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DEVICES FOR ABSORBING ENERGY FROM ELECTRONIC COMPONENTS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is a PCT International Application of U.S. Provisional
Patent Application No. 62/217,482 filed September 11, 2015. The entire disclosure of the

above application is incorporated herein by reference.

FIELD
[0002] The present disclosure relates to devices for absorbing energy from
electronic components.
BACKGROUND
[6003] This section provides background information related to the present

disclosure which is not necessarily prior art.

10004] Electronic devices commonly include one or more devices placed
adjacent heat generating components to dissipate heat generated by the components.
Typically, this heat is in the form of transient temperature spikes. Often times, one or
more heat generating components (and/or other components) in the electronic
components may have to decrease their performance (e.g., by a throttling process, etc.) to

reduce the amount of heat generated.

DRAWINGS

[0005] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to limit
the scope of the present disclosure.

[0006] Fig. 1 is a block diagram of an assembly including a thermally
conductive layer having a polymer mixture and low melting alloy particulates dispersed
in the polymer mixture according to one example embodiment of the present disclosure.

[0007] Fig. 2 is a block diagram of an assembly including the thermally
conductive layer of Fig. 1 having additional thermally conductive particulates according

to another example embodiment.
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[0008] Fig. 3 is a block diagram of an assembly including a device having a
thermally conductive layer, two low melting alloy layers, and two coating layers
according to yet another example embodiment.

[0009] Fig. 4 is a block diagram of an assembly including a device having a
thermally conductive layer, two low melting alloy layers, two graphite layers, and two
coating layers according to another example embodiment.

[0010] Fig. 5 is a block diagram of an assembly including a device having a
thermally conductive layer, two low melting alloy layers each having a polymer mixture
and low melting alloy particulates dispersed in the polymer mixture, two graphite layers,
and two coating layers according to yet another example embodiment.

[0011] Fig. 6 is a block diagram of an assembly including a device having
layers of different widths according to another example embodiment.

10012] Fig. 7 1s a block diagram of an assembly including the device of Fig. 4
in which the graphite layers are coupled to a reference potential according to yet another
example embodiment.

[0013] Fig. 8 is a block diagram of an assembly including the device of Fig. 4
in which one of the graphite layers is coupled to a reference potential according to
another example embodiment.

[0014] Fig. 9 is a graph comparing an insertion loss for a traditional
aluminum foil material and a noise floor.

[0015] Fig. 10 is a graph comparing an insertion loss for a single synthetic
graphite sheet and a single aluminum foil sheet.

[0016] Fig. 11 is a graph comparing an insertion loss for two synthetic
graphite sheets and two aluminum foil sheets.

10017] Figs. 12, 13, and 14 are graphs comparing temperatures of an
electronic component with (a) the device of Fig. 4, (b) an air gap, and (c¢) a known
silicone putty.

[0018] Figs. 15 and 16 are graphs comparing temperatures of an electronic

component with (a) the device of Fig. 4, and (b) a copper foil enveloped with graphite.
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3
DETAILED DESCRIPTION
[6019] Example embodiments will now be described more fully with
reference to the accompanying drawings.
[0020] An assembly according to one example embodiment of the present

disclosure is illustrated in Fig. 1 and indicated generally by reference number 100. As
shown in Fig. 1, the assembly 100 includes an electronic component 102 that generates
energy and a thermally conductive layer 104 defined by at least a bottom side 108
coupled to the electronic component 102 and a top side 106. The thermally conductive
layer 104 includes a polymer mixture (generally indicated by reference number 110) and
low melting alloy particulates (shown as ovals 112) dispersed in the polymer mixture
110. The thermally conductive layer 104 (e.g., a device) absorbs energy generated by the
electronic component 102. Additionally, the thermally conductive layer 104 may
optionally dissipate at least a portion of the energy it absorbs.

[6021] In some embodiments, the thermally conductive layer 104 can absorb
and dissipate a sufficient amount of energy without utilizing a dissipating device (e.g., a
heatsink, heat pipe, etc.). Thus, and as shown in Fig. 1, the assembly 100 does not include
a dissipating device coupled to the top side 106 (or any other side) of the thermally
conductive layer 104.

[0022] The thermally conductive layer 104 may have any suitable thickness
depending on, for example, desired thermal performance, surrounding space restraints,
etc. For example, the thermally conductive layer 104 may have a thickness between about
0.05 mm and about 15 mm. In other embodiments, the thickness may be more than about
15 mm or less than 0.05 mm. Additionally, the thickness of the layer 104 (and any other
layer disclosed herein) may be uniform or non-uniform.

[06023] As shown in Fig. 1, the electronic component 102 is coupled to a
substrate 114. For example, the electronic component 102 may be an integrated circuit
and the substrate 114 may be a printed circuit board. In other example embodiments, the
electronic component 102 may be another suitable electronic component that is or is not
coupled to a circuit board and/or another suitable substrate.

[0024] In some embodiments, the thermally conductive layer 104 may include

one or more other thermally conductive particulates (in addition to the low melting alloy
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particulates 112) to assist in absorbing, spreading, dissipating, etc. energy. For example,
Fig. 2 illustrates an assembly 200 including a thermally conductive layer 204
substantially similar to the thermally conductive layer 104 of Fig. 1. The thermally
conductive layer 204 of Fig. 2, however, further includes thermally conductive
particulates (shown as rectangles 202) and the low melting alloy particulates 112
dispersed in the polymer mixture 110.

