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cover at the first metallic portion and a second end portion crossing the first end portion and electrically coupled to the metallic
cover at the second metallic portion. The metallic cover and the conductor form a coupler configured to wirelessly recelve power
sufficient to charge or power a load of the apparatus from a wireless power transmitter.
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cover for combined wireless power transter, cellular, WiF1, and GPS
communications are provided. In one aspect, an apparatus for wirelessly
coupling with other devices comprises a metallic cover comprising a first
metallic portion separated by a first non-conductive portion from a
second metallic portion of the metallic portion to define a first slot. The
apparatus turther comprises a conductor comprising a first end portion
clectrically coupled to the metallic cover at the first metallic portion and a
second end portion crossing the first end portion and electrically coupled
to the metallic cover at the second metallic portion. The metallic cover
and the conductor form a coupler configured to wirelessly receive power
sufficient to charge or power a load of the apparatus from a wireless
power transmitter.
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METAL BACK COVER WITH COMBINED WIRELESS POWER TRANSFER
AND COMMUNICATIONS

FIELD

[0001] Certain aspects of the present disclosure generally relate to wireless
communications, and more particularly, to systems, apparatus and methods for a
scamless metal back cover for combined wireless power transfer, cellular, WiF1, and

oglobal positioning system (GPS) communications.

BACKGROUND

[0002] Designs for mobile communication devices may include a metal back cover.
Wireless power charging systems may provide the ability to charge and/or power
clectronic devices without physical, electrical connections, thus reducing the number of
components required for operation of the electronic devices and simplifying the use of
the electronic device. As i1t 1s desirable to incorporate wireless power circuitry into
various portable electronic devices, systems, apparatus and methods for combined
wireless power transfer, cellular, WiFi1, and GPS communications in a device with a

metal back cover are desirable.

SUMMARY

[0003] Various implementations of systems, methods and devices within the scope of
the appended claims cach have several aspects, no single one of which 1s solely
responsible for the desirable attributes described herein. Without limiting the scope of
the appended claims, some prominent features are described herein.

[0004] Details of one or more implementations of the subject matter described in this
specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages will become apparent from the description, the
drawings, and the claims. Note that the relative dimensions of the following figures
may not be drawn to scale.

[0005] One aspect of the disclosure provides an apparatus for wirelessly coupling with
other devices. The apparatus includes a metallic cover including a first metallic portion
separated by a first non-conductive portion from a second metallic portion of the

metallic cover to define a first slot. The apparatus further includes a conductor
]
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comprising a first end portion electrically coupled to the metallic cover at the first
metallic portion and a second end portion crossing the first end portion and electrically
coupled to the metallic cover at the second metallic portion. The metallic cover and the
conductor form a coupler configured to wirelessly receive power sufficient to charge or
power a load of the apparatus from a wireless power transmitter.

[0006] Another aspect of the disclosure provides a method for wirelessly coupling an
clectronic device with other devices. The method includes wirelessly receiving power
sufficient to charge or power a load of the electronic device via a coupler comprising a
metallic cover having a first metallic portion separated by a first non-conductive portion
from a second metallic portion to define a first slot and a conductor. The conductor
includes a first end portion electrically coupled to the metallic cover at the first metallic
portion. The conductor includes a second end portion crossing the first end portion and
clectrically coupled to the metallic cover at the second metallic portion. The method
further includes wirelessly recerving communications data via an antenna comprising at
least a portion of the metallic cover and at least a portion of the conductor.

[0007] Another aspect of the disclosure provides an apparatus for wirelessly coupling
power via a magnetic field generated by a transmitter. The apparatus includes a metallic
portion configured to form a portion of a housing. The apparatus further includes a
conductor having at least one turn and having a portion electrically separated from the
metallic portion to form a gap between the conductor and the metallic portion, the
conductor configured to inductively couple power via the magnetic field and provide
clectrical current to a receive circuit to charge or power a load of the apparatus. A first
slot antenna 1s formed based on the gap between the conductor and the metallic portion.

[0008] Another aspect of the disclosure provides an apparatus for wirelessly coupling
with other devices. The apparatus includes electrically conductive means for encasing a
portion of the apparatus, the clectrically conductive means including a first metallic
portion separated by a first non-conductive portion from a second metallic portion of the
electrically conductive means to define a first slot. The apparatus further comprises
means for conductive electrical current comprising a first end portion electrically
coupled to the electrically conductive means at the first metallic portion and a second
end portion crossing the first end portion and electrically coupled to the electrically
conductive means at the second metallic portion. The electrically conductive means and

the means for conducting electrical current forming means for wirelessly receiving
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power sufficient to charge or power a load of the apparatus from a wireless power
transmitter.

[0009] Another aspect of the disclosure provides an apparatus for wirelessly coupling
power via a magnetic field generated by a transmitter. The apparatus includes
clectrically conductive means for housing one or more device electronics. The apparatus
further includes means for conducting electrical current having at least one turn and
having a portion electrically separated from the electrically conductive means to form a
gap between the means for conducting electrical current and the electrically conductive
means, the means for conducting electrical current configured to inductively couple
power via the magnetic field and provide electrical current to a receive circuit to charge
or power a load. A means for wirelessly receiving communications formed based on the
gap between the means for conducting electrical current and electrically conductive

means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 1llustrates an example of a communication system in which aspects of the
present disclosure may be employed.

[0011] FIG. 2 illustrates various components that may be utilized 1in a device that may
be employed within the communication system of FIG. 1.

[0012] FIG. 3 1s a functional block diagram of a wireless power transfer system, in
accordance with an exemplary implementation.

[0013] FIG. 4 1s a functional block diagram of a wireless power transfer system, in
accordance with another exemplary implementation.

[0014] FIG. 5 1s a schematic diagram of a portion of the transmit circuit or the receive
circuit of FIG. 4 including a transmit coupler or a recerve coupler, in accordance with an
exemplary implementation.

[0015] FIG. 6 1llustrates a top view of a metallic back cover for the device of FIG. 2, 1n
accordance with some implementations.

[0016] FIG. 7 1llustrates an 1sometric view of another metallic back cover for the device
of FIG. 2, 1n accordance with some other implementations.

[0017] FIG. 8 1s a graph depicting a frequency response of the metallic cover and wire

of FIG. 6 without the first or second slots, in accordance with some implementations.
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[0018] FIG. 9 1s a graph depicting a frequency response of the metallic cover and wire
of FIG. 6 including the second slot, 1n accordance with some other implementations.

[0019] FIG. 10 1s a graph depicting a frequency response of the metallic cover and wire
of FIG. 6 including the first and second slots, in accordance with yet other
implementations.

[0020] FIG. 11 1s a graph depicting another frequency response of the metallic cover
and wire of FIG. 6 including the first and second slots, 1n accordance with yet other
implementations.

[0021] FIG. 12 1s a graph depicting another frequency response of the metallic cover
and wire of FIG. 6 including the first and second slots, 1n accordance with yet other
implementations.

[0022] FIG. 13 1s a graph depicting another frequency response of the metallic cover
and wire of FIG. 6 including the first and second slots and the short-circuit conductors,
in accordance with yet other implementations.

[0023] FIG. 14 1s a graph depicting a frequency response curve of the metallic cover
and wire of FIG. 6 operating as a slot antenna compared to a frequency response curve
of the metallic cover and turns of FIG. 7 operating as a loop antenna, 1n accordance with
some 1implementations.

