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25 typically very heavy, costly to machine and are susceptible 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

30 the desired form, place severe 1limitations on component design
particular when it 1is known that certain geometries, simply by
virtue of their design, would realize better thermal efficiency,
for example, but are not attainable due to the limitations in
machining metallic articles.

35 It is widely known in the prior art that improving the
overall geometry of a heat dissipating article, can greatly enhance
the overall performance of the article even if the material is the
same. Therefore, the need for improved heat sink geometries and
lower cost necessitated an alternative to the machining of bulk

40 metallic materials. To meet this need, attempts have been made in
the prior art to provide molded compositions that include

conductive filler material therein to provide the necessary thermal
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molding and design, inherent problems of fluid turbulence,
25 collisions with the mold due to complex product geometries make it

impossible to position the non-symmetrical filler ideally thus

causing the composition to perform far less than desirable. This

problem is exacerbated when the filler has an aspect ratio greater

than 10:1. This is a serious concern because filler is commonly
30 employed that has an aspect ratioc up to 40:1.

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 direct
path 1is needed to conduct electricity. However, heat is

35 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 through a much lower conductive body, the heat
transfer would not be as good as a body which is consistently
marginally conductive throughout the entire body. Therefore,

40 consistency of the thermal conductivity of the entire matrix of the
composite body is essential for overall high thermal conductivity.

Moreover, the proper alignment of the loaded filler material,



conposite body is essential for overall high thermal conductivity.
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SUMMARY OF THE INVENTION

The present invention preserves the advantages of prior art

methods for molding reinforced articles from conductive plastic

25 compositions. In addition, it provides new advantages not found in
currently known methods and overcomes many disadvantages of such
currently available methods.

The invention is generally directed to the novel and unique
method of wmolding a thermally conductive article from thermally
conductive plastic composite material that has particular
application in heat sink applications and particularly where heat
must be moved from one region to another to avoid device failure.
In addition, the method of the present invention can provide
articles that have particular application in the electronics
industry as it can provide a moldable member that is electrically
conductive. The method of the present invention enables a
composite material of polymer material and conductive filler, such
as a high aspect ratio filler, to molded in the most conductive
efficient manner while still maintaining low manufacturing costs.
By selection of the materials according to the application at hand,
high thermal and/or electrical conductivity may be achieved. In

that connection, the selection of a high strength material as the



efficient manner while still maintaining | ow manufacturing costs. By
selection of the materials according to the application at hand, high

t hermal amolboresed ectrical conductivity may be achi eved. |RPCT/AUR@N09103
connection, the selection of a high strength material as the WO 01/ 76844
PCT/ US00/ 09103 4 filler, can achieve a nolded reinforced article of high

structural integrity while still be nnfdable such as by injection
nol di ng. A nethod of nolding, such as by injection nmolding, a thermally,
electrically conductive and/or structurally reinforced article is
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the deSi"edvia the input gate. Venting is provided in the mold assembly at
the termination location of the heat or electrical flow path.
Polymer is positioned in the mold assembly with the conductive
filler being substantially parallel and aligned with the flow path.
Finally, the molded article is ejected from the mold assembly.
With the molding method of the present invention, thermal
conductivity of articles may be increased several times over the
conductivity realized with conventional molding methods by properly
aligning the filler material within the molding article body. The
foregoing method is employed when using electrically conductive or
high strength filler. For electrical . filler, the desired
electrical flow path through the article 1is determined and the
appropriate input and output gating is set to maintain the desired
path to ensure that the filler is aligned along the determined
electrical flow path. Similarly, a structural filler may be
employed where the point of high stress is determined and the
gating and venting is set to ensure proper alignment of reinforcing

filler to prevent fracture.



path to ensure that the filler is aligned along the determ ned electrical
flow path. Simlarly, a structural filler may be enployed where the point
of high swoes%sis determ ned and the gating and venti ng PET/E8M0/MM3ENSUr e
proper alignment of reinforcing filler to prevent fracture. WO 01/ 76844
PCT/ US00/ 09103 5 It is therefore an object of the present invention to
provide a nethod of nolding a reinforcéed article that is thermally
optimzed. It is therefore an object of the present invention to provide 5
a nmethod of nolding a reinforced article that is electrically optimzed.
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part geonetries. IWO QBh7687FtPET/ 148006 9310 3in@nBRIrEE cDESSRIAPT: A t@Fd THE
DRAW NGS of molding a reinforced article of a polymer and non-symmetrical

20 high aspect ratio filler material that positions and aligns the
filler for optimal structural strength of the article.

It is a further object of the present invention to provide a
method of molding a conductive article that achieves higher
conductivity than prior methods while employing the same polymer

25 and filler composition.

It is a further object of the present invention to provide a
method of molding a conductive article that achieves higher
strength and structural integrity than prior wmethods while
employing the same polymer and filler composition.

30 Another object of the present invention 1is to provide a
method of molding an article of reinforced composite material with

high aspect ratio filler into complex part geometries.



The novel features which are characteristic of the present invention are
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cross-sectional view of a prior art reinforced conposition of a polyner
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PCﬂ7|JSOO/()9§EE?ratuS employing the method of the present 1nvent10n
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a method of molding a

25 reinforced composition. It should be understood that the present

method may be employed to form articles that are both thermally and

electrically conductive and/or structural reinforced. The type of

reinforcement, i.e. thermal, electrical or structural, realized by

the method of the present invention 1is achieved through the

30 selection of certain materials to suit the given application and
reinforcement requirements.

