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SMART CHARGING CABLE AND METHOD FOR
OPERATING A PORTABLE ELECTRONIC DEVICE

FIELD OF THE INVENTION

[0001] The invention pertains broadly to a method and apparatus for powering and/or
charging a portable electronic device that employs a voltage transformation smart cable to
connect the portable electronic device to any electrical power source to charge or power the
portable electronic device. The voltage transformation smart cable includes circuitry for
analyzing the voltage from the electrical power source and determining whether the voltage
can directly power and/or charge the portable electronic device or whether the voltage should

be transformed before charging.

BACKGROUND OF THE INVENTION

[0002] In recent years, the use of Universal Serial Bus (USB) technologies has blossomed in
many different portable consumer devices such as laptops, tablets, Ipod® devices, cell
phones, smart phones, smart watches, handheld game consoles, portable media players,
digital cameras and DVD players, and other mobile devices. All of these devices require
electricity to power them and, typically, these devices are provided with an internal
rechargeable battery that provides the required operative voltage and current. USB cables
can be used to facilitate charging the battery within the portable consumer electronic devices

from external power sources, as well as to transport data between devices.

[0003] Devices for recharging the internal rechargeable batteries of such portable consumer
devices include wall chargers, disposable or rechargeable battery chargers, power banks, fuel
cell chargers, wind powered chargers and solar powered chargers. However, each of these

battery recharging systems includes multiple components and have certain drawbacks.

[0004] For instance, a wall charger typically includes a plug for a wall socket, an AC-DC
converter, and a cable with a USB plug for plugging into the USB port of the target mobile
device that requires recharging. Thus, the wall charger converts AC voltage from a wall
socket to DC voltage that is suitable for powering a mobile device and/or recharging the
mobile device. The main draw backs with a wall charger are that one must have access to an
AC wall socket in order to recharge and that during the recharge the consumer electronic

device is tethered to the wall losing its mobility.
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[0005] Recharging systems that have greater plug independence include disposable or
rechargeable battery charging systems, power bank charging systems and fuel cell charging
systems. Such charging systems may be characterized as “depleting power sources” because
they typically are provided with a maximum fuel amount or electrical energy charge that is
transferred to the batteries being recharged. Batteries in a battery charging system may not
hold sufficient power to fully charge a smart phone or a computer tablet, and have relatively
short shelf lives. Power bank modules need to be recharged before they can recharge mobile
devices. A fuel cell charging system may recharge mobile electronic devices with a USB
cable. Fuel cell systems require fuels such as hydrogen or methanol to convert to electricity.
Fuel cell systems are improvements over chargers that require fresh batteries and chargers
that have to be charged themselves before being useable, because fuel cells are reusable and
only need fresh fuels. Examples of fuel cell chargers include but are not limited to BIC-040,
BIC-130, P132 and P133.

[0006] However, there is a need for a “smart” or “universal” USB cable that can analyze the
voltage of various recharging voltage sources, such as wall chargers, battery chargers, power
bank chargers, and fuel cell chargers, and that can determine which type of voltage source is
supplying the recharging voltage, and then transform the recharging voltage, as required, to

meet the operative energy needs of mobile devices.

BRIEF SUMMARY OF THE INVENTION

[0007] The invention pertains to a smart charging cable and a method of operating the cable.
The cable can analyze any input voltage to determine whether the input voltage is sufficient
to charge the battery of an electronic device or to power the electronic device. If not, the

cable is capable of transforming the input voltage to a voltage sufficient to charge.

[0008] The present invention is also related to a method of providing power to a device. This
power may be used to operate or run the device or to charge the internal battery in the device

or both.

[0009] One embodiment of the present invention relates to a method for providing power to
an electronic device, comprising the steps of:
(a) electrically connecting a cable to the electronic device and to an electrical power
source so that the electrical power source charges a battery associated with the

electronic device or provides power to the electronic device via the cable;
2
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(b) analyzing a first voltage of the power source with an analyzing circuitry located on
the cable; and
(c) dependent on a result from step (b) transforming the first voltage to a second

voltage sufficient to charge the battery or to operate the electronic device.

