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DIFFERENTLY ORIENTED LAYERED THERMAL CONDUIT

BACKGROUND
[0001] High-powered computing devices produce large amounts of heat that are
preferably directed quickly and efficiently away from the source of the heat and dissipated
into the environment so that performance of the device is not impacted by high temperatures.
For wearable devices such as head-mounted display (HMD) devices, the surface
temperature of the device affects the usability and comfort of the user, and thus heat
dissipation is especially important. Further, in order to be wearable, the device should be
lightweight and durable even with the addition of a heat dissipating mechanism.
[0002] Graphite is one example of an anisotropically thermally conductive material,
meaning that it conducts heat very well within a plane (along two dimensions), but very
poorly along a third dimension, out of the plane. Using such an anisotropically conductive
material to dissipate heat presents some challenges. While graphite is flexible, it does not
attach well at lateral sides of the plane, particularly if the graphite is bent to form a curve.
Thus, attaching components at the edges of the plane may increase the space needed to house
the graphite. In addition, if heat is directed into the graphite straight into the plane, along
the third dimension, the graphite will resist the flow of heat due to the poor thermal
conductivity in that dimension until the heat is able to flow within the plane. Similar
problems arise when leading heat out of the graphite through the third, poorly conductive,
dimension.

SUMMARY

[0003] A thermal conduit configured to conduct heat from a heat source to a heat
sink and method of forming said conduit are disclosed herein. The thermal conduit may
comprise a plurality of stacked sheets formed of an anisotropically thermally conductive
material, a non-limiting example of which is graphite, each sheet with a respective
orientation of thermal conduction. The orientations of thermal conduction of the plurality of
sheets may change stepwise in a stacking direction to form a curved thermal flow path.
According to one aspect of the disclosure, the plurality of sheets may be slices from blocks
of the anisotropically thermally conductive material that have been sliced at corresponding
angles and stacked such that the orientations of thermal conduction change stepwise in the
stacking direction.
[0004] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not



10

15

20

25

30

WO 2017/003677 PCT/US2016/037464

intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that solve any or all disadvantages
noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is an illustration of an anisotropically thermally conductive material

being sliced to form sheets.

[0006] FIG. 2 is an illustration of a thermal conduit according to a first embodiment.
[0007] FIG. 3 is an illustration of a thermal conduit according to a second
embodiment.

[0008] FIG. 41s an illustration of a thermal conduit according to a third embodiment.
[0009] FIG. 5 is an illustration of a thermal conduit according to a fourth
embodiment.

[0010] FIG. 6 is an illustration of a thermal conduit incorporated into a head-

mounted display (HMD) device.

[0011] FIG. 7 shows a portion of the HMD device.

[0012] FIG. 8 is a flowchart of a method of forming the thermal conduit.
DETAILED DESCRIPTION

[0013] FIG. 1 is an illustration of an anisotropically thermally conductive material

being sliced to form sheets. A block 10 of the anisotropically thermally conductive material
may have layers oriented in a plane such that the direction normal to the plane, and thus to
the layers, is a c-axis, while the two dimensions by which the plane is defined may be a-
axes. The anisotropically thermally conductive material may conduct heat poorly very along
the c-axis (i.e., orthogonally to the plane) and may conduct heat very well along each a-axis
(i.e., along the plane). The anisotropically thermally conductive material may have a
substantially low thermal conductivity along the c-axis compared to the a-axes. For
example, the thermal conductivity of the a-axes may be 100-1000 times greater along the a-
axes than the c-axis, depending on the material and construction. The anisotropically
thermally conductive material may be graphite, for example. Some anisotropically
thermally conductive materials may be conductive in one dimension and not conductive in
two dimensions.

[0014] A plurality of sheets 12 may be slices from the block(s) 10 of the
anisotropically thermally conductive material that have been sliced at corresponding angles.

