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RADIC-EREQUENCY ARSORPTION IN ELECTRONIC DEVICES

BACKGROUND
{0001 Elactronic devices, such as computers, tablels, and smariphones, are
commonly used for a variety of pumposes, including communication. Such
electronic devices may communicate with other devices over a wireless
connection, Wireless communication to and from the electronic devices may

involve receplion and transmission of radiofrequency signals.

Brier DESCRIPTION OF DRAWINGS
[0002] The following detalled description references the drawings, wherein:
{0003] Fig. 1 illustrates a sectional view of a surface of an endlosure,
according o an example implementation of the present subject matter;
{0004} Fig. 2 iflustrates a sectional view of a surface of an enclosure,
according fo an example implementation of the present subject mattern,
{0005 Fig. 3 illustrates a sectional view of a surface of an enclosure,
according o an example implementation of the present subject matter,
{0006] Fig. 4 ilustrates a sectional view of a surface of an enclosure,
according o an example implementation of the present subject matter; and
{0067} Fig. 5 #lustrates an eleclronic device, according {o an sxample
implementation of the present subject matier.

DeETAILED DESCRIPTION
{0008] Radio-frequency (RF} signals utilized for wirsless communication
may cause slectromagnetic irerference in electical circuits of electronic devices.
RF signals, in a frequency range of 10% to 10" Hz, may be generated internally
in the eleclronic device, or emitted from an external source. The electromagnetic
interference due o RF signals may degrade or disrupt the performance of
electnical cirouits and therefore of the assodialed electronic devices. In an
example, the guality of displays on a display screen of an electronic device may
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degrade, and the processing speed of the central processing unit (CPU) of an
glectronic device may reduce, due o electromagnetic interference.

{0009] Electronic devices may be provided with coatings that can absorb RF
signals. An RF absorption coating that is generally used has a kow RF absorption
capacity. Further, the RF signals absorbed by such a coating are converted into
heat. Heating of the RF absorption coaling degrades the RF absorption capacily
of the RF absorphion coating. Also, heat in the RF absorption coating may add up
with the heat generated by other electrical circuils, such as a CPU, in the vicinily
of the RF absorplion coating fo create heat spots inside the electronic device.
Such heat spots may affect the performance of electrical circuits in the electronic
devices.

{10010} Further, the RF absorption coating is generally coated on an inner
surface of an enclosure or a body panel of the electronic device. Excessive
heating of the RF absormplion coaling due to absorption of RF signals and
absorption of heat from electrical circuils may create heat spots on the outer
surface of the enclosure. Heal spois on the ouler surface may cause
inconvenience o users,

{0011 The present subject matter relales to absorplion of RF signals in
electronic devices. The present subject matier describes a combination of
coatings on a surface of an enclosure, or a body panel, of an electronic device
having high RF absorplion capacity and heat dissipation characteristic. in
accordance with the present subject matter, high RF absorption capacily
facilitates in reducing electromagnetic interferances in the electronic device, and
heal dissipation charactenstic facilitales in reducing heat spots inside the
enciostire of the electronic device.

{0012] In an example implementation of the present subject maller, &
thermally conductive coating is disposed on a8 surface of an enclosure of an
glectronic device. The thermally conduclive coating absorbs heat from
surrounding regions and allows the absorbed heat to flow through it. Further, an
RF absorption coating is coated on the thermally conductive coating. The RF
absorption coating absorbs RF signals from the surrounding regions. The surface

on which the thermally conductive coating is coated may be an inner surface of
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the enclosure. With the thermally conductive coating coated on the swrface of the
gnclosure and the RF absorption coating coated on the thermally conductive
toatings, the heat generaled within the RF absorption coating due to absorption
of RF signals gels dissipated through the thermally conductive coating.
Continuocus dissipation of heat from the RF absorplion coating helps in
maintaining a substantially constant temperalure of the RF absorption coating,
which in tum facilitates in substantially uniform RF absorption by the RF
absorption coating.

{0013] In an example implementation of the present subject matter, the RF
absorption coating is made of a resin mixture including 5 to 30 weight% {(wi%) of
conductive polymers, and aerogels including at least one of 0.05 to 3 wi% of
carbon nanotube aerogel and 0.05 o 3 wi% of graphene aerogel. The RF
absorption coating with the chemical composition and concenirations of
constituents, as desaribed above, has high RF absorption capacity. For example,
more than 0% of RF signals are absorbed by the RF absorption coating of the
present subject matier.

