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(57) Abstract

aspect ratio of 5:1 or less, - T o

A conductive molding composition (100), with a thermal conductivity
above 22 W/m°K, Is provided. The thermally conductive composition (100) -
includes a polymer base matrix (12) of, by volume, between 30 and 60 percent,
A first thermal}y conductive filler (116),'by volume, between 25 and 60 percent™ 1™ 55 % v
is provided in the composition that has a relativcly high aspect ratio of at least
10:1. Also in.the composition mixture (100) is a second thermally conductive «
filler (114), by volume, between 10 and 25 percent that has a relatively low

(54) Title: THERMALLY CONDUCTIVE COMPOSITE MATERIAL
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.5|nply by virtue of their design,. would realize better efficiency but
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.In- the. heat-:_s:v.nk .1ndust’ries industPEY,USO9/ R8950een 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.i',verys -heavy, ,cdstly .to . machine and are

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

20

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 de'si'gn: particular.--.when. :it:..isknown s that: certain. geometries,

25,

30

35,

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 I E R

- 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 gjgfan';g,::'aiterh"a""c'ilv'e.__,.;-tb'f-t;r;thejg_._i__machining of bulk metallic

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

art to’providecmolded: compositions 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 geomet'ries 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

40

nitride grains. _Al'so,&,a'tt'e'mptsQhave:_-been-_:made to. provide a polymer
base matrix loadgd-:,withi;fléke'-like-;.-fillerg.material'.:_= These attempts

. are, indeed,.i-moldable';--..-int:o'.-'complex; geometries: but..still do not

approach the desired .performance: levels: found in metallic machined



parts In addition, known conductive plastic materials are
“undesirabl e because they are typically very expensive to
“imanufacture because they enploy very expensive filler material SpcT/US9sIoké
“further, t hes¥OBH& Kt i ve conposite materials nust be nolded 5 /Uh

..extrenme precision due to concerns of filler alignnment during t he

ol di ng process. Even with precision noRding and design,

“inherent problens of fluid turbulence, collisions with the nold due to
- conpl ex product geonetries nake it inpossible to position the filler
ideally thus caysirng. the@ncomgdsidcn,of known pehduenivar dlessidOmatheinls are
~.desirabl e. undes1P‘4¥l@0V§EcausTehe thePl i e ”%Elf)ié%ll f v&ﬂe SPERQSHL | OFp

- nust  be sat | sf ecause eat transfer rtx r at hir
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+di rect pat h Stiigl frexdded, these: confingsive etamposies tmyterlals mRpieee molded

f-’!heat is 15 stransheeketbmenpbedilsivheade tdecdddbifie of0leiiNBer0falt §Emdadyiuk Sng
enpl oyed for,Lh emold@n fgtooresETher & Sus BV Predibidh. Qunafttlxgcgttgwéesg&n

narr ow conduj t a nuch |'ower conductive
"heat t ransf e‘r“h\ﬁbﬁ‘l“d Pﬁeltle"ﬁe°f afsl“lao‘b‘ti‘ba’%e“%te'b&&§rl’\/ﬁ’rf’8ﬁ W%hcbhﬁl’%ﬂlén?‘ﬁ/
.marginal ly conduectdomglest Iprodydtoiugeomeheiesemakee ithddyessibldhes eparieio@Othe

.consi stency of tﬂQlEPeEB@JllgoemtééUStJ.YlFthhEh%oﬁ&;dlE?orﬁa‘EJJ;Xe::Q:'forﬁ\hQar less
-‘conposite bo y %PES erttl for overall high thermal conductivity

“In view of t]he f THF °tHere is a demand for a corposite =~ material
ithat is highly ther rmfﬂqrf%ﬁmduﬁlﬁ ventirg nmawiix | 6f, thhercemposition dwipindee
.-for a conposite smtefaddort aicacemn rhatnﬂia}miearlsasbu%prbﬁénycmaﬂ’n@( than a

- pr oduct - geomatcﬁr@ét path J,_prreﬁt 's%cha£§Q:H% tgm%g éf_O e188GH c3t A direct
“nol dable. article that conductivity as Yos

‘possible to pdPsPy S rﬁ?f’g?‘l'll cSﬂB% Skl vé’leﬁﬁ’f’é‘t“lt& s W?Ye@f bg‘leﬁb
relatively 18w itrapsferzed inrpuik athegeethe entire volume of the HoP@CLOSWRECYH

“THE | NVENTI ON. 30for ‘the * t1dMB£PF £SCTHerelf BYEN! &tk U SEhY@Sly tddadachiaRt agesowf

prior art onHQN Y r&&%‘ZHCEA%SI hp%arﬁxgcl:hc 10‘%8: c%%d\t{lé&r\]% ‘body, 'the heat
‘faddi tion, it i'de8 v i
“currentl y avalqr&apger would  not.-be-ras -.good: as a body which is cons;stently

marginally conductive - throughout -:the entire body. Therefore,
20 - 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
25 - into complex product- geometries..# 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. ::nivuiis
oo o v e DISCLOSURE OF "THE < INVENTION ot f b

30 .+ :t -« The present' invention.preserves ‘the advantages of: prior art
- thermally i: conductive .plastic~compositions. - - 'In: addition, it
- provides' ..new: ‘:advantages notwmufound rin :«<currently - available

-+ compositions and-overcomes" many disadvantages'iofi'such currently
available compositions.' " R AL N

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 toranother.: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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"'corrposjtions and overconmes nmany disadvantages of such currently

vavai |l abl e conp03|t|ons The invention is generally directed to
‘the novel rand worogus3 thermal |y conductive plastic conposiperigbesioss
i th particul ar application'in heat sink applications where heat nust
,be nmoved from one region to another to agoi d device failure. The
.‘conposi te material of the present invention enables a highly