When the anisotropically thermally conductive material is graphite, the blocks 10 may be
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formed by layering graphene. The area of the block 10 at which each example sheet 12 is
cut is shown in dashed lines. The corresponding angle at which the sheets 12 are sliced from
the block(s) 10 may determine an orientation of thermal conduction of each sheet 12. The
sheets 12 may be sliced at any angle and are not limited to the angles shown in the example
of FIG. 1. The angles are also not limited to those that are orthogonal to the page of FIG. 1
and may be, for example, slanted in three dimensions. For the sheet 12 on the left in FIG. 1,
the orientation of thermal conduction is vertical and into the page, as shown by a-axes in the
legend. The c-axis extends left and right, where the sheet 12 has poor thermal conductivity.
For the sheet 12 on the right in FIG. 1, the orientation is tilted to the left, as shown by the a-
axes in the respective legend. Slicing the sheets 12 at specified angles may allow for the
sheets 12 to be stacked such that the orientations of thermal conduction change stepwise in
a stacking direction, as explained in detail below. However, it will be appreciated that the
sheets 12 may be imparted with the respective orientations of thermal conduction in other
suitable manners than slicing blocks 10 at corresponding angles.

[0015] FIG. 2 is an illustration of a thermal conduit 14 according to a first
embodiment. The thermal conduit 14 may be configured to conduct heat from a heat source
16 to a heat sink 18. The heat source 16 may generate the heat or may merely be the last
component through which heat is transferred before reaching the conduit 14. The heat sink
18 may be configured to dissipate the heat received from the conduit 14 and may be a finned
component, a surface open to the environment, etc. Although the term “heat sink” may
suggest that the heat is transferred to the heat sink 18 in order to cool down or otherwise
prevent the heat source 16 from overheating, the thermal conduit 14 may also be used to
heat the heat sink 18 with heat provided by the heat source 16.

[0016] The conduit 14 may comprise a plurality of the stacked sheets 12 formed of
the anisotropically thermally conductive material, each sheet with a respective orientation
of thermal conduction. When the sheets 12 with varying orientations are stacked up and
pressure is applied to join them together, the orientations of thermal conduction of the
plurality of sheets 12 may change stepwise in the stacking direction to form a curved thermal
flow path 20. The stacking direction of the sheets 12 in FIG. 2 is vertical. By choosing a
sheet 12 with a specific orientation for each layer in the conduit 14, the thermal flow path
20 may be directed toward the heat sink 18 in an efficient manner. Thus, the heat encounters
less resistance and is conducted past the initial surface of the conduit 14 much faster than a

case with a simple conductor where the heat enters through the c-axis.
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[0017] As the height of the conduit 14 may be very short compared to the length,
some portions of FIGS. 2-4 have been magnified to show examples of how the sheets 12
may be stacked to form the thermal flow path 20. It will be understood that these figures are
simplified examples and fewer or more sheets 12 may be stacked to form the conduit 14
than are shown. Further, each sheet 12 shown may be a single sheet or multiple sheets
stacked together. At least a portion of the thermal conduit 14 may have an elongated
rectangular shape. In FIGS. 2-5, the entire conduit is shown as having an elongated
rectangular shape, but a variety of other shapes may be possible without departing from the
present disclosure.

[0018] As shown in FIG. 2, the thermal flow path may comprise at least a first curve
22 from the heat source 16 to a mid portion 24 of the thermal conduit 14 and a second curve
26 from the mid portion 24 to the heat sink 18. The mid portion 24 may be the majority of
the conduit 14 and may have a substantially uniform orientation of thermal conduction. Heat
flowing through the mid portion 24 may utilize the cross section of the mid portion 24 to
traverse the conduit 14 quickly. To analogize, in such a configuration the curve 22 may
serve as an “‘on ramp” for the heat to travel to the “highway” of the mid portion 24 where
the heat may transfer comparatively faster, and the curve 26 may serve as an “off ramp” to
steer the heat from the mid portion 24 to the heat sink 18.

[0019] The first curve 22 may be formed in a single stack 28 after the heat source
16 and before the mid portion 24, or the conduit 14 may comprise one or more additional
stacks 28 to gradually direct the thermal flow path from the heat source 16 into the mid
portion 24, as shown in FIG. 2. Similarly, the second curve 26 may be formed in a single
stack 28 after the mid portion 24 and before the heat sink 18, as shown in FIG. 2, or the
conduit 14 may comprise one or more additional stacks 28 to gradually direct the thermal
flow path from the mid portion 24 into the heat sink 18. The plurality of stacked sheets 12
may be formed in a plurality of stacks 28 arranged orthogonally relative to the stacking
direction, and the orientation of thermal conduction of at least some of the sheets 12 at
corresponding positions in the stacking direction in neighboring stacks 28 may be different
from each other. For example, the first stack 28 adjacent to the heat source 16 has sheets 12
with varying orientations, while the stack 28 to the right also has sheets 12 with varying
orientations. The top two sheets 12 in each stack 28 are shown as having the same
orientations (their a-axes are horizontal), while the orientations of the bottom four sheets 12

are different. Changing the orientations of the sheets 12 stepwise between stacks 28 allows
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the thermal flow path 20 to be engineered in more shapes and more finely directed than if
only one stacking pattern is used in the entire thermal conduit 14.

