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Description

[0001] The article described herein relates generally
to the field of graphite articles, in particular graphite arti-
cles which may have applications in thermal manage-
ment systems.

TECHNICAL BACKGROUND

[0002] Graphite articles have been used in the thermal
management for various devices. Such prior uses of
graphite have included the dissipation of heat in the z
direction away from the heat source or the spreading of
heat in x-y direction away from a hot spot exhibited on
the heat source.
[0003] In the case of dissipating heat in the z direction,
conventional wisdom is to minimize the distance between
the heat source and the heat dissipation element. This
is accomplished by minimizing the thickness of the graph-
ite article and in accordance with conventional wisdom
thereby minimizing the thru-body thermal impedance of
the article.
[0004] US2006035085 discloses a high thermal con-
ductive element in which carbon particles are dispersed
in a graphite-based matrix, wherein the c axis of the
graphene layers constituting the graphite are substan-
tially parallel, the thermal conductivity in a direction per-
pendicular to the c axis is at least 400 W/m.k and no more
than 1000 W/m.k, and the thermal conductivity in a di-
rection parallel to the c axis is at least 10 W/m.k and no
more than 100 W/m.k.
[0005] JP2001068608 discloses a heat conductor
formed of a porous graphite film which is formed by firing
high-heat-resistant polymers having a porous construc-
tion with a series of micropores of an average pore size
of 0.1-10 mm and with a porosity of 15-85% at a high
temperature and in an anaerobic atmosphere.
[0006] JP2000169125 discloses a sheet-shaped
graphite material constituted of graphite parts and gas-
eous parts and having a density of 0.1-0.9 g/cm3 and
thermal anisotropy such that the thermal conductivity in
the direction parallel to the surface is at least 200 times
the thermal conductivity in the direction perpendicular to
the surface. JP2000178016 discloses a method for pro-
ducing a graphite sheet in a foamed state comprising a
first heat treatment step of heat treating a polyimide film
as a raw material at an upper limit temperature of
1,000-1,600°C under an inert atmosphere and, after heat
treating in the first heat treatment step, a second heat
treating step of heat treating at the upper limit tempera-
ture of 2,500-3,100°C under an inert atmosphere.

BREIF DESCRIPTION

[0007] According to a first aspect of the present inven-
tion, there is provided a graphite article comprising graph-
itized polymer having a thickness of at least 100 microns
and up to 500 microns, the graphite having a density of

less than 1.00 g/cc, a compressibility of at least 3% at a
contact pressure of 100 kPa and a generally sheet like
shape, wherein the graphite article has a resistivity of
less than 0.019 °C/W at a contact pressure of 200 kPa,
as measured on an apparatus that meets the require-
ments of ASTM D5470 Standard Test Method.
[0008] According to a second aspect of the present
invention, there is provided a thermal management sys-
tem comprising the article discussed above and a heat
source, a major surface of the article having substantially
similar contact surface area as a contact surface area of
a heat source to attach to the system, wherein the heat
source is in thermal contact with the article.
[0009] Disclosed herein is a graphite article which can
be compressed by more than 2. three (3%) percent at a
contact pressure of 100 KPa without damaging the
graphite article reducing the thermal impedance exhibit-
ed by the article.
[0010] It is to be understood that both the foregoing
brief description and the following detailed description
provide embodiments of the disclosure and are intended
to provide an overview or framework of understanding to
nature and character of the invention as it is claimed.

DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 is a top view of an article described herein.
Figure 2 is a cross sectional view along line A-A of
figure 1 rotated along arrow B.
Figure 3 is a cross sectional view along line A-A of
figure 1 rotated along arrow B of an alternate em-
bodiment of Figure 2.
Figure 4 is a side view of another article described
herein.
Figures 5 - 5(c) are schematic views of various em-
bodiments of a thermal management system which
include the graphite article disclosed herein.
Figure 6 is a schematic view of another embodiment
of a thermal management system which includes the
graphite article.