[0024] FIG. 15 1s a graph depicting a frequency response curve of the metallic cover
and turns of FIG. 7 when not attached to a device as compared to a frequency response
curve of the metallic cover and turns of FIG. 7 when attached to the device, 1n
accordance with some implementations.

[0025] FIG. 16 1s a flow chart for a method for coupling with other devices, 1n

accordance with some implementations.

DETAILED DESCRIPTION

[0026] Various aspects of the novel systems, apparatuses, and methods are described
more fully hereinafter with reference to the accompanying drawings. The teachings of
this disclosure may, however, be embodied 1n many different forms and should not be
construed as limited to any specific structure or function presented throughout this
disclosure. Rather, these aspects are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclosure to those skilled 1n the

art. Based on the teachings herein one skilled 1n the art should appreciate that the scope
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of the disclosure 18 intended to cover any aspect of the novel systems, apparatuses, and
methods disclosed herein, whether implemented independently of or combined with any
other aspect of the invention. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set forth herein. In addition,
the scope of the mvention 1s intended to cover such an apparatus or method which 1s
practiced using other structure, functionality, or structure and functionality in addition
to or other than the various aspects of the invention set forth herein. It should be
understood that any aspect disclosed herein may be embodied by one or more elements
of a claim.

[0027] Although particular aspects are described herein, many variations and
permutations of these aspects fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are mentioned, the scope of the
disclosure 1s not intended to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be broadly applicable to different
wireless technologies, system configurations, access networks, and transmission
protocols, some of which are illustrated by way of example in the figures and 1 the
following description of the preferred aspects. The detailed description and drawings
arc merely 1llustrative of the disclosure rather than limiting, the scope of the disclosure
being defined by the appended claims and equivalents thereof.

[0028] Wireless access network technologies may include various types of wireless
local area access networks (WLANSs) or wide arca networks (WANSs). The various
aspects described herein may apply to any communication standard, such as any
member of the IEEE 802.11 family of wireless protocols (e.g., Wi-F1), cellular
communications (¢.g., long term evolution (LTE), wireless code division multiple
access (WCDMA), global system for mobile communications (GSM)), global
positioning systems (GPS), and the like.

[0029] In some implementations, a WLAN or WAN includes various devices which are
the components that access the wireless access network. The techniques described
herein may be used for various broadband wireless communication systems. Examples
of such communication systems include Spatial Division Multiple Access (SDMA),
Time Division Multiple Access (TDMA), Orthogonal Frequency Division Multiple
Access (OFDMA) systems, Single-Carrier Frequency Division Multiple Access (SC-
FDMA) systems, and so forth.



CA 029bb626 2017-01-18

WO 2016/036450 PCT/US2015/042708

[0030] FIG. 1 1illustrates an example of a communication system in which aspects of the
present disclosure may be employed. At least a portion of the communication system
100 may operate pursuant to a wireless standard (e.g., 4G LTE, WCDMA, GSM, WiF1,
or GPS). The communication system 100 may include a base station 102, a base station
104, a mobile device 106 and a WiFi1-enabled device 108. The base station 102 may be
configured to provide cellular network access to the mobile device 106 (e.g., one or
more of WCDMA, GSM and/or LTE cellular network access). The base station 104
may be configured to provide GPS access to the mobile device 106. The WiFi-enabled
device 108 may provide WLAN connectivity to the mobile device 106 (e.g., WiF1
connectivity). As will be described 1n more detail in connection with FIGs. 2-12 below,
the mobile device 106 may comprise a single-piece metal back cover configurable as a
coupler for wireless power transfer to the mobile device 106, and further configured as a
plurality of antennas for providing communication according to a plurality of
communication protocols (e.g., LTE, WCDMA, GSM, WiF1 and GPS).

[0031] FIG. 2 1illustrates various components that may be utilized 1n a device that may
be employed within the communication system of FIG. 1. The device 202 may be a
wireless device for example, but the present application 1s not so limited. The device
202 18 an example of a device that may be configured to implement the various methods
described herein. The device 202 may comprise the mobile device 106 of FIG. 1.

[0032] The device 202 may include a processor 204 which controls operation of the
device 202. The processor 204 may also be referred to as a central processing unit
(CPU) or hardware processor. Memory 206, which may include both read-only
memory (ROM) and random access memory (RAM), may provide istructions and data
to the processor 204. A portion of the memory 206 may also include non-volatile
random access memory (NVRAM). The processor 204 typically performs logical and
arithmetic operations based on program instructions stored within the memory 206. The
instructions 1n the memory 206 may be executable to implement the methods described
herein.

[0033] The processor 204 may comprise or be a component of a processing system
implemented with one or more processors. Thus, where one or more operations are
performed by the processor 204, the operations may be performed by a single processor
204, or alternatively a subset of the operations may each be performed by respective

separate processors, which in combination form the processor 204. The one or more

§
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processors may be 1mplemented with any combination of general-purpose
microprocessors, microcontrollers, digital signal processors (DSPs), field programmable
gate array (FPGASs), programmable logic devices (PLDs), controllers, state machines,
gated logic, discrete hardware components, dedicated hardware finite state machines, or
any other suitable entities that can perform calculations or other manipulations of
information.

[0034] The processing system may also include transitory or non-transitory computer-
rcadable media for storing software. Software shall be construed broadly to mean any
type of instructions, whether referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Instructions may include code (e.g., 1n
source code format, binary code format, executable code format, or any other suitable
format of code). The instructions, when executed by the one or more processors, cause
the processing system to perform the various functions described herein.

[0035] The device 202 may also include a housing 208 that may include a transmitter
210 and a receiver 212 to allow transmission and reception of data between the device
202 and a remote location. The transmitter 210 and receiver 212 may be combined 1nto
a transceiver 214. An antenna 216 may be attached to the housing 208 and electrically
coupled to the transceiver 214. In some implementations, the antenna 216 may
comprise a plurality of antennas formed as a portion of a metal back cover of the device
202 and configured as both a coupler for receiving wireless power from a wireless
charger, as well as antennas for communicating according to each of a plurality of
communication protocols (e.g., LTE, WCDMA, GSM, WiF1 and GPS). Such a metal
back cover may be a back cover that physically couples to or forms the back of the
device 202 (e.g., a cell-phone or a tablet). The metal back cover may be configured to
protect the internal components of the device 202 from exposure or damage. The metal
back cover may be mostly metal (e.g., aluminum or copper) but may have other non-
metal components as well for various purposes (e.g., holding various portions together
or covering ports when not 1in use).

[0036] The device 202 may also include a signal detector 218 that may be used 1n an
ctfort to detect and quantify the level of signals received by the transceiver 214. The
signal detector 218 may detect such signals as total energy, energy per subcarrier per

symbol, power spectral density and other signals. The device 202 may also include a
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digital signal processor (DSP) 220 for use in processing signals. The DSP 220 may be
configured to generate a data unit for transmission.

[0037] The device 202 may further comprise a user interface 222 1in some aspects. The
user interface 222 may comprise a keypad, a microphone, a speaker, and/or a display.
The user interface 222 may include any element or component that conveys information
to a user of the device 202 and/or recerves mput from the user.

[0038] The various components of the device 202 may be coupled together by a bus
system 226. The bus system 226 may include a data bus, for example, as well as a
power bus, a control signal bus, and a status signal bus in addition to the data bus.
Those of skill in the art will appreciate the components of the device 202 may be
coupled together or accept or provide mputs to each other using some other mechanism.

