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UNIVERSAL POWER INTERFACE

BACKGROUND

1. Field

Embodiments may relate to a universal power interface.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described in detail with reference to the following

drawings in which like reference numerals refer to like elements and wherein:

FIG. 1 is a diagram of an electronic device to receive power from an alternative power
source according to an example embodiment;

FIG. 2 is a circuit diagram of a universal power interface according to an example
embodiment;

FIG. 3 is a circuit diagram of a universal power interface according to an example
embodiment;

FIG. 4 is a flowchart showing operations of a universal power interface according to an
example embodiment; and

FIG. 5 is a circuit diagram of a universal power interface according to an example

embodiment.

DETAILED DESCRIPTION

In the following detailed description, like numerals and characters may be used to

designate identical, corresponding and/or similar components in differing figure drawings.
Further, in the detailed description to follow, example sizes/models/values/ ranges may be given
although embodiments are not limited to the same. Where specific details are set forth in order to
describe example embodiments, it should be apparent to one skilled in the art that embodiments
may be practiced without these specific details.

An electronic device (or mobile device) may utilize an alternative power source (or a
harvested energy) in order to power the electronic device. However, the alternative power source
(or harvested energy) may be an unstable voltage supply. That is, an output voltage from a
harvester (or other device) may vary widely. For example, the output voltage of a solar panel

may range from a zero voltage to a large open circuit voltage.
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A voltage supply with such a wide voltage variation may not be directly applied to a
mobile device (or any other electronic device) since the device may be designed to operate based
on a stable (or regulated) voltage supply. In order to maintain a constant voltage supply, a
voltage regulator (VR) may be utilized. For example, a direct current/direct current (DC/DC)
voltage regulator may be provided in a power delivery path in order to stabilize the output
voltage. However, the DC/DC regulator inserted in the power delivery path may be at a high cost
and result in power loss or low efficiency in power delivery.

There are many different types of connectors for AC/DC adaptor power inputs. The
physical structure as well as electrical specifications of AC/DC adaptor power connectors may
vary among manufacturers and even among different systems in products from the same
manufacturer. This may result in inconvenience and incompatibility for an end user since the
user may have to carry around a different AC/DC adaptor for each mobile device. There may
also be an environmental impact and material wastage related to the manufacture and disposal of
these connectors and/or adaptors. This problem may become even more compelling as many
alternative energy sources (e.g. solar, fuel cells, and wind power) are emerging and becoming
useful to electronic devices, which may further increase a number of connectors/interfaces with
different types/sizes on electronic devices, such as mobile devices.

Some arrangements may include an in-between adapter connector console (i.e., an in-one
multiple-connector interface) or possibly a connector-less energy transfers (e.g. wireless
charging). However, these arrangements may have drawbacks. An intermediate console may
increase a cost to the user and may add bulk to the system. Wireless charging may add cost and
may have low energy transfer efficiency.

Another arrangement may be a universal serial bus (USB) Power Connector to create a
communication link between a power supply (i.e., a provider) and a system (i.e., a consumer).
The system may be an electronic device such as a laptop, a display or a mobile device, for
example. The USB Power Connector may introduce a power interface that is physically
compatible to legacy or common USB connectors. The USB Power Connector may allow power
delivery of up to ~100W (e.g. 5A @ 20V), for example. However, the arrangement may require
communication hardware logic and control messaging on both sides, namely a provider and a
consumer. This may require some sort of intelligence and/or a certain type of transceiver
integrated circuit (IC) required on every energy source or power supply, when the source is
connected to the USB port. The USB Power Connector may add cost to the power supply.
Additionally, the Universal Power Connector may be over-kill for “dumb” power sources such

as a solar energy harvester, or a hand crank energy harvester.
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Another approach to supply energy to electronic devices (such as mobile devices) is via a
USB Battery Charger. The USB Battery Charger may be used in a portable device such as
mobile devices (i.e., a smartphone). The USB Battery Charger may support an operation mode of
bi-directional power flow called USB-OTG (i.e., provider /consumer exchangeable). It may have
a low power limit (<~10W, for example). Such a connector interface may also use a dedicated
identification (ID) pin and/or data line D+/D-in order to distinguish between a DC power supply
and data device. A supply voltage VBUS may be 5V+ ~5%, for example. These may not be
applicable to devices that require a supply input of 12V to 19V with an AC/DC adaptor (i.e., the
variation depending on battery configuration). This may also not be compatible with alternative
power sources (ex: Solar or Hand Crank) due to the narrow voltage range (~100mV vs. ~10V,
for example).