DETAILED DESCRIPTION

[0012] An article disclosed herein includes a graphite
article having a generally sheet like shape. The thickness
of the article may range upwards to 300 microns. Optional
exemplary thickness can include at least 150 microns,
at least 200 microns, or at least 250 microns. It should
be understood that all densities between such range end
points are disclosed herein and are possible. Exemplary
densities include less than 0.4 g/cc, less than 0.5 g/cc,
less than 0.6 g/cc, less than 0.7 g/cc and less than 0.85
g/cc.
[0013] The article has a compressibility of more than
3% at a contact pressure of 100 KPa. Exemplary com-
pressibility for a given embodiment may range from more
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than 3% to up to 75%. Particular examples of compress-
ibility include more than 5%, more than 10%, more than
20%, more than 25%, more than 30%, and up to 65%.
To provide a non-limiting example of meaning of the com-
pressibility numbers, if the compressed thickness is 35%
of the original thickness, the article has exhibited a com-
pressibility of 65%.
[0014] The testing of the compressibility of the article
is not limited to any particular method or apparatus. Ex-
emplary apparatuses that may be used to test compress-
ibility include a Greening Model 1140 Compressibility
Test Machine and Test Machine Inc. ("TMI") Compres-
sion Tester Models 17-76 or 17-77. This reduction in
thickness may be a permanent reduction in thickness
without rupture or other destruction of the article. In the
case compressibility is measured by measuring a change
in thickness of the article, a Mahr Extreme Thickness
Test Instrument may be used.
[0015] Optionally, the article may include one or more
dopants. One such dopant may be a conductive polymer,
another dopant may include an EMI modifier. Examples
of EMI dopants include nickel, copper, mu-metals and
combinations thereof. Mu-metals are nickel-iron alloys
which have high magnetic permeability. The conductive
polymer may also have the beneficial property of wetting
out on the surface of the article. Non-limiting examples
of the polymer may include oil or a polymer filled with a
conductive material. Other dopants include a phase
change material or a dielectric material. In the case of
the article including an oil, a grease or a phase change
material (non-limiting example a wax) it is preferred that
the article includes a sufficient amount of oil, grease or
phase change material to reduce the contact resistance
the article would exhibit in an application as a thermal
interface between one or more heat sources and a heat
dissipating element. The dopants may be in the form of
a liquid, particles, powder or filaments. A non-limiting ex-
emplary embodiment is that the article includes at least
5% by weight of the dopant. When the article includes a
dopant, one or more surfaces of the graphite which make
up the article may include perforations, notches, cutouts
and combinations thereof. This may be referred to as
alternations. Preferably the alterations are sized, shaped
and located to assist with mechanical inclusion of the
dopant in the graphite. Examples of functions of the al-
ternations include that they may be used to impregnate
the entire article with the dopant or two locate the dopant
on one or more surfaces of the article. Article 10 is shown
in figure 4 having a plurality of cut outs 22 on a major
surface 24 of article 10. As shown the cutouts have a
substantially dove tail configuration. The cutouts contem-
plated herein are not limited to any particular orientation.
[0016] The article exhibits a resistivity of less than
0.019 °C/W at a contact pressure of 200 KPa. Examples
of suitable resistivity include less than 0.015 °C/W, less
than 0.010 °C/W, and less than 0.08 °C/W, as measured
on an apparatus that meets the requirements of ASTM
D5470 Standard Test Method.

