LAYERED HEAT SPREADER AND METHOD OF MAKI NG THE SAME
BACKGROUND The present invention relates to a heat
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met hod of making the heat spreader. Electronic
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requi renents are beconmng greater. In order to
BACKGRESURAS € heat generated by these electronic
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heat disgipatinm; reauirenenépare Hseamgrareaier- i prdehtorlissipaterhgat ggnarpted by
heat spreader is provided, and a nethod of dissipating
these efleconons doegionemsy leat spreaddrssart osbzkd batwsamthe eldobdniceninppnent
a heat spreader is provided which has at |least a first
and a Hedy §ifk Héht Spre@depd)barl BYRAdObf SidlidaBedal iyl cdRalictiBle@n@ill SThe solid
At | east one of the first |ayer and second | ayer has
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pyrol ytic graphite material and the other of the first
characl ayer. or second | ayer has at |east one strip. The
di Tection of the orientation of the stri ps of the
first layer is different fromthe direction of
orientation of the strips of the second | ayer as
descri bed bel ow. -The strips are made by cutting strips
SUMMABM a sheet of pyrolytic graphite such that the sheet
has a cut therethrough in the z direction. Therma
denodirig toithy presertt ievenyiop, lteat sfreddee apd b adeyiodfog neakingithe heat
sheet is greater than in the z direction. The z
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i ndividually oriented about 90 degrees such that the

tmisghﬁ%ﬁrc‘ooghﬁéﬁg,ia%at 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



of the original pyrolytic graphite sheet becones the
width or length of the cut strip. A portion of a
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in the above paragraph above has a rel atively high
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di mension of the first strip and in a thickness
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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



the first strip and second strip is oriented in about
the sane direction as the thickness direction of the
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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.



the orientation of the direction of relatively |ow
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transfers nore rapidly along the length of the strip
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than across a side of the strip which adjoins an
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a method of placing the heat spreader in a heat
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adj acent strip. Heat is conducted fromthe heat source
the lenigtit of théetripiandtin 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.



strip and second strip of the first layer. Heat is
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invention shovm ng the d| rection of the a and c axes of
Of‘hefrH"Stlayers of pyrolytic graphite of the sheet; FIG 2
IS paral | el perspective view of the sheet of
pliflﬁolilys r@agplabprrspecoye Few, of thesshegt alpyrokytic srapbitanbFIG. 1
el ement whi ch has been diced fromthe sheet and
showirgepfirsapldat dlemerfitrvoinich khdhees aicelddven theesheetr Bid sppaaed therefrom;
element of FIG 2 after orientation of about 90
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planar element;

FIG. 6 shows a portion of another embodiment of the heat spreader of the present
invention which has three planar elements in a first layer and the direction of the a and c 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;



FIG 6A shows the third planar el enment of the heat
spreader of FIG 6; FIG 7 shows another enbodi nent of
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conmbi nation with an el ectronic device and a heat sink;
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and second | ayer has two planar elenments; FIG 11
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detail by reference to the follow ng specification and
havingrinnehi¢hhiheifingg sédeaofial fasst plewmartedament gxtends past tisseeandoide ¢fia
is believed that one skilled in the art can, using the
secondyplecedlengendescri ption, utilize the present invention
toits fullest extent. The foll ow ng enbodi nents are,
therefore, to be construed as nerely illustrative, and
not limtative of the

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



remai nder of the disclosure in any way what soever.
Graphite is made up of |ayer planes of hexagonal
w@eeoaps23or net wor ks of carbon atons. These | ayPCT/phzngs10428
of hexagonal arranged carbon atons are substantially
the cryistafliteaHighllyeorderee ntaptiits basashiigh degres wib prederiréddrystallite orientation.
paral l el and equi di stant to one another. The
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nventional or electrolytic Yrap as a random
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Accordingly, graphite may be characterized as
and trqnéYﬁrf'Fa‘loége S@¥efct ures of carbon having two princi pal

axes, the "c" axis or direction which is generally

i Riefatrinfg e tosthe ldeavar gsinatetaili, meheteinm hke esfprench murhemlstindicate like

the carbon layers and the "a" axes or directions
elemematiblgh tht Geledisl viaw§ atiere BYhoSnANFIG! BASKE 30 férOmbKiRg ehe heat

axes. Referring nowto the drawings in detail, wherein
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he several views, e I's shown in FI a sheet
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hexagonal array of carbon atons. The c axjs as sho ,
| GrapHitg ATl et b bitahigh Qg oL gEpRtatiey Uglde gatural graphite
material s that exhibit a high degree of orientation
and syptheti¢ giepYralytic graphitapNaweal graphity ig ¢rsmmerciallyayeidable ircthe form of
graphite. Natural graphite is conmercially avail able
flakes (platclees) oo nsra pdwiltaReml ytinl graphitetis prastuced by theqpataysis of a
Pyrolytic graphite is produced by the pyrolysis of a

carbon@édodie @as 60 B Suigibie Qibshat dt E18PAted tenkifekdtafeC BAkA ! tBY plRliytic
tenperature. Briefly, the pyrolytic deposition process
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sui e pressure, erein a hydrocarbon gas s
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the surface of a substrate of suitable conpaosition o
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substrate nay be renoved or separated from
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 c 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 c 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.



the pyrolytic graphite. The pyrolytic graphite may
then be further subjected to thermal annealing at high
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graphite comonly referred to as HOPG In FIG 2 is
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to the direction shown in FIG 3. Accordingly, it can
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~ that described above for the first planar el enment 12.
with secopd sigel§ of secandpisapiement Ly which ip pukselithe plpe Rt thgisecopd
first side 14 of first planar elenent 12 which is out
planar efenmedne 16 isuciethef atti¢ast ppertion dfie firsesidle 14 adjpinsrideast @ pemtion of the

12 is adjoined wth second side 18 of second pl anar
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pl anar el enent 16 such that at |east a portion the
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~thickness direction of the second [ayer first planar
relativelydawrtheril canduciyityof the fisy phanar plement b2 apchspcgnd 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 componeﬁt 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 planar 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 élement 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
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32. The conponent of the direction of relatively high

directib6f (MRIFirSHISHAS EietehY 17BhE&ecbid PRharl dlethBf 6 ek R ferred from
directionis alsoin a different orientation in the 4

fir | TED:
he firs 4531 1B B8 ST B AP SRR e e FRbn b the
el atjvely high th | conduct.ivit) ich is pot jn
Seco"d{ lﬂéertleFtdﬂ%% §9eﬂ‘?er"é3§ .Egﬁ “bﬁ?‘etrﬁé“%féﬁwﬁﬁ‘%% cppqucivity of the
cﬁlanar el ement 32. Heat transfers in the thickness
seconddpyasdirstapiansr elemeent i the tiyckness disedigent 12 and second
pl anar elenment 16 of the first layer to an adjoining
dhranpthef embedisreavoitthe apentiomes ees @ BIG. 10avter firkt side 14 of the first
pl anar element 32 of FIG 5 of the heat spreader 22

planar dléthen®12 Bah &:abl §ubSladiti 1l ydbek fepEivBlyGoiRe tHetseddridysi @ 18 bfthe
first planar element 12 and second pl anar el ement 16

secondi@argag gletrtkgn? kge g? A kl{eeﬁé)}n{gﬁe@n@fstlrgg%@l 43t el@}n%P@rof %fﬁgﬂrg layer