[0010] When the result from step (b) shows that the first voltage is a DC current and is below
the level sufficient to charge the battery, the first voltage is transformed up to the second
voltage. When the result from step (b) shows that is the first voltage is a DC current and is
above the level sufficient to charge the battery and comprises a DC current, the first voltage
is transformed down to the second voltage. When the result from step (b) shows that the first
voltage comprises an AC current, the first voltage is transformed to a DC current and said
transformed DC current is re-analyzed by step (b). When the result from step (b) shows that
the first voltage is sufficient to charge the battery and the first voltage charges the battery

without being transformed.

[0011] Another embodiment of the present invention relates to a smart cable comprising a
cable having an input end and an output end and an analyzing assembly electrically
connected to the cable between the input end and the output end. The analyzing assembly
includes a voltage analyzing circuit disposed to analyze a first voltage supplied to the input
end of the cable, at least one electrical converter to transform the first voltage to a second
voltage sufficient to charge a battery of an electronic device or to power the electronic device,
and a bypass circuit. The second voltage is supplied to the output end of the cable. When the
first voltage is sufficient to charge the battery or to power the electronic device, the first
voltage is directed to the bypass circuit to charge the battery or to power the electronic
device, and when the first voltage is not sufficient to charge the battery the first voltage is
transformed to the second voltage by the at least one electrical converter to charge the battery

or to power the electronic device.

[0012] The at least one electrical converter comprises a DC/DC converter, which can be a
step-up or step-down converter, or an AC/DC converter. The voltage analyzing circuit may
comprise an under voltage lock out device, a state of charge indicator connected to an
operating switch and/or an energy storage device that is capable of charging the battery. The
energy storage device may comprise a second battery or a capacitor that can power the

electronic device or charges its battery in the absence of a power source.
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[0013] Another embodiment of the present invention relates to a method for providing power
to an electronic device, comprising the steps of:

(a) electrically connecting a cable to the electronic device and to an electrical
power source so that the electrical power source charges a battery associated with the
electronic device or provides power to the electronic device via the cable;

(b) analyzing a first voltage of the power source with an analyzing circuitry located
on the cable;

wherein if the first voltage is less than a bypass voltage (c) transforming the first
voltage to a bypass voltage with a converter to charge the battery and disabling a bypass
circuit; and wherein if the first voltage is greater than the bypass voltage (d) disabling the
converter and enabling the bypass circuit. In step (c) if the first voltage is less than an under
voltage lock out then (e) disabling the bypass circuit and disabling the converter. The method
may also comprise the step of (f) activating a battery check and disabling the converter and

disabling the bypass circuit.

[0014] Another embodiment relates to a method for providing power to an electronic device,
comprising the steps of:

(a) electrically connecting a cable to the portable electronic device and to an electrical
power source so that the electrical power source charges a first battery associated with the
electronic device or provides power to the electronic device via the cable;

(b) charging a second energy storage device and storing power in same;

(c) providing the stored power in the second energy storage device to the electronic
device or charging the first battery with said stored power.

This method may have the optional steps of (d) analyzing a first voltage of the power
source with an analyzing circuitry located on the cable; and (e) dependent on a result from
step (b) transforming the first voltage to a second voltage sufficient to charge the battery or to

operate the electronic device.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The foregoing and other features and advantages of the invention will be apparent
from the following description of the invention as illustrated in the accompanying drawings.
The accompanying drawings, which are incorporated herein and form a part of the
specification, further serve to explain the principles of the invention and to enable a person
skilled in the pertinent art to make and use the invention.

4
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[0016] Figure 1 illustrates a voltage transformation smart cable embodiment of the present

invention.

[0017] Figure 2 is a schematic drawing of a charging or analyzing assembly of the inventive

smart cable.

[0018] Figure 3 is a schematic drawing of another charging or analyzing assembly of the

inventive smart cable.

[0019] Figure 4 is a flowchart outlining steps for a method for operating the embodiment

shown in Figure 2.

