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(57) Abrégé/Abstract:

Power supply (150) and method (800) for supplying power. One example power supply (150) includes a first power source (205), a
second power source (210), and a control circuit (230). The first power source (205) provides electrical current to a first power
output terminal (215). The first power source (205) also provides electrical current to a second power output terminal (220). The
second power source (210) has a voltage level that is lower than the first power source (205). The control circuit (230) is
configured to measure a load current supplied to the second power output terminal (220). The control circuit (230) is also
configured to compare the measured load current to a threshold. Responsive to detecting the measured load current being higher
than the threshold, the control circuit (230) is configured to connect the second power source (210) to the second power output

terminal (220) to provide electrical current thereto.
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(57) Abstract: Power supply (150) and method (800) for supplying power. One example power supply (150) includes a first power
source (205), a second power source (210), and a control circuit (230). The first power source (205) provides electrical current to a first
power output terminal (215). The first power source (205) also provides electrical current to a second power output terminal (220). The
second power source (210) has a voltage level that is lower than the first power source (205). The control circuit (230) is configured to
measure a load current supplied to the second power output terminal (220). The control circuit (230) is also configured to compare the
measured load current to a threshold. Responsive to detecting the measured load current being higher than the threshold, the control
circuit (230) is configured to connect the second power source (210) to the second power output terminal (220) to provide electrical

current thereto.
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POWER SUPPLY AND METHOD FOR SUPPLYING POWER
BY MANAGING PEAK CURRENT USAGE

BACKGROUND OF THE INVENTION
H001] Many commnunication devices include battery safety circuits that immediately
turn off the devices when peak current usage exceeds a threshold. For example, in a
converged communication device the combined usage of'a land mobile radio circuit for
transmission and an operating system for boot-up can cause the peak current to exceed

the rated himits of the battery pack.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0002] The accompanying figures, where like reference numerals refer to identical or
finctionally similar elements throughout the separate views, together with the detailed
description helow, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and
explain various principles and advantages of those embodiments.

[0003] FIG. | is a diagram of a communication device, in accordance with some
embodiments.

[0004] FIG. 2 is a diagram of a power supply included in the communication device of

FIG. 1, in accordance with some embodiments.

H0005] FIG. 3 is a diagram of a control circuit included in the power supply of FIG. 2,

in accordance with some embaodiments.

[0006] FiG. 4 is a diagram of a power source selector included in the control circuit of

FIG. 3, in accordance with some embodiments.

[0007] FIG. 5 is a diagram of a power source selector included in the control circuit of

FIG. 3, in accordance with some embodiments.

H0O08] FIG. 6is a diagram of a control circuit including an OR gate, in accordance with
some embodiments.

[0009] FI1G. 7 is a diagram of a power supply including a trickle charging circuit, in

accordance with some embodunents.
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[001¢] FiG. 8 is a flowchart of a method for supply power, in accordance with some

embodiments.

[0011] Skilled artisans will appreciate that elements in the figures are illustrated for
stmplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to other
elements to help to improve understanding of embodiments of the present invention.

{0012] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein,

DeTAILED DESCRIPTION OF THE INVENTION

[0013] A battery pack in a communication device can become damaged when the peak
current usage of the communication device exceeds the rated limits of the battery pack
for an extended period of time. As noted, many communication devices include a
battery safety circuit that immediately turns off the communication device when peak
current usage exceeds a threshold. It is desirable to manage peak current usage in a

communication device without disrupting the operation of the communication device.

[0014] One approach to better manage peak current usage in a communication device
is to improve load efficiencies. For example, more power efficient components may be
used to reduce the overall peak current usage. However, simply reducing the overall
peak current usage may still result in peak current usage that exceeds the rated lumits of
the battery pack. In addition, more power efficient components may cost more, and
have less operability, than less power efficient components. Further, the duration of a
peak current event in a communication device is often brief (for example, about 10
seconds). Thus, instead of attempting to avoid peak current events in a communication
device, it is desirable to manage peak current usage such that the communication device

can continue to function without causing damage to the battery.
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{0015} Among other things, embodiments presented herein manage peak curent usage
in a communication device by adding a secondary power scurce that supplies electrical
current only when peak current usage exceeds the rated limits of the primary power
source. Using such embodiments, a communication device 1s able function during peak
current events without damaging the batteries and without being turned off.

f0616] One example embodiment provides a power supply. The power supply includes
a first power source, a second power source, and a control circuit. The first power
source provides electrical current to a first power output terminal. The first power
source also provides electrical current to a second power output terminal. The second
power source has a voltage level that is lower than the first power source. The control
circuit is configured to measure a load current supplied to the second power output
terminal. The control circuit s also configured to compare the measured load current
to a threshold. Responsive to detecting the measured load current being higher than the
threshold, the control circuit is configured to connect the second power source to the

second power output terminal to provide clectrical current thereto.

