Attorney Docket No. DN09-003 AN SOTROPI C THERVAL CONDUCTI ON ELEMENT AND
MANUFACTURI NG METHOD BACKGROUND [ 0001] The present invention relates to a
heat sprewmgenifiomsssconducti ng heat froma device and a nethasd2ei/osaks ng t he
heat spreader. Electronic conponents are becom ng smal | er whil e heat
di ssipation requirenents are becom ng greater.a eg,r[gtekettl\% dlmgqi\)ge heat
generated by these el ectronic conponents, heat spréaders are utilized
bet ween the el ectronic conponent and a beat sink. Heat spreaders can be
made of a solid thermally conductive netal. The solid conductive netal has
alimted ability to spread heat and has limted thermal conductivity
characteristics. GA@@@OTEO?H??H ﬁiﬂﬁboﬁ@ﬁﬂlﬁbpﬁfﬁhﬁﬁﬁTﬁgﬁ‘ﬁs are connected
by coval ent bonds having a sta %sta structure he graphite
| ayers are connected by van %ﬁ' I\}%@é SETHHER graphite sheets as a part
of a thermal conduction elenment are used to reduce of hotspot occurring
with el ectronics and el ectroni ¢ dgX(&&fo 13 thermal conduction el enent can
conduct heat fromthe source of heat to radiate heat efficiently. [0002] To
use as a heat conduction elenent, it was necessary to nechanically contact
the source ¢d00hpat cl oSk prestuttindehtivrerelwes te o hedrspreader damaguttiogibeat 0 Stress
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part recei vemchiehtat fandriat Nienited uhamabtordeatvitghihancieonicactGrapliie shestal .
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[06002] To use as a heat conduction element, it was necessary to
mechanically contact the source of heat closely, but there was concern of damaged
due to sfress of a machine by contact with the source of heat and clamping with
installation parts because graphite generally has the property of being fragile and
¢asy to collapse. The graphite can be coated on the surface with resin or aluminum or
PET, but there was usually a problem that the thermal conduction efficiency would
suffer if thickness of a coating part is large.
[0003] Japanese Patent No. 2008-28283 suggests that embedded metal in a
piece of graphite, a thermal conduction element is formed wherein a part receives heat
from the source of heat which contacts the metal.

SUMMARY

[0004] This invention relates to an anisotropic thermal conduction element
and a method of manufacturing the same.

[0005] When graphite was arranged between a heat source and the radiation
of heat elements such as radiation of heat fins, resin materials of silicone and epoxy
group were used for each conductive layer as adhesives, but the thermal resistance

due to the adhesive became a problem.



ani sotropi c thermal conduction el enent that conducts heat froma thernal
source efficiently in the thickness direction. [0007] The structure of the
ani sot r opvo 2hgatsonduct i on el ement of this invention i CANUSaM0HELIRDPI C
t hermal conduction el enent that can conduct heat from heat source. This

structure is stacked graphite sheets having a gelalipeety N 9BNob@bsal
conductivity in the thickness direction and anothef direction in the plane

formed by the stacked sheets and having a relatively |ow thernEI
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DNO9- 003 [0010] In another embodiment, there is a ceramic layer formed at the
contact surface with the heat source. The anisotropic heat conduction element will be
able to conduct heat effectively from the heat source and insulate the anisotropic heat
conduction element from undesired electrical conduction.
[0011] In another embodiment the mechanical strength of the anisotropic
heat conduction element is improved by impregnating the structure with resin.
[0012] In another embodiment heat conduction efficiency is increased
significantly by using highly oriented pyrolytic graphite as the stacked graphite sheets
thereby having thermal conductance higher than normal graphite.
[0013] In another embodiment heat conduction efficiency is increased
significantly by using highly oriented pyrolytic graphite as the stacked graphite sheets
in the anisotropic heat conduction element thereby giving a thermal conductance of
more than 1,500W / mK by using a highly oriented pyrolytic graphite which can be
achieved by the product with a brand name PYROID® HT made by MINTEQ



