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SUMMARY
According to the present invention, a heat spreader and a method for making the heat
spreader is provided, and a method of dissipating from a heat source are disclosed.

In some embodiments, a heat spreader is provided which has at least a first layer and a
second layer of strips or planar elements. At least one of the first layer and second layer has
at least two adjoining planar elements or strips of pyrolytic graphite material and the other of
the first layer or second layer has at least one strip. The direction of the orientation of the
strips of the first layer is different from the direction of orientation of the strips of the second
layer as described below.

The strips are made by cutting strips from a sheet of pyrolytic graphite such that the
sheet has a cut therethrough in the z direction. Thermal conductivity in the xy plane of the
pyrolytic graphite sheet is greater than in the z direction. The z direction cut provides strips
which are then each individually oriented about 90 degrees such that the thickness direction
of the original pyrolytic graphite sheet becomes the width or length of the cut strip. A portion

of a lateral side of a first strip which has been formed by cutting the sheet of graphite and



at least two adjoining planar elements or strips of pyrolytic
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the first planar element adjoins at least a portion of a second side of the second

planar element which extends in a direction out of 8 second plane of the second

planar element. The first strip and second strip thereby form a first layer of the heat

spreader.

At least one additional strip is provided in a second layer of the heat spreader, for
example, a third strip which is cut from a sheet of pyrolytic graphite such that the thickness
dimension of the original sheet becomes the width or length of the third strip. The third strip
of the second layer adjoins the first layer and is oriented such that the thickness direction of
the first strip and second strip is oriented in about the same direction as the thickness
direction of the third strip. The orientation of the direction of relatively low thermal
conductivity of the first strip and second strip of the first layer is different relative to the

orientation of the direction of relatively low thermal conductivity of the third strip. The
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the heat spreader adjoins the second side of a second strip of the first layer which is
coextensive with the first side.

In some embodiments of the invention at least one of the first layer and second layer
has three or more strips of substantially equal length are placed side by side. The second
layer has at least one strip which adjoins the strips of the first layer.

In some embodiments of the invention a third layer of at least one strip, for example, a
fourth strip, adjoins the second layer of the heat spreader. The orientation of the direction of
relatively low thermal conductivity of the third strip of the second layer is different relative to
the orientation of the direction of relatively low thermal conductivity of the fourth strip.

In some embodiments, the first strip and second strip are adjoined such that only a
portion of a first side of the first strip adjoins only a portion of a second side of the second
strip such that the first side of the first strip extends beyond the second side of the second

strip.
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then placed such that the side adjoins the side of a second strip. In this configuration heat
transfers more rapidly along the length of the strip and in the thickness direction of the
oriented strips than across a side of the strip which adjoins an adjacent strip.

Another embodiment of the invention is a method of placing the heat spreader in a
heat conducting relationship with a heat source by providing adjoining pyrolytic graphite
strips in a first layer of the heat spreader of the present invention. The side of a first strip is
placed such that the side adjoins the side of a second strip. Heat transfers more rapidly along
the length of the strip and in the thickness direction of the oriented strips than across a side of
the strip which adjoins an adjacent strip. Heat is conducted from the heat source into the first
strip and second strip of the first layer. Heat is conducted in the thickness direction of the at
least one strips of the second layer which are oriented in a different direction that the strips of
the first layer. Heat is conducted through the heat spreader in the direction of the a directions

or axes of the pyrolytic graphite strips which is the direction in which the xy plane extends.
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FIG 1 is a parallel perspective view of a sheet of pyrolytic

gr aph| t erelém&tl n the present invention show ng the direction of

cili]c axes of the Iayers of pyrol yt| C graphlte of the sheet;

FIG 2|sa all.el pers tic
graphite of Eﬂ%éihowsapo 5fl anoth\ér em lmcn of ﬁle e tspreaggr o?tl¥ € present

invention which has three planar elements in a first layer and the direction of the a and ¢ axes
of the pyrolytic graphite in the first planar element, second planar element and third planar
element;

FIG. 6A shows the third planar element of the heat spreader of FIG. 6;

FIG. 7 shows another embodiment of the heat spreader of the present invention in
combination with an electronic device and a heat sink;

FIG. 8 shows another embodiment of the heat spreader of the present invention in

combination with an electronic device;



showi ng a first planar element which has been diced fromthe sheet
and separated therefrom HG 3a shows the first planar el enent of

FIG 2 af te 2001083 &t i on of about 90 degrees; FIG 3b SRONS200HE10838 st
pl anar el ement and the second planar elenment prior to adjoining;

FIG 4 showsFE.foheweanatiier smbedisat ofetht hest spriedenebthe pigsestdsrention inhe
present invention shown in FIG 5 and the direction of the a and c¢
axes of corheingymoliyt arcelgmaphi deeice thetHeet dpraader hpivangar firetl leyrersecemida g @odd
pl anar el enent; FIG 5 shows an enbodi nent of the heat spreader
of the pufsEaterj nvention and the direction of the a and c axes of the
~.pyrolytic graphite in the first. planar elenent and second pl.anar
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heat spreader of the present invention which has three planar

el ement g 1fe drkd atwﬂlayﬁa’e ﬁ?ﬁ%k?@nﬂ%&ﬁ b} aPJ %&ﬁeﬁs @@Qct&s%%ﬁd efch

the pyrolytic graphite in e Tirst planar ele second pl anar

el enent gﬁg{ﬁg gr AR, éﬁgﬁ&hﬁm 15% th%pgms the third pl anar

el enent spfea FIG 7 shows anot her
e et ot 1 B RSB AR i
having three planar elements in each of the first layer and second layer and one planar
element in the third layer of the heat spreader together with two electronic devices; and
FIG. 12 shows another embodiment of the heat spreader of the present invention

having in which the first side of a first planar element extends past the second side of a

second planar element.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in detail by reference to the following
specification and non-limiting examples.

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
embodiments are, therefore, to be construed as merely illustrative, and not limitative of the
remainder of the disclosure in any way whatsoever.

Graphite is made up of layer planes of hexagonal arrays or networks of carbon atoms.
These layer planes of hexagonal arranged carbon atoms are substantially flat and are oriented
s0 as to be substantially parallel and equidistant to one another. The substantially flat parallel
layers of carbon atoms are referred to as basal planes and are linked or bonded together in

groups arranged in crystallites. Conventional or electrolytic graphite has a random order to
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elements through the several views, there is shown in FIG. ! a sheet 10 for making the heat
spreader of the present invention having axes a which are in the direction of the hexagonal
array of carbon atoms. The c axis as shown is perpendicular to the carbon layers.

Graphite materials that exhibit a high degree of orientation include natural graphite
and synthetic or pyrolytic graphite. Natural graphite is commercially available in the form of
flakes (platelets) or as a powder. Pyrolytic graphite is produced by the pyrolysis of a
carbonaceous gas on a suitable substrate at elevated temperature. Briefly, the pyrolytic

" deposition process may be carried out in a heated furnace and at a suitable pressure, wherein
a hydrocarbon gas such as methane, natural gas, acetylene etc. is introduced into the heated
furnace and is thermally decomposed at the surface of a substrate of suitable composition
such as graphite having any desirable shape. The substrate may be removed or separated from
the pyrolytic graphite. The pyrolytic graphite may then be further subjected to thermal
annealing at high temperatures to form a highly oriented pyrolytic graphite commonly
referred to as HOPG.

In FIG. 2 is shown a sheet 10 of pyrolytic graphite having the direction of the a axes
and the ¢ axis as shown. A first planar element 12 or strip is cut or diced from the sheet 10 of
pyrolytic graphite and after the first planar element 12 is cut from the sheet the direction of
the a axes and ¢ axis within the first planar element 12 remain in the same direction as when

the first planar element 12 formed part of the sheet 10.
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planar element 16 as shown in FIG. 3b is cut from sheet 10 and oriented 90 or 270 degrees in
a manner similar to that described above for the first planar element 12.