[0039] Although a number of separate components are 1llustrated in FIG. 2, those of
skill 1n the art will recognize that one or more of the components may be combined or
commonly implemented. For example, the processor 204 may be used to implement not
only the functionality described above with respect to the processor 204, but also to
implement the functionality described above with respect to the signal detector 218
and/or the DSP 220. Further, cach of the components illustrated in FIG. 2 may be
implemented using a plurality of separate elements. Furthermore the device 202 may be
at least one of a cellular phone, a GPS unit, a watch, a mobile media device, a laptop
computer, a key fob, or the like.

[0040] FIG. 3 1s a functional block diagram of a wireless power transter system 300, 1n
accordance with an exemplary implementation. Input power 302 may be provided to a
transmit coupler 314 of a transmitter 304 from a power source (not shown) to generate a
wireless (e.g., magnetic or electromagnetic) field 305 for performing energy or power
transfer. The wireless field 305 corresponds to a region where energy output by the
transmitter 304 may be captured by a receiver 308. A receive coupler 318 (e.g., a
receive coupler 318) of the recerver 308 may couple to the wireless field 305 and may
ogenerate output power 330 for storing or consumption by a device (not shown) coupled
to the output power 330. Both the transmitter 304 and the receirver 308 may be
separated by a distance 312.

[0041] In one exemplary implementation, power 18 transferred inductively via a time-
varying magnetic field generated by the transmit coupler 314. The transmit coupler 314

and the receive coupler 318 may be configured according to a mutual resonant
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relationship. When the resonant frequency of the recerve coupler 318 and the resonant
frequency of the transmit coupler 314 are substantially the same, or very close,
transmission losses between the transmitter 304 and the receiver 308 are minimal.
Resonant inductive coupling techniques may thus allow for improved etficiency and
power transfer over various distances and with a variety of coupler configurations.

[0042] In some implementations, the wireless field 305 corresponds to the “near-field”
of the transmitter 304. The “near-ficld” may correspond to a region 1in which there are
strong reactive fields resulting from the currents and charges in the transmit coupler 314
that minimally radiate power away from the transmit coupler 314, rather than radiating
clectromagnetic energy away into free space. The “near-field” may correspond to a
region that 1s within about one wavelength (or a fraction thereof) of the transmit coupler
314.

[0043] Efficient energy transfer may occur by coupling a large portion of the energy in
the wireless field 305 to the receive coupler 318 rather than propagating most of the
energy 1n an electromagnetic wave to the far field. When positioned within the wireless
field 305, a “coupling mode” may be developed between the transmit coupler 314 and
the recerve coupler 318.

[0044] FIG. 4 1s a functional block diagram of a wireless power transfer system 400, 1n
accordance with some other exemplary implementation. The system 400 includes a
transmitter 404 and a receiver 408. The transmitter 404 includes transmit circuitry 406
that includes an oscillator 422, a driver circuit 424, and a filter and matching circuit 426.
The oscillator 422 1s configured to generate a signal at a desired frequency that may be
adjusted 1n response to a frequency control signal 443. The oscillator 422 provides the
oscillator signal to the driver circuit 424. The driver circuit 424 1s configured to drive
the transmit coupler 414 at, for example, a resonant frequency of the transmit coupler
414 based on an mput voltage signal (Vp) 425. The filter and matching circuit 426
filters out harmonics or other unwanted frequencies and may also match the impedance
of the transmit circuitry 406 to the impedance of the transmit coupler 414 for maximal
power transfer. The driver circuit 424 drives a current through the transmit coupler 414
to generate a wireless field 405 for wirelessly outputting power at a level sufficient for
charging a battery 436.

[0045] The recerver 408 comprises receive circuitry 430 that mncludes a matching circuit

432 and a rectifier circuit 434. The matching circuit 432 may match the impedance of
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the recerve circuitry 430 to the impedance of the receive coupler 418. The rectifier
circuit 434 may generate a direct current (DC) power output from an alternate current
(AC) power mput to charge the battery 436. The recerver 408 and the transmitter 404
may additionally communicate on a separate communication channel 419 (e.g.,
Bluetooth, Zigbee, cellular, etc). The receiver 408 and the transmitter 404 may
alternatively communicate via band signaling using characteristics of the wireless field
405. The receiver 408 may be configured to determine whether an amount of power
transmitted by the transmitter 404 and received by the receiver 408 1s appropriate for
charging the battery 436.

[0046] FIG. 5 1s a schematic diagram of a portion of the transmit circuitry 406 or the
receive circuitry 430 of FIG. 4, in accordance with some exemplary embodiments. As
1llustrated 1n FIG. 5, transmit or receive circuitry 550 may include a coupler 552. The
coupler 552 may also be referred to or be configured as a “conductor loop”, a coil, an
inductor, or as a ‘“magnetic”’ coupler. The term “coupler” generally refers to a
component that may wirelessly output or receive energy for coupling to another
“coupler.”

[0047] The resonant frequency of the loop or magnetic couplers 1s based on the
inductance and capacitance of the loop or magnetic coupler. Inductance may be simply
the inductance created by the coupler 552, whereas, capacitance may be added via a
capacitor (or the self-capacitance of the coupler 552) to create a resonant structure at a
desired resonant frequency. As a non-limiting example, a capacitor 554 and a capacitor
556 may be added to the transmit or receive circuitry 550 to create a resonant circuit
that resonates at a resonant frequency. For larger sized couplers using large diameter
coils exhibiting larger inductance, the value of capacitance needed to produce resonance
may be lower. Furthermore, as the size of the coupler increases, coupling efficiency
may increase. This 1s mainly true 1f the size of both base and electric vehicle couplers
increase. For transmit couplers, the signal 558, with a frequency that substantially
corresponds to the resonant frequency of the coupler 552, may be an input to the coupler
552. For receive couplers, the signal 558 may be the output from the coupler 552.

[0048] As previously described, designs for mobile communication devices may
include a metal back cover. In some cases, the metal back cover can include several
separate, clectrically 1solated metallic portions, which reduce robustness of the back

cover and increase difficulty of integrated antenna design. This may also limit antenna
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topologies usable with such covers. The present disclosure 1s related to
implementations for integrating a coupler (e.g., coupler 552) and other communication
antennas 1nto a design for a mobile communication device with a metal back cover.
Certain aspects of implementations described herein may allow for reducing the number
of separate segments 1n a metal back cover to allow for increased robustness and
integrated antenna design.