[0020] Figure 5 is a flowchart outlining steps for another method for operating the

embodiment shown in Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention is directed to a method and device for powering and/or
charging the internal battery associated with a consumer electronic device. The present
invention includes, but is not limited to, using a smart cable to transform the voltage and/or
current from practically any charging power sources including depleting power sources to a
voltage and/or current to charge the battery associated with consumer electronic devices or to
power the consumer electronic devices. The charging power sources can be disposable or
rechargeable battery chargers, power pack chargers, fuel cell systems, solar panels, manual-
crank chargers. The inventive smart cable can determine the nature of the voltage and current
of the charging power sources and intelligently decides whether the charging power source
meets the operative requirements. If the charging voltage and current are within the operative
range, then charging can proceed. If the charging voltage and current are not, then the smart
cable decides the reasons why the voltage and current are not within the operative range and

then transform the non-operative voltage and current to the operative range for charging.

[0022] Regardless of the input electrical power, the output power is in the range that is
compatible or acceptable to the electronic device. The output power can be used to operate
or run the electronic device or to charge/re-charge its internal battery, or both. While the
descriptions herein discuss charging the electronic device’s internal battery, it is understood
that the output power from the inventive smart cable can be used to operate or run the

electronic device.
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[0023] In one example, both the battery to be charged and the charging power source are DC,
but the voltage of the charging power source can be too high or too low, e.g., low voltage of a
depleting battery. The smart cable can transform the high voltage to the operative voltage.
This transformation can increase the current, which may improve the efficiency of the
recharging. Without being bound to any particular theory, the present inventors believe that
during a recharge the electrical power (P) losses in the cable are related to I’'R, where I is the
current and R is the resistance. Hence, transferring power P at higher voltage V allows for a
lower current I, which can reduce power losses. It is advantageous to locate the stepping-
down DC/DC converter closer to the output end of the smart cable, so that lower power
losses at higher voltage and lower current can occur in a longer length of the cable from the
input end to the DC/DC converter, and higher power losses are limited to a relatively shorter
length of cable from the DC/DC converter to the output end. Since power losses are related
to the square of the current I, the location of the DC/DC stepping down converter along the
smart cable closer to the output end can increase the charging efficiency or the power transfer
efficiency. The smart cable can also transform the low voltage of a depleting battery using a
DC/DC converter to a higher voltage preferably within the operative range to charge. While
this transformation may decrease the current, but advantageously it utilizes the residual
power in depleting power sources that otherwise would not be used. In another example, the
battery to be charged requires DC voltage/current and the voltage and current of the charging
power source is AC current. The smart cable would detect such AC current and then
transform the charging voltage and current to DC. The inventive smart cable would then
ascertain whether the transformed DC power is operative or not and take appropriate actions,

discussed above.

[0024] In accordance with current mobile device technology, an operative voltage for
charging a rechargeable battery of a portable electronic device is 5V + 0.25 V supplied with a
supply current of up to 500-1500 mA at this voltage, and a power of 2.5 Watts to 7.5 Watts.
See, e.g., USB-IF, Battery Charging Specification, Revision 1.2, October 12, 2011. Itis
noted that USB charging can occur and have occurred at current lower than 500 mA and at
power less than 2.5 Watts. However, should the standards for operative voltage change in the
future, the scope of the present invention should be construed to encompass it. In other
words, the operative voltage of the present invention is not limited to the 5V employed by

current standards pertaining to charging voltages for mobile devices. On the contrary,
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operative voltage pertains to the voltage required to effectively recharge a rechargeable

battery of a mobile device regardless of any current or future changes in industry standards.

[0025] In accordance with one embodiment of the present invention, as shown in Figure 1 a
voltage transformation smart cable 10, which may be constructed as a cable with USB-type
or other standardized or non-standardized ends, is provided and includes a flexible cable 12
provided with a standard type A male connector 14 on one end thereof (also referred to as the
input end), and a standard type B male connector 16 on the other end thereof (also referred to
as the output end). The standard type A male connector 14 is configured to matingly connect
with a corresponding female connector 18 of an electrical charging power source or supply
20, and standard type B male connector 16 is configured to matingly connect with a
corresponding female connector 22 of a portable electronic device 24, such as a laptop, a
tablet, an Ipod, a cell phone, a smart phone, a smart watch, a handheld game console, a
portable media player, a digital camera, and a DVD player, and like devices, which all may
be characterized as “mobile devices” in accordance with the present disclosure. Thus, when
standard type A male connector 14 is connected to female connector 18 of electrical power
source 20, and standard type B male connector 16 is connected to female connector 22 of
mobile device 24, then charging power source 20 is electrically connected to supply electrical
energy to the mobile device so as to be able to recharge the rechargeable battery 25 of mobile
device 24, or to directly power the mobile device 24. In accordance with the present
disclosure, a “standard type A male connector” and a “standard type B male connector”
include macro, mini and micro connectors. Furthermore, in accordance with the present

invention, connectors 14 and 16 may also be other standard or non-standard connectors.