In the present invention, the method of molding, such as by
injection molding, a reinforced article employs a composite
material of a base polymer matrix loaded with a filler material

35 which is preferably high aspect ratio £filler such as aluminum,
alumina, copper, magnesium, PITCH-based carbon and brass material
formed into either elongated fibers, strands, rice or flakes. The
foregoing materials would be suitable to achieve thermal or
electrical properties for the net-shape molded article which is an

40 article that, once molded, is ready for use without the need for
further machining such as what is required in compression molded

articles. As shown in Fig. 1, a prior art composite material 2,



7 which is readily commercially available, is shown. In particular, this
prior art conposite material 2 generally shows a base matrix of polyner 4,
for exanpwepi/taaded with non-symetrical filler material PET/UTOIM®103
conposition is shown in enlarged detail for 5 clarity and ease of
illustration. As can be understood, the,loading of filler 8, which may be
thermal |y conductive, electrically conductlve or structurally enhancing,
in a polyner base matrix 4 will render the rraterl al conductive while
permttlngt ehnaterla% to be rmlg?ble. ? oned as a_thermal
conductor, UAEECeFTRIMS FRICE  Tifer ket 13/ oY anéf’e? Heat 1 tSF *Exanpl e,
side Xto sﬁ‘les PIEPTt et FRTRTY &R . matByiph? t9finsraFlanshers ahéare mpdrixr avel
from heat condyotijmwe fill esr sedrpee, t Qoddr@ awdjtdc eftin- bpateteorductiizerfil | er

nmenber to tﬁlgﬂ\_’&]la&h% paﬁhsf rc%%gglttgon Jhghéﬁl egl etg’ll Irgec?rdéalﬁl Ebg 1is

preferably 1 ratJ[o fiber or strands to reduce t he nunber of

i nt er f aces Sgﬁ\’let a%%\?é‘?%IOffl’“ UsF*#efBers as well as the non- conductive
pol ynmer residi ngAgheredhet wedsrstTere wbreldadtiosfefceslitmts. Woath mast beross
and t he nor ehgolaympr doheudaat, mestcpassiihr eugductitde wor estdegtadedyt he

thermal condyetiNbLy wWill 9@1 EUrther , ndc@9, 29 pueh L&e@wghg)f mbdddi €1

mat eri al vvould revent the se polyner from tt| sul ti
undesi r abl e “SHRIT 4T rw}blol(?ké’t%m?tr’l:lflﬁeng? i 7'<35da r’rﬁ?d %‘H’ﬁi‘f Aﬁ’g‘?ﬁeal

arrangeh®nt eoPlaveé esnpositeror ofonpieforl ithel ndexrial ﬁl dghishsphermadayi o
filler 8 w thinsfarpodagnEroyaser makmpXe 4sidd 4 To 2BdeClvi bE Ciile totadiagn t he

hi gh aspect pfatiocfiid |terran§§erpa£@alt| %hs@%rﬁgéﬁ'ﬂloﬁ Lo, Renden U@'fﬁl‘l@i‘" pat h
to effectivel over al |

%RF ecre d A &1 1E?terf ces and uge of
base pol ynef'® HRnt ena E?wcenﬁelé?a mist ”tCFé eel . ] |tL?sttF%‘fe S

realistic aPP“a*hgfeﬁ’En{( tofY f i ThersgeaFth ’ftlﬂéelba%empéllynelf irareienahey e t he
filler 8 ishdéh gepesal | yatabi grniedr pat-al dtehnid t Roonedatot hee antbad | ghed Wi th

t he generallng@[qggggg ngelgﬁl sELQﬁ’é{ld'ﬂﬁ?éf OﬂerﬁrfeQE”' %'sd%%ﬁ( [X9) \ém"'%@Ver as
can be seen in g ransver se m si d

i Ghl'y undeSPTHE & balaing 8F° MHES et SHuua-PuNGF BT CRSAFST AC8H f aces
and i ncr easkeRrt dlu§te cu¥ssnGad c bl er e vee peey nilke 382t hivetigPadfi raugk. heat
nmust travel thdheref 6egradell tize Chetrn0alotdiatividie vfill | gs. 8 Foetwadd, gned

ItOL gfrer; : Yo \lMomc@ 1@@{@%%&@@9%&&&1 as&ldcwevéwrew,baw ﬂ%qgnaérl glopith the
W

gln na_ comr 1app Lcati 8? Epcihsallbrle t t he tFermaI
conduct i vi t §of"d é‘tﬁ )f ?“bel s ‘RudRIaE T 8°t T MBS the* Fhet Ft%ohlaué fvity of
t he path 40fm18h?#a?s§vle¢1§eosivtt he alignment of the filler. For exanple, the
thermal conducti wht ydeall pataigdnddtcofll thebeomb A p¥onif] 814 .ha therumab a
high aspect ratio filler 8 within a polymer base matrix 4. It is
25 critical to align the high aspect ratio filler as parallel as
possible to the thermal flow path to effectively decrease the
overall number of interfaces and volume of base polymer over which
the heat must travel. Fig. 1 illustrates a realistic arrangement
of filler 8 with the base polymer matrix where the filler 8 is
30 generally aligned parallel with one another and aligned with the
general desired thermal flow direction from sides X to Y. However,
as can be seen in Fig. 1, a transverse flow path from side A to
side B is highly undesirable because of the increased number of
thermal interfaces and increased volume of non-conductive polymer
35 through which the heat must travel. Therefore, it is critical that
the filler 8 be aligned properly with a thermally conductive
article; namely, in parallel with the thermal flow path. In a
common application 1is possible that the thermal conductivity of
path X-Y be as much as 8 times the thermal conductivity of the path
40 A-B transverse to the alignment of the filler. For example, the
thermal conductivity of path A-B could be 2 W/m°K while the thermal

conductivity of path X-Y is over 16 W/m°K. Similar problems are



conductivity of path X-Y is over 16 WnK. Sim |ar problenms are WO 01/ 76844
PCT/ US00/ 09103 8 encountered when attenpting to make the conposition as