Second pl ana at transterre
.. the first. |layer to the second | ayer tr ers. . .
which iy Sliny B e 81 (2R 8 TP p g prishP DS g fages of the
i | ayer first planar elenent 32 due to the relatively
first laygrand seeangdpYeE sHSct i vity of the second |ayer first
pl anar elenent in the thickness direction. In another
dnacamitenvay fheatrapréadorsiaf ithmprasens gwvention Fanthe made with a fourth,
first side 14 of the first planar el enent 12 can

fifth oresttthreet. planat elainead in\cactoefkthe figst\isyey and tdvohd eayee EucH additional
side 18 of the second planar elenent 16. Also, the

planar BRhehP8Ba prtishlal R§eiHashl sitakhieh @ARMsSan0fdjdcBRt SE&C O Hplanar
| ayer which adjoin the strips of the firSt |ayer can

elemerﬁi%? glth]eg{;géjréﬁie?ﬁmtt‘ﬁgtg%ag{i?lhma%j oi ni ng faces of the

r and sec ayer’strips. In a simlar way,

heat r eader f tlﬁe resent ipyention c tgtﬁg de

i $PDer R FEIG 4 4 bineckarpio f the Hspiide Tlofde frstippanar

each of the first |ayer and second | ayer. Each ‘
elemery d djvthighadioiss sheaporip pbthe segong planar elemeat 16 gxtendsabstgntially

si de which adjoins an adj acent side of a planar
normal to the first plane of the first planar element 12. The first plane of the first planar
element 12 is defined by the direction in which the major dimension h and minor dimension g
extend as shown in FIG. 4. The major dimension h and minor dimension g can be of equal
magnitude, however the major dimension h and minor dimension g are not the thickness
dimension of the planar element.

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



el ement of the heat spreader in that particular |ayer.
As can be seen in FIG 4 and 5, the portion of the
wo poosto3siide 14 of the first planar el enent 12 PMII/TR2008/010428
adjoins the portion of the second planar elenment 16
the a agest efnbls sksieb $0 anNpyralytiy ghaphiealfrdnd wihivch the fisdt ppdnanelefient I®eis
first planar elenment 12. The first plane of the first

formecp| mlr&k@ﬁ%mhels%cérfd 1Rt edehYor & tH the Alrb&ibn oF tHOE 6Kis of the
the nmaj or |nenS|on and m nor dinension g extend as

sheet 1@%%@1915 gﬁghée ﬁgh ﬁ{a ﬁrlsnglgﬁéroenerﬂe (r)l\%e]vem{eﬁ as seen in
or .di nensi on r di mensi on are .
FIG. 1{ [ EieAUE s roS Q‘ e HS! At E1EAE Qs & Tl vy Bigh thermal
di mensi on_h and m nor dinension g can be the first
conduqtiyityrim thedfiselatard imansien herrd Mageret Blenspirt 96 thsaarsr efemeent and
first planar elenment 12. The direction of the first
in the thatkeessldictictiemsoftthe Girst pignar eldmestchutairelatioél ytlone thérmsl
pl anar el enment 12 and the thickness direction i of the

condudtiviit§tin Pletd@8on Elafi@timdwsi 686r Wehdr demelsidiCd | PRerefdré) et is
axes of the sheet 10 of pyrolytic graphite from whi ch

conduétv%l?mfokr hdity %Bﬁ% @Enégn hSnd & %thct ﬁh% glrééatﬁ;n i%Han in

t he secon I nensi on can be I rection

minor fmenSfin‘e {5 Rerdts fifgf s'é‘f T o itk BlaoRy S92 §rspRid fee 18 of

ei in FIG 1. Therefore, as seen in FIG 4, the

secondrp ?%atrekﬂ“é"ﬁ‘élmel ement 12 has a relatively hi gh t her mal
conductivity in the first lateral dinension, here,
r?a}edreadmea%r ohFIG.6f canrbe maderrach ghas therplanan¢lamentseach have
thickness direction i of the first planar el enment but

three sets b€ partallelediges! @ach kiee can be onblnginal/iotty ol dihdrizédes @f drecblanar
| ateral dinension or mnor dinension g. Therefore,

e1emedaecme tWo SRIBSUESRH ofHessided @t lal skt @nQRGspaBd dpafti A BitsstMially the
in the thickness direction i than in mnor

across first side 14 of first planar
samed‘i%tﬁfé@%'l C%Q@gcond si de 18 of second pl anar el ement

%ﬁ'@ %E‘g‘ﬁg’ péqoz)ﬁ{é:ead%tggjw ch5th(e:% an%xeelrg%%gtssalrjg cut or Zaxced by
any means for cutting the sheets such as wirecutting machines, dicing machines, or slicing
machines are available in sizes having 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 side of the first

planar element are spaced apart is at least about 1.5 millimeters.
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three sets of parallel sides. Each side can be

orthogonal to two other sides of the planar el enent.
wabh@Inss1ei des of each of the sides of a set CcROI/D82008/010428

spaced apart at substantially the sane distance al ong

dachothetlembdditesn@etdsstatice Ay whlchtthe figyt 3jlaiaha tie RodNdsidd of the
the planar elenents are cut or diced by any neans for

first plﬁr‘\’atrteléiﬂentt AR paeet ag)aﬁqfh'oﬁrc'ab)@uf ?%%Hln‘%tef@t%rbbﬂﬁtsl’ 3 centimeters.

di ci ng machi nes, |C|ng machi nes are available in

élpé?l&tllg? gfnpgdxﬁ’lehp {5'% ﬁmc % tr')e ?irﬂgﬂi%'agﬁ tl’?’e %%@Qnd Qge of the

rom ers up cen

: typical thickness is ters .

first pISg/Aefpant by PO L APET BB R0k e RO E Pl & Centimeters
having a |l ength or d di nension of about 3 neters and
tInangihgr hmboﬁmt ha destanga abwhieh thefigs sigle and the second side of the
centineters. Pyrolytic graphite sheets suitable for

first plassar elemédni arepepeseeindpartiy etitaspabautd . hvaitinadsére. fr om t he
Pyrogenics Goup of Mnteq International Inc. of New