International Inc. of New York, New York. 100141l n anot her enbodi nent, the
ani sotropi ¢ heat conduction el enent has an installation part or
i nst al | atworornemes7whi ch permts the heat source to be iPoStskéied3wdy acent
the support part, and fixes a heat source w thout causing damage to the
structure body by establishing the installatiog.pRLDowN &3, CARDHoz N the
supporting part. [0015] In another enbodi nent, the” ani sotropic heat
conduction elenent can be in conbination with an electric or electronic
devi ce. [O00WégmHongldngsSf Nepi e hd%y Wohducti on el enent can be nade by a
manuf act uri p@14et hod wiesimiher anbaHineatgthp paisespicdewtansdichien sitmedthas e f or med
by the stackeh QARNIMHE of MAIRIANLE WIRNDAMRAR foaP ukech bPRskafled A CUL LT NG
s the stacking atter th
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i npregnati ngpotepi N t o tihe siigotopidr Beat [ @AdRLibN damdnnecanehbodadeehy arany
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ani sotropi c er nal Ion ] [ resent i1nvention, 100211FIG
2 shows an &eshiicel grengthef deppisptignic bt spngiclion cleaeahiyeinPreesto B 1Y% 3 shows
t he ther mal (¢@Bdmgikiren direction of the anisotropic thermal conduction

element. of 4figepr esent i AXSRL ARoaHAAPALE FubuShNE AR FAPAYBRR, O L he

manuf act uri ethod o _ .
direction and coated thereby forming a support part or parts as a unit and produces an

anisotropic thermal conduction element having a large contact area with the
transmission of heat by the stacking of many structures further along by stacking
direction.

[0019] According to this invention, a method of manufacturing an
anisotropic thermal conduction element is disclosed and an anisotropic thermal
conduction element that can conduct heat from a thermal source efficiently in the

thickness direction and maintain strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows an embodiment of an anisotropic thermal conduction
element of the present invention;

[0021] FIG. 2 shows an example of the structure of a graphite sheet;

[0022] FIG. 3 shows the thermal conduction direction of the anisotropic

thermal conduction element of the present invention;

[0023] FIG. 4 shows an embodiment of the manufacturing method of the
anisotropic thermal conduction element of the present invention;

[0024] FIG. 5 shows an embodiment of the manufacturing method of the
anisotropic thermal conduction element of the present invention;



ani sotropi c thermal conduction el enent of the present invention; [0024]Fl G
5 shows an enbodi nent of the manufacturing nethod of the anisotropic

t her mal ocwoaduooidosss7el enent of the present invention; WBCT/US2010/039949

2011/ 008467PCT/ US2010/ 039949 Attorney Docket No. DN09-003 [0025]FIG 6 is

an expl oded view of the an enbodi ment of the ap ' hep@b-gepnduct i on
el ement of the present invention; [0026]FIG %gﬁg&ﬁmg&%y&ss g@%tion of an

enbodi ment of the anisotropic heat conduction el enent of the present
i nvention; 851100271 FFE. 6gs amevidodsd vignUpabe et PABPIHESY S8 thsPSPEINS ori ent ed
pyrol ytic gthafhdl tendubtionsdlendshk SOhE PRkt Inkatiish) conduction el enent by this
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now be desc in detail reference tot OW ng speclification and
non- | i mi ti nBeagsendpsteon elawobethy prRgsat inFentieendel aboration, it is believed
t hat one sk{dok®d in t heI@rg shoas a igiungiring npriedadi bighly esanddoyirdptic util i ze

the present gl%ﬁl\éie%} nﬁs%tr.glgit? tﬁe%&l%ﬁﬁduﬁ nﬁésf%ment Pﬁglﬁsqg‘lﬁeg%lgg enbodi ment s are,

t her ef or e, construed as nerely | ra not 'imtative of
t he remai nder of the disclosure in any way what soever. [0030]Below is an
expl anation of an ani SOETARED DASCRIPTION GIULIE ONVENTION

[0028] The invention will now be described in detail by reference to the
following specification and non-limiting examples.

[0029] 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.

[0030] Below is an explanation of an anisotropic thermal conduction
clement and the manufacturing method by this invention.

[0031] As seen in FIG. 1, an anisotropic thermal conductive element 1 can
conduct heat from heat source H. A structure 3 of stacked graphite sheets forms a
layer along or opposed to the surface on thermal source, and the structure 3 is coated
on its surroundings by support part 4.

[0032] As seen in FIG. 2, the graphite sheet 2 consists of a thickness from
0.25mm to 20mm and up to a size of the 300 mm in both lateral dimensions or in the
form of a square. The graphite sheet 2 has hexagonal covalent bonds in a stacked
crystal structure, and the graphite layers of each graphite sheet 2 are connected by van
der Waals forces. The graphite sheet 2 has a thermal conductivity in the X - Y plane
of the graphite sheet 2 of a value greater than in the thickness direction, i.e. the Z
direction.

[0033] As seen in FIG. 3, the X - Y plane of graphite sheet 2 of structure 3
can be part of an anisotropic thermal conduction element 1 seen in FIG. 5, which
utilizes the high thermal conductivity in the X - Y plane by arranging with a contact
surface C seen in FIG, 3 with a heat source H. The X-Y plane of the graphite sheets 2
can be at an intersection and effectively perpendicular or at an angle which is other
than parallel to the contact plane of contact with the heat source, and can conduct heat
in the thickness direction of structure 3 efficiently.