[0020] As mentioned above, each sheet 12 of the plurality of sheets 12 may comprise
a c-axis along which the anisotropically thermally conductive material has a relatively low
thermal conductivity compared to at least an a-axis of the sheet 12. Of the plurality of sheets
12, an entry sheet 12A adjacent to the heat source 16 may be configured such that its c-axis
forms an entry angle 30 with an adjacent surface 16A of the heat source 16 that is greater
than 0° and less than 90°. The entry angle 30 shown in FIG. 2 is 10°. With an entry angle
30 that is between perpendicular and parallel, the direction of the thermal flow path 20 may
change to form the first curve 22 beginning with the entry sheet 12A. A component attached
to the conduit 14 at a location where the c-axis is not parallel to the surface of the component
may be more securely attached in some configurations. However, such a parallel
configuration may nonetheless be used, as shown by an exit sheet 12B adjacent to the heat
sink 18.

[0021] FIG. 3 is an illustration of a thermal conduit 14A according to a second
embodiment. It will be appreciated that previously described components are referred to by
the same reference characters in subsequent embodiments and their descriptions are not
repeated. In the thermal conduit 14A, the heat source 16 may be a first heat source 16A, and
the thermal conduit 14 may further comprise an introduction path 32 to conduct heat from
a second heat source 16B to the heat sink 18. The introduction path 32 may include a third
curve 34 and merge with the thermal flow path 20. The inclusion of the introduction path
32 may be accommodated by directing the thermal flow path 20 away from the introduction
path 32 upstream before merging downstream. The conduit 14A is not limited to only two
heat sources 16A, 16B, and may comprise any reasonable number. Each heat source 16 may
have a respective introduction path 32 such that the heat from each heat source 16 may travel
through the mid portion(s) 24 before reaching the heat sink 18. The conduit 14A may even
comprise more than one heat sink 18, according to the size and shape of the conduit 14A
and the arrangement of the heat sources 16A, 16B.

[0022] FIG. 4 is an illustration of a thermal conduit 14B according to a third
embodiment. While the thermal conduits 14 and 14A were shown with the heat source 16
(heat sources 16A, 16B in FIG. 3) on the bottom and the heat sink 18 on the top of the
conduit 14 or 14A, other arrangements may be adopted. For example, the thermal conduit
14B 1s connected to the heat source 16 and heat sink 18 on the same side of the conduit 14B.

This configuration may be suitable for a circuit board where multiple components are mostly
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arranged on one side of the conduit 14B, although features of the various disclosed
embodiments may be suitably combined.

[0023] FIG. 5 is an illustration of a thermal conduit 14C according to a fourth
embodiment. The conduit 14C is shown in a simplified and transparent manner to illustrate
one example of how the thermal flow path 20 may traverse the thermal conduit 14C in three
dimensions. Because the sheets 12 may be formed with any chosen respective orientations
of thermal conduction (see FIG. 1) and the conduit 14C may comprise multiple stacks 28
that are orthogonal to one another, the thermal flow path 20 may be customized so that the
heat source(s) 16 and heat sink(s) 18 may be attached at any portion of the conduit 14C. The
heat source(s) 16 and heat sink(s) 18 may contact more than one sheet 12, or merely a
portion of one sheet 12. In the illustrated example of FIG. 5, the thermal flow path begins
below the conduit 14C, curves upward and to the right, and then curves to the rear to exit
behind the conduit 14C.