[0049] FIG. 6 1llustrates a top view 600 of a metallic back cover 602 for the device 202
of FIG. 2, 1n accordance with some implementations. The metallic back cover 602 (e.g.,
a substantially single-piece metallic section) may comprise a first slot 604 (e.g., a first
non-conductive portion) and a second slot 606 (e.g., a second non-conductive portion).
Stated another way, the metallic back cover 602 may be shape, cut or formed 1n a way
such that a first slot 604 1s formed 1n a first portion and a second slot 606 1s formed 1n a
second, different, portion of the metallic back cover 602. The first slot 604 may be
disposed on a top portion of the metallic back cover 602 and may extend from a top
edge (e.g., a middle of the top edge) of the metallic back cover 602 toward a center
portion of the metallic back cover 602. Likewise, the second slot 606 may be disposed
on a bottom portion of the metallic back cover 602 and may extend from a bottom edge
(c.g., a middle of the bottom edge) of the metallic back cover 602 toward the center
portion of the metallic back cover 602. In some implementations, the metallic back
cover 602 may not include the second slot 606. In some implementations, the metallic
back cover 602 may be a single metallic piece rather than a plurality of electrically (e.g.,
galvanically) 1solated pieces. The use of a substantially unitary metallic piece for the
metallic back cover 602 may simplify the wireless power transfer coupler and other
included antenna designs as well as reduce the risk of fabrication waste. The metallic
back cover 602 may additionally comprise a conductor 608 (e.g., a wire) having a first
end portion 610 and a second end portion 612. In some implementations, the conductor
608 may be an clectrically conductive wire, separate and apart from the metallic back
cover 602. In some other implementations, the conductor 608 may be machined from
the metallic back cover 602 1n the form of a conductor, wire or trace. In some
implementations, the conductor 608 may have multiple turns. The first end portion 610
1s electrically connected to the metallic back cover 602 adjacent to a first side of the first
slot 604, while the second end portion 612 1s electrically connected to the metallic back

cover 602 adjacent to a second side of the first slot 604 opposite the first side.
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Accordingly, as shown 1n FIG. 6, the conductor 608 may be wrapped around an outer
perimeter of, and connected 1n criss-cross with, the metallic back cover 602. In some
other implementations, the conductor 608 1s not criss-crossed with the metallic back
cover 602 and instead the connection points of the first end portion 610 and the second
end portion 612 are reversed from that shown in FIG. 6. Thus, the combination of the
metallic back cover 602 and the conductor 608 form both an antenna and a wireless
power recetving coupler having at least a single turn. In one aspect, the combination of
the metallic back cover 602 and the conductor 608 may form at least two turns of a
coupler for wirelessly receiving power. In some other implementations, the conductor
608 1s wrapped completely around the metallic back cover 602 once and wrapped
around a portion of the metallic back cover 602 once more, providing another turn mid-
metallic back cover.

[0050] The first slot 604 and the second slot 606 reduce eddy currents which may be
induced 1n the metallic back cover 602 by currents flowing through the conductor 603
as well as by iternal and/or external magnetic and/or electromagnetic fields penetrating
the metallic back cover 602, e.g., during wireless power transfer. As shown 1n FIG. 6, a
current flowing through the conductor 608 1n the direction of the arrows may flow 1nto
the metallic back cover 602 from the first end portion 610, counter clockwise around the
first slot 604 and back into the second end portion 612 of the conductor 608. The
location of the first slot 604 with respect to the first and second ends 610/612 of the
conductor 608 causes the current to flow around the first slot 604. This effectively
provides a second turn (in addition to the turn provided by the conductor 608) for
induced currents to circulate. Thus, the currents travel a farther distance through the
metallic back cover 602 than if the first slot 604 were absent. This increases the
inductance and reduces the current induced by a given inducing electromotive force
(EMF) during wireless power transfer.

[0051] Likewise, the second slot 606 increases the distance eddy currents travel near the
bottom of the metallic back cover 602 as shown by the arrows flowing
counterclockwise around the second slot 606. This further increases inductance and
also reduces eddy currents. Moreover, the presence of the first and second slots
604/606 force the eddy currents to flow in a first direction (e.g., an upwards direction as
shown 1n FIG. 6) on one side of the slots and 1n a substantially opposite direction (e.g., a

downwards direction as shown 1 FIG. 6) on the other side of the slots. This detouring
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path for the eddy current may be 1n opposite directions on each side of the second slot
606 1n the metallic back cover 602 and thus, a cancellation effect may occur. This
eftect may further reduce induced eddy currents 1in the conductor 608 since the currents
in the metallic back cover 602 near the second slot 606 are spread out 1n order to travel
around the second slot 606. This further reduces the electromagnetic damping eftect of
the eddy currents since any magnetic or electromagnetic fields caused by the eddy
currents flowing on one side of the slots will substantially cancel magnetic or
clectromagnetic ficlds caused by the eddy currents flowing on the other side of the slots.
In addition, the criss-crossed connection points for the first and second end portions
610/612 of the conductor 608 being adjacent to the first slot 604 ensure the eddy
currents flow 1n the same circular direction through both the metallic back cover 602
and the conductor 608 (e.g., clockwise or counterclockwise depending on the angle and
sign of the inducing EMF). This increases a selt-inductance of each of the metallic
cover 602 and the conductor 608 and the mutual inductance (M) between the metallic
cover 602 and the conductor 608. Table 1 below 1llustrates an equivalent resistance (R),
inductance (L), Maximum mutual inductance (Max M) and Minimum mutual
inductance (Min M) of the combination of the metallic cover 602 and the conductor
608. The values 1n Table 1 are non-limiting and are shown for purposes of illustration

only.
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TABLE 1

[0052] The metallic back cover 602 and connected conductor 608 may form or
comprise a plurality of slot, planar mverted-F (PIFFA), monopole, dipole or loop
antennas (¢.g., cach substantially located within or defined by a respective one of the
dotted lined boxes shown in FIG. 6). Each slot antenna may be fed or tapped at a
respective one of a plurality of feed locations on one or both of the metallic back cover

602 and the conductor 608. Each of the slot antennas may operate within at least one of
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a plurality of different frequency bands corresponding to a respective one of a plurality
of different wireless communication protocols. For example, a first slot antenna 640
(e.g., a main cellular antenna) may be defined by the portions of the metallic back cover
602 and the conductor 608 enclosed within the associated dotted line. A gap between
the metallic back cover 602 and the conductor 608 forms a slot for the first slot antenna
640. In some implementations, the first slot antenna 640 may have a feed point 620 for
extracting or for providing a signal to the first slot antenna 640. In some
implementations, the feed point 620 may be electrically connected to the metallic back
cover 602 at the feed point 620. In some other implementations, the feed point 620 may
be electrically connected to both the metallic back cover 602 and the conductor 608 at
the feed point 620. The first slot antenna 640 may operate within at least one of a first
or second frequency range (e¢.g., at least one of a first low band frequency range of
approximately 704-960 MHz and a second high band frequency range of approximately
1700-2700 MHz) which may provide for communication according to one or more of
LTE, WCDMA, CDMA and GSM protocols, for example.

[0053] A second slot antenna 642 (e.g., a diversity cellular antenna) may be defined by
the portions of the metallic back cover 602 and the conductor 608 substantially enclosed
within the associated dotted line. A gap between the metallic back cover 602 and the
conductor 608 forms a slot for the second slot antenna 642. In some implementations,
the second slot antenna 642 may have a feed point 622 for extracting a signal from or
for providing a signal to the second slot antenna 642. In some implementations, the
feed point 622 may be electrically connected to the conductor 608 at the feed point 622.
In some other implementations, the feed point 622 may be electrically connected to both
the metallic back cover 602 and the conductor 608 at the feed point 622. The second
slot antenna 642 may operate within at least the first frequency range (e.g., at least one
of the low band frequency range of approximately 704-960 MHz and the high band
frequency range of approximately 1700-2700 MHz) which may provide for
communication according to one or more of LTE, WCDMA, CDMA and GSM
protocols. In some implementations, the second slot antenna 642 may be located on a
side of the metallic back cover 602 opposite the first slot antenna 640.

