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SYSTEM AND METHOD FOR ELECTRICAL
CHARGE TRANSFER ACROSS A
CONDUCTIVE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/902,126, filed in the United
States Patent and Trademark Office on Nov. 8, 2013, the
entire disclosure of which is incorporated herein by reference.

FIELD

[0002] Embodiments of the present invention relate to the
field of systems and methods for delivering power and for
transmitting information between multiple devices.

BACKGROUND

[0003] Modern soldiers and other professionals carry and
utilize many portable electronic devices to perform their
duties, ranging from communications equipment, vision aids
(e.g., night vision goggles and binoculars), sensors, and navi-
gation devices. Use of such portable electronic devices is only
expected to grow. These devices generally utilize dedicated or
device-specific batteries and generally intercommunicate
using interconnecting cables, thereby adding weight and
operational complexity to already-overloaded dismounts
(e.g., the equipment a soldier carries when not on connected
to supporting infrastructure such as a vehicle). For example, a
standard dismount for a 72 hour mission often requires 70
batteries of 7 different types amounting to 16 pounds of
additional weight.

[0004] As discussed above, modern professionals working
in the field (e.g., soldiers and firefighters), often carry an array
of electronic devices when performing their duties. These
devices may include communication devices (e.g., phones
and radios), navigation devices (e.g., GPS devices), lights
(e.g., flashlights), vision aids (e.g., binoculars and night
vision goggles), and other specialized tools. These electronic
devices may have different power requirements (e.g., difter-
ent operating voltages, wattages, and impedances) and there-
fore each generally includes a dedicated battery designed to
meet the particular energy requirements of the device.
[0005] However, batteries generally require frequent
charging or replacement, resulting in additional burden on
logistics and training. For example, replacement and backup
batteries need to be carried or stocked to replace drained units
and a large number of charging systems need to be provided
to recharge the dedicated batteries. In addition, the wide range
of mutually incompatible types of batteries further increases
logistical burden.

[0006] The electronic devices typically communicate with
one another using interconnected cables. However, cables can
interfere with movement, interconnects (e.g., the connectors
or connection points between cables or between cables and
devices) can degrade reliability, and device swaps can be time
consuming and inconvenient. Fixed cable lengths and device
placements are not scalable for various soldier sizes and may
be incompatible with the movement habits of those soldiers.
[0007] Recentefforts in smart textiles, in which conducting
wires are woven into clothing, only address cabling and
power distribution. However, smart textiles provide only a
partial solution because the textiles impose fixed locations on
electronic devices. Furthermore, these textiles have inherent
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reliability issues due to the fragile interconnect wiring. Wire-
less solutions cannot distribute significant power to devices,
have low signal transfer efficiencies, and, in many instances
simply will not work in the field. Better batteries reduce
weight but leave the user managing the batteries for each
individual device.

[0008] Existing R&D efforts view these problems as inde-
pendent, and have pursued piecemeal incremental improve-
ments. One example of this is the Modular Universal Battery
Charger (MUBC) (Thales, 2012)), which is able to use a
variety of power sources, including car batteries and solar
panels provides configurability and intelligence in charging.
However, the Thales MUBC still requires separate charging
of each device and still leaves a soldier tied in complex
cabling and subject to operational disruptions to his mission.

SUMMARY

[0009] Embodiments of the present invention relate to a
system including two or more devices that can communicate
and exchange electrical energy across a shared conductive
medium and a method of operating such a system. This
medium can be ametal plate, a conductive textile, or any other
electrically conductive material including wires and cables.
Embodiments of the present invention do not require separate
cables and interconnects, so the connections can made merely
through contact between the devices and the shared conduc-
tive medium.

[0010] According to one embodiment, the conductive
medium is exposed to environment (e.g., without electrical
insulation) to create an opportunity for contact with devices.
Embodiments of the present invention provide a controller to
control the transmission of electrical charge between devices
to ensure safe and efficient operation, whether the transmitted
electrical charge conveys a communications signal or electri-
cal power. Embodiments of the present invention also provide
systems and methods for automated background system
recharging and unattended connection management while
monitoring operational conditions to ensure efficient and safe
transfers.

[0011] Aspects of embodiments of the present invention
behave roughly analogously to a wireless network access
point (e.g., WiFi). Embodiments of the present invention
utilize non-radiative operations and therefore produce limited
emissions, ensuring RF signal concealment and security.
Some embodiments of the present invention monitor the state
of the inter-device connection to ensure maximum efficien-
cies and, hence, optimal impedance matches and low emis-
sions, thereby reducing or minimizing EM signatures.
Embodiments of the present invention also provide sensitive
state monitoring and agile circuitry to prevent accidental dis-
charge in extreme conditions such as water immersion, high
temperatures, or mechanical impact.

[0012] Embodiments of the present invention relate to the
body networks, consumer electronics and point-of-sale ter-
minals. For example, embodiments of the present invention
may beused in the defense industry with “smart” uniforms (or
garments) and electronic chip manufacturers and may be used
in the consumer electronics industry with applications in
point-of-sale terminals, entry control (e.g., contact-based
communication with security devices to permit entry or
access to, for example, restricted areas, vehicles, equipment,
or information), etc.

[0013] Insome embodiments of the present invention, the
conductive medium is intrinsically conductive (e.g., metal),
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and in other embodiments the conductive medium is a mate-
rial plated with a conductive material. Some examples of such
materials are: metal plates, conductive textiles, wire mesh,
single wire cable, conductive paint, metal holders, metal
enclosures, etc.

