wO 20247259280 A1 |0 0000 KOO0 0 0 00 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO0 0 0 O T

International Bureau % (10) International Publication Number

WO 2024/259280 Al

(43) International Publication Date
19 December 2024 (19.12.2024) WIRPOIPCT

(51) International Patent Classification: Brian; 1600 Amphitheatre Parkway, Mountain View, Cali-

HO01Q 1/24 (2006.01) HO01Q 13/10 (2006.01) fornia 94043-1351 (US).
HOIG VASQU06OD)  HOIQZECUS0N () ngent SULLIVAN, Timothy P.ct s 1100 Pescire
' Street NE, Suite 2800, Mailstop: [P Docketing - 22, Atlanta,

(21) International Application Number: Georgia 30309 (US).

PCT/US2024/034073 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
14 June 2024 (14.06.2024) AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(25) Filing Language: English CA, CH, CL,CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, K G,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,

(30) Priority Data: MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA.,

63/508,610 16 June 2023 (16.06.2023) US NG. NI NO, NZ. OM., PA, PE, PG, PH. PL. PT, QA RO.
(71) Applicant: GOOGLE LLC [US/US]; 1600 Amphitheatre RS,RU,RW, SA, SC, 8D, SE, SG, 8K, SL, ST, SV, §Y, TH,
Parkway, Mountain View, California 94043 (US). TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,

. ZA, ZM, ZW.
(72) Inventors: CHEN, Huanyu; 1600 Amphitheatre Parkway,

Mountain View, California 94043-1351 (US). HUYNH,

(54) Title: ANTENNA INCORPORATION WITHIN A DEVICE HAVING A NARROW DISPLAY BEZEL

300

120 N
R J
EQB
FIG. 3

(57) Abstract: Various arrangements for positioning antennas, grounds, and a decoupling element are described herein. A display is
mounted within a first area of an enclosure of the electronic device. A first antenna and second antenna that operate at one or more
frequency bands are mounted within the enclosure. A decoupling element is mounted within a cavity area of the enclosure that, at least
partially, isolates the first antenna from the second antenna, wherein a position of the decoupling element defines a common edge of
a first cavity area that includes the first antenna and a second cavity area that includes the second antenna, and a first length of the
decoupling element is less than a second length of the common edge.

[Continued on next page]



WO 2024/259280 A |10} 00 00000000 OO0 0 O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR,LS, MW, MZ,NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2024/259280 PCT/US2024/034073

Antenna Incorporation within a Device having a Narrow Display Bezel

CROSS REFERENCES TO RELATED APPLICATIONS
[0001] This Application claims priority to U.S. Provisional Patent Application No. 63/508,610
entitled “Antenna Incorporation within a Device having a Narrow Display Bezel,” filed on June

16, 2023, the entire disclosure of which is hereby incorporated by reference for all purposes.

BACKGROUND
[0002] Flectronic devices, such as tablet computing devices and mobile phones, include one or
more antennas for use in wireless communication. For example, the electronic devices may include
functionality to communicate using one or more WiFi bands (e.g., 2.4 GHz, 5 GHz). It can be
difficult, however, to incorporate antennas in today’s electronic devices. Many electronic devices
have metal structures with limited space to place the antennas. Further, degradation of the
performance and efficiency of the antennas may result from proximity of the antennas to certain
components (e.g., battery, metal plate), which can interfere with the electric signals on the
antennas. Still yet, some electronic devices may have metal enclosures, without an antenna

window, that can significantly degrade antenna signals.

SUMMARY
[0003] Various embodiments for antenna incorporation within an electronic device are described
herein. Using techniques described herein, the performance and efficiency of antennas placed in
close proximity to each other within an electronic device having a narrow display bezel can be

improved compared to prior techniques.