[0026] Charging power sources 20 can be battery chargers (disposable or rechargeable
batteries), a power bank or pack, fuel cell chargers, solar chargers and hand-crank chargers,
etc., illustrated by reference number 20A in Figure 1. Charging power sources 20 can also be
the internal battery 20B of another electronic device, such as laptops, computer tablets and

desktops, which can be an AC or DC power source.

[0027] Smart cable 10 is provided with a charging or analyzing assembly 26 disposed
between connectors 14 and 16, and that is electrically connected to connectors 14 and 16 via
cable 12. The smart charging assembly 26 is provided with circuitry 28 and a processor 30
for determining whether the voltage generated by the power source 20 is an operative

voltage, or a non-operative voltage.
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[0028] Referring to Figure 2, charging assembly 26 comprises analyzing circuit 28 connected
to processor or micro-processor 30. Although circuit 28 and processor 30 are illustrated as
two separate components, they can be combined into a single component. Voltage analyzing
circuit 28 receives voltage Vo of the power supply 20. Processor 30 instructs analyzing
circuit 28 to determine the characteristics of voltage Vo, i.e., whether the voltage is AC or
DC, its amplitude, current and if applicable frequency. Circuit 28 may contain digital circuit
and sensors, such as voltmeter(s) and amp meter(s) that can produce digital signals readable
by processor 30. If voltage Vo is operative to charge electronic device 24, e.g., 5V +£0.25 'V,
500-1500 mA and 2.5-7.5 Watts USB standard or at lower current and power discussed
above, processor 30 moves switch 32 to connect V,, to bypass 34 which directly connects Vg
to outlet connector 16 to charge device 24. In this configuration, cable 10 operates similar to
a conventional USB charging cable. Although not specifically disclosed, cable 10 may also
carry wires that in addition to transporting electrical power to charge may transmit signal,

information or data similar to a USB cable.

[0029] If V4 is not operative to charge device 24, then processor 30 may instruct circuit 28
to determine whether the Vo is DC or AC. If Vg is DC but its voltage is below the operative
voltage, processor 30 may instruct switch 32 to connect Vo to first DC/DC converter 36.
DC/DC converter 36 is a step-up converter capable of increasing the voltage of V,o. DC/DC
converters are electronic components or circuits that convert a DC current from one voltage
to another voltage. Suitable DC/DC converters can be any type of converters including but
not limited to linear regulators, electronic switch-mode converters, magnetic converters.

Converter 36 preferably increases Vg to an operative level that can charge device 24.

[0030] An advantage of using step-up DC/DC converters is that power source 20 can be
depleting batteries. Power sources 20 may also include standard batteries and batteries that
are manufactured with voltages that are out of desired voltages even before the first use and
other non-standard batteries, e.g., not conforming to AA, AAA, C, D or rectangular 9V
standards or the like. Non-conforming or non-standard batteries can be manufactured at
lower costs. As batteries deplete, their voltages drop. When the voltages drop below the
level that batteries 25 to be charged can accept, the depleting batteries can no longer be used
even though they still contain power albeit at lower voltages. The depleting batteries are then
discarded if they are disposable or potentially recharged if they are rechargeable. Smart cable

10 of the present invention can harvest the remaining or residual powers in the depleting

8
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disposable batteries prior to their disposal. Smart cable 10 maximizes the power output of
batteries by minimizing the residual power that is typically discarded. In one example, laptop
internal battery 20B may be depleted to a point where it may not be able to power the laptop
computer but may contain sufficient residual power to at least partially charge a mobile or

smart phone sufficient to place a phone call or to read e-mails/texts.

