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(57) Abstract: A method and apparatus for determining whether to enable a functionality of a battery powered device upon connec -
tion to a battery is embodied by providing at least one voltage threshold in a memory of the battery that corresponds to a usable op -
erating range limit of the battery and that is accessible by the battery powered device. Upon connection to the battery, the battery
powered device acquires the voltage threshold or thresholds from the battery and programs itself with the threshold or thresholds.
The battery powered device then compares a voltage of the battery to the threshold or threshold to determine whether the enable the
functionality.



WO 2015/080915 PCT/US2014/066330

METHOD AND APPARATUS FOR LOADING VOLTAGE THRESHOLDS FROM A BATTERY
FOR A DEVICE

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to battery powered, portable
devices, and more particularly to battery powered devices that can use different
batteries, each having different electrochemical cell designs, and which enable or
disable device functionality based on thresholds corresponding to battery voltage

thresholds for different battery types.

BACKGROUND

[0002] Newer Lithium-ion (Li-ion) chemistries for rechargeable electrochemical
cells have usable voltage ranges significantly different than the conventional
voltage range of approximately 3.0 to 4.2 volts. The usable voltage ranges of
some newer Li-ion systems extend well below the conventional voltage range.
Some battery-powered electronic devices may be able to use both conventional
and newer battery cell chemistries as they can be packaged in similar housings or
battery packages designed for those devices. However, conventional battery-
powered electronic devices are not be designed to take full advantage of the
lowest end of the usable voltage range of newer battery cell chemistries. As a
result, either of two scenarios will occur which could compromise user experience
when the newer-chemistry battery is at a low state of charge. In one case, when
powering up the battery-powered device, the device may assert too great a load on
the battery, causing battery voltage to sag below the minimum operating voltage
of the electronic device. Second, the device may assert its load on the battery for
too long a time, draining battery energy, resulting in low battery voltage, which
drops below the minimum operating voltage of the electronic device. In both
cases, the electronic device would unexpectedly shut down. This issue may be

exacerbated when various device features or functions are engaged, varying the
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load on the battery, resulting in device shut-down when a high-current-load

function is engaged.

[0003] A sophisticated battery powered device that has a varied power demand
can include a power up threshold and an under-voltage threshold setting to
prevent inadvertent shutdown of the battery powered device. The power up
threshold is a sufficient voltage level (of the battery) at which the device can be
fully functional, including high power demand functionality, to ensure there is a
desirable amount of charge in the battery. The power up threshold is observed
when the device is turned on, and determines that the battery voltage is below the
power up threshold. Until the battery voltage rises above the power up threshold,
the device will not allow full functionality, if any. Likewise, the device will begin
shutting off functionality as the battery voltage is decreasing and falls below the
under-voltage limit. However, these thresholds are programmed into the device,
and may not apply to new battery systems that are developed subsequently to the

manufacture of the device.

[0004] Accordingly, there is a need for a method and apparatus for a device to
determine and use voltage limits appropriate for a variety of battery systems,

including battery systems developed after the manufacture of the device.

BRIEF DESCRIPTION OF THE FIGURES

[0005] The accompanying figures, where like reference numerals refer to
identical or functionally similar elements throughout the separate views, together
with the detailed description below, 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.

[0006] FIG. 1 is a block of a battery powered electronic device system, in

accordance with some embodiments;
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[0007] FIG. 2 is a graph chart of voltage versus time in a battery powered

electronic device system, in accordance with some embodiments;

[0008] FIG. 3 is a flow chart diagram of a method of acquiring a voltage

threshold from a battery, in accordance with some embodiments;

[0009] FIG. 4 is a flow chart diagram of a method of operating an electronic

device, in accordance with some embodiments; and

[0010] FIG. 5 is line drawing diagram of a portable two-way radio device system
including multiple different battery types that can be used to power the portable

two-way radio device.