[0004] A system of one or more computers can be configured to perform particular operations or
actions by virtue of having software, firmware, hardware, or a combination of them installed on
the system that in operation causes or cause the system to perform the actions. One or more
computer programs can be configured to perform particular operations or actions by virtue of
including instructions that, when executed by data processing apparatus, cause the apparatus to
perform the actions. One general aspect includes an electronic device. According to some
examples, the electronic device also includes an enclosure. According to some examples, the
device also includes a display mounted on top of the enclosure. According to some examples, the
device also includes a first antenna mounted within the enclosure, where the first antenna operates
at one or more first frequency bands. According to some examples, the device also includes a
second antenna mounted within the enclosure, where the second antenna operates at one or more
second frequency bands. According to some examples, the device also includes a decoupling
element mounted within a cavity area of the enclosure that, at least partially, isolates the first
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antenna from the second antenna, where a position of the decoupling element defines a common
edge of a first cavity area that includes the first antenna and a second cavity area that includes the
second antenna, and a first length of the decoupling element is less than a second length of the
common edge. Other embodiments of this aspect include corresponding computer systems,
apparatus, and computer programs recorded on one or more computer storage devices, each

configured to perform the actions of the methods.

[0005] Implementations may include one or more of the following features. The electronic
device where the enclosure is a metal enclosure that is absent of an antenna window. The first
antenna and the second antenna are mounted beneath a display bezel. The display bezel is less than
10 mm wide, and where the first antenna is mounted near a first corner of the enclosure and the
second antenna is mounted near a second corner of the enclosure. The grounding elements are
positioned to ground the display and are positioned within the enclosure based, at least in part, on
at first location of the first antenna, or a second location of the second antenna. The one or more
grounding elements are further positioned based on a determination of a first strength of a first
current of the first antenna at the first location within the electronic device and a second strength of
a second current of the second antenna at the second location within the electronic device. The one
or more grounding elements may include one or more of a fabric over foams (FoF), a spring, or a
screw. The decoupling element is positioned beneath the display and between the first antenna and
the second antenna based, at least in part, on one or more antenna isolation measurements. The
first antenna and the second antenna are slot antennas. Implementations of the described
techniques may include hardware, a method or process, or computer software on a computer-

accessible medium.

[0006] One general aspect includes a system. According to some examples, the system also
includes an electronic device that includes a metal enclosure. According to some examples, the
system also includes a display mounted on the metal enclosure of the electronic device. According
to some examples, the system also includes a first antenna mounted within a first area of the
electronic device, where the first antenna operates at one or more of a 2.4 GHz frequency band and
a 5 GHz frequency band. According to some examples, the system also includes a second antenna
mounted within the first area of the electronic device, where the first antenna operates at one or
more of a 2.4 GHz frequency band and a 5 GHz frequency band. According to some examples, the
system also includes a decoupling element mounted within the first area of the metal enclosure
that, at least partially, isolates the first antenna from the second antenna, where a position of the
decoupling element defines a common edge of a first cavity area that includes the first antenna and
a second cavity area that includes the second antenna, and a first length of the decoupling element
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is less than a second length of the common edge. Other embodiments of this aspect include
corresponding computer systems, apparatus, and computer programs recorded on one or more

computer storage devices, each configured to perform the actions of the methods.

[0007] Implementations may include one or more of the following features. The system where
the enclosure is absent of an antenna window. The first antenna and the second antenna are
mounted beneath the display bezel. The grounding elements are positioned to ground the display
and are positioned within the metal enclosure based, at least in part, on at first location of the first
antenna, or a second location of the second antenna. The one or more grounding elements are
further positioned based on a determination of a first strength of a first current of the first antenna
at the first location within the electronic device and a second strength of a second current of the
second antenna at the second location within the electronic device. The one or more grounding
elements may include one or more of a fabric over foams (FoF), a spring, or a screw. The
decoupling element is positioned beneath the display and between the first antenna and the second
antenna based, at least in part, on one or more antenna isolation measurements. The first antenna
and the second antenna are slot antennas. Implementations of the described techniques may

include hardware, a method or process, or computer software on a computer-accessible medium.

[0008] One general aspect includes a method for incorporating antennas within an electronic
device. According to some examples, the method also includes determining a first location to
mount a first antenna within an enclosure of the electronic device. According to some examples,
the method also includes determining a second location to mount a second antenna within the
enclosure. According to some examples, the method also includes determining a third location to
mount a decoupling element within the enclosure, where the decoupling element at least partially
isolates the first antenna from the second antenna by defining a common edge of a first cavity area
that includes the first antenna and a second cavity area that includes the second antenna, and a first
length of the decoupling element is less than a second length of the common edge. According to
some examples, the method also includes mounting the first antenna, the second antenna, and the
decoupling element within the enclosure. Other embodiments of this aspect include corresponding
computer systems, apparatus, and computer programs recorded on one or more computer storage

devices, each configured to perform the actions of the methods.