[0025] The thermally conductive particulates 202 may be, for example,
particles and/or fibers of graphite, metal (including metal alloy), ceramic, and/or a
combination thereof. For example, the graphite may be natural graphite, synthetic
graphite, a combination of both, the metal may include copper, aluminum, etc., and the
ceramic may include aluminum nitride, silicon nitride, etc. Additionally and/or
alternatively, the thermally conductive layer 204 may include one or more other suitable
thermally conductive particulates without departing from the scope of the present
disclosure.

[0026] Fig. 3 illustrates another example assembly 300 including the
electronic component 102 coupled to the substrate 114 of Fig. 1, and a device 320 for
absorbing (and therefore removing) energy from the electronic component 102. As shown
in Fig. 3, the device 320 includes an optional thermally conductive layer 302, two low
melting alloy layers 304, 306, and two coating layers 308, 310. Each low melting alloy
layer 304, 306 includes one side 312, 316 coupled to the thermally conductive layer 302
and another opposing side 314, 318 substantially covered by the coating layers 308, 310,
respectively. As such, a cross sectional arrangement of the device 320 includes a coating
layer (adjacent the electronic component 102), a low melting alloy layer, an optional
thermally conductive layer, another low melting alloy layer, and another coating layer
(adjacent a top portion of the device 320).

[0027] In the embodiment of Fig. 3, the low melting alloy layers 304, 306 are
coated on the thermally conductive layer 302. For example, one or both low melting alloy
layers 304, 306 may be molded around the thermally conductive layer 302, soldered to
the thermally conductive layer 302, etc. In such examples, each low melting alloy layer
304, 306 has a thickness between about 0.1 mils and about 10 mils. In other

embodiments, one or both low melting alloy layers 304, 306 may be placed on the
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thermally conductive layer 302 in another suitable manner and/or have another suitable
thickness depending on, for example, desired results, applications using the device 320,
ete.

[0028] The low melting alloy layers 304, 306 may include only one or more
particular low melting alloys as further explained below. In other example embodiments,
one or both low melting alloy layers 304, 306 may include thermally conductive particles
blended together with the low melting alloy(s) to enhance thermal conductivity as
explained above, a continuous material of higher thermal conductivity (e.g., greater than
about 5 w/mK) along with the low melting alloy(s), etc.

[0029] One or both low melting alloy layers 304, 306 may melt as the
electronic component 102 (and/or an adjacent component) release energy such as heat,
waves, etc. as further explained below. For example, if the temperature increases to a
melting point temperature (e.g., about 60°C) of the layer(s) 304, 306, the layer(s) begin to
melt and absorb energy from the electronic component 102 (and/or an adjacent
component). During this time, the volume of the layer(s) 304, 306 may slightly increase
due to, for example, the phase transition.

[0030] After the temperature decreases below the melting point temperature
of the layer(s) 304, 306, the layer(s) may transfer the absorbed energy to an adjacent
layer in the device 300, away from the device 300 (e.g., to an adjacent device), etc.
During this time, the volume of the layer(s) 304, 306 may slightly decrease (relative to
the volume when melting) due to, for example, the phase transition.

[0031] Additionally, the thermal conductivity of the layer(s) 304, 306 may
change after the phase transitions. For example, the layer(s) 304, 306 may have a thermal
conductivity of about 10 W/mK when the temperature is above their melting point
temperature and a thermal conductivity of about 19 W/mK when the temperature is
below their melting point temperature.

[0032] The thermally conductive layer 302 of Fig. 3 may be a metallic layer, a
graphite layer, etc. For example, if the layer 302 is a metallic layer, it may include a foil,
a mesh and/or another suitable metallic material. This metallic layer may be formed of

copper (including copper alloys), aluminum (including aluminum alloys) and/or another
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suitable material. In some embodiments, the metallic layer may be formed exclusively of
one or more metals (e.g., copper, a copper alloy, etc.), etc.

[0033] In the particular example of Fig. 3, the thermally conductive layer 302
has a thickness between about 1 mil and about 2 mils. In other embodiments, the
thickness of the thermally conductive layer 302 may be more than 2 mils or less than 1
mil. For example, the thickness of the thermally conductive layer 302 may be about .25
mils, about 2.5 mils, about 2.9 mils, etc.

10034] As explained above, each coating layers 308, 310 may substantially
cover its corresponding low melting alloy layer 304, 306. For example, the coating layer
308 may entirely cover the side 314 of the low melting alloy layer 304 and the coating
layer 310 may entirely cover the side 318 of the low melting alloy layer 306.

[0035] In other embodiments, the coating layers 308, 310 may encapsulate at
least a portion of the device 320. For example, the coating layer 308 may extend beyond
the side 314 of the low melting alloy layer 304 and downward towards the electronic
component 102. In such cases, the coating layer 308 may cover one or both peripheral
sides of the low melting alloy layer 304 and optionally one or both peripheral sides of the
thermally conductive layer 302. Similarly, the coating layer 310 may extend beyond the
side 318 of the low melting alloy layer 306. In some embodiments, the coating layers
308, 310 may form one coating layer encapsulating the entire device 320.

