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FIG. 3

(57) Abstract: The present disclosure may
provide various electric transmitter arrangements
which may be used to provide wireless power
transmission (WPT) while using suitable WPT
techniques such as pocket-forming. In some em-
bodiments, transmitters may include one or more
antennas connected to at least one radio fre-
quency integrated circuit (RFIC) and one micro-
controller. Transmitters may include communica-
tions components which may allow for commu-
nication to various electronic equipment includ-
ing phones, computers and others. Transmitters
for wireless power transmission may be feed by a
power source, which may have suitable connec-
tion with transmitters through several power
couplings, including screw caps for light sockets,
cables, power plugs among others. Power coup-
lings may depend on final application and user
preferences.
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UTILITY PATENT APPLICATION
Inventor: Michael A. Leabman

Docket No.:  0010484.0026

TITLE

POWER COUPLINGS IN TRANSMITTERS FOR WIRELESS
POWER TRANSMISSION

CROSS-REFERENCES TO RELATED APPLICATIONS

{8801} The present discloswre s related to U8, Non-Provisional Patent
Application Neos. 13/891,340 {iled May 10, 2013, entitled Methodology for Pocket-
Forming; 13/925.469 filed June 24, 2013, entitled Methodology for Multiple Pocket-
Forring; 13/946,082 filed July 19, 2013, entitled Method for 3 Dimensional Pocket-
Forming; 13/891,399, filed May 16, 2013, entitled Receivers for Wireless Power
Transmission and 13/891,445, filed May 10, 2013, entitled Transmitiers for Wireless
Power Transmission, the entire content of which are incorporated herein by these

references.

FIELD OF INVENTION

{6682] The present disclosure relates to electronic itransmitters, and more

particularly to fransmitters for wireless power iransmission.

BACKGROUND OF THE INVENTION

16003 Electronic devices such as laptop computers, smartphones, portable gaming
devices, tablets and so forth may require power for performing their inlended functions,

This may require having to charge elecironic equipment at least once a day, or in high-
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demand elecironic devices more than once a day. Such an activity may be tedious and
may represent a burden to users, For example, g user may be required to carry chargers in
case his electronic equipment is lacking power. In addition, users have to find available
power sources to connect to. Lastly, users must plugin to a wall or other power supply o
be able to charge his or her electronic device, However, such an activity may render
electronic devices inoperable during charging., Current solutions to this problem may
inchude inductive pads which may employ magnetic induction or resonating coils.
Nevertheless, such a solotion may still require that electronic devices may have to be
placed in a specific place for powering. Thus, electronic devices during charging may not
be portable. For the foregoing reasons, there is a need for a wireless power transmission
systerm where electronic devices may be powered without reguiring extra chargers or
plugs, and where the mobility and portability of electronic devices may not be

gorapronused.

SUMMARY OF THE INVENTION

16004} The present disclosure provides vartous power couplings for fransmitiers
which can be utilized for wireless power transmission using suitable technigues such as
pocket-forming. All light fixtures have a fixture body and g Hght socket 1o hold the lamp
and allow for its replacement. Fixtures may alse have a switch to control the light.
Fixtures require an electrical connection 1o a power source; permanent lighting may be
directly wired, and moveable lamps have a plug to a wall socket for power. Transmitters
of the present invention have various power couplings configured to use in a light socket
mounted in a ceiling, wall or moveable lamp fixture. The power coupling further
jnchudes a pair of wires directly wireable into an elecirical service within g building or
mobile vehicle and the like. Yet another power coupling includes a plug for inserfion
into a wall socket of the electrical service. The transmitter includes an Hdison screw cap
for the typical light socket in lamp fixiures or a double-contact bayonet cap for another
type of light sockel. Al of these type of electrical connection to a power source provide

the various power couplings for the transmitier power source.



WO 2015/013490 PCT/US2014/047963

HEEIRY The transmiiters of the present invention with the unique power couplings
are emploved to emit power RF signals io electronic devices which may incorporate
receivers. Such receivers may convert the power RF signals into suitable electricity for
powering and charging a plurality of electric devices, Wireless power transmission allows
powering and charging a plurality of electrical devices without wires,

{3486} A ransmifter including at least two antenna elemenis may generate R¥
signals through the use of one or more Radie frequency integrated civenit (RFIC) which
may be managed by one or more microconirollers. Transmitiers may receive power fom
a power source, which may provide enough eleciricity for a subsequent conversion to RF
signal, Power source may be connected through a variety of power couplings, which may
depend on final application and user preferences,

{89078 In an embodiment, a transmiiter arrangement includes a screw cap for light
sockets connected to an elecirical service, which may operate as power coupling for the
fransmitter.