[0014] In some embodiments of the present invention, the
conductive medium is a mesh or a network of conductive
materials that can be completely exposed or partially or fully
insulated. Some examples of such materials are: metal
patches, conductive textiles, conductive textile patches, wire
mesh, cable mesh, conductive paint, metal holders, metal
enclosures, etc.

[0015] Embodiments of the present invention include con-
figurable circuitry that natively supports high frequencies and
large bandwidth, thereby enabling information (or data)
exchange applications in addition to power management. For
example, embodiments ofthe present invention can be used to
provide communications capabilities for data exchange,
secure communications, entry control, and biometric verifi-
cation. Embodiments of the present invention also allow
remote device interrogation and low-power provisioning,
enabling cordless and battery-less distributed sensor net-
works to be integrated across a garment (e.g., a uniform). For
example, health-monitoring devices on a wounded soldier
could be accessed by a combat medic wearing a system
according to embodiments of the present invention, even if
the soldier’s vest (including the soldier’s primary battery)
were removed, because the medic’s battery could be used to
power, control, and communicate with the soldier’s health-
monitoring devices.

[0016] Embodiments of the present invention continually
monitor movement and external contacts to manage power
distribution across the conductive medium. Embodiments of
the present invention utilize the collected information to
anticipate connections so that when the conductive medium
comes in contact with a charging station, the connection is
quickly and automatically detected and unsupervised charg-
ing can take place. This enables incorporation of charging
stations at places frequented by dismounts, such as vehicle
seats, seatbelts, sleeping bags, clothes hooks and clothes
hangers, and simplifying charging management or equip-
ment. Equipment that is not directly attached to a garment
according to embodiments of the present invention can be
placed in conductive pockets or retrofitted with conductive
hook and loop material (e.g., Velcro®) to allow connection to
the conductive textile backplane 10.

[0017] Therefore, embodiments of the present invention
provide a wide variety of benefits, including, but not limited
to: cable-free efficient inter-device communication and
energy exchange; elimination or reducing of interconnect
improves reliability and reduces training time; arbitrary and
hassle-free placement of devices (e.g., placement at arbitrary
locations on a worn garment); enhanced freedom of move-
ment for the person wearing the garment (e.g., a soldier);
centralized battery system with prioritized energy distribu-
tion; seamless exchange of charge and information among
multiple systems (e.g., soldier-to-soldier and soldier-to-ve-
hicle); battery-agnostic charging across garment (e.g., the
soldier’s uniform); unobtrusive automated charging system
transfers energy opportunistically to match the efficiencies of
wired system; significant battery weight reduction for the
same amount of effective energy capacity (e.g., 30% reduc-
tion); 10 times reduction in logistics effort; and native support
for passive sensors to enable seamless health monitoring.
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[0018] In addition to reducing the burden on the user (e.g.,
a soldier), embodiments of the present invention improve
supply logistics as well.

[0019] At the device level, circuitry according to embodi-
ments of the present invention plays the role of a universal
charger that can provide various power capacities and almost
completely eliminate the need for individual devices to have
disposable batteries. Furthermore, the battery-agnostic char-
acter of embodiments of the present invention makes it
capable of natively supporting renewable energy generation,
such as solar, kinematic, or RF harvesting.

[0020] According to one embodiment of the present inven-
tion, an apparatus for supplying power to a plurality of
devices coupled to a conductive backplane, the conductive
backplane including a conductive pathway, includes: sensing
circuitry including a signal generator and a signal detector,
the sensing circuitry coupled to the conductive backplane; a
power supply coupled to the conductive backplane; and a
controller circuit configured to: control the signal generator to
supply a plurality of sensing signals at a plurality of transmit
impedance values to the conductive backplane; analyze a
plurality of return signals detected by the signal detector, the
return signals corresponding to the sensing signals; detect,
based on the analyzed return signals, the presence of a sink
device coupled to the conductive pathway of the conductive
backplane; and supply power from the power supply to the
sink device via the conductive pathway after detecting the
presence of the sink device.

[0021] The controller circuit may be further configured to:
detect the absence of the sink device; and stop the supply of
power from the power supply to the sink device via the con-
ductive pathway in response to detecting the absence of the
sink device.

[0022] The controller circuit may be configured to detect
the absence of the sink device by detecting a change in a
return signal of the return signals corresponding to the sink
device.

[0023] The controller circuit may be configured to detect
the absence of the sink device by detecting a decrease in
current on the conductive pathway.

[0024] The controller circuit may be configured to: detect a
short circuit on the conductive pathway; and stop supplying
power from the power supply to the conductive pathway in
response to detecting the short circuit.

[0025] The controller circuit may be further configured to:
supply a handshake request to the sink device via the conduc-
tive pathway; and receive a handshake response from the sink
device via the conductive pathway.

[0026] The controller circuit may be a central processing
unit (CPU), a microcontroller, a field programmable gate
array (FPGA), an application specific integrated circuit
(ASIC), or an analog feedback circuit.

[0027] The handshake request may include a digital signal,
the digital signal representing a code.

[0028] The handshake response may include a change in
impedance, and the apparatus may be configured to receive
the handshake response by detecting a change in a return
signal of the return signals after supplying the handshake
request.

[0029] The conductive pathway may include a conductive
fabric of an article of clothing.

[0030] The apparatus may be configured to charge a battery
coupled to the apparatus via the conductive pathway.
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[0031] The apparatus may be located on a vehicle including
a seat, wherein the conductive pathway may include a first
electrically conductive portion of a surface of the seat,
wherein the apparatus may be configured to change the bat-
tery while the battery is electrically connected to a second
electrically conductive portion of an article of clothing, and
wherein the first electrically conductive portion of the surface
of the seat may be electrically connected to the second elec-
trically conductive portion of the article of clothing.