10036] Additionally and/or alternatively, the low melting alloy layer 306
and/or the low melting alloy layer 304 may be at least partially exposed. Thus, in some
examples, the coating layer 308 and/or the coating layer 310 may not be employed. In
other examples, one or both coating layers 308, 310 may cover less than the entire
surface area of the sides 314, 318 of one or both low melting alloy layers 304, 306. For
example, the coating layer 310 may cover less than the entire side 318 of the low melting
alloy layer 306. In such examples, the coating layer 310 may cover the portion of the side
318 aligned with the electronic component 102).

[0037] Each coating layer 308, 310 may be formed of any suitable material.
For example, one or both of the coating layers 308, 310 may be thermally and/or
electrically insulating, thermally and/or electrically conductive, etc. For example, the

coating layer(s) 308, 310 can be isotopically insulating having a thermal conductivity of
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about 0.02W/mK, isotopically thermally conductive having a thermal conductivity of up
to about 400 W/mK, anisotropically thermally conductive having a through-plane (z axis)
thermal conductivity between about 2W/mK and about 16 W/mK and an in-plane (x, y
axis) thermal conductivity between about 100 and about 1900 w/mK, etc.

[6038] As such, one or both coating layers 308, 310 may include plastic, a
thermally conductive material, etc. For example, the layer(s) 308, 310 may include metal,
ceramic, graphite, etc. at least partially coated with plastic (if desired). In some
embodiments, the thermally conductive material may be enveloped in plastic.
Additionally, the layer(s) 308, 310 may be scratch resistant if desired.

[6039] Additionally, the coating layer(s) 308, 310 may be flexible. Thus, the
layer(s) 308, 310 may be conformable to mate with their adjacent layer (if applicable).
Additionally, an adhesive may be placed between the coating layer(s) 308, 310 and their
adjacent layer (e.g., the low melting alloy layer(s) 304, 306 of Fig. 3). In some examples,
the adhesive may be a thermally conductive adhesive.

[06040] In some embodiments, the device 320 (and/or another device disclosed
herein) may include one or more additional thermally conductive layers for absorbing,
spreading, dissipating, etc. energy. For example, Fig. 4 illustrates an assembly 400
including a device 420 substantially similar to the device 320 of Fig. 3. The device 420 of
Fig. 4, however, further includes a thermally conductive layer positioned between a
coating layer and a low melting alloy layer.

[0041] In the particular example of Fig. 4, the device 420 includes a thermally
conductive layer 402 formed of graphite positioned between the coating layer 308 and the
low melting alloy layer 304, and a thermally conductive layer 404 formed of graphite
positioned between the coating layer 310 and the low melting alloy layer 306. As such, a
cross sectional arrangement of the device 420 includes a coating layer (adjacent the
electronic component 102), a graphite layer, a low melting alloy layer, a thermally
conductive layer, another low melting alloy layer, another graphite layer, and another
coating layer (adjacent a top portion of the device 420).

[0042] The graphite layers 402, 404 may assist in spreading energy absorbed
from the electronic component 102. For example, each graphite layer 402, 404 may be

anisotropic in that its in-plane thermal conductivity (e.g., the plane parallel to top and
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bottom sides) may be larger than its through-plane thermal conductivity (e.g., the plane
perpendicular to the top and bottom sides). This causes a greater amount of energy to
spread through the in-plane of each graphite layer 402, 404 as compared to the through-
plane.

[0043] Additionally, the graphite layers 402, 404 may assist in absorbing and
dissipating energy. For example, the graphite layer 404 may absorb energy from the
electronic component 102 (via, e.g., the coating layer 310) and dissipate energy into the
low melting alloy layer 306. This dissipation of energy may be spread across top side of
the graphite layer 404 due to the anisotropic relationship as explained above. In some
embodiments, one or both of the low melting alloy layers 304, 306 may be absorbed into
the graphite layers 402, 404 to promote this transfer of energy

[0044] The graphite layers 402, 404 may be formed of natural graphite and/or
synthetic graphite. For example, the graphite layer 402 may be formed of natural graphite
and the graphite layer 404 may be formed of synthetic graphite. The graphite layers may
include, for example, sheets of graphite such as flexible graphite sheets having exfoliated
natural graphite flakes, synthetic graphite sheets, etc. In such examples, one or both
coating layers 308, 310 may substantially prevent the graphite from flaking off the
graphite layers 402, 404. The synthetic graphite may include pyrolytic graphite or another
suitable synthetic graphite material.

10045] One or both graphite layers 402, 404 may have a thickness between
about 0.014 mm and about 1 mm, one or both low melting alloy layers 304, 306 of Fig. 4
may have a thickness between about 0.0025 mm and about 0.5mm, and one or both
coating layers 308, 310 of Fig. 4 may have a thickness between about 0.0025 mm and
about 0.5mm. In other example embodiments, any one or more of the layers may have
another suitable thickness depending on, for example, desired thermal performance,
surrounding space restraints, etc.