[0054] A third slot antenna 644 (e.g., a GPS antenna) may be defined by the portions of
the metallic back cover 602 and the conductor 608 substantially enclosed within the

assoclated dotted line. A gap between the metallic back cover 602 and the conductor
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608 forms a slot for the third slot antenna 644. In some implementations, the third slot
antenna 644 may have a feed point 624 for extracting or for providing a signal to the
third slot antenna 644. In some implementations, the feed point 624 may be electrically
connected to the conductor 608 or metal back cover 602 at the feed point 624. In some
other implementations, the feed point 624 may be electrically connected to both the
metallic back cover 602 and the conductor 608 at the feed point 624. The third slot
antenna 644 may operate within a third frequency range (e.g., approximately 1.575
GHz) which may provide for communication according to GPS protocols, for example.

[0055] A fourth slot antenna 646 (e.g., a WiF1 antenna) may be defined by the portions
of the metallic back cover 602 and the conductor 608 substantially enclosed within the
associated dotted line. A gap between the metallic back cover 602 and the conductor
608 forms a slot for the fourth slot antenna 646. In some implementations, the fourth
slot antenna 646 may have a feed point 626 for extracting or for providing a signal to
the fourth slot antenna 646. In some implementations, the feed point 626 may be
clectrically connected to the metallic back cover 602 at a point adjacent to one side of
the first slot 604. In some other implementations, the feed point 626 may be electrically
connected to the metallic back cover 602 at points adjacent to both sides of the first slot
604. The fourth slot antenna 646 may operate within a fourth frequency range (e.g.,
2.4-2.48 GHz) which may provide for communication according to WiF1 protocols, for
example.

[0056] A fifth slot antenna 648 (e.g., another main antenna) may be defined by the
portions of the metallic back cover 602 and the conductor 608 substantially enclosed
within the associated dotted line. A gap between the metallic back cover 602 and the
conductor 608 forms a slot for the fifth slot antenna 648. In some implementations, the
fifth slot antenna 648 may have a feed point 628 for extracting or for providing a signal
to the fifth slot antenna 648. In some implementations, the feed point 628 may be
clectrically connected to the metallic back cover 602 at a point adjacent to one side of
the second slot 606. In some other implementations, the feed point 628 may be
clectrically connected to the metallic back cover 602 at points adjacent to both sides of
the second slot 606. The fifth slot antenna 648 may operate within the second
frequency range (e.g., the high band frequency range of approximately 1700-2700
MHz) which may provide for communication according to one or more of LTE,

WCDMA, CDMA and GSM protocols, for example. Although particular antennas are
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described above to function according to particular communication protocols or at
particular frequencies, the present application 1s not so limited and any antenna may
operate according to any communication protocol and/or at any particular frequency.

[0057] Substantially the metallic back cover 602 and the conductor 608 may also
comprise a coupler 650 for wireless power transfer, as previously described in
connection with FIGs. 3-5. In Fig. 6, the coupler 650 may effectively provide one, two,
or three “turns:” one from the conductor 608, another from the top slot defined 1n the
metal back cover 602 and criss-crossing conductor 608 connection, and yet another
from the bottom slot 606. In some 1mplementations, the coupler 650 may have a feed
point 630 for extracting wireless power from a separate near field wireless power
transmitter. The feed point 630 may be electrically connected to the conductor 608.
The coupler 650 may operate within a fifth frequency range (e.g., approximately 6.78
MHz) which may provide for reception of wireless power according to one or more
wireless charging protocols.

[0058] In some implementations, one or more reactive components may be electrically
connected between the metallic back cover 602 and the conductor 608 to aid 1n forming
the slot antennas. For example, as shown 1n FIG. 6, a capacitor 652 and/or an inductor
654 may be connected 1n series with one another between the cover 602 and the
conductor 608 (arrangement not shown in FIG. 6), or alternatively, the capacitor 652
and the inductor 654 may be connected 1n shunt (parallel) with one another between the
cover 602 and the conductor 608. The reactive components may be located 1n one or
more of a plurality of positions around the perimeter of the cover 602. In some
implementations, the values of the capacitor 652 and/or the inductor 654 may be chosen
such that at least the capacitor 652 provides a very low impedance (e.g., an effective
short circuit) path between the cover 602 and the conductor 608 at the frequencies
associlated with transmission and reception of communications data (e.g., LTE,
WCDMA, GPS, WIFI), and such that at least the capacitor 652 provides a very high
impedance (e.g., an effective open circuit) path between the cover 602 and the
conductor 608 at the frequencies associated with near-field resonant wireless power
transmission (e.g., 6.78 MHz). In this way, wireless charging may not be affected by
the presence of the capacitor 652 and/or the inductor 654, while communications data

antennas work properly. In some other implementations, one or more capacitors (not
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shown 1n FIG. 6) may be connected to the cover 602 to provide a ground connection at a
predetermined frequency or frequencies.

[0059] In yet other implementations, the metallic back cover 602 and the conductor 603
may be short-circuited to one another to aid in forming the slot antennas. For example,
as shown 1n FIG. 6, a conductor 656 may be connected between the cover 602 and the
conductor 608. In some implementations, a first conductor 656 may connect the cover
602 and the conductor 608 near the second slot 606, while a second conductor 656 may
connect the cover 602 and the conductor 608 near the first and second end portions 610
and 612 of the conductor 608.

[0060] FIG. 7 1llustrates an 1sometric view 700 of a metallic back cover 702 for the
device of FIG. 2, in accordance with some other implementations. The metallic back
cover 702 (e.g., a single-piece metallic section) may comprise at least a first slot 704
disposed on a top portion of the metallic back cover 702 and may extend from a top
edge (e.g., a middle of the top edge) of the metallic back cover 702 toward a center
portion of the metallic back cover 702. The metallic back cover 702 may be a single
metallic piece rather than a plurality of electrically (e.g., galvanically) 1solated pieces. In
some 1mplementations, the metallic back cover 702 may be machined such that a
conductor along the outer perimeter of the metallic back cover 702 has two turns 703a
and 708b. Each of the two turns 708a and 708b may be separated from one another and
from the metallic back cover 702 by a non-conductive molding (e.g., plastic molding)
760a and 760b. The two turns 708a and 708b of the conductor may be connected to one
another at one location to form a single coil having a first end portion and a second end
portion as previously described in connection with FIG. 6. Accordingly, the turns
708a/708b of the conductor may be wrapped around an outer perimeter of, and
connected 1n criss-cross with, the metallic back cover 702. In some other
implementations, the turns 708a/708b are not criss-crossed with the metallic back cover
702. As with the implementation of FIG. 6, the combination of the metallic back cover
702 and the turns 708a/708b of the conductor may form both an antenna and a wireless
power recerving coupler.

[0061] As shown i FIG. 7, a ferrite structure 762 may be attached to the turns
708a/708b 1n order to 1solate the turns 708a/708b from metallic objects or components
within the device. In some implementations, another ferrite structure (not shown) may

be attached to the turns 708a/708b on the opposite edge of the back cover 702.
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[0062] In some implementations according to FIG. 7, the turns 708a/708b may form a
loop antenna for communication according to one or more of LTE, WCDMA, CDMA
and GSM protocols. In such implementations, the turns 708a/708b may also have a
oround connection to a metal chassis of the device. Furthermore, in addition to having
one or more inductors, capacitors or switches connected in shunt between the turns
708a/708b and the metallic back cover 702, as previously described in connection with
FIG. 6, the turns 708a/708b may have chokes 764 and 766 (e.g., inductors, capacitors or
switches) connected 1n series with one or both of the turns 708a/708b. Such chokes
may substantially open-circuit the turns 708a/708b as communication antennas when
operating 1n the operating bands of the particular communication protocol (LTE,
WCDMA, CDMA and GSM) and substantially short-circuit the turns 708a/708b at
wireless power transfer frequencies (e.g., 6.75MHz).