[0024] The thermal conduit 14 may be utilized in a variety of applications, including
various types of computing devices. FIG. 6 is an illustration of a thermal conduit 14D
according to a fifth embodiment, incorporated into a head-mounted display (HMD) device
36. In the example of FIG. 6, the heat source 16 may be a heat generating component 38
mounted in the HMD device 36 and the heat sink 18 may be a heat dissipating component
40 mounted in the HMD device 36. The heat generating component 38 may be, for example,
a projector, a camera, or a processor, among other possibilities. The heat dissipating
component 40 may facilitate heat dissipation with the environment outside of the HMD
device 36. The conduit 14D is shown here as a rectangular band that is flexed to curve with
the contours of the HMD device 36, although other cross-sectional shapes are possible. The
conduit 14D is shown extending along the right half of the HMD device 36D, from a user’s
perspective, but it may also extend throughout different portions of the HMD device 36,
including the entire length of the HMD device 36. If the HMD device 36 is continuous
around the user’s head, the conduit 14D may also extend around the user’s head. The size
and shape of the conduit 14D used may depend on the location of each heat generating
component 38. FIG. 7 shows a portion of the HMD device 36 with the thermal conduit 14D.
The arrows indicate the flow of heat from the heat generating component 38 to the heat
dissipating component 40.

[0025] FIG. 8 shows a flowchart of a method 800 of forming a thermal conduit
configured to conduct heat from a heat source to a heat sink. The following description of

method 800 is provided with reference to the thermal conduits 14, 14A, 14B, 14C, and 14D,
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or any combination thereof, described above and shown in FIGS. 1-7. It will be appreciated
that method 700 may also be performed in other contexts using other suitable components.
[0026] With reference to FIG. 8, at 802, the method 800 may include slicing a
plurality of sheets from blocks of an anisotropically thermally conductive material at
corresponding angles to give each sheet a respective orientation of thermal conduction. It
will be understood that imparting the sheets with the respective orientations of thermal
conduction may be performed in other manners. At 804, the method 800 may include
stacking the plurality of sheets formed of the anisotropically thermally conductive material,
each sheet with the respective orientation of thermal conduction. Once stacked, the sheets
may be pressed together to form a flexible, cohesive conduit. At 806, it is illustrated that the
anisotropically thermally conductive material may be graphite, although other
anisotropically thermally conductive materials may also be used. At 808, the method 800
may include changing the orientations of thermal conduction of the plurality of sheets
stepwise in a stacking direction to form a curved thermal flow path through the thermal
conduit. The thermal flow path may be approximated as one or more curves as the stepwise
construction of the conduit may render the path more or less smooth depending on how
finely the steps between sheets are set. Further, a difference in the respective orientations of
thermal conduction of two adjacent sheets in a stack may be less than 90° for a smooth
transition between stacks.

[0027] At 810, the thermal flow path may comprise at least a first curve from the
heat source to a mid portion of the thermal conduit and a second curve from the mid portion
to the heat sink. The mid portion may be substantially uniform in shape and/or orientation
of thermal conduction, and heat traversing the mid portion may do so comparatively quickly
due to the low thermal resistance along the c-axis of the mid portion. At 812, the heat source
may be a first heat source, and the method 800 may include forming an introduction path to
conduct heat from a second heat source to the heat sink, the introduction path including a
third curve and merging with the thermal flow path. In order to accommodate the
introduction path, the thermal flow path may slightly curve away from the introduction path
before they merge downstream.

[0028] At 814, the method 800 may include forming the plurality of stacked sheets
in a plurality of stacks arranged orthogonally relative to the stacking direction. Utilizing a
plurality of stacks may allow for a greater degree of customization of the thermal flow path,
as more curves can be formed and more heat sources or heat sinks can be connected to the

conduit. At 816, the orientation of thermal conduction of at least some of the sheets at
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corresponding positions in the stacking direction in neighboring stacks may be different
from each other. This may allow for lateral curving between stacks, gradual curves that
extend over multiple stacks, and fine control over the shape of the thermal flow path. At
818, the thermal flow path may traverse the thermal conduit in three dimensions.

[0029] At 820, the heat source may be a heat generating component mounted in a
head-mounted display (HMD) device and the heat sink may be a heat dissipating component
mounted in the HMD device. As HMD devices generate a great amount of heat and have
sensitive components, the thermal conduit may keep the HMD device cool, light, and
running at acceptable performance levels. At 822, each sheet of the plurality of sheets may
comprise a c-axis along which the anisotropically thermally conductive material has a
relatively low thermal conductivity compared to at least an a-axis of the sheet. At 824, the
method 800 may include configuring, of the plurality of sheets, an entry sheet adjacent to
the heat source such that its c-axis forms an entry angle with an adjacent surface of the heat
source that is greater than 0° and less than 90°.