YaraaothbE¥niedikhenthe eddiek @t whidR YREOBR kide HRd B 2bdtid $ide of the
graphite. In one enbodi nent the distance in which the

first plg 1dr Slenidrt ﬁr an%§ Qﬂgas? hH&ut Al 0 ERintdidrs p | anar
C e

enent are apart 1s at |east a out 1.
I n a er enb ce at
Tiank{iE Ehpodi E‘F"Q o e o e e, T it 37 MefisBong sige of he
pl anar elenent are spaced apart is fron1about 1.5
first plmqneiemné@ge spaceskapatt 13 frameahont hdicepymeters tgaBpwet.0 centimeters.
enbodi nent the di stance at which the first side and
tInengthenembeditenithe Wdisgarice ag whishahe thiesl sedreand the Eousthagiégiof the
apart is fromabout 1.3 centineters to about 2.5
first plaantel emdne b, spheedadpaitheat leadp ablourdrd cértinetérst ance at
which the first side and the second side of the first

AhaRdtheLLRBEN el Be ARMRE aBRAIch the tid Ji&2&id tBE flirthlsidk of the
centi neters I n anot her enbodi nent the di stance at

first pl r(énentlégll ate. edszi @ﬂg Jb%u? %@gm?&:{éﬁs t8fabl)lgke4(f éC&EB‘lCtCI’S

anar space apar east a
neters. t her errbo nt t he di st.anc
i %“f*g{}' @FS S el ST SHE 76 8 oSt B ided plagar
pl anar el enment are spaced apart is fromabout 1.3
elemery @rg spaeechapart an s @gsetforh aboye. nEiesfistance 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 c 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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I n anot her enbodi nent the di stance at which the third
side and the fourth side of the first planar el enent

wae@ospmeed apart is at | east about 1.0 centi nmBCEDS2008/010428
anot her enbodi nent the di stance at which the third

Watts/&i°8e Byicorhpdtisba thid themhal @ ondudtivgy of Esppep s WattWERL As
are spaced apart is fromabout 1.0 centineters to

coppeani@ W defibltF 6.0 RSk Rom ggﬁd% $§lﬁ9§ﬁ)r?&rdm&£}afnm?e bf &sHigh as

and second sidés of the second aye rst~ pl anar

2.25 gf?h é[:gm;rt %f?]lglee'ﬁgl?g \Aﬁd %E%Lsa%%s%% g’lf %\(Jer Lg]stng% %g ‘vagt spreader of

t he .second | ayer first planar el errent are spaced apart
the presepl iB¥ENfigly enough to extend to across each of the
first and second sides of the planar elenments or
sThemmral greast earf bg wsed|apherintgffageheetiyeen the firstaenar glemeag b2 and
in FIG 5. Each of the strips of the second |ayer can
secondoganayreieneamo UG h The heattspredder@2oFI6a 6 lkanbe hbjeirfedns ta sabirate such
second sides of the planar elements or strips of the

as a hehi $ifk, Hetd/£Eoper b TR seERIERIR7 BBarieitable nidats fdiChdjoining

The ther nal conductivity of the sheet's in the a axes

the flré\gcglahgleeléﬁﬁﬁtt epgncf pIg 5 pé?ﬂ#‘nrt ;}réﬁo Bgu%jﬁ%ét I@&Q%vgnt that the

s/ nK an artlcu tirvit

lar.,.a n be tailored. The
heat 5%#&&2? r%ﬂde@)ﬁ’?&n t%é ) S*&ﬁ?‘écmﬁafsf ;5 ing r bed SpiFbger 22 o the
an be as | ow _as about ts/nK aor in the case of

substrqﬁfmrtsxe }rﬁns&;rqﬂ hyfitl féorg rtlaeplpﬁaf épremgg fodhe slg;)strate A mechamcal
conparison the thermal conductivity of copper is 400

means Pagh &y mdampingoogsme caih e a anedasn i adjoinftha@heat gpreadeaso a substrate
conpared to values for pyrolytic graphite of as high

which @istugn #ansfiérs beatgrantierheat §preddenw £hea BkWeAlgd)tthShebt Bpr8ader can
can be achi eved using the heat spreader of the present

be adjdlﬁ‘é@dlﬁ*écﬂ? 10 I'Fl@ﬁtr%k Wd%ﬁﬁﬁapﬁh@arﬁqtok' 8&6indg thi @leht%?é'aﬁéct% a
bet ween first planar elenment 12 and second [ anar

substra% SIEALE s dl“lllF car;r Bg a IBS ?B{e%ﬁ‘éj qrhego%n&ﬁlél: ecéns 8‘% a r?aglelé of metal or

ad) ol ne subs € such as a
SRR B S S Bl b
the suhssggtgggefgasagyasrolgelnenrgeart] tleail:t6 a It)gmgn %% ?hsetrge?ttaleconltar;mtng?ay%\; ?on tthe
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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heat spreader 22 is adjoined to a heat sink the neans

for adjoining the heat spreader 22 to the substrate
w@eenss1d he transfer of heat fromthe heat spPEHUS2002@10428

to the substrate. A nechanical neans such as a

planar @lchiant\in BRI 6 vidad Wil asuffadd fredtmeAtipdrito tiCagpdidhtion of the metal
spreader to a substrate which in turn transfers heat

contairiigg MByeP8siRg ?échﬁﬁﬁ@@gﬁ{abﬁcbﬁu&gﬁf seﬁii%duﬁdoﬁq , the heat

edader can be ‘adjoined directly to a heat sink.
i tional nmeans .fof .ol ning t h spreader tqg a
0% beBPEton R e st Plati Y8 i3 Al he FBRRE Dehat fefhent 16
[ f t al I whi ch
can begxggcg H]og gg;srﬁga l,ps a*;: g)gﬁr?azli%l lgﬁ)é}%rir@o@mne ?Lg:poalrs @gn&{?ircal falstgner can
spreader which is bonded to the substrate such as by
be used &0 iém thedirst plaragslemenp d? vnd thegecereplamar glenaam tljtedethgr or the
| ayer to the substrate or heat sink. The layer is
first playgrlelemberit d 2ang tfensecomd glardaitelanemtl 6lcandt seldpeditogethedfusing
t he planar el enent which is to adjoin the substrate.

technidek S¥hi@Pre icapdblOBs j@fniﬁ@@arH@ﬁ-@bse@%ﬂ?ﬁéé@itG%tlllé}ygboﬂ BdjBining of
east a portion of the planar elenent, the planar

the fir%?fﬂtﬂgg Iﬁllqlgﬂtegf% se. Y lsgk%gﬁg?antapgleﬁllégls' If{ fé:éra‘le cl trgfs%r f?’drﬁ] Ifllfhe first

