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[0003] Japanese Patent No. 2008-28283 suggests that embedded metal ina
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.
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[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.

0011j 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 orienfed 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
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[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;

10021} FIG. 2 shows an example of the structure of a graphite sheet;

[0022] FIG. 3 shows the thermal conductlion 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
anisolropic thermal conduction element of the present invention;
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DETAILED DESCRIPTION OF THE INVENTION

10028] 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 ecxplanation 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
fayer 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 infersection 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
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engineering plastic, polyphenylene sulfide, polyether sulfone, polyphenylene ether,
polysulfone, tetrafluorocthylene.

[0038] Furthermore, in above thermoplastic resin and thermoset resin, a
resin can be used which improves a heat resistance and dimensional stability for heat
by using inorganic filler and a organic modified filler compound. Furthermore, resin
with an added amine group, silicone group for cohesive improvement can be used.
[0039] In addition, a UV curable epoxy resin, acrylic acid resin, silicone
resin, and epoxy resin having particularly high coherency under high temperature
enviromment can be used.

[0040] Besides resin, metal or ceramic materials can be used as supporling
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 spultering 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 swrounding of the structure 3 can be coated by ceramic such as
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plating method or a dry method such as spultering and vapor deposition can be used.
[0046] Because soldering cannot connect the graphite structure 3 and heat
sowrce H directly, forming the metal layer M in a filin process and soldering metal
layer 5 1o heat source H at the metal layer (M), so that structure 3 can be connected {o
heat source H strongly by soldering through such metal layer(M). In this case because
a film thickness of metal layer M is around lum, there is almost no reduction of
thermal conduction.
[0047] In addition, when it is necessary to conduct thermal conduction and
be in an elecirically insulated state with respect to heat source H, an insulation film
can be formed consisting of a ceramic easily by making a thermal ceramic spray
comprising ceramics such as  alumina, silundum, boron nitride, the niiriding
aluminum on the surface of structure 3 after the polishing process.

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



In addition, cohesion will inprove by using a netal which is easy to

gener al | Yy 8§1¢ogdsi h carbon or the alloys in which an ingFeehsiiizobs
i ncluded such as Ti, N, NNCr or Pt as the undercoat. [0041] The

surroundi ng of the structure 3 can be coated %/ ceram c such_ a
Attorney Docket No. DN09-003 al unina, zirconi@ftorasy Pecsst ¥ar H?I&Q? -003
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The resin uskigh fsoppesep thedattsPupe frgmélmwpoutt@fmpére&wy@ thﬁumporttparts
preferable 40 use epoxy resins or phenolic resins in particular.
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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 numera! 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
orienied pyrolytic graphite which has a thermal conductivity that is higher than
worimal graphite.

[G6057] 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



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

an insul wdhmyf)égh@a can be forned consisting of a ceramg©a&hvoz8o
maki ng a thermal ceram c spray conprising ceram cs such as al um na,

si tundum boron nitride, the nitriding alum numon the surface of
structure 3 after the polishing process. [0048foraw lepkeidien DNO9-003
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ol ement 1 1+ BnEHLe selfitiod PRORPE ARkRa: b8RAT chRERRY S RIRHRY BB
ceramc boafod et@nplelahouti6s timesn Henialuce bl ialminng nékidenpb BDtandibabesllisk 11

arranged on(Heb? baﬁkamn ARhSOtHeORIE of RRIBall CRAAMCH ff@forPd AR Rhtedal
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ceranic boa‘f‘oé’ ¥ink 11, here a heat radiation fin, and
ceram ¢ boalndadiifiioantheamilgestionii thet lhoiwtilg digsetioe tiitdin elpéwe rdiregtion of
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theoretical density 2.3g/ce of the graphite, and the elastic modulus 50GPa (a
direction) is high so it is easy to break when stressed such as during mechanical
vibration, and processing is not easy, but is possible to muaintain 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 praphite 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 mors 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



[0055]In addition, in FIG 7, reference nuneral 8 identifies a solder
| ayer, awbg(ﬁﬁ,%sqglpe nuneral 9 refers to a netal |ayer fG:*,}o 36949
formed on ceram c board 10. [0056]1t is suitable that a kind

highly oriented pyrolytic graphite is chosen as a structure 3 used
for anisotropic thermal conduction el enent 1 Alcraasegkplehio-adeved-003
is possible to raise heat conduction efficiency drastically by using
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lattice V|bwamﬂeweepgmsgq%bwev@mﬂlP¥Reanmy HT pyrolytlc graphlte has
many usef ul (pgb@r act er i 8bddedingl$ U Nis amdbie@od ahdt ané &govedﬁéb‘éh%ﬁbnzefz 4@/ cc,

tensile stren
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t her mal exp@hsm@wsobxﬁﬁro&q)sleﬂeckj@gﬂe@ @afl §ha!|§ueiamdrf@@fmn@n§hangwm 61

degrees Cel aﬁhy@n&r@, A4 [RGHEDR) be dINSHEBE wHAMAUE téopk oY the, pFERMEhT&IIon,M
degree K (a degree K (c direction), 5. 0A10- 4

electric sp‘eg’f’ fscsetrfogﬁ)‘ gy éﬁ@gpegﬁeqﬁq%%sdl rection), 0.6 Qm(c
direction), oxidation threshold 650 degrees Celsius (a direction),
and perneability |0-6nunHg. [0060] The thermal conductivity of

PYRO D(r) HT pyrolytic graphite in the a direction of conpared with
other materials thermal conductivity is extrenely high, for exanple
about 6 tinmes the values of alumnumnitride (ALN) and the beryllia
(BeO) , and about 4 tines the value of the overall thennal diffusion
of the material copper (Cu) in particular. In addition, the a
direction is the lamnating direction within a plane direction of
graphite sheets, the c direction is perpendicular to the a direction.