[0032] According to another embodiment of the present
invention, an apparatus configured to receive power via a
shared conductive backplane, includes: a terminal coupled to
the shared conductive backplane; and a first device identifi-
cation impedance electrically connected to the terminal and
the shared conductive backplane.

[0033] The apparatus may further include: a second device
identification impedance; and a switch configured to selec-
tively couple and decouple the second device identification
impedance to the shared conductive backplane.

[0034] The apparatus may further include a controller cir-
cuit, wherein the controller circuit is configured to: detect a
handshake request signal via the conductive backplane; and
turn the switch on or offin response to the detected handshake
request.

[0035] According to another embodiment of the present
invention, a method for supplying power to detected devices
coupled to a conductive backplane includes: supplying a plu-
rality of sensing signals at a plurality of transmit impedance
values to the conductive backplane; analyzing a plurality of
return signals received from the conductive backplane, the
return signals corresponding to the sensing signals; detecting
the presence of a sink device coupled to the conductive back-
plane based on the analyzed return signals; and supplying
power from a power supply to the sink device via the conduc-
tive backplane after detecting the presence of the sink device.
[0036] The method may further include: detecting the
absence of the sink device; and stopping the supplying power
to the sink device via the conductive backplane in response to
detecting the absence of the sink device.

[0037] The detecting the absence of the sink device may
include detecting a change in a return signal of the return
signals corresponding to the sink device.

[0038] The detecting the absence of the sink device may
include detecting a decrease in current on the conductive
pathway.

[0039] The method may further include: detecting a short
circuit; and stopping the supplying power to the sink device
via the conductive backplane in response to detecting the
short circuit.

[0040] The method may further include: supplying a hand-
shake request to the sink device via the conductive pathway;
and receiving a handshake response from the sink device via
the conductive pathway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0042] FIG. 1A is a block diagram illustrating a system
using a shared conductive medium according to one embodi-
ment of the present invention.
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[0043] FIG. 1B is a schematic diagram illustrating various
devices connected to a system according to one embodiment
of the present invention.

[0044] FIG. 1C is a graph comparing the cumulative distri-
bution functions corresponding to the estimated operational
lifetimes of a shared battery configuration and a conventional
battery configuration with separate batteries for each device.
[0045] FIG. 2 is a schematic diagram illustrating an under-
lying concept of power and data transmission between
devices in accordance with embodiment of the present inven-
tion.

[0046] FIG. 3A is a schematic diagram of a manager device
according to one embodiment of the present invention.
[0047] FIG. 3B is a block diagram illustrating a transmit
side of a system according to one embodiment of the present
invention

[0048] FIG. 3C is a circuit diagram illustrating a transmit
side circuit according to one embodiment of the present
invention.

[0049] FIG. 3D is a schematic block diagram of a receive
side of a sink device in accordance with one embodiment of
the present invention.

[0050] FIG. 3E is acircuit diagram illustrating a sink device
according to one embodiment of the present invention.
[0051] FIG. 4 is a flowchart illustrating a method for trans-
mitting signals or power from a manager device to a sink
device according to one embodiment of the present invention.
[0052] FIG. 5A is a flowchart illustrating a method for
performing impedance measurements across a shared con-
ductive backplane according to one embodiment of the
present invention.

[0053] FIG. 5B is a flowchart illustrating a method for
performing handshake operations with sink devices accord-
ing to one embodiment of the present invention.

DETAILED DESCRIPTION

[0054] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Like reference numerals
designate like elements throughout the specification.

[0055] Embodiments of the present invention utilize a
shared conductive medium to create to an energy and infor-
mation distribution medium (or conductive medium or net-
work) which allows the textile bus to act as an intelligent
conformal “docking station.” Embodiments of the present
invention include a fast, networked impedance control system
operating in a closed feedback loop, where the control system
continuously monitors efficiency and energy transfers are
performed in an opportunistic fashion to compensate for the
continuous and unpredictable changes in operational param-
eters due to body movement and variations in operational
environment. In some embodiments, monitoring and energy
transfers may be performed by an analog feedback circuit.
[0056] To achieve conductivity, according to one embodi-
ment a conductive medium 10 (e.g., a user’s garment such as
a soldier’s uniform) 10 can either be woven from conductive
thread or plated with conductive polymers. According to one
embodiment of the present invention, conductive textiles
available from Shieldex-U.S. Inc. are used to provide the
conductive thread or material used in the soldier’s uniform.
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[0057] A device configured to operate with the system
according to embodiments of the present invention can
becomes a part of the system merely through physical contact
with the conductive medium. As such, electrical charge can
be transferred to and from the device from other devices that
are in contact with the conductive medium. These devices can
include manager devices, primary power source devices,
power sink devices, satellite devices, external charging ports,
and other networks (e.g., other conductive mediums).

