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(57) Abstract: This disclosure relates to systems and methods
for charging a battery. An example embodiment includes receiv-
ing information about an initial state of charge of a battery. If an
initial state of charge is less than a predetermined threshold and
if a charger is electrically coupled to the battery, a charger may
be configured to charge the battery according to a preferred
charge rate higher than a default charge rate. A charging duration
is determined based on a type of the battery, the initial state of
charge, a target state of charge, and the charge rate. A controller
may determine a partial charge condition based on at least one
of: providing electrical current to the battery at the charge rate
for the charging duration or receiving information indicative of a
state of charge of the battery reaching the target state of charge.
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SYSTEMS AND METHODS FOR BATTERY CHARGING

CROSS-REFERENCE TO RELATED APPLICATION
{8601} The present non-provisional patent application claims priority to US Patent
Application No. 14/731,142 filed on June 4, 2015, the contents of which is hereby
mcorporated by reference.
BACKGROUND
6002} A batterv may store and supply encrgy through electrochemical reactions.
While some batteries may only be used once, rechargeable batteries, also called secondary
cells, may be charged and discharged many times over the lifetime of the battery.
{8603} Varicus types of electric systems and electronic devices are powered by such
rechargeable batterics.  For ¢xample, electric vehicles, power tools, smart phones, tablet
devices, digital music playvers, kevboards, human interface devices, and laptop computers,
among many other types of devices are powered by rechargeable batteries. With a growing
abundance of such systems and devices, the demand for efficiently charging the batterics
used to power these systems and devices continues o grow.
SUMMARY
{66064} A system may imclude a battery, a charger, and a controller. The controller
may be configured to control the charger to provide an electrical current, to the battery at a
determined charge rate for a determined amount of ime. The charge rate may be higher than
a default charge rate. The controller may be configured to stop the charger from charging the
battery once a partial charge condition has been achieved, ¢.g. by deternining the battery has
reached a predetermined state of charge, so as to prevent long term cvele damage to the
battery.
HEETRY In a first aspect, a system 18 provided. The system includes a battery, a charger,
and a controlier. The batterv is of a given battery type. The battery type mcludes a full
charge capacity and a default charge rate. The battery witially has an initial state of charge.
The charger is configured to controllablv provide an electrical current to the battery. The
controller 1s configured to receive information mdicative of the initial state of charge of the
battery. The controller is further configured to determing whether the mitial state of charge is
less than a predetermined threshold. The controlier 1s also configured to deternine whether
the charger 1s electrically coupled to the batiery. The controller 1s vet further configured to
receive an mput indicative of a preferred charge option. The preferred charge option includes

a charge rate higher than the default charge rate. The controller is additionally configured to
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determine a charging duration based on the battery type, the nitial state of charge, a target
state of charge, and the charge rate. The target state of charge is based oo the charge rate.
The target state of charge 15 less than the full charge capacity. The controller 15 configured to,
subsequent to deternmuning the mitial state of charge 1s less than a predetermined threshoid
and determining the charger is electrically coupled to the battery, cause the charger to provide
electrical current to the battery at the charge rate. The controller is configured to determine a
partial charge condition based on at least one of' providing electrical current to the batterv at
the charge rate for the charging duration or receiving mformation indicative of a state of
charge of the battery reaching the target state of charge. The controller is vet further
configured to in response to determining the partial charge condition, cause the charger to
stop providing electrical current to the battery,

3006} In a second aspect, a method is provided. The method includes receiving
mformation indicative of an initial state of charge of a battery. The battery is configured to be
charged at a default charge rate. The method further includes determining whether the inttial
state of charge is less than a predetermined threshold. The method also includes determining
whether a charger is electrically coupled to the battery and receiving an input indicative of a
preforred charge option. The preferred charge option includes a charge rate higher than the
default charge rate. The method also includes determining a charging duration based on a
tvpe of the battery, the mitial state of charge, a target state of charge, and the charge rate. The
target state of charge is based on the charee rate, and the target state of charge is less than a
full charge capacity of the battery. The method includes, subscquent to determining the initial
state of charge is less than a predetermined threshold and determining the charger is
clectrically coupled to the battery, causing the charger to provide electrical current to the
battery at the charge rate. The method additionally includes determining a partial charge
condition based on at least one of: providing electrical current to the battery at the charge rate
for the charging duration or receiving information indicative of a state of charge of the battery
reaching the target state of charge. The method also includes. responsive to determining the
partial charge condition, causing the charger to stop providing clectrical current to the battery.
10007 In a third aspect., a method 1s provided. The method includes receiving
mformation indicative of an initial state of charge of a battery. The battery is configured to be
charged at a default charge rate. The method also includes determining whether the initial
state of charge is less than a predetermined threshold and determining whether a charger 1s
electrically coupled to the battery. The method vet further inclodes receiving an inpat