[0017] At a contact pressure of at least 700 KPa, the
graphite article may exhibit a total thermal impedance of
no more than 0.25 cm2°C/W, preferably no more than
0.20 cm2°C/W. Total thermal impedance is a measure
of the contact impedance and the thru-body impedance
an article exhibits.
[0018] In another embodiment, as the contact pressure
increase from 100 KPa to 700 KPa, the total thermal im-
pedance exhibited by the graphite article reduces by a
factor of at least 6, preferably at least 7, even more pre-
ferred at least 8.
[0019] Another advantage of the afore noted graphite
article is that as the contact pressure exerted on the ar-
ticle may increase the in-plane thermal conductivity of
the article. For example as the contact pressure increas-
es from 100 KPa to 700 KPa, the in-plane thermal con-
ductivity exhibited by the article may increase at least
1.25 times, preferably at least 1.5 times, more preferably
up to at least 2 times.
[0020] The article may be a monolithic article; mono-
lithic is used herein to mean that the article does not
include multiple sheets of graphite to achieve the desired
thickness. Alternatively stated, the article may consist
essentially of a single sheet of graphite. A further way to
state this is that the article may be devoid of more than
one sheet of graphite.
[0021] In a different embodiment, the article may com-
prise more than one of the aforementioned graphite
sheets. Preferably each graphite sheet is oriented such
that the x-y plane of the each individual graphite sheet
is in the horizontal direction of the article and not in the
vertical direction of the article. The various sheets may
be stacked to any desired thickness. In such an embod-
iment, optionally, a thermoplastic sheet may be disposed
between adjacent graphite sheets. In the case of an ar-
ticle that includes "N" number of graphite sheets, the ar-
ticle may include up to "N-1" thermoplastic sheets, where-
in each thermoplastic sheet is disposed between two (2)
different graphite sheets.
[0022] The article is not limited to only including graph-
ite. The article may include an adhesive on one or more
of the surfaces of the article. For example, the article may
include an adhesive on one or more of the major surface
of the article. The adhesive may be applied completely
on one of the major surface of the article. Alternatively
the adhesive may be applied in a picture frame orienta-
tion, such as to a sufficient exterior portion of the perim-
eter of the major surface as shown in figures 1 and 2. As
illustrated in figure 1, article 10 includes a graphite sheet
12, with a major surface 14. Adhesive 16 is applied to a
perimeter section of major surface 14. Figure 2 is a cross-
sectional view along line A-A of figure 1 and rotated in
the direction of arrow B. In another embodiment, the ad-
hesive may be applied to three (3) or less of the edge
sections of the perimeter of the major surface, as shown
in figure 3. If so desired the article 10 may be sized such
that the heat source may engage adhesive 16 or that the
heat source will fit inside of the adhesive to directly en-
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gage the exterior graphite portion of article 10.
[0023] The article may alternatively or in combination
with the adhesive include a first thermoplastic layer on
one of the major surfaces of the article. A second ther-
moplastic layer may be on the other major surface of the
article. If so desired the first, second, or both thermoplas-
tic layers may form an exterior surface of the article. In
a particular embodiment of the article, the thermoplastic
layer will not be located on a major surface disposed in
thermal contact with a heat source. Stated another way,
the thermoplastic layer may be disposed on the major
surface planned to be opposed to the heat source.
[0024] In a further particular embodiment, if so desired,
the article may be envelope sealed with the thermoplas-
tic. Envelope sealed can be used to describe when the
thermoplastic layers extend beyond the edges of the
graphite sheet, such that the graphite sheet of the article
is hermetically enclosed in the thermoplastic sheets. In
a particular envelope sealed embodiment, the thermo-
plastic sheet or sheets may form a frame around the a
desired portion of the perimeter of the article, thereby
leaving an central portion of the graphite article on each
major surface not covered by a thermoplastic layer. Op-
tionally, only one major surface of the graphite article
may be covered with the aforementioned frame envelope
seal.
[0025] In a particular embodiment, the article has a
bond line thickness of less than 0.127 mm. The bond line
thickness is the entire thickness of the article.
[0026] The article may be included in a thermal man-
agement system. One major surface of the article has a
substantially similar contact surface area as a contact
surface area of a heat source to which that the article is
in thermal contact with. A non-limiting list of examples of
heat sources include electronic components such as
CPUs, GPUs, a driver chip, a memory chip, RF power
amplifiers, transceivers, DC/DC switchers, PMIC (Power
Management IC), Buck and/or Boost inductors, power
converters, wireless charging elements, image process-
ing and stabilizing elements, still or video image lighting
sources, LEDs, disk drives, and CD/DVD/Blue-Ray
drives. Preferably, the second major surface of the article
may be in thermal contact with a heat dissipation element.
Non-limiting examples of a heat dissipation element in-
clude a heat sink, a heat spreader, a heat pipe, a cold
plate, a frame for an electronic device, a chassis for an
electronic device. The article is equally applicable to light-
ing applications, telecommunications applications as
well as OLED devices. In a further alternate embodiment,
the contact surface of the article may be larger than the
contact surface area of the device in which it is in contact.
[0027] The above article may be incorporated into an
electronic device in various ways. A few examples of how
the article may be used in such a device will be discussed
below.
[0028] Shown in figure 6 is a thermal management sys-
tem 40 for an electronic device. Thermal management
system 40 dissipates heat from heat source 42, the heat