According to an embodiment of the present invention, a first side 14 of first
planar element 12 which is out of the plane of the plane of the first planar element 12
is adjoined with second side 18 of second planar element 16 which is out of the plane
of the second planar element 16 such that at least a portion the first side 14 adjoins
at least a portion of the second side 18 as seen in FIG. 5. A second iayer first planar
element 32 adjoins the first planar element 12 and is oriented such that the thickness
direction of the first planar element 12 and second planar element 16 is oriented in
about the same direction as the thickness direction of the second layer first planar
element 32. The orientation of the direction of relatively low thermal conductivity of
the first planar element 12 and second planar element 16 of the first layer is different
relative to the orientation of the direction of relatively low thermal conductivity of the
second layer first planar element 32. The component of the direction of relatively
high thermal conductivity which is not in the thickness direction is also in a different
orientation in the first planar element 12 and second pianar element 16 relative to the
component of the direction of relatively high thermal conductivity which is not in the
thickness direction of the second layer first planar element 32.

Heat transfers in the thickness direction of the first planar element 12 and second
planar element 16 of the first layer to an adjoining strip of the second layer, here second layer

first planar element 32 of FIG. 5 of the heat spreader 22 due to the relatively high thermal



the crystallites. Hi ghly ordered graphite has a hi gh degree of
preferred crystallite orientation. Accordingly, graphite may be
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The major dimension h and minor dimension g can be the first lateral dimension and
second lateral dimensions of the first planar element 12,

The direction of the first lateral dimension or major direction h of the first planar

element 12 and the thickness direction i of the first planar element 12 can be the direction of



According to an enbodi nent of the present invention, a first side 14

of first planar elenent 12 which is out of the plane of the plane of

the first WOaMAMO3IBIEnent 12 is adjoined with second si #6TA§20§808é8ond
pl anar el ement 16 which is out of the plane of the second pl anar

el ement the@ asexcof thhsteentO dfgasalytic grophitedrom wbidhiths firssplaear plemenf b1 s at

| east a portion of the second side 18 as seen in FIG 5. A second

| ayer ffamsied.pTlendirecabenttht s&dndtitaainBmeimeorf ¢andte thid direatioebithe naxik 2f drd
is oriented such that the thickness direction of the first planar

el ement shkr E6F @aﬂmirablﬁwoﬁs Wasinhe 6t plandrelemine i isfoalsds skdieinsane
direction as the thickness direction. of the second |layer. first. planar

el ement FRZ.1. TiRrePbre dtsdi iarngf 4, ttﬁ@ﬁfit p1afdrie@ment 12 BAsat deMdbdty hDW thermal
t her mal conduct|V|ty of the f |rst pl anar el ement 12 and second pl anar

el ement 36,0 vr&hﬁ dflfr§Ltla efaY ﬁfm Siofl! ek € rn‘?d'lj'(gr cﬁﬁll:ﬁstlénvﬁoit tﬂe Eﬂﬁar element and

orientation of rection of relati'vely low thermal conductivity

of the Sego CIICIJI'} yed’;reH (;n 1 Of ea‘lnl%{eqlgrllaﬁ%mea?g{t a-FQIEUQC?nRJQ‘-E&QItIHEQf the

dlrectlon o) ? tTve con i VI 'S not in the

t hi ckness dlrectl IS a different orlentatl n the, first

ol anar SrEHEH lwlz"‘mf:%@éatﬁ@ ikl o BN (A O T
conponent of the direction of | atively h thernmal .conductivjty
Wbt o GondBties Tornisegi HRTeSaon TEeRIBH A0 1T CGEBRA Ry | P

pl anar el ement 32. Heat transfers in the thickness direction of
t he fi r B¥Ngs|dxpension| seihihicrass fustdidedd i firsd ipkanar clemertdAto sasoed sihd8 of 1 st
| ayer to an adjoining strip of the second | ayer, here second | ayer
first phesaad plenaeismeng®6.0f FIG 5 of the heat spreader 22 due to the
relatively high thermal WD 2009/ 032310PCT/ US2008/ 010428 conductivity
of the firstTid basaspreddenefiiflGl 2 cambe medongh that Herplaiaeatements 8adhrhavdie

t hi ckness direction of the first planar elenent 12 and second pl anar
el ement thiée setdedtpatallalngderr Each didermntbe@rthogaial loayerotieo sitleeofabe plashrl ayer
transfers accordingly in the thickness direction of the second | ayer
first pkrpent. athemRbkiddLofach bDtht Bided 6l Bdet v be Pa@d abhveaiBabstantially the
conductivity of the second |ayer first planar elenent in the

t hi ckneggndhit@fidel @hg each side.! N anot her enbodi ment of the invention as
seen in FIG 10, the first side 14 of the first planar elenment 12 can

extend subst gpt %f@lﬁ: s Yo 5@@%@ %%@mé ﬁgmp»g@ﬁ ﬂﬁ gﬁﬁgpagmémg Ere k8 ?ffdlée'a%y

second planar enent strips or anar

| of
g U L e sl
| ayer and econd a%

machines are available in smesq'lavmg a thickness in the f dimension shown in FIG. 1 of from
0.2 millimeters up to 5 centimeters. A typical thickness is 1.3 centimeters. Commercially
available pyrolytic graphite sheets are available having a length or d dimension of about 3
meters and the width dimension e can be as large as 40 centimeters. Pyrolytic graphite sheets
suitable for use in the present invention are available from the Pyrogenics Group of Minteq
International Inc. of New York, New York. An example is PYROID® HT pyrolytic graphite.

In one embodiment the distance in which the first side and the second stde of the first

planar element are spaced apart is at least about 1.5 millimeters.
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In a simlar way, heat spreaders of the present invention can be nade
with a fourth, fifth or sixth etc. planar element in each of the
first | ayevoand/o8stbnd | ayer. Each additional planar ePEXBIE008/10428
particul ar | ayer has a side which adjoins an adjacent side of a

pl anar el eneht anofhet bebirBaentshe diadece dt whidhethe fest side andihe beoped side of the
As can be seen in FIG 4 and 5, the portion of the first side 14 of

t he fir gist plaamncdlerndne arRtpackd apdtt Bifradl pleduns. Strhidlipeetsito sbont 1 Bentsreetend
pl anar el ement 16 extends substantially normal to the first plane of

the first planaiodRl eBedimés thd BiStahde £ twhdhane figsk sidb énd the Sécopdl 8idabf the

~element. 12 is defined by the direction in which. the major. dinmension h. ..

and m ngps Blamérﬁ’éhtgre%ﬁ&ﬁ%ﬁ%ssfml‘{‘@bdﬁIH%enﬁmetIB.Qo AEduRD. sSHehRRSRN h

and m nor dinension g can be of equal nagnitude, however the major

e o POl FRESShEeind &, hE 6k i S 1o B B

t he planar e |nen5|on m nor nen5|on g
can be era dlnen ion a%d

h a o} ral di mensions of
the fi rng%Bfagﬁreﬁe’E?niﬁ@eraTQ apa isat Ie? eabaﬁ"(r:lé%ﬁ“(t)‘rrfleg “the first lateral
di mensi on or r d| tion h.of the firs | an; ment 2an the
Chi ckneas i FEBsHeRbEHERdne fiSGrcet i br BREAGE 151 BARctgad SHE of
directign of WD 2009/ 032310PCT/ US2008/ 010428 the a axes of the sheet
10 of pYFbPIrNRIEIRE ATeSBageH 3RS 8 FattiAbor 4+ A Fenbimetfay el enent 12 s
fornmed. The direction of the second | ateral dinension can be the
di rection of In#nether ambedigentthedisiges at phichr thp firss pige ped die sgsond side phike
which the first planar elenment 12 is fornmed as seen in FIG 1.