[0063] In some implementations, the metallic back cover 602/702 may also be known
as metallic means for covering the apparatus (e.g., the mobile device 106). In some
implementations, the conductor 608/708a/b may also be known as means for conducting
a current along an outer perimeter of the metallic covering means (e.g., the metallic
back cover 602/702).

[0064] FIG. 8 1s a graph 800 depicting an exemplary frequency response of the metallic
cover 602 and conductor 608 of FIG. 6 without the first 604 or second 606 slots, 1n
accordance with some implementations. Although particular values are described
herein, they are only exemplary and any other values may be achieved based on a
particular 1mplementation. The vertical axis 1illustrates the response amplitude 1n
decibels (dB), while the horizontal axis 1llustrates frequency in Hertz (Hz). As shown 1n
FIG. 8, the frequency response spans each of a first frequency range 802, a second
frequency range 804, a third frequency range 806 and a fourth frequency range 308.
The first frequency range 802 may correspond to the first frequency band (e.g.,
approximately 704-960 MHz for low band LTE, WCDMA and GSM communication
protocols) as previously described in connection with FIG. 6. The second frequency
range 804 may correspond to the third frequency range as previously described in
connection with FIG. 6 (e.g., approximately 1.575 GHz for GPS communication
protocols). The third frequency range 806 may correspond to the second frequency
range (e.g., approximately 1700-2700 MHz for high band LTE, WCDMA and GSM

communication protocols) as previously described in connection with FIG. 6. The
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fourth frequency range 808 may correspond to the fourth frequency range (e.g.,
approximately 2.4-2.48 GHz for WiF1 communication protocols) as previously
described 1n connection with FIG. 6. The graph 800 showing the frequency response
may be utilized for comparing responses where the metallic cover 602 has one or more
of the slots previously described 1in connection with FIG. 6.

[0065] FIG. 9 1s a graph 900 depicting a frequency response of the metallic cover 602
and conductor 608 of FIG. 6 including the second slot 606, 1n accordance with some
other implementations. The vertical axis illustrates the response amplitude 1n decibels
(dB), while the horizontal axis 1llustrates frequency in Hertz (Hz). As shown in FIG. 9,
the frequency response spans each of the first through fourth frequency ranges 802-808
as previously described in connection with FIG. 8. As compared to the frequency
response shown in FIG. 8, the inclusion of a slot into the metallic back cover 602
improves the response at nearly all frequencies, and especially dramatically between 1.7
and 5 GHz.

[0066] FIG. 10 1s a graph 1000 depicting a frequency response of the metallic cover 602
and conductor 608 of FIG. 6 including the first and second slots 604 and 606, in
accordance with yet other implementations. The vertical axis illustrates the response
amplitude i decibels (dB), while the horizontal axis illustrates frequency in Hertz (Hz).
As shown 1n FIG. 10, the first frequency range 802 and third frequency range 806 (e.g.,
approximately 704-960 MHz for low band and approximately 1700-2700 MHz for high
band LTE, WCDMA and GSM communication protocols), as previously described 1n
connection with FIG. 8, are overlaid on the frequency response curve. As compared to
the frequency response shown 1n FIG. 8, the inclusion of the first 604 and second 606
slots 1into the metallic back cover 602 improves the frequency response in the third
frequency range 806.

[0067] FIG. 11 1s a graph 1100 depicting a frequency response of the metallic cover 602
and conductor 608 of FIG. 6 including the first and second slots 604 and 606, in
accordance with yet other implementations. The vertical axis illustrates the response
amplitude i decibels (dB), while the horizontal axis illustrates frequency 1n Hertz (Hz).
As shown 1n FIG. 11, the second frequency range 804 (e.g., approximately 1.575 GHz
for GPS communication protocols), as previously described in connection with FIG. &,

1s overlaid on the frequency response curve. As compared to the frequency response

19



CA 029bb626 2017-01-18

WO 2016/036450 PCT/US2015/042708

shown 1n FIG. 8, the inclusion of the first 604 and second 606 slots into the metallic
back cover 602 improves the frequency response 1n the second frequency range 304.
[0068] FIG. 12 1s a graph 1200 depicting a frequency response of the metallic cover 602
and conductor 608 of FIG. 6 including the first 604 and second 606 slots, 1n accordance
with yet other implementations. The vertical axis illustrates the response amplitude 1n
decibels (dB), while the horizontal axis 1llustrates frequency 1n Hertz (Hz). As shown 1n
FIG. 12, the fourth frequency range 808 (e.g., approximately 2.4-2.48 GHz for WiF1
communication protocols), as previously described in connection with FIG. 8, 1s
overlaid on the frequency response curve. As compared to the frequency response
shown 1n FIG. 8, the inclusion of the first 604 and second 606 slots into the metallic
back cover 602 may smooth the frequency response 1n the fourth frequency range 308.
[0069] FIG. 13 1s a graph 1300 depicting a frequency response of the metallic cover 602
and conductor 608 of FIG. 6 including the first 604 and second 606 slots and the short-
circuit conductors 656, in accordance with yet other implementations. The vertical axis
1llustrates the response amplitude 1in decibels (dB), while the horizontal axis illustrates
frequency 1n Hertz (Hz). As shown i FIG. 13, the inclusion of the short-circuit
conductors 656 between the metallic back cover 602 and the conductor 608 may smooth
the frequency response as well as provide attenuation 1n the frequency response 1n
bands including and surrounding approximately 900MHz, 1800MHz and 2700MHz.
[0070] FIG. 14 1s a graph 1400 depicting a frequency response curve 1402 of the
metallic cover 602 and conductor 608 of FIG. 6 operating as a slot antenna compared to
a frequency response curve 1404 of the metallic cover 702 and turns 708a/708b of FIG.
7 operating as a loop antenna, in accordance with some implementations. The vertical
ax1s 1llustrates the response amplitude 1n decibels (dB), while the horizontal axis
illustrates frequency 1in Hertz (Hz). As shown, the frequency response curve 1402
corresponding to FIG. 7 has a low band peak 1406 of approximately -2.1 dB and a high
band peak 1408 of approximately -2.7 dB. Moreover, the frequency response curve
1404 corresponding to FIG. 6 has a low band peak of 1410 of approximately -7.1 dB
and a high band peak 1412 of approximately -4.7 dB.
[0071] FIG. 15 1s a graph 1500 depicting a frequency response curve 1502 of the
metallic cover 702 and turns 708a/708b of FIG. 7 when not attached to a device as
compared to a frequency response curve 1504 of the metallic cover 702 and turns

708a/708b of FIG. 7 when attached to the device, in accordance with some
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implementations. The vertical axis illustrates the response amplitude 1n decibels (dB),
while the horizontal axis illustrates frequency 1n Hertz (Hz). As shown, the frequency
response curve 1502 corresponds to the metallic cover 702 and turns 708a/708b of FIG.
7 when not attached to a device (e.g., a hand-held cellular smartphone), while the
frequency response curve 1504 corresponds to the metallic cover 702 and turns
708a/708b of FIG. 7 when attached to the device. As can shown, the frequency response
1s higher when the metallic cover 1s not attached to the device as compared to when the
metallic cover 1s attached to the device for all i1llustrated frequencies with the exception
of two bands that span from approximately 1200MHz to 1500MHz and from
approximately 1900MHz to 2200MHz.