source may be any one of the above examples of a heat
source. In system 40, a graphite article 44 is in thermal
contact with heat source 42. The system may further in-
clude one or more further graphite articles 44. As shown,
each graphite article 44 is in thermal communication with
another graphite article 44. As shown the adjacent graph-
ite articles do not have major surfaces with the same
area. As shown the middle graphite article 44’ is disposed
in alignment with the top surface of an RF can 46. Graph-
ite article 44’ may be sized to fit through an opening in
can 46. As shown each major surface of graphite article
44’ is not sized to have substantially the same surface
area as that of the graphite articles 44 and 44" which it
is in thermal communication. Lastly, the graphite articles
44 most opposed to heat source 42 can be in thermal
communication with a heat dissipation element 48. As
shown the graphite article 44" optionally does not need
to have a major surface with the same surface area as
the heat dissipation element it is in thermal contact with.
The heat dissipation element may have a surface having
a larger surface area than the surface area of the major
surface of graphite article 44" in thermal contact with el-
ement 48.
[0029] Another version of a thermal management sys-
tem 50 is shown in figure 5. Thermal management system
50 may include a heat dissipation element 52. Dissipation
element 52 may be in contact with a graphite article 44.
In system 50, instead of having element 44’, system 50
includes a layer of material having one of smaller versions
of article 44, noted as element 44a and one of more gap
pads 54. As shown the layer may include two (2) graphite
articles 44a and three (3) gap pads 54. The layer of em-
bodiment 50 may include any desired combination and
orientation of gap pads 54 and graphite articles 44a.
[0030] System 50 may also include a contact element
56 in thermal communication with the layer. The contact
element may include any one of the following or a com-
bination thereof, an isotropic material, a laminate of a
isotropic material and the graphite article, a laminate of
the graphite article- the isotropic material-the graphite
article, or a laminate of the graphite article-an isotropic
material-the graphite article having a dopant on or in the
graphite article in closest to the heat source. Examples
of the isotropic material may include any type of metal or
metal alloy, such as but not limited to steel, aluminum,
copper, alloys thereof and combinations thereof. Contact
element 56 is in thermal contact with a heat source.
[0031] In figure 5(a), system 50 is in thermal contact
with the top of an RF can lid 57. In figure 5(b) system 50
is thermal contact with a top surface of a heat source 58.
Also shown in figure 5(b) is a pair of RF can sidewalls 59
are adjacent heat source 58. The thermal system 50 may
or may not be in contact with the pair of RF can sidewalls.
Having thermal system 50 in contact with the RF can
sidewalls 59 is shown in figure 5(c).
[0032] If so desired, the article may include a phase
change material such as a wax or any other known phase
change materials. Other materials which may be included
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in the article include a grease, an oil or a polymer. If so
desired such materials may be used in combination. The
material may be coated onto the article and/or impreg-
nated into the article.
[0033] Also disclosed herein, but not claimed, is a
method of making an electronic device. The method may
include disposing the article in operative thermal contact
to one of a heat source or a heat dissipation element.
Next the article is disposed in operative thermal contact
to the other of the heat source or the heat dissipation
element not attached to in the prior step. The attaching
results in the article being compressed by at least 3%
with a contact pressure of at least 50 KPa. The compres-
sion of the article may be by at least 10%. The article
itself may be by at least 20 microns. Examples of the
amount of compression of the article may be at least 50
microns, at least 75 microns, at least 100 microns. The
amount of compression may be determined by the
change in thickness of the article. Operative thermal con-
tact is used herein to mean that the article receives heat
from the heat source in the first step above and in the
second step it transmits heat which eventually is trans-
mitted to the heat dissipation element. Stated another
way, the article facilitates the heat path from the heat
source to the heat dissipation element. The article may
be in actual physical contact with either or both of the
heat source, but such physical contact is not required to
practice the above method.
[0034] Also disclosed herein is an article that may be
used as a thermal interface. The article will have a density
of less than 1.50 g/cc, a thickness of at least 75 microns,
a through plane conductivity of greater than 2 W/mK and
a compressibility of at least 3%, preferably a compress-
ibility of at least 5%. The thermal conductivity preferably
may be at least 3 W/mK, more preferably at least 5 W/mK.
ASTM D5470 may be used to determine the aforemen-
tioned thermal conductivity at a contact pressure of at
least 50 KPa. The aforementioned density may be no
more than 1.25 g/cc.
[0035] Various methods which can be used for making
a graphite article having graphitized polymer are dis-
closed below.
[0036] A process for making a graphite film may com-
prises the following three steps: (1) providing a polymer
film wherein the polymer selected should be graphitiza-
ble; (2) thermally treating the polymer film at a defined
range of temperature under pressure conditions to obtain
a graphite film; and (3) subjecting the graphite film to
rolling.
[0037] In the first step, there is provided a polymer film
selected from polyamide (PA), polyphenyleneoxadia-
zoles, polyoxadiazole (POD), polybenzothiazole (PBT),
polybenzobisthiazole (PBBT), polybenzoxazole (PBO),
polybenzobisoxazole (PBBO), polyimide (a non-limiting
example being a poly(pyromellitimide)) (PI), poly(phe-
nyleneisophthalamide) (PPA), polybenzimidazole, poly-
benzobisimidazole, poly(phenylenebenzoimidazole)
(PBI), poly(phenylenebenzobisimidazole) (PPBI), poly-