mdicative of a preferred charge option. The preferred charee option includes a charge rate

]
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higher than the default charge rate. The method additionally inclades determining a charging
duration based oo a type of the battery, the imtial state of charge, a target state of charge, and
the charge rate. The target state of charge is based on the charge rate, and the target state of
charge is less than a full charge capacity of the battery. The method also includes, subsequent
to determiming the tmtial state of charge i1s less than a predetermingd threshold and
determuning the charger is electrically coupled to the battery, causing the charger to provide
clectrical current to the battery at the charge rate. The method further includes determining a
partial charge condition based on at least one of: providing electrical current to the battery at
the charge rate for the charging duration or receiving information indicative of a state of
charge of the battery reaching the target state of charge. The method vet further includes
responsive to determining the partial charge condition, causing the charger to stop providing
glectrical current to the battery.

13008] (Other aspects, embodiments, and implementations will become apparent tc
those of ordinary skill in the art by reading the following detailed description, with reference
where appropriate fo the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

{089 Figure 1A is a block diagram of a system, according to an example
embodiment.
{6010} Figure 1B illustrates examples of a state of charge (80C), according to

example embodiments.
{06611} Figure 2 is a flowchart describing a method for charging a battery, according

to example embodiments.

6012} Figure 3 tllustrates a method, according to an example embodiment.
{601 3] Figure 4 ilustraics an cxample graph of several battery charging scenarios,

according to example embodiments.
[6014] Figure 5 illustrates an example graph of estimated cycle performance of a
battery, according to example embodiments.
{6615} Figures A and 6B illustratc a mobide device according to example
embodiments.
BETAILED DESCRIPTION

I Overview
[0016] Batterics may include one or more electrochemical cells.  Furtheomore, the
glectrochemical cell{s) may include, among other elements, an electrode, an anode, and an

clectrolvte. Each clement of the electrochemical cell may mclude varions materials. An
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clectrical capacity of a battery 1s the amount of charge able to be stored in the battery and
may be based on the size and number of cells and their material composition. Furthermore, a
battery type may represent a battery with a known capacity, size and number of cells {(e.g. a
battery pack), and electrochemical composition, ¢.g. thium ion.

{6017 For typical consumer ¢lectronic devices, the battery charging process may take
100 minetes or more to achieve a 100% charge. In an effort to improve battery charging
speed, a common tradeoff is to use longer, thinner clectrodes, which may also result in a
reduction 1n energy density. The reduced energy density may occur dug (o incorporating a
larger proportion of non-active material m the battery volume.

{0018] Over the course of charging and discharging the battery, and/or during the
batterv’s cvcle hife, the electrical capacity of a secondary battery may decrease. That 1s, the
amount of charge that can be stored and provided by the battery may become less over
repeated charging cycles. The degradation of the electrical capacity of the battery may
depend on several factors including the battery type and the number of charging cycles
undergone. Perhaps most significantly, charging the batiery at relatively high charging rate
may cause morg rapid degradation in battery capacity.

[6019] In such a scenaro, if a battery is forced to charge at a high rate without a
redesign of the electrode arrangement, the capacity degradation per cvele may become
significant. For example, if a 1.2x faster charge may sacrifice the cyele hife by 20-30%, a
1.5x faster charge may cause 30-50% faster capacity degradation over 500 charge/discharge
cycles. Other degradation rates are possible.