I'n sem conduc I'ndustry suc

planar a (Exﬁagllﬁ ?g rgilé] g'ggs%%qe{\@repr]ar% rgfqngcg? Irl]g %lo%x%ltl?%ggxﬂ@{l iylil%peir? ?heafirst planar
contai ning layer on _a portion of the planar el enent

elemenji2and kg tcArd pliparlersentdidere adioied a SHIRS\S Plangr elements of
nmetal lization techni ques, sputtering or by applying a

adjoining\pdanap tlegwhtienf thesechmd layer ofdhe béattsheeagdraanbe sbkdemdttogether or
which is to be joined to the substrate. Thepl anar

using te¢ gt Sviictnale @ apatdey bfi@thidg tdrban-duscdafatdsaaidtBet! The adjoining
prior to the application of the netal containing |ayer

s G ESURSUTS, 00, A Ao SRR g e

by anytad} r?%% ca:ogllg S‘;ﬁ?’lﬁ?fq%& n%e?h%ﬂﬁ&t A‘lgo Caalﬁetgg‘-ccgﬁ%gi Fl%}r'ecrg:)ég‘ Il'gglag“plied on

neans suc nmeckra
.fasfener can be used_ to join the first p|anar el enent
a portiqr ot 7 plapeFIeBER A 1A GF3b14Y6N Eitchportin Pége{aﬂefr elgmepipf the second

first planar elenment 12 and the second planar el enent
layer whactcare to be gdjoineddel cedhiguhereThe appligatien hha metad-ophiaghinglager can

capabl e of joining carbon-based surfaces together.
be achidgedbp djetdllization aéchniques, 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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the first planar element 12 and the second pl anar
el ement 16 heat can transfer fromthe first planar
web@oesa31d2 and the second planar el ement 16 aP@RyS100&010428
portion wherein the first planar elenment 12 and the
seen inFACGRN6l afd 6AAIThe ltigif® plandiGelafientadd] 10 c st didddr frgif tiey sheet 10 of
pl anar el enents of adjoining planar elenents of the

pyrolyti& gl%?ﬁ’ité BVESridhed NS M8Her SPRIEATS that AwRRhIR BRE BMnar element 12
toget her or using techniques which are capabl e of

| QI.Ni - e rfages, t T j Qi ni :

wmd L OAT BRI TERERA35: SH (285 4008 Dol B oAl 0g
joined to the second ] ayer .can he joi ped by any of t

arrangdsf 68 s o BireSRE e e FShuade 46 ERaR Rk HeRenb e The
| ayer can be applied on a portion of a planar el enent

seconddyarhas f second|layge fird pdpnar elemenoie, @fseeonsl layeiseeandrpdnar element
of the second | ayer which are to be adjoined to each

34 andatseesnd aper thipg planat ¢lementf 36easrsetmin Eldhtldi Aihohehtasperadeadan have
be achieved by netallization techni ques, sputtering or

a third P¥eARBIH HAE adhird@)aSEr Plan&QIEHBENt 138 WHIEh RUrena sQEh tHa€the
pl'anar el ement which is to be joined to another planar

directi(?A S tivel hSWRfl&Hﬁi c&&cﬁ@ﬁ@i‘i st SQ tﬁ{tﬁyl. ‘él r% tcnre'iltion with
lh lcati1on o tthe

surface treatnment prior to e app
sui.t.abl e .f or

tal .containing.|l rysing techni que

respect [§fc i Feion oD prdgtiteDy [ ieptsh contvalivily X i Siptychlpmar elements
such as second | ayer first planar elenment 34 of FIG

of the segondlayerRfdhe heat spreadss s pdiging dheethird Jayer gf theheapynseader.
than one, two, three or four faces in order that heat
dan sbeilarwas heattspreaders aif Kheapipseinh inygnipdracearbeghadeswitk adéurth,
the heat spreader. In another enbodi nent of the

fifth orsiah gant. layer ofiplanar; elembeat Eshradditivhahlageraffplanat elefi¢ats has a side
having a first planar elenent 12, a second planar

which gjg@@ h aéﬁg&ﬁ@icﬂ driat reqstmn%rplqﬁna%l%ﬁﬁm ot2h @g&@ﬁna'ya of planar

6 and 6A. The third planar elenent 24 is cut or

' sheet 10 of pyrolytic graphite and
eknwéﬁ?@ﬂ égﬁghkg&ﬁﬁnner simlar to that in which the

fjrst pbanar el ement, 12 and. t he .secan | anar, el enent.
<6 bR nC ERI st BOBGicCR R AT SR aF s g hich make
16 is arranged such that the third side 26 adjoins a
up thisfegmbodimeit @& thegnysntioRjargjarpangsd in legizeatiorpshowrhia HEe fnlapat is

| ayer has a second |l ayer first planar elenment 32, a
transfegred onde teagdy irsthe gand pldimensiaisasenmpared 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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34 and a second | ayer third planar el enent 36 as seen

in FIG 11. The heat spreader can have a third | ayer
wokioe3dsas a third |ayer planar el ement 38 whi PEI/US2008/010428

oriented such that the direction of relatively | ow

tTiey dledtrodindbividel dahtby al raicedprocessdrsirintdgrated caltdif, dighpower

direction with respect to the direction of relatively

devicel Q(Whtzﬁ%égﬁhloﬁe@ dygid Wl&é/bé?lfd éaBeRFtaﬁB Rfic@WwaRk @Qﬂfses power
el enents of the second Iayer of the heat spreader

amphf}@é 9&@3%00%\6@ b]tpﬁgaéitinjgn&QI& éfBT@L {»ﬁ\?caBS ?eﬁg gﬁte& circuits
a 3 h rth, fifth S|xth etc | ayer
(asici Tgpid s iy t@&éﬁend aHaT 1¥PER Sl viASS BRDIHS pi anar
el ements has a side which adjoins an adjacent side of
o hpatspreadercap|digstnatecheatfram mpredhamenegle¢ironiagemiceguch as seen
pl anar el ements of the heat spreader. Because the a
in FIGahHincwhixk swolectienip e vicys 3¢ adjomphird éayef plahar dlémes 3&fand
the strips which nake up this embodi ment of the
dmmpm@wﬁmﬂm&ﬁhﬂﬁe arranged in the direction shown in FIG
6, heat is transferred nore readily in the j and k
%%Hﬁl'epé}ﬁb@xﬁnﬁ fl@ gretsgnttln\?enllg}l RGP Ryed i iﬂrs V\klghar elément 12
heat spreader o he present 1 nvention
is offsé:t%ﬂ{n %ttlwﬁﬁﬁs}\g\értsgco} ij%r%g;: e&elénf é g%{é{%{e} ig %6@?&1 aOnﬁ/ a portion of
| ectronic device 30 is transferred to the heat
the flrs§ |§¥d§aléé\f thesfirsplayes fthqbplﬁgagtelgmrg da@fh(@@s thg ég;tonp§1de 18 of the first
transferred nost rapidly in the direction of the '
layer se¢eindiphanas elgmenn £6.ointilaglydonly atpestiel efetbe isegondfsidealBeafahe first
di mension h which are oriented in the a axes of the
layer sggond|pydriac elgrreph16 &djbine mherfitsc kidé h¢ oh ehatfirsilagardast plandr glement
made. Heat is transferred |less rapidly across the