“t her mal | y conductive conposite material to be nmanufactured at

irel ativel y low .5C08t ¢S, cgg%%bylgagol q)logg %gnpgfli | on O'rhé hethgin%slelr;t

nlnventlon
‘PCT/ US99/ 23950 - conductive  ‘composition . includes a. polymer .base matrix 8f, by

has a _ther mal voDurdiCbettideyy 3abavia ;. 682peY¥dHt.: - AThﬁrstt We%ﬁéi])& conductlve :
sconductive COITpQ§L{ér(')nb%I ggilﬂges be@wggrl yg%? andt tthﬁ%qnlt 18()'?&-8&_?% in the

nvolune, between 30
“filler, by vol un€°‘“p°5éﬁ7ﬁ-:"erf:h25 é?ﬁa ‘80 TSAPEEIALY igh mﬁméé FAtiheof :at least

fconposi tion that 10:has Aase eliat ithel:ycdmpghitiaspecixtord i 9s 0k alecbRaSithermally
310: 1. Also in chbhduictCed Az O'Ey Xt € betSeen? 1§ GRS 5 Rgp@e[gl:qakkyt has a

sconductive fille % en 10 25 percent t
Irelatively 1ow a%%%a%%év?P :18"0?39\?‘-'& A egga’?q Tess... .

5Duringt he ‘nol'di ng- . pr Beeiag  she nHdipgnprasiesisont ghet henqusesam dfntaat pdsent
't he m xture is i mﬁvamlu@red thet fitcurel dsCauttdbucadtidtbOWSmold cav:.t:r and flows

| nto the vari 0U§n$@réhe9%QPFJJs' Pare. g-ggxﬁetqu gh qggeglghr aatslpect ratlo filler
generally aligns :with- ‘the;{ flow .of {the mixture. in the.-mold but
inherently 1eavesrsmalL.random.voxdshtherebetween.;-Theilow 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 greater than .found: 1n :prior art:composites. - '
It is an object of the .present ;invention .to: .provide a
5 - conductive composite.material ithat-is:moldable. .
. It is a further object of the present invention. to:provide a
i . - .low. cost conductive .composite material..y . ¢ oo .
3 Another object of the present:.invention:  is to -provide a
‘conductive - composite material::that:enables the .molding of complex
10 part geometries. A SN
It:isa.further, object. of the:present.invention to provide a
conductive composite material that..is.:significantly. lighter in
-weight than metallic.materialsi...-:c..0 ., a4y . '
It is yet a further ‘object of the present,.invention to
.15 ;, provide::a ~iconductive *coﬁposite{,material ‘that .has a thermal
J conductivity close to pure: metalllc materials. i, o2t

N T, Sy e g o . .
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. generally aligns wth the flowof the mxture in the -nold but

i nherently | eaves "small random voi ds t herebetween. The | ow aspect
cratio filler in the mxture fills the voids between the h'gﬂ;@ 950
“ratio filler WOR04483 ni xture. As aresult, the nunber of int %93

and base matrix thickness between filler nmenbers is greatly reduced

thus resulting in thermal conductivity and perfornmance superior to

that found in prior art thermally conposite . mterials.

i1t is therefore an object of the present invention to provide

. a conductive conposite materiabrRiBrabESerIpaIdhOFNMBHE DRBWINGStT Vi t Y

much greater than, fo%g hgv&r'ﬂratm;és %Roﬁké eéharactern.s ic: of .the present
It is an object of nvention to provide a

5 conductive cdfﬁb‘b’%ﬁlf’é Rt éFFaIf“‘E’ha’r“lEhe n?}?Hfé‘BF% claims.. . However, the
It is a further iobgradonefprelfer prde spnddimeutnt itogether -pivvifdetizer objects and

| ow cost CO”QUCEEV&&QWQ&athaQPQ ervh@h. be . best understood by - refered¥iOlthelthe

ObJ ect of the Qi c)SwEJ:.nt IcE]th%n& cFO] descr tler Otaken co]pnectlo with the
conducti ve corrp03| tefial that" enadl es the ol d| onpl ex
10 part geonet raF‘é%‘“Pa"‘Ylng drawings in-which: ==t jg g furt her, object of

the present inventi gugtol @sorid®sa~section of a prior. arccmtémmaimse coodiadivee

mat eri al that . cox‘nﬁosn:%' gﬂéﬂzﬁ@nu\ﬁioyhhgm Clow 'a@ ect ratio filler in Vﬁ'rﬂgg
~than netallic materjals F Is yet a further

obj ect of tHh& pr'“éE’é’rﬁ invention “to "7 - 15 " provide a
conductive conposi tFég. 2 et @reress-sdrition pfsa priqrherpgyhermally conductive
~conductivity cl @sfpdsQtpUn&ed¥RbhAl digloPBierd: ligh aspect : rathl QA/ 44823 matrix

PCT/ US99/ 23950 ‘with - filler shown'in-theoreticaliideal alignment;

-7 -~ Fig.' 3-is a cross-section of:a prior.art thermally condﬁ.ctive
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
.composit'e" "material - :in-. accorda:hce with - the' present invention
i employing  "both: high aspect ratio -ifiller: and 1low . aspect ratio

20 ' *filler; ot v nal R R T LR BT .
Fig. S5A*isia“top:view of a high aspectsratio:filler member of

a’ flake like/configuration; o7 1. vl

Fig. 5B-isi:;a‘‘cross-sectional«view:through:the line 5B-5B of
TFig.BA; i e gnewstig sy L ks ' ; _
25, Fig. 6A is a topiviewiof a'!high%:aspect'fratio=filler-- member of

i . f ]

-ra‘rice-like configuration:-: : - =i S T U T

»+Fig. "6B‘iis 'a ‘cross-sectional  view through the line -6B-6B of
Fig. 6A; ' R
Fig. 71Ais a'top .view of a high: aspect:ratio: filler member of
30 -a‘strand-like configuration; i* ‘v ¢ il e s
Fig. 7B is a cross-sectional ‘view through the 1line 7B-7B of
3 V- ARy ) WL S R S R R TR , o
¢+ "Fig. B:-is a top-view of:a'high aspect: ratio:filler member of
a whisker-like configuration; it
35 Fig. 9 is a top view of a low aspect ratio spherocid filler
member; and . '
Fig. 10 is a top view of a low aspect ratio grain filler

member.