[0058] FIG. 1A is a block diagram illustrating a power
management system using a shared conductive medium
according to one embodiment of the present invention, where
the system includes a conductive medium 10, a manager
device 100, and active and passive sink devices 200. The
manager device 100 and the active and passive sink devices
200 are all electrically connected to the conductive medium
10 using, for example, electrically conductive terminals (or
electrodes) on surfaces of the devices contacting the conduc-
tive medium 10. As such, the manager device 100 and the
active and passive sink devices 200 are all electrically con-
nected with one another through the conductive medium 10
[0059] FIG. 1B is a schematic diagram illustrating various
devices connected to a system according to one embodiment
of'the present invention in which a manager device is coupled
to a soldier’s uniform along with various other devices such as
power sources, power consuming devices, and connections to
external power sources. As shown in FIG. 1B, the manager
device 100 may be coupled to a battery 110 so that the man-
ager device 100 can supply power to the active and passive
sink devices 200. In addition, FIG. 1B illustrates charger
managers 400 that can also be connected to the conductive
medium 10 through, for example, vehicle seats and coat
racks. The charger manager 400 can also be connected to a
battery 410 or may include a connection to a power grid.
[0060] Aspects of embodiments of the present invention
allow distributed battery systems to be cable-free, adaptable,
and reliable while providing ready access to information and
dynamic control over configuration. This results in improved
load balance, which in turn reduced the burden on battery
capacities. FIG. 1C is a graph comparing the cumulative
distribution functions corresponding to the estimated opera-
tional lifetimes of a shared battery configuration and a con-
ventional battery configuration with separate batteries for
each device, where the shared battery system (solid line) has
an estimated 22-hour longer operational life than the equiva-
lent system made of individual batteries for the same total
capacity (dashed line). This difference translates to a 30%
lower battery capacity requirement, and hence 30% lower
weight for similar performance.

[0061] However, centralized power systems are vulnerable
to single-point failures. Embodiments of the present inven-
tion inherently manage redundant centralized batteries,
thereby increasing reliability while providing the benefit of a
shared energy source without cumbersome interconnect.
[0062] Embodiments ofthe present invention include three
aspects: a common signal backplane (or conductive back-
plane) 10, components of a manager module 100 and one or
more sink devices that provide intelligent distribution of
power and data, and interconnecting hardware. The sink
devices may include active and passive sink devices 200.
[0063] FIG.2 is a schematic diagram illustrating an under-
lying concept of power and data transmission between
devices in accordance with embodiment of the present inven-
tion. As shown in FIG. 2, the conductive backplane 10 serves

May 14, 2015

as a transmission modality between from a supply 610 to a
sink 710. The transmitting (source) side 600 and receiving
(sink) side 700 both include an interface 620 and 720 directly
connected to the conductive backplane 10 and a controller
circuit 630 and 730 configured to control their respective
interfaces 620 and 720 to measure the impedances of the
interfaces NN conditions and to adjust the operational param-
eters (e.g., voltage, frequency, and phase) according to con-
ditions. The controller circuit may be a central processing unit
(CPU), a microcontroller, a field programmable gate array
(FPGA), an application specific integrated circuit (ASIC), or
an analog feedback circuit.

[0064] According to one embodiment, the conductive
backplane 10 includes an exposed electrical conduit includ-
ing of one or more electrically conductive paths that are
electrically disjoint from Earth ground and from each other.
For example, one shared conductive medium may correspond
to a conductive jacket while another, electrically separate
conductive medium may correspond to conductive pants. In
various embodiments of the present invention, the exposed
electrical conduit can be any electrically conductive material,
such as conductive textile, enclosures, cables, railing, etc.
This component may be referred to herein as a conductive
medium or a transmission medium or modality.

[0065] According to some embodiments of the present
invention, conductive textiles used as the common signaling
backplane 10. Conductive textile applications range from
consumer electronics and medical antimicrobial treatment
(Raoul Grof, 2010) to thermal imaging evasion and confor-
mal antennas (Elliot, Rama Rao, Davis, & Marcus, 2012).
Conductive textiles have wear performance and feel similar to
typical non-conductive fabrics and can be made from various
source materials, including polymers (L.iangbing Hu, 2010).
[0066] To perform impedance measurement concurrently
(or simultaneously) with supplying power (DC or AC) to
subordinate class of devices (e.g., sink devices), embodi-
ments of the present invention utilize frequency or time divi-
sion multiplexing between the measurement and energy
transfer. For example, while power is being transferred using
DC, impedance measurements can take place at an AC fre-
quency (e.g., a high frequency). As another example, AC
power may be supplied at a different time than other AC
signals.

[0067] FIG. 3A is aschematic diagram of a manager device
100 according to one embodiment of the present invention. As
shown in FIG. 3A, the manager device 100 may be electri-
cally connected to more than one conductive medium 10a and
105, which may be electrically disconnected from one
another and which may each be coupled to one or more sink
devices. For example, in one embodiment the conductive
medium 10a corresponds to the vest of a soldier’s uniform
while conductive medium 106 corresponds to the pair of
pants. Furthermore, in some embodiment of the present
invention, the conductive medium 10 may be a multipath
backplane in that it includes a plurality of electrically insu-
lated conductive media. For example, an electrically conduc-
tive vest with a multipath backplane may include multiple
layers of conductive fabric or multiple strips of conductive
fabric, where each of these layers or strips are electrically
insulated from one another.