{00141 Further, in an example implementation of the present subject matter,
the enclosure may include a heat insulation coatling coated between the surface
of the enclosure and the thermally conduclive coating. The heatl insulation coating
prevents heat 1o be conducled from the thermally conductive coating to the
surface of the enclosire, thereby avoiding formation of heat spots on the outer
side of the surface of the enclosure.

[0015] The following delalled description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the
drawings and the following description fo refer to the same or simitar parts. While
several examples are described in the description, modifications, adaptations,
and other implementations are possible. Accordingly, the following detailed
description does not limit the disclosed examples. insiead, the proper scope of
the disclosed examples may be defined by the appended claims.

{00186} Fig. 1 Hlustrates a sectional view of a surface 102 of an enclosure
100, according to an example implementation of the present subject matter. The
enclosure 100 may be a body panel of an electronic device {(not shown). The
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surface 102 may be an inner surface of the body panel, which is not exposed to
the extemal environment. The electronic device may, for example, include a
computer, a laptop, a tablst, a smariphone, and such. The body panel may, for
example, include a top cover panel, a botlom cover panel, side cover panel, or
other outer casing of the electronic device. In an example, the enclosure 100 may
be made of a plastic material.

{0017} The enclosure 100 has a thermally conductive coating 104 on the
surface 102, The thermally conductive coating 104 may be coated on a portion of
the surface 102. In an example implementation, the thermally conductive coating
104 is made of one of nano-sized powder of aluminum, copper, silver, graphene,
carbon nanotube, diamond, graphite, siicon carbide, boron nitride, and synthetic
thermally conductive materials in polymeric resins. The thermally conductive
coating 104 may have a thickness in a range of 5 micromster {pm) to 15 ym. The
thermally conductive coating 104 may be spray coated on the surface 102. Inan
gxample implementation, the surface 102 may be cleaned before coating the
thermatlly conductive coating 104, Further, after spray coating the thermally
conductive coating, the surface 102 may be heated al a temperaturg in a range
of 60 degree Cealsius {°C} to 80 °C for a time duration in a range of 15 minutes {o
40 minutes for curing the thermally conductive coating 104,

{0018] Further, as shown in Fig. 1, the enclosure 100 has an RF absorption
coating 106 coated on the thermally conductive coating 104. The RF absorption
coating 108 may be coated on a portion of or on the entire of the thermally
conductive coating 104. The RF absorption coating 106 is made of a resin mixture
including conductive polymers and asrogels, The conduciive polymers have a
concentration of 5 to 30 by wi%. The aerogels include at least one of carbon
nanotube aerogel and graphene aeragel. The concentration of carbon nanctube
asrogel and graphene asroge! is 0.05 {o 3 by wi%. Further, the conductive
polymers may include poly-3,4-ethylenedioxythiophene {PEDOT), polyacstylene,
polyphenylenevinylene,  polythienylenevinylene,  polythiophene,  poly-3-
alkyithiophene, polypyrrole, polyaniline, polyphenylene, polyphenylene sulfide,
palyfuran and perfluoroalkylsulfonyl compounds, and a combination thersof. In
an example implementation, the resin mixture also includes polyacrylic,
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polycarbonate, polyurethane, silicone, polyvinyl chioride, epoxy, polyester,
polypropylene, urethane-acrylate, and a combination thereof.

{0019 Further, in an example implementation, the RF absorption coating
106 may have a thickness in a range of 10 pm o 50 um. The RF absorption
coating 106 may be spray coated on the thermally conductive coating 104. In an
example implementation, after spray coating the RF absorption coaling, the
sutface 102 may be heated at a temperature in arange of 80 °C 10 80 °Cfor a
time duration in a range of 5 minutes to 15 minutes for curing the RF absorption
coating 106. After such a thermal curing. the RF absorption coating 108 is cured
under ultraviclet {UV) radiations. The RF absormption coating 106 may be exposed
to UV radiation of an energy dose of 0.7Joules/centimeter® (Jom?®) to 1.2 Jicm?
for a time duration in a range of 10 ssconds 10 30 seconds,

