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USER BEHAVIOR DRIVEN CHARGE LEVELS

Background

{0001} Portable elecironic devices, such as laptop computers, portable media
players, and/or mobile phones, can operate using a rechargeable ballery. A
rechargeable battery can have a charging cycle to maximize its service life. Certain
battery types, for example, can have a longer service life when they are fully discharged
before being recharged. Existing elecironic devices having built-in charging systems
(such as laptops) may not adapt the charging cycle to match the use of the batlery.
Existing chargers can continue to charge the battery as long as the AC cord is plugged
into the electronic device. The battery may charge {o capacity and continue {o charge

until the AC power cord is unplugged.

Brigf Description of the Drawings

{0002} Figure 1 jllustrates an example of an electronic device suitable with user
behavior driven charge levels consistent with the present disclosure.

{0003} Figure 2 illustrates an example of a system suitable with user behavior
driven charge levels consistent with the present disclosure.

0004} Figure 3 illustrates an example of a method user behavior driven charge

levels consistent with the present disclosure

Detailed Description

f0005] Various examples provide for user behavior driven charge levels.

Portable electronic devices are becoming increasingly popular. The popularity of tablet
personal computers, portable media players, mobile phones and laptops are on the rise.
A commonality between all of these electronic devices is that they can all include
rechargeable batteries (e.g., a nickel-cadmium (Ni-Cad) battery or a lithium-ion (Li+)) as
a POWer source.

0006} During operation, the battery’s capacity may diminish over time from an
increase in internal impedance, electrode and elecirolyte degradation, excessive heat,
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and/or abnormal use. Continued use of a batlery over time may produce swelling in the
battery’'s cells and may eveniually cause the battery to exceed the designated maximum
physical dimensions of the device. Additionally, battery-monitoring mechanisms may
not include funclionality to manage swelling of the battery. As a result, a user of the
device may not be aware of the battery’s swelling and/or degradation until the swelling
results in physical damage to the device.

{00077 Accordingly, the disclosure is directed to user behavior driven charge
levels. Desirably, user behavior driven charge levels disclosed herein may reduce
battery cell swelling. For instance, , an electronic device can provide a notification
inciuding a recommended threshold charge level, where the recommended threshold
charge level is a percentage of an overall possible charge percentage of the batiery.
Additionally, the electronic device can set a power adapier to the recommended
threshold level to reduce battery cell swelling.

{0008} Figure 1 jllustrates an example of an electronic device 100 suitable with
user behavior driven charge levels consistent with the present disciosure. The
electronic device 100 can be, for example, a mobile phone (e.¢., a smariphone), a
media player, a tablet computer, or a laptop computer, among other types of electronic
devices including a rechargeable batiery as a power source. As illustrated in Figure 1,
the electronic device 100 can include a battery 102, a power adapter 104, a processing
resource 106, and a memaory resource 108,

{0009} Battery 102 can include one or more cells in g parallel and/or series
configuration that supply power {o the electronic device 100, Batlery 102 canbe a
rechargeable battery. For example, batery 102 can be lithium-polymer, lithium-ion,
lead-acid, nickel cadmium or the like. Batlery 102 can be reused up to a number of
charge cycles before losing enough capacity to reach an end-of-life capacity threshold.
Battery 102 can alsc swell as capacity diminishes over time. A swolien battery can
occur when the battery’s celis are overcharged. Overcharging can cause a buildup of
gas inside the battery due to electrochemical oxidation of electrolytes within the battery.
0010} Power adapter 104 can have an input coupled to an external power
source {o receive a voltage to provide power {0 the battery 102. Power adapter 104 can
be set with charge parameters to produce voltage and current to battery 102, Charge
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parameters can include the charge level of the battery 102, Setting the power adapter
with the charge level may not aliow the batiery to charge to a percentage of the overall
possible charge that exceeds the recommended charge level.

0011} For example, the battery 102 can be set by the power adapter 104 to
charge {0 a charge level between 1% and 100%. 1t is noied that in some exampies the
recommended charge level is less than the overall possible charge level. In such
examples, setling the power adapter 104 with the charge level may not allow the battery
102 o charge o a percentage of the overall possible charge that exceeds the charge
level. For example, if the battery 102 is set with a charge level of 80%, the battery may
not charge o a level exceeading 80%. Setting the battery 102 to charge to a charge
level that is less than the overall possible charge level can decrease the risk of batlery
swelling. For example, a charge level of less than 100% can reduce the risk of battery
swelling.