thiazole (PT), and poly(para-phenylenevinylene) (PPV)
and combinations thereof. The polyphenyleneoxadia-
zoles include poly-phenylene-1,3,4-oxadiazole and iso-
mers thereof.
[0038] In one embodiment, the starting film may have
a thickness of up to 400 mm. A range of typical examples
of the thickness of the starting film may be from 25 to 200
mm.
[0039] The starting polymer film is thermally treated at
a final treating temperature of not lower than 2400°C.
The starting film may be pre-heated for carbonization pri-
or to the final thermal treatment. For instance, the film
may be pre-heated at a heating rate of 2° to 50°C/min
up to 1000°C and kept at the temperature for a time suf-
ficient for the carbonization. The pre-heating is preferably
done in an inert gas such as nitrogen, argon or the like.
The time for the thermal treatment at 2400° C or higher
can vary depending on the actual temperature used and
the type of starting film.
[0040] For thermal treatment in a temperature range
over 1600° C, this may occur in an inert gas of the type
as mentioned above at normal pressures or under pres-
sure. Examples of the pressures that may be used for
the treatment are generally in the range of from 0.1
kg/cm2 to 50 kg/cm2. The pressure may be applied iso-
tropicly, in a manner that allows the formation of a graph-
ite film which is foamed owing to the generation of gas
but the foaming is generally uniform as a whole.
[0041] The graphitized film may be subjected to rolling.
The rolling procedure is usually carried out by calendar-
ing the film. The rolling may be conducted at normal tem-
peratures or elevated temperatures and optionally at a
linear or nip pressure of not less than 2 kg/cm.
[0042] Another method for making the graphite film in-
cludes the step of holding the polymeric film in a vessel
being directly electrifiable by voltage application; and
graphitizing the polymeric film in the vessel by applying
a voltage to the vessel so as to carry out electrification.
This results in voltage application to and electrification
of the polymeric film thereby causing heat generation of
the polymeric film. As a result, an electric resistance is
lowered as the polymeric film is carbonated. As the elec-
tric resistance is lowered, current flows through the pol-
ymeric film. Due to the resultant Joule heat, heat is gen-
erated in the raw material. As a result, an inside and a
surface portion of the film are uniformly heated. The elec-
trifiable vessel also heats the film from the film’s sur-
rounding sufficiently and uniformly.
[0043] The carbonized polymeric film can be obtained
by preheating a polymeric film, which is a starting mate-
rial, under reduced pressure or an inert gas. The pre-
heating may be carried out at a temperature of approxi-
mately 1000°C. For example, it is preferable that the pol-
ymeric film is heated at a temperature of approximately
1000°C for 30 minutes with a ramp rate of 10°C/minute.
[0044] The vessel may further include carbon powder
inside the vessel. The carbon powder may be used to fill
the void space between the vessel and the polymeric