18608} In a further embodiment, a transmifter arrangement includes bare wires as
power couplings 10 2 residential or commercial building electrical service for a power
source,

166991 In an even further embodiment, a transmitter arrangement includes a power
phug as power coupling 1o be inserted into a socket in an electrical service.

{6818} Transmitter arrangements provided in the present dsclosure, as well as
possible implementation schemes may provide wireless power transmission while
eliminating the use of wires or pads for charging devices which roay require tedious
procedures such as plugging to a wall, and may turs devices unusable during charging.
in addition, electronic eguipment may require fess components as typical wall chargers
may not be required. In some cases, even batieries may be eliminated as a device may

fully be powered wirelessly,
BRIEF DESCRIPTION OF THE DRAWINGS

8611} Non-limiting embodiments of the present disclosure are described by way

of example with reference to the accompanying figures which are schematic and are not

(23
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intended to be drawn to scale. Unless indicated as representing the background art, the
figures represent aspects of the disclosure.
90124 FIG. 1 illustrates 3 wireless power iransmission example situation using

pocket-forming.

[0613] FIG. 2 illustrates a component level embodiment for a transmitier.
{6014} FEG, 3 illustrates a transmitter arrangement where a screw cap is used as

power coupling.

HHH R FI1G. 4 illusirates a transmitter arrapgement where a bare wires used as
power couplings.

{66161 FIG. 5 ilustrates a transmifter arrangement where a power plug s used as

power coupling.

DETAILED BESCRIPTION OF THE DRAWINGS

{6617 "Pocket-forming” may refer to generating two or more RF waves which

converge in 3-d space, forming controlled constructive and destructive interference

patterns.
{80418} "Pockets of energv” may refer to arcas or regions of space where energy or

power may accumulate in the form of consiructive interference patterns of RF waves.
19819} "Null-space” may refer to areas or regions of space where pockets of
energy do not form because of destructive interference pattemns of RE waves.

1G24 "Transmitter” may refer to a device, including a chip which may generate
iwo or more RF signals, at least one RF signal being phase shified and gain adjusted with
respect to other RF signals, substantially all of which pass through one or more RF
antenna such that focused RE signals are directed fo a target.

B021] "Receiver” may refer to a device including at least one antenna element, at
least one rectifying circnit and at least one power converter, which may utilize pockets of
energy for powering, or charging an electronic devige.

{66221 "Adaptive pockel-forming” may refer fo dynamically adjusting pocket-

forming to regulate power on one or more targeted receivers.
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DESCRIPTION OF THE DRAWINGS

10231 In the following detailed description, reference i3 made to the
accompanying drawings, which form a part hereof. In the drawings, which are not to
scale or o proportion, similar symbols typically identify similar components, unless
comtext dictates otherwise. The illustrative embodiments described in the detailed
description, drawings and clairos, are not meant o be limiting. Other embodiments may
be used and/or and other changes may be made without departing from the spirit or scope
of the present disclosure,

180241 FiG. 1 Hustrates wireless power transmission 100 using pocket-forming. A
transmitier 102 may transmit conirolled Radio RF waves 104 which may converge 1 3-d
space. These Radio frequencies (RF) waves may be controlled through phase and/or
relative amplitude adiustments to form constructive and destructive interference patterns
{pocket-forming). Pockets of energy 108 wmay be formed at counstructive interference
patterns and can be 3-dimensional in shape whereas null-spaces may be generated at
destructive interference patterns. A receiver 106 may then wtilize pockets of energy 108
produced by pocket-forming for charging or powering an electronic device, for example a
laptop computer 110 and thus effectively providing wireless power transmission. In other
situations there can be multiple transmitiers 102 and/or multiple recetvers 106 for
powering various electronic eguipment for example smartphones, tablets, music players,
toys and others at the same time. I other embodiments, adaptive pocket-forming may be
used to regulate power on elecironic devices.

{8625} Fig. 2 depicts a basic block diagram of a transmitter 200 which may be
utilized for wireless power transmission. Such transmitier 200 may include one or more
antenna elements 202, one or more Radio freguency integrated civeuit {RFIC) 204, one or
more micrecontroller 206, a commumication component 208, a power souree 210 and a
housing 212, which may allocate all the reguested components for transimitter 200,
Components in fransmitter 200 may be manufactured using meta-materials, micro-
printing of circuits, nanc-matertals, and the like.

