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WIRELESSLY RECEIVE POWER AT A FIRST DEVICE LOCATED IN A
HOUSING, THE FIRST DEVICE BEING A WIRELESS POWER-
RECEIVING DEVICE
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THE HOUSING, THE SECOND DEVICE BEING A WIRELESS POWER-
TRANSMITTING DEVICE

330
WIRELESSLY TRANSMIT THE TRANSFERRED POWER FROM THE
WIRELESS POWER-TRANSMITTING DEVICE

FIG. 3
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1
WIRELESS CHARGING OF ELECTRONIC
DEVICES

FIELD OF THE INVENTION

The present disclosure relates generally to wireless charg-
ing of electronic devices. More particularly, inventive matter
disclosed herein provides for wireless chargers that are por-
table and wireless chargers that are programmable.

BACKGROUND

Wireless power transmission or wireless energy transfer is
generally the process that takes place in any system where
electrical energy is transmitted from a power source to an
electrical load, without interconnecting wires. Devices that
utilize wireless power transmission to charge or recharge a
battery in an electronic device (e.g., cellular phone) are com-
monly referred to as wireless chargers or contact-less charg-
ers.

Wireless chargers known in the art are typically placed on
a surface such as the surface of a desktop or a countertop. An
electronic device can then be placed on the wireless chargerto
charge the electronic device. Alternately, a wireless charger
may be placed on the underside of a desktop or countertop. A
user of the wireless charger can then place the electronic
device to be charged on the desktop or countertop within
range of the wireless charger. By within range it is herein
meant that the electronic device to be charged is sufficiently
close to the wireless charger such that the electronic device
can receive power wirelessly transmitted from the wireless
charger. In this manner, the user of the wireless charger does
not see the wireless charger because the wireless charger is
underneath the desktop or countertop. The user sees only the
electronic device that the wireless charger is charging.

SUMMARY

Inventive matter discussed herein deviates with respect to
and improves upon conventional technology such as dis-
cussed above and other technology also known in the prior
art. A first example embodiment disclosed herein provides for
wireless chargers containing both a wireless power-receiving
device and a wireless power-transmitting device. The wire-
less chargers also include control logic that is capable of
transferring power that is received by the wireless power-
receiving device to the wireless power-transmitting device.
Accordingly, wireless chargers disclosed herein can simulta-
neously receive and transmit power wirelessly. All the com-
ponents of these wireless chargers are contained in a single
housing so that the wireless chargers can be portable.

In particular embodiments wireless chargers disclosed
herein are programmable. By programmable it is meant that
the wireless chargers can operate so as to wirelessly transmit
power in accordance with one of a plurality of selectable
protocols. In this manner, a power-transmitting protocol may
be selected that is particularly suited for the particular elec-
tronic device being charged by the wireless charger.

A second example embodiment disclosed herein provides
for charging systems. The charging systems comprise a first
wireless charger capable of wirelessly transmitting power and
a second wireless charger, the second wireless charger being
capable of receiving power transmitted by the first wireless
charger. The second wireless charger is also capable of wire-
lessly transmitting power. For example, the second wireless
charger can be the wireless charger of the first example
embodiment described above.
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A third example embodiment disclosed herein provides a
method useful in wireless chargers and charging systems. The
method comprises wirelessly receiving power at a first device
located in a housing, the first device being a wireless power-
receiving device. The method also comprises transferring the
received power to a second device located in the housing, the
second device being a wireless power-transmitting device.
The method also comprises wirelessly transmitting the trans-
ferred power from the wireless power-transmitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features, and advantages of inventive matter dis-
closed herein may be better understood by referring to the
following description in conjunction with the accompanying
drawings, in which like numerals indicate like structural ele-
ments and features in the various figures. The drawings are
not meant to limit the scope of the invention. For clarity, not
every element may be labeled in every figure. The drawings
are not necessarily to scale, emphasis instead being placed
upon illustrating the principles of the invention.

FIG. 1 shows a diagram of a wireless charger in accordance
with embodiments of inventive matter disclosed herein.

FIG. 2 is an illustration of a charging system in accordance
with embodiments of inventive matter disclosed herein.

FIG. 3 illustrates operations performable by a wireless
charger in accordance with embodiments of inventive matter
disclosed herein.

