thermal cohductor, the material 10 must. thermally
transfer. heat .from, for example,,side: X to side Y of the material.
‘During.this transfer, heat ;must .travel- from heat .conductive filler
25: member to .the adjacent. heat conductive filler -member to.travel the
+ path from.X to Y.  :Since,.the, selected.filler in Fig. 1 .are low
aspect ratio granular ;or.spheroid: members, .heat must cross many
:interfaces .between , several ,filler .members, ,as .well ,as; the non-
.- conductive polymer residin§ therebetween.];The.more interfaces that
30 . heat must cross andgthe;mdre'polyﬁer;the heat must pass.. through,
'+ . the more: degraded.the:thermal; conductivity .will be. .: Furtherxr, too
much 1oading.of.filler;materiaszould prevent the base polymer from
. wetting: out . -resulting in..undesirable,,small air pockets . in the

. finished molded product. - Lty

35 : Turning .now,to(:Fig.;2, -an, ideal. prior .art .composition 20
"I+ w0+ shows:. the employmenty. of ;highkhaspect--ratio, filler, 16, within a
: polymer base matrix¢12.muFigg¢2$illhst:atesﬁthe§effortSﬁto solve

.the . aforementioned . probléms |;associated with ; having,;too many

. v nii woninterfaces| anditoo ;much polymer ;between: the two; points .. of heat
;} . 4m5ﬁtravel;;wFig..2pshowsqah”idealmcombositiong20”whereghigh aspect
' ratio.filler 16 is; perfectly aligned within. polymer base matrix 12.



WO 00/44823 . - : ++ PCT/US99/23950

10 ¢

15

’ 20

25

35

40

In this ideal composition™ 20,“ high’ aspect’ ratio filler 16 aligns .
perfectly to reduce .the 'number: of - interfaces the heat must cross

-‘and the volume:of polymer 12 the heat must travel through.- In this

ideal composition, only two.or’ three interfaces are -encountered
when going from point X 'to 'Y ‘astopposed tothe :7 or '8 encountered

by composition 10 shown 'in ‘Fig.: 1.

While composition® 20 shown in Fig.:2 ~is ideal and preferred,

it is wvirtually impossible to achieve in the  field. This is’

" primary due‘‘to''geometry-i:ofi:the -part : to: be.i'molded. As stated

earlier, one' of ‘the!“primary “reasons for: :employing: a thermally
conductive plastic composition 'is: that it 'is moldable into more

complex’ geometries ‘to' achieve. better heat ‘dissipation. Therefore,

" intricate  part geometries are typically encountered. when mélding

""thermally conductive polymer materials.

' With these intricate. geometries, turbulence of the flow of

the "filler loaded matrix‘-is common resulting in collisions of the

-fillermaterial"and non-uniform alignment. /< While iparallel aligned.
~ of the high aspect ratio filler’ is .obviously: preferred,:iit cannot
/'be’ attained.! Further,:ithe‘“‘turbulence-of’ flowrand ‘collisions with
* edges’ " of“‘the ! mold'often* breaks . 'the ‘high:-aspect 'ratio filler

particularly when it"hasfan‘*aspect ‘ratiolarger than!20:1. Fig. 3

*“-illustrates a’:realistic composition :30.with's filler«~16 being
"'somewhat-aligned to adjacent"filler 16 within 'polymer:12.: Fig. 3

is- what'‘is ‘encountered:'in the-field, due' to :the inherent- problems

" associated with molding material -with 'filler.therein, as opposed to
"~ the -theoreticallyiideal #arrangement < shown in E"ig. 2. i'As can be
'seen 'in*Fig,""'3,' the''number:'-of !interfaces'<or transitions from one
"~ filler 16 to -another 'to :travel ‘from' point- X .'to--¥ -is:@reduced as
‘compared to Fig.'1l, however,’the volume "of non~thermally .conductive
30 ¢