[0009] Implementations may include one or more of the following features. The method may
include determining grounding locations to mount one or more grounding elements within the
enclosure, where the determining is, based at least in part on the first location of the first antenna

and the second location of the second antenna. Determining the grounding locations is further
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based on a determination of a first strength of a first current of the first antenna at the first location
within the electronic device and a second strength of a second current of the second antenna at the
second location within the electronic device. Implementations of the described techniques may

include hardware, a method or process, or computer software on a computer-accessible medium.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] A further understanding of the nature and advantages of various embodiments may be
realized by reference to the following figures. In the appended figures, similar components or
features may have the same reference label. Further, various components of the same type may be
distinguished by following the reference label by a dash and a second label that distinguishes
among the similar components. If only the first reference label is used in the specification, the
description is applicable to any one of the similar components having the same first reference label

irrespective of the second reference label.

[0011] FIG. 1 illustrates a top view of an electronic device that includes antennas.

[0012] FIG. 2 illustrates a top view of an electronic device that has a narrow display bezel.
[0013] FIG. 3 illustrates a top view of an electronic device that includes two antennas.

[0014] FIG. 4 illustrates a view that shows different components located within the enclosure of

the electronic device.

[0015] FIG. 5 shows a top view of an electronic device, without the bezel, in which a display is

placed over the two cavity areas.

[0016] FIG. 6 shows a sectional view of the electronic device of FIG. 3, taken along section line

10-10 that includes display grounding foam in a compressed state.

[0017] FIG. 7 illustrates a top view of the electronic device of FIG. 4 that shows a location of an

antenna and decoupling element within the electronic device.

[0018] FIG. 8 illustrates a method that may be used to incorporate antennas within a device

having a narrow display bezel.
[0019] FIG. 9 shows some components of an electronic computing device, such as a tablet.

DETAILED DESCRIPTION
[0020] As briefly described above, many electronic devices (e.g., tablets, phones, gaming
devices, televisions, monitors, ...) include limited space to mount antennas as well as having other

features (e.g., metal enclosures, narrow bezels, no antenna window, ...) that can negatively impact
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the performance of antennas. Using techniques described herein, the performance and efficiency of
antennas can be improved using low-cost solutions that are adaptable to a large number of

electronic devices.

[0021] In some configurations, antennas can be mounted underneath a narrow bezel (e.g., less
than 10 mm, 12 mm, ...) near an edge of the device. According to some examples, a first antenna
1s mounted underneath the bezel near a first corner of the electronic device, and a second antenna
is located underneath a bezel near a second corner of the electronic device. Mounting the antennas
underneath the bezel and near the edge of the device can help improve the performance of the
antennas due to the radiation of the antenna signals to the ambient environment outside of the

enclosure.

[0022] According to some configurations, placement of one or more grounding elements in
proximity to the antennas can be based on a determination that identifies the location near each of
the antennas where the current associated with a particular frequency band is the strongest. For
example, a determination using testing and/or simulating of an antenna can be made to identify a
possible location of one or more grounding elements (e.g., grounding foam, spring, ...) to increase
the efficiency of the antenna. This determination can be made for each of the other antennas
included within the electronic device. Generally, the grounding elements are placed within the
enclosure to improve the performance of the antennas such that the antennas radiate primarily to
the ambient environment outside of the enclosure rather than radiating into the space within the

enclosure.

[0023] Using techniques described herein, a decoupling element is placed within the enclosure
that is between the first antenna and the second antenna. The decoupling element may be a
grounding element (e.g., grounding foam, spring) that is directed at isolating the first antenna
within a first from the second antenna. In some examples, the decoupling element is positioned
within a cavity area of the enclosure that includes both the first antenna and the second antenna. In
contrast to prior solutions, the decoupling element does not need to extend across the entire cavity
area to isolate the different antennas. Instead, the decoupling element may cover/extend only over
a small portion (e.g., 5%, 10%, ...) of the cavity area to create a first cavity area for the first
antenna, and a second antenna for the second antenna. According to some examples, the
decoupling element is an off-the-shelf element such as but not limited to one or more fabric over
foams (FoF), springs, or screws. Using an off-the-shelf element as decoupling element can result
in significant cost savings as compared to creating a custom machined solution or using some