[0011] Skilled artisans will appreciate that elements in the figures are illustrated
for simplicity 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
[0013] Embodiments of the disclosure include a method for setting operating
parameters in a battery powered device that includes detecting connection to a
battery prior to fully powering up the battery powered device. The method also
includes determining, by the battery powered device, that the battery contains a
memory having operating parameters stored therein. The operating parameters

including at least one voltage threshold. The method further includes the battery



WO 2015/080915 PCT/US2014/066330

powered device programming itself with the at least one voltage threshold, and
wherein the at least one voltage threshold is compared to a voltage of the battery
by the battery powered device to determine whether to enable a functionality of

the battery powered device should be enabled.

[0014] FIG. 1 is a block of a battery powered electronic device system 100, in
accordance with some embodiments. The system includes an electronic device
102 that is connected to a battery 104. The battery can be further connected to
another device, such as a charger 106. The battery 104 includes one or more
rechargeable battery cells 108. The battery cells 108 utilize an electrochemical
system for storing and providing electrical charge and have one or more particular
voltage limits to ensure optimum longevity and operation of the battery cells 108.
In some embodiments the battery 104 further includes one or more protection
switches, such as an under-voltage switch 110 and an over-voltage switch 112,
that are controlled by a control circuit 114. The control circuit 114 can monitor
the voltage across each battery cell, and will open the over-voltage switch 112 if
any cell voltage exceeds the over-voltage threshold, or open the under-voltage
switch 110 if the voltage across any cell drops below an under-voltage threshold.
The battery 104 further includes a data storage device such as a memory 116 that
includes one or more voltage thresholds 118. In some embodiments the memory
includes a power up threshold and an under-voltage threshold that can be used by
the device 102. In some embodiments can include one or more other thresholds
that can be used by the charger 106. The charger 106 connects to the battery 104
at a positive charger contact 120, a negative charger contact, and a charger
information contact 124. The charger information contact 124 is connected to the
memory 116 and allows the charger 106 to interact with the memory 116. In
some embodiments, upon the battery 104 being connected to the charger 106, the
charger 106 can read the memory 116 to obtain charging parameters that can
include the one or more voltage thresholds to be used by the charger 106 in

charging the battery 104. For example, the charging parameters read by the
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charger 106 from the memory 116 can include, for example, a charge capacity, a
battery type (e.g. battery cell chemistry), an over-voltage threshold, and an under-
voltage threshold. If the battery voltage is below the under-voltage threshold, the
charger 106 can apply a low level charge current until the battery voltage rises
above the under-voltage threshold. Similarly, the charger 106 will adjust charging
current to prevent the battery voltage from exceeding the over-voltage threshold

while charging the battery 104.

[0015] Similarly, the device 102 can read the memory 116 over the device
information contact 130. A controller 132 in the device 102 can acquire one or
more voltage thresholds 118 and other parameters, and store them locally, such as
in a memory 136 as a local copy of the voltage thresholds 138. The voltage
thresholds 138 can be used by the controller, upon performing instruction code
(which can also be in memory 136) in carrying out the operation of the device 102.
The controller and memory, as well as other components can be powered from,
for example, a voltage regulator 134, which provides a regulated direct current
(DC) level from the battery voltage between the positive device contact 126 and
negative device contact 128. Generally the voltage regulator 134 requires that the
battery voltage be higher than the regulated voltage level provided to the
controller 132. The device 102 also includes at least one component or other
functionality 140 that is under direct or indirect control of the controller 132. The
functionality 140 can be circuit or sub-system that, when operating, uses a
relatively high power level. Accordingly, the voltage thresholds 138 can include a
power up threshold. The power up threshold is the minimum battery voltage level
at which the device will enable the component or functionality 140. In some
embodiments the component or functionality 140 can include most of the operable
portions of the device. While the battery voltage is below the power up threshold,
the functionality 140 remains disabled or off, and the device 102, via, for example,
controller 132, can provide a user-perceptible indication that the device is unable