[ 0061] The density of PYROD(r) HT pyrolytic graphite is al nost the

t heoretical density 2.3g/cc of the graphite, and the el astic nodul us
50GPa (a direction) is high so it is easy to break when stressed such
as during nechanical vibration, and processing is not easy, but is
possi ble to maintain expected heat conduction perfornmance w thout
breaking at the tine of the processing, due to stress of the machine
at the L&gﬁ f the installation to the heat source and the vibration
of the fiClMafter the installation because support by support
parts 4 in the formof a coating is fornmed on at |east a part of the
surroundi ng of structure 3 as stated above. [0062] PYRO D(r) HT
pyrol yti d-grapRnisetrpeichemmal égngyctioneslevpniier keadu@ingheahfrom hest g,
I n chanb é&ﬁ%ﬁ- cuum by a vacuum punp 21, hydrocarbon gas
supplied%%yﬁgicy |ﬁﬁg$ 22 as raw material gas is deconposed by heat
by the gas bei agtémkatfaryrolgticroraphttd ahe@spédchdelthe gyralgicsyraphiby siesets er
23, and il e, minute carbon, nucleus C which deposit a crystalljze
on subst 1t S & eiRG ARE aaiBu A el i ePrad iy Aaeclrestyet
PYRO D( 1 Yth& plErneyoehed bg e@p@pgmﬁici Fapiiedsiead ant QO6R] tRYRGh ROn Bl ctivity

pyrolytic graphite is available in thicknesses of fromO0.25mmto

20nun, andheaigseess dieetionaf eachparalytis oraphile saest. the pyrolytic g@phiie ge
as 300 AWLeRNitPEE gta'épsur%}‘,%ﬂ’op@&?tggi’é@ﬁ%ﬁf‘eé LaRed a2tddeGhHr el by

controlling stackinhg, deposit tine. n ani sotropic therm
conduct i dhickehesseditectionof thesgrapbitel sadris avherainding stckehpyrfohydion giabiotet

source H._ Electronic devi,ces such.as a sepiconductor_intear.at
o reart saesfiak Wisast BRHGRY sp4ed S sl Ry RaRg EsoBbfi et Sithe
el ect r onighighgnopiethelrhalhconaattisiesieaienani sot ropi ¢ thernmal conduction

element | with such a heat source H can be utilized in nmany areas.
[0065] 1t can be used in particular in applications demandi ng

vi brationy resi ?ﬁ@aﬁﬁowﬁe SR EBn@MLR diemait SV EwHBEHR ahRN S

under gone renarkabl e el'ectroni ¢ advancement in recent years. -
[ 0066] Acdayatiintiryediwhare the ggrodticaptaptite shaeds abiwet thedwertl pourea. of t he
present invention is susceptible to considerable nodifications,
changes and adaptations by those skilled in the art, and that such
modi f i cat3.ons,Thehatgas pintheadaptaiduction sletdrmbe ot 1twhdreirc® osiagec ed
w thin tqe scgrgje of the present jnvention, which is set forth by the
appended RYilformegavigrgthe pyrolyticAgaphiiessigalp renterihraieat SdGet i on
el enent for conducting heat froma heat source conpri sing:

4, The anisotropic thermal conduction element of any one of claims 1to 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 having a

thermal conductivity of more than 1,500W / mK.
6. The anisotropic thermal conduction element of any one of claims 1 1o 3

further comprising an installation part for fixing the heat source to the support

part.
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a stack of pyrolytic graphite sheets, each of the pyrolytic graphite
sheets in the formof a plane and having a high thermal conductivity
in the direction of the plane fornmed by each pyrol ytic graphite sheet
and a low thermal conductivity in the thickness direction of each
pyrolytic graphite sheet, the pyrolytic graphite sheets having a
contact surface for contacting the heat source across the thickness
di rection, of e graphite, sheets erein the, stack of rol vti.c., .