FIG. 4 illustrates operations performable by a portable
wireless charger in accordance with embodiments of inven-
tive matter disclosed herein.

FIG. 5 illustrates operations performable by a program-
mable wireless charger in accordance with embodiments of
inventive matter disclosed herein.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In accordance with particular embodiments of inventive
matter disclosed herein, wireless chargers are provided. Gen-
erally, these wireless chargers comprise both a wireless
power-receiving device and a wireless power-transmitting
device. Having both a wireless power-receiving device and a
wireless power-transmitting device allows the wireless charg-
ers to receive power and transmit power simultaneously. The
wireless chargers also comprise control logic that is capable
of transferring power received by the wireless power-receiv-
ing device to the wireless power-transmitting device. The
wireless chargers also comprise a housing that contains all the
components of the wireless charger. The housing allows the
wireless chargers to be portable. In particular embodiments,
the wireless chargers may comprise additional components as
described herein.

FIG. 1 shows a diagram of an example wireless charger 100
in accordance with embodiments of inventive matter dis-
closed herein. The wireless power-receiving device of wire-
less charger 100 includes a receive coil 102 and receive cir-
cuitry 104. Wireless power-receiving devices useful in the
wireless charger 100 may be manufactured and used in accor-
dance with technology known in the art for producing wire-
less power-receiving devices. For example, the receive cir-
cuitry 104 may rectify an alternating voltage induced in the
receive coil 102 to a direct current voltage.

Analogously, the wireless power-transmitting device of
wireless charger 100 includes a transmit coil 106 and transmit
circuitry 108. Wireless power-transmitting devices useful in
the wireless charger 100 may be manufactured and used in
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accordance with technology known in the art for producing
wireless power-transmitting devices. For example, the trans-
mit circuitry 108 may produce an alternating voltage, having
apredetermined frequency, from a direct current voltage sup-
plied to the transmit circuitry during operation of the wireless
charger 100 and supply the produced alternating voltage to
the transmit coil 106. Also by way of example, the transmit
circuitry 108 may produced a predetermined level of intensity
of an inductive field in the transmit coil 106.

The control logic 110 of the wireless charger 100 controls
the operation of the wireless charger 100 as described herein.
The control logic 110 may comprise hardware alone (i.e.,
circuitry) or may include both hardware and software. The
control logic 110 can be implemented by one of ordinary skill
in the electronic arts without undue experimentation using
technology that is known in the art. This technology may
include, for example, application specific integrated circuits,
a microprocessor executing code that is designed to imple-
ment the functions and methods described herein, program-
mable logic arrays, etc.

The control logic 110 is capable of transferring power
received by the wireless power-receiving device to the wire-
less power-transmitting device. The control logic 110 may
transfer the power directly from the wireless power-receiving
device to the wireless power-transmitting device. For
example, the control logic 110 may supply the transmit cir-
cuitry 108 with direct current voltage provided to the control
logic 110 from the receive circuitry 104.

In particular embodiments, wireless chargers may addi-
tionally comprise a rechargeable battery. For example, the
wireless charger 100 includes a rechargeable battery 112 and
charge/discharge circuitry 114. The control logic 110 may
transfer power received by the wireless power-receiving
device to the rechargeable battery 112 instead of transferring
the power directly to the wireless power-transmitting device.
The charge/discharge circuitry 114 controls the charging and
discharging of the rechargeable battery 112. For example, the
control logic 110 may supply the charge/discharge circuitry
114 with direct current voltage provided to the control logic
110 from the receive circuitry 104. The charge/discharge
circuitry can use the supplied direct current voltage to charge
the rechargeable battery. When the rechargeable battery is
charged, the control logic 110 can transfer power from the
rechargeable battery 112 to the wireless power-transmitting
device. For example, the control logic 110 may supply the
transmit circuitry 108 with direct current voltage provided to
the control logic 110 by the charge/discharge circuitry 114.