[0046] In some embodiments, one or both graphite layers 402, 404 may
provide shielding of the electronic component 102 (if applicable) due to the electrical
conductivity of the graphite layers 402, 404. For example, Fig. 7 illustrates an assembly
700 including the device 420 of Fig. 4, in which the graphite layers 402, 404 are formed

of one or more graphite sheets and the sheets are coupled to a reference potential (e.g.,
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ground on the substrate 114). As a result, the graphite layer(s) 402, 404 may provide
shielding (e.g., electromagnetic interference shielding, etc.) of the electronic component
102.

[0047] In the example embodiment of Fig. 7, the graphite layers 402, 404 are
coupled to the reference potential on the substrate 114 via electrical conductors 702, 704
(shown as dashed lines), respectively. For example, one or more terminals (such as pins,
hooks, etc.), a conductive adhesive (such as solder, etc.), etc. can be employed to couple
the electrical conductors 702, 704 to the graphite layers 402, 404 and/or the substrate
114.

[0048] In some embodiments, only one of the graphite layers 402, 404 may be
coupled to the reference potential on the substrate 114. For example, the graphite layer
404 may be coupled to the reference potential (via the electrical conductor 704) and the
graphite layer 402 may not be coupled to the reference potential.

[06049] As shown in Fig. 7, the device 420 can be a standalone device. In such
examples, the device 420 can be positioned on the electronic component 102 without
additional shielding devices as shown in Fig. 7. In some standalone devices, each side of
the graphite layer 404 (and optionally the coating layer 310) can extend downward
towards the substrate 114 a distance substantially equal to a height of the electronic
component 102. As such, when the device 420 is positioned adjacent the electronic
component 102, the downward extending sides (not shown) of the graphite layer 404 can
be substantially flush with the substrate 114 to substantially surround the electronic
component 102.

[6050] Alternatively, the device 420 can attach to a board level shielding
(BLS) device. For example, the device 420 can couple to a lid of a BLS device. In other
example embodiments, the device 420 can replace a lid of a BLS device. For example,
Fig. 8 illustrates an example assembly 800 including the device 420 of Fig. 4 having the
graphite layer 404 coupled to portions 802, 804 of a BLS device positioned on the
substrate 114. In the particular example of Fig. 8, the graphite layer 404 is formed of one
or more graphite sheets, the device 420 is a lid of the BLS device, and the portions 802,
804 are two opposing sides (e.g., of a fence) of the BLS device surrounding the electronic

component 102.
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[0051] As shown in Fig. 8, when the device 420 is positioned adjacent the
electronic component 102, at least a part 806, 808 of the fence portions 802, 804 pierces
through (and penetrates) the coating layer 310 and couples to the graphite layer 404. This
may allow the graphite layer 404 to couple to a reference potential on the substrate 114
via the portions 802, 804. Thus, in the example embodiment of Fig. 8, the graphite layer
404 is providing shielding of the electronic component 102.

[0052] Additionally, and as shown in Fig. 8, the portions 802, 804 of the BLS
device may pierce into the graphite layer 404. In other embodiments, the portions 802,
804 may couple to a bottom side of the graphite layer 404. In either case, a conductive
adhesive (e.g., solder, etc.) may be used to ensure the shielding fence and the graphite
layer 404 are in sufficient contact.

[0053] Testing has shown that shielding performance of graphite sheets is
comparable to other typical shielding materials. For example, Figs. 9-11 illustrate graphs
900, 1000, 1100 comparing shielding performance of synthetic graphite sheet(s), an
aluminum foil material, and/or a noise floor. In particular, the graph 900 of Fig. 9
compares an insertion loss in decibels (dBs) between a traditional aluminum foil material
(indicated by line 902) and a noise floor (indicated by line 904) between 2 GHz and 18
GHz to calibrate the testing fixture. The traditional aluminum foil material is a two feet
by two feet aluminum foil sheet. The difference between the line 902 and the line 904 is
indicative of energy leaking around the aluminum foil sheet.

[0054] The graph 1000 of Fig. 10 compares an insertion loss in dBs between a
single synthetic graphite sheet (indicated by line 1002) and a single aluminum foil sheet
(indicated by line 1004) while the graph 1100 of Fig. 11 compares an insertion loss in
dBs between two side by side synthetic graphite sheets (indicated by line 1102) and two
side by side aluminum foil sheets (indicated by line 1104). The sheets used for the testing
shown in Figs. 10 and 11 are seven inches by eight inches. As shown in Figs. 10 and 11,
the insertion loss of the synthetic graphite sheet(s) is similar to the insertion loss of the
aluminum foil sheet(s). Thus, an estimated shielding performance of the synthetic
graphite sheet(s) is similar to the aluminum foil sheet(s) between at least the 2 GHz and
18 GHz frequency range. Additionally, comparable shielding performance may be seen

in some cases below 2 GHz and above 18 GHz.
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[0055] Referring back to Fig. 4, the device 420 may include a low melting
alloy layer having a polymer mixture and low melting alloy particulates dispersed in the
polymer mixture in addition to or instead of one or both of the low melting alloy layers
304, 306. For example, Fig. 5 illustrates an assembly 500 including a device 520
substantially similar to the device 420 of Fig. 4. The device 520 of Fig. 5, however,
includes a low melting alloy layer having a polymer mixture and low melting alloy
particulates positioned between a thermally conductive layer and a graphite layer.