80261 Transmitter 200 may be respounsible for the pocket-forming, adaptive

pocket-forming and muliiple pocket-forming through the use of the components

L
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mentioned in the foregoing paragraph. Transmitter 200 may send wireless power
transmission {0 one or more receivers 106 in form of radio signals, such signals may
include any radio signal with any frequency or wavelength.

[B627] Aptenna clements 202 may include flat antenna elemenis 202, patch
aptenna elements 202, dipole antenna elements 202 and any suitable antenna for wireless
power transmission. Suitable anierma types may include, for example, patch antennas
with heights from about 1/8 inches to about 6 inch and widths from ghout 1/8 inches {o
about 6 inch. Shape and orientation of antenna elements 202 may vary in dependency of
the desired features of transmitter 200, orientation may be flat in X, Y, and 7 axis, as well
as various oticnistion types and combinations in three dimenéionai arrangements.
Antenna elements 202 materials may include any sutisble material that may allow Radio
signal transmission with high efficiency, good heat dissipation and the like, Nuraber of
anterma elements 202 may vary In relation with the desired range and power transmission
capability on transmitter 200, the wore antenna clements 200, the wider range and higher
power ransmission capability.

1628] Anteona elements 202 may include suitable antenna types for operating in
frequency bands such as 900 MHz, 2.5 GHe or 5.8 GHz as these frequency bands
conformn to Federal Comumunications Comnission (FCC) regulations part 18 (Industrial,
Scientific and Medical equipment}). Antenna clements 202 may operate in independent
frequencies, allowing a multichannel operation of pocket-forming.

13629] In addition, antenna clements 202 may have at least one polarization or a
selection of polarizations. Such polarization may include vertical pole, horizontal pole,
circularly polarized, left hand polanized, right hand polanized, or a combination of
polarizations. The selection of polarizations may vary in dependency of transmitter 200
characteristics. In addition, antenna elements 202 may be located in various surfaces of
transmitter 200,

{B036] Antenna elements 202 may operate in single array, pair array, guad array
and any other suitable arrangement, which may be designed in accordance with the
desired application.

{06031} RFIC 204 may include a plurality of RF circuits which may include digital

andfor analog components, such gs, amplifiers, capacitors, oscillators, piezoelectric

&
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crystals and the like, RFIC 204 may conirol features of antenna elements 202, such as
gain and/or phase for pocket-forming and manage it through direction, power level, and
the like. The phase and the amplitude of pocket-forming in each anterma elements 202
raay be regulated by the corresponding RFIC 204 in order to generate the desired pocket-
forming and null steering. o addition RFIC 204 may be connected to microcontroller
206, which may inchude a digital signal processor {DSP), PIC-Class microprocessor,
central processing unit, computer and the like. Microcontroller 206 may control a variety
of features of RFIC 204 such as, time emission of pocket-forming, direction of the
pocket-forming, bounce angle, power intensity and the bke, Furthermore, microcontroller
206 may conirol multipie pocket-forming over multiple receivers or over a single
receiver. Furtherroore, fransmitter 200 may allow distance discrimination of wireless
power transmission,

160321 In addition, microconiroller 206 may manage and control conununication
protocols and signals by controlling compmunication component 208, Microcontroller 206
may process information received by communication component 208 which may send
and receive signals to and from a receiver 1o order 1o irack i and concentrate the pocket
of energy 108 on it In addition, other information may be transmitied from and to
recetver 106; such information may include authenticaiion protocols among others.
Communication component 208 may include and combine Bluetooth technology, infrared
communication, WEFI, ¥M radic among others. Microcontroller 206 may determine
optimurn fimes and locations for pocket-forming, including the most efficient trajectory
o transmit pocket forming in order to reduce losses because obstacles. Such trajectory
may include direct pocket-forming, bouncing, and distance discrimination of pocket-
forming,

{6833] Transmitter 200 may be fed by a power source 210 which may include AC
or DC power supply, Voliage, power and current inlensity provided by power source 210
may vary in dependency with the required power fo be transmitted. Conversion of power
to radio signal may be managed by microconiroller 206 and carried cut by RFIC 204,
which may otilize a phurality of methods and components to produce radio signals in a
wide variety of frequencies, wavelength, intensities and other features. As an exemplary

use of a variety of methods and components for radio signal gencration, oscillators and
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piezoeleciric crystals may be used to create and change radio frequencies in different
antenna elements 202, In addition, a variety of filters may be used for smoothing signals
as well as amplifiers for increasing power to be transmitted. In order to be connected to a
suitable power source 210, fravsmitier 200 may inchude a variety of power couplings,
which may couple transmitter 200 with power source 210 in dependence of the
application and user preferences.