to enable the functionality 140, such as, for example, a visual indication on a
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graphical display. If the battery is connected to the charger 106 and is being
charged, if the battery voltage is below the power up threshold, the battery voltage
will rise over time. Once the battery voltage exceeds the power up threshold, the
controller 134 will enable the functionality 140. In some embodiments there can
be more than one functionality 140, each having a different power up threshold,
and as battery voltage rises each corresponding functionality can be enabled as
cach power up threshold is exceeded. Similarly, the voltage thresholds 138 can
include an under-voltage threshold that can be lower than the power up threshold,
and that dictates that the controller disable functionality 140, for example, when
the battery voltage falls below the under-voltage threshold. The difference
between the power up and under voltage thresholds can be due to the effect of
charging versus discharging on battery voltage as well as the characteristics of the
electronics and functions of the device 102. To read the data in the memory 136,
the device 102 has to contend with the charger 106, which can also access the
memory 116. The arrangement where each of the device 102 and charger 106, or
other device, can access the same memory is an example of a multi-master
arrangement. Each device that can interact with the memory in the battery is
considered a “master.” The memory 116 can use a single wire serial
communication protocol. Thus, a multi-master contention protocol is used by
both the device 102 and the charger 106 in accessing the memory 116. For
example, immediately prior to attempting to access the memory 116, an accessing
“master” (e.g. the device 102, or the charger 106) will first listen to the
information line over device information contact 130 or charger information
contact 124. If the device attempting to access the memory detects activity, the
device attempting access will wait for a period of time before attempting access
again.

[0016] The device 102 can be any of a variety of electronic, battery powered
devices. In some embodiments the device 102 can be a portable two-way radio

device such as that used by public safety, rescue, and other personnel. In a
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portable two-way radio device the functionality 140 can be a transmitter function
of the portable two-way radio device. Since a transmitter will draw battery
current at a level that is typically on the order of one or two orders of magnitude
higher than the idle current, a transmission event can cause battery voltage to
substantially drop while transmitting. Accordingly, the portable two-way radio
device (i.e. as device 102) can enable the transmitter functionality (e.g.

functionality 140) only when the battery voltage is above the power up threshold.

[0017] FIG. 2 is a graph chart 200 of voltage 202 versus time 204 in a battery
powered electronic device system, in accordance with some embodiments. The
battery voltage 206 is charted in an exemplary fashion here. No scale should be
derived from the proportions of the chart 200, rather, the chart 200 has been
drawn in a way to more clearly explain the operation of embodiments of the
disclosure. In addition to the battery voltage 206, there is shown as dashed lines a
power up threshold 208 and an undervoltage threshold 210. Initially, prior to time
212, the battery having battery voltage 206 is only attached to a device that is
powered by the device. The battery voltage is below the power up threshold 208.
Accordingly, the device will not enable some component or functionality of the
device. At time 212, the battery, while attached to the device, is further connected
to a charger at a set of charger contacts, and the charger, in response to detecting
the battery commences providing a charging current which causes the battery
voltage to initially jump up, and then continue to increase over time. At time 214
the battery voltage, due to the battery being charged, crosses the power up
threshold 208. Accordingly, at time 214, or shortly thereafter, the device can
enable the previously disabled component or functionality. At time 216 the
battery voltage reaches a charging voltage limit, and the charger begins decreasing
the charging current to maintain the battery voltage substantially constant as the
battery continues to charge. The constant current/constant voltage type of charge
regime is common in lithium based systems, but other charge regimes can be used

as well. At time 218 the charging current ceases. The charging current be cease
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due to the battery being removed from the charger, or the charger determining that
the battery is fully charged. As a result of the charging current being ceased, the
battery voltage will drop. From 218 to time 220, the device continues to operate
at full functionality and discharges the battery. As a result, the battery voltage
decreases as the device uses battery charge to operate. At time 220 the battery
voltage drops to the under-voltage threshold 210, and in response the device shuts
off functionality of the device to avoid issues such as errant operation due to

insufficient voltage and tripping under-voltage protection in the device.