Ther ef ofiest phasarsdenent arefsp@&ed4ipart fsdrdm pbaut pl3zeatimetersiie apout 3.0rgatimeters.

relatively high thermal conductivity in the first |ateral dinension,
here, maj or th aetisr embddiskntthediplaaceaat vehichnbe thigineike andtheefotuhh sikiaefge
direction i of the first planar elenent but a relatively | ow thermal

conduct ifiydt planharelérhént S@cspackdlaphesat ledbiabosi 00 caitinganor  di mensi on g.
Therefore, heat is conducted nore readily along major dinension h and

in the thickpesedr eMBSdiRRN thé BidAntdat WHEH thel tHIRNSAeMd Ghd 13@Ah §iGE OFthe
first side 14 of first planar elenent 12 to second side 18 of second
pl anar gl &uRRbr elfment are spaced apart is from about 1.0 centimeters to about 40 centimeters.
The distance at which the first and second sides of the second layer first planar
element are spaced apart can be as set forth above. The distance at which the third and fourth
sides of the second layer first planar element are spaced apart can be long enough to extend to
across each of the first and second sides of the planar elements or strips of the first layer of
the heat spreader as seen in FIG. 5. Each of the strips of the second layer can be long enough
to extend across each of the first and second sides of the planar elements or strips of the first
layer of the heat spreader as seen in FIG. 10.
The thermal conductivity of the sheets in the a axes of the sheets can Be from about
450 to about 2000 Watts/m°K and the particular thermal conductivity for a particular

application can be tailored. The thermal conductivity in the z direction or along the ¢ axis

can be as low as about 2.0 Watts/m°K or in the case of PYROID® HT pyrolytic graphite 7
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The heat spreader of FIG 5 can be made such that the planar el enents
each have three sets of parallel sides. Each side can be orthogonal
to two ot H¥P28188310f t he pl anar el enent. The two si dePCEHUSHRB/AI04IS
the sides of a set can be spaced apart at substantially the sane

di st anc & aisiondK. B porspadigon the thermItaondimsieity obtonpyr s HPP Watgmaihi Ae from
whi ch the planar elenents are cut or diced by any nmeans for cutting

t he sheetppeshasta dessiy ofec@ipke agecomgelddie yalues for pgrohscigraphite obas lEgh ed ng
machi nes are available in sizes having a thickness in the f dinmension

shown i p.2Flgfac, dre@br éfficiendleZandividigHred el odp b actievedmikinBiEtetieat spPeader of
typical thickness is 1.3 centineters. Commercially. available :

pyrol yt e eésemhhi&isheet s are avail able having a Iength or d
di mensi on of about 3 neters and the width dinmension e can be as | arge

as 40 centi metgfsa 5@5&@&%%%3 AR .h%réb@@étae&%ha ﬁpétgwef&,f%&t 'maﬁdw

present invention e avai l from the Pyrogenics

| nternatj BHéglahﬂ%ien?Jm 'b@.""rlf(eoﬂé%t prEaller’®S e Fifs RAPEPAothd F %V#at%sutl_g

pyrol ytic gr ance in

;ngft ISIgsd e{léaap gig eea%%%&ﬁ:%%rélat%gp%% ﬁ%?’g‘?& Slfmpan%ns%{tabé%ggnns foxa aqde 011'11p aced
2009/ 03 /[ 1J 200 10428 | n od| nt the distance at

whi ch tﬁls«]fo %“ag? gRER N 3 ée@éaaﬁaar cReE f%mﬁsvg@ 131thEetenh Rl R ¢
are spaced apart is fromabout 1.5 mllineters to about 1.3

cent i mehgat spreader g2 i adiginedigadieaisink themeansdonpdieingg thheahsnreasier 23 wythe

side and the second side of the first planar el enent are spaced apart
i s fronfdiseee pernBtsdbntranséar of beat roabehe soreaden? tethe substrpie. Anwstchanical
enbodi ment the distance at which the first side and the second side
of the fieasstsuph anaclambmgemdanaca epavens &padjoinitle et $peesier @lboubsthte3
centineters.
which in turn transfers heat from the heat spreader to a heat sink. Also, the heat spreader can
be adjoined directly to a heat sink. Additional means for adjoining the heat spreader to a
substrate or heat sink can be a bonding means. The bonding means can be a layer of metal or
a layer which comprises metal on a planar element of the heat spreader which is bonded to
the substrate such as by soldering at least a portion of the metal containing layer to the
substrate or heat sink. The layer is applied to a planar element on at least a portion of the
planar element which is to adjoin the substrate. After application of the metal containing
layer on at least a portion of the planar element, the planar element can be adjoined to the
substrate or heat sink by techniques used in the semiconductor industry such as soldering or
even by a mechanical means such as a mechanical fastener.
Application of the metal containing layer on a portion of the planar element which

adjoins the substrate can be achieved by metallization techniques, sputtering or by applying a

layer of solder to the portion of the planar element which is to be joined to the substrate. The
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I n anot her enbodi nent the distance at which the first side and the
second side of the first planar elenent are spaced apart is at |east
about 4.0 ¥enrfMsser s, I n anot her enbodi nent t he PETAISA98/810428
which the first side and the second side of the first planar el enent
ar e spapbdacglements eanfoeroataiviti a Surbentrieamstest Fidrdo tieapplidation of the metal

centineters. I n anot her enbodi nent the di stance at which the
third skcoeaiaing liyee ufiogitechnigidaundbld foe uld sisdenptadactosl ement are spaced
apart is at |east about 1.0 centineter. I n anot her enbodi nent

t he di st ance aal nahetor jdiging e fitsiSilgar aetehthe dnaulid fcsidiflami etehﬁmf ig st

.pl.anar . el enent. are spaced apart is fromabout 1.0 centineters to..

~ about 40N de A8 R ERample, a meéﬁﬁﬁicg' c?atlﬁﬂﬁg rrﬁ&nsv“imcﬁ s h I?r?ecﬁ:ilﬁusdli fa%f%ger can

second sides of the second [ayer first planar el ement are spaced

apart cgp a&% tQ?mﬁ ﬁ'&: c]:f MEnt ha%dq}llesﬁteanar E\far ml'n[%ﬁt fé]tgéétnér o(ij ”%nd

fourth srdes o ayer Irst p are

apart c to acra rst.and
sbcond’ LrdEnartoan P dha s M CpBErRT BTR tertd g ik of

t he heat reader. as seen | FIG 5. Each of the stri of the second
| ayer o SPBEOTGIRICLHE SaF Ol dsip g aibop desedsyefaces forefhish fazadipining °f°
second S|des of the planar elenents or strips of the first |ayer o

the heathespleener el&@legtelé’rﬁn#ﬁ Fjeepndgjanar elementrifphaaheantEansicn e t&ﬁSt y

of the sheets in the a axes of the sheets can be from about 450 to
about 20BoangAgrnesit A aneh therspeong ptanpeelementtiRafong|thepmdei wheseimythe st planar
particular application can be tailored. The thermal conductivity in
the z deleaeni Bhardrthaesond plhearclement lcam abijvingd. Btips @5 plebanslergents of
Watts/nK or in the case of PYROED(r) HT pyrolytic graphite 7
adjoining planar elements of the second layer of the heat spreader can be soldered together or
using techniques which are capable of joining carbon-based surfaces together. The adjoining
strips or planar elements of the first layer which are joined to the second layer can be joined
by any of the above mentioned techniques. Also, a metal-containing layer can be applied on
a portion of a planar element of the first layer and a portion of a planar element of the second
layer which are to be adjoined to each other. The application of a metal-containing layer can
be achieved by metallization techniques, sputtering or by applying a layer of solder to the
portion of the planar element which is to be joined to another planar element. The planar
elements can be provided with a surface treatment prior to the application of the metal
containing layer using techniques suitable for use on semiconductors.
A particular planar element such as second layer first planar element 34 of FIG. 11
can have a metal containing layer applied to more than one, two, three or four faces in order
that heat can be transmitted to all adjoining planar elements of the heat spreader.