86341 Transmitter 200 may emit pocket-forming with a power capability from
few watis to over hundreds of watis, Each antenna may manage a certain powsr capacity.
Such power capacity may be related with the application,

18835} Autenna elements 202, RFIC 204 and microcontrollers 206 may be
connected i a plurality of arrangements and combinations, which may depend on the
desired characteristics of transmitter 200.

RHERHY! FIG. 3 depicts a flat travsmitter 300 of a predetormined size to fit into a
number of spaces which includes antenna elements 202, Transmitier 300 includes a
serew cap 302, Screw cap 302 connects the transmitter 300 to a light socket, where in the
fight socket operates as a power source 210 for the transmitter 300,

186371 Screw cap 302 may include a vartety of electronics devices, such as,
capaciiors, inductors, power converters and the like. Such electronic devices may be
intended for managing the power source 210, which feeds transmitier 300,

18038} Furthermore, transmitier 300 including screw cap 302 as power conneciion
wiay increase versatility of wansmitter 300, because transmitter 300 is able to be located
in every place where a screw cap 302 is received by a light socket.

[6639] Transmitter 300 includes several shapes which may vary in dependence
with final application and user preferences,

1646 FIG. 4 depicts a flat transmitter 400 which includes antenna elements 202,
Tragsmitter 400 includes a cable 402 with a pair of wires for connection to the power
source 210, Power source 210 includes an electrical service in & building or mobile
vehiele and the like,

{0641} Cables 402 include labels of positive and negative cables in case of

counecting to & DO current power source 210 and/or L1 and L2 cables in case of AC
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currentt power sourcs 210, Furthermore, more cables may be included, such cables may
be for three-phase power source 210 and a ground cable connection.

{042] Transmitter 400 includes a variety of electronics devices, such as,
capacitors, inductors, power converfers and the like. Such electronic devices may be
intended for managing the power source 210 which may feed transmitier 300,

{(B043] Transmitter 300 is located in several places due the cables 402, which may
be connected (o any power source 210, such power source 210 may be AC or BC in
dependence with final application and user preferences,

{8044] Transmitter 300 inchudes several shapes which way vary in dependence
with final application and user preferences.

{H045] FIG. 5 depicts 8 transmitter 500 which includes antenna slements 202 ina
flat arrangement. Transmitier 300 is comnected to a power source 210 through one or
more power plug 502, Such power plug 502 complies with the standard of each couniry
and/or region. Power plug 502 is intended to connect transmitier 300 to one or more
power outlet on the walls, Hoors, cetlings and/or electric adapters.

80461 Transmitter 500 includes a variety of electronics devices, such as,
capacitors, inductors, power converters and the like. Such electronic devices are intended
for managing the power source 210 which feeds transmitter SO0,

{80471 Transmitter 500 includes several shapes which may vary in dependence
with final application and user preferences.

{B04E] While vartous aspects and embodiments have been disclosed herein, other
aspects and embodiments may be contemplated. The various aspects and embodiments
disclosed herein are for purposes of llusiration and are not intended o be Hmiting, with

the true scope and spirit being indicated by the bllowing claims,
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Having thus described the invention, I claim:
i A method for wireless power transmission (o an electronic device, comprising the
steps of:

emitfing power BE waves from a pocket-forming transmitter having a power
coupling to a power source for generating pockets of energy:

coupling a receiver o an electronic device,

capturing the pockets of energy at the receivers; and

powering or charging the electronic device from the captured pockets of energy.
2. The method for wireless power transmission to an electronic device of
claim 1, wherein the power coupling of the trangmitter includes a Bdison screw cap for
insertion into a Hght socket connected o the power source wherein the power source is an
electrical service of a dwelling or mobile power source.
3. The method for wireless power transmission to an electronic device of ¢laim 1,
wherein the power coupling of the transmitier includes a cable with a pair of wives for
connection to the power source wherein the power source is an electrical service of a
dwelling or mobile power source,
4. The method for wireless power transmission to an electronic device of claim 1,
wherein the power coupling of the fransmitier includes an electrical pug for inseriion
into a socket connected to the power source wherein the power source 13 an elecirical
service of a dwelling or mobile power source.
3. The method for wircless power {ransmission {0 an clecironic device of claim 1,
wherein the power source is connecied through a variety of power couplings dependent
upon the final application and user preferences.
£, The method for wireless power transmission to an electronic device of ¢laim 1,
further including the step of broadcasting short RF signals through antenna clements in
the transmitter and the receiver for communication between the transmitter and the
receiver 1o establish a path or channel for the pockets of energy o converge in 3-d space
upon antennas of the receiver to charge or power the electronic device,
7. The method for wireless power transmission 1o an electronic device of claim 6,
wherein the short RF signals are standard wircless communication protocols including