[0018] FIG. 3 is a flow chart diagram of a method 300 of acquiring a voltage
threshold from a battery, in accordance with some embodiments. For the present
method 300, a device is connected to a battery, meaning a rechargeable battery
pack. The battery contains a memory or other information storage device, and has
a set of device contacts for connecting to a device that is powered by the battery,
and a set of charging contacts to connect to a charger, or the battery may have one
set of contacts for connecting to a device where the device is further connected to
a charger or a second device capable of interacting with the battery through the
device connected at the contacts to the battery. Both the device and charger can
access, and interact with, the memory in the battery. The first step 302 is to turn
on or otherwise enable the device. The device initially has no information about
the battery, and does not know the appropriate voltage threshold or thresholds to
be used in operating from the battery. Accordingly, prior to enabling any
additional functionality, the device attempts the read the memory in step 304. The
device uses a multi-master contention protocol, and so preliminarily determines if
there is activity on the data line connected to the memory in step 306. The
memory line is the line connected to the device information contact over which
the device interacts with the memory. If there is activity detected, the device
waits a period of time, which can be referred to as a back off time, in step 308.
Once the data line is clear of activity, the device can then transmit a read

command to the memory in step 310. Steps 340, 306, and 308 are part of a multi-
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master contention protocol for accessing the memory using a single wire serial
communication protocol. In response to the device transmitting the read
command in step 310, the memory transmits contents of the memory using the
single wire serial communication protocol, and the device receives the data in step
312. Among the data received can be one or more voltage thresholds that are then
stored by the device in step 314. By “stored” it is meant that the device loads the
voltage threshold or thresholds for use by instruction code that is performed by a
controller of the device in enabling or disabling functionality of the device based

on the voltage threshold(s).

[0019] FIG. 4 is a flow chart diagram of a method 400 of operating an electronic
device, in accordance with some embodiments. The method 400 can be a
continuation of method 300 of FIG. 3. Thus, in step 402, the method loads the
voltage thresholds obtained from the memory in the battery. Thus, step 402 can
represent an abstraction of all, or step 314, of method 300. At step 402, the device
has not enabled full functionality. In step 404, the device determines whether the
present battery voltage is above a power up threshold, which is one threshold that
is received from the battery in step 312 of method 300. If the present battery
voltage is not above the power up threshold, the device maintains some
functionality in a disabled state and waits in step 406. While waiting in step 406
(and while cycling between step 404 and step 406) the device can provide a user-
perceptible alert or indication that the battery voltage is insufficient to enable full
device functionality. Once the battery voltage rises above the power up threshold,
assuming it does, the method 400 moves to step 408 where the device enables the
functionality in step 408, and the device can clear the alert that was set in step 406,
or otherwise indicate that full functionality is enabled. Subsequent to step 408,
the device is operating normally. If the device and battery were connected to a
charger, and then removed, the battery voltage will decrease as the device
continues operating, using battery charge. Thus, in step 410 the device

determines whether the present battery voltage is above an under-voltage
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threshold. The under-voltage threshold is another voltage threshold that can be
acquired by the device in step 312 of method 300 in FIG. 3. If the battery voltage
is above the under-voltage threshold, the method 400 can wait in step 412. The
method will cycle through steps 404, 408, 410, 412 while the battery voltage
remains above the under-voltage threshold. Once the battery voltage falls below
the under-voltage threshold, the method proceeds to step 414 and shuts off or
disables a functionality of the device, and the method returns to step 404. The
method 400 will cycle through steps 404 — 414 unless the device is completely
shut off or disconnected from the battery, at which point the device will begin at

step 302 of method 300 upon being turned back on.