el ectri cavbyi/7aenducti ve or structurally enhanced as posspPoOT/@soolieeosgoal of
aligning the reinforcing filler parallel and aligned with the thermal or
electrical flow or structural stress 5.lines is often difficult to achieve
due to conplexity of the geonetry of thé part to be nolded. As stated
earlier, one of the primary reasons for enploying a conductive pI astic
corrp05|t|on is that_ it is noldable into nore conpl ex geonetries t Q achi eve
better heaf P EEFPEt "GR" i (’j‘e‘@?te‘é‘?r FedPke | Gk CGT‘PPé’ISéFJo‘?I’easl AR Bart 10
geonetri es apedyoppie ] ytrwtormtler echanhed asopeisagleonducti ve pol yner

materi al s. The mehbodoaf &Pl dingia§ the peaseBtidgventkesn pasoliees ahbe

probl em of nwlding . ¢oRpliex tﬁl@?rﬁ’éelt fdre%ﬂ%éﬂ gpt ?fdwa'or Q@ilﬁ&glréi' L&leskhat
requires allgnrrent to_the thermal or ectrlcal f or strutural

stress |7 nesi™@% ¥t ﬁftter?es%lffh‘f‘f]l @%ﬁﬁ‘f r PBS, t?urCBEII’]eeﬁ‘&éyof’ £t 58%f | ow of
the filler lceanksdynef ribe pPart denba frl@siaiitl Rep ishiatesl lesiars ohe tdfe the | | er
mat eri al angrnedryurkfion® abi gawmBYind\ lcenpadtalé ep1aaki @neshposf t idae ibi gh

aspect ratiqpfilien 'nﬁoﬂlam@q%kx rpcrx%f %E&a%x béonf%@?ﬂ%t tobgcxﬁtenél Bader

Furt her, the turbul ence fl ow and [ 1'i.s1 ons_wi t ew%éﬁcof t he nol d

often breakge?ﬁed’tﬁséﬁatdfﬁeé‘f‘dr‘é]t‘?c(?rf‘fﬂ &t par H‘%’iﬂ SFTy %° Hi&tan
aspect R@ati gebegtgeest van 20vrlicaFlyy. ebcoyrteped r ates anqldany stdoadeehipesi ti on
2 wth fill gplgudtemiigerisubst anti addhpaabi gdedidd cddime @resénd liatre@ivht hi n

polymer 4. ElLgves Lie So£N red. it heg s tQa a nherent
probl ems 25 gg‘éocilte{!t e(ﬁ%ﬂ%ﬂ\ P &%rrrrlgt ggl%ﬁ ré% ifnéte[l q Eq}i@}érg‘l %%A%

be di scuss&3VH1¢ detHid tHt d@ﬁquf]ﬁe@' ﬁéf%nf)ft"t ﬁ@ep\;}é‘?@ﬁ PhVERET oI per m ts
t he nol di ng fébvw cetpl ex stpeunterel esreds Rirneduced breakage of the high aspect
ratio fubler 8 waich vwaskdigatisatrét hgedeskied thebulfeateeaentnefsiohe of

ot ore eyl paeatoaddl Rl | kend R e PO, & e R g
2A shows a pét eﬁegﬁ avi B OF™z u%ff(?ﬁﬂ éﬁ}g?‘ﬁ%ﬁ y %Hﬁu@f‘f 4r ?f@@g 10 |s
shown. In pazrft Fealhdeh edrechatitioc dadlat ilveckirivtele rr@ferredghdtncanson heat
sink with avbaseraideand ripstandithg fins1ddee32rCcomiechadcbhiacedns wikhs heat
sink 10,4s gagz@nw Gy éggdtgf@erheelteakgerk%atﬂl g suptace. of ;2 demiege (not

shown), such as, a_sem conduct or ac ur poses of transferrl ng
heat away fPBRYITE TSt "Hefevitc B82S ‘Iaﬁ‘i §‘slﬁ c&t rﬁ'flsoa 55?4)01’:[ % itti cHe L
particul arl yliwstretect ronireadppl¢ cagdmonsitiry ehsurieht hbillehe 8leviiedeégddoes
not fail substantially aligned to adjacent filler 8 within polymer 4. Fig.

1 is what is encountered in the field, due to the inherent problems

25 associated with molding material with filler therein. As will be
discussed in detail below, the method of the present invention
permits the molding of complex geometries with reduced breakage of
the high aspect ratio filler 8 which would cause the desired
reinforcement of the composition to degrade.

30 Referring first to Figs. 2A and 2B, a molded article
employing a prior art molding process is shown. For example, Fig.
2A shows a perspective view of a known thermally conductive article
10 is shown. In particular, thermally conductive article 10 is
shown as a heat sink with a base 12 and upstanding fins 14

35 connected thereto. This heat sink 10 is commonly affixed to a heat
generating surface of a device (not shown), such as a semiconductor
package, for the purposes of transferring heat away from the hot
device. This heat dissipation 1is «c¢ritical, particularly in
electronic applications, to ensure that the device does not fail

40 due to overheating.

The bottom surface 20 of base 12 is placed into flush thermal

communication with the semiconductor device to Dbe cooled.