[0034] Shown in FIG. 4 is another embodiment of the anisotropic thermal
conduction element 1 of the present invention. The manufacturing method of making
an anisotropic thermal conduction element of the present invention is described by



el ement and the manufacturing nmethod by this invention. [0031] As seen in
FIG 1, an anisotropic thermal conductive elenent 1 can conduct heat from
heat sourwe 2bli1/obsstructure 3 of stacked graphite sheet sPprorussoi@ob®yer al ong
or opposed to the surface on thermal source, and the structure 3 is coated

on its surroundings by support part 4. [0032] to%@ﬁ?%ou&tgﬂ(gca pRioolohs

graphite sheet 2 consists of a thickness from mmand up to a
size of the 300 mmin both lateral dinmensions or in the formof a_ square.
The graphi t wayhéarkipg meferemexiaddrat Theveathadt Bl 4 goadngspraesee et P st al

structure, aduénh@@t 184sep bdnh@n begiekisuchfre 8 A Bagea ghiphiee Sheaet tisdoemigpnnect ed
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t her mal condtuc&] 2 € O'JE{ mfl seen in FIG5, which utilizes the high thernal
conduct i V|t "ATY RE %pp PPl Eine by arranging with a contact surface C seen
in FIG 3 witB5h heat @@emcf@mpng Thnpo Pyt i epats the surfree gf siptsiwie 3sHelet s 2 can
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COEduct ion glage®Emis ske®fn K14 Wh@sﬁ&alﬂé sdb@tﬁﬁ[hﬁllb/@&peﬂ-diﬁ?ldf&ﬂ dh &Ct ipiang ofret hod of
meki ng an anjs ic thermal co n el.ement venti on
is descri beglaBg‘rte S%t%?t%rzr?eer IERO’% djﬁ%ﬁj §u188%p%°esgofkagﬁ&hg’ rgg%"\r”gnce to
FIG 4. The1rn’é1ﬁ1bcanuanmtcmgsth@m@b@mdn@wpﬁmgtsl 1§1Péfpﬂ<i§‘ffl covering at |east a
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that the col té f Srr? ﬁgqn%st ICCR he coating

process not apmelmﬂml}’ag the graphite thi ckness Wth di anond cutters, it can

be processeqpday) cutti nqnvaidalho@prmgltmr@ldplhmcelremal SuchasUié tg&n@ﬂtptﬁ}fbsérom about
0.5 Mmto 1 as. se

ially
per pendi cul QPly{’%&%{ﬁpeXwglcg lf)leﬁgfgeegflg ?agb?iltpe pG‘r)f fnemilg%sf glrc 1?r esi ﬂ]%ol idified
by the cutt iengingsriog @bstic, Awlyphersdab tsulfids, pHystherisnlfmecpolypheatilern e®ex r opi ¢
thermal cong H@Ed]%eqét%%etkykﬁe provi ded. [0036] A thernpsetting resin such

as phenol - resin | uor i nat Sk n p sed resin,
pol yi mi de- bi@@g] resin, BFJ@WF d‘hég‘b"&s@a‘“}"@@iﬁh" Fegn ﬂ]% %B%{"Osgt “Picture 3 is
fixed in theesappoibatued! whish inmavasn hepfaresishnte nad dimvasicnsh siebility fonbeasur f ace of
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t her nopl ast i[€03¥ksi n, sushddigon, eUYemeabdd epury pei acrylic acid resin, silicone
resin, and epoxy resin having particularly high coherency under high temperature
environment can be used.
[0040] Besides resin, metal or ceramic materials can be used as suppotting
parts 4, which can coat the surrounding of the structure 3 by metal such as Al, Cu, Ni,
the Au, and the materials can be applied by either a dry method such as sputtering or a
wet method such as plating.
In addition, cohesion will improve by using a metal which is easy to generally match
with carbon or the alloys in which an ingredient is included such as Ti, Ni, NiCr or Pt
as the undercoat.
[0041] The surrounding of the structure 3 can be coated by ceramic such as



pol ycar bonate which is engineering plastic, the polyam nei mdes which are
super engi neering plastic, polyphenylene sulfide, polyether sulfone,
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(b) can be F 7 66h RRUbrmdd QR4 deBordNSyef lofB. tQ§ PreRehbRy REL SN tHidkhaRioem Ti
first layer as_4an active

each metal layer to be around 0.3pm.