54 BRI EF DESCRI PTI ON OF THE DRAW NGS The novel

+if eat utres which are characteristic of the present I nvention are set
Sfarth ing hevoIpRaRsled clai ms. However, the I nvent i onspde§HIA396h
“enbodi nents, togethér with further obj ects and 5 attendant advant ages,
=W Il be best understood by reference to the , following detailed

f:{descri ption taken in connection with the acconpanyi ng drawi ngs in
- whi ch: Fig. 1 is a cross- section of a prior art thermally
-+ conducti ve conposite materi al - | Qyi SPES e o 0 filler in a

iibase 10 matrix; Fig. ‘art -
thermal |y conduct i ve Redonpiowi tfdratit .bei: Eiqserrpll'@yl grieps mrgnragpectcommalae

n' a base natri Xmaten\wghmlérlderaoshmmm &rd heaaely ahmeidiQaly advagnapry,; are
4Fig."3 is a cross gsec“ gar 3 Jl'a?r ahetfsl t{JP{o@a'a'rY %:@%‘é% é"meate?lafso’ﬁ{bﬁs'

“material enployi ig-a hi
j;_.,gfl [ler shown Pn-& rsamr@tlllx all‘?‘grﬁré’t‘?f’ea‘f‘i’@rlxrrﬁlfdi’?ﬂqﬂ“er 12, for mexgmpley wigh
Za cross-sectiondidferenie typher pal Ifylleonduerisk: 14-. asdnPosi t Eachatodr i eese
#in accordance c\%\ﬁ&n&bﬁs PLIR/MNn WAL detalqmbpyemuposka éusqh of
Jaspect ratio fil Ier and low aspect ratio 20 fil 5A
%is a top view of gl H?tg‘ﬁté%'bect ratiofil I'er nmenber :of " a
“if | ake- i kei conf i gur at idgn;seen -.in FigFily. -&Bioss-seationsl seigw oifala. \pEwr art
#through the -Ligne c%gpéﬁt@f materifEhg10 5ﬁh 25 base pofym@r Rérdik aat GBdVbﬁWer:flda

hi gh aspect rati g il g, ”?\’;% il pLAMS gkg% %%@f%%%‘i‘é' %he . Base mdtrdx

46B is a cross- sectlonal vi e roug h t
Fig. 7Ais a toﬁ-’- i3 e\ﬁaéﬁda"‘mhgpﬁ“asa&@&?t 2. FiULEEr 1ehpeR "d‘lplcally has a

. length to.width.ratio:less: than 5:1. . For example, the mixture may

include, by wvolume, 40, base  matrix .and: 60, 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, .. . _ :
- As . can. -be  understocd,:: the  loading: of thermally conductlve
200 filler in a polymer base matrix will-render the materlall,,thermally
‘ . conductive: i':hile 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 residiné therebetween. .i The. more interfaces that
30 . heat must cross and .;:the_.;mo're' polyrﬁer ithe heat must pass.. through,
'+ . the more: degraded.the:thermal; conductivity .will be. .: Furtherxr, too
much loading.of filler: material .would 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 _,'high s.aspect - ratio filler. 16, within a
: polymer base matrix.!_12.,,., -;:'E‘ig;-1.5_-,2,..,.-.illlustr_at;es,-.;.the;_efforts‘-f;.to solve
.cng;, .the . aforementioned ;:problémsj;associated with ; having, too many
. v wpinterfaces anditoo ;much polymer ;between:’ the two; points.of heat
, . 40,; .travel, ::.Fig. .2 ¢shows. an.ideal..composition; 20.,where :high aspect
' ratio.filler 16 is; perfectly aligned within. polymer base matrix 12.



+30 a strand-like configuration; Fig. 7B is a cross-sectional view

"'t hrough the line 7B-7B of Fig. 7A ' Fig. 8is a
“itap view of. a ect ratio filler menber of a whi sker.-|

iconfigurati on%gp“%o Fig. 9is atop view of a | ow aspect ratﬁdg‘?%sgﬁfezg%slod

= filler menber; and Fig. 10 is a top view of a | ow aspect ratio

cgrain filler merber . WD 00/ 44883

.PCT/ US99/ 23950 5

~i{MODES FOR CARRYI NG QUT THE | NVENTI ON Referring first to Figs.

1-3, various pribr thits ddapbstampositionn@fethigh” agpeghdrabio fikhexh @raligns
readily commercigddsecaypi i@-ltlle@ucéir&he numb@hoam 1ndell~|f|@6é§ | €riel Akat L MERE cross
_.__pl’l or art COFTpOSI t tel’l al S e W e tr

S e Sl ot Bolililr 12 ol nASPA A ¥r§&g fARe. TRl hks

5f‘__‘jof polymer 12, or exa eren
material 14 , antpepd. C°“‘E8%’H=18P' Pk gtwo - or’ “'c‘b’r?ﬁosﬁ“ttFB e&ré‘rghﬁﬁ/ﬁmi"ﬁ"md
~ienl ar ged detaﬂl flom goang tfroanpoigasy ‘0 'Y "asroppbkedtucatthen? or 8Asnsewrterien

: :;Fl g. 1, a crosgyenpb&dbn M gm,,,m‘ indriddf hor-;art 10 . conposite materi al
10 with a base pol yner. matri x nd,, spherojd

le compos:. 1on own 1in Fig.:2is 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
10 ' 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. . :

15 - ' 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
“I'be’ attained.! Further,:ithe‘“‘turbulence-of’ flow:and ‘collisions with

' '20 '+ edges’ " of*'the ! mold'"often". breaks. 'the ‘high:raspect ‘ratio filler
particularly when it" has*an*aspect "ratio!larger than:20:1. Fig. 3

“f7.illustrates a’:realistic composition 30‘:with'i 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
25 “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 ‘the':path 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. R ;
35 -+ " Turning ‘now- to 'Fig. 4, a ‘composition .100:of 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
40 -~ highly ‘thermally conductive: materials. 'i“The present:invention is
‘i the employment of both’ low aspect iratio’ filler 114’ and ‘high aspect




s e

fflller 14 is provided. In this prior "art exanple, the base matrix
“t12 is loaded with - | ow aspect ratio filler 12.which.typically has a
slength to width ratio |essthan 5:1. For exanple, the mxturel;ayus9ig3950