{0012} As iHlustrated in Figure 1, the electronic device 100 can include a
processing resource 106 coupled to the memory resource 108, on which instructions
may be stored, such as instructions 112 and 114, Although the following descriptions
refer {0 an individual processing resource and an individual memory resource, the
descriptions may also apply to a system with multiple processing resources and multiple
memory resources. In such examples, the instructions may be distributed (e.q., stored)
across multiple processing resources.

{0013} Processing resource 106 may be a central processing unit (CPU)Y, a
semiconductor based microprocessor, andfor other hardware devices suitable for
retrieval and execution of instructions stored in memory resource 108. Processing
resource 106 may fetch, decode, and execute instructions 112 and 114, or a
combination thereof. As an alternative or in addition to retrieving and executing
instructions, processing resource 106 may include an electronic circuit that includes
electronic components for performing the functionality of instructions 112 and 114, or
combination thereof.

0014} Memory rescurce 104 can be volatile or nonvolatile memory. Memory
resource 104 can be removable {e.¢., portable) memory, or non-removable (e.g.,
internal) memory. For example, memory resource 104 can be random access memory
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(RAM) {e.g., dynamic random access memory (DRAM) and/or phase change random
access memory (PCRAM)), read-only memory (ROM) (e.g., electronically erasable
programmable read-only memory (EEPROM) and/or compact-disk read-only memory
(CR-ROM), flash memory, a laser disc, a digital versatile disk (DVD) or other optical
disk storage, and/or a magnetic medium such as magnetic cassetles, tapes, or disks,
among other types of memory.

[0015] instructions 112, when executed by processing rescurce 106, can cause
processing resource 106 to determine monitored user behavior daia exceeds a
predetermined threshold. The user behavior data can be monitored over a
predetermined interval of time. For example, the user behavior data can be monitored
over one day, two days or the like. The user behavior data can be monitored uniil the
battery 102 is replaced and/or the battery 102 is no longer used o power the electronic
device 100. Accordingly, the management of the charging technique, as described
herein, can be used to set the battery 102 {o a recommended threshold charge level
that can increase the life of the batltery 102 by decreasing the risk of battery swelling.
{0016] The electronic device 100 can monitor a number of user behaviors relating
to the battery 102, User behavior data can include a lowest remaining batiery
percentage of the battery 102 over the predelermined interval of ime. The lowest
remaining battery percentage can be the least amount of charge that the battery 102
gxperiences over an interval of time. For example, over a predetermined interval of
time the user may not allow the battery percentage of the electronic device 100 to drop
below an overall percentage of 10%.

0017} Monitoring the user behavior can also include monitoring the temperature
of the battery 102 over the predetermined interval of time. The temperature that is
monitored by electronic device 100 can be based on the type of battery that the
glecironic device 100 includes. For exampie, different battery cells can be set to
operate at different temperatures. Therefore, different batieries can have different
predetermined temperature thresholds.

0018} Moniioring the user behavior data can also include monitoring a
percentage of time the battery 102 exceeds the predetermined threshold temperature
over the predetermined interval of time. For example, the electronic device 100 can
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moniior the percentage of time the battery 102 exceeds 40°¢c. Moniloring the user
behavior can also include monitoring the percentage of time the battery 102 is below the
predetermined threshold temperature.

0019} Moniforing the user behavior can also include monitoring the percentage
of time the lowest remaining battery percentage exceeds the predetermined threshold
temperature. The electronic device 100 can monitor the percentage of time the battery
102 is over the predetermined threshold temperature while at an overall percentage
charged. For example, the elecironic device 100 can monilor the percentage of time
the femperature of the battery 102 exceeds the predetermined temperature threshold
while the remaining battery percentage is between 90% and 70% or ancther
predetermined range.

{00207 instructions 114, when executed by processing resource 106, can cause
processing resource 106 {0 responsive 1o the predetermined threshold being excesded,
provide a notification including a recommended threshold charge level. The
predetermined threshold can be based on a number of factors. For example, the
predetermined threshold can be based on the monitored user behaviors andfor a
criterion which may result in a risk of battery swelling.

{0021} The predetermined threshold can include a temperature of the battery 102
over the predetermined interval of time that can resuit in a risk of the battery 102
swelling. For example, if the electronic device 102 determines that the temperature of
the batlery 102 exceeds the predetermined threshold temperature, the charge level of
the battery 102 may be reset.