{80620} The systems and methods disclosed herein may be used with consumer
clectronic devices such as smartphones, tablets, laptops, wearable computing devices,
auxiliary batterics, and other devices with rechargeable batteries.  Additionally or
alternatively, the system and method may be used with large format batteries, such as
batteries switable for residential or commercial use, clectric vehicles, or unmanned aerial
vehicles.

{6621} For example, a battery may be used o power an clectric vehicle travelling
from San Francisco to Los Angeles. Consider that halfway between San Francisco and Los
Angeles, the battery of the electric vehicle may need to be recharged n order to continue on
to Los Angeles. As a general matter, # may take approximately eight or more hours to
recharge the battery back to a full charge, e.g2.. to a 160% state of charge (SOC). However,
from a practical standpoint, charging the battery for eight or more hours may be andesirable

and/or burdensome to the dniver. In particular, the driver may wish to avoid waiting cight
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hours in a location between San Francisco and Los Angeles, just to recharge the battery of the
clectric vehicle, Further the driver may wish to avoid a total tume of approximately sixteen
hours for travelling from San Francisco to Los Angeles, e g, cight hours for charging the
batterv plus eight hours of driving.

6022} In some embodiments, increasing the rate of charging the battery may charge
the battery faster. For example, considering the scenario above, by charging the battery with
a standard rate, such as a 1C rate, it may take approximately the eight or more hours to
recharge the batiery of the clectric vehicle to the 100% SOC. However, by charging the
battery with a higher rate, such as a 1.3C rate, it may take significantly legs time to charge the
battery. For example, bv charging the battery with the 1.5C rate, it may take only one to two
hours to charge the batterv to a 100% SGC.

{6023} Yet, as a general matter, increasing the rate of charging the battery may
decrease the cvcle life of the battery, e.g., the number of charge cveles during the life of the
battery. From a practical standpoint, decreasing the cvcle life of the battery may also be
undesirable and/or burdensome to a driver that owns the electric vehicle. In particular,
considering the scenario above, charging the battery at the 1.5C rate may reduce the cvele life
of the battery to approximatelv 400 to 600 cycles.

[024] it should be noted that the example embodiments for intelligently charging a
battery may be pertinent to various other applications.  For example, consider ancther
scenarto such that a user is charging the battery of a smartphone at an airport. In such
mstances, the user may need to board an auplanc in thirty minutes and there may not be
enough time to charge to the 100% SOC. In some nstances, the user may wish charge the
battery of the smartphone at the 1.5 rate to charge the battery faster. Yet, as noted above,
simply increasing the rate to charge the battery may lead to batterv degradation, thereby
decreasmg the cvele life of the batiery.

[6025] In an example embodiment, a user-selectable charge process may provide a
charging rate faster than a default charging rate without compromising cycle performance or
energy density. Specifically, the user-selectable charge process may be helpful 1o situations
where a battery 1s fully or almost fullv depleted and when charging time s himited. For
mstance, a system and method may provide a user with a plurality of charging speed options
based on a specific situation without sacrificing either onginal battery capacity or cyele
performance.

06026} In another example embodiment, a charge mode may be selected antomatically

based on a contextual scenaric. For example, a cloud server system or another device may
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determine, based on the contextual scenario, that a user of a device may have a limited time,
¢.g. 30 mimutes, before their flight boards. Such a determination may be based on a known
flight itinerary, boarding time, GPS position, gate location, current time, etc. fo such a
scenario, the cloud server svstem and/or another device may determine that a fast charging
rate is appropriate to use given the contextual scenario and select a “fast” charge rate as the
preferred charge option for methods described herein. For instance, a fast chaige rate may be
configured to charge the battery up to 70% state of charge 1o 30 minutes.

{80627} In vet another scenario, a charge mode may be selected automatically based on
a driving situation. For instance, if a user is dnving to work via a useal route, a cloud server
systerm or another device may determine that based on current traffic conditions, the user’s
commute will take about 60 munutes. In such a situation, the cloud server sysiem and/or
other device may automatically select a “quick” charge rate, which may be configured to
charge the battery up to 90% state of charge n 60 minutes.