40 due to overheating. The bottom surface 20 of base 12 is placed into
flush thermal conmmunication wth the sem conductor device to be cooled. WO
01/ 76844 WRe1/18@0/ 09103 9 Typically, the sem conductor deeiwsowmidse cool ed
is positioned directly below the center of the base 12, generally
referenced as 22, to achieve heat spregdlng 360 degrees about the device
to be cooled. As shown in Fig. 1B, a bdottomview of nolded article 10, a 5
heat generating sem conductor device 22 is positioned in the general

center area of base 12. As a result, heat wll enanate outwardly from

center areaTPRIGRhEFe HhedtiGRHBCADT nGEEEH dondifot O eﬁe\}ﬁcé’ofétll"&&%\t ed.
Fi gs. 2A andigRtalskelomonhe heentypi cfalthe| bavepdRt egeneghlibhereftfenmslidasmt eri al
when it is bpfreducdetdtRad slddidhestDbdgrmbeabalt ths tiwzic@altbybe

i ntroduced g'g%ie%pUtAsg@ngr%Qnoplgon§Ber}:ldbgtt,totmhgléy tok%@ldeéoirtl'c?é!" dof, o | ef t

to right_ an ward into fins T4, Ventin he tq ortion of each
fin, comonf§? tgéﬁ‘eeréfb?g pP &L SCRBEC ORoWHT) 1€ t (32r<=)‘1sea%‘?a‘g EHE) 88 t bf n *Phe nol d
cavi ty. A baseempdl yastrerniatrea aotilgise152 aspbeta rigsiudt f i hdagr widl f eramage
conductive potwATRIy ifofOdentypi £l EDwhetOraThBg: RRAEr£ink Ssdfi conagalex
geonetri es. %hlecreeﬁL NQcatdy the past, flow direction of nold material,

havi ng no fi Ter t erein, i.s of little if no concern. Now, with the

enpl oynent of hi thsasﬁé‘ctandré]?l B 15P8F | HRfat YRG0 cHCoRECEHE Pk pat t ern
wi t hin 280 nohdl@@atendiadywhen of ior |lt¢1cq9ihm¢¢rp@f:@ ancelds Jddresidedatarighe
nmet hod of the tpiesent ihtwantédnt Shiae ghbe 1@ bhCre @hd RbiJthe 24&rdRde 2B i s

ot ded w0, 1410 cx i3l &l 063100 SNOUR. Al Lo s HiOW RALLES N eOLc the

nol d materla eorlentatlon al 1 gnnent of terial

will 25 be, tBS SRt PRIV Parsdrfetit oC‘P‘Wé’nllﬁd?tcﬁE‘btoefr Pb{}\% “ﬁt aSaleral | eft
to right artangdeest .aiHoweirén, thromezéntaalitar r angesemelarstr wakh gim*ﬁealtl of
filler pateabgdetBradild £5EIOUS| o rilegradeudtice thakied isCasEugbivdl Yobf

article 10 «poskb! AN ADER! ORNRL %.gaa@t%@ Copplickar, dayl ef aseent ral

30 area 22, nat ur a ten 0 rad] at e out war

di recti ons. FARY FHSECSEBN Of N Y. "22B 1A e PEREEMEP 56%0#‘5??13? ‘of® 8fticle
10 when travéttiliengft @ot hendeaht omowo whigh rtihghtempidvmepe ofehestal 4spect
accept abl e asdchef:tlhefnabatfﬂngw 1eatbicns! lanbe pak abhederhio witthen abi gonent of

filler ?ft eLhde, 8y "Q"’%‘é?ﬁlcﬁ’“ rgkiotr"té%?é 'ais”?d&{%s.%d 32 pWechbg th%ﬁérm flow

path wi betransversetot e I gnnment o the filler 8 wthin polyner 4
thus requi r PRPhelWERT Y0 traverse additional interfaces. As a result,
t hermal conducti Ginqe ithetdpdgele of Figs. 2A and 2B is molded with a input

gate location shown at 16, the flow pattern of the mold material

and, thus, the orientation alignment of the filler material will

25 be, essentially, parallel to the indicated arrows in a general left

to right arrangement. However, horizontal arrangement and

alignment of filler material 8 will seriously degrade the thermal
conductivity of article 10.

Positioning a heat generating semiconductor device at central

30 area 22, heat will naturally tend to radiate outwardly in all

directions. As best seen in Fig. 2B, the thermal conductivity of

article 10 when travelling to the left or to the right will be

generally acceptable as the thermal flow path will be parallel to

the alignment of filler material 8. However, when travelling up or

35 down, the thermal flow path will be transverse to the alignment of

the filler 8 within polymer 4 thus requiring the heat to traverse

additional interfaces. As a result, thermal conductivity in these

directions are severely degraded. Since thermal transfer is a bulk

property, the overall thermal conductivity of article 10 1is not

40 optimal and fails to fully exploit the conductive properties of

filler material 8 loaded within the polymer base matrix 4. Similar

degration of the effect of the reinforcing filler would occur if an



directions are severely degraded. Since thermal transfer is a bulk
property, the overall thermal conductivity of article 10 is not 40 opti mal
and fail wooi/faskd y expl oit the conductive properties of PCTAUSe0/YRE3eri al 8
| oaded within the polymer base matrix 4. Simlar degration of the effect
of the reinforcing filler would occur if an WO 01/76844 PCT/ US00/ 09103 10
electrically conductive or structurally reinforcing filler were enployed.
Turning nowto Figs. 3A, 3B, 4 and 5, the nethod of nolding of the present
invention is_shown in detail. Referring nowto Figs, 3A and 3B, an
article 100°1¥°Pr 6% e WA T o sEe sffg %W&lh}bsf‘é’rftﬁ°%§1‘?gi nE'1FE ¢BRfect ed

t heret 0. Byewryprvef- exanple, the present invention is described in
connection wth trhenirgl dongofrigs. aer sml lay ag@nsiucinev @eaidai 6F emoﬂihleg nmol di ng

of electricatly,, C@%@ggw AL StILchILAl Ly Geihor cedeartigl 65, are

carried out 10 e the sane net . A bottom sur ace 120 of ase 112
is provided*¥or 31‘1\‘I G8h er%larﬁbﬁﬁuﬁp%a’t? AT ELH &' 1hBaf Goiferdti AR

sem conduct opstdedize fist ISHowalndReter thergtbot h Byo wRrgef 38Remwmid. 3B which
shows a bot pedgevit et asd 1i6l eddd@pbed iSeBbEMMUSE Gfithdend Go1dshgPesi 41 oned

substanti al H{e&n%@H a'J&ﬁdQ@él W oagtdche 100 4 1p.fhggar Ffﬂ‘ daslgnated, as 122.