In particular embodiments, wireless chargers will have a
display mechanism for providing a user with an indication of
the operating status of the wireless charger. For example, the
wireless charger 110 includes a display mechanism 116. The
display mechanism 116 may include, for example, a charging
indicator 216 (e.g., an LED) that indicates to a user that the
wireless charger 110 is receiving power. The charging indi-
cator 216 may light up, for example, when the wireless
power-receiving device of the wireless charger 110 is receiv-
ing power. In particular embodiments, the charging indicator
216 may comprise a signal-strength meter, allowing the user
to place the wireless charger 110 in a location where the
signal transmitting the power is the strongest. The display
mechanism 116 may include a battery-level indicator 214. In
particular embodiments, a battery-level indicator 214 will
light up when the rechargeable battery 112 is fully charged. In
other embodiments, a battery-level indicator 214 will show
approximately how much charge (e.g., expressed in approxi-
mate percentage) is in the rechargeable battery 112.
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In particular embodiments, the control logic 110 is capable
of operating the wireless power-transmitting device of the
wireless charger 100 to wirelessly transmit power in accor-
dance with a selectable power-transmitting protocol. These
embodiments are referred to herein as programmable
embodiments. In particular embodiments, the power-trans-
mitting protocol is selected by a user of the wireless charger
100. In particular embodiments, the power-transmitting pro-
tocol may be selected by the electronic device to be charged.

In particular embodiments, a selectable power-transmit-
ting protocol may include, for example, a particular fre-
quency at which the transmit circuitry 108 produces an alter-
nating voltage that the transmit circuitry 108 supplies to the
transmit coil 106. Thus, selecting a first power-transmitting
protocol may cause the transmit circuitry 108 to produce an
alternating voltage at a particular frequency and selecting a
second power-transmitting protocol may cause the transmit
circuitry 108 to produce and alternating voltage at a different
frequency. Analogously, a particular power-transmitting pro-
tocol may include, for example, a particular level of intensity
of an inductive field for the transmitting coil 106. Thus,
selecting a first power-transmitting protocol may cause the
transmit circuitry 108 to produce a particular level of intensity
of the inductive field, whereas selecting a second power-
transmitting protocol may cause the transmit circuitry 108 to
produce a different level of intensity for the inductive field.

In particular embodiments, the wireless chargers will have
asettings mechanism, providing a user of the wireless charger
with a means for selecting parameters for the operation of the
wireless charger. The settings mechanism may comprise, for
example, a plurality of selectable buttons with each selectable
button having a power-transmitting protocol associated with
it. A selectable button is something that a user can depress or
touch to select the button. For example, a selectable button
may be a mechanical button similar to the buttons found on
most telephones. Thus, in particular embodiments, a user of
the wireless charger may select a mechanical button by
depressing the button. Also, a selectable button may be a
touch-sensitive spot on a touch-sensitive screen. Touch-sen-
sitive screens with touch-sensitive buttons are frequently used
in implementing user interfaces to computers, telephones,
personal digital assistants, etc. Thus, in particular embodi-
ments, a user of the wireless charger may select a touch-
sensitive button by touching the button.

The wireless charger 100 includes a settings mechanism
118. The settings mechanism 118 includes four selectable
buttons (shown in FIG. 2). Each selectable button has asso-
ciated with it a power-transmitting protocol. The control logic
110 is capable of detecting when one of the selectable buttons
is selected. The control logic 110 is also capable of operating
the wireless power-transmitting device in accordance with
the power-transmitting protocol associated with the selected
buttons. In this manner, a user of the wireless charger 100 can
choose a particular power-transmitting protocol that is best
suited for a particular electronic device to be charged. For
example, the user may select button 1 to select a power-
transmission protocol that is suited for charging a particular
cellular phone. The user may select button 2 to select a power-
transmission protocol that is suited for charging a different
electronic device, such as a different cellular phone or a
rechargeable computer mouse. Similarly, button 3 and button
4 may be used for charging other electronic devices.

In particular embodiments, the wireless charger 100 also
comprises a wireless communications device (not shown)
capable of receiving identifications of power-transmitting
protocols. Wireless communications devices are well known
in the electronic arts and implementing a wireless communi-
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cations device suitable foruse in embodiments of the wireless
charger 100 can be accomplished by one of ordinary skill in
the electronic arts without undue experimentation. By receiv-
ing an identification, it is meant that information is received
that is sufficient to identify a particular power-transmitting
protocol. In particular embodiments, the received informa-
tion may be a single numeric value that the control logic 110
has associated with a particular power-transmitting protocol.
In other embodiments, the received information may include
values that correspond to parameters of a power-transmitting
protocol, such as the frequency of alternating voltage and the
intensity of the inductive field as discussed above.