polymer material in ‘thepath of "travel is “increased thus greatly

"reducing the 'overall ' conductivity': of *the'rcomposition through the

path: X to Y. Further, ‘breakage‘of the high ‘aspectratio' filler 16
will cause ‘the' thermal conductivity of the .composition' to degrade

as well. AT S T

" Turning now: to 'Fig. 4, a composition -100:0of the present

‘‘'invention ‘is shown. ‘Composition "100:includes- a base -matrix 112
"which is preferably 'a’'polymerimaterial, ‘such as-a liquid crystal
" polymer. ' Loaded into.-the: polymer:i"base matrix- 112 are :low aspect
-ratio filler 114 and‘*high aspect ratio filler 116 which are both

highly ‘thermally conductive: materials. “The presenti-invention is

‘i the employment of both’ low aspect iratio’ filler 114’ and ‘high aspect
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, ratio filler 116 within the same base matrix 112. As shown in Fig.

3, perfect parallel alignment of high aspect ration filler 116 is

not possible. . As a result, too many voids between the poorly

. aligned - high .aspect ratio filler . 116 would exist.  The present

invention , employs low  aspect filler 114  to £fills.. the voids
naturally left between. adjacent high aspect ratio filler due to

-turbulence during molding and .complex mold geometries.  As a result
. of the employment. of both low aspect. ratio,filler and high aspect
. ratio. filler within the same  composition, the overall number of

transitions  surfaces .can .be greatly .reduced while  replacing the
voids with  low.aspect ratic filler which were previously filled
with non-thermally conductive polymer as shown in Fig. 3.

The present invention :100,. as .shown .in .Fig. 4, includes a
base matrix 112 . which 1is. preferably manufactured of -a liquid
crystal. polymer. . Liquid, crystal polymer is preferred due to its
highly , crystalline _naturé cand : its natural. tendency: to. align the
filled loaded, therein.. . Various .other. types of polymers can be
employed.. Further, the base.matrix may be of metallic material if
die casting. of the thermally 'conductive body .is. required for the

‘application,, : we b L

As shoﬁn in Figs. 5-8, various different types of high aspect
ratio filler may be employed and still be- within the .scope of the
present invention. As shown in Figs. 5A and ‘5B, high aspect ratio

- filler. 116 is shown as a flake-like.or .plate-like configuration 122

with a2 length L and thickness T. Figs. 6A and.;6B. illustrate
another high aspect ratio .filler 116 which is shown to be in a
rice-like configuration 124.with,  length L and thickness T. Figs.
7A and 7B shown a strand-like,configuration..126 with a.length L and
thickness ,T. Fig. 8 shows.a whisker,.configuration- 128 with length
L and.thickness T.. ,For example, .it -is _:preferred.-thét the high
aspect ratio filler be.carbon, flakes .that are .2/1000 to 4/1000 of
an inch thick while being 40/1000 of an inch - long .to .realize a

_minimum K aspect . ratioc .of .approximately 10:1. The -aspect.: ration

would. preferably.be ,as high;as..50:1 or -even greater. .:.While such

; dimensions: are.preferred, , other sizes of -high.aspect. ratio filler
. may . be employed .. depending #zon-. :the ~,application., at'; hand.

Alternatively, carbon, .fiber that. is: 200: microns. in  diameter may
also be employed.

In each of these configurations shown in Figs. 5-8, which are
suitable for employment in the ‘present invention, the aspect ratio
of length L to thickness T is at least 10:1. Further, the material
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employed for the high‘‘aspect ratio filler '116 may be aluminum,
alumina, copper, magnesium,:brass®and carbon.