[0045] As a film manufacturing method, either a wet method such as the

plating method or a dry method such as sputtering and vapor deposition can be used.

[0046] Because soldering cannot connect the graphite structure 3 and heat

source H directly, forming the metal layer M in a film process and soldering metal

layer 5 to heat source H at the metal layer (M), so that structure 3 can be connected to

heat source H strongly by soldering through such metal layer(M). In this case because

a film thickness of metal layer M is around 1pm, there is almost no reduction of

thermal conduction.

[0047] In addition, when it is necessary to conduct thermal conduction and

be in an electrically insulated state with respect to heat source H, an insulation film

can be formed consisting of a ceramic ¢asily by making a thermal ceramic spray

comprising ceramics such as alumina, silundum, boron nitride, the nitriding

aluminum on the surface of structure 3 after the polishing process.

[0048] The adhesion performance of the ceramic in the thermal spray



species is formed on the surface of the structure 3 and the supporting
parts 4, and a nickel N |ayer or copper Cu second layer 6 is fornmed on the
top, and wol2d11Aws4ehi rd | ayer 7 can be fornmed on the seceau/usayiensmaye. |t
is preferable for a filmthickness of each netal |ayer to be around 0.3m
[ 0045] As a fil mmanufacturing nmethod, either su
pl ati ng nmethod or a dry nmethod such as sputte?“ltt\r,1vleg§;n 5%&\{/63%& %@8%3% on can
be used. [0046] Because sol dering cannot connect the graphl te structure 3
and heat soprogesssanby serbyed Yyappiymg a fvefaepetreatmend ydychispsplasnfa ¢riesgf ocess and
sol dering nﬁﬁ(ﬁaouha%f@rth&umcma&u&@ﬁB%@fohl: @k ztiehﬁalrsxpﬁa@ rolc@yer (M so that
structure 3 glrbe con ect tEeat S chl ; LE mé lg%{ g through
such net al I[(i\? (M. | 7PhI é“”coé’s 0 SfpolS hIC eSS Of Pet'al | ayer M
is around lapd thheze@musiaarbmmsﬁttruﬁ@ler%dméftq %@nt@fld bprky bralh Slé%@lﬁwpp@ﬁng [0047] In
addi tion, whes 4.ty isspr@l%ﬁ@@&afo)‘mttﬁe cnEahyet I@ﬁl’ynﬁf t@%ﬁh&t(bmuaa& ‘bel in an
fsul ation

| ect | | at
F o e P R R B0 et B 05 AR Fo Oy b
ceram c sprédy conprising ceram cs such as al um na si | undum boron nitride,

the nitri dl 5@ um nuMEERhittel Bvcrdl, faaGiRraof tr%étfn@ﬁtt BoEesS b@zfﬁnﬂrm{ré]ﬁoﬂ%l shi ng
process. he adhes .on Berfornan ermal spray

At t or ney Doﬁ"l‘g R, y[ﬂ\ﬁ’@ fﬁS%coégéjoﬁsglrﬁngb%o?eﬁ%?né!v@%fﬂﬁl g ng)IIIDrH%eS% sur f ace
treat ment whi eimbhusgionpéidhora pcedsesser and activating the surface of

structure 3 (hgflpr e the mﬂﬁérﬂiefe %ng @Ussﬂbﬂeoﬁef%@heaE &Qﬁl&] @%@ﬁl@ounagtr@ﬁw he
application, eram c | ayer

s orma e
in structuré® §eeBrl“tFﬁ§ f(F)oWﬁh(ﬁ‘ﬁ(ﬁlmB%ﬁg Bt{)lic;]ur% |3J)é>s/§’ or™edp Screw 1%0?6 a8 pafts 4. ft
i s pref err edhstalatieor partt dvenceny rang hbaty spuron Hyor hoatsink e %P‘fféE@TSd‘f whigh ucture 3

which is oppas&sat O%@hlb@aén a%%ﬁé@@uiﬁtidﬁrﬂr&é]ﬁatYda@t"ﬁﬁﬂia[l& s@foul@adirutesd St gnc$hof
rogess oy 1S

t
isﬁ\egﬁ'[i oﬁalr i““%&} ri ed odlf‘ aéf'tlﬁn’c%%ff'iuf?g %F“i??rgg%e %Eﬂr dgesbo&l F% ﬁ‘ig)ﬁ@ "Wt 8tess and
t her mal spr aghesiye pn e cesgsct owrfage nhitmatuteohwhioll cantastscheplrsouiss Hes .