[0072] FIG. 16 1s a flowchart 1600 for a method for coupling with other devices, 1n
accordance with some implementations. In some implementations, one or more of the
operations 1n flowchart 1600 may be performed by, or in connection with, a processor,
although those having ordinary skill in the art will appreciate that other components
may be used to implement one or more of the steps described herein. Although blocks
may be described as occurring in a certain order, the blocks can be reordered, blocks
can be omitted, and/or additional blocks can be added.

[0073] The flowchart 1600 may begin with block 1602, which includes wirelessly
recerving power sufficient to charge or power a load of the electronic device via a
coupler comprising a metallic cover having a first metallic portion separated by a first
non-conductive portion from a second metallic portion to define a first slot and a
conductor. For example, as previously described in connection with FIGs. 6 and/or 7,
the coupler may comprise both the cover 602/702 having the first slot 604/704 and the
conductor 608/708a/b. The conductor 608/708a/b comprises a first end portion 610
clectrically coupled to the metallic cover 602/702 at the first metallic portion and a
second end portion 612 crossing the first end portion 610 and electrically coupled to the
metallic cover 602/702 at a second metallic portion.

[0074] The flowchart 1600 may continue with block 1604, which includes wirelessly
receiving communications data via an antenna comprising at least a portion of the
metallic cover and at least a portion of the conductor. For example, as previously
described 1n connection with FIGs. 6 and/or 7, any of the slot antennas 640, 642, 644,
646 and 648 (not expressly illustrated in FIG. 7, though contemplated by the present

application) may ecach comprise at least a respective portion of the metallic cover
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602/702 and the conductor 608/708a/b, and may be configured to receive
communications data within their respective frequency bands, as previously described.

[0075] A person/one having ordinary skill in the art would understand that information
and signals can be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals, bits,
symbols, and chips that can be referenced throughout the above description can be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

[0076] Various modifications to the implementations described 1n this disclosure can be
readily apparent to those skilled in the art, and the generic principles defined herein can
be applied to other implementations without departing from the spirit or scope of this
disclosure. Thus, the disclosure 1s not intended to be limited to the implementations
shown herein, but 1s to be accorded the widest scope consistent with the claims, the
principles and the novel features disclosed herein. The word “exemplary” 15 used

?

exclusively herein to mean “serving as an example, instance, or illustration.” Any
implementation described herein as “exemplary” 1S not necessarily to be construed as
preferred or advantageous over other implementations.

[0077] Certain features that are described in this specification in the context of separate
implementations also can be implemented 1n combination 1n a single implementation.
Conversely, various features that are described 1n the context of a single implementation
also can be implemented 1n multiple implementations separately or 1n any suitable sub-
combination. Moreover, although features can be described above as acting 1n certain
combinations and even 1nitially claimed as such, one or more features from a claimed
combination can 1n some cases be excised from the combination, and the claimed
combination can be directed to a sub-combination or variation of a sub-combination.

[0078] As used herein, a phrase referring to “at least one of” a list of 1tems refers to any
combination of those items, including single members. As an example, “at least one of:
a, b, or ¢” 18 itended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

[0079] The various operations of methods described above may be performed by any
suitable means capable of performing the operations, such as various hardware and/or
software component(s), circuits, and/or module(s). Generally, any operations 1llustrated

in the Figures may be performed by corresponding functional means capable of

performing the operations.
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[0080] The wvarious 1llustrative logical blocks, modules and circuits described 1n
connection with the present disclosure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, discrete hardware components or
any combination thercof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller or state machine. A
processor may also be implemented as a combination of computing devices, e¢.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more miCroprocessors in conjunction with a DSP core, or any other such configuration.

[0081] In one or more aspects, the functions described may be mmplemented 1n
hardware, software, firmware, or any combination thercof. If implemented 1n software,
the functions may be stored on or transmitted over as one or more instructions or code
on a computer-readable medium. Computer-readable media includes both computer
storage media and communication media including any medium that facilitates transfer
of a computer program from one place to another. A storage media may be any
avallable media that can be accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry or store desired program code in
the form of instructions or data structures and that can be accessed by a computer. Also,
any connection 18 properly termed a computer-readable medium. For example, if the
software 1s transmitted from a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), tloppy
disk and Blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Thus, in some aspects computer readable medium
may comprise non-transitory computer readable medium (e.g., tangible media). In

addition, 1n some aspects computer readable medium may comprise transitory computer
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readable medium (e.g., a signal). Combinations of the above should also be included
within the scope of computer-readable media.

[0082] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions 1s specified, the order and/or use of specific steps
and/or actions may be modified without departing from the scope of the claims.

[0083] Further, 1t should be appreciated that modules and/or other appropriate means
for performing the methods and techniques described herein can be downloaded and/or
otherwise obtained by a user terminal and/or base station as applicable. For example,
such a device can be coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM, a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means to
the device. Morecover, any other suitable technique for providing the methods and
techniques described herein to a device can be utilized.

[0084] While the foregoing 1s directed to aspects of the present disclosure, other and
further aspects of the disclosure may be devised without departing from the basic scope

thercof, and the scope thereof 1s determined by the claims that follow.
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WHAT IS CLAIMED IS:

1. An apparatus for wirelessly coupling with other devices, comprising:

a metallic cover comprising a first metallic portion separated by a first non-
conductive portion from a second metallic portion of the metallic cover to define a first
slot; and

a conductor comprising a first end portion electrically coupled to the metallic
cover at the first metallic portion and a second end portion crossing the first end portion
and clectrically coupled to the metallic cover at the second metallic portion,

wherein the metallic cover and the conductor form a coupler configured to
wirelessly receive power sufficient to charge or power a load of the apparatus from a

wireless power transmitter.

2. The apparatus of claim 1, wherein the conductor 1s disposed along an

outer perimeter of the metallic cover.

3. The apparatus of claim 1, wherein the metallic cover further comprises a
third metallic portion separated by a second non-conductive portion from a fourth

metallic portion of the metallic cover to define a second slot.

43 The apparatus of claim 3, wherein the first non-conductive portion 18
defined on a first edge of the metallic cover and extends toward a center of the metallic
cover and wherein the second non-conductive portion 1s defined on a second edge of the
metallic cover opposite the first edge and extends toward the center of the metallic

COVCI.

5. The apparatus of claim 3, wherein the first metallic portion, the first non-
conductive portion and the second metallic portion form a first slot antenna and the third
metallic portion, the second non-conductive portion and the fourth metallic portion form

a second slot antenna.

0. The apparatus of claim 3, wherein the coupler comprises:

a first turn formed by the conductor;
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a second turn formed by the first end portion electrically coupled to the metallic
cover at the first metallic portion and the second end portion crossing the first end
portion and electrically coupled to the metallic cover at the second metallic portion; and

a third turn formed by the third metallic portion and the fourth metallic portion

separated by the second non-conductive portion.