"Turning now to Figs. 9 and /10, two examples of suitable low

.aspect ratio filler configurations''are “shown. ‘'Fig.: 9 ‘shows a

substantially’ spheroid 'filler :configuration '130: where the' diameter
of ' the member: is' D.. - As 'a’result, the ‘aspect .of this filler
configuration' “is ‘approximately: 1:1. ' In addition, Fig. 10
illustrates a grain-like:or granular’ filler configuration 132 to

'serve 'as the low'-’aspect- ratio -filler /'114. - This granular
-configuration 132.is 'somewhat. random in shape and may have height H

to width W ratio of 2:1,'or the like.’' The low aspect ratio filler
114, *in. accordance with:the 'present: invention, 'is of '‘a ratio of 5:1

~or ‘less.. . Further,-the material-:employed for -the low aspect ratio

filler 114'mabeeFaluminum,=alumina,hcopper);magnesium,-brasé and

- carbon.  * 'The "low aspect” ratioi filler is preferably -approximately
:10/1000 of "an'’inch:.'in-diameter #or:‘along its ‘width but’may be of
- different sizes’ depending- on“the‘application- at’hand.

"In the: composite mixture of " the present’ 'invention, it is

" preferred that,iby volume,the base matrix 112 be 30 to 60 percent;

that the high aspect ratio filler 116 be 25 to 50 percent; and that
the ' low aspectratio:'filler':114:'be 10 to '25 percent. With the

| foregoing‘disclosed’ranges,“high5volume loading ‘and proper wet-out

can be-achieved. i / T et
Below is® an''example and:preferred embodiment'of the'present

“invention. '

" EXAMPLE
" A -base matrix of:liquid’ crystal polymer is provided as 50
percent (by volume)}  of the' composition mixture. " High aspect ratio
carbon flakes, with -an “aspect "ratio’ of approximately 50:1 and
independent thermal  ‘conductivity®of approximately 800 W/m°K, are

provided ‘as approximately 35 percent (by volume) of the composition

-mixture. - - Finally, 15 percent | (by volume) of boron ' nitride

granules, with an- aspect ratio of approximately 4:1'and independent
thermal conductivity of approximately 400 W/m°K,’ are provided.

The comparison below illustrates'the thermal conductivity of
the prior' art "compositions- shown''in ‘Figs.”1.-and 3 as compared to

the composition of the present:invention shown in Fig."4.

T b s
€ Pgn il . .':.!
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Base High Aspect Ratio | Low Aspect  Ratio | Thermal |

I | Polymer | Filler - Filler “+ - ] conductivity
ceni il i3l Lo by +(by. volume): 'r 1 o] (by volume) -, .| (W/m°K)

oo ' o volume) : S ;

e Prior Art . 60% Boron Nitride

5 G o] (Fig. 1) 0% Lep N/ Grains 19

i © "[erior Art 508 Carbon Fiber :

Hoor (Fig. 3) 50% LCP | Random Lengths N/A 22
&‘ Min 50:1 Aspect Ratio Lot Ry
.. .| Present ., ... | 35% Carbon Fiber . L
R Invention | 50% LCP | Rangoon Lengths éi:in:oron Nitride 28

i - (Fig..4) & + .} Min 50:1.Aspect .Ratio )

ﬁ . In view of the fete901ng, 'ah‘superlor Imolaabie highly
lthermallﬁ conductlve cohposxte matetlal can "be realized. The
'composition of the present 1nvention, greatly 1mproves over prior
5 art attempts to, provzde such a moldable heat conductive’ material.
In particular, the present lnventlon, prov1des thermal conduct1v1ty
that is vastly 1mproved over known eompos1txons to permlt complex
part geometrles to achleve mqre eff1c1ent heat 51nk dev;ces

_ It would be appre.c.:.;a‘tied by those skllled J.n the ‘art that

10 varlous changes and'nodlflcatlons can be " made to the illustrated
.embodlments w1thout departlng from' the‘ sp1r1t of the present
lnvention._ All such modlflcatlons and changes are 1ntended to be

covered by the appended claims.l

This Shee

LT




C }/j\,\

1O~

<

W\

‘aspect ratlo of lese than 5 1.