In accordance wth (Present i.nventjon, an quyt no gate 1s centrally

provi ded at Ci%dufﬁivet h%n | PG HIAL B THIEPBEER ndteriat PHE oci‘rﬁée?erPHt cavity
(not shbWn) emplRyinhethe \samei nethod - pr dvbeemasuiiBenwiep et f brseelarplie,
ej ection ppas/igeat tshownysnantetha CoraifiRaeidhesaar Untaar gepeitiaed to 20

st mul t aneous proxide anaalicy elaassoand helpclings Lbe, artiele 10, 9ut of

the nold after 1t has been forned. In accor ance W t f esent

i nvention, the VHPodfer? oft SPLEMh | Y SHatodr i3 Lo t HE - ce%t“f‘ 1F9“‘1“663’E ed gate
116 causes ti¢reicgplid rewirportd eubatartiallvt cehtowlgubekrdliaytasid dgoi Bt o fins
114 in @5 25tradbadd Nngepapmbesn &g onpgate ﬁﬁGaccthsna‘eJ oW thadirat | prespat t ern

causes hi gh;asns E%raam' qn{,]aé |8 a gatleoggegefn\éﬂf% lea%gl X@E{s Secpdatrix

4, to be alllg erew t resu oriented in an

outwardly ri ‘iré’tdilﬁbloﬁatotfef“r‘?ld @atsel’ib% W ﬁé‘eaf“%‘%\rsca"lﬁyFl(ﬁ"t 3BOPY ¢l osel y
mat ch t he aEtxrdlert heentakhgr agli edvagedaith 168 8Benche fheaexawpanat eiRFtieom a
heat generapimyg G GHBCHICt Oid el CAeatOrat @leddareRAd r ate r eghvaBed 226 I N

accor dagge %\&r\tmptgp&)ugr E%&thde Hvﬁl'lf 'rQ![‘eastehan?'ﬁei% MREENIHAY ,0f s e, padi ating

pattern of her mal ow pat h”of heat from central

area 122 taR¥s °ff t9 )V‘Oé‘%ﬁf('ilef S he® O6RpISTPE pol yner material, nanmely the
hi ghl y 35 conducfinvescprépeet vesh ghe tiyes¢rnitghnaspeen. rtdie| éntfricdheriog eher ei n.

mold material at the centrally located gate 116 causes the mold
composite material to flow outwardly and up into fins 114 in a
25 radiating pattern from gate 116. This flow radiation pattern
causes high aspect ratio filler 8, loaded within the polymer base
matrix 4, to be aligned therewith. As a result, filler 8 is
oriented in an outwardly radiating pattern, as shown by the arrows
in Fig. 3B, to closely match the actual thermal radiating path of
30 the heat emanating from a heat generating semiconductor device
located at central region 122. In accordance with the present
invention, the close matching of the radiating pattern of filler 8
to the actual thermal flow path of heat from central area 122 takes
fully exploits the composite polymer material, namely the highly

35 conductive properties of the high aspect ratio filler 8 therein.
Fig. 4 shows a method of molding a electrical ground plate in
similar fashion to the heat sink shown in connection with Figs. 3A
and 3B above. In Fig. 4, a substantially flat ground plate 200 is
shown with a main body 212 with a bottom surface for contacting a
40 electrical source, such as a neutral ground connection. In
accordance with the present invention, plate 200 is molded by

centrally providing an input gate at 216 which has been



Fig. 4 shows a nethod of nolding a electrical ground plate in simlar
fashion to the heat sink shown in connection with Figs. 3A and 3B above.
In Fig. ayoai/zasbstantially flat ground plate 200 is showncwusén/@iosai n body
212 with a bottom surface for contacting a 40 electrical source, such as a
neutral ground connection. In accordange with the present invention, plate
200 is nolded by centrally providing an input gate at 216 whi ch has been
WO 01/ 76844 PCT/ US00/ 09103 11 pr edet er m ned to be the center of the

el ectrical source is olo%at Wlthltn center |on 22. Vent.i ng % row ded
at the edge8 FrIeEMRSs 52 208% T Fh Cort |na AT Wt FOFRput ®g a?e ur ge
fl ow of m)l 1 Chiat é?lil%ﬂr 090 a3 | Heatlrnadﬂatﬁrﬁglﬁ%ﬁ ta¢r Rhe c?dsP?)s?éPyOFrat ch
the 5 actuablsdeccboiteal ifil @mnbpatthonfwiehentputcddte bromurbe meut s@lmogd ound

connecti on. nAs.,Shat edeARAYE 19“5“@5@15@% aiab&garfn' Q;‘é! szloE@u}j maC:QHpQﬁét e

t I | | t | | I I th
material  w a?L uEa tﬁ){cgfl CHI %atht ﬁg 1e|c r1c1t§| Irom fn ‘Lttﬁa% h%r ?P%\?Vnp\g![ h.