[0017] Another example embodiment provides a method for supplying power. The
method includes providing celectrical cuwrrent from a first power source to a first power
oulput lermunal and to 4 second power output terminal.  The method also includes
measuring, with a control circuit, a load current supplied to the second power output
terminal. The method further includes comparing the measured load current to a
threshold with the control circuit. The method also includes connecting, with the
control circuit, a second power source to the second power output terminal to provide
electrical current thereto responsive to detecting the measured load current being higher
than the threshold, The sccond power source has a voltage fevel that is fower than the
first power source.

[0018] For ease of description, some or all of the example systems presented herein are
tllustrated with a single exemplar of cach of its component parts. Some examples may
not describe or illustrate all components of the systems. Other example embodiments
may include more or fewer of each of the iHustrated components, may combine some

components, or may include additional or alternative components.
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[0019] FIGG. | is a diagram of an example communication device 100. In the
embodiment 1llustrated, the communication device 100 includes an electronic processor
105, a memory 110, an input/output interface 115, a baseband processor 120, a
transceiver 125, an antenna 130, a microphone 135, a loudspeaker 140, a display 145,
and a power supply 150. The itllustrated components, along with other various modules
and components are coupled to each other by or through one or more electrical
connections (for cxamplc, control or data buscs) that cnablc communication
therebetween. The use of such connections, including control and data buses, for the
interconnection between and exchange of information among the various modules and
componenis would be apparent to a person skilled in the art. In some embodiments, the
communication device 100 includes fewer or additional components in configurations
different from that illustrated in FIG. 1. For example, in some embodiments, the
communication device 100 includes multiple microphones, multiple speakers, or

combinations thercof.

f0020] The clectronic processor 105 obtains and provides information (for example,
from the memory 110 and/or the input/output interface 115), and processes the
information by executing one or more software instructions or modules, capable of
being stored, for example, in a random access memory (“RAM™) area of the memory
110 or a rcad only memory (“ROM™) of thc memory 110 or another non-transitory
compuler readable medium (not shown). The software can include limware, one or
more applications, program data, filters, rules, one or more program modulies, and other
executable instructions. The electronic processor 105 1s configured to retrieve from the
memory 1) and exccute, among other things, software related to the control processes
and methods described herein. The memory 110 can include one or more non-transitory
computer-readable media, and includes a program storage area and a data storage area.
The program storage arca and the data storage arca can include combinations of
different types of memory, as described herein.  In the embodinent illustrated, the
memory 110 stores, among other things, an operating system 153, In some
embodiments, the operating system 155 is a version or derivative of the Android”

mobile operating system (developed by Google, LLC).
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[0021] The input/output interface 115 is configured to receive input and to provide
system output. The input/output interface |15 obtains information and signals from,
and provides information and signals to, (for example, over one or more wired and/or
wircless connections) devices both internal and external to the communieation device

1006.

f0022] The electronic processor 105 is configured to control the baseband processor
126G and the transceiver 1235 to transmit and reccive voice and other data to and from
other communication devices. The baseband processor 120 encodes and decodes
digital data sent and received by the transcetver 125, The transceiver 125 transmits and
receives radio signals to and from, for example, a network using the antenna 130, The
electronic processor 105, the baseband processor 120, and the transceiver 125 may
include various digital and analog components, which for brevity arc not described
herein and which may be implemented in hardware, software, or a combination of both.
Some embodiments include separate transmitting and receiving components, for

example, a transmitter and a receiver, instead of a combined transceiver 125.