[0020] FIG. 5 is line drawing diagram of a portable two-way radio device system
500 including multiple different battery types that can be used to power the
portable two-way radio device 502. The system 500 includes at least two batteries
504, 506, either of which can be connected to the portable two-way radio device
502 to power the portable two-way radio device. The batteries 504, 506 can be
rechargeable batteries, and battery 504 is a first type of battery while battery 506
is a second type of battery. Each of the batteries 504, 506, being different types
(e.g. using different rechargeable electrochemical system), can have different
voltage thresholds. Battery 504 contains a memory 508 that stores battery
information including a first set of thresholds 512 that include thresholds A and B.
Battery 506 includes a memory 510 that stores battery information including a
second set of thresholds 514 that include thresholds C and D, where A, B, C, and
D can be different values corresponding to different voltage levels. If battery 504
is connected to the portable two-way radio device 502, then the portable two-way
radio device 502 will load thresholds 512 and control the enabling and disabling
of functionality such as a transmitter functionality based on the values of
thresholds A and B. If battery 506 is connected to the portable two-way radio
device 502, then the portable two-way radio device 502 will load thresholds 514

and control the enabling and disabling of functionality such as a transmitter

10
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functionality based on the values of thresholds C and D. Either of the batteries
504, 506 can be connected to the portable two-way radio device by mating
mechanical features, as 1s well known, such that device contacts 516 mate with
corresponding contacts 518, 520, respectively, on batteries 504, 506. Each of the
batteries 504, 506 further include a set of charging contacts 522, 524, respectively,
for connecting the batteries 504, 506 to a charger, which can be performed while a

given battery 504, 506 is connected to the portable two-way radio device 502.

[0021] Accordingly, embodiments of the disclosure provide the benefit of
allowing a battery powered device to control enablement and disablement of
functionality in the device based on battery voltage thresholds for each different
battery type, including existing battery types as well as battery types that may be
developed in the future. Existing approaches that “hard code” voltage threshold
into the device do not allow the use of different battery types, especially battery
types that have yet to be developed.

[0022] In the foregoing specification, specific 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.

[0023] The benefits, advantages, solutions to problems, and any element(s) that
may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential features or
clements 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 issued.

[0024] Moreover 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

11
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such relationship or order between such entities or actions. The terms

"nan 99 s

comprising," “has”, “having,” “includes”, “including,

2% ¢

"comprises, contains”,
“containing” or any other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that comprises, has,
includes, contains a list of elements does 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 “comprises ...a”, “has ...a”,
“includes ...a”, “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. The
terms “substantially”, “essentially”, “approximately”, “about” or any other
version thereof, are defined as being close to as understood by one of ordinary
skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is

configured in at least that way, but may also be configured in ways that are not

listed.

[0025] 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 instructions
(including both software and firmware) that control the one 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. Alternatively,
some or all functions could be implemented by a state machine that has no stored

program instructions, or in one or more application specific integrated circuits

12
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(ASICs), in which each function or some combinations of certain of the functions
are implemented as custom logic. Of course, a combination of the two

approaches could be used.

[0026] Moreover, an embodiment can be implemented as a computer-readable
storage medium having computer readable code stored thereon for programming a
computer (e.g., 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 CD-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.

[0027] 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 it will not be used to interpret or limit 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 features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a separately claimed subject

matter.

13
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Claims

We claim:

1. A method for setting operating parameters in a battery powered device,
comprising:
detecting connection to a battery prior to fully powering up the battery

powered device,

determining, by the battery powered device, that the battery contains a
memory having operating parameters stored therein, the operating parameters
including at least one voltage threshold;

the battery powered device acquiring from the memory in the battery at
least one voltage threshold; and

the battery powered device programming itself with the at least one
voltage threshold, and wherein the at least one voltage threshold is compared to a
voltage of the battery by the battery powered device to determine whether to

enable a functionality of the battery powered device should be enabled.

2. The method of claim 1, wherein acquiring the at least one voltage

threshold comprises acquiring a power up threshold, wherein the battery powered

14
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device will not fully power up unless a battery voltage of the battery is above the

power up threshold.