[0031] If V0 is DC but its voltage is above the operative voltage, processor 30 may instruct
switch 32 to connect Vg to second DC/DC converter 38, which is a step-down converter.
Converter 38 reduces the voltage of Vo preferably to a level that can recharge device 24.
Preferably, step-down converter 38 is known to those skilled in the art as a step-down buck
converter, which in addition to reducing the voltage also increases the current.. Buck
converters are generally more efficient DC/DC switch converters than linear converters,
which dissipate the power from the stepped down voltage as heat. Alternatively, the
stepping-up and stepping-down functions can be performed by a single DC/DC converter.
Single DC/DC converters that can perform the stepping-up (or boost) and stepping-down

(buck) functions are commercially available and in certain embodiments are preferred.

[0032] If Vo is AC, then controller 30 and/or circuit 28 sends the AC Vy along line 40
(shown as a broken line in Figure 2) to AC/DC converter 42. AC/DC converter 42
transforms the AC current to DC and resends the transformed DC current along line 44 back
to circuit 28. Circuit 28 then repeats the inquiry of whether the DC current Vg has the
operative voltage to go to bypass 34 or to DC/DC converter 36 or DC/DC converter 38, as

discussed above.

[0033] Optionally, a rectifier 46, such as a diode, is positioned between outlet connector 16
and the other components in charging assembly 26 to prevent or minimize current from
reversing direction and leaving device 24 to go into smart cable 10 or back to charging power
source 20, for example when power source 20 is a depleting power source. Charge assembly
may also include other functional components, illustrated as element 48. The other
functional components can be a diode to show that cable 10 is ON and functioning, or a
display to show texts indicating that the system or cable 10 is charging or when charging is
complete. The display can also convey an error message showing various reasons why
charging cannot proceed or be completed. The display can also show a state of charge of
power source 20 or battery 25 within device to be charged 24, or remaining charging time.

Element 48 can also be low or under voltage lock out (UVLO), which may shut down
9
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electronic device 24 during recharging when the Vg falls below the operating voltage of
electronic device 24. The UVLO preferably shuts down charging assembly 26 when Vo falls
below a predetermined level. Element 48 can also be an energy storage device, such as a
battery, a depleting battery or a capacitor, that stores energy optionally from a previous
charge. In one embodiment, energy storage device 48 can charge battery 25 in electronic
device 24 without power source 20. Power from storage device would be directed to
analyzing circuit 28 and/or processor 30 to be analyzed and converted, if necessary, to charge

battery 25.

[0034] Referring to Figure 3, another embodiment of charging assembly 26 is shown. In this
embodiment, AC/DC converter is omitted for clarity and simplicity, and the path for power
transmission (shown in bold solid lines) and for signal transmission (shown in light dotted
lines) are distinguished. This charging assembly 26 also has controller 30 that can disable
DC/DC converter 36/38, which in this embodiment is shown as a single unit. Bypass 34 is
available to directly charge battery 25 in electronic device 24, when Vo is operative to charge
battery 25. Preferably, when bypass 34 is the charging circuit path the DC/DC converter is
disabled. As discussed above, when V0 is DC but is not operative to charge DC/DC
converter 36/38 is enabled to step-up or to step-down the DC voltage in order to charge

battery 25.

[0035] The embodiment in Figure 3 also has an UVLO labeled as 50 to turn charging
assembly 26 OFF when the charging Vo is below a voltage Vuyro. This embodiment also
shows the state of charge (SOC) 52 of charging battery 20 or battery to be charged 25, or
both, as well as the remaining charging time. Preferably, charging assembly 26 further
comprises a tactile switch 54 that a user can push to activate SOC 52. A display, such as a
LED bar graph 56 is electrically connected to SOC 52 to display the state of charge of source
20 or charging battery 25. Similar to the embodiment illustrated in Figure 2, this
embodiment may also have an energy storage device 48 added to the circuitry, as shown in

Figure 3, which can replace UVLO 50 or be employed in addition to UVLO 50.

[0036] It is noted and shown in the claims below that smart cable 10 may have energy
storage device 48 independent of the other components in charging assembly 26. In other
words, a simplified cable 10 may store power or energy in energy storage device 48 while
power source 20 charges battery 25 or power device 24 without having or utilizing analyzing

circuit 28, processor 30 or any of the converters 36, 38 or 42.
10
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[0037] Preferably, charging assembly 26 has the capability to limit the input current to below
a maximum current. Processor 30 preferably allows the charging at this maximum current
and below; however, at charging current below the maximum current the charging time may
increase. Preferably, the current limit and the UVLO each has a variable resistor which is

programmable by controller 30 to vary the UVLO limit and/or the maximum current limit.