12. Seé(ﬁ‘lﬁqwe@?ﬁstkfﬂ%d&?@l@nfeh@ﬁ hdjainskal st fRbQERR firdpl A0 eren%m 12
second pl anar el enent 16.The el ectroni c” devi ce can

and se n@l&ye?@é&%ﬁ%?ﬂaf eRfhehfiggrated circuit, high power

evi ces suc aser diodes, LEDs, wi de band gap, RF

d .m crowaye dV|ces owe |fJers i nsu .
oM rih Ao pa s GgHE? prbadient disgoRina prasin&h Staissipaing
|ntegrated circuits (ASICs), liquid crystal display
heat fromarhept Weﬁwsgr}mgv@png@ brag spreagsr hgwing a first planar element

and second planar element arranged as described above in a first layer and a second layer first
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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A heat spreader can dissipate heat fromnore than one
el ectronic device such as seen in FIG 1 1 in which
WO aw9mB13ed r oni ¢ devices 30 adjoin third | ayer PCEOS2008/010428
el enent 38 and di ssipate heat therefrom |n another
scope efithe gragemtinedntihe present invention the first |ayer
first planar elenment 12 is offset fromthe first |ayer
second pl anar elenent 16 as seen in FIG 12. Only a
portion of the first side 14 of the first |ayer first
pl anar el enment 12 adjoins the second side 18 of the
first layer second planar elenment 16. Simlarly, only
a portion of the second side 18 of the first |ayer
second pl anar el enent 16 adjoins the first side 14 of
the first layer first planar elenment 12. Second | ayer
first planar elenment 32 adjoins a side of first |ayer
first planar element 12 and second | ayer second pl anar
el ement 16. The invention al so i ncl udes anot her
enbodi nent di scl osing a nmethod of dissipating heat
froma heat source conprising providing a heat
spreader having a first planar el enent and second
pl anar el ement arranged as descri bed above in a first
| ayer and a second |layer first planar elenment. The
heat spreader is placed in a heat conducting
relationship with a heat source such that the heat
spreader conducts heat fromthe heat source into the
first strip and second strip. Heat is conducted
t hrough the heat spreader in the direction of
relatively high thermal conductivity between the
pl anar el ements of the first |layer and the at | east
one second | ayer first planar elenments. Accordingly,
it is understood that the above description of the
present invention is susceptible to considerable
nodi fi cati ons, changes and adaptations by those
skilled in the art, and that such nodifications,
changes and adaptations are intended to be considered
wi thin thescope of the present invention.W claim 1.
A heat spreader conprising:
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a) a first planar elenment of pyrolytic graphite having
a relatively high thermal conductivity in a direction
w@boog/082316t | ateral di nmension of a first planeP@f/Uus1ves/010428

first planar elenment and in a thickness direction of
Wecldie first planar el enent and having a relatively | ow

thermal conductivity in a direction of second | atera

di mensi on of the first planar elenent, the first

pl anar el ement having a first side which extends in a

1. gl nect éﬁ;@aogpgmgé M‘ first plane of the first planar

enent con si de which extends in the

diregtio rel ativel her mal conducti vi
AL s Bing clfe e ovasive ot hdihes sy bl fudinal
yrolytic graphite having a relatively hugh t her mal

CO"d“E‘(*)Y\‘EDU’é‘tq irection Af a figst dateral dimemsion of jafiyst planepfhe first planar

di mensi on of a second pl ane of the second pl anar
element andonta thickingss dare¢tiinok ks Brst plasat ¢lememtfantthavimgaorbitively low

pl anar el ement and having a relatively | ow thermal
thermal@oddedtivity tily aidireétich sfaetondlartal dimesiditof tht €irdlplanar element, the

di mensi on of the second pl anar el enent, the second

first pﬁhﬁx"@ém@ﬁt%mg A¥endt §8e Fhidni erxg:n%h fea \ﬁm:&fbn%t ePdR firg't n[ﬁane of the
di rection out of the second p ane of the second pla

first p%kr ecgﬁﬁerﬁrﬁq dt?d S\k’ﬁl ﬁﬁs mxtil 1r§ct1 1 qur}gla 1ve18 Pl gh

Ion o |ve erna COnN Vit
econd r elene t, mhereln at least a portion
‘hm?JfCOPﬁ%C“fV?w? ét BENAEEReNtst pl anar el ement whi ch

extends in a direction out of the first plane of the

f b} & secpnd plaparcglespentiof pyrAdytisgraphitebavinga pdativebhhigh thermal

second side of the second planar el enent whi ch extends
conductivity idi a diectiom obafirsflatédabdisensiod of laaeeondfplartesofabe saednd planar

pl anar elenent, and c) a third planar el enent of

elemeRtydndl il faitKickiiedp hiréaldﬁawtmgse@oﬁ@bmhaﬂ/@érmrhlaﬂh hhbh‘ﬂg nBtlatively low
conduct|V|ty in adirection of a first lateral

thermd]! cgﬁ&%tﬁ'n?'m 3 QirkQidrthH *B&nPlard Hl‘?%ﬁl@h{] gl* {IHP LAl At

in a kness direction o anar
| ati
cteme RO g7 Kl poind o 6 e BB dp girecton out o the
Smmnglnen3|on of the third planar elenent,the third plana

plapent the s65ond plarer elemeat and yfausth sider whigh er'ﬁn%@ the direction of

direction of relatively high
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
second side of the second planar element which extends in a direction out of the second plane
of the second planar element, and