the el ectri 8ar"%1 6w Hd§ hd e Tl Aent
10 The net hegrwsEtien di ndsa %ttartaét Py y PWivATdr Eeelatirg clféowi AT &eédr dance
with the presenisitaveaténnl ivilsi matarallp rehsd ngha hidter asddcy cendoctive

and el ectriealiey §0€tdlél@£4;ﬂ/%1"t§'ﬁfe0££é’c@r1@s[1t €L hab R cn T 8L r &334 i nes
are determn§dto dg_ferf?"{ﬁ desired filler alignment path which is
0 8%t r

the desired pogsnmfefl%n“flﬁa uctural | i reinforcing filler material
i s ascetfained. The msthgdt ofatdlAgnd ¢ FoSPETGREY t P igéprasHe 28biflee &% t he
filler mateant@rdahtd owidre thel greeercorimespoire, Wikh siheldesia etblbioxataon to

reduce the .gff@ely of c§r'£cfu%§§ve0n aIn'&e %ﬁ&&é—‘rll@al tpéﬂndg@él% Orreyl%ﬂlric@@ i's
al so provi ded ¥ rt er control path S2DE al i nmen he filler 20

within the Phy ec |on°rrreJIdTah§I &YAT L] { eSO I5-STHURE ural en dl‘eEI AHSFcRd
article, a SefirgBl é1¥%9r] eLigyert Etﬁéhcélﬂfdh ifj bhe . deSRéF‘ér?qsﬁgl?fﬁ%gt 8f Fi gs.
SA and 5B, ahandduassenhlyresifohciag amnlienj eeténnlindkdagsseabled,. | shenpl oyed

in the nethed,of gsbﬁlgpassg?a},tltlarmﬂem |SQE' i %&%@ oF tg‘te 5ﬁ1elrl ustdaLes the
bott om hal f 300 nmol d ass \fl\{?e %es1 ed (iloc .n d¥8§06 \%th a

cavity 302 thet é:l moégt téo {0 R raI 55815 %R GR" t ottom of
cavity 302 ebFecti afr ¥iehe6F ngn rﬁ?ledaﬁ‘%}tcé?r aloqtﬁtlb %F@Srrerdveneamewplaﬁgo 308 are
al so provi degrildesd tecRifpheiM ¢dnitho Othee ppoMdiniy aapefitdantest 3iRe ofilupper

mol d hab§ 310 showpnd nlﬁ?gctléﬁ 1891 d.2ppacat us ghown if. GLds-18p SA and
5B may be generall manuf.act ur ed |bnleagr: regancelﬁw!jth K ol nol d
f

manuf act ur i hg T EERT GaEsS FoheVér 2> 'gs s f G&P31 FP%bove, the
posi tioni ng of g&??%@ﬂglfsowsb‘é@lﬂﬁ cdP ynESPect aWlAnasssBRHf dEHEe aRi &h t he
present i nvemnjidcatiod ondldl hysedp) oids tehployed in the method of the present

invention is shown. Fig. 5A illustrates the bottom half 300 of a
25 mold assembly which has a main body 306 with a cavity 302 therein.
Gate 304 is centrally positioned on the bottom of cavity 302 for
introducing mold material into the mold. Guide pins 308 are also
provided for receipt within corresponding apertures 312 on upper
mold half 310 shown in Fig. 5B. The mold apparatus shown in Figs.
30 5A and 5B may be generally manufactured in accordance with known
mold manufacturing techniques. However, as set forth in detail
above, the positioning of gate 304 is specifically selected in
accordance with the present invention to fully exploit the
properties of the mold material having reinforcing filler therein.
35 " In connection with the present invention, a method of molding
a reinforced article for transferring heat and/or electricity from
a source 1is provided. A method of molding a reinforced high
structural integrity article is also provided. First, the a mold
assembly is selected that is capable of forming an article of a
40 desired configuration. The contact location of the article to the
source surface is determined. In the mold assembly, an input gate

is formed at a location that is in substantially at the center of



properties of the nold material having reinforcing filler therein. 35 In
connection with the present invention, a nethod of nolding a reinforced
article fwooot/r@amsferring heat and/or electricity from a BODUS®/(9$03

provi ded. A nethod of nolding a reinforced high structural integrity
article is also provided. First, the a npld assenbly is selected that is
capable of formng an article of a 40 dlesi red configuration. The contact

| ocation of the article to the source surface is determned. In the nold
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heat or el eehrdugal tiid et pateh ist tHeaugbtddmened tasclvell ast hien detetddtied as
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be nol ded 5 Ventin
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| oaded Wi t kheoidticPitbe thhP%pééttYF%t“ioédﬂq lpepcesss pnpelodateddaded t he
nol d assenbbvyth/icamtihetlpreeﬁe:_l;}ea@dci nfttiogdt BlerThes pohtyeanced inaosiché oned
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f or mat i bh, Ph@w@ééa%dllﬁ i pghRéel apnd chllgnsd ej"e%ft ethef rEﬁﬁth‘é?WF@I

assenbly. EXAMPLE1od5 pHte nmed d rappar adptismide0wWahé N dongsctivAt@ndh5Btuas

astsenbl Fd tg Wgﬂlgﬁatcoﬁqpmaﬂsﬁ as ghaun k&nﬁltgon, ttﬂ;f)mgt%%@ tmqétaﬂ
materi a uced n gate located a e
bott om cen %‘Fgﬁi‘é: F‘riﬁ a4 F %eCtF%D%O“r‘ra’ihéeri“ d g%ed“b hecl uded a base pol yner

matrix with h| gh aspect ratio filler E&dh fl akes that are 2/1000 20 to
4/ 1000 of an i nchhé htk spHarerbeishgwd 0mhlB0Ek .0Framnd Behwionrgsahdlled ao m ni num

aspect ratig,0of @QQEQ@&EB&"AH alosﬂownAf hepigmol.di ngomptogé‘te Q@lﬁoﬂaﬁéﬁgﬁs wher e
aligned in the hea greader #ghed article in f % h acg iating
pattern ext &hditgotEe hénté’dfj}é% TS HE 2ArYPEF 235Fh %cartﬁ |aatt| ég/ pat P8r n

cl osel y mat ettt RE et vld-f | Bw 281parhenialhegrd thrbidgh 2 Rasarkilemert o
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under st gpd, téh@/ﬂaa@scﬁngn 1@1\612“6111%51 maebseﬁl@a@?%oboof tLarma %que watgay of
0

configurations, and s apes enpl oyin of th res I nyention.
In that conRe®tTEH™ THE LT %%} %?prto ?jail ng | ogt;’ft[) o ?‘gln(? veﬁ?l ng

within the Adtkenwiflekest faexd \vaiigned iign th? heeafti EPegadss BESHSPE%I HHLR t he
article. Thennet heetwatdatheradiating pattern extending to the edges of the

article. This radiating pattern closely matches the actual flow
25 path of heat through the article to fully exploit the thermal
conductivity of the material.