Designs may require extra circuitry and/or communication intelligence on a power source
(i.e., the provider side), may not be suitable or even applicable for a general application,
especially for enabling alternative power sources (i.e., harvested energy sources).

FIG. 1 shows an electronic device to receive power from an alternative power source
according to an example arrangement. Other arrangements may also be provided.

More specifically, FIG. 1 shows a charging system 10 to charge an electronic device 50 by
using an alternative power source 20 (or alternative energy source). The charging system 10 is
shown in FIG. 1 as being external to the electronic device 50. However, the charging system 10
may be part of the electronic device 50.

The electronic device 50 may be any one of a mobile terminal, a mobile device, a mobile
computing platform, a mobile platform, a laptop computer, a tablet, an ultra-mobile personal
computer, a mobile Internet device, a smartphone, a personal digital assistant, a display device, a
television (TV), etc.

The alternative power source 20 may be any one of a solar energy source, a mechanical
energy source (such as via wind), a photovoltaic energy source, a thermal energy source, a radio
frequency (RF) energy source, a vibration energy source, a biomechanical energy source, a fuel
cell and/or any other power source. Other alternative power sources may also be used.

The alternative power source 20 may provide power (or energy) to the charging system 10.
The charging system 10 may dynamically tune an output impedance of the connected power
source (or energy source) so that output power of the power source is optimal and/or a maximum
available power (from a harvester) is outputted and delivered to a load.

The charging system 10 may include a voltage regulator to provide a regulator output

voltage to the electronic device 50.
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The electronic device 50 may include a power input port 51 to receive an input voltage (or
power) from the charging system 10. A battery charger 51 may receive the input power. The
battery charger 52 may provide an output voltage to a voltage regulator 54. The voltage regulator
54 (of the electronic device 50) may provide an output voltage to a load 56. The voltage
regulator 54 may provide a regulated output voltage for the load 56. As one example, the load 56
may be a display device.

The battery charger 52 may also (or alternatively) provide an output voltage to a battery 58
(provided at the electronic device 50). The battery 58 may be charged by the voltage received
from the battery charger 52. The battery charger 52 may provide an output voltage to either the
load 56 (via a voltage regulator 54) or the battery 58.

FIG. 1 shows the use of an alternative power source (or alternative energy source) being
provided to the power input port 51 after passing through the charging system 10. However,
power may alternatively be provided directly to the USB input port 102 and may then be
provided to a universal power interface 100 (or power interface).

The wuniversal power interface 100 may include a physical connector and a
steering/impedance matching circuitry that is provided on the electronic device 50 behind the
input port, such as the USB input port 102. The USB input port 102 may hereafter be described
as the physical connector of choice; however, embodiments may be provided to any interface
that has a minimum of power (PWR) and ground (GND) pins. With the universal power
interface 100 being based on the USB input port 102, a user may attach a power source or a USB
device (e.g. a mouse, a keyboard) to the USB input port 102 and the system may detect and
automatically perform the appropriate action. An attached power source may not be required to
identify itself or communicate any message to the platform (i.e., the mobile device platform). A
dumb power source that provides a supply voltage at the voltage supply VBUS to ground GND
may be sufficient, and may be recognized by the host device (i.e., the consumer) as a power
source. The energy may then be extracted and used by the host. The circuitry and associated
control logic may be provided on a motherboard to enable this solution. The circuitry and
associated control logic may integrate into a system on chip (SOC) or another existing integrated
circuit (IC) on the platform for overall cost and savings.

Control logic may seamlessly direct or route the external power supply to the
corresponding inputs on the electronic device 50 or voltage supply from a host platform to a
USB device (external to the electronic device 50). This may be achieved without any additional
requirements on an external power source.

Regardless of the type of sources or devices connected to the electronic device platform,
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data on the data (D+/D-) lines may always pass through without any further processing. The
voltage supply VBUS line may be detected, analyzed and directed through a different power path
based on a type of an input, power source or device, then property or characteristic of power
source.

FIG. 2 shows a universal power interface according to an example embodiment. Other
embodiments and configurations may also be used.

More specifically, FIG. 2 shows a universal power interface 100 that is provided between
the USB input port 102 and a platform 200, such as a notebook platform, and electronic device
platform or a mobile device platform, for example. Other platforms may also be utilized.

The universal power interface 100 may determine whether an external device connected to
the USB input port 102 is a slave device (i.e., a device not producing power), a stable power
source (such as a power supply), and/or an alternative power source. The universal power
interface 100 may determine a type of the external device. Based on the determination, the
universal power interface 100 may direct power to an appropriate component within the
electronic device 50. A power delivery path may be determined based on the determined type of
the electronic device 50.