3. The method of claim 1, wherein acquiring the at least one voltage
threshold comprises acquiring an undervoltage threshold, wherein the battery
powered device will shut off at least a portion of the battery powered device if a

battery voltage of the battery falls below the undervoltage threshold.

4. The method of claim 1, wherein acquiring the at least one voltage
threshold is performed by reading the memory of the battery by the battery
powered device using a multi-master contention protocol to access the memory in

the battery by the battery powered device.

5. The method of claim 4, further comprising detecting that another
device is accessing the memory in the battery, and waiting, in accordance with the
multi-master contention protocol, before reading the memory in the battery by the

battery powered device.

6. The method of claim 1, wherein acquiring the at least one voltage
threshold is performed over an information contact of the battery powered device

that interfaces with a corresponding information contact of the battery.

15
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7. The method of claim 1, wherein acquiring the at least one voltage
threshold comprises an acquiring a first voltage threshold and a second voltage
threshold, wherein the first voltage threshold is higher than the second voltage

threshold, the method further comprises:

when a battery voltage of the battery is above the first voltage threshold
the battery powered device enabling a functionality of the battery powered device;

and

subsequent to enabling the functionality, when the battery voltage falls
below the second voltage threshold, the battery powered device disabling the

functionality.

16
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8. A battery powered device, comprising:
a contact interface for connecting to a battery;

a controller coupled to at least one contact of the contact interface,
wherein the controller, in response to connection of the battery powered device to
the battery, reads at least one voltage threshold from the battery, wherein the at
least one voltage threshold causes the controller to either enable or disable a
functionality of the battery powered device based on whether a battery voltage of

the battery is above or below the at least one threshold.

9. The battery powered device of claim 8, wherein the controller reads the
at least one voltage threshold from the battery using a multi-master contention

protocol.

10. The battery powered device of claim 8, wherein the at least one
voltage threshold comprises a power up threshold, wherein the battery powered
device will not fully power up unless a battery voltage of the battery is above the

power up threshold.

11. The battery powered device of claim 8, wherein the at least one

voltage threshold comprises an undervoltage threshold, wherein the battery
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powered device will shut off at least a portion of the battery powered device when

a battery voltage of the battery falls below the undervoltage threshold.

12. The battery powered device of claim 8, wherein acquiring the at least
one voltage threshold is performed by reading the memory of the battery by the
battery powered device using a multi-master arbitration protocol to access the

memory in the battery by the battery powered device.

13. The battery powered device of claim 12, wherein the controller detects
that a charger is accessing a memory in the battery in which the at least one
voltage threshold is stored, and waits in accordance with the multi-master

contention protocol before reading the memory in the battery.

14. The battery powered device of claim 8, wherein the controller reads
the at least one voltage threshold over an information contact of the battery
powered device that interfaces with a corresponding information contact of the

battery.

15. The battery powered device of claim 8, wherein the at least one
voltage threshold includes a first voltage threshold and a second voltage threshold,

wherein the first voltage threshold is higher than the second voltage threshold, the
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controller enables a functionality of the battery powered device when a battery
voltage of the battery is above the first voltage threshold, and the controller
disables the functionality when, subsequent to enabling the functionality, the
battery voltage falls below the second voltage threshold, the battery powered

device disabling the functionality.

16. The battery powered device of claim 8, wherein the battery powered

device is a portable two-way radio device.
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17. A method of operating a portable two-way radio device, comprising:
detecting connection of a battery to the portable two-way radio device;

loading, from a memory in the battery, at least one voltage threshold

including a power up threshold;
determining a present battery voltage of the battery; and

enabling a transmitter functionality when the battery voltage is above the

power up threshold.

18. The method of claim 17, wherein loading the at least one voltage
threshold further comprises loading an under-voltage threshold, the under-voltage
threshold having a value lower than the power up threshold, the method further
comprises, subsequent to enabling the transmitter functionality, disabling the
transmitter functionality when the battery voltage falls below the under-voltage

threshold.