other more expensive decoupling element.
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[0024] In some examples, the size and/or location of the decoupling element can be based on a
determination that identifies the location near the antenna(s) where the current associated with a
particular frequency band is the strongest. For example, testing and/or simulating can be made to
determine a ratio between the power incident upon the first antenna and the power delivered to the
second antenna to identify a possible location and size of one or more decoupling elements to
increase the isolation of the antennas. Generally, the decoupling element 110 is placed near the
middle of the cavity area and at least partially isolates the first antenna from the second antenna
such that the interference between the first antenna and the second antenna is reduced as compared
to not including a decoupling element to form the different cavity areas that include an antenna.
The use of a smaller decoupling element is a very low-cost solution, as compared to having to
machine the enclosure to divide the cavity area, and/or use more costly larger grounding elements.
Placing a smaller decoupling element is also easier since there may be many other components that

are located near the decoupling element.

[0025] FIG. 1 illustrates a top view 100 of an electronic device 120 that includes antennas. In
some examples, the electronic device 120 may be a tablet, a phone, a gaming device, a television, a
monitor, or some other device that includes antennas, such as slot antennas. As illustrated, the
electronic device 120 includes two antennas, a first antenna 102A and a second antenna 102B. In
the current example, the first antenna 102A and the second antenna 102B are multiple band
antennas that emit radiation from the enclosure. According to some configurations, the electronic
device 120 has a metal enclosure that does not include an antenna window. As used herein, the
term “metal enclosure” refers to the bottom portion of an electronic device that is all metal and
extends to where the display module is mounted on top of the enclosure. In some cases, the back

of the display (not seen by the user) may be primarily metal.

[0026] As illustrated, the electronic device 120 includes two antennas that can operate at
multiple bands (e.g., 2.4 GHz, 5 GHz, 6 GHz bands). The antennas 102, such as the first antenna
102A and the second antenna 102B, however, may include any suitable structure that enables
single or multi-band functionality. While two antennas are illustrated, more or fewer antennas may

be included in other examples.

[0027] The electronic device 120, as illustrated, includes grounding elements, such as grounding
foam 104A used for grounding the display (See 204 of FIG. 2) located proximate to first antenna
102A and display grounding foam 104B located proximate to second antenna 102B. Generally,
slot antennas are grounded to floating metals at different grounding positions to improve antenna

efficiencies. Generally, conductive fabric over foams (FoF), or spring contacts are placed near the
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antenna, or even surrounding the whole antenna, to help ensure that FoFs and springs provide

efficient grounding conditions.

[0028] In many cases, the location where antennas are located, as well as other components,
such as grounding elements, within the enclosure of the electronic device 120 is limited. The
placement of the grounding foams 104 can also affect the performance of the antennas. Placement
of the grounding foams 104 need sufficient space and height within the electronic device 120. In
some cases, to prevent the grounding foams 104 from applying to much force on the ICs and to
limit the force applied to the display module, one or more grounding foams 104 may be limited in
size and placed farther away from the antennas than desired. Placing the grounding foam 104
farther away from the antenna 102 can result in the energy from the antenna 102 to radiate to other

directions in the enclosure rather than radiating into the ambient environment.

[0029] According to some configurations, testing and/or simulating can be used to determine the
placement of the grounding foams. In some examples, the testing and/or simulating includes
identifying the location near each of the antennas where the current associated with a particular
frequency band is the strongest. Generally, the grounding elements are placed within the enclosure
to improve the performance of the antennas such that the antennas radiate primarily to the ambient

environment outside of the enclosure rather than radiating into the space within the enclosure

[0030] Further, the antennas 102 within the enclosure can interfere with each other. Using
techniques described herein, a decoupling element 110 is placed within the enclosure in a space
between the first antenna 102A and the second antenna 102B. The decoupling element 110 is
directed at isolating the antennas 102 and thereby increasing the efficiency of the antennas 102

when they are placed in proximity to each other.

[0031] In some configurations, the antenna system illustrated includes two antennas 102
positioned proximate to the same side of an electronic device 120 underneath a display bezel 130,
which may be referred to herein as “bezel 130” and that includes the decoupling element 110 (e.g.,
decoupling conductive foam) that is placed in the space between the two antennas. Using the
antenna system described herein, an electronic device 120 having a metal enclosure can utilize two
antennas in close proximity to each other at an increased efficiency and performance as compared

to prior techniques for incorporating antennas into an electronic device.