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film. This may further enhance conductivity of the elec-
tricity to the polymeric film. Thus the carbon powder may
function as a conductor, conducting electrical energy into
the polymeric film.
[0045] In addition to the above or alternatively, the pol-
ymeric film may be sandwiched by metal plates or graph-
ite plates, and the sandwiched polymeric film thus sand-
wiched and brought into contact with a wall or the bottom
of the vessel, and optionally any carbon powder included
in the vessel. Except for weight of the metal plates or
graphite plates, no particular additional pressure need
be exerted on the polymeric film. In one particular em-
bodiment which includes carbon powder, the powder
may be fully around the interior of the vessel. Stated an-
other way, the polymeric films are held respectively in
directly electrifiable vessels and the carbon powder is
provided on and around the inner portion of the directly
electrifiable vessels so as to fill gaps between the poly-
meric film and the electrifiable vessel.
[0046] The voltage that may be applied may be either
AC or DC voltage. An example of a current that may be
used is a current of 10 mA or greater flows into the pol-
ymeric film as a result of the electrification. The afore-
mentioned current is just an exemplary embodiment and
other currents are equally applicable.
[0047] A further process for producing a graphite film
includes thermal treating a polymer film at a temperature
of 2,000°C or more, the process comprising the step of
bringing a polymer film into contact with a substance con-
taining a metal during thermal treatment. An alternative
process for producing a graphite film in which a polymer
film is thermally treated at a temperature of 2,000°C or
more, includes the step of bringing a carbonized polymer
film into contact with a substance containing a metal dur-
ing thermal treatment. Further for producing a graphite
film in which a polymer film is brought into contact with
a container and thermally treated at a temperature of
2,000°C or more, wherein the container contains a metal.
The container can be a closed container.
[0048] The phrase "the container can be closed"
means that the film can be surrounded on four or six sides
by the container so that the polymer film and/or the car-
bonized polymer film can be sufficiently brought into con-
tact with a substance containing a metal. Atmospheric
gas around the polymer film and/or the carbonized pol-
ymer film may be expanded as the temperature is in-
creased. It is preferable to ensure a place where the at-
mospheric gas can escape. Accordingly, the phrase "the
container can be closed" in the present invention does
not mean that the container is in a completely closed
state in which the container is broken by the pressure of
expanded atmospheric gas.
[0049] The aforementioned metal may be one or more
selected from the group consisting of elements of Groups
4, 5, 6, 7, 8, 9, 10, 11, 12 and 13 such as aluminum and
boron according to the IUPAC (International Union of
Pure and Applied Chemistry) Nomenclature of Inorganic
Chemistry, revised edition (1989), lithium, beryllium, so-