[0056] In the particular example of Fig. 5, the device 520 includes a low
melting alloy layer 502 positioned between a thermally conductive layer 506 and the
graphite layer 402, and a low melting alloy layer 504 positioned between the thermally
conductive layer 506 and the graphite layer 404. Thus, the low melting alloy layers 502,
504 are coupled to opposing sides of the thermally conductive layer 506.

[0057] As shown in Fig. 5, each low melting alloy layer 502, 504 includes a
polymer mixture (generally indicated by reference number 510) and low melting alloy
particulates (shown as ovals 508) dispersed in the polymer mixture 510. The polymer
mixture 510 and the low melting alloy particulates 508 may be the substantially similar to
the polymer mixture 110 and the low melting alloy particulates 112, respectively, of Figs.
I and 2.

[0058] Additionally, one or both low melting alloy layers 502, 504 may
optionally include other thermally conductive particulates (not shown in Fig. 5) dispersed
in the polymer mixture 510 in addition to the low melting alloy particulates 508. These
additional thermally conductive particulates may be substantially similar to the thermally
conductive particulates 202 of Fig. 2. As such, the thermally conductive particulates may
be, for example, particles and/or fibers of graphite, metal (including metal alloy),
ceramic, and/or a combination thereof.

[0059] The thermally conductive layer 506 may be a metallic layer, a graphite
layer, or another suitable thermally conductive layer. Additionally, the particular
thermally conductive layer 506 of Fig. 5 has a thickness between about 0.00625 mm
(6.25 um) and about 1 mm. For example, if the thermally conductive layer 506 is a

graphite layer, the thickness of the thermally conductive layer may have a thickness
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between about 0.025mm and about 0.25 mm. In other example embodiments, the
thermally conductive layer 506 may have another suitable thickness.

[0060] Further, one or both low melting alloy layers 502, 504 of Fig. 5 may
have any suitable thickness. For example, if the thermally conductive layer 506 is a
metallic layer, one or both low melting alloy layers 502, 504 can have a thickness
between about 0.1 mils and about 10 mils.

[0061] The thermally conductive layer 506 of Fig. 5 may be formed of any
suitable thermally conductive material. For example, the thermally conductive layer 506
may be formed of graphite (as explained above). In such examples, the device 520 may
include multiple graphite layers (e.g., the thermally conductive layer 506, the graphite
layers 402, 404, etc.) that may provide shielding as explained above. In other
embodiments, the thermally conductive layer 506 may be a metallic layer substantially
similar to the thermally conductive layer 302 of Fig. 3.

[0062] Although the devices disclosed herein include a particular number of
layers in a particular order, it should be understood that one or more layers may be
omitted, added, and/or positioned in a different order if desired. For example, although
the device 320 of Fig. 3 includes one thermally conductive layer 302, two low melting
alloy layers 304, 306, and two coating layers 308, 310 in a sandwich like configuration,
the device 320 may include one low melting alloy layer, and two coating layers on each
side of the low melting alloy layer. In other embodiments, the device 320 may include
two thermally conductive layers, three low melting alloy layers, and two coating layers.

[6063] In addition, and as explained herein, any one of the layers disclosed
herein may be coupled to its adjacent layer. For example, one layer may be coupled to
another layer via an adhesive (e.g., solder), etc. Other layers may be laminated together,
melt coated together, etc.

[0064] Additionally, any one of the devices (including the thermally
conductive layer 104) may be coupled (e.g., thermally coupled) to its respective
electronic component and/or another device such as a heatsink, heat pipe, etc. (if
applicable) via an interface. For example, the thermally conductive layer 104 of Fig. 1

may be coupled to the electronic component 102 via a thermal grease or another suitable
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thermal interface. In other embodiments, an adhesive (e.g., solder, tape, etc.) may be
positioned between the device and the electronic component.

[0065] Further, although the devices disclosed herein have one or more layers
including the same width, it should be understood that any one of the devices may
include layer(s) having different widths. For example, Fig. 6 illustrates a device 600
substantially similar to the assemblies 400 and 500 of Figs. 4 and 5, but including layers
of different widths. These widths may be dependent on, for example, the available space
in a system including the device, thermal characteristics of one or more of the layers,
desired thermal results, etc.

[0066] The polymer mixtures disclosed herein (e.g., the polymer mixture 110
of Fig. 1) may include a crosslinked polymer such as crosslinked silicone, epoxy,
polyurethane or another suitable crosslinked polymer.

[0067] The low melting alloy particulates disclosed herein (e.g., the
particulates 112 of Fig. 1, the particulates 508 of Fig. 5, etc.) and the low melting alloy
layers disclosed herein (e.g., the layer(s) 304, 306 of Fig. 3, the layer(s) 502, 504 of Fig.
5, etc.) may be formed of any suitable low melting alloy. In some examples, the low
melting alloy particulates may be formed of a low melting alloy that melts at or below
about 160°C and the low melting alloy layers may be formed of a low melting alloy that
melts at or below about 60°C.