[0051] Furth d§§f€ it 'ﬁGPQ§§ddb’l7‘§h6vPaﬁ'e%an'ﬂﬂélbf%Hﬁﬁ&lﬁeﬂ&ﬁlthé’pﬁﬂﬁnﬂr0n9|y
as seen in wi t hout da hol e 4a

as an inst allrfvﬁf‘ﬁ‘%ﬁ’ﬁé'ra?s'%lrtlnﬁe@ﬁng& gh’if}[ ﬁ%%ffe i‘e W%gex’}-iawépf?g%t %‘lr a\fvt 0
support par rendfictvi aémdns 1 aradoeediandesatibagebeen an encapsul ati on whi ch at
lgﬁst pgrti hdsu ] Surroungg ﬁ%crkﬁé‘s%uaﬁecﬁen 100zt @d@b%ch@tta, h@att;t‘lﬂlﬁﬁlgﬁ ? 3 can
adhere by adhesi on ing an a ive on a a urface .o
structure 33MEPIERIG ‘g%‘fﬂ‘fg %H%té??l z%]ﬁﬁ”gg% %@8 C%é”hl afﬁﬁesi %SHoW an
exanpl e of apnrentbddd peamicdfoatdhi). ﬁ{e@SErttansmmédltm oris eompler terfwai sltﬂ# Ay heat

froma heat aﬁ‘%egeonch'ésﬁaeg AnfABIGAL AR thatdmh danduati amishement 1

roduced as descri
P thermal conguctlon element 1 is sandwiched between ceramic board 10 and heat sink

11, here a heat radiation fin, and ceramic board 10 and anisotropic thermal conduction
element 1, anisotropic thermal conduction element 1 and heat sink 11 are in very close
contact, and are fixed strongly by a fixing means, screw 12 and nut 13 through screw
hole 10a, 4a, 11a formed in each.

[0055] In addition, in FIG. 7, reference numeral 8 identifies a solder layer,
and reference numeral 9 refers to a metal layer which were formed on ceramic board
10.

[0056] It is suitable that a kind of highly oriented pyrolytic graphite is

chosen as a structure 3 used for anisotropic thermal conduction element 1 as described
above, It is possible to raise heat conduction efficiency drastically by using highly
oriented pyrolytic graphite which has a thermal conductivity that is higher than
normal graphite.

[0657] It is preferable to use highly oriented pyrolytic graphite having
thermal conductivities more than 1,500W / m degree K and a suitable example for use



[ 0054] The thickness direction of structure 3 conducts heat through

ani sotropi c thermal conduction elenent 1 from heat source H which adheres
to or is wonnewwes7t o ceram ¢ board 10. Heat is transm Predseonotbasgy exanpl e
to heat sink 11 arranged on the back of anisotropic thermal conduction

el ement 1. Anisotropic thermal conduction elengnt 14 dwi et ween
ceram ¢ board 10 and heat sink 11, here a hea?“%tro%an&?{zlijto?%er%]%i \rll\?)%@gg)ogeramc

board 10 and ani sotropic thermal conduction elenment 1, anisotropic thernal
conduct i on &l paréeilaris reahd nepre RYHRIDE Hr madan by M TE bberesdinnzldne ind ar e
fixed stronglky Yy dlefd ¥drig means, screw 12 and nut 13 through screw hole
10a, 4a, 1l1a fernmed in_each 0055]In.addition, in FE 7, reference
nunmeral 8 |E:‘%§F]i fi gg a G%B;;ﬁ;éygLE;&?érc,(lmg\%‘glw%%seﬁ%sgggg?@?%ﬁe@Orn I%{];Iéfs to a
met al | ayer thghiigbe weradlofio glo thegaal gah@Ichbié : &) Hegrgskgai t abl e
that a ki nddpfohd abl dudi BptigdcddYibRdtich GvIGIE a@bi themia$ BRAREVLASF ahstructure
s Bossi bl e TR SEabt TEReIRa T b P e o B P RO g i ghl y
oriented pybdhyier elegiranpiilte loitireyibiatien.a t hermal conductivity that is higher
thanI n?_r mal E@Bﬁlptm tﬁ' _m%z%,l tPYIf()IW@BI@I‘?@r@%ﬁ@ gﬂ%it@l?ﬁ' ma@yu@gﬁ]ﬁ? _
pyrolytic gr I te havi e . condu. i es _nore. n
gt en K andieietietnrist e iR UBYisE e Afveteh i B BRaoBRo 8t oo™ n
particul ar Hdiedieand chslie "RYRG 0EF2 [T diractionbflavprl BQdpkis sBABINIBAA Inc in
New York, Namectishk codfRa8]/2enemal tpandidies. oBilo-0 aRged CokiLy (d Siraiblped by the