[0023] The microphone 135 is a transducer capable of sensing sound, converting the
sound to clectrical signals, and transmitting the clectrical signals to the electronic
processor 105, The electronic processor 105 processes the electrical signals received
from the microphone 135 to produce an audio stream, which may be transmitted to
other devices via the transceiver 125. The loudspeaker 140 is a transducer for
reproducing sound from electrical signals (for example, generated from a received
audio stream) received from the electronic processor 105, The microphone 135 and the
loudspeaker 140 support both ultrasonic and audible frequencies. In some
cmbodiments, the microphone 135 and the loudspeaker 140 have single transduccrs that
support both ultrasonic and audible frequencies. Alternatively, 1n some cmboduments,
the microphone 135 and the loudspeaker 140 have separate transducers for ultrasonic
and audible frequencies. In some embodiments, the microphone 135, the loudspeaker
140, or both may be integrated in a single housing with the other components (for
example, in a converged device). In some embodiments, the microphone 135, the

loudspeaker 140, or both are present in an accessory device {(for example, a remote
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speaker microphone (RSM)) connected via a wired or wireless connection to the

communication device 100.

[0024] The display 145 is a suitable display, for example, a hquid erystal display (1.CD)
touch screen, or an organic light-emitting diode (OLED) touch screen.  In some
embodiments, the communication device 100 implements a graphical user interface
(GUI) (for example, generated by the electronic processor 105, using the operating
system 155 stored in the memory 110, and presented on the display 145), that enables

a user to interact with the communication device 100.

[0025] The power supply 150 supplies power to the communication device 100. FIG.
2 schematically illustrates the power supply 150 in more detail.  In the example
provided, the power supply 150 includes a first power source 203, a second power
source 210, a first power output terminal 2135, a second power output terminal 220, a

power reference terminal 225, a control circuit 230, and a power converter circuit 235,

[0026] The first power source 205 (for example, a primary power source} includes, for
example, a battery cell, one or more batteries, a battery pack (including a plurality of
battery cells connected in a series configuration, in a parallel configuration, or both), or
a combination thereof. The second power source 210 (for example, an auxiliary power
source) includes, for example, a battery cell, one or more batteries, a battery pack
(including a plurality of battery cells connected in a series configuration, in a parallel
configuration, or both), a super capacitor, or a combination thereof. The second power
source 210 has a lower voltage level than the first power source 205. For example, the
second power source 210 may supply a voltage level between 3 volts and 4.2 volts and
the first power source 205 may supply a voltage level between 6 volis and 8.4 volts. As
a further example, the second power source 210 may include a battery pack having one
battery cell and the first power source 205 may include a battery pack having three
battery cells. In some embodiments, the voltage level of the first power source 205 is
at least twice the voltage level of the second power source 210.

F0027] The first power output terminal 215 and the second power output terminal 220
can be voltage rails for supplying two different voltages to components within the

communication device 100. In some embodiments, the second power output terminal
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220 has arail voltage that is lower than the rail voltage of the first power output terminal
215. For example, the rail voltage of the second power output terminal 226 may be
between 3 volts and 4.2 volts, and the rail voltage of the first power output terminal 215
may be between 6 volts and 8.4 volts. The power reference terminal 225 includes, for

example, a system ground terminal.

[0028] The power converter circuit 235 converts the voltage supplied by the first power
source 205 into a lower voltage for the second power output terminal 220. In some

embodiments, the power converter circuit 233 includes a buck regulator.

[0029] In some situations, the peak current usage of the communication device 100
exceeds the rated limits of the first power source 205. For example, the peak current
usage of the communication device 100 may exceed the rated limits of a {irst power
source 205 when the electronic processor 105 is booting the operating system 135 while
the transceiver 125 is transmitting signals via the antenna 130. Using the power supply
techniques referenced herein, the control circuit 230 detects peak current usage events
and supplies power from the second power source 210 such that peak current usage
does not exceed the rated limits of the first power source 205.

[0038] In order to detect peak current usage, or the potential for peak current usage, the
control circuit 230 is configured to measure the load current supplied to the second
power output terminal 220 by the first power source 205. As described in more detail
below, the control circuit 230 electrically couples the second power source 210 to the
second power output terminal 220 to provide electrical current thereto when the

measured load current 1s greater than a threshold.

[0031] FIG. 3 is a diagram illustrating processing hardware and operation for the
control circuit 230. The control circuit 230, as illustrated in FIG. 3, includes a current
detector 305, a level detector 310, and a power source selector 315. For ease of
description, FI1G. 3 includes both functions (for example, the level detector 310), which
may be implemented in hardware and software, and hardware components of the
control circuit 230. In some embodiments, all (or a4 portion) of the functions of the

control circuit 230 described herein are implememnted by an electronic processor (similar
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to the electronic processor 105) (for example, using software stored in a memory),

hardware, or a combination of both.