The determination of the type of external device may be made based on a determination
circuit 110. The determination circuit 110 may be any of a number of different determination
circuits, either analog or digital. For example, FIG. 2 shows an analog determination circuit used
to determine a type of the external device connected to the USB input port 102. FIGs. 3 and 5
show a digital determination circuit used to determine a type of the external device connected to
the USB input port 102. The determinations may be based at least in part on whether any power
is being provided from the USB input port 102 and/or whether any input power is stable. Other
types of determinations may also be made.

If the external device coupled to the USB input port 102 is determined (by the
determination circuit) to be a stable power source, then the power of the external device may be
provide to an Ext Adapter Out port (or node). This port may then provide the steady power to the
appropriate components, such as a battery charger and/or a load.

As another example, if the external device is determined (by the determination device) to
be an alternative power source (due to being non-stable), then the power may be provided to an
AP Out port (or node). The AP Out port may be coupled to internal components to analyze and
adjust characteristics of the received power, so as to provide a steady power supply to
components of the platform 200. For example, after receiving the power from the external device

(determined to be non-stable), the internal circuitry may adjust an impedance of the received
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power. In at least one embodiment, this may be based on a specific alternative power source that
is determined to be in use.

The USB input port 102 includes the voltage supply VBUS line, data lines and ground.
Other outputs and/or pins may also be provided.

The universal power interface 100 includes a switch S1 that is coupled to the voltage
supply VBUS line. The switch S1 may be used to provide power from the USB host (or the
platform 200) to be provided to the external device.

The universal power interface 100 may also include a switch S2 that is turned on (based on
a BYPASS signal from the determination circuit 110). When the switch S2 is turned on, the
power from the external device (connected to the USB input port 102) is provided to the Ex
Adaptor Out port, which is then provided to the appropriate components within the electronic
device 50, such as a battery charger or load on the platform 200.

The universal power interface 100 may also include a switch S3 that is turned on (based on
an EXT _IN signal from the determination circuit 110). When the switch S3 is turned on, the
power from the external device (connected to the USB input port 102) is provided to the AP Out
port, which may then be provided to the appropriate components to adjust characteristics of the
received power and to provide a steady power to components on the platform 200.

FIG. 2 shows one example of the determination circuit 100. Other types of determination
circuits may also be provided. As shown, the determination circuit 100 may include components
such as comparators 112, 114, 116, inverters, logical gates and a load test and delay switch
circuit 120. These components may receive input signals COMP_INB and COMP_INA from the
voltage supply VBUS line and a Load Test signal from a load test circuit 115. The components
may then provide the respective output signals, namely the USB_OUT signal, the EXT_IN
signal and the BYPASS signal. The determination of whether a received power is steady or not
may be made by the load test and delay switch 120.

The USB_OUT signal may be provided to the switch S1, the EXT IN signal may be
provided to the switch S2 and the BYPASS signal may be provided to the switch S3.

If an external USB slave device is connected to the USB input port 102, then the voltage
supply VBUS (on the external power in side) may be “floating” at first when a normal host USB
power isn’t enabled or the system isn’t on due to its nature as a consumer (e.g. a computer
mouse). The universal power interface 100, and more particularly the determination circuit 110,
may detect there is not a voltage supply on the voltage supply VBUS line, and the determination
circuit 110 may turn on the switch S1 by providing the USB_OUT signal. Power may already be

on the source side of the switch S1 due to the forwarded biased diode, if host power is available.

6



10

15

20

25

30

WO 2014/105235 PCT/US2013/061723

There may be a full USB output voltage (e.g. 5V supply from a provider) appearing at the USB
input port 102 provided that the USB device is available or connected. The power supply from
the platform 200 may charge or power-up the USB device. In this example, the remainder of
switches may be OFF (i.e., not connected).

Another example is one in which an external power source is connected to the USB input
port 102. In this example, the voltage supply VBUS line (on the external power in side) may be
detected and depending on a voltage level and/or other characteristics, the power supply on the
voltage supply VBUS line may be connected to a desired power path.

For example, if a fixed voltage of 12V-19V from an AC/DC adaptor is connected, the
power may be recognized as an AC/DC adapter input. Therefore, the voltage supply VBUS may
be routed to the Ext Adapter Out port by the determination circuit 110 providing the BYPASS
signal to turn the switch S2 ON. The fixed voltage supply (versus a variable voltage/current
source) may be determined by switching ON or OFF a resistive load (provided at the load test
circuit 115) connected to the external power input and monitoring the corresponding readings for
a voltage droop. FIG. 2 shows the load test circuit 115 includes a switch S4 and a resistor
connected to the determination circuit 110. If an input is detected at the input port 102, then the
load may be tested by the load test circuit 115 prior to choosing the voltage path to take by
enabling the appropriate control signals after the test.