free electr t he ttice. vibration. The hi.gh rmal, _conductivity
(1000° 2000w 2037 desPa RisdF Gfubhhlenli ARl IAHR LoURBRER on whil o
t he t her mal (xdirrdtioni Vetis /of depree Exferdimyetion).aind’d Btdrdgsitiee RO DsisjankfT gr aphit e
is equal toqRm (a&SSctioRf AL E‘@iréhﬂi%r#i_‘éxi*aﬁﬁdﬁ thie@RIEbRCddaRs avrivklpe | attice
vi brati on. 002. 11|I—|0vd\xrapveré ng M pyrol ytic graphite has many usef ul
char act eri sflreEoNs i pegacaby] Eé)‘ Brg: density 2.22g/cc, tensile strength
28900kPa (altéflect i on) Thellwsnil gomindiitityso! FYERE DEaHE ipyrobtittic @raphits inghar al
(rjmdul us gﬁ@@ﬂ?@ioﬁ%égbxhﬁﬁ&d Qith otzﬂéf’%fg_etiﬁlls g{&mgfcohmlﬁv@ iseem@gay qargh96A)10- 6/
egr ees i us i.rection), eqgr ees. [ i.rection),
Cher el condicorUPEyRptrb R 1ae iy SlyPREnR i AT pfre Sl o) m
degree K (c(@i®ectandnhout 3 tdesQhevadyeedfithd evespbietbéririat diffusips phithe ena®Tial (a
direction), c&hpfr @M fariliufagCt i on), oxidation threshold 650 degrees Cel sius

(a direction), .and pernmeability 10-6m n.Hg. QLOOGO‘&Jhe tQk)ler | conduyctivity
of PvRor oy r 1 B OFS E RReaoah o s HE b ehatiing A Drvec BraLa wi t b
ot her mat er gabkitd shestsytiie cdrdiat s pirpyndiclaest themdlrsctingh, for exanpl e about 6
times the vgdoges of al ok niamiR bf PeRAHENHTEPHRNE Pghut ik anh&eQhe . and
about 4 tines the v(?l uF 2f3g{ he%fOﬁ‘eral | E her(rlmt I fEumg{p of @@i? gﬂterl al
copper (Cu) TEATHEH t JCtibar-3ech Yottt Pgnhite, fad olhg; lastic 8 uiluss ?¥&3 & nat i ng
di recti on wiiréritionaispligineo di isewty onbiofk ghaphirgseedsfrsbtas, duting neecliniaattion is
per pendi cul 3frdi@n! BRI BrodbkRglis Adt easy, but is possible to maintain expected heat

conduction performance without breaking at the time of the processing, due to stress

of the machine at the time of the installation to the heat source and the vibration of the

machine after the installation because support by support parts 4 in the form of a

coating is formed on at least a part of the surrounding of structure 3 as stated above.

[0062] PYROID® HT pyrolytic graphite is produced by the CVD method

as shown in FIG. 8. In chamber 20 under vacuum by a vacuum pump 21, hydrocarbon

gas supplied from cylinder 22 as raw material gas is decomposed by heat by the gas

being heated to more than 2,000 degrees Celsius by heater 23, and while minute

carbon nucleus C which deposit and crystallize on substrate 24, stack and deposit in

stratified formation, and PYROID® HT pyrolytic graphite is produced.

{0063] PYROID® HT pyrolytic graphite is available in thicknesses of from

0.25mm to 20mm, and can be produce as a board of a variety of sizes as large as 300



[ 0061] The density of PYROD(r) HT pyrolytic graphite is al nost the
theoretical density 2.3g/cc of the graphite, and the el astic nodul us 50GPa
(a directwonpiivmsdsiigh so it is easy to break when stresget/tsaaio/oa®4duri ng
mechani cal vibration, and processing is not easy, but is possible to
mai nt ai n expected heat conduction performance W tho r.eaki t..Lhe tinme
of the processing, due to stress of the nachiﬁg%gpytcgg?iﬁ% g?“?ﬁgg
installation to the heat source and the vibration of the machine after the
i nst al | at i omnpepiaesbapsd pipenture by ceniopmetstapling.slegositiimehe form of a coating is
fgr med OFOSE)Zdﬁﬂgi t a payt ar9§ot1‘b{ii@|tﬁéi'_frfapu&diuﬂg)noélmﬁéﬂt wcgy H@gﬁ%ﬁ@sabﬁbétcsg
above. . r yr ol raphite.is produce e