THIS SHEET HAS BEEN

WO 00/44823 REPLACED . - PCT/US99/23950

10

WHAT IS CLAIMED IS:. ~+. | -ii77% . .07 ¥
1. Ay hlgh thermally conductlve moldlng comp051tlon havxng a

H i

thermal conduct;v;ty above 22 W/m°K, comprlslng'ﬁ”"]

a polymer base™ matrlx tof,: _by volume, between 30 and 60
: iy S i .

’ o

percent,

a -first . thermally conductlve flller[ by'volume, betneen 25
and 60 percent. said’ flrst thermally conductive filler bhaving an
aspect ratlo of at least 10: 1, and

a second thermally conductlve f;ller, by volume, between 10

_and 25 percent,lsald second thermally conductlve flller hav;ng an

- RSN LA B R SO I

2. _ The moldlng comp051t10n of Clalm 1, whereln sald polymer base
matrlx is a 11qu1d crystal polymer. o C
3._ The moldlng compOSLtlon of Clalm 1,' whereln said first

.thermally conductlve fll;er is. flake-llke 1n shape.'

!

__4.,”“ The moldlng composltlon of Clalm 1,' wherein said first

thermally conductlve flller ‘is’ rlce—llke 1n shape.”

5. The moldlng compOSLtlon' of Clalm '1,' whereln”'caid first

thermally conductlve flller is strand-llke ln shape._

6. The molding comp031txon “iSf Claim ‘1, “'wherein ‘said first
thermally conductive filler is whisker-like in shape.

7. The molding composition of Claim 1, wherein said first
thermally conductive filler is a metallic material selected from
the group consisting of aluminum, alumina, copper, magnesium and
brass.

8. The molding composition of Claim 1, wherein said first
thermally conductive filler is carbon material.

9. The molding composition of Claim 1, wherein said second
thermally conductive filler is spheroid in shape.

10. The molding composition of Claim 1, wherein said second
thermally conductive filler is grain~like in shape.

11. The molding composition of Claim 1, wherein said second
thermally conductive filler is a metallic material selected from
the group consisting of aluminum, alumina, copper, megnesium and
brass.

12. The molding composition of Claim 1, wherein said second
thermally conductive filler is boron nitride. -

13. The molding composition of Claim 1, wherein said second
thermally conductive filler is carbon.

een Replaced
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lé. The molding composition of Claim 1, wherein said polymer base
is of.- approximately 50 perceht by volume; said first thermally

conductive filler is of approximately 35 percent by volume; and

said second thermally conductive filler if of approximately 15
percent by volume. i L

15. A thermally conducfive ‘polymer composition comprising a
mixture of a polymer and  a first thermally ‘conductive filler
material and a second thermaily'cbhductive filler material; said
first thermally conductive filler material having an aspect ration
greater than 10:1; said second thermally conductive filler material

having an aspect ratio less than 5:1,.

16. The polymer composition of Claim 15, wherein said polymer is
a liquid crystal polymer.
17. The polymer composition of Claim 15, wherein said first
thermally conductive filler material is carbon flakes.
18. The polymer composition of Claim 15, wherein said second
- thermally conductive filler material is boron nitride grains.
Yl 19. The polymer composition of Claim 15, wherein said composition
has a thermal conductivity over 23 W/m°K.
?% 20. A thermally conductive composition, comprising:
Q a base matrix material;

a first thermally conductive filler material of a relatively
high aspect ratio configuration; and

a second thermally conductive filler matérial of a relatively
% . 7 low aspect ratio configuration,
o o 2L, The thermally conductive composition of Claim 20, wherein
A said base matrix material is metallic material.
22. The thermally conductive composition of Claim 20, wherein
said base matrix material is a polymer.
5 23. The thermally conductive composition of Claim 20, wherein
% ' said first thermally conductive filler material has an aspect ratio
T of at least 10:1.

24, The thermally conductive composition of Claim 20, wherein

¢ said second thermally conductive filler material has an aspect

ratio of 5:1 or less.

L LT T T