0022} The predetermined threshold can include a percentage of time the battery
102 exceeds the predetermined threshold temperature over the predetermined interval
of time that can result in a risk of the battery 102 swelling. For example, if the electronic
device 102 determines that the batiery 102 exceeds the predetermined threshold
percentage of time the battery 102 exceeds the predetermined threshold temperature
over the predetermined interval temperaiure, the charge level of the baitery 102 may be
reset .

0023} The predetermined threshold can include a lowest remaining battery
percentage of the baltery 102 over the predetermined interval of time that can resultin a

(]
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risk of the battery 102 swelling. For example, if the electronic device 102 determines
that the lowest remaining batlery percentage is less than the predetermined lowest
remaining battery percentage threshold, the charge level of the battery 102 may be
resetl.

{0024} The predeiermined threshold can inciude a percentage of time the lowest
remaining battery percentage exceeds the predetermined threshold temperature that
resulis in a risk of the battery 102 swelling. For example, if the elecironic device 102
determines that the percentage of time the lowest remaining batlery exceeds the
predetermined threshold percentage, the charge level of the battery 102 may be reset.
{0025] in response to the electronic device 100 detecling that the batiery 102
exceeds the predetermined threshold, the elecironic device 100 can provide a
notification. Notifications can include a visual display on a display of electronic device
100 and/or a display of ancther electronic device. A display can include, for example, a
fiquid crystal display (LCD), an active matrix liquid crystal display (AMLCD), a computer
monitor, a television, a plasma display, a cathode ray tube (CRT) display, a light
emilting dicde (LED) display, a digital light processing (DLP) display, a surface-
conduction electron-emitter display (SED), a field emission display (FED), and/ora
variety of other methods for electronically displaying images.

{0026} The notification can include a recommended threshold charge level. The
recommended threshold charge level can be a perceniage of an overall possible charge
percentage of the batlery 102. For example, electronic device 100 can display the
recommended threshold charge level via a texi-based notification on its display. The
recommended threshold charge level can be a percentage of an overall possible charge
that may reduce battery swelling.

0027} in some examples, the electronic device 100 may determine the user
behavior data does not exceed the predetermined threshold. In response to the
electronic device 100 determining that the user behavior data does not exceed the
predetermined threshold, the electronic device 100 can provide a notification (o the
user. The notification can inform the user that the battery 102 is not at risk of swelling.
0028} While not illustrated in Figure 1, instructions, when executed by

processing resource 106, can cause processing resource 106 1o set the power adapter
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104 to the recommended threshold charge level. The power adapter 104 can be set {o
the recommended threshold charge level {o limit an amount of charge provided by the
power adapter 104 to the battery 102 relative to the overall possible charge percentage
of the battery 102. The battery 102 can be reset in response o receiving an input to set
the power adapter to the recommended charge level, where the inpul is received
responsive to providing the notification.

[0029] The charging parameters, such as the batlery charge level, for the battery
102 can be modified based on the monitored user behavior data exceeding the
predetermined threshold. Modifying the parameters can manage at least one of a cycle
life of the batlery 102 and swelling in the battery 102. For exampile, the charging
parameters can be modified by a management apparatus such as a processor, SMC,
charger, BMU and/or processor or circuit in the elecironic device. The charging
taechnigue can be modified (o exiend the cycle life of the battery 102 runtime that
accommodates the user behavior of the user. For example, swelling associated with
high states-of-charge in the battery 102 can be mitigated by adjusting the charging
technique so that the baltery 102 spends less time at high charged levels. Moreover,
the charging parameters can be modified in a way that is not noticeable by the user
and/or does not interfere with the user’s regular user of the electronic device 100.
{0030} Figure 2 illustrates an example system 210 suitable with user behavior
driven charge levels consistent with the present disclosure. System 210 may include a
non-transitory machine readable storage medium 212, Non-transitory machine readable
storage medium 212 may be an electronic, magnetic, optical, or other physical storage
device that stores executable instructions. Thus, non-transiiory machine readable
storage medium 212 may be, for example, Random Access Memory (RAM), an
Electrically-Erasable Programmable Read-Only Memory (EEPROM), a slorage drive, an
optical disc, and the like. Non-transitory machine readable storage medium 212 may be
disposed within system 210, as shown in Figure 2. In this example, the executable
instructions may be “installed” on the system 210, Additionally and/or alternatively, non-
transitory machine readable storage medium 212 may be a poriable, external or remote
storage medium, for example, that allows system 210 to download the instructions from
the portable/external/remote storage medium. In this situation, the executable instructions

~J
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may be part of an “instaliation package®. As described herein, non-transitory machine
readable storage medium 212 may be encoded with executable instructions for a
performance threshold.