As can be understood, the present invention can be adapted to
form a wide array of configurations and shapes employing the method
of the present invention. In that connection, the selection of the

30 gating location and venting within the mold will effectively align
the filler as desired within the article. The method of the
present invention achieves higher thermal and electrical
conductivities and higher strength articles than that capable of
from prior methods, even employing the same polymers and fillers.

35 The base materials and fillers may be selected to optimize the
desired thermal, electrical aﬁd_ structural properties of the
finished article.

It would be appreciated by those skilled in the art that
various changes and modifications can be made to the illustrated

40 embodiments without departing from the spirit of the present
invention. All such modifications and changes are intended to be

covered by the appended claims.



present invention achieves higher thermal and electrical conductivities
and hi gher strength articles than that capable of from prior nethods, even
enpl oyi ngvo he7aade pol yners and fillers. 35 The base nat ePCBAUSO03f i || ers
may be selected to optimze the desired thermal, electrical and structural
properties of the finished article. Itryould be appreciated by those
skilled in the art that various changes and nodifications can be nmade to
the illustrated 40 enbodi nents w thout departing fromthe spirit of the
present invention. All such nodifications and changes are intended to be
covered by Pl d5peHdEEP &°ai ms. WO 01/ 76844 PCT/ US00/ 09103 13 WHAT IS
CLAIMED I'S: 1. A nethod of nolding a net-shape noldable thermally
conductive 1arti al @ethes &1 apsdeigr kngetheaipd momab1beatergensr abhagtsué f ace,

conpri si ng sbﬁld;%ge% tragéfevrlr%@ghéamkfim%éeﬁpw g@rpeqlakfngof sELALNg an

article of a desired con uration; providing a cavity wthin said
mol d assean?}mprlﬂé’f%FﬁFrﬁtﬁQ &Afinitial location of contact on said article
with said heat gereriginag getf acesembbr vepngble PApfarndgay ean Rrsadld bl @
assenbl y at assir@di eddriighrathiegati on of contact; determn ning the optinum heat

flow path through, s daard Wolecn, St 6e il 0o pobes Tuanhign | ocation of sald

heat flow path; “iIntrod ucm%n %/ | oaded th conductive filler_into
said rmold cavit eI BHY Fngat Jj’d‘t Rt r?é 8P ol égé‘%nﬁvcé‘f sai d
t er m nat i onvigtaridheat meserigmengifare: conductive filler in said polyner
substantial |y patathieh toimnd abtgned swithnsad thdeablyf lewspad hidiytiafl ow of

sai d pol yneg _thr gggni ggﬁgcgol d cavity, and ejecting a net-shape nol ded
article fromsai assenbly. 2. The nethod of Caim1, further

conpri sing the sfié’ber(?‘ﬁnmgpl’:{ﬁ?/loé’ Wb PoRg L eY FESAdURere: slallgearrtégl%al d
conductive fill éeterdinifiee anttrivgtatofonC edamidn ofuszidehexctokpey Fiatli t he step
of 1 providing flakedabapedoiPiel 18haas widhdceonductd v 1fiet | fito s4id The

met hod of O gj .1 f UGt Der  §OMRLLS Qg the step of: providing rice-shaped
material as ga({ng ‘é%)ﬁpucgll Ve f Fg d: The, met hod of Claim1, further

conprising the sV&p-GP: S ‘B?/]lddf‘ﬁﬁe“k]?é?’b"’btn it dPFminakdon drgatiiduct i ve

filler. positioning said conductive filler in said polymer

substantially parallel to and aligned with said heat flow path by

flow of said polymer through said mold cavity; and
ejecting a net-shape molded article from said mold assembly.

2. The method of Claim 1, further comprising the step of:
providing elongated conductive fiber as said conductive

filler.

3. The method of Claim 1, further comprising the step of:
providing flake-shaped material as said conductive filler.

4. The method of Claim 1, further comprising the step of:
providing rice-shaped material as said conductive filler.

5. The method of Claim 1, further comprising the step of:
providing carbon material as said conductive filler.

6. The method of Claim 1, further comprising the step of:
providing aluminum material as said conductive filler.

7. The method of Claim 1, further comprising the step of:
providing said conductive material selected from the group

consisting of aluminum, alumina, copper, magnesium and brass.



6. The method of Caim1l, further conprising the step of: providing

al um num material as said conductive filler. 7. The method of Cdaiml1,
further owopriaing the step of: providing said conducti vVECTvES@VG9a)3
selected fromthe group consisting of alum num alum na, copper, magnesi um
and brass. WO 01/76844 PCT/US00/09103 14 8. A nethod of nolding an
electrically conductive article for transferring electricity froman