[0030] A thermal conduit consisting of an anisotropically thermally conductive
material has been disclosed herein. The conduit may be tailor made to efficiently conduct
heat from one or more heat source to one or more heat sink, taking into account the specific
spatial arrangement of the components providing and receiving the heat. This configuration
may reduce the thermal resistance into and out of the plane of the conduit that uniform
graphite, for example, experiences.

[0031] The subject matter of the present disclosure is further described in the
following paragraphs. One aspect provides a thermal conduit configured to conduct heat
from a heat source to a heat sink, the conduit comprising a plurality of stacked sheets formed
of an anisotropically thermally conductive material, each sheet with a respective orientation
of thermal conduction, wherein the orientations of thermal conduction of the plurality of
sheets change stepwise in a stacking direction to form a curved thermal flow path. In this
aspect, the anisotropically thermally conductive material may be graphite. In this aspect, the
plurality of sheets may be slices from blocks of the anisotropically thermally conductive
material that have been sliced at corresponding angles and stacked such that the orientations
of thermal conduction change stepwise in the stacking direction. In this aspect, the thermal
flow path comprises at least a first curve from the heat source to a mid portion of the thermal
conduit and a second curve from the mid portion to the heat sink. In this aspect, the heat
source is a first heat source, the thermal conduit further comprising an introduction path to

conduct heat from a second heat source to the heat sink, the introduction path including a
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third curve and merging with the thermal flow path. In this aspect, the plurality of stacked
sheets are formed in a plurality of stacks arranged orthogonally relative to the stacking
direction, and the orientation of thermal conduction of at least some of the sheets at
corresponding positions in the stacking direction in neighboring stacks are different from
each other. In this aspect, at least a portion of the thermal conduit may have an elongated
rectangular shape. In this aspect, the thermal flow path may traverse the thermal conduit in
three dimensions. In this aspect, the heat source may be a heat generating component
mounted in a head-mounted display (HMD) device and the heat sink may be a heat
dissipating component mounted in the HMD device. In this aspect, each sheet of the
plurality of sheets may comprise a c-axis along which the anisotropically thermally
conductive material has a relatively low thermal conductivity compared to at least an a-axis
of the sheet, and of the plurality of sheets, an entry sheet adjacent to the heat source may be
configured such that its c-axis forms an entry angle with an adjacent surface of the heat
source that is greater than 0° and less than 90°.

[0032] According to another aspect, a method of forming a thermal conduit
configured to conduct heat from a heat source to a heat sink may comprise stacking a
plurality of sheets formed of an anisotropically thermally conductive material, each sheet
with a respective orientation of thermal conduction, and changing the orientations of thermal
conduction of the plurality of sheets stepwise in a stacking direction to form a curved
thermal flow path through the thermal conduit. In this aspect, the anisotropically thermally
conductive material may be graphite. In this aspect, the method may further comprise slicing
the plurality of sheets from blocks of the anisotropically thermally conductive material at
corresponding angles to give each sheet the respective orientation of thermal conduction. In
this aspect, the thermal flow path may comprise at least a first curve from the heat source to
a mid portion of the thermal conduit and a second curve from the mid portion to the heat
sink. In this aspect, the heat source may be a first heat source, and the method may further
comprise forming an introduction path to conduct heat from a second heat source to the heat
sink, the introduction path including a third curve and merging with the thermal flow path.
In this aspect, the method may further comprise forming the plurality of stacked sheets in a
plurality of stacks arranged orthogonally relative to the stacking direction, wherein the
orientation of thermal conduction of at least some of the sheets at corresponding positions
in the stacking direction in neighboring stacks are different from each other. In this aspect,
the thermal flow path may traverse the thermal conduit in three dimensions. In this aspect,

the heat source may be a heat generating component mounted in a head-mounted display
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(HMD) device and the heat sink may be a heat dissipating component mounted in the HMD
device. In this aspect, each sheet of the plurality of sheets may comprise a c-axis along
which the anisotropically thermally conductive material has a relatively low thermal
conductivity compared to at least an a-axis of the sheet, and the method may further
comprise configuring, of the plurality of sheets, an entry sheet adjacent to the heat source
such that its c-axis forms an entry angle with an adjacent surface of the heat source that is
greater than 0° and less than 90°.