In another embodiment of the present invention, a heat spreader has a first layer

having a first planar element 12, a second planar element 16 and a third planar element 24 as
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WO 2009/ 032310PCT/ US2008/ 010428 Watts/ nmK. By conparison the therma
conductivity of copper is 400 Watts/nK. As copper has a density of
8.9 g/cc MOCHHIRBEY to val ues for pyrolytic graphite SETAS24P/HR4IES
2.25 We, greater efficiencies and wei ght savings can be achi eved
usi ng t$een reBiGsspreditldr The thitdeplgnaeslement Jhieagtiaphiced from the shest Hhof
grease can be used at the interface between the first planar el enent
12 and pwolbrid gpiphiaandedremedtin 4 Ghanfdresirhidatto Syt madach 2 foft pRin@r elémemr 2
be adjoined to a substrate such as a heat sink, here a copper plate
20 as s@fithé fecbhdpladarRienseny 16 dhetcab)| £ tirbyide 16061 sachjndiphinageltmentfliorist
~pl.anar el enent 12 and second planar el enent 16 to a substrate. In the
event t {adnsbheuchemdt ueRhRASEE 28 3djoms AGb @G 2PofRhiE Blans Jmdni 24 MERNS
for adjoining the heat spreader 22 to the substrate permts the

transf _egec?{dn@g@rihag b QERoh ?ag@x??ttg%%%zﬁ%fiﬁ{engg’l,ta%eédﬂﬁ ISP SCERY ﬁlaneﬁ_eie_ment

mechani ca ns such as I'ng neans can be a 'nmeans to adjoin

t he hea e . ! j a

the noat SBEAEEH bl BRMRIchbp € dof LD, 1 SRR RS eiiEler [ HRLe
adj oi ned directly. a heat, sink. Additiaonal. .nmeans for adjoining the
nent ot By hichdi e R R et ot e Mo R ey diene. e
bondi ng ,nmeans can be | ayer of tal or a |ayer. which conprises,
motal AR b e eaak sttty 8 & BN LT TE ORRT PO he
substrate such as by soldering at |east a portion of the ngetal

cont ai nfeaRect #yibe direstion of slpsivelydew tprmplepndustiyly of the sirips OF plagargimeney
to a planar elenment on at |east a portion of the planar el ement which
i s to afibepeconedlayeiithelcat spagader whish lefiotsitenthisfl layeeoftbe heat eprpedsl-ni ng
| ayer on at |east a portion of the planar elenent, the planar el enent
can be adj oi Inedsimgar way, bert spreadess ofrthprgsens invkntinp dae bhmage adthisfeurth,n
the sem conductor industry such as sol dering or even by a nmechanica
nmeans sfifth oasixd, eredhganio€ plandraddnemes. Each additionAipydr oéplasar ebdmdrinchasetsale
containing layer on a portion of the planar el enent which adjoins the

subst r aivllichaljol® apckjacatrdidbyf aEkat bhez@hne Bleh@AhdT 6 WdRicer favet 6 plit@r Or
by applying a |layer of solder to the portion of the planar el enent

whi ch i glefentber ileihefdpicaddrhe substrate. The WO
2009/ 032310PCT/ U820081p010428

Because the a and c axes of the pyrolytic graphite of all three of the strips which make
up this embodiment of the invention are arranged in the direction shown in FIG. 6, heat is
transferred more readily in the j and k dimensions as compared to the 1 dimension.

In FIG. 7 a heat spreader of the present invention is shown in combination with an
electronic device 30 and a heat sink 20 which is a copper plate. Heat from the electronic
device 30 is transferred to the heat spreader 22. From the heat spreader 22, heat is transferred
most rapidly in the direction of the thickness dimension i and in the direction of lateral
dimension h which are oriented in the a axes of the pyrolytic graphite from which the heat

spreader 22 is made. Heat is transferred less rapidly across the interface between the first

planar element 12 and the second planar element 16.
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pl anar el enments can be provided with a surface treatnent prior to the
application of the netal containing |ayer using techniques suitable
for use orWeeémP®dktlct ors. Any neans for joi ni ng PCRAISEG0B/810428

pl anar elenment 12 and the second planar el ement 16 can be used. For
exanpl e, a nEbhelpdteaic devieapshmbe arodgTepTotRshoTagn atageattthdifcutl higlapowerer
can be used to join the first planar elenment 12 and the second pl anar
el ement ddvices agat dvdaseodiotiése LEDs svidp bambgapeRE med mid@waveddetvives, pewond

pl anar el ement 16 can be sol dered toget her using techni ques which are
capabl eamplifiet,nhdwrabgdobipblaseshsBwré ACBT s}, apslidacsn spepidio imegraied cirguiaf

- the first planar elenent. 12 and the second planar elenent 16 heat can

transf efa$ Mg chyskas WisplagRBCDS) SldRMer Ipeabtvibiiedisggand pl anar
el ement(16 a oﬁg thye por?| gﬁ vvhgjrel n thgy%fl rst pl aﬁ%rﬁel enent 12 and

the second phapa sgfélag%% df]sgp%%eﬁ(ﬁo% Rk thﬁ Bﬁeoéec%ronﬁl RDRE s&hERBIS

of adj oi ni ng plan | ements of the second layer of the heat spreader

can be gy g%lrﬁﬁ&?ﬂb&% WS EiQlorEhatel 96 NLRER RN AL C1GARERY Gt

10|n|ng ase sur aces I'ng § |ps or
pl anar e e‘th t e first |ayer Whl ch are joined to the second
| ayer c 'ﬁ BEe"st any of the above nentioned techni ques Al so, a

net al - cont ai Ia lied onapor ion of_ a

el ement of tﬂbﬂ"%mﬂﬁmﬁaﬁaﬁn st ngenGp T SCRu TRt dperti2
second | ayer which are to be ad{ oi ned to each ot her. The application
of a metsfisglliemiths firgt lpvey epcopd Riapar AeTReTE e AS BRFD i FIp 127 :9'113(5?1 portion of
techniques, sputtering or by applying a |ayer of solder to the

por t i onthsffirstiedeplidenf ahe farselayartiirsiplanar ¢lemens 1Badjoiisribelsacandiside heef the Hrsar
el ement. The planar el enments can be provided with a surface treatnent
prior tkyehecaplplavaticoenolf6. tSmilagy, onlycopartiomoithe bevpad sids il Higf the first
techni ques suitable for use on sem conductors. A particular

pl anar hlyensendndpiatar akmeackinadjdiaye fitdtskle 1plodtharfirglleyee fitst Blnafeldrhdat
11 can have a netal containing |ayer applied to nore than one, two,

three on2fSedond Ag@SirstplOad€emehaR ddfpats £Lade dFdirktlayes firdt bRdart cderddrt 12
adj oi ni ng pl anar el enents of the heat spreader. I n anot her

enbodi n@,mSeegn&ﬁaaergéﬁﬁa@qanbmgﬂgmqe, a heat spreader has a first
| ayer having a first planar element 12, a second pl anar el enent 16

and a third @h@&@ént%%@%oi@&s%ﬁ%thé/an%Q%&%3:%3195’ L RS QlOr

seen in FIGs A pl anar elenent 24 is cut or |ce

fromt h ﬁ%at ljrc%ﬁ 9%%{1%1\’]1%1 \fi‘cﬂggﬁ‘i’.e&@gﬁe%&‘ﬁ@lﬁgak%&% Ethent

siml ar i rst anar enen second

EIGa:’lgr gnda Srg:%gltld &Qna"%‘ o em%lrjl anange A c%s b%g agove N a?‘?gtcfayer an? L ?etcor?cl l%yerrhrst

planar element. The heat spreader is placed in a heat conducting relationship with a heat
source such that the heat spreader conducts heat from the heat source into the first strip and
second strip. Heat is conducted through the heat spreader in the direction of relatively high
thermal conductivity between the planar elements of the first layer and the at least one second
layer first planar elements.