19. The method of claim 17, wherein loading the at least one voltage
threshold comprises accessing the memory using a multi-master contention

protocol as part of a single wire serial communication protocol.
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20. The method of claim 17, further comprising, subsequent to
determining the present battery voltage, determining that the present battery

voltage is below the power up threshold

21



PCT/US2014/066330

WO 2015/080915

/5

r r r B
| p k |
_ mth_/ ore| e NN“\,_ _
_ \
| . 2o, | [ I | |
| 8¢l | 7 ] o€} |[{AHOWIN PA bl | _
| [] . —L /A_A A lsdnyy , /\_A NIOUVHO | |
_ NolLLoNng | AN T _ o - _ _
_ N L
QL TOHLNOOD
_ INSNOdWOD 1 NTOTCANREN _ soi’ | _ _
o ses A FOVLTON || pLL j |
"I oz1- 1 ozi’ | |
||||||||||||||||||||| ] N
201~ 01~ 901



PCT/US2014/066330

WO 2015/080915

2/5

¢ OIA

voz- 02z~

m“N\A

912~

k JOVLTOA

N-z202

00z



WO 2015/080915 PCT/US2014/066330

3/5

300

1 TURNONDEVICE |

302 ¢

1 READDATALINE |«
304

306

ACTIVITY
ON DATA
LINE?

YES
BACK OFF
308

1 TRANSMIT COMMAND I
310 ¢
STORE
p RECEIVE DATA FROM VOLTAGE
MEMORY
312 THRESHOLD | 314

FIG. 3



WO 2015/080915 PCT/US2014/066330

4/5

400

1 LOAD VOLTAGE THRESHOLDS I

402
406
404 IS BATTERY /4
VOLTAGE ABOVE WAIT : USER
POWER UP ALERT
THRESHOLD?

ENABLE DEVICE
FUNCTIONALITY
408 (CLEAR ALERT)

410

IS BATTERY
VOLTAGE ABOVE
UNDER-VOLTAGE
THRESHOLD?

DISABLE FUNCTIONALITY
Ve (ALERT USER)

414

FiIG. 4



PCT/US2014/066330

WO 2015/080915

5/5

c0s 80G—

40

4
N\ ln

r=====1

N
d d10OHS3HHL
O QTOHS3YHL

¢cs

N~p1G

N

g dTOHS3HHL
V QTOHS3HHL

\-zi6

00S




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/066330

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO02J7/00 HO4W52/02
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 HOAW

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 6 153 950 A (HIRANO HIROTAKA [JP] ET
AL) 28 November 2000 (2000-11-28)

1,4,6-9,
12,14,
15,19

Y column 4, line 5 - column 5, line 52; 18
column 6, lines 58-64;
figures 1, 2

X WO 98/10610 Al (ERICSSON GE MOBILE INC
[US]) 12 March 1998 (1998-03-12)

1-3,8,
10,11,
16,17,20
Y page 9, lines 16-22; page 11, lines 16-28; 18
page 12, Tlines 20 - 35; page 16, line 23 -
page 17, line 15;;

claim 2; figures 4, 8

A EP 2 051 157 Al (RESEARCH IN MOTION LTD
[CA]) 22 April 2009 (2009-04-22)

claim 8

2,10,20

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

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

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

"O" document referring to an oral disclosure, use, exhibition or other
means

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

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 March 2015

Date of mailing of the international search report

17/03/2015

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

Meyer, Andreas Hans

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/066330
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6153950 A 28-11-2000 JP 4029479 B2 09-01-2008
JP 2000019203 A 21-01-2000
US 6153950 A 28-11-2000
WO 9810610 Al 12-03-1998 AU 4093897 A 26-03-1998
US 5870685 A 09-02-1999
WO 9810610 Al 12-03-1998
EP 2051157 Al 22-04-2009 CA 2638710 Al 15-04-2009
EP 2051157 Al 22-04-2009

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 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