{0020} The RF absorption coating 106 absorbs more than 80% of RF signals
that may be generaled from internal eleclrical circuils of the electronic device
assopciated with the enclosure 100, or from an edernal source. RF waves
associated with the RF signals are trapped in the carbon nanotube aerogel or
graphene aerogel in the RF absorption coating 106, The trapped RF waves get
absorbed by the conductive polymers in the RF absorpion coating 108 and are
converted info heal. The heat from the RF absorplion coating 106 gets transferred
to the thermally conductive coating 104. The transfer of heat from the RF
absorption coating 106 fo the thermally conductive coating 104 is continuous,
which faciiitates in maintaining the temperature of the RF absorption coating 106
for uniform absorption of RF signals.

0021} Fig. 2 dlustrates a sectional view of a surface 202 of an enclosure
200, according to an example implementation of the present subject matlter. The
enclosure 200 may be a body panel of an electronic device {not shown), as
described earlier. The enclosure 200 has a heat insulalion coating 204 coated on
the surface 202. The heat insulation coaling 204 may be coated on a portion of
the surface 202. In an example implementation, the heat insulation coating 204
is made of fiberglass, mineral wools, cellulose, calcium silicate, cellular glass,
glastomeric foam, phenolic foam, vermiculite, polyurethane foam, silica asrogel,

palystyrens foam in polymeric resing, and a combination thereof.
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{0022} The heat insulation coating 204 may have a thickness in arange of 5
um to 20 pm. The heatl insulation coating 204 may be spray coated on the surface
202, In an sxample implementation, the surface 202 may be cleansd before
coating the heat insulation coating 204. Further, after spray coating the heat
insulation coating, the surface 202 may be heated at a temperature in a range of
60 °C to 80 °C for a time duration in a range of 158 minutes to 40 minutes for curing
the heat insulation coating 204.

[0023] Further, as shown in Fig. 2, the endclosure 200 has a thermally
conductive coating 200 coated on the heat insulation coating 204, and has an RF
absorption coating 208 coated on the thermally conductive coating 206. The
thermally conductive coating 206 may be coated on a portion of or on the entire
of the heat insulglion coating 204, and the RF absorplion coating 208 may be
coated on a portion of or on the entire of the thermally conductive coating 206.
The thermally conductive coating 208 is the same as the thenmally conductive
coating 104 described through description of Fig. 1. The RF absorplion costing
208 is the same as the RF absorption coating 106 described through description
of Fig. 1.

{0024] The heat insulation coating 204 prevents heat {o be conducted from
the thermally conductive coating 206 to the surface 202 of the enclosure 200.
This facilitales in preventing heat spols of the outer surface of the enclosure 200.
[0025] Fig. 3 lustrates a sectional view of a surface 302 of an enclosure
300, according to an example implementation of the present subject matter. The
enciosure 300 may bhe a body pansi of an electronic device {not shown), as
described sadier. The enclosure 300 has a thermally conductive malerial 304
disposed on the surface 202 of the enclosure 300, The thermally conductive
material 304 may be disposed on a portion of the surface 302. The thermally
conductive material 304 may be prefabricated block or shest. The thermally
conductive matenal 304 comprising one of a copper foll, an aluminum foll, a
composite foil, a graphite film, graphene on a metal deposition film, and a
graphene film. The thermally conductive material 304 has a thickness in a range
of 0.015 mm to (.3 mm. In an example implementation, the thermally conductive
material 304 may be pasted on the surface 302 using an adhesive.
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{00286} Further, as shown in Fig. 3, the enclosure 380 has an RF absorption
coating 306 coated on the thermally conductive material 304, The RF absorption
toating 306 may be coaled on a portion of or on the entire of the thermally
conductive material 304. The RF absorplion coating 306 is the same as the RF
absorption coating 106 described trough description of Fig. 1. The RF absorption
coating 306 absorbs more than 80% of RF signals that may be generated from
internal electrical circuits of the electronic device associated with the enclosure
100, or from an external source. RF waves associated with the RF signals are
trapped in the carbon nanoctube aerogel or graphene aerogel in the RF absorption
coating 306. The frapped RF waves get absorbed by the conductive polymers in
the RF absorption coating 306 and are converted into heal. The heat from the RF
absorption coating 308 get ransferred {o the thermally conductive material 304,
The tansfer of heal from the RF absorption coating 306 to the thermally
conductive material 304 is continuous, which facilitates in maintaining the
temperature of the RF absorption coating 308 for uniform absorption of RF
signals.