[0032] The current detector 305 is configured to measure the load current supplied to
the second power output terminal 220, In some embodiments, the current detector 305
includes a current-sensing resistor and a two-input terminal differential amplifier. The
resistor is connected in series between the power source selector 315 and the second
power output terminal 220. A first input terminal of the amplifier is connected to a first
electrode of the resistor. A second input terminal of the amplifier is connected to the
second electrode of the resistor. The amplifier outputs a signal indicating the load

current of the second output power terminal 220.

H0033] The level detector 310 receives the load current measured by the current
detector 305 and compares it to a threshold. In some embodiments, the threshold is set
based on the threshold for a current protection circuit included in some embodiments
of the commmumcation device 100. For example, the threshold may be 2 milliamperes.
The level detector 310 outputs a signal indicating whether the measured load current is
greater than the threshold. In some embodiments, the level detector 310 output a
different signals based on whether the measured load current is greater than the
threshold. For example, the level detector 310 may output a [irst voltage signal when
the measured load current is greater than the threshold, and a second voltage signal
when the measured loaded current 1s less than the threshold. In altemate embodiments,
the level detector 310 only outputs a signal when the measured load current is greater
than the threshold. In other words, the level detector 310 does not output a signal when

the measured load current is less than or equal to the threshold.

[0034] The power source selector 315 selectively connects the second power source
210 to the second power output terminal 220 based on the signal output by the level
detector 310. The power source selector 315 connects the second power source 210 to
the second power output terminal 220 when the level detector 310 detects that the
measured load current is greater than the threshold. Further. the power source selector

315 disconnects the second power source 210 from the second power output terminal
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22 when the level detector 310 detects that the measured load current is less than or

equal to the threshold.

[0035] FIG. 4 1s a diagram of one example implementation of the power source selector
315, The power source selector 315 illustrated in FIG. 4 includes a load switch 403, a
first Schottky diode 410, and a second Schottky diode 415, In some embodiments, the
load switch 405 includes an electronic relay. The load switch 4035 connects the second
power source 210 to the second power output terminal 220 when the level detector 310
detects that the measured load current is greater than the threshold. Further, the load
switch 405 disconnects the second power source 210 from the second power output
terminal 220 when the level detector 310 detects that the measured load current is less

than or equal to the threshold.

{0036] The first and second Schottky diodes 410 and 415 together act as power ORing
circuit between the electrical current supplied by the first power source 205 and the
electrical current supphed by the second power source 210. The low forward voltage
and fast recovery time of a Schottky diode offers increased efficiency. In some
embodiments, the first and second Schottky diodes 410 and 415 are replaced by an ideal

diode OR device that uses field effect transistors to offer very low voltage drops.

{0037] The first and second Schottky diodes 410 and 415 are configured in the power
source selector 315 such that the second power output terminal 22{ does not
simultaneously receive electrical current from both the first power source 205 and the
second power source 210. When the first power source 205 supplies electrical current
to the first Schottky diode 410 and the second power source 210 supplies electrical
current to the second Schottky diode 415, the power OR’ing circuit (formed by the first
and second Schottky diodes 410 and 4135) only supplies electrical current to the second
power output ferminal 220 from the power source with the higher supply voltage. For
example, the first power source 205 supplies 3.6 volts and the second power source 210
supplies 4.2 volts, only the second power source 210 supplies electrical current to the
second power output terminal 220. In some embodiments, the power supply 150 lowers
the voltage (for example, a first voltage) supplied by the first power source 205 to a

lower voltage (for example, 4 second voltage) that s less than the voltage (for example,
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a third voltage) supplied by the second power source 210. For example, when the
voltage supplied by the second power source 210 is 4.2 volts, the power converter
circuit 235 may convert a 7.2 voltage supplied by the first power source 205 into a 3.6
voltage. In this manner, the power supply 150 prohibits the first power source 205 from
supplying electrical current to the second power output terminal 220 when the second
power source 210 is supplying electrical current to the second power output terminal
220. In other words, the power supply 150 prohibits the first power source 205 from
supplying clectrical current o the second power output terminal 220 when the measured

load current is higher than the threshold.