[0068] In addition, embodiments of the present invention
are not limited to circumstances in which the conductive
medium is integrated into articles of clothing. In some
embodiments of the present invention, the conductive
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medium is a mesh or a network of conductive materials that
can be completely exposed or partially or fully insulated.
Some examples of such materials are: metal patches, conduc-
tive textiles, conductive textile patches, wire mesh, cable
mesh, conductive paint, metal holders, metal enclosures, etc.
[0069] The manager device 100 is one or more of a first tier
of systems that include: sensing circuitry 104 that that can
generate complex electrical signals (complex meaning a sig-
nals varying in amplitude and phase), supply the generated
signals to the conductive medium 10, and measure the returns
of the complex signals; processing (intelligence) circuitry
106 (e.g., a controller circuit such as an application specific
integrated circuit, a field programmable gate array, a micro-
controller, or a microprocessor memory for storing data and
program instructions), electronic switching circuitry 108 that
can switch across multiple terminals/connections that are
connected to the various electrically insulated portions of the
conductive medium (e.g., different layers or strips of conduc-
tive fabric) as described above; and impedance switching
circuitry 102 that can create various complex impedances
(e.g., various resistances with various inductances and
capacitances). The manager may also include AC/DC 112 or
DC/DC 114 conversion circuitry and routing circuitry. Fur-
thermore, the manager may include communication (or
“comms”) circuitry 116 to generate and receive signals for
digital communication between devices coupled to the back-
plane 10 (e.g., sink devices and other manager devices).
[0070] Example constituent circuitry of the electronic cir-
cuitry for creating various complex impedances include vari-
able delay lines, varactor diodes, and tunable dielectric mate-
rials. In addition, signal generation circuitry 112 can adjust
the amplitude, frequency, and phase of the AC source signals
to reduce or minimize transfer losses.

[0071] FIG. 3B is a block diagram illustrating a transmit
side 600 of a system according to one embodiment of the
present invention in which various components of the trans-
mitside 600 correspond to components of the manager device
100.

[0072] FIG. 3C is a schematic representation of a transmit
side circuit 600 according to one embodiment of the present
invention. An AC voltage source 1042 (which, in one embodi-
ment, is a component of the sensing circuitry 104) generates
signals that are adjusted in phase and amplitude to increase or
maximize transfer efficiencies. A switching network 108 is
used to select an optimal charge transfer path in the instance
of multipath backplane. The sensing circuitry 104 measures
reflections of the generated signals are measured and the
processing circuitry 106 uses the measured signals to evaluate
transmission medium conditions as will be described in more
detail below. According to one embodiment of the present
invention, the processing circuitry 106 is configured to make
some assumptions about the character of reflected signals
(e.g., expected characteristic impedance and expected delay
across the backplane), so to establish initial set of conditions.
In some embodiments, an impedance transformer is used as
the impedance matching circuitry 102 between the backplane
10 and the transmit side 600, but embodiments of the present
invention are not limited thereto and any impedance matching
network, such as one constructed with inductors, capacitors,
delay lines and other circuit elopements can be used.

[0073] According to one embodiment of the present inven-
tion, the system includes two classes of sink devices: active
sinks and passive sinks. FIG. 3D is a schematic block diagram
of a receive side 700 of a sink device 200 in accordance with
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one embodiment of the present invention. The sink device 200
shown in FIG. 3D includes an energy sink 220, representing
the load of the device to be powered (e.g., a wireless commu-
nication device, an environmental or health sensor, a naviga-
tion device, etc.); processing (intelligence) circuitry 206 (e.g.,
a controller circuit such as an application specific integrated
circuit, a field programmable gate array, a microcontroller, or
a microprocessor and memory for storing data and program
instructions), electronic switching circuitry 208 that can
switch across multiple terminals/connections that are con-
nected to the multipath backplane described above, imped-
ance matching electronic circuitry 202 that can create various
complex impedances (e.g., various resistances with various
inductances and capacitances) to improve transfer efficien-
cies. In some embodiments, an impedance transformer is
used as the impedance matching circuitry 202 between the
backplane 10 and the device 700, but embodiments of the
present invention are not limited thereto and any impedance
matching network, such as one constructed with inductors,
capacitors, delay lines and other circuit elopements can be
used. The sink device 200 may further include communica-
tions circuitry (or “comms”) 216 to generate and receive
signals for digital communication between devices coupled
to the backplane 10 (e.g., manager devices).

[0074] According to some embodiments of the present
invention, sink devices are identified by the complex imped-
ance (real and/or imaginary) of the device along with the
physical position of a device on the backplane, which
together define a unique device ID. For further differentia-
tion, in some embodiments the device ID can be configured as
a set of impedances that are iteratively switched with respect
to level of interrogating (sensing) voltage.

[0075] FIG. 3E is acircuit diagram illustrating a sink device
700 according to one embodiment of the present invention
configured to provide iteratively (or sequentially) changing
impedance. Here, the communications circuitry 216 includes
first and second impedances R | +jQ, and R,+jQ, and an addi-
tional switch 2162 controlled by signal s,(v,t) to selectively
connect and disconnect second stage impedance R,+jQ, to
provide a reference transition for timing purposes and
“increased-complexity” in the impedance-based device ID.
Although FIG. 3E illustrates an embodiment with two imped-
ances R, #jQQ, and R, +jQQ, and one switch 2162, embodiments
of the present invention are not limited thereto and may
include more than two impedances and more than one switch
2162 to provide additional impedances to present to sensing
circuitry to provide additional information in a device ID, as
will be discussed in more detail below.

[0076] In some embodiments, the sink device is an active
sink device that includes a local power source such as a
battery. In such embodiments, the sink device may be config-
ured to operate without being powered by an external source
via the conductive backplane. In some embodiments, the
battery of the active sink device can be charged via the back-
plane. Because an active sink device includes a local power
source, it can perform operations (e.g., performing computa-
tions on a controller circuit, transmitting signals, etc.) using
the local power.

[0077] In some embodiments, the sink device is a passive
sink device that does not include local power and that uses
energy provided from the transmit side to function. Passive
sink devices may behave in a manner similar to passive RFID
tags, in which sensing signals received by the passive sink
device can cause the passive sink device to send information
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back to the manager. In some instances, the passive sink is
powered by the received sensing signal. For example, the
passive sink device may include conversion circuitry includ-
ing a rectifier and a capacitor for converting and storing AC
power received from the backplane 10.