(i nclude, "By WA MBS 40 base matrix and 60 percent, granular or
.

tspheroid filler. The base polymer matrix 12 is, essentially, non-
“iconductive sand. the spheroid filler- 14 is a netallic material or
‘;'--'.;j'?boron nitride which has an i ndependent t hermal conductivity of on t he
iorder of approximately 400 Wnierr]K. As can be understood, the

il oadi ng of thermadtip fiblemdlitd mishimp(hef pamebasg atydK yhier bAg eSherprin Figh |
irender the materbal ﬁ)extflaef @Aﬂanel ahgﬁx@é}dﬂ(&ﬂ WE€gh WEPe@t PEstNidnt ifATled @6 is

‘material to dablﬁng WIRD & resu {Tgr Qgedm?ansyf avJL'A%‘r %ng&ndﬁxﬁ Yoo r&he

material 10 rrusf’°ttﬁ 7S trans Or ~exa
. X to side Y of thbignedribagh aspect BaEthgiihler tlrléngpéid ﬂé’aitt mus het?’%f\fér*t
wifrem heat conduskdntod i, lemploys25lowenispect o flihkeradjlacento. ; idhls. . ¢baductidye

3filler member topntavghyt i beeaééhfsdamcénwmgh as%eeeersbfo saliect ade to
_-Jflllerln Fig 1 relo ?g gtlo r anul ?r or Fesroulsare zt
fheat nust cross H%H‘\?e“ce during mp ’c'},gsaB { GBI E APPSO S ndRbar ey

swel | as the nonof the emplawesticfe heshydew asnsicti petichdidlen vaeen highspror e
yinterfaces that r36io hBalefUsithGhO%he aBsme t BENPERE €1 )| WHRI oivBLaeatumBYSt of
. ,pass . thr OUQQO transﬂ:h rr Bg'fag r qfqmt hﬁﬁéah@?{r”?led&c%'&d%%gig' EXpHJthb%he

Further, too Ter woul d preve
“4pol ymer from vou&eemlthgle'masneegmrma £1Her, Mich HPT RERiPuSLy (filled
‘jpockets in thewith nonftherséldy rotdiedipe qilymer a35shown iff URigi-n@. now to

xFlg 2, an ideal priefe aﬁsﬁesgaerpwetnwan 260, . as ssafaawslﬁhm@rrm oyiENhidedf a
“hi gh aspect éat I O | magrix 12,

tFig. 2 illustrat8¥%n® t'e’:f"f‘oe"tlg t(])hlggl Ve t’ﬁ%etaefrg?]épne’ﬁ%ll ongguzberdob?ens Liguid
‘associ at ed wit h, St¥rpelngotysT - mahidyish eryaees radamenols MrehepERd Mse et heen
‘the two points ohidiaat, c49sta1aved . nathiirg...and - LheWaatiraldeahdeaiyp o ta1d8n 26he

“where high aspecffmed lohddd Oeerblfr 1%&%&6@&9}' ¥yAld 05edp i S0 PRk Y NBL

.:base matrix 12
. employed.. Further, the base.matrix may be of metallic material if

. die casting.of the thermally .conductive body .is. required for the.
20  ‘application,. } : : . -

As shown in Figs. 5-8, various different types of hlgh 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

25 . with-a 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

30 L and.thickness T.. ,For example, .it is preferred that 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 A aspect . ratio...of .approximately ;10:1. , The -aspect. ration

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

35.. . dimensions:are. preferred,, other sizes;of -high.aspect. ratio filler

. may . be employed_,-..jdépendi'ng #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

40 suitable for employment in the ‘present invention, the aspect ratio
of length L to thickness T is at least 10:1. Further, the material



MD 00/ 44823 ' ' PCT/ US99/ 23950 .
'6 In this ideal conposition 20, high aspect ratio filler 16 aligns

’iperfectly to he nunber of interfaces the heat nust cros
t he vol une of&g’gq%;‘?&a 12 the heat must travel through. In this §CT/US99/2d§9(f

conp05|t|on only two or' three interfaces are encountered 5 when
.going frompoint Xto Y as opposed to the 7 ®r 8 encountered by
conp05|t|on 10 shown in Fig. 1. Wi | e conposition, 20 shown in
F|g 2 is ideal and preferred, it is virtually inpossible to achieve

iin the field. emlgyed sfor the [highuieppekte ltaéigéémefﬂ;/’blfﬁ ey e talupinupe
~nol ded. As st ah@flina 1Q0p@&rl nBdnesiGRE brabsid@ ‘BAIUERL Y reasons for

enploylngatherrmlly ct.ive C 05|t| |sthat
“nmoldable into more UM "cfw 8 ge rrelt%Ir %gé f%’ ac 8§aémpnetst f‘He Yow

:.__:1 di ssi pation. PfePef oFatio 1llanFPP€’aﬁ"é‘ab‘aﬂ”t‘3 gféﬁnﬁhPFEs ar*’étgypl-"caﬁhpys a
encount er ed whersubbtahtriglly’ sphetrbixt nElllyr candilghtateopol J0rahep@t €id alismeterlb

“Wth these Intrlocfat&egmw 88, p.turul encesofe,t Nl 1QWeBE - of this filler
theflller Ioaded conmon resul%eagln col | |ons of the fj Ier
ar

imaterial and nor: uga?ura l‘.i’l‘l gHime APPSR ditel alTynddd: tion, oF“i he !

s high aspect ratiidlpstrates ps aspin-gdseyopr efanuiay, fiklezamepfiguratien 132 to
cattained. Furthegkyeths t thbul RRCeasfedtl ovatdnd €Dllersi ons, W t Bhis ZQramgaQS
of the nold,gft %n?i&%%x&@elﬁ' ??rsoﬂégﬁ rh A dn? mf.l{x_i -y gnd may- R hEULAr by

n'i has an as rati o' er an
mhe t Bg h W ratio of 29 “or the- llke.' 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

o4

filler 114'mabeeFaluminum,=alumina,hcopper);magnesium,-brase and
15 - carbon.’: 'The 'low aspect: ratiov filler: is preferably - approximately
:10/1000 of "an'’inch:.'in-diameter #or:‘along its ‘width but’may be of