¢) 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,
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thermal conductivity of the third planar elenent, the
fifth side of the third planar el enment adjoining the
w@emonsk3si de of the first planar el ement and tPer/is2008/610428
side of the second planar elenment, and the orientation
the thiaf plate etiniet hadng affiftrediad Iw«kﬁd:lye;lt@r\!dstlh efie'direction of relatively high
conductivity of the first planar el enent and second

thermd? k:@ﬂﬁfcueitf BEHe thﬁd ﬁtanﬁr Qérfnfaﬁr gRtrirangheotnt E‘hxf@?lﬁﬁ&telérﬁent
direction of relatively [ow thermal conductivity

adjoml% d&é@echﬁa El‘ae B% ﬁl@:&ﬁrsteélgx';%?%ﬁeme%t r’?ﬁ rh%%ur?ﬁ) 51%‘3%? E}{e second planar

erret

te haV|n rel atlvel errra ond ctivit

clemerfl 'EP ¢ PHERALSI Bf the djrefugn ph eé«'a% elyd OetHEEA] cgpduptivity of the first
pl ane of the first planar elenent and in the thickness

planar glemsst preshsespnd planan ¢lemeny|is ats didfeesmb Apglandthraspesytosthe direction
relatively low thermal conductivity in a direction of

of relas ed p halv tlsermabdonductvisi afithethitdydadar edtmepit.anar el enent
wherein the direction of the first lateral dinension
of the first plane of the first planar el enent and the
thi ckness direction of the first planar elenent extend

9. S%*ﬂ%%tasﬁéaa&l%lﬁﬂhs%g ections of orientation of a axes

e pyrolytic graphlte of the first planar el enent

directiaon secqnd .| at er al Si 0
1 P aiphds RO of bresliccian St i B s Fhefpe
direction of the ¢ axis of the pyrolytic graphite of
condugihyityfip pgiregiiopelra drsk sl dipwesiot P fisit ipate ob (thenisst planar
having a first side which extends in a direction out
elemengfand fretheithiskngsk directisin aftthe first planpi elementeindharmingaarglatively low
second side which extends in the direction of
thermal ebductieity iha ditedtioarafaécondnstenal divhdngionfoftiiefifst pRihar element,
pl anar el enent, b) a second planar el enment of

whereiRXhOHi¥ddtion OF m&ﬁlatﬁ‘ﬂl' cﬂﬁheﬁm&? biatthb ‘fﬁét)blzkﬁqu tﬁé‘ﬁfs"trﬁianar element

conduct|V|ty in a direction of first lateral
and thgihg@n@% ocﬁre 101‘]"0 ﬁ%ﬁ}% ﬁirﬁagglgﬁ{cﬁnﬁ %@F:ﬁ‘cg%%g?a p%]y]ﬁ) d1recgons of

o BB TR RS B PSSR o o
the secgincrlnleart]esrlalo(?im%;sitog %f fh%ctgrgtd plgrllgré?erment extends substantially in the direction
of the c 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,

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 planar
element and in the 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, wherein the direction of the first lateral dimension of the second plane of the second
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el ement, wherein the direction of the first latera
di nensi on of the second plane of the secondpl anar
web@gpsadi@and the thickness direction of the sePOnUS2008/010428
pl anar el ement extend substantially in directions of
planar elenent aid tha tiitkesadizsctivin dfhlke prond planar gempiti dxeendfsubdigntially
second pl anar elenent and the direction of the second

in dlreh%rﬁroabnemaﬁ@ﬁ bPRagds dfiee SREBME gPAphilof ehed¥Biid ﬁéﬁﬁ@&nem

substantially in the direction of the c axis of
I
and the“é"a%ﬁékp?g%;%‘?%?%%ﬁ% ﬁ%@?ﬁ%*’gmﬁ dip a%*ﬁﬁ?@%m Lt
ends ion.o he second ne of 'the

substaG i s rkriOn oL in e Pt a0t i B Sesopd plfger

in the direction of relativel gh ther mal
element othe seaond ipiapap elepgat %@é’e%%lﬂmdé%@r whichextands ihediggqsiogtout of the

| east a portion of a first side of the first planar
secondgplemeeoftthevkdcohd pkinenelsment anddi foedh iswie whith extendsanfthe direction of

pl ane of the first planar elenent adjoins at |east a

relativél rhli%1 ehal @ohidtidit§ iofl heecdriiEplamt @Mengtitanar el ement
extends in a direction out of the second pl ane

o\ifhérg'l‘ﬁ at %W$ﬂlaﬂ 3f a & @ﬁi@tof tl?é"ﬁlrSP glagalt é]éﬁlgntm}ﬁa%xtends ina

el ement of ol ytic graphite havin relatively high

directxé;b ﬁ;tgglt%enp isr'p atnflteé r% dr?t 6}argalrr et(r:rtheln fl?l‘]om Feé%t:\atr por? Eérr?néﬁ ¢ third
ness dlrectlon of 4he th|rd

side oféF% ﬁ:é:ﬁpg gf?galh W‘lﬁ]@t which pét@pq.seqn);l IERGHPR QP tLe second plane of the
conductivity in a direction of a second Iatera
secondplppaiglerengfandhe third pl anar el enent, wherein the
direction of the first lateral dinension of the third
pd) arthird blaheelementcofplyssigtic gtaphihavangla rdlativdby highebamal
direction of the third planar el enent extend

condué’c%?tlﬂ Aldirdtdioh ofMa Bist RedraiimendioR bf £ MHiAL piafe &f the txPslanar
he pyrolytic graphite of the third planar el enent

elemelﬁrmd ‘il{'}g tlﬁ&l{ 64 4iduBh of fife hiffd gﬁga} at %ﬁ‘! arfll P@ aol%la?llf%/ely low

anar el ement ext S Su St antl

on of c axis of the r ol tlc
themla? RNy B o e Saseona e Hhenitonofhg flidaipmr clement
having a fifth side which extends in the direction of
whereipdhediressiop of therfinshlatersl| dimepder of Wp third plape af thethigd planar
pl anar elenment, the fifth side of the third planar
elemerd [apdrghet theipessdiinggtion of the third planar element extend substantially in

directions of orientation of a axes of the pyrolytic graphite of the third planar element and the
direction of the second lateral dimension of the third planar element extends substantially in
the direction of the c¢ axis of the pyrolytic graphite 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
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the second side of the first planar el enent and the
fourth side of the second planar el enent, and the
w@erioenssto on of the direction of relatively | oRCT/82008010428
conductivity of the first planarel ement and second
elemertl st 3écodld i@t eletent isait didiffestringRNgite respédi t6 eRpBRektidoof
the direction of relatively |Iow thermal conductivity
relativefy 16Wehdrfial Qorﬂiu@ﬁ@'iy 6t @ERIFd pldnar Bémbigat spreader
accordrng to claim2 wherein each of the first side of
the first planar elenment and the third side of the
second planar el emrent each have a substantially
ralle 0si hg,si de whi i s .spaced
3 DRt porr i SrcRio RS eI Wi R aCh e P Dty b frt planar
direction of the second |ateral dinension at a first
elemenyjagd sheciird sifle afdatsespnd planarclenentsiagiehaye a swbstantially parallel
pl anar el ement and the fourth side of the second
opposipg artarwletlersespacedaphrt Heone eachsoflibe first sidk lapd garddidetespectively in
opposi ng side which is spaced apart fromeach of the