0031} instructions 214 may include instructions {o monitor user behavior data
over a predetermined interval of time. As described herein, an electronic device can
monitor user behavior data relating to the charging of a rechargeable battery within the
glectronic device. An electronic device can include a mobile phone (e.g., a
smariphone), a media player, a tablet computer, or a laptop computer, among other
types of electronic devices including a rechargeable batiery as the power source.
{0032] As described herein, the electronic device can maonitor a number of user
behaviors including a lowest remaining battery percentage of the battery over the
predetermined interval of fime, the temperature of the battery over the predetermined
interval of time, the percentage of time the batiery exceeds the predetermined threshold
temperature over the predetermined interval of time, the percentage of time the lowest
remaining battery percentage exceeds the predetermined threshold temperature,
among other user behaviors. The monitored user behavior data can be compared o a
predetermined threshold value to determine whether there is a risk of the battery within
the electronic device sweliing.

{0033} instructions 216 may include instructions {o determine the monitored user
behavior data exceeds a predetermined threshold. As described herein, user behavior
exceeding the predetermined threshold can produce swelling in the batlery’s cells and
may eventually cause the battery 1o exceead the designated maximum physical
dimensions of the device. The predetermined threshold can be based on the monitored
user behaviors and/or a criterion which can increase the risk of battery swelling.

0034} As described herein, the predetermined threshold can include a
temperature of the batltery over the predetermined interval of time, a percentage of time
the batlery exceeds the predetermined threshold temperaiure over the predetermined
interval of time, a lowest remaining battery percentage of the battery over the
predetermined interval of time, and a percentage of time the lowest remaining batiery
percentage exceeds the predeiermined threshold temperature that can result in g risk of
the batiery swelling, among other predetermined thresholds that can result in a risk of
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battery swelling. Based on the determination that the monitored user behavior data
exceeds a predetermined threshold, the charge level of the battery can be resetio a
charge level that may decrease the risk that the battery will experience swelling.

f0035] instructions 218 may include instructions {o responsive to the
predetermined threshold being exceeded, provide a notification including a
recommended threshold charge level. For example, the threshold charge level can be a
percentage of an overall possible charge percentage of a battery. As described herein,
the notifications can include a visual display on a display of electronic device and/or a
display of another electronic device.

{0036} As described herein, the notification can include a recommended
threshold charge level. The recommended threshold charge level can be a percentage
of an overall possible charge percentage of the battery. For example, electronic device
can display the recommended threshold charge level via a texi-based nolification on its
display. The recommended threshold charge level can be a percentage of an overall
possible charge that may reduce the risk of battery swelling.

{00377 instructions 222 may include instructions to set a battery charger to the
recommended threshold charge level to limit an amount of charge provided by the
power adapter to the battery relative {o the overall possible charge percentage of the
battery. As described herein, the power adaptier can have an input coupled to an
external power source to receive a voltage o provide power to the battery. The power
adapter can be set with the recommended charge level so that the percentage of
charge does not exceead the recommended charge level percentage.

0038} Figure 3 illustrates an example of method 320 of user behavior driven
charge levels consistent with the present disclosure. In some examples, the method
320 can be performed by an elecironic device.

00391 As described herein, at 324, the method 320 can include monitoring, by an
electronic device, user behavior data. The elecironic device can monitor a number of
user behaviors relating to the charging of the battery. For example, monitoring the user
behavior data can include monitoring a battery temperature over an interval of time.
The electronic device can monitor the temperature of the battery to determine whether

the batlery is operating at a temperature that can result in a risk of ballery swelling.

9
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100407 As described herein, at 328, the method 320 can include determining, by
the electronic device, that a value of the monitored user behavior data exceeds a
predetermined threshold. For example, the predetermined threshold can be a
percentage of time the batlery is operating above a predetermined temperature.
Additionally, the monitored user behavior data can include a monitored percentage of
time the batlery operates above the predetermined temperature. The predetermined
threshold can be a percentage of time the batlery exceeds the predeiermined threshold
temperature.

{00413 As described herein, at 328, the method 320 can include responsive (o the
predetermined threshold being exceeded, providing, by the electronic device, a
notification including a recommended threshold charge level. For example, the
threshold charge level can be a percentage of an overall possible charge percentage of
the batiery. The threshold charge level can be based on the charge level that can
decrease the risk that the battery within the electronic device swells. Providing the
notification including a recommended threshold charge level can inciude displaying a
texi-based notification on a display of the elecironic device.