[0078] According to some embodiments of the present
invention, charger devices 400 include a transmit side struc-
ture substantially identical to the transmit side 600 illustrated
in FIG. 3B, the description of which will not be repeated
herein.

[0079] A manager device 100 or a charger device 400
coupled to a backplane 10 acts as a “master” of the backplane
and it coordinates communications with “subordinate”
devices (e.g., active and passive sink devices). If two or more
manager devices are attached to a backplane (e.g. two differ-
ent backplanes come into contact, such as when two people
wearing such devices come into contact), unit of higher hier-
archy (e.g., a device having a larger power supply, higher
charge level, or other measure for determining priority) the
master of the backplane (or connected backplanes).

[0080] According to embodiments of the present invention,
the transmit side 600 of manager modules 100 and charger
devices 400 are configured to control complex signal genera-
tors of the sensing circuitry 104 to generate complex signals
for a number of purposes, including: 1) sensing the surround-
ing environment to derive impedance measurements and to
locate devices on the network; 2) communicating between
devices; and 3) providing energy to secondary (sink) devices
(whether active or passive), where the complex signal gen-
erators of the sensing circuitry 104 are controlled by process-
ing circuitry 106.

[0081] The characteristics of the complex signals generated
depend on the operational mode. For example, embodiments
of'the present invention generate precise and accurate signals
to sense the environment. On the other hand, signals having
low energy consumption and reduced electromagnetic inter-
ference (EMI) may be used for communicating between
devices. When complex signals are used for energy transfer,
the signals can be tuned to reduce or minimize the transfer
losses.

[0082] FIG. 4 is a flowchart illustrating a method 500 for
transmitting signals or power from a manager device 100 to a
sink device according to one embodiment of the present
invention. The method includes performing impedance mea-
surements for the network for detecting activity on or around
the bus 510, tuning the impedance on the transmit side 530,
and transmitting a signal tuned based on the type of transmis-
sion 550 (e.g., data signals or power).

[0083] The impedance measurement 510 can be used to
determine: device identification, environmental conditions,
and transfer efficiencies.

[0084] FIG. 5A is a flowchart illustrating a method for
performing impedance measurements across a shared con-
ductive backplane 10 according to one embodiment of the
present invention. Referring to FIG. 5A, the impedance mea-
surements can be performed by supplying a complex signal to
each of the terminals coupled to the switching matrix of the
transmit side 600, where the complex signal sweeps through
arange of impedances in operation 514. The return signals are
measured in operation 516 and the measurement of return
signals can occur concurrently with the sweeping of the
impedance 514 (for example, in one embodiment a signal is
supplied at a first transmit impedance, return signals corre-
sponding to the first transmit impedance are measured, and
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the transmit side next “sweeps” and transmits a signal at a
second transmit impedance, the return signals of which are, in
turn measured).

[0085] Return signals that differ from the expected baseline
or “open circuit” conditions are recorded in accordance with
their associated transmit impedances. For example, without
any sink devices 200 coupled to the backplane, the sensing
circuitry 104 of a transmitting device 600 would detect
reflected signals corresponding to the complex signals trans-
mitted to the backplane 10. However, when active and passive
sink devices 200 are coupled to the network, these different
sink devices coupled to the network can be identified by their
characteristic, identifying impedances. For example, a sink
device having a characteristic device impedance of R, +jQ,
can be identified as being connected to the network a trans-
mitting device 600 (e.g., a manager device 100 or a charger
400) supplies a complex signal to the backplane with a trans-
mit impedance of R, +jQ, because, when the transmitting
device 600 supplies the signal at an transmit impedance cor-
responding to a connected device, the energy supplied at that
impedance is consumed by the sink device rather than
reflected by the open circuit of the backplane.

[0086] Upon detecting devices, the master device 100
sends out a handshake request (e.g., to the other manager
device or a sink device 200), listens for handshake requests
(e.g., sent by a manager device 100 or a sink device 200), and
provides initiation power to passive sink devices. According
to one embodiment, collecting impedance measurements and
performing handshakes occurs concurrently across all of the
combination of available terminals, real and imaginary sig-
nals, and real and imaginary impedances.

[0087] FIG. 5B is a flowchart illustrating a method 520 for
performing handshake operations with sink devices 200
according to one embodiment of the present invention. The
method will be described herein with regard to FIG. 3E in
which the communication circuitry 216 includes two imped-
ances R, +Q, and R,%jQ,, wherein only R, +jQ, is visible
when the switch 2162 is open and wherein R;#Q, and
R,+jQ, are visible in parallel when the switch 2162 is closed.
However, as would be understood to a person of ordinary skill
in the art, embodiments of the present invention are not lim-
ited to the particular arrangement of impedances shown in
FIG. 3E, and other arrangements are possible. For example, in
one embodiment, the communication circuitry 216 includes
third impedance R;+jQ, which can be connected in parallel
with R, +jQ, and R,+jQ, when a second switch is closed. In
still other embodiments, the impedances are arranged such
that closing one or more switches places the impedances in a
series, rather than parallel, arrangement.

[0088] Referring to FIG. 5B, in operation 522 a first imped-
ance of a sink device (e.g., R, +jQ)) is detected based on, for
example, the impedance sweeping technique described with
respect to FIG. SA. In operation 524, a first handshake signal
is supplied to the conductive medium on which the sink
device 200 was detected. The handshake signal may be a
digital signal that includes, for example, identification infor-
mation regarding the manager device, a digital signature (to
confirm the identity of the manager device), or other trigger-
ing signal, whether analog or digital.