7. The apparatus of claim 1, wherein each of a plurality of portions of the
metallic cover and the conductor comprise a respective one of a plurality of antennas

configured to wirelessly receive data 1n a plurality of frequency bands.

3. The apparatus of claim 7, further comprising at least one capacitor
clectrically connected between the metallic cover and the conductor, the at least one
capacitor configured to:

provide substantially a short circuit between the metallic cover and the
conductor when at least one of the plurality of antennas receives data in the plurality of
frequency bands, and

provide substantially an open circuit between the metallic cover and the
conductor when the coupler wirelessly receives power from the wireless power

transmitter at a wireless power transmission frequency.

9. The apparatus of claim 7, further comprising a plurality of feed points
configured to extract one or both of the wirelessly received power and the wirelessly
recerved data, each feed point electrically connected to a respective location on one or

both of the metallic cover and the conductor.

10.  The apparatus of claim 1, wherein at least one slot antenna 1s formed
from an edge of the metallic cover, a portion of the conductor, and a gap separating the

edge of the metallic cover from the portion of the conductor.

11.  The apparatus of claim 1, wherein a current induced 1n one or both of the
metallic cover and the conductor flows i a same clockwise or counterclockwise

direction 1n the metallic cover and 1n the conductor.
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12. The apparatus of claim 1, wherein the first non-conductive portion
causes eddy currents induced in the metallic cover to flow around the first non-

conductive portion.

13. The apparatus of claim 1, further comprising a resonant circuit
comprising the conductor and a capacitor electrically coupled to the conductor, the

resonant circuit configured to resonate at a wireless power transfer frequency.

14.  The apparatus of claim 1, wherein the apparatus comprises at least one of

a cellular phone, a GPS unit, a watch, a mobile media device, a laptop computer, or a

key fob.

15.  The apparatus of claim 1, further comprising a housing coupled to the

metallic cover.

16.  The apparatus of claim 1, wherein the metallic cover 1s configured as a

metallic back cover of a portable electronic device.

17.  The apparatus of claim 1, wherein the conductor comprises first and
second turns disposed along the outer perimeter of the metallic cover and a choke is
clectrically connected 1n series with at least one of the first and second turns to:

provide a substantially open circuit in the at least one of the first and second
turns when at least one of a plurality of slot antennas receives data 1n one of a plurality
of frequency bands, the plurality of slot antennas formed based on a separation between
the conductor and the metallic cover, and

provide substantially a short circuit in the at least one of the first and second
turns when the coupler wirelessly receives power from the wireless power transmitter at

a wireless power transmission frequency.

18. A method for wirelessly coupling an electronic device with other
devices, comprising:
wirelessly recerving power sufficient to charge or power a load of the electronic

device via a coupler comprising a metallic cover having a first metallic portion
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separated by a first non-conductive portion from a second metallic portion to define a
first slot and a conductor comprising a first end portion electrically coupled to the
metallic cover at the first metallic portion and a second end portion crossing the first
end portion and electrically coupled to the metallic cover at the second metallic portion,
and

wirelessly receiving communications data via an antenna comprising at least a

portion of the metallic cover and at least a portion of the conductor.

19.  The method of claim 18, further comprising:

providing substantially a short circuit between the metallic cover and the
conductor via a capacitor when at least one of a plurality of antennas including the
antenna receives data in one of a plurality of frequency bands, and

providing substantially an open circuit between the metallic cover and the
conductor via the capacitor when the coupler wirelessly receives power at a wireless

power transmission frequency.

20.  The method of claim 18, comprising extracting one or both of the
wirelessly recerved power and the wirelessly recerved communications data from at
least one of a plurality of feed points coupled to one or both of the metallic cover and

the conductor.

21. The method of claim 18, wherein at least one slot antenna 1s formed tfrom
an edge of the metallic cover, a portion of the conductor, and a gap separating the edge

of the metallic cover from the portion of the conductor.

22. The method of claim 18, wherein a current induced 1n one or both of the
metallic cover and the conductor flows mn a same clockwise or counterclockwise

direction 1n the metallic cover and 1n the conductor.

23.  The method of claim 18, wherein the first non-conductive portion causes
eddy currents induced in the metallic cover to flow around the first non-conductive

portion.
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24.  The method of claim 18, wherein the conductor and a capacitor
electrically coupled to the conductor form a resonant circuit configured to resonate at a

wireless power transfer frequency.

25.  The method of claim 18, wherein the electronic device comprises at least
one of a cellular phone, a GPS unit, a watch, a mobile media device, a laptop computer,

or a key fob.

26.  The method of claim 18, wherein the conductor comprises first and
second turns disposed along the outer perimeter of the metallic cover and wherein a
choke 1s connected 1n series with at least one of the first and second turns to:

provide substantially an open circuit in the at least one of the first and second
turns when at least one of a plurality of antennas including the antenna receives data in
one of a plurality of frequency bands, and

provide substantially a short circuit in the at least one of the first and second
turns when the coupler wirelessly receives power at a wireless power transmission

frequency.

27.  An apparatus for wirelessly coupling power via a magnetic field
oenerated by a transmitter, the apparatus comprising:

a metallic portion configured to form a portion of a housing; and

a conductor having at least one turn and having a portion therecof electrically
separated from the metallic portion to form a gap between the conductor and the
metallic portion, the conductor configured to inductively couple power via the magnetic
field and provide electrical current to a receive circuit to charge or power a load,

a first slot antenna formed based on the gap between the conductor and the

metallic portion.

28.  The apparatus of claim 27, further comprising:
a communications circuit configured to transmit or receive data via the first slot

antenna.

29.  The apparatus of claim 27, wherein the metallic portion comprises a first

metallic portion and a second metallic portion separated by a first non-conductive gap to
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define a first slot, a second slot antenna formed from the metallic portion based on the

first slot.

30.  The apparatus of claim 29, wherein the metallic portion comprises a third
metallic portion and a fourth metallic portion separated by a second non-conductive gap
to define a second slot, a third slot antenna formed from the metallic portion based on

the second slot.

31.  The apparatus of claim 27, wherein the conductor 1s disposed along an

outer perimeter of the metallic portion.

32.  The apparatus of claim 27, further comprising at least one capacitor
connected between the metallic portion and the conductor, the at least one capacitor
configured to:

provide substantially a short circuit between the metallic portion and the
conductor when the first slot antenna receives data at a communications frequency, and

provide substantially an open circuit between the metallic portion and the
conductor when the conductor inductively couples power from the transmitter at a

wireless power transmission frequency.

33. The apparatus of claim 27, wherein a current induced in one or both of
the metallic portion and the conductor flows 1n a same clockwise or counterclockwise

direction 1n the metallic portion and 1n the conductor.

34.  The apparatus of claim 27, wherein the metallic portion comprises a first
metallic portion and a second metallic portion separated by a first non-conductive
portion to define a first slot, and wherein the first non-conductive portion causes eddy

currents induced 1n the metallic portion to flow around the first non-conductive portion.
33. The apparatus of claim 27, further comprising a resonant circuit

comprising the conductor and a capacitor electrically coupled to the conductor, the

resonant circuit configured to resonate at a wireless power transfer frequency.
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36.  The apparatus of claim 27, wherein the apparatus comprises at least one

of a cellular phone, a GPS unit, a watch, a mobile media device, a laptop computer, or a

key fob.

37. The apparatus of claim 27, wherein the metallic portion 1s configured as

a metallic back cover of the apparatus.
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