[0068] For example, the low melting alloy particulates/layers may be formed
of gallium, indium (29.6 In, 33 In, 52 In, 66.3 In, etc.), bismuth (33.7 Bi, 35.5 Bi, 54.1
Bi, 67 Bi, etc.), tin (16.3 Sn, 16.5 Sn, etc.), etc. In some example embodiments, the low
melting alloy particulates/layers are preferably formed of eutectic materials. In other
example embodiments, cadmium or lead are not used to form the particulates/layers.
Generally, the low melting alloy(s) that form the particulates/layers have a density greater
than or equal to about 6.0g/cc.

[0069] The particulates disclosed herein may be dispersed in the polymer
mixtures by high speed dispersing, ultrasonic mixing, centrifugal mixing, planetary
mixing, shaking, sonication, or another suitable dispersion process. Additionally, the
particulates may be dispersed as a preformed powder having substantially spherical

particles. In other example embodiments, a low melting alloy may be melted while in the
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polymer mixture (as explained above) and then subjected to shear by high speed mixing,
ultrasonic mixing, etc. to create the individual particulates (which solidify discretely upon
cooling).

[06070] The polymer mixtures may include any suitable weight percent of the
low melting alloy particulates disclosed herein. For example, if the thermally conductive
layer 506 of Fig. 5 is a metallic layer (as explained above), one or both low melting alloy
layers 502, 504 of Fig. 5 can have about a five weight percent or more of the low melting
alloy particulates 508. In other embodiments, the polymer mixtures may include
particulates having between about five weight percent and ninety-eight weight percent.
For example, the particulates 112 of Fig. 2 may have about 60 weight percent and the
particulates 202 of Fig. 2 may have about 35 weight percent.

[0071] As used herein, energy may refer to heat generated by an electronic
component and/or adjacent components due to, for example, current flowing through the
electronic component and/or adjacent components, etc. Additionally and/or alternatively,
energy may refer to waves (e.g., electromagnetic waves, etc.) emitted from an electronic
component and/or adjacent components.

[0072] By employing the devices disclosed herein, energy from transient
temperature spikes in an electronic component may be absorbed, spread, dissipated, etc.
more effectively than traditional designs including, for example, paraffin wax designs,
etc. As such, this energy that may otherwise cause damaging effects to components in an
electronic device, to a user holding the electronic device, etc. may be managed without,
for example, decreasing performance of integrated circuits and/or other electronic
components (e.g., by a throttling process, etc.) to reduce the amount of energy generated.

[6073] For example, Figs. 12-15 illustrate graphs 1200, 1300, 1400, 1500
showing various test results of the device 420 of Fig. 4 compared to known designs. The
graph 1200 of Fig. 12 illustrates a comparison of heat management between an electronic
component with (a) the device 420 (collectively “Sample 1), (b) an air gap (collectively
“Sample 27), and (c) a known silicone putty having a ceramic filler (collectively “Sample
3”). The temperature of Sample 1, Sample 2, and Sample 3 are represented by lines 1202,
1204, 1206, respectively.
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[0074] During testing, Sample 1 (e.g., the electronic component) was powered
at 0.5W for 11 minutes (660 seconds) while Sample 2 and Sample 3 were powered at
0.5W for 60 seconds. As shown in Fig. 12, the temperature of Sample 1 does not reach
the maximum temperature (about 77°C) of Sample 2 before powering off during the 11
minute test. Additionally, and as shown in Fig. 12, about 130 seconds passes before
Sample 1 reaches the maximum temperature (about 61°C) of Sample 3. The maximum
temperature of Sample 2 and Sample 3 are represented by lines 1208, 1210, respectively.

[0075] The graph 1300 Fig.13 illustrates a comparison of heat management
between Sample 1, Sample 2, and Sample 3 when each was powered at 1.0 W for 60
seconds. The temperature of Sample 1, Sample 2, and Sample 3 are represented by lines
1302, 1304, 1306, respectively.

[0076] As shown in Fig. 13, the temperature of Sample 1, Sample 2, and
Sample 3 (at 60 seconds) are 68.51°C, 106.68°C and 90.95°C, respectively. Thus, Sample
1 reduces temperature by about 38°C relative to Sample 2 (the air gap sample) while
Sample 3 reduces temperature by about 16°C relative to Sample 2.

[0077] The graph 1400 of Fig.14 illustrates a comparison of heat management
between Sample 1, Sample 2, and Sample 3 each including a BLS device. For example,
Sample 1 includes the electronic component and the device 420 as explained above, and a
BLS device surrounding the electronic component and the device 420. Each sample was
powered at 1.0 W for 60 seconds. The temperature of Sample 1, Sample 2, and Sample 3
of Fig. 14 are represented by lines 1402, 1404, 1406, respectively.

[6078] As shown in Fig. 14, the temperature of Sample 1, Sample 2, and
Sample 3 (at the 60 second mark) are 57.96°C, 71.29°C, and 82.67°C, respectively. Thus,
Sample 1 reduces temperature by about 13°C relative to Sample 2 (the air gap sample)
while Sample 3 increases temperature by about 11°C relative to Sample 2.