[06628] In a further scenario, a “normal” charge rate mayv be avtomatically selected for
situations 1n which a cloud server system and/or another computing device may predict that
few or no time constraints on charging exist. For example, if a GPS location, time, and/or
other user information indicates that a user is at home near bedtime, the computing device
may automatically select a “normal” charge rate in anticipation of having sufficient time to
charge the battery up to 100% SOC in approximately 100 minutes. Other contexi-sensitive
situations are contemplated herein.

[6629] In an cxample charge process, the charging of a battery may be stopped at a
predetermined state of charge. As an example, charging at a 2C rate may not significantly
affect cycle performance as long as a 45% siate of charge level is not exceeded. Under such a
scenario, a consumer clectronic device might be charged at a 2C rate up to 459 50C in only
about 15 mmutes. Other charging rates, predetermined charge times, and predeternuned
states of charge are possible.

[6630] In an cxample embodiment four different charging rates/times may be
provided to a user. In some embodiments, the different rates/times may be provided based on
a situational context. For exampie, the situation context may provide a time himitation {e.g.
15 minutes before lsaving for a mecting or boardmg an awrplane).  Additionally or
alternatively, the situational context may provide a charge rate limitation {e.g. available
charging hardware can only support charge rates of 2C or less). The user may choose one of

the charging rates/times and a charger may charge the battery according to the selected
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charging rate/time.  Upon reaching the predetermined state of charge and/or the
predetermuned time, the charging process may stop.

{6031} In some embodiments, after conducting a “fast charge” process as described
above, the charger may stop for a predetermined wait time.  After waiting for the
predetermined wait time, the charger may restart charging at a lower charging rate, such as
0.7C. The predetermined wait time may be based on the prior “fast” charging rate and the
battery type, among other factors. The wait time period may provide time for: 1. intercalation
of 1ons inio the electrode bulk, 2. mass transfer of 1ons within the battery matenal, and/or 3.
diffusion of ions in the electrolvte bulk. In some scenarios, the wait time period may serve o
reduce the 1rreversible effects of fast charging.

.  Example Systems

6032} Figure 1A 13 a block diagram of a system 100, according fo an example
embodiment. System 100 may include a battery 110, a charger 120, and a controller 130.
The battery 110 may include a secondary battery configured to be recharged via a charging
current from charger 120, The battery 110 may include varions materials including, but not
hmited to, lead-acid, nickel-cadmium, nickel metal hydride, lithium {ron phosphate, lithium
iron phosphate oxyvottride (LIPON), lithivm cobalt oxide, lithium-ion, lithimm-ion polvmer, or
other materials. The battery 110 may mclude one or more electrochenical cells and may be
optionally configired as a thin-film battery.

[6633] The battery 110 may be characterized as being of a particular battery type. In
an example cmbodiment, the battery type may include a nominal cell voltage, an cnergy
density, a batterv matenal, a battery shape, a model number, a serial number, and/or other
mdicia that can help to differentiate between batterics. The battery 110 and/or the given
battery type may have a characteristic full charge capacity, which may be an amount of
charge that the battery 110 1s operable to deliver at the nominal ccll voltage. At a given point
in tme, the battery 110 may have an initial state of charge, which may be indicative of a
current charge level. The mitial state of charge may be expressed as a quantity of charge or
as a percentage of the full charge capacity. Further, a default charge rate may be defined for
charging battery 110 and/or for the given battery type. The default charge rate 1s a
predetermined charge rate at which the battery 110 may be charged under normal conditions.
{6834} The charger 120 may include charging circuitry 122, a display 124, a
communication module 126, and a user mierface 128, The charging circuitry 122 may be
controlled, at least in part, by controller 130 so as to provide the electrical charging current (o

the batterv 110. Display 124 may mchude a light, ¢.g. one or more light emitting diodes, a
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hguoid crystal display, and/or a display of a smartphone or another computing device. The
display 124 may be configured to provide, among other information, data mdicative of one or
maore charging options, a current state of charge of the battery 110, and/or a current charging
state or rate.

{0035] The charger 120 may be configured to provide a controllable constant DC
current to the battery 110, Additionally or alternatively, the charger 120 may be configured to
provide a pulsed DC current to the battery 110. Other ways to controllably provide electrical
power using charger 120 are contemplated herein.