[0089] The sink device 200 periodically listens across its
terminals for signals/handshake requests from a master
device (e.g., a manager device 100). Upon detection, an sink
device 200 can switch across specified configured real and
imaginary impedances (e.g., by closing switch 2162 as shown
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in FIG. 3E) to provide its identifier (or device ID), or, may be
configured to send out handshake requests (or handshake
response) in response. In some embodiments, the sink device
200 only responds when the handshake request received from
the manager device 100 corresponds to a manager device that
is an authenticated and authorized or otherwise compatible
with the sink device 200.

[0090] Inoperation526,the manager device 100 detects the
handshake response. For example, if the sink device 200
responds with a digital or analog handshake request, then the
handshake response can be received. In the case of a response
that corresponds to a digital signature, the signature can be
verified by the manager device 100 to confirm that the sink
device is authorized to be powered by the manager device. As
another example, if the sink device 200 responds by changing
the presented impedance (e.g., by opening or closing switch
2162), then the manager device 100 may detect the handshake
response by finding a change in network impedance at an
expected impedance (e.g., R;£jQ); in parallel with R,=jQ, or
R, +jQ,|IR,%jQ,) during a next impedance sweep.

[0091] A passive sink device may be configured to do noth-
ing when it receives a signal from the manager device 100 and
the manager device 100 may be configured to recognize the
impedance and identifier (or device ID) of the passive sink
device in a manner similar to the operation of an RFID device.
[0092] After detecting the devices coupled to the backplane
10, the manager device 100 updates its list of connected
devices with the impedance measurements and continues in
making measurements of the environment and the presence of
devices connected to the backplane 10.

[0093] Using the list of connected devices and stored mea-
surements, the manager device 100 supplies power to the
various devices connected to the system using the connec-
tions that the each of the sink devices are detected as being
connected to. In some embodiments, the manager device 100
includes a memory storing information regarding the various
types of active and passive sink devices 200 that are compat-
ible with the manager device 100. By identifying devices
based on their device identifiers or device IDs (e.g., imped-
ance based identifiers or identifiers supplied through digital
information signals communicated through the backplane
10), the manager device 100 can look up information regard-
ing the power requirements (e.g., voltage and current ranges,
and operating frequency ranges in the case of AC powered
devices).

[0094] Insomeembodiments ofthe present invention, digi-
tal data signals may be used for identification and to commu-
nicate parameter settings such as operational voltage, band-
width, etc.

[0095] In some instances, multiple sink devices are con-
nected to a same conductive pathway of the backplane 10. In
some such cases, the different sink devices may be mutually
compatible, e.g., they may operate at overlapping voltage
ranges and their combined current requirements are lower
than the maximum that can be supplied by the manager device
100. In such cases, the manager device 100 may be configured
to supply power to both of these devices.

[0096] In other cases, the different sink devices operate at
significantly different voltages and therefore would be mutu-
ally incompatible. In some embodiments of the present inven-
tion, a status indicator may be shown (e.g., on one or more of
the sink devices and the manager device) to indicate that the
current arrangement is invalid. In other embodiments, the
sink devices communicate using the communication circuitry
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116 and 216 to negotiate the sharing of the conductive
medium. For example, the sink devices utilize time division
multiplexing to receive power at compatible voltages during
scheduled time intervals. Such sink devices 200 compatible
with time division multiplexing sharing techniques may
include temporary power storage components such as capaci-
tors or supercapacitors and/or longer term power storage
devices such as chemical battery cells. In addition, such sink
devices may include switching components to protect cir-
cuitry from incompatible (e.g., excessively high) voltages
during time periods in which power is being supplied to other
sink devices.

[0097] Insomeembodiments of the present invention, after
performing the impedance measurement, impedance tuning
and matching can be performed by the manager device 100
and the sink devices 200 by modifying the impedance at the
impedance matching circuits 102 and 202 in order to find and
optimize transfer efficiencies.

[0098] In addition, changes in environment would result in
small, but measurable, changes in characteristic impedance.
According to one embodiment of the present invention, the
manager device 100 transmits a complex signal (e.g., a signal
that varies in frequency and/or phase) and measures the
response across all of its terminals to measure the bus condi-
tions and to modify transmission modes based on conditions.
For example, a sink device may only have intermittent contact
with a one of the conductive paths of the backplane 10, due,
for example, to jostling while the person carrying the device
is walking. In other instances, the jostling may cause the sink
device to have better contact with a first conductive path, then
a second conductive path.

[0099] Assuch, in some embodiments of the present inven-
tion, multiple backplanes 10 can be coupled to the device and
the controller circuit 106 is configured to perform intelligent
switching to perform a determination of the optimal path for
charge transfer, whether data or energy (e.g., which back-
plane to apply the charge to) and the manager device 100
would be configured to supply power or data to the sink
device only while an appropriate connection was detected.
The impedance measurement may include measurements of
bus conditions and comparative efficiency, and can be per-
formed concurrently with other operations.

[0100] Precise comparison of supplied and consumed ener-
gies (e.g., voltage and current leaving the battery and voltage
and current consumed by a sink device) can be made to
account for losses and unintended sinks, ensuring operational
safety even when the electrically conductive bus is exposed to
harsh environments and human connections. For example,
sudden decreases in measured impedance can be indicative of
a short circuit, thereby indicating that the manager device 100
should stop supplying power to the conductive paths that
exhibit short circuit conditions. Furthermore, other unex-
pected increases in power draw may also indicate the pres-
ence of unintended sinks, which would also motivate dis-
abling the supply of power. In embodiments of the present
invention, the manager device 100 continues monitoring
impedance on the network to detect when it may be safe to
begin supplying power again.