[0079] The graph 1500 of Fig. 15 illustrates a comparison of heat
management between an electronic component with (a) the device 420 (collectively
“Sample A”) and (b) a copper foil enveloped with graphite (collectively “Sample B”).
The graph 1500 illustrates temperatures of the electronic component adjacent a corner of

Sample A (line 1502), a center of Sample A (line 1504), a center of Sample B (line
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1506), and a corner of Sample B (line 1508). Each sample has a dimension of 4 cm by 4
cm by 0.02 cm.

[0080] As shown in Figs. 15 and 16, the temperature (at about 300 seconds)
adjacent the center of Sample A is about 67.3°C and the corner of Sample A is about
65.3°C. The temperature (at about 300 seconds) adjacent the center of Sample B is about
76.1°C and the corner of Sample B is about 64.2°C. Thus, Sample A (including device
420 of Fig. 4) has a more uniform temperature than Sample B. As such, heat spreading
across the in-plane of the device 420 of Sample A is greater than the copper foil device of
Sample B.

[0081] Additionally, the device 420 and the electronic component of Sample
A have a lower temperature than the copper foil device and the electronic component of
Sample B. Further, testing has shown Sample A absorbs a larger amount of heat than
Sample B at 65°C.

[0082] Further, by employing the devices having a polymer mixture layer
(e.g., the thermally conductive layer 104 of Fig. 1, the thermally conductive layer 204 of
Fig. 2, the low melting alloy layers 502, 504 of Fig. 5, etc.), the devices may experience
increased compliancy that can improve conformability to a mating surface, reduce
contact resistance between surfaces, and increase tolerance of height variation in
particular applications using the device.

10083] In addition, the devices including graphite layers as disclosed herein
may provide shielding in addition to the improved energy performance as explained
above. In some cases, these devices may weigh less, use less substrate space, and be more
flexible than traditional rigid shielding devices. For example, graphite can weigh between
about twenty percent and three hundred percent less than typical shielding materials (e.g.,
stainless steel, aluminum, etc.) while having thermal conductivities from about four times
to more than a hundred times higher than typical shielding materials. Additionally, an
overall cost of providing shielding and thermal management may decrease compared to
known devices as both functions can be combined into one device. Thus, using devices
including graphite layers to replace typical board level shields may improve thermal

performance, cost less, reduce weight of a product including the device, and reduce space
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required by shielding components, all while maintaining an effective shielding
performance as explained above.

[0084] Further, the devices disclosed herein may be employed in various
electronic devices including for example, smart phones, tablets, etc. For example, the
devices may be utilized in electronics board level applications to absorb energy for a
duration of time thereby reducing temperature on (and/or adjacent to) integrated circuits
or other electronic components in an electronic device. The devices may also spread
and/or transfer energy as explained herein.

[0085] Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the art. Numerous
specific details are set forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodiments of the present disclosure.
It will be apparent to those skilled in the art that specific details need not be employed,
that example embodiments may be embodied in many different forms and that neither
should be construed to limit the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and well-known technologies are
not described in detail.

[0086] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

»Pon

singular forms "a,” "an,"” and "the" may be intended to include the plural forms as well,

non

unless the context clearly indicates otherwise. The terms "comprises," "comprising,"
“including,” and “having,” are inclusive and therefore specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, processes, and operations
described herein are not to be construed as necessarily requiring their performance in the
particular order discussed or illustrated, unless specifically identified as an order of
performance. It is also to be understood that additional or alternative steps may be
employed.

[0087] Specific dimensions, specific materials, and/or specific shapes

disclosed herein are example in nature and do not limit the scope of the present
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disclosure. The disclosure herein of particular values and particular ranges of values for
given parameters are not exclusive of other values and ranges of values that may be
useful in one or more of the examples disclosed herein. Moreover, it is envisioned that
any two particular values for a specific parameter stated herein may define the endpoints
of a range of values that may be suitable for the given parameter (i.e., the disclosure of a
first value and a second value for a given parameter can be interpreted as disclosing that
any value between the first and second values could also be employed for the given
parameter). For example, if Parameter X is exemplified herein to have value A and also
exemplified to have value Z, it is envisioned that parameter X may have a range of values
from about A to about Z. Similarly, it is envisioned that disclosure of two or more ranges
of values for a parameter (whether such ranges are nested, overlapping or distinct)
subsume all possible combination of ranges for the value that might be claimed using
endpoints of the disclosed ranges. For example, if parameter X is exemplified herein to
have values in the range of 1 — 10, or 2 — 9, or 3 — 8, it is also envisioned that Parameter
X may have other ranges of values including 1-9,1-8,1-3,1-2,2-10,2-8,2 -3,
3-10,and 3 - 9.

PRI

[0088] When an element or layer is referred to as being “on,” “engaged to,”
“connected to,” or “coupled to” another element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or intervening elements or layers may
be present. In contrast, when an element is referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled to” another element or layer,
there may be no intervening elements or layers present. Other words used to describe the
relationship between elements should be interpreted in a like fashion (e.g., “between”

PR3

versus “directly between,” “adjacent” versus “directly adjacent,” etc.). As used herein,
the term “and/or” includes any and all combinations of one or more of the associated
listed items.