G aphi t & Isheet Do BPPI BN ALrHIE G Hphtguoh It fe el Harma 'f 30 ng
a suppor teopditateh willtadBicefbhRrmeviddhehéraln Bensetidrind&liesras a hedt The
ani sotropic thermal conduction elenent of claim1 wherein a netal

| ayer i s SPEFGeeRNdiferani SR theryal congustien elemand eprdednhgat frerRdngeat
source. 3. dhg-ani sotropic thermal conduction elenent of claiml
wherein a ceramc layer is formed where the pyrolytic graphite sheets
contact the heat source. 4. The anisotropic thermal conduction

el enent any, one of .cl ai 1.t0,3 wherein the anisotrapic,the I
conduct i oh o Svanierco T Eedrnd h FHEH Bl el SRR Gt

t her mal Qmmucb@mprjghgme@gte@fg okny one of clains 1 to 3 wherein the
graphite sheets are highly orient edyg%/)rol tic graphite having .a

t her mal conducPreMidipg gifiraoytack akpyrel w%ﬁ heefs suphdhalfachidf &g ¢
h | ot ] : f i -
ther ma mg@ %%ngf% SHBAS i€fn tﬂexoﬁﬁl%fﬁ_p@eﬁ@ﬁés 5Righ tfnarrmert

conpri si ation part for fixi eat source to the
support pantductivity in teediegtitiootof dp8 planadermsd kyeactpyrolytielgeahite shfeetiny

one of clains, 1 1o 3 in C i.nat i i .elect i I&£e wherein
t he el ectarngn? kowd‘é’\?f@éf %O&Oﬂgﬁﬂ@d%' ”@%HP%%&%’”? ﬁtgorh{ﬁlf?ésgocﬁrpgﬁl&w % her mal
conduct i gpaghiensigetconduct s heat fromthe heat source. 8. A nethod
of manufacturi ng t he ani_sotro‘Pifc t hermal conductijon el ement of _%I aim
1 conprising te alingihe et stack of pyrglvlic gERRte sheptsit i%‘i‘%g’f’@”&ﬁ”y W't. a
pyrol yti qeahqe%&fa%sﬁz?g*gﬁ %ﬁ@fiﬁshafag%? Byr;biyﬁi}cgqfamf@éﬁgé@ graphite

sheets is In the formo pl ane and has thermal conductivity

in the directi cnttiof thadrgiistavk df pyralyticograpbiéespsetslagrdss the dpchnesssheet
and a | ov, V] o i I i ach
pyrol yti \(I:H”éelrag%ﬁhrlgt @%M‘gﬁ;'é &atdﬁ'tb%gég itégbﬁg%f%??s{j g%[%ggg%ﬂyéﬁr olytic
gr aphi t e ghplsitessiadets Baging piae toatingyomat lbast a psition tod tHesenomdatadk ofy on

the first stack of rolyti raphi te sheets; utti ng, the
first st oo gaphlt shedls, thsrrerbng fusies actipeertore 4fihe pRIESEODIC

di recti onpefmaIR@nBYERINVEIEMeBE BRBIBANSNERE thd SodoRtiBtaciaeamifla shagkt Of
pyrol ytic graphite sheets having the coating on at |east a %)Ol‘tl on of

the secormdrfecader esnigstingltheiheabseine perosades Sickness dbacioyofitbeni ng a
support ﬁﬁffé'p{gé gg;egcbglﬁgr%b?g{sropl c thermal conduction el enent thus

formed a ack having a contact surface for contacting
t he heat source across the thickness direction of the pyrolytic

graphite sheets. 9. nmet hod, of nuf act ur.i t he ani sqtropic

Char mal - chndud Msihad ahBRNGEEnahe S Bs v e Rendqiss Gpmient of
provi di ngihiRe1 ehapkisPly thY sRdpstdfc graphite sheets such that each of
the pyrolytic graphite sheets is in the formof a plane and has a

hi gh thermal cdérenidinane ptack of pyraliticetreploie ieatnsugh Hié epeh ablepy
thi cknose HoVie BrEMEEReBEln Biiofin P Aol 0 nRSETHGH tneh 11 1he
conductivity in the direction of the plane formed by each pyrolytic graphite sheet
and a low thermal conductivity in the thickness direction of each pyrolytic
graphite sheet;
providing a contact surface on the pyrolytic graphite sheets for contacting

the heat source across the thickness director of the pyrolyiic graphite sheets; and
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provi ding a contact surface on the pyrolytic graphite sheets for
contacting the heat source across the thickness director of the

pyrol ytic graphite sheets; and coating the pyrolytic graphite
sheets at |east partially with a resin thus form ng a support part of
t he ani sotropic thermal conduction elenent. 10. The net hod of

manuf acturi ng the ani sotropic thernmal conduction elenent of claim9

further conpri si t.he step. of SH etr t a pqrtion of
Hhe oont aorsubeth B AR bapHie 3 e Bkt Sodbiy FRR aBabdhbe 07
The met hegniihg ﬁ&iﬂjgb@ﬁtplaﬁl dighé BRisafbsiotiiarmiL cbh@idieh e¢éiﬁéh[Ct ion

el ement of claim9 further conprising the step of irrpregnated resin

in the st'Sck dhemetbeyof maglpéaﬂwrtr@ tgﬁ@@e%ﬁr@@fcdhérre@aaqnﬁgcﬁ%e §Mephi t e

sheets. f claim 9 further comprising the step of surface treating at least a portion of the

contact surface of the stack of pyrolytic graphite sheets.
11.  The method of manufacturing the anisotropic thermal conduction element

of claim 9 further comprising the step of impregnated resin in the stack of

pyrolytic graphite sheets before coating the graphite sheets.
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