{0042} As described herein, at 330, the method 320 can include setling a power
adapter to the recommended threshold charge level. For example, responsive to
providing the notification, the electronic device can receive an input to set the power
adapter to the recommended threshold charge level. The recommended threshold
charge level can be an amount of charge provided by the power adapter that can
decrease the risk of batlery swelling in the electronic device.

{0043} in the foregoing detailed description of the disclosure, reference is made
to the accompanying drawings that form a part hereof, and in which is shown by way of
iftustration how examples of the disclosure may be practiced. These examples are
described in sufficient detail to allow those of ordinary skill in the art to practice the
examples of this disclosure, and it is to be understood that other examples may be
utilized and that process, electrical, and/or structural changes may be made without
departing from the scope of the present disclosure.

00443 The figures herein follow a numbering convention in which the first digit
corresponds to the drawing figure number and the remaining digits identify an element

10
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or component in the drawing. Elements shown in the various figures herein may be
capable of being added, exchanged, and/or eliminated so as to provide a number of
additional examples of the disclosure. In addition, the proportion and the relative scale
of the elements provided in the figures are intended to iilustrate the examples of the
disclosure, and should not be taken in a limiting sense.

11
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What is claimed:

1. An electronic device, comprising:
a battery;
a power adapter;
a processing resource; and
a memory resource storing machine-readable instructions o cause the
processing resource {o:
determine monitored user behavior data exceeds a predetermined
threshold; and
responsive to the predetermined threshold being exceeded, provide a
notification including a recommended threshold charge level, wherein the recommended
threshold charge level is a percentage of an overall possible charge percentage of the
batlery.

2. The electronic device of claim 1, whersein the monitored user behavior data
inciudes a length of time the battery is above a predetermined threshold temperature
over a predetermined interval of time.

3. The slectronic device of claim 1, wherein the notification can include a visual

display on a display of the electronic device.

4, The computing device of claim 1, wherein the power adapter is set (o the
recommended threshold charge level.

5. The computing device of claim 1, wherein the power adapter includes an input
coupled to an external power source to receive a voitage and provide power to the
battery.

8. The computing device of claim 1, wherein the batlery is a rechargeable battery.

12
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7. A non-transitory machine-readable storage medium having stored thereon
machine-readable instructions to cause a computing processor {o:

monitor user behavior data over a predetermined amount of time,

determine the monitored user behavior data exceeds a predetermined threshold;

responsive o the predetermined threshold being exceeded, provide a notification
inciuding a recommended threshold charge level, wherein the threshold charge level is
a percentage of an overall possible charge percentage of a battery; and

sei a power adapter {0 the recommended threshold charge level to limit an
amount of charge provided by the power adapter to the battery relative to the overall

possible charge percentage of the batlery.

8. The medium of claim 7, further comprising instructions {o determine the user

behavior data does not exceed a predetermined threshold.

9. The medium of claim 8, wherein responsive to the predetermined threshold
charge level not being exceeded, providing a nofification including a recommended

threshold charge level based on the predetermined charge level not being excesaded.

10, The medium of claim 7, wherein user behavior data includes a lowest remaining

battery percentage of the battery over the predetermined amount of time.

11, The medium of claim 10, wherein the predetermined threshold is a
predetermined remaining batlery percentage of the battery over the predetermined
amount of time.

12, A method comprising:
monitoring, by an electronic device, user behavior data, wherein monitoring the
user behavior data includes monitoring a battery temperature over an interval of time;
determining, by the elecironic device, that a value of the monitored user behavior

data exceeds a predetermined threshold;
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responsive to the predetermined threshold being exceeded, providing, by the
electronic device, a notification including a recommended threshold charge level,
wherein the threshold charge level is a percentage of an overall possible charge
percentage of the battery; and

setling a power adapter to the recommended threshold charge level.

13.  The method of claim 12, including receiving an input {o set the power adapter to
the recommended threshold charge level, wherein the input is received responsive {0

providing the notification.

14.  The method of claim 12, wherein the predetermined threshold is a percentage of
time the batlery is operating above a predetermined temperature, and wherein the
monifored user data includes a monitored percentage of time the battery operates

above the predetermined temperature.
16, The method of claim 14, wherein providing the notification including a

recommended threshold charge level includes displaying a {exi-based notification on a

display of the electronic device.

14
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