- different sizes“depending'on?theiapplicationiatshand.
"In the: composite mixture'fi'of' the present 'invention, it is

" preferred that,iby volume,the base matrix 112 be 30 to 60 percent;
20 that the high aspect ratio filler 116 be 25 to 50 percent; and that
the * low aspectratioi filler*:114. be 10'to”25“percent. With the
- foregoing disclosed’ ranges, high*volume loading ‘and proper wet-out
can beachieved. : R L A
Below is: an“example and: preferred embodiment ' of the present
25 - invention. E T ' ' T S
' "i 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
30 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.
35 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.
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Jllustrates

arealistic
sorrevx/nat aligned to adjacent filler

conposi tion
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bei n
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Wnat is 'encou ? the field, d erent probl ens PC’I?@S99/23950
{associated w ﬁ(%@’ 4ci‘hgg material with filler therein, as opposed t

ithe theoretically ideal arrangenment shown in Fig. 2. As can be seen

fn Fig. 3 the nunber of interfaces or*transi‘tions from one filler 16

10 another to travel

frompoint Xto Y is reduced as

conpared to Fig.

A, however, ithe_volune of non-thermally conductive 30 polvner terjal
4n the path of tfavel is|22%her Pl PRES gPBat| gy, Aorectretiitd S ImE . ayel al |
‘tonductivity ef: @g.1 | Eltbyt\hollﬂidgh t-hesis| (oypahdmeX- t 0, X; | wkrkt her,
E)reakage of the hi dofiller l6 4 __uill Pa.ushe_t.h.e..:..h.e.t.nal
tonductivity of ok Rtieo /At 0. degrade . . | o8 48 Relf e By -

Turnl ng now t & Frger A, | & CONPOBI daripn FiBG0 OF [The present I nvVentT pn
is ‘shown. ConpopiTfol 10U*i*fit| JIeR. Fatidiennn (IR 112 whi 2h. i s..,
preferably 'a.po yaeBdnt TR €7 1 a] | 35sSaaesdnasbed | 1 UL GIoVal @icrige | . PO VLI
Loaded into the pEgHEr 128 Fmp P§§“ ";jgg;agaeuj DuaaspeCt ridtio filler
114 and high- aspectratro—fi+ WHTCh e potriT— 40— hi grrry

thermal |y conductive ter.i al s resent i-nventign is

‘enpl oyment -of both | owrRspaEr 5 |t8eﬂ?‘fr%|g°‘ﬂg4 Snds?ﬁerﬁ°5sﬁ'§(}fjable %lghW)
DCV‘44823 thermally conductlve composxte materlal can qe realzzed The

composition of the present 1nvention, greatly 1mproves over prior
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 appreéfaged by those skllled 1n the ‘art that
10 varlous changes and modlflcatlons can be made “to the illustrated
.embodlments w1thout departlng from' the sp1r1t of the present
invention. _ All such modlflcatlons and changes are 1ntended to be

covered by the appended claims.t
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~ratio filler 116 within the same base matrix 112. As shown in Fi g.

-3, perfect par aI | el alignnent of himg |gs TT T o | EEN fliller 116 is )
i nat possible, a resul t, too n dﬁ’% ﬁ%\@ he poorly
~aligned hi gh“ég%‘@? ratio filler ﬂlG woBEALANED L iThe preseficT/US99/23950

5 inventign enploys low aspect filler, 114. to fills the voids
nat@’j §/ lLeft between adj acent high aspect 1%atio filler due to

t ur bul, gned \during nol ding and conplex nold geonetries. As a result

of the enploynent of both | ow aspect ratlo filler and high aspect

ratio filler w ¥#AMIsheLATHRER ISonposi tion the overall nunfjer of’

10 transitionsy surfgcq,g Ea'ﬂhbﬁna%?afcbﬁdﬁ&(i%e%dﬂ@hh@ ESH&&Q&B&" hévmg a
voids with Iow 'ra? d

io fi.l wousl fidlle
Wi th non-ther maF m&‘ n‘iﬁi’gt’?wlﬁﬁlafﬁﬁ éﬁ;wyﬁo&n ‘i°ﬁ'pﬁ y -
The present invention Pobymergsbasehavatrik riofFi Py - 4V°lium€4 uéeﬁw‘%fn 30, and 60
base matrix 113e1\Maheh is preferably rranuf act ured <of a l'iqui d:
15 crystal .polymer , ligy dcé{éﬁ(ﬁﬁ' Bk Ei&f erﬁye% ch‘e,t %}ét&éen

hi ghly crystalline nat ure an tura enc g
filled | oaded eMbr& Percqnty o‘ﬁédofh’ié’-rt ‘B’fﬁ'é%“d’f ‘i?&f’%‘b‘r‘? Edhleye baving
enpl oyed. . Furt hewectt hacilpasermt keastniQ:Ireapll netallic material if

die casting. of the Bhgéé&hb' xhsﬁﬁdufttmulaeﬂveIﬁmeﬁwwdvél%ex hSetween 10

20 appllcatlon o] i n- Fi gs riQus
di £f er ent types G)q 2h§ er%ent f¢Ja.1d second thermwirlé cond?cﬁ.x;e %llleiehaé’rlfﬁ‘?oyréd,

and still be. wrERFCH f?fé°s%§)&§56fthf‘ﬁe5 1. ..., present invention. As
shown in Figs, %A anuihélﬁolhix@camqasdtmsratdfomam 1, wherein’ si:d |peﬂ.y!ﬂe']r6ba5e

shown as a fl ak@sddike; 9ra @L@{ﬁ-gh}g@agqmlgg@;atmn 122 - 25.'with a
| ength L and- thgckne }%I pustrate

anot her hi gh aspect ?%?I 8°}‘F1“Per,°f‘585%,ﬁ~.’“°“ o pEeFRty said ‘firse
rice-like confi ghamaplbn cepdusfiive 1idagr HSLf&ﬂ’EF‘tlHP‘Ekm§§aHE Fi gs.