The wireless charger 100 may receive an identification of a
power-transmitting protocol from an electronic device to be
charged. For example, an electronic device to be charged may
be placed within range of the wireless charger 100. If the
electronic device is capable of detecting that it is within range
of'the wireless charger 100 and is capable of wirelessly com-
munication with the wireless charger 100, the electronic
device to be charged may transmit an identification of a
power-transmitting protocol for the wireless charger 100 to
use when the wireless charger 100 charges the electronic
device. The wireless charger 100 may receive the transmitted
identification of a wireless power-transmitting protocol and
transmit power to the electronic device in accordance with the
identified protocol.

Additionally, the control logic 110 is capable of associating
a selectable button with a power-transmitting protocol iden-
tified by a received identification. In this manner, a user of the
wireless charger 100 may place an electronic device to be
charged within range of the wireless charger 100 and select a
power-transmitting protocol (by selecting a button) that is
suited for charging the electronic device.

FIG. 2 illustrates a charging system 200 utilizing the wire-
less charger 100 of FIG. 1 in conjunction with another wire-
less charger 202 in accordance with embodiments of inven-
tive matter disclosed herein. FIG. 2 shows a first wireless
charger 202 positioned underneath a portion of a desktop 204
and a second wireless charger 100 positioned on top of the
desktop 204.

The first wireless charger 202 comprises a power cord 206
through which the first wireless charger 202 can receive elec-
trical power from a standard power source, such as a 120 V
outlet commonly found in residential and office buildings or
a 12 V source as is commonly used in the auto industry. The
first wireless charger 202 is capable of wirelessly transmitting
power 208 to the second wireless charger 100 and the second
wireless charger 100 is capable of receiving the wirelessly
transmitted power 208. The wireless power-receiving device
of'the second wireless charger 100 can receive the wirelessly
transmitted power 208.

In particular embodiments, the first wireless charger 202 is
capable of wirelessly transmitting communications 210 and
the second wireless charger 100 is capable of receiving the
wirelessly transmitted communications 210. In particular
embodiments, the second wireless charger 100 is capable of
wirelessly transmitting communications 212 and the first
wireless charger 202 is capable of receiving the wirelessly
transmitted communications 212. The first wireless charger
202 also includes a communications port 214 (e.g., a USB
port) that allows the first wireless charge 202 to be commu-
nicatively connected, for example, to a computer or directly
to a network (e.g., the internet). The first wireless charger 202
can receive power-transmitting protocols via the communi-
cations port 214 and wirelessly communicate the protocols to
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the second wireless charger 100 so that the second wireless
charger 100 can associate each received protocol with a
selectable button.

A user of the second wireless charger 100 may charge an
electronic device by placing the electronic device to be
charged within range of the wireless power-transmitting
device of the wireless charger 100. The user can accomplish
this, for example, by placing the electronic device to be
charge on top of the wireless charger 100. The user may select
a particular power-transmitting protocol for charging the
electronic device by selecting one of the selectable buttons in
the settings mechanism 118.

The second wireless charger 100 is portable. Thus, the
wireless charger 100 can still be used to charge electronic
devices even if it is removed from within range of the first
wireless charger 202. For example, a user may wish to take
the wireless charger 100 with them to charge an electronic
device while they are traveling. The battery indicator 214 will
indicate to the user when the wireless charger 100 itself needs
to be recharged. When the user returns from traveling, the
user can place the wireless charger 100 within range of the
first wireless charger 202 so that the second wireless charger
100 can be recharged, if necessary. Since the first wireless
charger 202 may be positioned out of sight on the underneath
side of a desktop, the user may use the charging indicator 216
to determine when the second wireless charge 100 is within
range of the first wireless charger 202.

FIG. 3 illustrates operations 300 performable by a wireless
charger in accordance with embodiments of inventive matter
disclosed herein. The operations 300 comprise step 310, step
320, and step 330. In particular embodiments, the wireless
charger may perform all three steps simultaneously.