[0038] As shown in Figure 4, an exemplary operating method for the embodiment of Figure
2 is illustrated. At step 100, cable 10 is connected to power source 20 and electronic device
24 to charge battery 25. Vyis analyzed at step 102. A decision of whether V,is within the
operative voltage is made at step 104. If Vyis operative, then charging assembly of cable 10
charges battery 25 of electronic device 24 in step 106. If V,(is not within the operative
range, then a decision whether Vagis a DC current is made at step 108. It is noted that step
108 shows that both low DC voltage and high DC voltage can be detected at step 108, step
108 can be divided into two steps, i.e., determining low DC voltage and determining high DC
voltage, separately. Low DC voltage and high DC voltage are relative terms determined

relative to the operating voltage range.

[0039] If Vi is a DC current, whether low or high, it is transformed in step 110 into the
operative voltage range in step 110. As noted in Figure 2, separate DC/DC converters 36 and
38 are used and as noted in Figure 3, a unified DC/DC converter 36/38 is used. After step
110, the transformed DC current Vo is used to charge battery 25 or to operate device 24, or

both.

[0040] If Vyis not a DC current, then at step 112 a decision is made whether Vyyis an AC
current. If yes, then at step 114, the AC Vg is transformed into DC current and then sent
back to step 102 to determine whether the transformed V,( can charge immediately or be
transformed at step 110 to charge battery 25. Alternatively, the decisions at steps 108 and
112 can be made at one step and also the decisions at steps 104, 108 and 112 can be made at
the same step. A switch or gate can be used to send Vo to step 106, 110 or 114 to continue

the process.

[0041] As shown in Figure 5, an exemplary operating method for the embodiment of Figure
3 is illustrated. At the power-up step 200, an analysis of the charging voltage Vs
conducted. If Vo> the bypass voltage, i.e., within the operative voltage, then bypass 34 is

activated at step 202 and the charging process begins. When switch 54 is pressed, a battery
11
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check step 204 is conducted. Preferably, both the DC/DC converter 36/38 and bypass 34 are
disabled during the battery check. After the battery check is completed, the system may

return to the initial power-up step 200 to restart.

[0042] If at power-up step 200 Vo is less than the bypass voltage, then DC/DC converter 36
is activated while bypass 34 is disabled, as shown as step 206. Here, if switch 54 is pressed
battery check step 204 is initiated and afterward the system returns to step 200. If the V9
falls below Vuvio, charging assembly 26 shuts down at step 208 until a new battery or power

source 20 is attached to cable 10. At that time, the system starts up again at power-up step

100.

[0043] As mentioned above, power source 20 can be one or more solar power cells. Solar
cells can produce DC currents; however, the DC current from the solar cells can vary
significantly in voltage and current. Advantageously, DC/DC converters 36 and 38 can be
employed alternatively to step the voltage up and down to ensure at the output power at

connection end 16 remains substantially constant and compatible with device 24.

[0044] While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of illustration and example only,
and not limitation. It is specifically noted that component(s) from one embodiment can be
incorporated into other embodiment(s). It will be apparent to persons skilled in the relevant
art that various changes in form and detail can be made therein without departing from the
spirit and scope of the invention. Thus, the breadth and scope of the present invention should
not be limited by any of the above-described exemplary embodiments, but should be defined
only in accordance with the appended claims and their equivalents. It will also be understood
that each feature of each embodiment discussed herein, and of each reference cited herein,
can be used in combination with the features of any other embodiment. All patents and

publications discussed herein are incorporated by reference herein in their entirety.

12
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WE CLAIM:

1. A method for providing power to an electronic device, comprising the steps of:

(a) electrically connecting a cable to the electronic device and to an electrical power
source so that the electrical power source charges a battery associated with the electronic
device or provides power to the electronic device via the cable;

(b) analyzing a first voltage of the power source with an analyzing circuitry located on
the cable; and

(c) dependent on a result from step (b) transforming the first voltage to a second

voltage sufficient to charge the battery or to operate the electronic device.