7A and 7B shownsa 'St rB dmbi diigC Ttk s tbRO o £l 2 @13dk h 15 [veRgein L sapdl firse
thickness T. Eﬁ&magglng}QﬁuctQVMﬁ.Kgf 1%0911:8% @Je' ?rg shafe, W t'h T'engt h

30 L and ' thickness T. exa rred that the h|c11_ .
aspect ratjo fi Pt er , BRe cBPHHRY, f‘f°5‘R8§“tlﬁat %Ifr e 25‘“1060 t’ﬁ’eEFTOOGab‘F irst
an inch thick whidraabby rgndigytifO(Fidfennis nchand-il@hg Jtnoshameeal ize a

6. The molding compOSthon Y Claim~ 1,' whereln “said first

]

5

n

)]

thermally conductive filler is whisker-like in shape.

7. The molding composition of Claim 1, wherein said first
thérmally 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, mégnesium 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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“imi ni mum aspect ratio of approximately 10: 1. The aspect ration

Swoul d preferably 'be as high as 5Q1—0r_even qgreater. Wi | e such
+i35 . di mensi onﬁ,oog};,gszgreferred ot her| THS&SB%EEIDfHAg ghEpspect  r abirfishihioes
~imay  be enpl oye dependi ng on | .the REPLA@EB' I cat|on at hand.
“iAlternatively, carbon fiber that is™200—rrerers—in-ddianeter may
-1al so be enpl oyed. I n each of these configurations
ishown in Figs. 5-8, which are 40 suitablé for enploynent in the
.{present invention,: the aspect, rat Iength Lto

S3i6 861 paF2Base

“ithickness T is at1‘1'easThelGM.LdmgFﬁ?"EH‘?érlt‘?'hé’fnﬁf'%’r“i ar “unerel
JPCT/ US99/ 23950  is of- approximately 50 percent by volur@; said émpswyeiedmelly
thé high aspectcarfaha&ofel ldi@ler LLH myamoahummmas per@éw A v ARRBET and
“jmagnesi um brass and car

Exanpl es of Sui tabE 1BFE SRty FRMGCIr] et Cont] ghf abPBRErraFEly 13
- shown. Fi g. Eershohwdy ¥oBmegybst anti:al |y -spheroid 'filler

cconfiguration 1301svherg ttlhenahlagretwnducum pBeymEThebmpdsstidn  cAfipriding a
A esult, the as@%&:‘are IS thl olyInleLl &h Id a gpgé gyﬁ%ﬁn cgnductlve I11?(r

.gapprom mat el y tes a grain-
~or granular fill eratesial gfmdatal (?ﬁci‘?;éz ?’éFrmall%eF?/‘?émc&é"e tﬁéleFo(ﬂPt%&lﬁéct said
“ratio filler 1lfirst thdrmally awudactik@ fibhdd gatatiain haBihd snsespsdtatration

.frandom i n shape atﬂiag@y dhai 118l 9bdidsecond TnWAIN WEEAIICR1 0L Riler el

I ke. The | ow asrpecng raar'\t Iagpefc:lt:l l:aetrn.o 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.
F? 19. The polymer composition of Claim 15, wherein said composition
” has a thermal conductivity over 23 W/m°K.
5 20. A thermally conductive composition, comprising:
% 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
low aspect ratio configuration.
21. The thermally conductive composition of Claim 20, wherein
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.

LU T



114, in accordance with the present'invention,'is of a ratio of 5:1 or
|l ess. Further, the material enployed for the |ow aspect ratio filler
114 may be aMowonasp3 al umi na, copper, magnesium brass and 15 pcqardseRsoso
The | ow aspect ratio filler is preferably approximtely 10/ 1000
of'an inch in dianmeter or along its width but nay be of ~different

si zes depending on the application at hand. In the conposite

m xture of the present invention, it is preferred that, by vol une,
the base matrix 112'be 30 to 60 percent; 20 that the high aspect ratio
filler 116 be 25 to 50 percent; and that the | ow aspect ratio filler
114 be 10 to 25 percent. Wth the = foregoing disclosed ranges, high
vol une | oadi ng 'and proper wet-out can be achi eved. Bel ow i s
an exanpl e and preferred enbodi nent of .the present 25 invention.

EXAMPLE A base matrix of liquid crystal polyner is provided as
50 percent (by volune) of the conpod¥Pti on m xture. H gh aspect
ratio carbon flakes, wth an aspect ratio of approximtely 50:1 and
30 independent thermal conductivity of approximtely 800 WnK, are
provided as approximately 35 percentyg by volune) of the conposition

m xt ure. Finally, 15 percenW;;_ii;-\/_'OI unexs of boron mearide
granules, with an aspect 'rgtio approxi mat'.e'l4: 1yand imlependent

t hermal conducti vity potzepprapgrpbel vy 400 Wi g ‘are

'The conpari son bel o ’9’.‘«6}’:}!’{% he thermal;’ : ‘
prior art conposit "-‘.1--{‘/,6/@7@";"‘ ' ng
conposition of the ’61-.{.")!‘.(;.‘,g~7%
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9 Base High Aspect Ratio Low Aspect Ratio Thermnal

gPonnér Filler Filler Conductivity (by
i(by vol une)  wo goadaBY Vol une) (Wnferr]K) SV
IPrior Art = 40%CP  NA | 60% Boron Nitri depyf}gﬁh’ms"
i(Fig. 1) G ai ns Prior Art 50% Car bon Fi ber (Fig. 3)
;#50% LCP Random Lengt hs N A 22 M n
250: 1 Aspect Ratio Present 50%.CP Random Lengt hs 15% Bor on
:Nitride 28 Present 35% car bon Fi ber 15% Boron Nitride
!l nventi on 5% LCP Radom Lengt hs (Fig. 4) M'n 50: 1 Aspect
§Ratio G ai ns ' In view of the foregoing, a superior
inol dabl e highly thermally conductive conposite naterial can be
(realized. The conposition of the present invention, greatly
i mproves over prior 5 art attenpts to provide such a nol dabl e heat
tconductive material. In particular, the present invention, provides
-thermal conductivity that is vastly i MfBoved over known compositions to
cpermt conpl ex part geonetries to achieve nore efficient heat sink
‘devi ces.
. 5B _
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It would be appreciated by those skilled in the art that 10 various