[0032] In some examples, one or more decoupling elements 110 are positioned between
different antennas 102 that are mounted within the enclosure. According to some configurations, a
conductive foam is used as the decoupling element to decouple/isolate the different antennas 102.

In other examples, the decoupling element 110 may be a metal spring clip, and/or some other
7



10

15

20

25

30

WO 2024/259280 PCT/US2024/034073

material could that is directed at isolating the antennas. In some examples, the decoupling element

can be compressed when the display component is placed on top of the decoupling element 110.

[0033] As illustrated, decoupling element 110 is positioned within an area 106 such that two
different areas are formed (See FIG. 3 and related discussion). The decoupling element 110 assists

in isolating the different antennas, such as first antenna 102A and second antenna 102B.

[0034] Antenna isolation is a measure of a ratio between the power incident upon a first antenna
and the power delivered to a second antenna. Good isolation, therefore, results in uncorrelated
transmission and reception of electric signals on both antennas. Poor isolation between antennas
can significantly reduce performance and efficiency of the antennas. As illustrated, antennas can
be incorporated in an electronic device 120, as well as other devices that have metal enclosures
and/or other materials that can impact antenna operation. Using the antenna system described
herein, an electronic device having a full metal enclosure can utilize two antennas in close

proximity to each other.

[0035] Inthe current example, the electronic device 120 includes a metal enclosure in which
different components of the electronic device are located. As illustrated, a first antenna 102A is
placed near a first top corner of the electronic device 120, and a second antenna 102B is placed
near a second bottom corner of the electronic device. In the illustrated example, the second corner
is the corner of the electronic device that is directly below the first corner. In other examples, the
antennas 102 can be placed at other locations within the enclosure of the electronic device 120. As
can be seen by referring to FIG. 1, there are different electrical components, such as first speaker,

and a second speaker, placed within the cavity near the antennas.

[0036] FIG. 2 illustrates a top view 200 of an electronic device that has a narrow display bezel
130. As illustrated, an electronic device, such as electronic device 120, has a display bezel 130 that
surrounds the display 204. In the current example, the display bezel is a narrow width that is
defined by outside line 210 (which can correspond to an edge of display bezel 130) and inside line
212 (e.g., less than 10 mm, 12 mm, ...), which can correspond to an edge of display 204.
According to some configurations, the display 204 may be disposed on top of a metal enclosure
that does not include an antenna window. The absence of an antenna window, in some cases, can
result in decreased performance and efficiency of an antenna. Additionally, as discussed above, the
performance and efficiency of antennas 102 can be degraded from proximity of the antennas to
certain components (e.g., battery, metal plate), which can interfere with the electric signals on the

antennas.



10

15

20

25

30

WO 2024/259280 PCT/US2024/034073

[0037] Using techniques described herein, the performance and efficiency of antennas mounted
in close proximity to each other within a metal enclosure that does not include an antenna can be
improved compared to prior solutions. By mounting the antennas underneath the bezel and
measuring/simulating the antennas with grounding elements at different possible locations, the
performance of the antennas improves such that the antennas radiate primarily to the ambient
environment outside of the enclosure rather than radiating into the space within the enclosure.
Further improving the performance of the antennas is the placement of the decoupling element
between the two antennas to improve isolation. Instead of machining the enclosure to have
separate cavity areas that are totally enclosed for each of the different antennas, a low-cost
decoupling element such as grounding foam 104 may cover/extend only over a small portion (e.g.,

5%, 10%, ...) of the cavity area to create isolation between the antennas.

[0038] FIG. 3 illustrates a top view 300 of an electronic device, such as electronic device 120,

that includes two antennas 102. The top view 300 includes a section line 10-10, which corresponds
to the sectional view in FIG. 6. In the illustrated example, the first antenna 102A is located beneath
the display bezel 130 near a top corner of the electronic device 120 and the second antenna 102B is

located beneath the display bezel 130 near a bottom corner of the electronic device 120.