[0033] According to another aspect, a thermal conduit may be configured to conduct
heat from a heat source to a heat sink, the conduit comprising a plurality of stacked sheets
formed of an anisotropically thermally conductive material, each sheet with a respective
orientation of thermal conduction, wherein the orientations of thermal conduction of the
plurality of sheets change stepwise in a stacking direction to form a curved thermal flow
path, the anisotropically thermally conductive material is graphite, and the heat source is a
heat generating component mounted in a head-mounted display (HMD) device and the heat
sink is a heat dissipating component mounted in the HMD device.

[0034] It will be understood that the configurations and/or approaches described
herein are exemplary in nature, and that these specific embodiments or examples are not to
be considered in a limiting sense, because numerous variations are possible. The specific
routines or methods described herein may represent one or more of any number of
processing strategies. As such, various acts illustrated and/or described may be performed
in the sequence illustrated and/or described, in other sequences, in parallel, or omitted.
Likewise, the order of the above-described processes may be changed.

[0035] The subject matter of the present disclosure includes all novel and
nonobvious combinations and subcombinations of the various processes, systems and
configurations, and other features, functions, acts, and/or properties disclosed herein, as well

as any and all equivalents thereof.
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CLAIMS

1. A thermal conduit configured to conduct heat from a heat source to a heat sink,
the conduit comprising:

a plurality of stacked sheets formed of an anisotropically thermally conductive
material, each sheet with a respective orientation of thermal conduction;

wherein the orientations of thermal conduction of the plurality of sheets change
stepwise in a stacking direction to form a curved thermal flow path.

2. The thermal conduit of claim 1, wherein the anisotropically thermally conductive
material is graphite.

3. The thermal conduit of claim 1, wherein the plurality of sheets are slices from
blocks of the anisotropically thermally conductive material that have been sliced at
corresponding angles and stacked such that the orientations of thermal conduction change
stepwise in the stacking direction.

4. The thermal conduit of claim 1, wherein the thermal flow path comprises at least
a first curve from the heat source to a mid portion of the thermal conduit and a second curve
from the mid portion to the heat sink.

5. The thermal conduit of claim 4, wherein the heat source is a first heat source, the
thermal conduit further comprising an introduction path to conduct heat from a second heat
source to the heat sink, the introduction path including a third curve and merging with the
thermal flow path.

6. The thermal conduit of claim 4, wherein the plurality of stacked sheets are formed
in a plurality of stacks arranged orthogonally relative to the stacking direction, and the
orientation of thermal conduction of at least some of the sheets at corresponding positions
in the stacking direction in neighboring stacks are different from each other.

7. The thermal conduit of claim 1, at least a portion of which has an elongated
rectangular shape.

8. The thermal conduit of claim 1, wherein the thermal flow path traverses the
thermal conduit in three dimensions.

9. The thermal conduit of claim 1, wherein the heat source is a heat generating
component mounted in a head-mounted display (HMD) device and the heat sink is a heat

dissipating component mounted in the HMD device.
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10. The thermal conduit of claim 1, wherein:

each sheet of the plurality of sheets comprises a c-axis along which the
anisotropically thermally conductive material has a relatively low thermal conductivity
compared to at least an a-axis of the sheet; and

of the plurality of sheets, an entry sheet adjacent to the heat source is configured
such that its c-axis forms an entry angle with an adjacent surface of the heat source that is
greater than 0° and less than 90°.

11. A method of forming a thermal conduit configured to conduct heat from a heat
source to a heat sink, the method comprising:

stacking a plurality of sheets formed of an anisotropically thermally conductive
material, each sheet with a respective orientation of thermal conduction; and

changing the orientations of thermal conduction of the plurality of sheets stepwise
in a stacking direction to form a curved thermal flow path through the thermal conduit.

12. The method of claim 11, wherein the anisotropically thermally conductive
material is graphite.

13. The method of claim 11, wherein the thermal flow path comprises at least a first
curve from the heat source to a mid portion of the thermal conduit and a second curve from
the mid portion to the heat sink.

14. The method of claim 11, further comprising:

forming the plurality of stacked sheets in a plurality of stacks arranged orthogonally
relative to the stacking direction,;

wherein the orientation of thermal conduction of at least some of the sheets at
corresponding positions in the stacking direction in neighboring stacks are different from
each other.

15. The method of claim 11, wherein the heat source is a heat generating component
mounted in a head-mounted display (HMD) device and the heat sink is a heat dissipating

component mounted in the HMD device.

12
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