2. The method of claim 1, wherein the result from step (b) is the first voltage is below
the level sufficient to charge the battery and comprises a DC current and the first voltage is

transformed up to the second voltage.

3. The method of claim 1, wherein the result from step (b) is the first voltage is above
the level sufficient to charge the battery and comprises a DC current and the first voltage is

transformed down to the second voltage.

4. The method of claim 1, wherein the result from step (b) is the first voltage comprises
an AC current and the first voltage is transformed to a DC current and said transformed DC

current is re-analyzed by step (b).

5. The method of claim 1, wherein the result from step (b) is the first voltage is

sufficient to charge the battery and charges the battery without being transformed.

6. A smart cable comprising:

(a) a cable having an input end and an output end; and

(b) an analyzing assembly electrically connected to the cable between the input end
and the output end, wherein the analyzing assembly includes

a voltage analyzing circuit disposed to analyze a first voltage supplied to the input end

of the cable;
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at least one electrical converter to transform the first voltage to a second voltage
sufficient to charge a battery of an electronic device or to power the electronic device,
wherein the second voltage is supplied to the output end of the cable; and

a bypass circuit;

wherein when the first voltage is sufficient to charge the battery or to power the
electronic device the first voltage is directed to the bypass circuit to charge the battery or to
power the electronic device, and wherein when the first voltage is not sufficient to charge the
battery or to power the electronic device the first voltage is transformed to the second voltage

by the at least one electrical converter to charge the battery or to power the electronic device.

7. The smart cable of claim 6, wherein the at least one electrical converter comprises a
DC/DC converter.

8. The smart cable of claim 7, wherein the DC/DC converter is a step-up converter.

0. The smart cable of claim 7, wherein the DC/DC converter is a step-down converter.
10. The smart cable of claim 6, wherein the at least one electrical converter comprises an
AC/DC converter.

11. The smart cable of claim 6, wherein the voltage analyzing circuit further comprises an

under voltage lock out device.

12. The smart cable of claim 6, wherein the voltage analyzing circuit further comprises a

state of charge indicator.

13. The smart cable of claim 12, wherein the voltage analyzing circuit further comprises

an operating switch connected to the state of charge indicator.

14. The smart cable of claim 6 further comprising an energy storage device that is capable

of charging the battery or to power the electronic device.
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15. The smart cable of claim 14, wherein the energy storage device comprises a second

battery or a capacitor.

16. A method for providing power to an electronic device, comprising the steps of:

(a) electrically connecting a cable to the electronic device and to an electrical power
source so that the electrical power source charges a battery associated with the electronic
device or provides power to the electronic device via the cable;

(b) analyzing a first voltage of the power source with an analyzing circuitry located on
the cable; wherein if the first voltage is less than a bypass voltage (c) transforming the first
voltage to a bypass voltage with a converter to charge the battery and disabling a bypass
circuit;

wherein if the first voltage is greater than the bypass voltage (d) disabling the

converter and enabling the bypass circuit.

17. The method of claim 16, wherein in step (c) if the first voltage is less than an under

voltage lock out (e) disabling the bypass circuit and disabling the converter.

18. The method of claim 16, further including the step of (f) activating a battery check

and disabling the converter and disabling the bypass circuit.

19. A method for providing power to an electronic device, comprising the steps of:

(a) electrically connecting a cable to the electronic device and to an electrical power
source so that the electrical power source charges a first battery associated with the electronic
device or provides power to the electronic device via the cable;

(b) charging a second energy storage within the electronic device and storing power in
same;

(c) providing the stored power in the second energy storage device to the electronic

device or charging the first battery with said stored power.
20.  The method of claim 19 further comprising the steps of

(d) analyzing a first voltage of the power source with an analyzing circuitry located on

the cable; and
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(e) dependent on a result from step (b) transforming the first voltage to a second

voltage sufficient to charge the battery or to operate the electronic device.

16



PCT/EP2015/061968
1/5

WO 2015/185452

I 'Ol

81

- (V)

A o000

\,
)

¢t 5 ﬂ\w e LY

] \\\ o e e N

) — T = 4!