10027} Fig. 4 dHlustrates a seclional view of a surface 402 of an enclosure
400, according to an example implementation of the present subject matter. The
enciosure 400 may be a body panel of an electronic device {nol shown), as
described earlier. The enclosure 400 has a heat insulation coating 404 coated on
the surface 402 of the enclosure 400, The heat insulation coating 404 may be
coated on a portion of the surface 402. The heat insulation coating 404 is the
same as the heat insulation cogting 204 described through the description of Fig.
2.

10028] Further, as shown in Fig. 4, the enclosure 400 has a thermally
conductive material 406 disposed on the heat insulation coating 404, and has an
RF absorption coating 408 coated on the thermally conductive material 408, The
thermally conductive material 406 may be disposed on a portion of or on the entire
of the heat insulation coating 404, and the RF absorption coating 408 may be
coated on a portion of or on the entire of the thermally conductive material 406.
The thermally conductive material 406 is the same as the thermally conductive
material 304 described through description of Fig. 3. The RF absorption coating
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408 is the same as the RF absorption coating 108 descoribed through description
of Fig. 1. The heat insulation coating 404 prevents heat 1o be conducted from the
thermally conductive material 406 to the surface 402 of the enclosure 400. This
facilitates in preventing heat spots of the ouler surface of the enclosure 400.
{0029] Fig. 5 Hlustrates an electronic device 500, according o an example
implementation of the present subject matter. { may be noted that although a
laptop is shown in Fig, 5, the slectronic device 500 may be any other electronic
device, such-as tablet, a smariphone, and the iike. The electronic device 500
includes a body panel 502. The body panel 502, also referred o as an enclosure,
includes a top cover panel, a bottom cover panel, side cover panel, or other outer
casing of the electranic device 500. In an example, the body panel 502 may be
made of a plastic material.

{0030} As ilustraled in & magnified sectional view of region A of the
glectronic device 500, the electronic device 500 includes g thermally conducior
506 disposed on a surface 504 of the body panel 802. The thermally conductor
506 may be disposed on a portion of the surface 504, The surface 504 is an inner
surface of the body panel 502, which is not exposed to the external environment.
The thermally conductor 506 may be the same as the thermally conductive
coating 104 as described through the description of Fig. 1, or the same as the
thermally conductive material 304 as described through the description of Fig. 3.
{0031] Further, as shown in Fig. §, the electronic device 500 has an RF
absorption coating 508 coated on the thermally conductor 508. The RF absorption
coating 508 may be coated on a portion of or on the entire of the thermally
conductor 508. The RF absorption coating 508 is the same as the RF absorption
coating 108 described through description of Fig. 1.

{0032] it may be noled that region A is shown {o be at the boltom cover
panel, the thermally conductor 506 and the RF absorplion coating 508 may be
disposed at any other body panel, such as the top cover panel or the side cover
panel. The thermally conductor 806 and the RF absorption coating 508 are
disposed on a portion of inner surface of the body panel.

{0033] In an example implementation, the slectronic device 500 may have a
heat insulation coating (not shown in Fig. 5) belween the surface 504 of the body
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panel 502 and the thermally conductor 506, The heat insulation costing may the
same as the heatl insulation coatling 204, as described through description of Fig.
2. The heat insulation coating may be coated on a portion of the surface 504. The
thermally conductor may be disposed on a portion of or on the entire of the heat
insulation coating. The RF absorption coating may be coated on a portion of or
on the entire of the thermally conducior.

{0034] Although examples for the present disclosure have been described in
language specific {o structural features, #is 1o be understood that the appended
claims are not limited to the specific features described herein. Rather, the
specific features are disclosed and explained as examples of the present

diaclosure,
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We olainy

1. An enclosure of an electronic device, comprising:
a thermally conductive coating disposed on a surface of the enclosure; and
a radio-frequency {RF) absorption coating on the thermally conductive

coating.