[0038] FIG. 5 is a diagram of another example implementation of the power source
selector 315. The power source selector 315 illustrated in FIG. 5 includes a negative-
channel metal oxide semiconductor (NMOS) transistor 505 and a positive-channcl
metal oxide semiconductor (PMOS) transistor 510. The level detector 310 sends a
signal to the NMOS and PMOS transistors 505 and 510 which causes the NMOS and
PMOS transistors 505 and 510 to connect either the first power source 205 or the second
power source 210 to the second power output terminal 220. When the measured load
current is greater than the threshold, the level detector 310 sends a signal (for example,
a logic high signal)} which causes the NMOS transistor 505 to disconnect the first power
sourcc 205 from the sccond power output terminal 220 and causcs the PMOS transistor
510 to connect the second power source 210 to the second power outpud terminal 220.
Conversely, when the measured load current is less than the threshold, the level detector
310 sends a signal {for example, a logic low signal) which causes the NMOS transistor
505 to connect the first power source 203 to the second power output terminal 220 and
causes the PMOS transistor 510 to disconnect the second power source 210 from the

second power output terminal 220.

[0039] In some embodiments, the control circuit 230 is configured to connect the
second power source 210 to the second power output terminal 220 to provide electrical
current thereto responsive to receiving an external control signal. For example, the
control circuit 230 may connect the second power source 210 to the second power
output terminal 220 responsive to receiving an external control signal sent by the

clectronic processor 105, In some cmbodiments, the external control signal indicates

10
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that peak current usage in the communication device 100 is expected. The external
control signal can be maintained until it is determined that the peak current usage event
is compliete. FIG. 6 is an example diagram of the power supply 150 in which the control
circuit 230 further includes an OR gate 605. The OR gate 605 receives a signal from
the level detector 310. In addition, the OR gate 605 receives an external control signal,
for example, from the electronic processor 105. The OR gate 605 sends a signal causing
the power source sclector 315 to conncet the sccond power source 210 to the second
power outpul termminal 220 when either the signal [rom the level detector 310 or the

external control signal instructs the OR gate 605 to do so.

[004¢] In some embodiments, the power supply 150 also includes a trickle charging
circuit 705, as illustrated in FIG. 7. The trickle charging circuit 705 (for example, a
low-rate charger) supplics a relatively small amount of electrical current (i.¢., charger
current) from the first power source 205 to the second power source 210 to keep the
state of charge of the second power source 210 at (or near) top capacity when the
second power source 210 is not in use. In some embodiments, the charger current of
the trickle charging circuit 705 s determined based in part on the voltage capacity of
the second power source 210, a predetermined number of high-current events, or both.
In general, the total load current of the second power output termunal 220 over a given
period of time should be less than or cqual to the charger ratc in order to keep the
second power source 210 charged. As an example, when the communication device
100 experiences 2 ampere peaks lasting 3 seconds and occurring every 2 minutes, the
communication device 100 uses an average of 50 milliampere-hours (mAhr) of
capacity of the second power source 210 per hour. In this situation, the charge current
ot the trickle charging circuit 705 may be set to no less than 50 milliamperes. For
example, the charge current of the trickle charging circuit 705 may be set to 100

milliamperes or 200 milliamperes.

H041] FIG. 8 1llustrates an example method 800 for operating the power supply 150 to
supply power. The method 800 is described with respect to FIGS. 2 and 3. The method
800 is described as being performed by the power supply 150 and, in particular, the

control circuit 230. However, it should be understood that in some embodiments,
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portions of the method 800 may be performed by other devices, including for example,
another device included in the communication device [00.

[0042] At block 805, the first power source 205 provides electrical current to the first
power output terminal 215 and to the second power output terminal 220. For example,
the first power source 205 supplies a first rail voltage to the first power cutput terminal
215. The first power source 203 also supplics a second rail voltage to the second power

output terminal 220 via the power converter circuit 235.

f0043] At block 810, the control circuit 23¢) measures a load current supplied to the
second power output terminal 220. For example, the current detector 305 of the control
circult 230 measures the load current supplied to the second power cutput terminal 220
and outputs a signal to the level detector 310 indicating the measured Joad current.

[1044] At block 815, the control circuit 230 compares the measured load current to a
threshold. For example, the level detector 310 receives the signal from the current
detector 305 indicating the measured load current and compares the measured load

current to a threshold.

H045] At block 820, the control circuit 230 detects when the measured load current is
higher than the threshold. For example, the level detector 310 detects when the
measured load current 1s higher than the threshold based on the comparison of the

measured load current to the threshold.