[0089] The term “about” when applied to values indicates that the calculation
or the measurement allows some slight imprecision in the value (with some approach to
exactness in the value; approximately or reasonably close to the value; nearly). If, for

some reason, the imprecision provided by “about” is not otherwise understood in the art

with this ordinary meaning, then “about” as used herein indicates at least variations that
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may arise from ordinary methods of measuring or using such parameters. For example,

PR RT3

the terms “generally,” “about,” and “substantially,” may be used herein to mean within
manufacturing tolerances.

[609(] Although the terms first, second, third, etc. may be used herein to
describe various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms. These
terms may be only used to distinguish one element, component, region, layer or section
from another region, layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or section
without departing from the teachings of the example embodiments.

"

[6091] Spatially relative terms, such as “inner,” “outer,” “beneath,” “below,”

bR ENT3 PR ENT3

“lower,” “above,” “upper” and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. Spatially relative terms may be intended to encompass different
orientations of the device in use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned over, elements described as

’

“below” or “beneath” other elements or features would then be oriented “above” the
other elements or features. Thus, the example term “below” can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0092] The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements, intended or stated uses, or features of a particular
embodiment are generally not limited to that particular embodiment, but, where
applicable, are interchangeable and can be used in a selected embodiment, even if not
specifically shown or described. The same may also be varied in many ways. Such

variations are not to be regarded as a departure from the disclosure, and all such

modifications are intended to be included within the scope of the disclosure.
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CLAIMS
What is claimed is:
1. A device for absorbing energy from an electronic component, the device

comprising:

a low melting alloy layer including a first side and a second side opposing the first
side,

a first coating layer substantially covering the first side of the low melting alloy
layer, and

a second coating layer substantially covering the second side of the low melting
alloy layer.

2. The device of claim 1, further comprising at least one thermally
conductive layer coupled between the low melting alloy layer and one of the first or
second coating layer.

3. The device of claim 2 wherein the low melting alloy layer is a first low
melting alloy layer, the device further comprising a second low melting alloy layer
coupled to the thermally conductive layer.

4. The device of claim 2 wherein the thermally conductive layer is a first
thermally conductive layer, the device further comprising at least a second thermally
conductive layer formed of graphite.

5. The device of claim 1 wherein the low melting alloy layer includes a
polymer mixture and a plurality of low melting alloy particulates dispersed in the
polymer mixture.

6. The device of claim 1, wherein the low melting alloy layer is a first low
melting alloy layer, the device further comprising a second low melting alloy layer
including a polymer mixture and a plurality of low melting alloy particulates dispersed in
the polymer mixture.

7. The device of claim 6, further comprising at least one thermally
conductive layer coupled between the first low melting alloy layer and the second low

melting alloy layer.
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8. The device of claim 7, wherein the thermally conductive layer is formed
of graphite.
9. The device of claim 8, wherein the thermally conductive layer is

configured to couple to a reference potential and provide shielding of the electronic
component.

10. The device of claim 7, wherein:

the thermally conductive layer is a metallic layer; and/or

the low melting alloy layer includes a polymer mixture and a plurality of low
melting alloy particulates dispersed in the polymer mixture.

11. The device of claim 10, wherein the low melting alloy layer has about a
five weight percent or more of the plurality of low melting alloy particulates and/or
wherein the low melting alloy layer has a thickness between about 0.1 mils and about 10
mils.

12. An assembly including an electronic component and the device of any one
of claims 1 to 11 coupled to the electronic component.

13. A device for absorbing energy from an electronic component, the device
comprising:

a first thermally conductive layer including a first side and a second side opposing
the first side;

two or more low melting alloy layers, one low melting alloy layer coupled to the
first side of the first thermally conductive layer, another low melting alloy layer coupled
to the second side of the first thermally conductive layer;

two or more graphite layers, one graphite layer coupled to said one low melting
alloy layer, another graphite layer coupled to said another low melting alloy layer; and

two or more coating layers, one coating layer substantially covering one side of
said one graphite layer, another coating layer substantially covering one side of said
another graphite layer.

14. The device of claim 13, wherein at least one of the low melting alloy
layers includes a polymer mixture and a plurality of low melting alloy particulates

dispersed in the polymer mixture.
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15. The device of claim 13, wherein the first thermally conductive layer is
formed of graphite.

16. The device of claim 13, wherein the first thermally conductive layer is a
metallic layer.

17. The device of claim 13, wherein at least one of the graphite layers is
configured to couple to a reference potential and provide shielding of the electronic
component.

18. An assembly including an electronic component and the device of any one
of claims 13 to 17 coupled to the electronic component.

19. An assembly comprising:

an electronic component configured to generate energy; and

a thermally conductive layer defined by a first side coupled to the electronic
component and a second side, the thermally conductive layer including a polymer
mixture and a plurality of low melting alloy particulates dispersed in the polymer
mixture, the thermally conductive layer configured to absorb energy generated by the
electronic component.

20. The assembly of claim 19, wherein the thermally conductive layer is
configured to dissipate the absorbed energy without a dissipating device coupled to the
thermally conductive layer.

21. The assembly of claim 19 or 20, wherein the low melting alloy
particulates are a first plurality of thermally conductive particulates and wherein the
thermally conductive layer includes a second plurality of thermally conductive particles
dispersed in the polymer mixture different than the first plurality of thermally conductive

particulates.
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