2. The enclosure as claimed in claim 1, wherein the RF absorption coating is
made of a resin mixture comprising:
5 to 30 wit% of conductive polymers,; and
agrogels including at least one of 0.05 to 3 wi% of carbon nanclube
aerogel and 0.05 to 3 wi% of graphene aerogel.

3. The enclosure as claimed in claim 2, wherein the resin mixiure comprises
polyacrylic, polycarbonate, polyurethane, silicone, polyvinyl chioride, epoxy,

polyester, polypropylene, urethane-acrylate, and a combination thereof,

4. The enclosure as claimed in daim 2, wherein the conductive polymers
comprise poly-3,4-ethylenedioxythiophene {(PEDOT), polvacetylene,
polyphenyvienevinylene,  polythienylenevinylene,  polythiophene,  poly-3-
atkyithiophene, polypyrrole, polyaniline, polyphenylene, polyphenylene sulfide,

polyfuran and perfluoroalkyisulfonyl compounds, and a combination thereaf,

5. The enclosure as claimed in ¢laim 1, wherein the RF absorption coating has a

thickness in a range of 10 um {o 50 pm.

6. The enclosure as claimed in claim 1, wherein the thermally conductive coaling
is made of one of nano-sized powder of aluminum, copper, silver, graphene,
carbon nanotube, diamond, graphite, silicon carbide, boron nitride, and synthetic

thermally conductive materials in polymeric resins.

10
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7. The enclosure as claimed in claim 1, wherein the thermally conductive coating
has a thickness in arange of 5 umio 15 um.

8. The entlosure as claimed in claim 1. comprising @ heal insulation coating
between the surface of the enclosure and the thermally conductive coating.,

9. The enclosure as claimed in claim 8, whersin the healinsulation coating has a
thickness in a range of § pm o 20 pm, and is made of fiberglass, mineral woals,
cellulose, calcium silicate, cellular glass, elastomeric foam, phenolic foam,
vermiculite, polyurethane foam, silica aerogel, polystyrene foam in polymeric
resins, and a combination thereof,

10, An enclosure of an elecironic device, comprising:

a thermally conductive matenial disposed on a surface of the enclosure,
the thermally conductive material comprising one of a copper foll, an
aluminum foil, a composite foil, a graphite film, graphene on a metal deposition
film, and a graphene film; and

a radio-frequency (RF) absorption coaling on the thermally conductive
material, the RF absorption coating being made of a resin mixture comprising:

5 to 30 wi% of conductive polymers; and
aerogels including at feast one of .05 to 3 wi% of carbon nanotube

aeragel and 0.05 o 3 wit% of graphene aerogel.

1. The enclosure as claimed in claim 10, wherein the RF absorplion coating has
a thickness in g range of 10 pm to 50 pm.

12. The enclosure as claimed in claim 10, wherein the thermally conductive
material has a thickness in a range of 0.015 mm to 8.3 mm.

13. An electronic device comprising:

a body panel;
a thermal conductor disposed on a surface of the body panel; and

11



WO 2019/070296 PCT/US2017/055604

a radio-frequency {RF) absorption coating on the thermal conductar, the
RF absorption coating being made of a resin mixture comprising
5 10 30 wi% of conductive polymers; and
aerogels including at least one of 0.05 fo 3 wi% of carbon nanoctube

aerogel and 0.05 to 3 wi% of graphene aerogel.

14, The electronic device as claimed in daim 13, wherein

the resin mixlure comprises polvacryiic, polycarbonate, polyurethane,
silicone, polyvinyl chioride, epoxy, polyester, polypropylene, urethane-
acrylate, and a combination thereof, and

the conductive polymers comprise poly-3 4-ethylenedioxythiophene
{(PEDQT), polyscetylene, polyphenylenevinylene, polythienyleneavinylene,
polythiophene, poly-3-alkyithiophene, polypyrrole, polvaniline, polyphenylene,
polyphenylene sulfide, polyfuran and perfluoroatkylsulfonyl compounds, and

a combination thereof.

16. The slectronic device as claimed in claim 13, comprising a heat insulation
coating bebwean the surface of the body panel and the thermal conductor.

12
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