changes and nodifications can be made to the illustrated enbodi nent s
wi t hout deparvpbrag jaagm the spirit of the present i nvent i onpeT/Akb/Bush
nodi fications anges are-intended to be covered by the appended

cl ai ns. 10 WHAT IS CLAIMED I S:
1. A high thermally conductive nolding conposition having a thernal
conductivity above 22 Wnjerr]K and bei ng net-shape nol dabl e, conpri si ng:

a polynmer base matrix of, by volunme, between 30 and 60 percent; a

first thermally conductive filler, by volune, between 25 and 60 percent;
said first thermally-conductive filler3/8aving an aspect ratio of at |east
16: 1; and a second thermally conductive filler, by volune, between 10
and 25 percent; said second thernmally conductive flller havi ng an aspect
ratio of less than 5:1. 2. The Tfpotdrmyg conposition of Caim1l, wherein
sai d pol yner base
T

128

130

L
' 132

FIG. 10




matrix i-s. a | i quid crystal The

pol ymer. 3. nol ding co
Caim 1, . wherein said first thermally conductive fi!P 99/{@395'
configuration. 4. The nolding conposition of d ai

2% kes 2007

first thermally conductive filler is of a rice configuration.

nol ding conposition of Caim 1, whereing said first thermally
conductive filler is of a strand configuration. 6. The nol ding
conposition of Cdaim 1, wherein said first thermally conductive
filler is of a [ T UUTHEEhT ORbpect.  Ratid |ELow THsEHCET M&QTMF'U'I'I_ of
Claim 1, wherdgin sai ¥P°1?'1‘3F<tf'ﬂt1 rmal |y con?élerve filler|cmaseimtvallic
materi al selectdgd from bgu\ﬁﬁc uf?' coﬁmsnflstl ng o um al u‘r‘f’ﬁé‘,’ copper,
magnesi um and br|&@s®r ?)St 208 106 | w/¥0T AT NQ corrpoaotl ®d¥on Oitridk g;n T, erein
said first thermibirepreavetreg &t ¥ a9 The

mol di ng conposiftFan 3) 0] sosGlcalif Ran second bermal |y
conductive fill efzizgspperoiatiit e pol-ding —cpnposition] of
Caim 1, whergimvenged fIsosses QRehad fy cr@gcg‘?% Fiktipe f 24 S of a grain
confi gurati on. AFig. #hol ool di Hip SONan@ Ratie ar°_Claim 1 wherejnl said

is anmetallic materi al

selected fromthe

second thermally conductive f|IIer
group consisting of al@ni Yigw ef ukbaa, faregpios, nmgeepéxivrantoldebts. highly

The nol ding conpbeiislap @bnaudtaien cdmposier RiterisRi dan S8E0RdaiiRENE! | ¥he
conductive fill elehSoddEiQN J¥ ttﬁé estiit :[nwgtlo ucg#é\}gl}rc?

Qsilion of .

g% ves over rior

Caim 1, V\,herel n " sald second er mal con 8
art attempts to provide such a moldable heat conductlve mater:.al

In particular, the present invention, provides thermal conductivity
that is vastly improved over known compositions to permit complex
part geometries to achieve more efficient heat sink devices.

It would be appreciated by those skilled in the art that
various changes and modifications can be made to the illustrated
embodiments without departing from the
invention.

i }
g’ 10

spirit of the present
All such modifications and changes are intended to be
covered by the appended claims.
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filler.

conductive filler ly
thermal |y conductive pol ynmer conposition,
22 Wnferr]K and bei ng net -shape nol dabl e,
‘polymer and a first thermally conductive filler

thermal |y conductm};@ td IdLnggﬁaggri al ;
VIthaFégép

over

filler

‘ 14. The nol di ng conp05|t|on of Claim1l, wherei 13“5

of apprOX| mat el y 50 percent by volune; said first thepﬁﬂ m2§§550
is of approxinmately 35 percent by vol une;
i f of approxinmately 15 percent

mat eri al

ﬁm§Ese%nd thermal |y
hayvg ng a thernal comftgal (7. ry‘
conprising a mxture of a
material and a second

said first thermally conductive

thermal |y conductive f

16.
crystal
sai d
pol ymer

~conduct

The pol yner C6HvS
compristing: pol yner
first thermally apom%gfvgagé I
conp05|t|on of dam

“conductive fill erP*%EE¥i al _
conposi ti ¢ firshathergally confiertimé tOllguct bywitolumeyelsetwaddn 25

pol yrner .

ive

t|o reater than, 10:1; said second

Y dhana(ﬁ Jobding (SATPRSIEoR PRXIPS: A

|‘i°F‘6‘PF"GV10 FAbeve 522 \f@P & ands Peting giefnelrapes maldabdei d

conposition of Caim 15, wherein
n{r;ﬁ:’ riJBLET 8l L31GAS bgﬂstf éé%kefq 48
erein said t her e y

secon
S boron nitride grains. A

6Jhe

19. thermal |y

Wnierr]K and kaidngo pedcesbapsaid m&awh@rmﬁquﬂ'&ﬁiu@give fillef l'mliﬂémén

‘base matrix materjsgla,. rat:.o o §¢ &gss
havi ng an aspect

rati o con

a+g conductive filler materrt al

on O east 10:1: and a second

thermal |y conductive fﬁIsFé?néaiPEFW%iFYh%RHq¥§t%ﬁ? filler, by volume, between 10

and 25 percent; said second thermally conductive filler having an

o,

aspect ratio of less than 5:1.