[0046] Responsive to detecting the measured load current being higher than the
threshold, at block 825, the control circuit 230 connects the second power source 210
to the second power output terminal 220 to provide electrical current thereto. For
example, responsive to the level detector 310 detecting the measured load current being
higher than the threshold, the fevel detector 310 sends a signal to the power source
selector 315 which causes that the power source selector 315 o connect the second

power source 210 to the second power output terminal 220.

[0047] When the load current drops back down below the threshold, the control circuit
230 disconnects the second power source 210 from the second power output terminal
220. In some embodiments, the control circuit 230 disconnects the second power

source 210 from the second power output terminal 220 immediately after detecting

12
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when the load current drops back down below the thresheld. Inalternate embodiments,
the control circuit 230 connects the second power source 210 to the second power
output termimal 220 to continuously provide electrical current thereto for at least
predetermined period of time after detecting the measured load current bemg higher
than the threshold. For example, the control circuit 230 connects the second power
source 210 to the second power output terminal 220 to continuously provide electrical
current thereto for 100 milliscconds after detecting the mcasured load current being

higher than the threshold.

[0048] Embodiments of the disclosure can be advantageously implemented to address
peak current issues in converged communication devices. For example, in converged
communication devices in which a land mobile radio (EMR) platform is combined with
an Android platform, peak currents duc to both the land mobile radio platform (for
example, during transmission) and the Android platform (for example, during boot-up)
can add up and exceed the rated limits of the battery pack. This in turn may trip the
battery safety circuits and the converged communication device will immediately be
turned off. Embodiments of the disclosure address this 1ssue by providing a secondary
power source to better manage peak currents.

[0049] In the loregoing specification, specilic embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of present teachings,

[0050] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution fo occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all the
claims.  The invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as ssued.
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[0051] Mareover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from another
entity or action without necessarily requiring or implying any actual such relationship

LA

or order between such entities or actions. The terms “comprises,” “comprising,” “has,”

LT LE I

“having,” “includes.” “including,

LLINreS LEI

contains,” “containing” or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that compriscs, has, includes, contains a list of clements docs not
include only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An element proceeded by

Mo

“comprises ...a,” “has ...a,” “includes ...a,” or “contains ...a” does not, without more
constraints. preclude the existence of additional identical elements in the process,
method, article, or apparatus that comprises, has, includes, contains the element. The

terms “a” and "an” are defined as one or more unless explicitly stated otherwise herein.

3% <6 RL TS EEITS

The terms “substantially,” “essentially,” “approximatcly,” “about” or any other version
thereol, are defined as being close to as understood by one of ordinary skill w the art,
and in one non-limiting embodiment the term is defined to be within 20%, in another
embodiment within 10%, in another embodiment within 2% and in another embodiment
within 1%. The term “coupled” as used herein is defined as connected, although not
necessarily directly and not necessarily mechanically. A device or structure that 1s
“configured” in a certain way is configured in at least that way, but may also be

configured in ways that are not listed.

0521 It will be appreciated that some embodiments may be comprised of one or more
generic or specialized processors (or “processing devices™) such as microprocessors,
digital signal processors, customized processors and field programmable gate arrays
(FPGAs) and unique stored program mnstructions (including both software and firmware)
that control the onc or more processors to implement, in conjunction with certain non-
processor circuits, some, most, or all of the functions of the method and/or apparatus
described herein. Aliernatively, some or all functions could be implemented by a state
machine that has no stored program instructions, or it one or more application specific

integrated circuits {ASICs), in which each function or some combinations of certain of

14
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the functions are implemented as custom logic. Of course, a combination of the two

approaches could be used.

[0053] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(for example, comprising a processor) to perform a method as described and claimed
herein. Examples of such computer-readable storage mediums include, but are not
limited to, a hard disk, a CPD-ROM, an optical storage device, a magnetic storage device,
a ROM (Read Only Memory), a PROM (Programmable Read Only Memory), an
EPROM (Erasable Programmable Read Only Memory), an EEPROM (Electrically
Erasable Programmable Read Only Memory) and a Flash memory. Further, it is
expected that one of ordinary skill, notwithstanding possibly significant effort and
many design choices motivated by, for example, available time, current technology,
and economic considerations, when guided by the concepts and principles disclosed
herein will be readily capable of generating such software instructions and programs

and ICs with minimal experimentation.