[0039] As illustrated, the first antenna 102A is positioned within a first cavity area 304A that
may/may not include other components (e.g., speakers, input/output ports, ...). The second
antenna 102B is positioned within a cavity area 304B that may/may not include other components
(e.g., speakers, input/output ports, ...). In some examples, the antennas are Multiple-In Multiple-
Out (MIMO) wireless-fidelity antennas (e.g., 2x2 highly efficient MIMO triband antennas, Wi-Fi
2.4GHz, 5GHz, 6GHz) placed within open cavities formed between a display (e.g., narrow display
bezel) and an enclosure (e.g., metal disclosure) of a user equipment (UE), such as a tablet) and no
antenna window is visible on the surface of the UE. In other examples, different types of antennas

can be used.

[0040] According to some examples, a decoupling element 110, such as but not limited to
decoupling foam, is placed such that the two different cavity areas 304A and 304B are formed
from a single cavity area (the area that includes cavity area 304A and cavity area 304B) such that
the first antenna 102A is isolated from the second antenna 102B. Generally, the decoupling
element 110 at least partially isolates the first antenna from the second antenna such that the
interference between the first antenna and the second antenna is reduced as compared to not
including a decoupling element 110 to form the different cavity areas. According to some

examples, the decoupling element 110 is an off-the-shelf element such as but not limited to one or
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more fabric over foams (FoF), springs, or screws. Using an off-the-shelf element as decoupling
element 110 can result in significant cost savings as compared to creating a custom machined

solution or using some other more expensive decoupling element.

[0041] In contrast to incorporating a solid dividing wall into the element of the enclosure to form
different cavity areas to include different antennas 102, the decoupling element (e.g., foam) saves
costs, and can extend over just a portion (e.g., 5% - 95%) of the dividing area (as indicated by
element 314). Generally, the decoupling element 110 is placed near the center of the single cavity.
According to some configurations, the dividing area may be based on positioning of other
components within the single cavity area. For example, if there is not space to position the
decoupling element 110 in the center of the single cavity area, then the decoupling element may be

placed off center.

[0042] In some examples, the size and/or location of the decoupling element can be based on a
determination that identifies the location near the antenna(s) where the current associated with a
particular frequency band is the strongest. For example, testing and/or simulating can be made to
determine a ratio between the power incident upon the first antenna and the power delivered to the
second antenna to identify a possible location and size of one or more decoupling elements to
increase the isolation of the antennas. In some examples, the decoupling element 110 may extend
only over a small portion of the dividing area (e.g., 5%, 10%, 20%, ...). In other examples, the
decoupling element 110 may extend over a larger portion of the dividing area (e.g., 50%, 60%,
90%). Stated another way, the two different cavity areas 304A and 304B are not completely
physically separated from each other.

[0043] In some configurations, display grounding foam 104A can be placed near the first
antenna 102A and display grounding foam 104B can be placed near the second antenna 102B. The
display grounding foams 104A and 104B couple to a display (See FIG. 2) that covers the top of the
electronic device. In other configurations, there may be more than two display grounding foams
104. According to some examples, the display grounding foam 104A and the display grounding
foam 104B are located such that each antenna operates more efficiently as compared to if the
display grounding foams were not located near the antenna. In other examples, as briefly discussed
above, the display grounding foams may need to be positioned differently depending on

constraints associated with the electronic device 120.

[0044] FIG. 4 illustrates a view 400 that shows different components located within the

enclosure of the electronic device. FIG. 4 is similar to FIG. 3 but includes a view of different
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components within cavity area 304A and 304B, as well as different components that are outside of

the cavity areas.

[0045] In some examples, a speaker element 402A and one or more other components 404 may
be placed within cavity area 304A and a speaker element 402B and one or more other components
408 may be placed within cavity area 304B. In other examples, other types of components may be

placed within one or more of the cavity areas.

[0046] Depending on the placement of these different components, the locations of the antennas
102, as well as the grounding foams 104 may be positioned differently than illustrated within the

current examples.

[0047] FIG. 5 shows a top view 500 of an electronic device 120, without the bezel 130, in which
a display 204 is placed over the two cavity areas. As can be seen, the display 204 covers the
decoupling element 110, and the grounding foams 104A and 104B. In the current example, the
location of the first antenna 102A and the second antenna 102B are located outside of the area of

the display 204 and are located under the bezel.

[0048] FIG. 6 shows a sectional view of the electronic device of FIG. 3, taken along section line
10-10, that includes display grounding foam in a compressed state. As can be seen by referring to

FIG. 6, the grounding foam 104 is illustrated in a compressed state.