Accordingly, it is understood that the above description of the present invention is
susceptible to considerable modifications, changes and adaptations by those skilled in the art,

and that such modifications, changes and adaptations are intended to be considered within the
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4

"~ arranged such that the third side 26 adjoins a fourth side 28 of
third planar elenment 24. The second | ayer has a second | ayer first
pl anar el eWeRI09823231 second | ayer second pl anar el enentPCIAISAHE0E428
second layer third planar element 36 as seen in FIG 11. The heat
spr eadefcopapf Higpeesanttimfention.ayer which has a third | ayer planar
el ement 38 which is oriented such that the direction of relatively
| ow thermal conductivity is at a substantially different direction
with respect to the direction of relatively low thermal conductivity
of the strips or planar elenents of the second | ayer of the heat
spr.eader which. adjoins the third layer. of the heat spreader.. oo bn
a simlar way, heat spreaders of the present invention can be made
with a fourth, fifth or sixth, etc. layer of planar elenents. Each
addi tional layer of planar elenents has a side which adjoins an
adj acent side of at |east one planar elenent of an adjacent |ayer of
pl anar el enents of the heat spreader. Because the a and c axes
of the pyrolytic graphite of all three of the strips which make up
this enbodi ment of the invention are arranged in the direction shown
in FIG 6, heat is transferred nore readily in the j and k di nensions
as conpai-ed to the | dinension. In FIG 7 a heat spreader of
the present invention is shown in conbination with an electronic
device 30 and a heat sink 20 which is a copper plate. Heat fromthe
el ectronic device 30 is transferred to the heat spreader 22. Fromthe
heat spreader 22, heat is transferred nost rapidly in the direction
of the thickness dinension i and in the direction of |ateral
di rension h which are oriented in the a axes of the pyrolytic
graphite fromwhich the heat spreader 22 is nade. Heat is transferred
| ess rapidly across the interface between the first planar elenent 12
and the second planar el enent 16. WO 2009/ 032310PCT/ US2008/ 010428
The el ectronic device can be a m croprocessor, an integrated circuit,
hi gh power devices such as |aser diodes, LEDs, w de band gap, RF and
m crowave devi ces, power anplifiers, insulated gate bipol ar
transi stors (I GBTs), application specific integrated circuits
(ASICs), liquid crystal display (LCDs) and other types of video
di spl ays.
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A heat spreader can dissipate heat fromnore than one electronic
device such as seen in FIG 11 in which two electronic devices 30
adjoin third [ayer planar elenent 38 and di ssi pate heat therefrom

I n anot het(elré di mrent of the present invention the first layer first
pl anar el 12 is offset fromthe first |ayer second pl anar

el ement 16 as seen in FIG 12. Only a portion of the first side 14 of
the first layer first planar elenent 12 adjoins the second side 18 of
the first layer second planar elenment 16. Simlarly, only a portion
of the sélcond Ashert spgeasiericRerisingt | ayer second pl anar el enent 16
adj.oins the first side 14 of the first layer first planar elenent 12.
Second | ayer fd)edirstylanareleineneoit pydalybe gmiphie hasindex wfativiehshigh ayer
first planar element 12 and second | ayer second planar el enent 16.
The i nvenhégnaldoddudtivity utlasiirebrdmer a erdh tdbme dimeatsior ofsd figt plametdidse of
di ssipating heat froma heat source conprising providing a heat

spreader thavi|ASardiémEst aid ﬁqr@ﬂq.&n@@atreamu SRR AFLt A2 ol cPhSHTRING
arranged as described above in a first layer and a second | ayer first

pl anar e'tﬁﬂﬁ{%\ﬂ {%Qﬁveﬂg%tw t%@Frﬂth%nd'uEtl\ﬁ G&ChitdtiBn '&?é&ccg;bggfé%' ng

relationship at source suc at the heat spr er conducts
heat from.t he SO |ntothef Heat
i s conduc I@&”?'RP(? ﬁ”ﬁgp‘ﬁ@a{ elgmegéat fsﬁ pHpea? F@%@ﬁjo%&[hg;fﬂ“rﬁlt gltdl vel y
hi gh thernmal cond C'[,IVI etwe nar Ie'ent he first
ager - ancuiFe SXENdS g diet e Suret the il oo F Hrbp st ¥ and a
Accordingly, it is understood that the above descrl pti on

present |Sagentsisie Waick gxtendsimihe digectionof %?ﬁ\fﬂ%hﬁgﬁdh?m&%ﬂoﬁﬁﬁcnwty
changes and adaptations by those skilled in the art, and that such
modi fi catdfdhe first hlange eleamehtadapt ati ons are i ntended to be consi dered

within the scope of the present invention.
b) a second planar element of pyrolytic graphite having a relatively high

thermal conductivity in a direction of a first lateral dimension of a second plane of
the second pianar element and in a thickness direction of the second planar
element and having a relatively low thermal conductivity in a direction of a
second lateral dimension of the second planar element, the second planar
element having a third side which extends in a direction out of the second plane
of the second planar element and a fourth side which extends in the direction of
relatively high thermal conductivity of the second planar element,

wherein at least a portion of the first side of the first planar element which
extends in a direction out of the first plane of the first planar element adjoins at
least a portion of the third side of the second planar element which extends in a
direction out of the second plane of the second planar element, and

c) a third planar element of pyrolytic graphite having a relatively high

thermal conductivity in a direction of a first lateral dimension of a third plane of
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CLAI M5 1. A heat spreader conprising: a) a first planar el enent
of pyrolytic graphite having a relatively high thermal conductivity
in adirection of a first lateral dinension of a first plane of the
first plapar, el ement and in a.thickness directi f.the first planar
oot dhe G RGAEIaRal Podina Hosess ettt abe it BaneroBmdnt
direction of second |ateral dinmension of the first planar el ement

the firstansihaving areaivaly lewihesmal sandeictivivde amirestion,of ar@sons iateral
direction out of the first plane of the first planar el enent and a
second sidimensibo lof &e ihird planartcshemelnt; tet thod ptefnar elennentdiaying gfifth sidenal
.canductivity of the first planar elenment,. . . b) .a .second . pl anar
el ement afhicty erleyitls in Bieadiftiction bawelaiycty high atervedl yohdgdtivithef thel third
conductivity in a direction of a first lateral dinension of a second
pl ane of Jgihearse&ABat, Heitel sigk B thad Glarar2ldrhéstifsinindi the 6bLet Sitle

t he second pl anar elenent and having a relatively [ow thernal

conduct i Virtye fidt gla‘fluiaF ERhidM aRk tRe aé 6f %@ec@h%ﬂ:ﬁa‘? %lé?{lleﬁthﬁnd

second pl anar elenment, the second planar el enment having a third side
whi ch ext 14 Enect u ; I f . d
o o X8 dReh Gyt St ECHIMRGR s Sk 0T AT B0R BERIREL
relatively high thermal conducti vi of, the second pl gnar . el ene
Wher e n_ AETRELEMEN LA SEANG R GYPER IS a T PLATGT SinIPSReR 1
el ement which extends in a direction out of the fi _rst@pl ane of the
first pl dhadirepticrelreladivelyiew thermal sondudliyity phivednirg pianah eleelitde of
the second planar el enent which extends in a direction out of the
second pl ane of the second planar el enent, and c) athird
pl anar el ement of pyrolytic graphite having a relatively high thernal
conduct i A.ty iAheatdipresderaongfisingii rst [ ateral dinmension of a third
pl ane of
a) a first planar element of pyrolytic graphite having a relatively high
thermal conductivity in a direction of a first lateral dimension of a first plane of the
first planar element and in the thickness direction of the first planar element and
having a relatively low thermal conductivity in a direction of second lateral
dimension of the first planar element, wherein the direction of the first lateral
dimension of the first plane of the first planar element and the thickness direction
of the first planar element extend substantially in directions of orientation of a
axes of the pyrolytic graphite of the first planar element and the direction of the
second lateral dimension of the first planar element extends substantially in the
direction of the ¢ axis of the pyrolytic graphite of the first planar element, the first
planar element having a first side which extends in a direction out of the first

plane of the first planar element and a second side which extends in the direction

of relatively high thermal conductivity of the first planar element,
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the third planar elenment and in a thickness direction of the third
pl anar el enment and having a relatively |low thermal conductivity in a
direction of a second |ateral dinension of the third planar el errent
the third planar el errent haV| ng a fifth side which extends in th
direction of MPeRRSCERY plafeykiamritphPYidvigurepriis fang ?H@@'H‘?’V@%} anar
element, the fifth side of the third planar elenent adjoining the
second sithierned! conduativity in pldiatiorepienBist lateral dimensian ofte seataddlandef
second pl anar elenent, and the orientation of the direction of

rel ati velthe Iseuorid’lpehanaﬂ eleordtiand in the thicknéss direcsion pff éreaseaindmaanarand
second. pl.anar. el enent. is at a different angle with respect to the .
di recti orsl@hentarl haehy alremtivélgidmtharmativetdustivy infa dikectiohidfd pl anar
el enent. 2. A heat spreader conpri sing: a) a first planar