dium, magnesium, potassium, calcium, barium, silicon,
germanium, selenium, tin, lead and bismuth and combi-
nations thereof. Further the metal may be one or more
selected from the group consisting of titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, copper, zinc,
zirconium, niobium, molybdenum, technetium, ruthe-
nium, rhodium, palladium, silver, cadmium, hafnium, tan-
talum, tungsten, rhenium, osmium, iridium, platinum,
gold, mercury and combinations thereof.
[0050] The thermal treatment may have a step of car-
bonizing a polymer film and a step of graphitizing the
polymer film. Carbonization and graphitization may be
performed either separately or continuously.
[0051] Carbonization is performed by pre-heating a
polymer film as a starting material under reduced pres-
sure or in nitrogen gas. The pre-heating is carried out
typically at a temperature of 800 to 1,500° C. The highest
temperature of carbonization may be maintained for
about 30 minutes to one hour after reaching the highest
temperature. For example, when the film is heated at a
rate of 10° C./min, the temperature of the film may be
maintained in a temperature range of 1,000° C. for about
30 minutes. Optionally pressure may be applied in the
direction perpendicular to the film surface.
[0052] Graphitization may be carried out by once re-
moving a carbonized polymer film and transferring the
film in a graphitization furnace, or may be carried out
continuously from carbonization. Graphitization is carried
out under reduced pressure or in an inert gas. Argon or
helium is appropriate for the inert gas. The thermal treat-
ment temperature may be at least 2,000°C or more. The
final thermal treatment temperature is preferably 2,400°C
or more, more preferably 2,600°C or more, and still more
preferably 2,800°C or more.
[0053] The thermal treatment may be carried out by
fixing the polymer film to a container. The container may
be made of graphite. Graphite herein includes, in a broad
sense, a material containing graphite as a main compo-
nent insofar as the material can be heated to the above
temperature range. Graphite may be isotropic graphite
or extruded graphite, for example. When graphite is re-
peatedly used, isotropic graphite having excellent elec-
trical conductivity, thermal conductivity and uniformity is
preferable. The container may have any shape such as
a shape of a simple flat plate. The container may also
have a shape of a cylinder, and the polymer film may be
wound around the container. The shape of the container
is not specifically limited insofar as the polymer film can
be brought into contact with the container.
[0054] The method of bringing the polymer film into
contact with the inside of a container made of graphite
(including a method of holding or fixing the film) may be
each of a method of sandwiching the polymer film in a
graphite or metal plate and bringing the film into contact
with the wall or bottom of the container while pressure
other than the own weight of the plate is not applied to
the polymer film (in which the polymer film may be held
by or fixed to the container) and a method of winding the
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polymer film around a cylindrical graphite container.
However, the method of making the article is not neces-
sarily limited to these methods.
[0055] A polymer film may be graphitized by two steps
of carbonization and graphitization. First, carbonization
generally refers to a process in which a polymer film is
thermally treated to 1,000° C. to convert the film into a
substance containing carbon as a main component. Spe-
cifically, when the polymer film is thermally treated at a
decomposition temperature, the bond is cleaved and the
decomposed component leaves as a gas such as carbon
dioxide, carbon monoxide, nitrogen or hydrogen. When
the film is thermally treated to 1,000° C., the film is a
material containing carbon as a main component. Sec-
ond, graphitization refers to a process in which a carbon-
aceous material is thermally treated at a temperature of
2,800° C. or more to convert the material into a structure
having many graphite layers stacked, each layer of which
has aromatic rings flatly connected with each other.
[0056] The material described herein may have any to
all of the following advantages: low contact resistance,
excellent thru-thickness thermal conductivity, high in-
plane thermal conductivity and relatively high bond line
thickness. One advantageous is as a large area thermal
interface material. Other advantageous of the material
include lower thermal resistance, increased compressi-
bility and higher in-plane thermal conductivity than con-
ventional thermal interface materials.
[0057] Applications for the article may include being
used as a thermal interface in such environments as con-
sumer electronics, white goods, drivetrains for automo-
tive, commercial or locomotive vehicles, telecommunica-
tions, thermo-electronic devices, and industrial equip-
ment.
[0058] The above description is intended to enable the
person skilled in the art to practice the invention. It is not
intended to detail all the possible variations and modifi-
cations that will become apparent to the skilled worker
upon reading the description.
[0059] Thus, although there have been described par-
ticular embodiments of the present invention of a new
and useful applications of a graphite article and how to
make such graphite article, it is not intended that such
references be construed as limitations upon the scope
of this disclosure except as set forth in the following
claims.