the dirédtiohtof $helgecandllatdthl dmehélen hes ARE Hisvky, 4nl eaéteof the second side of
direction of the first |lateral dinmension at a second

the fird 'pﬂn%f‘gl@mew L«fr‘r'de’th@ fJJ?ﬁ\ didd éftthé E&%n@fglatngfeelg eﬁleir ?
enent I'sS orthogona he second si de o st
ment . and,th h rd t he
substaEtlraq r?tra ie o%?qu}ggsd%e Y/ﬁic 1§ ﬂ)eac?% atrﬁfrgrincf:élc PP &rﬁglrgtes&(ge @d third
. nar. el enep 4. The heat spreader accordi ng. .t
side regregrlrr? I¥1 R&\ﬁ@rdé’ieﬁ“?’ﬁ ef ne fisst lategpd dgpensipn qtiarsggong) itaee,
el ement substantially coextensively adjoins the third
sWhkreipfthe fiest side o theplirahplanasiederaent is erthopepaltedhe second side of the
spreader according to claim4 wherein the fifth side
first plafarteleendnin andithel third side lo€ thensecend glantks: elanent ihertiogoail to the fourth
side of the first planar elenent to the opposing side
side of@he §d2@nd plahhr dbsenof the first planar el ement and from
the third side of the second planar elenent to the
opposing side of the third side of the second pl anar
el ement. 6. The heat spreader according to claimb5
erein the thi rd | an s.a sixth side
s ol mrael SororRe 8 ik a e Y Bt 1 bhi® it agenar
pl anar el ement and wherein the heat spreader further
elemerﬁéhb%trrgegy soexsensiyely pdinins the dirdisidel tgs«mpyd planar element.
graphite having a relativel yhigh thermal conductivity
in adirection of a first lateral dinmension of a
fourth plane of the
5. The heat spreader according to claim 4 wherein the fifth side of the third planar

element extends from the first side of the first planar element to the opposing side of the first
side of the first planar element and from the third side of the second planar element to the

opposing side of the third side of the second planar element.
6. The heat spreader according to claim 5 wherein the third planar element has a sixth

side substantially normal to the fifth side of the third planar element and wherein the heat

spreader further comprises a fourth planar element of pyrolytic graphite having a relatively
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fourth planar elenent and in a thickness direction of
the fourth planar elenent and having a relatively | ow
w0 b@posddiconductivity in a direction of a secoPdI/UuS2008/010428
| ateral dinmension of the fourth planar el enent,
high thefrpileiondtidiiviwiih aclireoiorndf 4 fidt fadralt dimehsiombf afomtspiame of the
of the fourth plane of the fourth planar el enent and

fourth pRARart 1t MkMEA ifhtRiEkhRS dﬁéctioheoffuwrohhh Fﬂlﬁﬁﬁéleﬁdeﬁm having a
extend substantially in directions of orientation of

relatlva??g‘w ?@erﬁﬁ?ecﬁéﬁg ylwe@tag%ﬁe%g?rtl ?LQ gecoﬂ& l%@{ﬂ[ élltpne% AN the fourth
Mensi of the fourt | anar eI errent ext end
planax ElGHERE HEHD $16 Girechan aF HETP R HEPiOngl e dqurgyalane of the
rolytic graphite of the third planar el enment, the
fourth pémﬂt Herpenirrar the dieknessiitection af e fewrthplenarelemensjextend
extends in the direction of relatively high thernal
substarecahlgun directions @f otibtaficnuof haxesafi dhie @irelyantgraphite of hedntitth
side of the fourth planar el enment adjoining the second

planar ElefnPind the direétidn 6l tBO SécoRl Bl dididasion ®f kiliolifth li@r element
of the second planar elenment, and the orientation of

extendt F‘lfb gdn'h?ﬁ% gr?mgggrﬁgl‘r%ﬁf' et}{rglr:l %x%ﬁ)‘g’tﬂé@ﬁﬁﬁk l“gpﬂ)qin%'b giﬁéﬁlrd planar
differ tothe di

h
ctemeny g Ko Gt s T A RaF EAmILEEE S SO Ten mieﬁp fon of
pl anar el ement, the fgurth pl anar el ement havi ng

fela“"@b’é‘l‘ﬁhn‘ erRrl cenghctixiy iof fheyfonidh pisnar Jemppt, g’é\ﬁé}‘ﬁ"ﬁh §‘FiE gf the

whi ch coextensively adjoins the sixth side of the

fourth Phharcblphatnmdj@niegégn secgnd Side ohdgtfirsynlanad element andiiha gourth side
to claim4 wherein the second planar el enent has a

of the seicod plapasdléigerithand the belestatien of the daestemosfdelatiagignow thermal
el emrent and wherein the heat spreader further

condu&msp lof BRSfidt ﬁlauiﬁéklﬁérﬁ RAd s&JoﬁH%mnapélemeﬁpﬂs ¥t & @ifferent angle with
graphite having a relatively high thermal conductivity

respect'ftB tﬁ? ﬁl'ré S5hloP lg{%e"i'yi ou?}%ﬁhﬁtc%ﬁauctfyl ltl of?)ugt‘n p?anahelement

ane o pI anar el

MR R ETTA
dl‘rectl_o_n of second lateral dinension of the fourth
coextensi yiy pdieinsitap sixth,fide ef the thied plppaselemgntof the fir st

| at eral dinmension of the fourth plane of the fourth

7. The heat spreader according to claim 4 wherein the second planar element has a side
opposing the third side of the second planar element and wherein the heat spreader 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 the thickness direction of the fourth planar element and having a relatively
low thermal conductivity in a direction of 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
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pl anar el ement and the thickness direction of the
fourth planar el enent extend substantially
w0 pao08310 ons of orientation of a axes of the Pyr/ok3n$/e10428
graphite of the fourth planar elenent and the
directishisr cfairicatatioh of haxassfanel pyral ywicadraghi weofshofoueth gldtar element and
fourth planar el enent extends substantially in the

the dlréﬂﬁiroﬁcaf'tﬁg‘se@fmd REersl BXlefisioh of m@ fsmo Mharcelahaﬁwe%d@f

fourth planar el enent, fourth planar el enent
ol OB U S St

e which extends in the direction
elememetﬂsﬁwﬂw laaﬂ?rgq‘we“&‘% MAYINE @SRYRILR SigF K e’%‘?ﬂ&“f"éardfrﬁ“‘o“ out of
pl anar el enent, wherein at |east a portion of a
the fous@\xémerpféh@@)m Rlgnar elemenhans] apighthedidarwhich\gitends in the direction
extends in a direction out of the fourth plane of the
of relafiwaly highphemnsal cehdrrtinity afijheifosrtlaplahaadémentpwhereomatdéast a portion
the side opposite the third side of the second pl anar