el ement  QfocBd Rty BinddridH éﬁh@%\éb&gd ?[ahﬁ? @Fe‘rﬁia‘ﬂtywl%rﬂm ﬂh@‘?ﬂ@’uon of

conductivity in a direction of a first lateral dinmension of a first

Phane. of thBfcdidiela Bt R¥io PhARE ocBR ol dhc!dtfnd BEGfRESndl EfiEhPEnd "

the first planar e V|ngarelat|ve

conductlv tion, of sec | at n n, of. the first
o anar " oithbdbthahsahEERt AEnglse2a0E Bbngt SR Y LBl ns i on
of the fi | ane of the rst ar el epent e thi ckn

i oot oSO oAt ol StaLHNe PUA G TaaRES o 1B Heona Alanar

directions of orientation of a axes of the pyrolytic graphlte of the
first plememest anbine diregtionef thereroondateral draersienatitheacspad planar

di nensi on of the first planar el enent extends substantially in the

di r ect i orelemenhextendsubasdntiaty inpiheodisaction gf tehe axis of theneyrblytist pl anar
el ement, the first planar elenent having a first side which extends
in a direghplite ofithe cectine planas tleplamghefsetbied pianst elehaemd haeingraesthirdand
a second side which extends in the direction of relatively high

thermal  cugludiohvéande intehdirddtibAtoup baiharseebf®Ene of the secondpladar
second pl anar el ement of pyrolytic graphite having a relatively high

thermal  cqaddat &vd bYourth §§(§Q'V\H'%H éﬁ@n@é trﬁthfe'cﬁl%btaér%ﬂeﬁ’étlvglmgﬁ kel @

second plane of the second pl anar el enrent and he thi ckneéss
directio ¢ and haV|ng a relatively | ow
t her mal (I;b(g)?l‘ i {\ﬁ‘t\yﬁ}?;ﬁ%‘gecgﬁ %gﬁ% 'a second | ateral dinension of

t he second pl anar el re| ir | t fi .at eral

di mensi on of tHEERE %E%‘a%la%o o ofﬁiers‘iggdgnogcté% ﬁ%ﬁ?’ aé\agﬁherﬁé@w%

t hi ckness ction of the s d anar , el enent ext nd sub tantl ally

Gt eorrottn BTN AT B8 ThsLRBts bt PeisyrsyAPcegt ARHreEt o

the second planar el enent and the direction of the second |ateral

di mensi orledst a pertise obadhipl aiRgf reResrndaprARIeaRsVRIkhieHenAsi A 2t he

direction of the ¢ axis of the pyrolytic graphite of the second

pl anar eldrastion ouhef thesendng plangrof dhe eenndpignarelement, @idsi de whi ch

extends in a direction out of the second plane of the second pl anar

el ement and a d)auhird ptEnde eldmenit of plyergie grapbilkehaing atrelativelfy high

relatively high thermal conductivity of the second planar el enent,
thermal conductivity in a direction of a first lateral dimension of a third plane of

the third planar element and in a thickness direction of the third planar element
and having a relatively low thermal conductivity in a direction of a second lateral
dimension of the third planar element, wherein the direction of the first lateral
dimension of the third plane of the third planar element and the thickness

direction of the third planar element extend substantially in directions of
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wherein at |east a portion of a first side of the first planar

el ement which extends in a direction out of the first plane of the
first planar elenent adjoins at |east a portion of a third side of

t he second, pl anar el enent whi ch ext eg%z in.a gi]_recti on out of f}i&e
second ploigatalionai@ axess dhePyirhiticarapnile Of thaird planar glemgnt gpg ine

pl anar el ement of pyrolytic graphite havi ng a relatively high thermal
conduct i Wdiregtipm obithei sesend taterwd dungnsien of thedbisd pl@inaeAleaNt eKteadshir d
pl ane of the third planar elenent and in a thickness direction of the
t hi rd pl aubstastielentthadiebiion oigha cradiaot thelpyrdlgic glephitabf thertbindt i vity
..in_a direction of a second lateral dinension. of the third planar. . .
el enent, pMieir&iiemens tit thadtplatar@lerhbet Havirg] a Fidh eldal wihicheadends iafthéhe
third plane of the third planar elenent and the thickness direction

of the thjifdtigh 6Fﬁﬂatﬁleﬁ?iﬂ9ﬁ tieerh RN o RURSVANET Mk tMird BltiaF eRM&shef

orientation of a axes O e pyrolytic graphite of the third planar

el enent apgl &%OﬁhQQﬁﬁ& p[éngf ek%;ﬁ%ﬁﬁﬂrgpé %Jiéaé@éohei | 05} @% f@é’to;%lg'rﬁ]re c

third planar enent eXxtends substan y 1nt rection

axi s of the ol Vi raphj t f _the LI I | . third
pl anar eﬁg‘ﬁ@%{ %%%fﬂ?@ﬁﬁﬁﬁﬁeh‘%éﬁ%ée%&ﬁ%ﬁaegﬁ@ﬁ@"ﬁ*@?&dﬁg‘g 3’?’? Eggﬁgﬁ?of
relatively high. thermal conductivity of the third_plapar e]enent, the
rron si dbie direeie o ratat Al elmbaksanduaiamahite 1k PeBes Fleraieneh
the first planar elenment and the fourth side of the second planar

el enent, sa¢and péanar elamentipat adifferentancs with regrect & thejdieciion gy
thermal conductivity of the first planar el enent and second pl anar

el ement irsladively low tiiemsh contitizityot thertbisp otanar elanmentdi r ect i on of
relatively |l ow thermal conductivity of the third planar el enent.

3. The heat spreader according to claim2 wherein each of the first
side of the first planar elenent and the third side of the second

pl anar el@nentTirAedntRpreader avbsHRR toalldith Pahatdigleah ppeTisisdide ofhi ch
i s spaced apart fromeach of the first side and third side

respecti Vtﬁé)ﬁrétrb%r'rf?gf éi’érh@ﬁttémﬁ@fthiw§id§‘%ﬁ%@séc%r@rp%n§|4 dIBshosadd a

first distance, each of the second side of the first planar
cubst ant [HEyR ST SRty S Lo b SR ot S R PO oo
st 1 atBBdro e A0 e MebBshIPERChs Eigtubliof 68 SGcbdlasye
et o o 3L RGPl SRS BT BRR i Bebgton”
B o ! e o S AR e & hEobed e st b sg 2 P =
substantially parallel opposing side which is spaced apart from each of the first
side and third side respectively in the direction of the first lateral dimension at a
second distance,
wherein the first side of the first planar element is orthogonal to the second

side of the first planar element and the third side of the second planar element is

orthogonal to the fourth side of the second planar element.
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4. The heat spreader according to claim3 wherein the first side of
the first planar elenent substantially coextensively adjoins the
third side of the second planar elenent. 5. The heat spreader
according to claim4 wherein the fifth side of the third planar

el ement ekt enddier heahsprrader pseordingdo slaimpawheradn the firshside of thenfirst o
the opposing side of the first side of the first planar elenent and
from t he planarcelenget efbstardialiy comdensiveln adiginmibetthrd sidecofdhpsstary si de
of the third side of the second planar elenment. 6. The heat spreader
accor di ngplamardlamenb wherein the third planar el enent has a sixth

side substantially normal to the fifth side of the third planar .. .. .. ..