If an alternative power source is connected to the USB input port 102, then the voltage
supply VBUS may be routed to AP_OUT port by the determination circuit 110 providing the
EXT _IN signal to turn the switch S3 on. Steps may then be taken in order to determine a type of
a source and power processing when necessary, before the voltage supply VBUS may be
connected to a load or component to be powered. For example, if the alternative power source is
a USB +5V power supply, then the power may be directly delivered to the platform when the
electronic device 50 has a 1-S Battery pack (i.e., the switch S2 is ON based on the BYPASS
signal). If the platform has a 2, 3, or 4-S Battery pack, then the USB +5V power supply may not
be capable of directly charging the battery (>8.4V). Then, the voltage may have to be “boosted”
up from the voltage supply VBUS before being connected to the platform 200.

In another example, the alternative power source may be one of several different types of
energy harvesters, such as a solar panel. By utilizing the switch S4 (ON or OFF), the solar source
may be identified due to PV characteristics (e.g. Voc, Isc). The power through the voltage supply
VBUS may be tuned and the voltage may be regulated (e.g. power conditioning) before being
connected to the platform supply input.

The above described detection & selection logic may determine the proper channel for
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normal USB slave device or a corresponding path for external power vs. alternative power
inputs. The logic may be implemented in different mechanisms such as Boolean logic circuitry
or look-up table or even microcontroller (firmware) in a more sophisticated way.

FIG. 3 shows a universal power interface according to an example embodiment. Other
embodiments and configurations may also be used.

More specifically, FIG. 3 shows a universal power interface 120 that is provided between
the USB input port 102 and the platform 200, such as a notebook platform or mobile device
platform. ‘

The universal power interface 120 (FIG. 3) may be similar to the universal power interface
100 (FIG. 2) other than a controller 125 (or microcontroller) that is provided rather than the
determination circuit 110.

The controller 125 may receive input signals, such as the COMP_INA signal, the
COMP_INB signal and the LOAD TEST signal. The controller 125 may appropriately output
signals, such as the USB_OUT signal, the BYPSASS signal, and the EXT_IN signal.

In a similar manner as discussed above with respect to FIG. 2, the USB_OUT signal may
be provided to the switch S1, the BYPASS signal may be provided to the switch S2 and the
EXT IN signal may be provided to the switch S3.

The switch S1 may allow power to be provided from the host (or the platform 200) to the
external device coupled to the USB input port 102. The switch S2, when turned ON, may
provide power from the external device to the Ext Adapter Out port (or node). The switch S3,
when turned ON, may provide power from the external device to the AP Out port (or node).

The controller 125 may receive voltage inputs from the voltage supply line VBUS and may
provide an output signal to at least one of the plurality of switches based on the received voltage
inputs.

FIG. 4 is a flowchart showing operations of an electronic device using a universal power
interface. Other operations and orders of operations may also be provided.

More specifically, FIG. 4 shows a flowchart relating to inputs and outputs of the controller
125 (FIG. 3). As stated above, the controller 125 may receive input signals and may
appropriately output signals, such as the USB_OUT signal, the BYPSASS signal, and the EX_IN
signal. The output signals may be provided to one of the switches S1, S2, S3.

In operation 302, a USB external device or an alternative power input may be provided to
the USB input port. In operation 304, various values may be initialized, namely USB_OUT,
EXT _IN and BYPASS may be all set to zero.

In operation 306, a determination may be made (such as by the controller 125) of whether
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the input to the USB input port is greater than 6 volts, for example. This level may be changed
based on design since this 6 volt level was chosen to be above the USB 5 volts provided by the
host. If the determination is NO, then a determination may be made in operation 308 of whether
the input is from the host USB connector (or the platform 200).

If the determination in operation 308 is YES, then in operation 310, the values may
change, such that EXT IN = 0 and USB_OUT = 1. The operation may then return to operation
306. If the determination in operation 308 is NO, then the operation may return to operation
306.

If the determination in operation 306 is YES, then LOAD_TEST =1 in operation 312.
Subsequently, a determination may be made in operation 314 regarding whether the input to the
USB input port is less than 6 volts, for example.

If the determination in operation 314 is YES, then in operation 316, LOAD_TEST =0,
USB_OUT=0, EXT IN=1 and BYPASS=I. The operation may then return to operation 306.

If the determination in operation 314 is NO, then in operation 318, LOAD_TEST = 0,
USB_OUT=0, EXT_IN=0 and BYPASS=0. The operation may then return to operation 306.