of a seRrREIdE ofkHeCioutl pRMASeIEMe Wit ek lefds DU difdctibh QuSEARE burth
pl ane of the second planar elenment. 8. The heat

f i . .
plane C?Q?@ﬁﬂ% }ﬁ%&?nar gﬁg{éﬁgh %ﬂ]g§1k§§/ {% ytdl‘bg‘ltl%r?gf tﬁeg}?{e @PQQI _‘"lhe third side
acr sthethlrd l.an ement _and the fourth
of the GEORTREh trelsmr ReR FRtbod R aiier Taf elfdiheied Bl
%Iatlvely hi gh thermal conductivity in a direction of
secondplangr glemedf-er a1 di mension of a fifth plane of the
fifth planar elenment and in a thickness direction of
the fifth planar el enment and having a relatively | ow
thermal conductivity in a direction of a second
8. |'Etiechieat spiteadenacconding td tleint 6 fflidtheplcanrismigarfifit plahdreelement of
fifth planar el enment having a ninth side which extends

pyrolyli® gtaPRitéll bit@ﬁdlh? Bc@gs ﬂh@ |tlﬂ1'=d Mehat elérfiht tah& Ei¥ourth planar element
conductivity o fth planar el ement, the ninth

whereili 'tl‘[jeeflﬁfn }dilﬂg{ .’é\lh@%ﬁt @s%ﬁ{atlg%gggﬁtth aﬂ' ph(ﬂ%ﬁl@lt? drgg dﬁgctlon of a
st b AP ST A 000 B 52 B
fourth pI anar el enment, and the orientation of the

of the fifth plappitlementanddavingiarelagyely hey vhgrmab pensueti Vit i adirection of a

the third planar elenment and fourth planar elenent is
seconddateral dithérsianef the fFtb pMnahelesspe the fifth plasailementihamingfa ninth

relatively | ow thermal
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.
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conductivity of the fifth planar elenent.9. The heat
spreader of claim1 in conbination with an el ectronic

walewposz3iwherein the el ectronic device i s provPdPUSING/010428
the third planar el ement of the heat spreader and the

9. B heapsmasiRt of AN G tif cHRBinalio® WithNM etdc@@hic¥vice, wherein the
device. 10. The heat spreader of claim1l in

electroﬁmvﬂ,%tlk fb eHI'bnatﬂe BliRES 1R & RN i 0f &ej{eég %ﬁgﬁg aﬁ!{ﬁg gleat

wherein t ectronlc evice |I's provi

d d the heat
SPfeadg Y §a¢t§ H‘El‘gﬁ "ﬂeec ‘ionfcr‘iﬁ%s‘{m:aeﬁec??i cal ede\?iace to

the heat sink. 11. The heat spreader of claiml in
conbination with a heat sink wherein the heat spreader
Is provided on the heat sink. 12. The heat spreader
10.  aBhsdhed! spgeadsr of elieim 3 inhembinatiomwithj angtlectiiical deijee and a heat sink,
between the first side of the first planar el enment and
whereinhke elpgesiitidevitel’s ppdvitdbor theshird ptaeglememeofithe hieht spréader and
of the second planar el ement and the opposing side of
the hedt Bﬁreh@érfc@nélhdiﬁhézﬁ fdtn hedRctrAPHvide o e hédiRRikers. 13.
The heat spreader according to claim3 wherein the
first distance between the first side of the first
pl anar el ement and t he opposi ng side of the first side
d the thi f. the second nar .e
P RsgbuPas™ of T i pianon Sihe Heat 11k WhEBOL e et
mllimeters to about 1.3 centlneters 14. The heat
spreadgtys PEYadedRtBEdEHFMe claim 3 wherein the first
di stance 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 planar el enent and the

12. Oopdsdangpréddde a@ordihig td Elhingl 3 SVHdeeih $hd fishiidalaacd bekwéen the first
centineters to about 2.5 centineters.15. The heat

j t
B e e T

seconcf%lgﬁ% ? rad]@ ooi)ﬁ?sslhg 'og %C{B‘Fﬁg‘%ﬁzsg 'fcl: gaslg é%odxzrl 5 mlq imeters.

accor di ng to claim3 V\,her e| n the second di stance
bet ween t he

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 millimeters 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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second side of the first planar elenent and the
opposi ng side of the second side is fromabout 1.0
w@eowiosmsters to about 40 centineters. 17. A nepdiDUSWNS/010428
maki ng the heat spreader of claim1 conprising the
15. sTiepicadipreader pecrdidlg 0¢ ciairh Bneliergihah@seceh@ dBtincO®between the
pyrolytic graphite having a relatively high thernal
seconcFé?H‘éthcﬁ"nE ‘ﬁ'rit)blérﬁr @leﬁleﬁ?&ﬂd fe o?f;os‘?né %18@ bf lh@tsg&ﬁld side is at least
di mensi on of first plane o Irst planar el enment
ae}hlckness direction of the first planar
and having a relatively |ow thernma
conductivity in a direction of second |atera
di mension of the first planar elenment, the first
pl anar el enent having a first side whi ch extends in a
16.  dThechsar spreesier agfording to tlain 3pyheaneinghe segend distancgbetwgen the
el ement and a second side which extends in the
secondiideof the firsifplanal aleimeat andthgbppduiigEite obihdvedandiside iofrom about
the first planar elenent, b) providing a second pl anar
1.0 cerftlridtBRtto @boud OQedtimetegl. aphi t e having a rel atively high
thermal conductivity in a direction of a first latera
di mensi on of a second plane of the second pl anar
element and in a thickness direction of the second

havi n latively | ow
17, EA Fekdhod o e B ol it of fladh L eBihars s Srpv of:
di mensi on of the second pl anar el enent, the second
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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,

c) adjoining 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 to at least a portion of the
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18.

i1) 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 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,

ii) 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
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second pl ane of the second planar elenent and a fourth
side which extends in the direction of relatively high
wo b@posddiconducti vity of the second pl anar el eP&RUS2008/010428
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third planar element having a fifth side which extends

a directiBn blieoftthe igdtiplime @ff tHeetirdt plufdrieldth@n atijo@isileast a portion of the
conductivity of the third planar elenent, the fifth
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rection of "relatively | ow t her mal conduct|V|ty
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i¥ >3915IB*?W f‘éﬂ?"‘s?rﬁ@)’r@?e XHctg1ap ?d‘é’e’t"gt"o‘p‘“i "r‘é’bfﬁ&ﬁal
of relatively low thermal conductivity of the third
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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,

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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