el ectrical source, conprising the steps of: providing a nold assenbly
capable of formng an article of a desired configuration; determning an
initial |ocdtion”oeEdit £t WAIRE FrartPEE it FErE &fedEFTTEl t8bur ce;
form ng a i npatsfgatrind rlseidciby dfrassembilpcaticzdi downviet | abmpriipttt itba of
contact; detseepd Rieng the optinmum el ectrical flow path through said
article; determ ning er m nat i i of .sajid.electr] | @w. pat h;
i ntroduci ng polyE%$Q¥§§ée%?&ﬁ?hgg¥g%?f?%ﬁﬁﬁvaégn t%??@egﬁf+%?e¥ifﬁt3 said
nol d assenbl%5¥4%4 SHAIPFPUC gate; venting said nold assenbly at said
term nation | ocatdeberminpusi 4t omiingakalatapoiny mdr dontaei PmoladdasseirBey wit h
said condugttyveafisldieetbaiangssikstantially parallel and aligned with said
electrical flow . and.eject | de t] rom sai.d ¢

assenbly. 9. Thegﬁégﬁgdgofg%ﬁgfﬁgg,g?zg%%egoggd%%%gF%ﬁ t ééégegyggfl
provi di ng el'8RYACECTGABWAS ve fiber as said conductive filler. 10. The
met hod of C ai m 8stéuminhes tonpeetsimay thetsiep oflow pragi dihneudhl seédshaped
materi al asagsaidegonductive filler. 11. The nmethod of Claim@8, further
conprising the s . proyvidi i.ce- er.| id.c ctive
fiTer. T2, The rerfiadBf h Srlg £E TREMSE BT ary TR &g
provi di ng c&'Bdn naterial as said conductive filler. 13. The nethod of

Cl ai m 8, further ioonplucsiag pohenst epoaded  pivvi dilagtaicamnumomaterival as
sai d conducteh Yeef iht®kaid Mbla TheefBlhoda ofaifl Aipik 8gatleyr t her conprising the
step of: provi d'vQQtﬁ%]' Q%;deRQP&taJs\é&ﬂlg? glighy Sc%!rﬁ%aetqaLLPJE'aEP&-grOUp

consi sting of alum nu um na, coppér, magnesi um an rass.. WO 01&76844

PCT/ US00/ 09103 positioning said polymer in sdid mold assembly with sai
conductive filler being substantially parallel and aligned with
éaid electrical flow path; and
ejecting a molded article from said mold assembly.

9. The method of Claim 8, further comprising the step of:
providing elongated conductive fiber as said conductive

filler.

10. The method of Claim 8, further comprising the step of:
providing flake-shaped material as said conductive filler.

11. The method of Claim 8, further comprising the step of:
providing rice-shaped material as said conductive filler.

12. The method of Claim 8, further comprising the step of:
providing carbon material as said conductive filler.

13. The method of Claim 8, further comprising the step of:
providing aluminum material as said conductive filler.

14. The method of Claim 8, further comprising the step of:
providing said conductive material selected from the group

consisting of aluminum, alumina, copper, magnesium and brass.



15 15. A nethod of nolding a structurally reinforced article, conprising
the steps of: providing a nold assenbly capable of formng an article of a
desired ooobi/gsnati on; determning a desired filler ali gnPeEMUS@ADNO3
according to stress points of said article; formng a input gate in said
nol d assenbly at the beginning of said filler alignment path; determning
the opti mum positioning of said filler material through said article to
optim ze structural integrity of the article; introducing polyner |oaded

with structurally reinfqrcing jller into said nold assenbly via.said

i nput gate; 1\5/ent_i¥\’ngmest§|°§ rﬁflndmﬁfsdslé‘ﬁblay Sfr‘f%gr%lrﬁ ofelsn;ffac‘?‘ll | FEF 181i gnment
pat h; positicomurigisaitdepefiopierti n said nold assenbly with said reinforcing
filler being subgtantdiagly mpanakdsmbandaabbgned Wiingsan chrkitleerfahi gnment

path; and ejsectiAd-she1Bleadoarticle fromsaid nold assenbly. 16. The net hod

of Cdaim15, further conlpri Si Qi%ﬁt he s ﬁgeOf: rovj di n?h el onoqr%tlgd ft!)ber as
0] u

sai d reinforci ng Frii8f™e 1%, “TRE SFet bf *HEM 15 P2 ur fRET €8 pr{si ng

the step of stprsGvPelintg of dledédsirapettimaterial as said reinforcing filler.
18. The met hod offoGhiaigmalbppdtulbbkberic GaAPd | ®ildg absenbdy ept oftie bpganidyng

ri ce-shaped pateni al11as saidndgl phogcing filler. 19. The nethod of Caim
15, further conpr,isi r}g ovi.din car t;g rial _as .s?i d

reinforcing fill&F-°F ng?'h%}eﬁ%?g%mamoggﬁtalfﬁ% : furtri]%rer]r%lcgﬁpfnf%eirﬁa t he
step of: pr&bretighg widni sFirhat € APtaRizsai HFUEFHGr cIHEIFI ePt 9. The
met hod of Claatimi:b, further conprising the step of: providing said
reinforcing matenrhalogel &8t ¢d1fddm {@8r QURRCONSLELLNG 19T AliHEL AUy,
al um na, COE’foe’r rirgtg)nesglléjmolgagsbsggblayngia bsra?'gsi'nput gate;
venting said mold assembly at the end of said filler
alignment path;
positioning said polymer in said mold assembly with said
reinforcing filler being substantially parallel and aligned with
said filler alignment path; and
ejecting a molded article from said mold assembly.
16. The method of Claim 15, further comprising the step of:
providing elongated fiber as said reinforcing filler.
17. The method of Claim 15, further comprising the step of:
providing flake-shaped material as said reinforcing filler.
18. The method of Claim 15, further comprising the step of:
providing rice-shaped material as said reinforcing filler.
19. The method of Claim 15, further comprising the step of:
providing carbon material as said reinforcing filler.
20. The method of Claim 15, further comprising the step of:
providing aluminum material as said reinforcing filler.
21. The method of Claim 15, further comprising the step of:
providing said reinforcing material selected from the group
consisting of aluminum, alumina, copper, magnesium, carbon and

brass.