The above description of the flowchart of FIG. 4 may correspond to operations performed
with the controller 125, or other circuitry. The output signals may be generated and provided to
the appropriate switches of FIG. 3.

FIG. 5 shows a universal power interface according to an example embodiment. Other
embodiments and configurations may also be used.

More specifically, FIG. 5 shows a universal interface 130 that is provided between the
USB input port 102 and the platform 200, such as a notebook platform or mobile device
platform.

The universal power interface 130 (FIG. 5) is similar to the universal power interface 120
(FIG. 3) by including the controller 125 (or microcontroller). However, the FIG. 5 embodiment
includes two switches S4 and S5, rather than three switches S1, S2, S3. In the FIG. 5
embodiment, the switch S4 may relate to the USB_OUT signal. The switch S4 may allow power
to be provided from the platform 200 to the external device coupled to the USB input port 102.
The switch S5 may relate to at least the BYPASS signal. The switch S5 may allow power to be
provided to the AP OUT port that may then provide the power to the appropriate components
within the electronic device.

Any reference in this specification to “one embodiment,” “an embodiment,” “example
embodiment,” etc., means that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one embodiment of the invention. The
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appearances of such phrases in various places in the specification are not necessarily all referring
to the same embodiment. Further, when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted that it is within the purview of one
skilled in the art to affect such feature, structure, or characteristic in connection with other ones
of the embodiments.

Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that will fall within the spirit and scope of
the principles of this disclosure. More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the appended claims. In addition to
variations and modifications in the component parts and/or arrangements, alternative uses will

also be apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. An electronic device comprising:
an input port to couple to an external device; and
a universal power interface to:
determine a type of the external device coupled to the input port based at
least on a voltage on a voltage supply line, and
provide a power delivery path based on the determined type of the

external device.

2. The electronic device of claim 1, wherein the input port is a universal serial bus
(USB) port.

3. The electronic device of claim 1, wherein the universal power interface includes a
plurality of switches.

4, The electronic device of claim 3, the universal power interface to:

provide power from a platform of the electronic device to the external device

coupled to the input port, based on an operation of the first switch.

5. The electronic device of claim 4, the universal power interface to:
provide steady power from the external device to the platform of the electronic

device, based on an operation of the second switch.

6. The electronic device of claim 5, the universal power interface to:
provide power from the external device to components of the electronic device
that adjusts at least one characteristic of the received power, based on an operation of the third

switch.

7. The electronic device of claim 3, wherein the universal power interface includes a
determination circuit to receive at least one voltage input from the voltage supply line and the
determination circuit to provide an output signal to at least one of the plurality of switches based

on the received voltage input.
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8. The electronic device of claim 3, wherein the universal power interface includes a
controller to receive voltage inputs from the voltage supply line and to provide an output signal

to at least one of the plurality of switches based on the received voltage inputs.

9. An electronic device comprising:
a load;
an input port to couple to an external device; and
a universal power interface to alter a power delivery path based at least in part on

a voltage on a voltage supply line between the input port and the load.

10.  The electronic device of claim 9, wherein the input port is a universal serial bus
(USB) port.

11.  The electronic device of claim 9, wherein the universal power interface includes a

plurality of switches.

12.  The electronic device of claim 11, the universal power interface to provide power
from the load of the electronic device to the external device coupled to the input port, based on

an operation of the first switch.

13.  The electronic device of claim 12, the universal power interface to provide steady
power from the external device to the load of the electronic device, based on an operation of the

second switch.

14.  The electronic device of claim 13, the universal power interface to provide power
from the external device to components of the electronic device that adjusts at least one

characteristic of the received power, based on an operation of the third switch.

15.  The electronic device of claim 11, wherein the universal power interface includes
a determination circuit to receive voltage inputs from the voltage supply line and to provide an

output signal to at least one of the plurality of switches based on the received voltage input.

16.  The electronic device of claim 11, wherein the universal power interface includes

a controller to receive voltage inputs from the voltage supply line and to provide an output signal

12
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to at least one of the plurality of switches based on the received voltage inputs.

17. A method of using an electronic device comprising:
receiving at least two voltages from a voltage supply line between an external
device and a host platform;
determining a type of the external device based on the received voltages; and
changing a power delivery path between the external device and the host platform

based on the determined type of the external device.

18.  The method of claim 17, wherein changing the power delivery path includes

operating a first switch to provide power from the host platform to the external device.

19.  The method of claim 18, wherein changing the power path delivery further
includes operating a second switch to provide steady power to the host platform of the electronic

device.
20. The method of claim 19, wherein changing the power path delivery further

includes operating a third switch to provide power from the external device to components of the

electronic device to adjust at least one characteristic of the received power.
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