othod as SHAG o gt hedsafid itk ISR AticsS s AL S SeCdilifr punp 21,
hydr ocar bon injegsated piptuiited poworrsasyitinddeer, 2 zcmirondiitordases jand agalecirenigleconposed
by heat by ybgcdrBiclRicRgetRat Sibot:opidMefndl Rakui00eHe ) Ra6h tel Shdss by
heater 23, and ile mnute carbon nucl eus C which deposit and crystallize
on substrat &%%F §?§%Vﬂﬁ%ﬁfﬁé%8¥?Fm%n stratified formation, and PYRO D(r)
HT pyrol yti ¢00¢fhphite ills gmodwcewed [ @06BHRNRO O r pppiicafignsol demiandigg aphite is
avai |l abl e i BitkRioc kO eSS Whenl LM B 2BAMINE Cak@BAveaRMicE afavRCuRfcA@HEE as a
board of a yariq&&ﬂﬁf sizeg as IaF?F as, 300 Attorney Docket No. DNO09-003 nm
squar e shapSar kAPl Ranis G @ERTIYf iTRG EYACKi ng, deposit tinme. 100641An

ani sot r opi c (2066} mal cordaedingly, é snerderstocdsthdie dtsr ilveel debesiption rodriben t s heat
from at heat &Q4Hi C gavEhtiok! ?Ctsh%b@biéietbi @sﬁsi@%ltre aﬁ?@ﬁ&ﬁﬁgogmugésO{ana tnt egrated
circuit, ap r. sem conduct or . sem conduct or | aser.. and,an el ectronic
devi ce. hi cROITERTES e AGIRL jo S FE Fe i Poe JOECGRY GPERSRE™S w th
such a heat adaptatioss #edatendsd terbe cpnsalradrwithim yheaiceresof the 08Bt tnveakribe used i n
particul ar iyhicRPid fANIYNRe ApBRRALAGMYI bration-resi stance when used in
anyt hi ng autonotive whi ch have undergone renarkabl e el ectroni ¢ advancenent
in recent years. [00661Accordingly, it is understood that the above
description of the present invention is susceptible to considerable

nodi fications, changes and adaptations by those skilled in the art, and
that such nodifications, changes and adaptations are intended to be
considered within the scope of the present invention, which is set forth by
t he appended clains. Attorney Docket No. DN09-003 We claim 1. An

ani sotropi c thermal conduction elenent for conducting heat froma heat
source conpri sing: a stack of graphite sheets, each of the graphite
sheets in the formof a plane and having a high thermal conductivity in the
direction of the plane fornmed by each graphite sheet and a | ow t herna
conductivity in the thickness direction of each graphite sheet, the
graphite sheets having a contact surface for contacting the heat source
across the thickness direction of the graphite sheets wherein the stack of
graphite sheets are at |east partially coated thus form ng a support part
of the anisotropic thermal conduction el enent.



2. The anisotropic thermal conduction elenent of claiml wherein a netal

| ayer is fornmed where the graphite sheets contact the heat source. 3. The
ani sot r opwo 20hwemsml? conducti on el enent of claim 1l whereiPoTalSc@omanives | ayer
is formed where the graphite sheets contact the heat source. 4. The

ani sotropic thermal conduction element of any #)R]h V\,herel n
the ani sotropic thermal conduction el enent i sA‘?n%lP ]g]g)r?a QZII&JWB rgé)é% n.

The ani sotropic thernmal conduction el ement of any one of clains 1 to 3
wherein theWgrcdgihi t e sheets are highly oriented pyrolytic graphite. 6. The
ani sotropi c thermal conduction elenent of claim5 wherei n t he highly

orlented pytoly a e s a.t | copduct reth n 1, 500w
[ K, ﬁ] a‘%ﬂ tbd;% E?Wéﬁrfﬁpdu(? AU iz EMeBh Oélcénrlreuﬁbn%P o4 oneh%1 clainms 1
to 3 furthesomwmpmpssmg an installation part for fixing the heat source to

the support part., sk om@apﬁﬂé ﬁ@%ﬂ’s%bl@ofﬂ@rg@hlt@%@ﬂd% tRMo®h 6MePland®f any one

of clainme 1 tp 3.in i nat.i I t he

el ectronic 6%6%‘36’8@% ig ICQBQHV\AE%IWaWch? A ecglﬂ? ggﬁlred)?a}ng%? m"‘@% E’a((‘r’}bnduct i on
el ement conduphitc Hwalt arfd @rh)\t-’ Hberhmehromlpolidiey. in Be tmcmhdde@ﬁn rﬁérﬂaﬂact uring
the ani sotr gphkitd §REITR g}@;ﬂﬁk@%&@@n@@n@@bmm sﬁﬂf@e%ﬂc&@mag S geat he st eps

o it snabre HbRdnt Mo rinnRlof sF AR LERReEkey HRBGL AL sBA e of 1
conduct i vi t graphitet Hesetdi are ot i logst ehritaHe qohtathdhus forming a Support part of the

anisotropic thermal conduction element,

2. The anisotropic thermal conduction element of claim 1 wherein a metal layer
is formed where the graphite sheets contact the heat source.