2. The
matrix is
3. The
thermally
4. The
thermally
5. The
thermally
6. The
thermally
7. The
thermally
the group
brass.

8. The
thermally
9. The
thermally
10. The
thermally
11. The
thermally
the group
brass.

12. The
thermally
13. The

molding composition of Claim 1, wherein said polymer base

a liquid crystal polymer.

molding composition of Claim 1, wherein said first
conductive filler is of a flake configuration.

molding composition of Claim 1, wherein said first
conductive filler is of a rice configuration.

molding composition of Claim 1, wherein said first
conductive filler is of a strand configuration.

molding composition of Claim 1, wherein said first
conductive filler is of a whisker configuration.

molding composition of Claim 1, wherein said first

conductive filler is a metallic material selected from

consisting of aluminum, alumina, copper, magnesium and

molding composition of Claim 1, wherein said first
conductive filler is carbon material.
molding composition of Claim 1, wherein said second
conductive filler is spheroid in shape.

molding composition of Claim 1, wherein said second
conductive filler is of a grain configuration.

molding composition of Claim 1, wherein said second
conductive filler is a metallic material selected from
consisting of aluminum, alumina,

copper, magnesium and

molding composition of Claim 1, wherein said second
conductive filler is boron nitride.

molding composition of Claim 1, wherein said second

thermally conductive filler is carbon.

Iy
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aspect ratio configuration of 5:1 or less. 20. A th conductiye, O
I nj ection nolding conposition having a thermal condu '5

Wnferr]K and being net-shape nol dabl e, conprising; Ap ey & Trhenb 8
matri x materi al ; a first thermally conductive lg_Eff!JSfatzrl eﬁfﬁagpﬁ
an aspect ratio configuration of at |east 1(il; said first thermally

conductive filler being carbon fiber; and a second thermal |y
conductive filler material having an aspect ratio configuration of 5:1 or
| ess; said secondat hermyel :{ma@ﬁ@dﬂéﬁﬁésf&eiéﬁ Ufeﬁlaﬁgﬂ gg mé&;szsgfgd %%ﬁéra%;se
sel ected fromthe_grgu | StiN rbaon .and horon ni.tride, .
high thermally e"'c?or?gucl%lp ?ggéhlg%%lé'gtsﬁoﬁ%%%%%. nbd’ ‘f:oo@%'si ?allgn A&V ng g Ly
t her mal conduct i VPRSREBES et e Af oPF | RORIRHLIAERRY PotPaXFePe Pib| YRIpMe: and

conpri si ng: said second thermally conductive filler iflbf]l approximateély 15
pol ymer base mat rﬂex.cgi‘t_, bP Yol QhdINE, I bet weggt ﬁeﬁngSnggeggengécem_ :i Ijl rst
[T, conuetene W ke RY SOhi0Ry ELURED E,E0M.80 AR il
conductivity over 22 W/m°K and being net-shape moldable, comprising
a mixture of a polymer and a first thermally conductive filler
material and a second thermally conductive filler material; said
first thermally conductive filler material having an aspect ratio
greater than io:l; said second thermally conductive filler ma;erial
having an aspect ratio less than 5:1.

16. The polymer composition of Claim 15, wherein said polymer is
a liguid crystal polymer.

17. The polymer composition of Claim 15, wherein said first
- thermally conductive filler material is carbon flakes.

(4

18. The polymer composition of Claim 15, wherein said second
thermally conductive filler material is boron nitride grains.

19. A thermally conductive composition, having a thermal
conductivity over 22 W/m°K and being net-shape moldable,
comprising:

a polymer base matrix material;

a first thermally conductive filler material having an aspect
ratio configuration of at least 10:1; and '

a second thermally conductive filler material having an
aspect ratio configuration of 5:1 or less.

20. A thermally conductive injection molding composition having a
thermal conductivity above 22 W/m°K and being net-shape moldable,
comprising:

a metallic base matrix material;

a first thermally conductive filler material having an aspect
ratio configuration of at least 10:1; said first thermally
conductive filler being carbon fiber; and

a second thermally conductive filler material having an
aspect ratio configuration of 5:1 or less; said second thermally
conductive filler being made of a material selected from the group
consisting of carbon and boron nitride.

21. A high thermally conductive injection molding composition
having a thermal conductivity above 22 W/m°K and being net-shape
moldable, comprising:

* c L M ] *
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aspect tatio of at least 10:1 and a thermal conduct|V|ty of

appr oxi mately 800 Wnierr]K; and a second thermal

filler, by volume, between 10 and 25 percent; said se 39/'23955
conductlve filler having an aspect ratio of |ess m

thermal conductivity of approximtely gﬁo Wnierr]K %ﬂ"fﬁ 2000
thermally conductive injection noldin (]:orrp05| tion having a thermal
conductivity above 22 Wni err] K and bei ng net-shape nol dabl e, corrpri Si ng'

a polynmer base matrix of ol une, hetween 30 and 60 percent
first thermally con(ﬁjcf’ll\)’me¥| ?"F Vlé‘ov‘i\% by taruesy Jeetysen 68°péf‘€eﬁf’

said first ther®8CPYticonductive f| |l er having an aspect ratio of at |east
10:1 and a thernal congiieti vhénmaliy adonldeasitveS @91 W{ %W].r&ium%r)dbetweenazs

seoond ther mal | e Rdystice, (LLITe by Ay DSLIESD.d0 A1 R peLoght

said second thermally conductive 858"t han

5:1 and a t her niiP*EondatY vPt y2br 1528Y elRtl 4??6’ ané?’?“]ak °°nd“°t1"1t¥ of

approximately 800 W/m°K; and

a second thermally conductive filler, by volume, between 10
and 25 percent; said second thermally conductive filler having an
aspect ratio of 1less than 5:1 and a thermal conductivity of
approximately 400 W/m°K.

22. A high thermally conductive injection molding composition
having a thermal conductivity above 22 W/m°K and being net-shape
moldable, comprising:

a polymer base matrix of, by volume, between 30 and 60
percent;

()

a first thermally conductive filler, by volume, between 25
and 60 percent; said first thermally conductive filler having an
aspect ratio of at least 10:1 and a thermal conductivity of at
least 800 W/m°K; and

a second thermally conductive filler, by volume, between 10
and 25 percent; said second thermally conductive filler having an

aspect ratio of less than 5:1 and a thermal conductivity of at
least 400 W/m°K.
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