Claims

1. A graphite article comprising graphitized polymer
having a thickness of at least 100 microns and up to
500 microns, the graphite having a density of less
than 1.00 g/cc, a compressibility of at least 3% at a
contact pressure of 100 kPa and a generally sheet
like shape, wherein the graphite article has a resis-
tivity of less than 0.019 °C/W at a contact pressure
of 200 kPa, as measured on an apparatus that meets

the requirements of ASTM D5470 Standard Test
Method.

2. The graphite article of claim 1 comprises a monolithic
article.

3. The graphite article of claim 1 consists essentially of
a single sheet of graphite.

4. The graphite article of claim 1 devoid of more than
one graphite sheet.

5. A thermal management system comprising the arti-
cle of claim 1 and a heat source, a major surface of
the article having substantially similar contact sur-
face area as a contact surface area of a heat source
to attach to the system, wherein the heat source is
in thermal contact with the article.

6. The thermal management system of claim 5 further
comprising a heat dissipation element in thermal
contact with a second major surface of the graphite
article.

7. The graphite article of claim 1 having a thickness of
at least 200 microns.

Patentansprüche

1. Graphitgegenstand, umfassend graphitiertes Poly-
mer mit einer Stärke von mindestens 100 mm und
bis zu 500 mm, wobei der Graphit eine Dichte von
weniger als 1,00 g/cc, eine Komprimierbarkeit von
mindestens 3 % bei einem Kontaktdruck von 100
kPa und eine im allgemeinen blattartige Form auf-
weist, wobei der Graphitgegenstand eine Resistivität
von weniger als 0,019 °C/W bei einem Kontaktdruck
von 200 kPa aufweist, wie gemessen mit einer Vor-
richtung, die die Anforderungen des Standard-Test-
verfahrens ASTM D5470 erfüllt.

2. Der Graphitgegenstand nach Anspruch 1 umfasst
einen monolithischen Gegenstand.

3. Der Graphitgegenstand nach Anspruch 1 besteht im
Wesentlichen aus einer einzigen Graphitplatte.

4. Der Graphitgegenstand nach Anspruch 1 weist nicht
mehr als eine Graphitplatte auf.

5. Wärmeverwaltungssystem, umfassend den Gegen-
stand nach Anspruch 1 und eine Wärmequelle, wo-
bei eine Hauptoberfläche des Gegenstands eine im
Wesentlichen ähnliche Kontaktfläche wie ein Kon-
taktflächenbereich einer Wärmequelle zur Befesti-
gung an dem System aufweist, wobei die Wärme-
quelle in thermischem Kontakt mit dem Gegenstand
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steht.

6. Wärmeverwaltungssystem nach Anspruch 5, ferner
umfassend ein Wärmeableitungselement in thermi-
schem Kontakt mit einer zweiten Hauptoberfläche
des Graphitgegenstands.

7. Graphitgegenstand nach Anspruch 1 mit einer Stär-
ke von mindestens 200 Mikron.

Revendications

1. Article en graphite comprenant un polymère graphité
ayant une épaisseur d’au moins 100 microns et jus-
qu’à 500 microns, le graphite ayant une densité in-
férieure à 1,00 g/cc, une compressibilité d’au moins
3% à une pression de contact de 100 kPa et une
forme généralement en forme de feuille, dans lequel
l’article en graphite a une résistivité inférieure à
0,019 °C/W à une pression de contact de 200 kPa,
telle que mesurée sur un appareil qui satisfait aux
exigences de la méthode d’essai standard ASTM
D5470.

2. Article en graphite de la revendication 1 comprend
un article monolithique.

3. Article en graphite de la revendication 1 est constitué
essentiellement en une seule feuille de graphite.

4. Article en graphite selon la revendication 1 dépourvu
de plus d’une feuille de graphite.

5. Système de gestion thermique comprenant l’article
selon la revendication 1 et une source de chaleur,
une surface principale de l’article ayant une surface
de contact sensiblement similaire à celle d’une sur-
face de contact d’une source de chaleur à fixer au
système, dans lequel la source de chaleur est en
contact thermique avec l’article.

6. Système de gestion thermique selon la revendica-
tion 5, comprenant en outre un élément de dissipa-
tion thermique en contact thermique avec une se-
conde surface principale de l’article en graphite.

7. Article en graphite selon la revendication 1, ayant
une épaisseur d’au moins 200 microns.
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