[0049] FIG. 7 illustrates a top view of the electronic device of FIG. 4 that shows a location of an
antenna 102A and a decoupling element 110 within the electronic device. FIGs. 7 shows
additional components located within the enclosure of the electronic device. As can be seen, cavity

area 304 A and cavity area 304B are created by the placement of decoupling element 110.

[0050] Various methods may be performed using the systems, states, and arrangements detailed
in relation to FIGS. 1-7. FIG. 8 illustrates a method 800 that may be used to incorporate antennas

102 within a device having a narrow display bezel 130.

[0051] At 802, the location of antennas within an electronic device are determined. As discussed
above, in some examples, the electronic device 120 has a metal enclosure that does not include an
antenna window and has a narrow display bezel. The antennas 102 are configured to emit radiation
from the enclosure. In some examples, antennas 102 are antennas that can operate at one or more
bands (e.g., 2.4 GHz, 5 GHz, 6 GHz bands). As discussed above, a decoupling element 110 is used
to improve the efficiency of the antennas 102 included within the device. The location of the
antennas 102 can also be based on other constraints, such as but not limited to physical constraints

of the electronic device 120.

11
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[0052] At 804, the display grounding locations are determined. As discussed above, grounding
foam 104 may be positioned to improve the efficiency of an antenna at one or more frequency
bands (e.g., 2.4 GHz, 5 GHz, 6 GHz, and the like ). In some cases, a first grounding foam 104A is
positioned adjacent to a first antenna 102, and a second grounding foam 104B is positioned
adjacent to a second antenna 102B. In some examples, a determination is made to identify the
location near the antenna(s) where the current associated with a particular frequency band is the
strongest. For example, a determination using testing and/or simulating of an antenna can be made
to determine a location of the ground to increase the efficiency of antenna 102 at or near the
desired frequency or frequencies. The location of the grounding foam 104, or some other
grounding element such as a spring or screw, can also be based on other constraints, such as but

not limited to physical constraints of the electronic device 120.

[0053] At 806, a location of one or more decoupling elements 110 is determined. As discussed
above, the decoupling element 110 is directed at increasing the efficiency of the antennas 102
when they pare placed in proximity to each other. According to some examples, a decoupling
element 110, such as but not limited to decoupling foam, is placed such that the two different
cavity areas 304A and 304B are formed from a single cavity area (the area that includes cavity
area 304A and cavity area 304B) such that the first antenna 102A is isolated from the second
antenna 102B.

[0054] At 808, the antennas 102, grounding foam 104, and decoupling element 110 are mounted
at the determined locations. As discussed above, the antennas 102 may be positioned underneath
the bezel of the display, and the grounding foam 104 may be placed underneath the display near
the antenna and the bezel. In some examples, the decoupling element 110 is located between the

antennas.

[0055] FIG. 9 shows some components of an electronic computing device 140, such as a tablet.
Specifically, device 140 include: wireless interfaces 142; antenna(s) 144, and processing system
146. As illustrated in different drawings, the device 140 may have many other components, such

as but not limited to microphones, speakers, a metal enclosure, a display, a bezel, and the like.

[0056] Computing device 140 includes wireless interface 142 and processing system 146.
Examples of computing device 140 can include: a smartphone; a desktop, laptop, or tablet
computer; a gaming device; a smart television; a digital music player device; a smartwatch; smart
glasses; an augmented reality or a virtual reality headset; or any other device. Computing device
140 includes wireless interface 142, which can wirelessly communicate with other devices, using

one or more types of communication protocols. Processing system 146 may include one or more

12
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special-purpose or general-purpose processors. Such special-purpose processors may include
processors that are specifically designed to perform the functions of the components detailed

herein, such as detailed in relation to processing systems 126.

[0057] Having described several example configurations, various modifications, alternative

constructions, and equivalents may be used without departing from the spirit of the disclosure. For
example, the above elements may be components of a larger system, wherein other rules may take
precedence over or otherwise modify the application of the invention. Also, a number of steps may

be undertaken before, during, or after the above elements are considered.

13
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WHAT IS CLAIMED I8S:

1. An electronic device, comprising:
an enclosure;
a display mounted on top of the enclosure;
a first antenna mounted within the enclosure, wherein the first antenna operates at
one or more first frequency bands;
a second antenna mounted within the enclosure, wherein the second antenna
operates at one or more second frequency bands; and
a decoupling element mounted within a cavity area of the enclosure that, at least
partially, isolates the first antenna from the second antenna, wherein
a position of the decoupling element defines a common edge of a first cavity
area that includes the first antenna and a second cavity area that includes the second
antenna, and
a first length of the decoupling element is less than a second length of the

common edge.