el emrent and wherein the heat spreader further conprises a fourth
pl anar el ement of pyrolytic graphite having a relatively high thermnal

conductivgty i%eahéieitrsﬁ?édo%? aBtorBirlg tb Haitn®d Ghdleid i 9Be @F ik thidr th
pl ane of the fourth planar elenment and in a thickness direction of

the four W?Hér?é?%eﬁi SRS A0 aViA%idd 6&&?2@&?‘%1&%%&&%@%% he

conduct i y in a direction of a second I mensi on
fourth pl anar. el enen

rein e direction of the fir l.at er.al
di mensi oo To0r T e of BB e aEhv P ant v iremahe HiES R of
t hi ckness, direction of the fourth plapar el epent extend substantjally
i n di recthBmecend BRNERelsres (inepRRAsNaHIde ﬁgﬁwhﬁ%ﬁécofdkl%aﬁw@ of
the fourth planar elenent and the direction of the second | ateral
di mensi orPlafanel@meBlrt h pl anar el enent extends substantially in the
direction of the ¢ axis of the pyrolytic graphite of the third planar
el enent, the fourth planar el enent having a seventh side which
extends in the direction of relatively high thermal conductivity of

t he fourtéh pl arter hedtsperdder bbeorsigeantdaisi Slevhefeit ltee hardrgtldmarplemant
el emrent adjoining the second side of the first planar el enent and the

fourth sinlg #kixttheide ecpsEnRAIBmRl BBetfifthadide bh®eahir® plaplt erkrdntt he

direction of relatively low thermal conductivity of the first planar

el ement  afjth RRENHR) MM ispreader further comprises a fourth planar element of
pyrolytic graphite having a relatively high thermal conductivity in a direction of a
first lateral dimension of a fourth plane of the fourth planar element and in a
thickness direction of the fourth planar element and having a relatively low
thermal conductivity in a direction of a second lateral dimension of the fourth
planar element, wherein the direction of the first lateral dimension of the fourth
plane of the fourth planar element and the thickness direction of the fourth planar
element extend substantially in directions of orientation of a axes of the pyrolytic
graphite of the fourth planar element and the direction of the second lateral
dimension of the fourth planar element extends substantially in the direction of
the ¢ axis of the pyrolytic graphite of the third planar element, the fourth planar

element having a seventh side which extends in the direction of relatively high

thermal conductivity of the fourth planar element, the seventh side of the fourth
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elenent is at a different angle with respect to the direction of
relatively |l ow thermal conductivity of the fourth planar el enent, the
fourth planar el enent having an eighth side substantially normal to
the seventh side which coextensively adjoins the sixth side of the
third pl ﬁ%’iaréi'%fﬁ@'htt&.‘dl‘?'.”ﬂ“ﬁéhﬁéﬁf’o'%‘:bg‘@ﬁ@éFhea@éBP'éf‘ﬁbel?H‘e@F anghthe
wherein the second planar el enent has a side opposing the third side
of the sdeotilsidlearidhe spearshnlangiciomentiandihe orieatationpbidetiraction Bér
conprises a fourth planar el enment of pyrolytic graphite having a

rel ati velrglatively |dviaévaradal comdlwdivity of theifimnsteplataredement arfd sedandgtlanar
~lLateral dinmension of a.fourth plane of the fourth. planar elenent. and . .
in the thigkeess sllardftdreanamile Wi reopedt o eadipgctioh@resiatiamgionavi ng a
relatively |low thermal conductivity in a direction of second | ateral

di mensi onp&fmdIRenHOMHY oP%@@Uﬁﬁ'p%F@?telerﬂ@rﬁf B YoliRR pldp@ldrigntof the

first lateral dinmension of the tourth plane of the fourth planar

el ement apfliddish LGOS SuBLERALIAbrifal I el QUERD S4@RAfcre! erent

extend su y In drec s of orientation of a axes of the

pyrolytic_graphite of. the fourth plapar,element and the direction of
t he seconct‘j’%f(%t%él'vgﬁ’ @%ﬁgﬁ'%ﬁ'xﬁ'f Slgﬁg?%uﬁh{rﬂ pﬂﬁ”ﬁﬁgfené?'grrent ext ends
substantially in the direction of the ¢ axis of the pyrolytic
graphite of the fourth planar elenment, the fourth planar el enent
havi ng a seventh side which extends in a direction out of the fourth
pl ane of f-he flhgrhantspeansier arearding tarftpim vhrien fiesecpRddanstt ends in
the direction of relatively high thermal conductivity of the fourth
pl anar eldemeni hawheskeroposingdbe thirgsideiod thesecondeglamarrelendet afd t he
fourth planar el enent which extends in a direction out of the fourth
pl ane of winerefroliethHeapbpmeadeefuetmentomdrieens fairtH glasar elepent obpyrolytit he
side opposite the third side of the second pl anar el enent which

ext ends idraphith h&ghd aneRtlel9hidghesaapdshdobansy infa diftioe o adirsiatee|
el enent. 8. The heat spreader according to claim®6 further

conpri si Ngnnkiohtd? aRb@ARHIITRRE f&frtrpdlé{]j’étyéléﬁeﬂlf aRirt ﬁleqmt:ﬁﬁ@ﬁsng

across the third planar elenent and the fourth planar el enent wherein

oo  IRCBAG PR AR B R SPOIRITRY ERIEUP 1
180, S8 EER AR of b LRERE A SBRARLN W A4 ©'

direction of a second ]ateral dinension of the fifth planar, e| enent,
Che T - rPIpmEAh YO CRagiaro AR Rt S E Tprien S Petae RlarRer
direction of relativel hi%h t hermal conductivity of the fifth planar
el ement, hadowthmplanar aérr@rn fRd the fhlwr@ﬁaﬁaect&re?%h? feytroplanagelsmentie
of the third planar el ement opposing the fifth side of the third.

pl anar el eend sarrianitilyimdngctionsiderientatine of exen o thepyrobtie geanhite
opposi ng the seventh side of the fourth planar elenent, and the

or i ent at i gfrthefodrirepldnareelement afd tred ditéotiehyof tienseduvedrialeral alirdeosioniof y
of the third planar elenent and fourth planar elenent is at a

di f f er entthardglieh piahbr eRsReR bxicdds Rabsiahaslly ianhetirectiont ohviBe ¥ dxief the
thermal conductivity of the fifth planar elenment. 9. The heat

spreader Qfochidigphitsb HUTRILARLISTEIERAD 1R REHRYN: ar &8s havify 81 N

the el ectronic geV|ce is provided on the third planar el ement of the

heat spregdatade WifotERENTO 2R RS thd RN HISHB bMReSo&GH M oNi C

devi ce.
planar element and a eighth side which extends in the direction of relatively high

thermal conductivity of the fourth planar element, wherein at least a portion of a

seventh side of the fourth planar element which extends in a direction out of the
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10. The heat spreader of claiml in conbination with an el ectrical
device and a heat sink, wherein the electronic device is provided on
the third planar el enent of the heat spreader and the heat spreader
conducts heat from.the_ el ctrical device to, the heat_. si

heat spr daréh Plgneaf figdourinplanansienmen'#HINe [t aﬁggtpogtqukor}%%,sg%n the
heat spreader is provided on the heat sink. 12. The heat spreader

accor di n@ppesite HienthBd witisr &ithe sreord plenadelemant whiskt sydends iR direadion
side of the first planar elenment and the opposing side of the first

si de and dubef the settosd géaref oftthe ssearuhplapaaelemest.ement and the opposi ng

si.de of .the third side.is at.l|east about 1.5 mllinmeters.
8. The heat spreader according to claim 6 further comprising a fifth planar
element of pyrolytic graphite extending across the third planar element and the
fourth planar element wherein the fifth planar element has a relatively high
thermal conductivity in a direction of a first lateral dimension of a fifth plane of the
fifth planar element and in a thickness direction of the fifth planar element and
having a relatively low thermal conductivity in a direction of a second lateral
dimension of the fifth planar element, the fifth planar element having a ninth side
which extends in the direction of relatively high thermal conductivity of the fifth
planar element, the ninth side of the fifth planar element adjoining a side of the
third planar element opposing the fifth side of the third planar element and
adjoining a side of the fourth planar element opposing the seventh side of the
fourth planar element, and the orientation of the direction of relatively low
thermal conductivity of the third planar element and fourth planar element is at a
different angle with respect to the direction of relatively low thermal conductivity

of the fifth planar element.
9. The heat spreader of claim 1 in combination with an electronic device,

wherein the electronic device is provided on the third planar element of the heat

spreader and the heat spreader conducts heat from the electronic device.
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13. The heat spreader according to claim3 wherein the first distance
between the first side of the first planar el enent and the opposing
side of the first side and the third side of the second pl anar

el enent and the opposing side of the third side is fromabout 1.5

mi | i met éi0s t dhadiat sareadeknt ¢laigt & combpination avitheaty elgpirigaldgvice and
according to claim3 wherein the first distance between the first

si de of tanledtisirde, whicsgiathelestranicaledicere papiidas oy ths ihid planai@lgmenit
side and the third side of the second planar el enment and the opposing
si de of tdi¢hd heatspseatieriamdithe meabspreade3careiuctsetat frent theadecttical. 5