[0054] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that 1t will not be used to imterpret or imit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflecting an intention that the
claimed embodiments require more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject matter lies in less than all
featurcs of a single disclosed embodiment.  Thus the following claims arc hercby
incorporated nto the Detailed Description, with cach claun standing on its own as a

separately claimed subject matter.
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Claims

We claim:

I A power supply comprising:
a first power source for providing electrical current to a first power output

terminal and to a second power output terminal;

a second power source having a voltage level lower than the first power

source; and
a control circuit configured to

measure a toad current supplied to the second power cutput terminal,

compare the measured load current to a threshold,

responsive to detecting the measured load current being higher than the
threshold, connect the second power source to the second power output terminal to
provide electrical current thereto,

disconnect the second power source from the second power output
termimal responstve to detecting the measured load current being below the threshold,

responsive to receiving an external control signal indicating an
expected peak load current usage, connect the second power source to the second
power output terminal to provide electrical current thereto, and
prohibit the first power source from supplying electrical current to the second power

output terminal when the measured load current is higher than the threshold.

2. The power supply of claim 1, wherein the control circuit is further configured
to connect the second power source to the second power output terminal to
continuously provide electrical current thereto for at least predetermined period of

time after detecting the measured load current being higher than the threshold.

16
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3. The power supply of claim 1 or 2, further comprising a trickle charging circuit
configured to provide electrical current from the first power source to the second

POWCT SOUrce.

4, The power supply of claim 3, wherein a charger current of the trickle charging

circult is determined based 1n part on a charge capacity of the second power source .

5. The power supply of any one of claims 1 to 4, wherein a voltage level of the

first power source is at least twice the voltage level of the second power source.

6. The power supply of any onc of claims 1 to 5, wherein the control circuit

includes

a current detector configured to measure the load current supplied to the
second power output terminal,

a level detector configured to compare the measured load current to the

threshold, and

a power source selector configured to selectively connect the second power

source to the second power output terminal to provide electrical current thereto.

7. The power supply of any one of claims 1 1o 6, further comprising

a power converter circuit configured to convert a first voltage supplied by the
first power source to a second voltage, wherein the second voltage 1s less than a third

voltage supplied by the second power source.
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8. The power supply of claim 1, wherein the control circuit includes a power
source selector configured to selectively connect the second power source to the
second power output terminal to provide electrical current thereto, and wherein the
power source selector includes a first Schottky diode and a second Schottky diode
configured such that the second power output terminal does not simultaneously
receive electrical current from both the first power source and the second power

S0Urce.

9. A method for supplying power, comprising

providing electrical current from a first power source to a first power output
terminal and to a second power output terminal;

measuring, with a control ctreuit, a load current supplied to the second power
output terminal;

comparing the measured load current to a threshold with the control crcmt;

responsive to deteeting the measured load current being higher than the
threshold, connecting, with the control circuit, a second power source to the second
power output terminal to provide electrical current thereto, wherein the second power
source has a voltage level lower than the first power source;

disconnecting the second power source from the second power output terminal
responsive to deteeting the measured load current being below the threshold;

responsive to recetving an external control signal indicating an expected peak
load current usage, connecting, with the control circuit, the second power source to
the second power output terminal to provide electrical current thereto; and

prohibiting the first power source {rom supplying electrical current to the
second power output terminal when the measured load current is higher than the

threshold.

18
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10. The method of claim 9, further comprising

connecting, with the control circuit, the second power source to the second power
output terminal to continuousty provide electrical current thereto for a predetenmined
peried of time after detecting the measured load current being higher than the

threshold.

11 The method of claim 9 or 10, further comprising

providing electrical current from the first power source to the second power source

with a trickle charging circuit.

12. The method of claim 13, wherein a charger current of the trickle charging

circuit is determined based in part on a charge capacity of the second power source .

13 The method of any one of claims 9 to 12, wherein a voltage level of the first

power source is at least twice the voltage level of the second power source.

14. The method of any one of claims 9 to 13, further comprising

converting, with a power converter circuit, a first voltage supplicd by the first
power source to a second voltage, wherein the second voltage is less than a third

voltage supplied by the second power source.

15. The method of claim 9, wherein the control circuit includes a power source
selector configured to selectively connect the second power source to the second
power output terminal to provide electrical current thereto, and wherein the power
source selector includes a first Schottky diode and a second Schottky diode
configured such that the second power output terminal does not simultancously
receive electrical current from both the first power source and the second power

SOUrce.
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