2. The electronic device of claim 1, wherein the enclosure is a metal enclosure

that is absent of an antenna window.

3. The electronic device of claim 1, wherein the first antenna and the second

antenna are mounted beneath a display bezel.

4. The electronic device of claim 3, wherein the display bezel is less than 10
mm wide, and wherein the first antenna is mounted near a first corner of the enclosure and the

second antenna is mounted near a second corner of the enclosure.

5. The electronic device of claim 1, further comprising one or more grounding
elements, wherein the grounding elements are positioned to ground the display and are positioned
within the enclosure based, at least in part, on at first location of the first antenna, or a second

location of the second antenna.

6. The electronic device of claim 5, wherein the one or more grounding
elements are further positioned based on a determination of a first strength of a first current of the
first antenna at the first location within the electronic device and a second strength of a second

current of the second antenna at the second location within the electronic device.

14
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7. The electronic device of claim 5, wherein the one or more grounding

elements comprise one or more of a fabric over foams (FoF), a spring, or a screw.

8. The electronic device of claim 1, wherein the decoupling element is
positioned beneath the display and between the first antenna and the second antenna based, at least

in part, on one or more antenna isolation measurements.

9. The electronic device of claim 1, wherein the first antenna and the second

antenna are slot antennas.

10. A system, comprising:

an electronic device that includes a metal enclosure;

a display mounted on the metal enclosure of the electronic device;

a first antenna mounted within a first area of the electronic device, wherein the first
antenna operates at one or more of a 2.4 GHz frequency band and a 5 GHz frequency band,

a second antenna mounted within the first area of the electronic device, wherein the
first antenna operates at one or more of a 2.4 GHz frequency band and a 5 GHz frequency band,
and

a decoupling element mounted within the first area of the metal enclosure that, at
least partially, isolates the first antenna from the second antenna, wherein a position of the
decoupling element defines a common edge of a first cavity area that includes the first antenna and
a second cavity area that includes the second antenna, and a first length of the decoupling element

is less than a second length of the common edge.

11. The system of claim 10, wherein the enclosure is absent of an antenna

window.

12 The system of claim 10, further comprising a display bezel that is less than
10 mm wide, and wherein the first antenna and the second antenna are mounted beneath the

display bezel.

13. The system of claim 10, further comprising one or more grounding
elements, wherein the grounding elements are positioned to ground the display and are positioned
within the metal enclosure based, at least in part, on at first location of the first antenna, or a

second location of the second antenna.

14, The system of claim 13, wherein the one or more grounding elements are

further positioned based on a determination of a first strength of a first current of the first antenna
15
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at the first location within the electronic device and a second strength of a second current of the

second antenna at the second location within the electronic device.

15. The system of claim 13, wherein the one or more grounding elements

comprise one or more of a fabric over foams (FoF), a spring, or a screw.

16. The system of claim 10, wherein the decoupling element is positioned
beneath the display and between the first antenna and the second antenna based, at least in part, on

one or more antenna isolation measurements.

17.  The system of claim 10, wherein the first antenna and the second antenna

are slot antennas.

18. A method for incorporating antennas within an electronic device,
comprising:

determining a first location to mount a first antenna within an enclosure of the
electronic device;

determining a second location to mount a second antenna within the enclosure;

determining a third location to mount a decoupling element within the enclosure,
wherein the decoupling element at least partially isolates the first antenna from the second antenna
by defining a common edge of a first cavity area that includes the first antenna and a second cavity
area that includes the second antenna, and a first length of the decoupling element is less than a
second length of the common edge; and

mounting the first antenna, the second antenna, and the decoupling element within

the enclosure.

19. The method of claim 18, further comprising determining grounding
locations to mount one or more grounding elements within the enclosure, wherein the determining
is, based at least in part on the first location of the first antenna and the second location of the

second antenna.

20. The method of claim 19, wherein determining the grounding locations is
further based on a determination of a first strength of a first current of the first antenna at the first
location within the electronic device and a second strength of a second current of the second

antenna at the second location within the electronic device.
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