.centineters. .. 15. The heat spreader according to claim3 wherein the ..

second digl/arae ibehveesink.he second side of the first planar el enent
and the opposing side of the second side is at |east about 1.0

centinmeter. 16. The heat spreader according to claim3 wherein the
second di stance between the second side of the first planar el enment

and the posi | Lde. | . .

et i ot ore t e SaPackhBy AERTTh SbfiafohytH ARG sidy rereinthe o,
spreader of .claim 1. conprising the steps of: a) providing a
first plalFa Seiegrehts %%B?S(S’Pap?geafgﬁ ite having a relatively high
thermal conductivity in a direction of a first |ateral dinension of a
first plane of the first planar elenent and in a thickness direction
of the first planar elenent and havi n? a relatively |ow thernal
conduct i Vizy iThedeadtspeadden asgordingda¢laing eyvaprain thendsbiisignoe hetweernst
pl anar elenent, the first planar el enment having a first side which
ext ends ithe firglisidecefi tbe fiaitplafar etenéntrad the apposinhgtsite ¢fithe firgslsidsaand

el ement and a second side which extends in the direction of

rel ati veltye highsitibef trad sexpnduddnaridlgment dritethii opposiplgaside ofetherteind |

side is at least about 1.5 millimeters.

13. The heat spreader according to claim 3 wherein the first distance between
the first side of the first planar element and the opposing side of the first side and
the third side of the second planar element and the opposing side of the third

side is from about 1.5 millimeiers to about 1.3 centimeters.

14.  The heat spreader according to claim 3 wherein the first distance between
the first side of the first planar element and the opposing side of the first side and
the third side of the second planar element and the opposing side of the third

side is from about 1.3 centimeters to about 2.5 centimeters.
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b) providing a second planar el enent of pyrolytic graphite having a
relatively high thermal conductivity in a direction of a first

| at eral di nmension of a second plane of the second pl anar el enent and
in a thickness direction of the second planar el enent and_ having a
rel ati vely-| oWheaatarreagdsbacsqrdingyfo iCh'ﬂ@ Jrpein B¢ wycoad distanee

| at eral di mension of the second planar el enent, the second pl anar

el enent Hekiveaen thea sgoondsiideolihe difstoanai@ementang thecpipoainguiideof thee
second pl ane of the second planar elenment and a fourth side which
ext ends isecthe sidierieat least abouidl. @dtentehgtehi gh t hermal conductivity of

the second planar elenment,. .. .. . . ...c) adjoining at |least a portion.. ..

of the first side of the first planar elenent which extends in a
direction out of the first plane of the first planar elenent to at

lleast a pgy ti ofheOiedtRBrddiet decddrdfglb dde SRMBRSH MPaiond! fstBAe Whi ch
extends in a direction out of the second plane of the second pl anar

el enent - OV £l i iC
graphite %a%@?%% thae Sreeﬁq%{"fj P{E/ée)(%/?%lggﬁﬁtpﬂéeﬁéﬁ%l%on uncﬂh\%%tolsﬁbaﬁédgl ?ie%t ion
of a first |ateral. di nensi f a.third plan f the third planar

ol ement " airgor S infiopnasedich f sefirhater HEE Bier Ielele' el brnt anc
having a relatively Iow thermal conductivity in a direction of a
second | ateral dinmension of the third planar elenent, the third

pl anar el ement having a fifth side which extends in the direction_ of
rel ativel-hi dgh ff malgAa dee hoatspreadarad claimrdcynanising esiens of:

e) adjoining the fifth side of the third planar elenent to the second
side of the fia)spropidingaa fiest pranar elemtentioé pymlyticrorephite bavinge reletively

pl anar el ement, such that the orientation of the direction of

rel ati velhigh thvertniaécoreductioindincd divedtipnadf atfiret Ibtarsitdipleasian of ladiretyla@an d
second planar elenent is at a different angle with respect to the

di rect i onpfahe figdk pldnée elenéw dnlian eethickesski@itdlibh of @fe fireEplaRar dlefleanar

el enent. 18. A nethod of dissipating heat froma heat source,

conpri si ngiq Raviky 2Y¥&BLiRly o BRImaPESRAREVIBORIY diPdd¥@n of second lateral
dimension of the first planar element, the first planar element having a first side
which extends in a direction out of the first plane of the first planar element and a
second side which extends in the direction of relatively high thermal conductivity
of the first planar element,

b) providing a second planar element of pyrolytic graphite having a

relatively high thermal conductivity in a direction of a first lateral dimension of a
second plane of the second planar element and in a thickness direction of the
second planar element and having a relatively low thermal conductivity in a
direction of a second lateral dimension of the second planar element, the second
planar element having a third side which extends in a direction out of the second

plane of the second planar element and a fourth side which extends in the

direction of relatively high thermal conductivity of the second planar element,

25



ii) a first planar elenment of pyrolytic graphite having a relatively
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of a first plane of the first planar elenent and in a thickness
direction of the first Planar elene t apd ha gi IatlveI%E%Pw
thermal condu AGIOIjng At gash 3 BeRicH? fihe Usts <fraf Planaese

the first planar elenent, the first planar elenent having a first
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first plane of the first planar elenment adjoins at |east a partion of
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direction out of the second plane of the second planar el enent, and
iii) a thivirich pktands irethendirection opyalalively bigh tagmal sondugtivijy af thel third vel y
hi gh thermal conductivity in a direction of a first lateral dinension
of a thirgamdraste@nehnt,t he third planar elenment and in a thickness
direction of the third planar elenent and having a relatively | ow
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18. A method of dissipating heat from a heat source, comprising:

a) providing a heat spreader comprising:

ii) a first planar element of pyrolytic graphite having a relatively high
thermal conductivity in a direction of a first lateral dimension of a first plane of the
first planar element and in a thickness direction of the first planar element and
having a relatively low thermal conductivity in a direction of second laterai
dimension of the first planar element, the first planar element having a first side

which extends in a direction out of the first plane of the first planar element and a
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b) placing the heat spreader in heat conducting relationship with a
heat source; c) conducting heat fromthe heat source into the first
pl anar el enent and second planar elenent and fromthe first planar

R S R R N A e
relatively hi ?h t herma] conductivity.
of the Tirst planar element,

i) a second planar element of pyrolytic graphite having a relatively high

thermal conductivity in a direction of a first lateral dimension of a second plane of

the second planar element and in a thickness direction of the second planar
element and having a relatively low thermal conductivity in a direction of a
second lateral dimension of the second planar element, the second planar
element having a third side which extends in a direction out of the second plane
of the second planar element and a fourth side which extends in the direction of
relatively high thermal conductivity of the second planar element,

wherein at least a portion of the first side of the first planar element which
extends in a direction out of the first plane of the first planar element adjoins at
least a portion of the third side of the second planar element which extends in a
direction out of the second plane of the second planar element, and

i} a third planar element of pyrolytic graphite having a relatively high
thermal conductivity in a direction of a first lateral dimension of a third plane of
the third planar element and in a thickness direction of the third planar element
and having a relatively low thermal conductivity in a direction of a second lateral
dimension of the third planar element, the third planar element having a fifth side
which extends in the direction of relatively high thermal conductivity of the third
planar element, the fifth side of the third planar element adjoining the second side
of the first planar element and the fourth side of the second planar element, and
the orientation of the direction of relatively low thermal conductivity of the first
planar element and second planar element is at a different angle with respect to

the direction of relatively low thermal conductivity of the third planar element,
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b) placing the heat spreader in heat conducting relationship with a heat
source;

¢) conducting heat from the heat source into the first planar element and

‘second planar element and from the first planar element and second

planar element to the third planar element; and

d) conducting heat through the heat spreader in the direction of relatively

high thermal conductivity.
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