Y =) d02

0¢




WO 2015/185452

PCT/EP2015/061968

2/5
34
//"‘ 46 16
/ e
4
%
o8 ‘
r 12
A— 7
Uy , o e 2 \/’ 30
~ o
] / e
14 1 / Al 36
f | —
32 |l DC/DC
|
f 38 26
|
0 5| DC/DC o
M/i Regulator
M
44 = /,P
a-%"“f‘; i
40 I ____JAcioc 4
-~ 48
@ iz

FIG. 2



PCT/EP2015/061968

WO 2015/185452

3/5

91

USE Micro BfLightning Cable Wirss

e

€ Old
pleiuS pRILS
..Q - x_u
+(] g +(}
MS 8l1oe ‘05 Aane :
aNe _ , LotMe simop | 206 Alenen anNg m
>
cs g
&
ferd
£
ydess teg 31 2
0¢
9g "
snan <4 snas
A—— NS
Sovdig
s T

14>

14}




WO 2015/185452

4/5

Connect by a voltage
transformation smart cable to a
portable electronic device and
an electrical power supply

100
-

v

102

Analyzing the charging voltage
by the electrical power supply

v

114

/

PCT/EP2015/061968

106

/

Is the voltage an
operative voltage?

Charging the
portable electronic
device using the
operative voltage

108

N

110

\

Is the voltage a DC
voltage from

depleting power
supply or high

voltage source?

Transforming

the voltage to

an operative

voltage using
a DC/DC

Transform the non-
compliant voltage to
an operative voltage
using an AC/DC
converter.

Is the voltage a
non-compliant

voltage?

124

Display error
indication.

FIG. 4




PCT/EP2015/061968

WO 2015/185452

5/5

g Ol

A LDANNOT 3 /AATL va M 3IN

HO =d47
pajgeuq ssedig

Raiqesiq Da-0d

SSYdA4

Ho saI7
pajgesiq ssedig
pajqes|q oa-0d

440

80¢

Q488344 NOLLIng

c0¢

mm,q_urrm.} = 7:___./

QAL e M

HO-E097
pajgesiq ssedig

PRIqeU3 D000

ONIDHYHO

|aAe Adaneg BulAedsig sa3T]
pajges|q sseddg
palqesiq oia-oad

AMO3HO
Ad3dllvd

mm,q.n_}m.) 5 z_..)

¥0c

d353534d NoLLng

A3HESNIAHITHD AT L1y

drH3A0d



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/061968

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO02J7/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO2J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20057057225 Al (MARQUET DIDIER [FR]) 1-10,
17 March 2005 (2005-03-17) 14-16,
19,20
Y paragraphs [0076], [0090], [0095], 11-13,
[0097], [0098], [0099]; figure 4 17,18
Y WO 2005/006466 A2 (MAXWELL TECHNOLOGIES 11,17
INC [US]; THRAP GUY C [US])
20 January 2005 (2005-01-20)
paragraphs [0044] - [0045]; figure 4
Y JP 2008 103196 A (SHIN KOBE ELECTRIC 12,13,18
MACHINERY) 1 May 2008 (2008-05-01)
paragraphs [0020] - [0022]; figure 3
A US 20137043827 Al (WEINSTEIN NATHAN DANIEL 12,13
[US] ET AL) 21 February 2013 (2013-02-21)
paragraphs [0013], [0043]

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

ial ified "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than

the priority date claimed

"&" document member of the same patent family

Date of the actual completion of the international search

9 September 2015

Date of mailing of the international search report

21/09/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Varela Fraile, Pablo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/061968
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005057225 Al 17-03-2005 AU 2002358880 Al 19-05-2003
EP 1446855 A2 18-08-2004
FR 2832262 Al 16-05-2003
JP 4261358 B2 30-04-2009
JP 2005509391 A 07-04-2005
US 2005057225 Al 17-03-2005
WO 03041189 A2 15-05-2003
WO 2005006466 A2 20-01-2005  EP 1661226 A2 31-05-2006
JP 2007521790 A 02-08-2007
WO 2005006466 A2 20-01-2005
JP 2008103196 A 01-05-2008  JP 5061574 B2 31-10-2012
JP 2008103196 A 01-05-2008
US 2013043827 Al 21-02-2013 US 2013043827 Al 21-02-2013
US 2014042969 Al 13-02-2014
WO 2014026181 Al 13-02-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