In step 310, the wireless charger wirelessly receives power
at a first device located in a housing, the first device being a
wireless power-receiving device. In step 320, the wireless
charger transfers the received power to a second device
located in the housing, the second device being a wireless
power-transmitting device. In step 330, the wireless charger
wirelessly transmits the transferred power from the wireless
power-transmitting device.

Particular embodiments of wireless chargers disclosed
herein include one or more rechargeable batteries. FIG. 4
illustrates operations 400 performable by such a wireless
charger in accordance with embodiments of inventive matter
disclosed herein. The operations 400 comprise step 310, step
420, and step 330. Steps 310 and 330 are the same as shown
in FIG. 3.

Step 420 comprises step 422 and step 424. In step 422, the
wireless charger transfers received power from the wireless
power-receiving device to a rechargeable battery located in
the housing. In step 424, the wireless charger transfers power
from the rechargeable battery to the power-transmitting
device.

Particular embodiments of wireless chargers disclosed
herein can operate in accordance with one of a plurality of
power-transmission protocols. These wireless charges are
referred to herein as programmable. FIG. 5 illustrates opera-
tions 500 performable by a programmable wireless charger in
accordance with embodiments of inventive matter disclosed
herein. The operations 500 comprise steps 530 and 540.

Step 530 comprises step 532 and step 534. In step 532, the
wireless charger wirelessly receives an identification of a
power-transmitting protocol. In step 534, the wireless charger
operates a wireless power-transmitting device to wirelessly
transmit power in accordance with the received power-trans-
mitting protocol.
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Step 540 comprises step 542, step 544, step 546, and step
548. In step 542, the wireless charger receives identifications
of power-transmitting protocols at a wireless communica-
tions device. In step 544, the wireless charger associates each
of a plurality of selectable buttons with an identified power-
transmitting protocol. In step 546, the wireless charger
detects that one of the plurality of selectable buttons has been
selected. In step 548, the wireless charger operates a wireless
power-transmitting device in accordance with a power-trans-
mitting protocol associated with the selected button.

In accordance with inventive matter disclosed herein, novel
devices and methods related to wireless charging of elec-
tronic devices have been provided. While the present inven-
tion has been shown and described herein with reference to
specific embodiments thereof, it should be understood by
those skilled in the art that variations, alterations, changes in
form and detail, and equivalents may be made or conceived of
without departing from the spirit and scope of the invention.
Accordingly, the scope of the present invention should be
assessed as that of the appended claims and by equivalents
thereof.

What is claimed is:

1. A portable wireless charger, comprising:

a portable housing containing;

a wireless power-receiving device comprising receive
circuitry and a receive coil located in the housing;

a separate wireless power transmitting device compris-
ing transmit circuitry and a transmit coil located in the
housing;

a control logic comprising electronic hardware connect-
ing said receive circuit with said transmit circuitry
located in the housing for transmitting said power
received by the wireless power-receiving device to the
wireless power-transmitting device, said wireless
charger thereby being capable of simultaneously
receiving power wirelessly and transmitting said
power wirelessly from said power-transmitting
device outside of the portable wireless charger and
wherein the control logic further functions to operate
the wireless power-transmitting device to wirelessly
transmit power in accordance with a selectable
power-transmitting protocol.

2. The wireless charger of claim 1, additionally compris-
ing: a rechargeable battery located in the housing, wherein the
control logic is capable of transferring power received by the
wireless power-receiving device to the rechargeable battery,
and wherein the control logic is capable of transferring power
from the rechargeable battery to the wireless power-transmit-
ting device.

3. The wireless charger of claim 1, comprising: a wireless
communications device capable of wirelessly receiving an
identification of a selectable power-transmitting protocol.

4. The wireless charger of claim 1, comprising:

a plurality of selectable buttons, each of the plurality of
buttons having a power-transmitting protocol associated
with it, wherein the control logic is capable of detecting
when one of the selectable buttons is selected, and
wherein the control logic is capable of operating the
wireless power-transmitting device in accordance with
the power-transmitting protocol associated with the
selected button.