3. The anisotropic thermal conduction element of claim 1 wherein a ceramic

layer is formed where the graphite sheets contact the heat source.

4. The anisotropic thermal conduction element of any one of claims 1 to 3
wherein the anisotropic thermal conduction element is impregnated with resin.

5. The anisotropic thermal conduction element of any one of claims 1 to 3
wherein the graphite sheets are highly oriented pyrolytic graphite.

6. The anisotropic thermal conduction element of claim 5 wherein the highly
oriented pyrolytic graphite has a thermal conductivity of more than 1,500W / mK,

7. The anisotropic thermal conduction element of any one of claims 1 to 3
further comprising an installation part for fixing the heat source to the support part.

8. The anisotropic thermal conduction element of any one of claims 1 to 3 in
combination with an electronic device wherein the electronic device has a heat source
and the anisotropic thermal conduction element conducts heat from the heat source.

9. A method of manufacturing the anisotropic thermal conduction element of
claim ! comprising the steps of:

providing the stack of graphite sheets such that each of the graphite sheets is
in the form of a plane and has a high thermal conductivity in the direction of the plane

10



Attorney Docket No. DN09-003 fornmed by each graphite sheet and a | ow
thermal conductivity in the thickness direction of each graphite sheet;
provi di ngve 20nmiosgsty surface on the graphite sheets for eomtusediongosuhe heat
source across the thickness direction of the graphite sheets; and

coating the graphite sheets at |east partiall %tt%%?d?ﬁ%e%?hﬁgﬁg%%” part

of the anisotropic thermal conduction el enent.

manuf acturi ng the ani sotropic thermal conduction elenment of claim9 further
conpri sing fdumedthypeagh ganhftacbedt ramdtd hav dheringlasondactpatyt inothe dhicktees cont act
surface of Lngish sckcRbraphiRRéde sheets. 11. The nethod of manufacturing

the ani sotropic thermal conduction el epent o |l aim 9 furt.her. conprising
the atep of 1 mor dURURRE o GBI Fiitnen dEBaierBle GiRsbt bttt Seoibr o
coati ng t hesgraphioseths Heeknsss dirtdtionAf thetghapditosheptaranfiact uri ng the ani sotropic

thermal conducti qa@laBRihpQle shbad AN1chsGRAMMMIY SR GorkiiS: @&u%ﬁ&t ri of the )
providing a first, StaCklfC%fad‘%Figlﬁgl te sheets Such that each of the graphite

sheets is i AifpQPichma Q% has a high thermal conductivity in the
direction of the plane fornmed by each graphite sheet and a | ow t her nal

conductivitygin the hih&kaessubichat tRMnRbHEAE heth AR dulticiN@&hent of

coating the fjr tack of.gr ite. sheets at | east pay.ti t orma
coati ng on e fFwder Sougindr Al hevdoeialiy: « T o Bt frbd ednlect 77 o1
stack of gr apfict ef thhetetksofgcapbesshette t hi ckness direction of the graphite
sheets to forma second stack of graphite sheets having the coating on at

| east a portjon of the second stack of graphite sheets, the coatipg formng
a support pyr't L L I e N ?‘Fﬁ?Ot'g’Blﬁ&E%f“iagﬁonzlP@WErﬁlm?%Epf or med
and t he secolath §t dokthdiaempysiag denteco! suprégmeied fronin gothc stck odj stdpbitheat
source acr oggefsMerotdsakinedms oAbRiechiqn of the graphite sheets.

12, A method of manufacturing the anisotropic thermal conduction element of
claim 1 comprising the steps of:

providing a first stack of graphite sheets such that each of the graphite sheets
is in the form of a plane and has a high thermal conductivity in the direction of the
plane formed by each graphite sheet and a low thermal conductivity in the thickness
direction of each graphite sheet;

coating the first stack of graphite sheets at least partially to form a coating on
the first stack of graphite sheets;

cufting the first stack of graphite sheets across the thickness direction of the
graphite sheets to form a second stack of graphite sheets having the coating on at least
a portion of the second stack of graphite sheets, the coating forming a support part of
the anisotropic thermal conduction element thus formed and the second stack having a
contact surface for confacting the heat source across the thickness direction of the
graphite sheets.
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