Bluciooth, Wi-F1, ZigBee or FM radio.
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g, The method for wireless power transmission to an electronic device of claim 1,
further includes the step of utilizing adaptive pocket-forming to regulaie the pockets of
energy to power the electronic device,
9. The method for wireless power ransmission o an elecironic device of claim 1,
wherein power coupling to the transmitter includes connecting the power source 1o 2
microcontrotler within the transtiter for controlling a radic frequency integrated chip
for driving at least two antennas for pocket-forming and for adjusting the transinitier
anfennas to form the pockets of energy used by the receiver in order to charge or power
the electronic device.
t6.  The method for wireless power transmission to an electronic device of claim 6,
further comprising the step of operating the receiver in a frequency band of the
transinitier wherein the antenna clements of both the receiver and transmiiter include
vertical or horizontal polarization, circularly polarized, right hand or left hand
polarization, elliptical polarization or any combination thereof.
i, The method for wireless power transmission to an electronic device of claim 1,
wherein the power souree connected o the transmitter through power coupling includes
AC or DC power.
12, A wireless power transmission {o an electronic device, comprising:

a pocket-forming transmitter having a power coupling to a power source for
eraitting power RY waves to form pockets of energy that converge in 3-d space; and

a receiver connected o an electronic device for capturing the pockets of energy
converging in 3-d space through antennas to charge or power the electronic device.
13, The wircless power transinission to an electronic device of claim 12, wherein the
power coupling of the transmitier includes a Hdison screw cap for insertion into a light
socket connected to the power source wherein the power source is an clectrical service of
a dwelling or mobile power source.
14, The wircless power transmission to an electronic device of claim 12, wherein the
power coupling of the transmitter includes a cable with a pair of wires for connection {o
the power source wherein the power source is an electrical service of a dwelling or

mobile power source.
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15, The wireless power {ransmission o an electronic device of claim 12, wherein the
power coupling of the transmitter includes an electrical plug for insertion into a socket
connected 1o the power source wherein the power source 15 an elecirical service of a
dwelling or mobile power source.
6. The wireless power transmission to an electronic device of claim 12, wherein the
transmitier and the receiver further include communication circuitry for sending short RF
signals between the transmitter and the receiver to establish a path or channel for the
pockets of energy to converge in 3-d space upon anfennas of the receiver {o charge or
power the electronic device.
17.  The wireless power transmission to an electronic device of claim 16, wherein the
short RY signals are standard wireless communication protocols including Blustooth, Wi-
Fi, JigBee or FM radio,
18, An apparatus for wireless power transmission to an electronic device, comprising:
& pockel-forming transmitter having power couplings for gencrating power RF
waves to form pockets of energy for wirelessly transrnitting power in the form of pockets
of energy; and
a receiver connected to an electronic device for capluring the pockets of energy
through antennas and for establishing an operating voltage for the electronic devices,
I9. The apparatus for wireless power transmission o an electronic devige of elaim 18,
further including communication circuitry in the receiver and transmitter wherein the
communication circultry utilizes Bluetooth, infrared, Wi-Fi, FM radic or Zigbee for the
communication protocols between the receiver and the transmitter,
20.  The apparatus for wireless power transmission to an electronte device of claim 17,
wherein the power coupling of the transmitter includes a Bdison screw cap for insertion
into a light socket connected o the power source wherein the powser source is an
electrical service of a dwelling or mobile power source.
21, The apparatus for wireless power transmission to an electronic device of claim 19,
wherein the power coupling of the transmitter includes a cable with a pair of wires for
connection to the power source wherein the power source is an electrical service of a

dwelling or mobile power source,
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22, 'The apperatus for wireless power transmission to an electronic device of claim 19,
wherein antonna elements of the transmitter and the receiver operate in similar band
frequencies that allow a multichanpel operation of pocket-forming to power one or more
electronic devices,

23, The apparatus for wireless power transmission 1o an electronic device of claim 19,
wherein the power coupling of the tranomitter includes an electrical plog for insertion
into a socket connected fo the power source wherein the power source is an electrical

service of a dwelling or mobile power source.
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