5. The wireless charger of claim 4, comprising:

a wireless communications device capable of receiving
identifications of power transmitting protocols, wherein
the control logic is capable of associating each of the
plurality of selectable buttons with a power-transmitting
protocol corresponding to a received identification.
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6. A charging system, comprising:

a first wireless charger capable of wirelessly transmitting
power; and

a second portable wireless charger, the second wireless
charger comprising:

a portable housing containing;

a wireless power-receiving device comprising receive
circuitry and a receive coil, located in the housing, the
wireless power-receiving device capable of wire-
lessly receiving power transmitted from the first wire-
less charger;

a separate wireless power-transmitting device compris-
ing transmit circuitry and a transmit coil located in the
housing said receiving and transmitting devices
capable of wirelessly simultaneously receiving and
transmitting power from said power transmitting
device outside of said second portable wireless
charger; and

a control logic comprising electronic hardware connecting
said receive circuitry to said transmit circuitry located in
the housing, thereby the control logic transmits said
power received by the wireless power-receiving device
to the wireless power transmitting device and outside the
second portable wireless charger; wherein the control
logic further functions to operate the wireless power-
transmitting device to wirelessly transmit power in
accordance with a selectable power-transmitting proto-
col.

7. The charging system of claim 6, wherein the second

wireless charger additionally comprises:

a rechargeable battery located in the housing, wherein the
control logic is capable of transferring power received
by the wireless power-receiving device to the recharge-
able battery, and wherein the control logic is capable of
transferring power from the rechargeable battery to the
wireless power-transmitting device.

8. The charging system of claim 6, wherein the first wire-
less charger includes a first wireless communications device,
wherein the second wireless charger includes a second wire-
less communications device, and wherein the second wireless
charger is capable of transmitting, via the second communi-
cations device, to stop the first wireless charger from wire-
lessly transmitting power.

9. The wireless charger of claim 8, wherein the second
wireless charger comprises:

a wireless communications device capable of wirelessly
receiving an identification of selectable power-transmit-
ting protocol.

10. The wireless charger of claim 8, wherein the second

wireless charger comprises:

a plurality of selectable buttons, each of the plurality of
buttons having a power-transmitting protocol associated
with it, wherein the control logic is capable of detecting
when one of the selectable buttons is selected, and
wherein the control logic is capable of operating the
wireless power-transmitting device in accordance with
the power-transmitting protocol associated with the
selected button.

11. The wireless charger of claim 10, wherein the second

wireless charger comprises:

a wireless communications device capable of receiving
identifications of power-transmitting protocols, wherein
the control logic is capable of associating each of the
plurality of selectable buttons with a power-transmitting
protocol corresponding to a received identification.

12. The wireless charger of claim 11, wherein the first

wireless charger comprises:
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a wireless communications device, wherein the first wire-
less charger is capable of wirelessly transmitting, via the
wireless communications device, identifications of
power transmitting protocols.

13. A portable wireless charger, said charger comprising:

a portable housing containing;

a wireless power-receiving device comprising receive
circuitry and a receive coil located in said housing;
and

a separate wireless power-transmitting device compris-
ing transmit circuitry and a transmit coil located in
said housing; and

a control logic comprising electronic hardware connect-
ing said receive circuitry with said transmit circuitry,
located in said housing, for simultaneously transmit-
ting said power from said receiving device to said
transmitting device for simultaneous transmission
from the portable wireless charger to wirelessly
charge a secondary battery in an electronic device to
be charged.

14. The wireless charger of claim 13, farther comprising
selectable power transmitting protocol and rechargeable bat-
tery, wherein said selectable power-transmitting protocol is
selected by the electronic device to be charged.
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15. The wireless charger of claim 13, further comprising
selectable power-transmitting protocol and rechargeable bat-
tery, wherein said selectable power-transmitting protocol is
selected by user of said charger.

16. The wireless charger of claim 13, wherein said power-
receiving device is adapted to receive alternating current or
direct current.

17. The power-receiving device of claim 13, wherein said
device converts received alternating current to direct current
and transmits said direct current to transmit circuitry using
the control logic comprising electronic hardware connected
to said receive circuitry and said transmit circuitry.

18. The power-receiving device of claim 13, wherein said
device converts received alternating current to direct current
and transmits said direct current to rechargeable battery
located in the housing, wherein the control logic transmits
power received by said power-receiving device to said bat-
tery, and wherein said control logic comprising electronic
hardware connected to said receive circuitry and said transmit
circuitry, transmits said power from said battery to said
power-transmitting device.