[0101] As used herein, the term “controller circuit” is used
to refer to any controller circuit capable of performing the
functions described herein. Examples of systems and devices
that can serve as a “controller circuit” include, but are not
limited to, a general purpose central processing unit (CPU)
coupled to memory storing instructions to be executed on the
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CPU (e.g., a microcontroller, an processor based on, for
example, an x86 or ARM® architecture, coupled to dynamic
memory, etc.), a microcontroller, an appropriately pro-
grammed field programmable gate array (FPGA), and an
application specific integrated circuit (ASIC). In addition, in
some embodiments, the controller circuit may be an analog
feedback circuit or system, implemented in an ASIC or oth-
erwise.

[0102] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An apparatus for supplying power to a plurality of
devices coupled to a conductive backplane, the conductive
backplane comprising a conductive pathway, the apparatus
comprising:

sensing circuitry comprising a signal generator and a signal

detector, the sensing circuitry coupled to the conductive
backplane;

a power supply coupled to the conductive backplane; and

a controller circuit configured to:

control the signal generator to supply a plurality of sens-
ing signals at a plurality of transmit impedance values
to the conductive backplane;

analyze a plurality of return signals detected by the
signal detector, the return signals corresponding to the
sensing signals;

detect, based on the analyzed return signals, the pres-
ence of a sink device coupled to the conductive path-
way of the conductive backplane; and

control the power supply to supply power to the sink
device via the conductive pathway, after detecting the
presence of the sink device.

2. The apparatus of claim 1, wherein the controller circuit
is further configured to:

detect the absence of the sink device; and

control the power supply to stop the supply of power to the

sink device via the conductive pathway in response to
detecting the absence of the sink device.

3. The apparatus of claim 2, wherein the controller circuit
is configured to detect the absence of the sink device by
detecting a change in a return signal of the return signals
corresponding to the sink device.

4. The apparatus of claim 2, wherein the controller circuit
is configured to detect the absence of the sink device by
detecting a decrease in current on the conductive pathway.

5. The apparatus of claim 1, wherein the controller circuit
is configured to:

detect a short circuit on the conductive pathway; and

control the power supply to stop supplying power to the

conductive pathway in response to detecting the short
circuit.

6. The apparatus of claim 1, wherein the controller circuit
is further configured to:

supply a handshake request to the sink device via the con-

ductive pathway; and

receive a handshake response from the sink device via the

conductive pathway.
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7. The apparatus of claim 6, wherein the handshake request
comprises a digital signal, the digital signal representing a
code.

8. The apparatus of claim 6, wherein the handshake
response comprises a change in impedance, and

wherein the apparatus is configured to receive the hand-

shake response by detecting a change in a return signal
of the return signals after supplying the handshake
request.
9. The apparatus of claim 1, wherein the conductive path-
way comprises a conductive fabric of an article of clothing.
10. The apparatus of claim 1, wherein the controller circuit
is a central processing unit (CPU), a microcontroller, a field
programmable gate array (FPGA), an application specific
integrated circuit (ASIC), or an analog feedback circuit.
11. The apparatus of claim 1, wherein the apparatus is
located on a vehicle comprising a seat,
wherein the conductive pathway comprises a first electri-
cally conductive portion of a surface of the seat,

wherein the apparatus is configured to change the battery
while the battery is electrically connected to a second
electrically conductive portion of an article of clothing,
and

wherein the first electrically conductive portion of the sur-

face of the seat is electrically connected to the second
electrically conductive portion of the article of clothing.

12. An apparatus configured to receive power via a shared
conductive backplane, the apparatus comprising:

aterminal coupled to the shared conductive backplane; and

a first device identification impedance electrically con-

nected to the terminal and the shared conductive back-
plane.

13. The apparatus of claim 12, further comprising:

a second device identification impedance; and

a switch configured to selectively couple and decouple the

second device identification impedance to the shared
conductive backplane.

14. The apparatus of claim 13, further comprising a con-
troller circuit, wherein the controller circuit is configured to:

detect a handshake request signal via the conductive back-

plane; and

turn the switch on or off in response to the detected hand-

shake request.
15. A method for supplying power to detected devices
coupled to a conductive backplane, the method comprising:
supplying a plurality of sensing signals at a plurality of
transmit impedance values to the conductive backplane;

analyzing a plurality of return signals received from the
conductive backplane, the return signals corresponding
to the sensing signals;

detecting the presence of a sink device coupled to the

conductive backplane based on the analyzed return sig-
nals; and

supplying power from a power supply to the sink device via

the conductive backplane after detecting the presence of
the sink device.

16. The method of claim 15, further comprising:

detecting the absence of the sink device; and

stopping the supplying power to the sink device via the

conductive backplane in response to detecting the
absence of the sink device.
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17. The method of claim 16, wherein the detecting the
absence of the sink device comprises detecting a change in a
return signal of the return signals corresponding to the sink
device.

18. The method of claim 16, wherein the detecting the
absence of the sink device comprises detecting a decrease in
current on the conductive pathway.

19. The method of claim 15, further comprising:

detecting a short circuit; and

stopping the supplying power to the sink device via the

conductive backplane in response to detecting the short
circuit.

20. The method of claim 15, further comprising:

supplying a handshake request to the sink device via the

conductive pathway; and

receiving a handshake response from the sink device via

the conductive pathway.

#* #* #* #* #*
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