{0036} In an example embodiment, the charging circuitry 122 may include a constant
current constant voltage (CC/CV)Y charger.  The charging circuttry 122 may melude an
miegrated circuit designed for batiery charging, such as the National Semiconductor LM3658
or the Maxim MAX 1551, However, other embodiments may additionally or alternatively
mclude different circuits.

{6637} VYarious methods, processes, and/or functions may be used to charge the
battery 110, More specifically, an electric current {also referred to heremn as a “pulsed
current”, a “constant current”, and/or a “current”) may be supplied to the batterv 110 for
purposes of charging the battery 110, In some embodiments, an cffective method for
charging a given battery may be a less effective method for charging a different battery, e.g. if
the two batteries have different capacities. For example, an electric curent may be sufficient
for charging a standard density battery {e.g.. lithivm or fithium-ion battery}. However, this
clectric current may be insufficient for charging a battery with a high cnergy density. In such
mstances, charging the high energy density battery using this current may take substantially
longer than it the time takes to charge the standard density battery. In such cases, the
charging circuitry 122 and/or the controlier 130 may be configured to detect the batiery type,
¢.g. standard density or ligh energy density, of the battery 110, Furthermore, the charging
circuitry 122 and/or the controller 130 may be configured to provide a set of charging options
further based on the battery type of the battery 110,

{06638] The conumunication module 126 may be configured to provide a wircless
communication hink 140 with the controller 130, namely with a controlier communication
module 136, Commumication link 140 may utibze one or more wired and/or wireless
commuication protocols. For example, the communication protocols may include Blueiooth,
near-tield communication {NFC), and/or another protocol.

[6039] The wser mterface 128 may include hardware and/or software operable 1o

atllow a user to select, modify, and/or control various aspects of the charger 1206, In an



WO 2016/196467 PCT/US2016/035018

example embodiment, the user interface 128 may include a switch. In another embodiment,
the user interface 128 may include software and/or firmware, and possibly a device on which
such software and/or firmware 15 executed. In such a scenario, the display 124 may mnclude a
touchsercen, and the user interface 128 may include a graphical user mterface displayed on
the display 124, The graphical user interface may provide graphical buttons, switches, shders,
or other imteractive objects 5o as to allow a user of the system 100 to select and/or control the
charger 120, In an example embodiment, a user may interact with a graphical user nterface
to select a preferred charge option from a set of charge options presented via the display 124,
It i3 understood that many other ways to select a preferred charge option exist, which are all
considered herein.

(040} The controller 130 may imclude a memory 132 and a processor 134, As
discussed above, the controller 130 may also include a communication module 136, The
memory 132 may be configured to store information in various non-transitory formats. In an
example cmbodiment, the memory 132 may store and/or include mstructions that may be
configured for execution by the processor 134 of controller 130, The processor 134 may
melude an integrated circuit, a contral processing unit (CPU), an application-specific
ntegrated circutt (ASIC), or another type of microprocessor associated with a computer,
{6041} The controller 130 may be configured fo reccive information indicative of the
mitial state of charge of the battery 110. The mformation may include data about the current
being provided by the battery 110, temperature of the battery 110, a voliage of the battery 110,
and/or a pressure of the battery 110, Other types of information mdicative of a state of charge
of a battery are contemplated herein.

{00642} The controller 130 is configured to determine, ¢.g. based on the received
mformation, whether the initial state of charge of batterv 110 is less than a predeternuned
threshold. In some embodiments, the predetermined threshold may be 10% of the full charge
capacity of battery 110. However, other values of the predetermined threshold are possible.
[6043] The controller 130 is alsc configured to determine whether the charger 120 s
clectrically coupled to the battery 110, For example, the recetved information may mclude an
mdication that a voltage across two charging terminals of charger 120 1s non-zero. In another
embodiment, the received mformation may be indicative of a wired connection between the
battery 110 and the charger. Other ways are possible to determine that the charger 120 ig
electrically connected to the battery 110, Furthermore, it should be understood that the
charger 120 may be electrically coupled to the battery 110 via wired and/or wireless means.

That is, the charger 120 may use an clectromaguetic ficld to transfer energy to the battery 110,
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c.g. via mductive coupling. In an example embodiment, charger 120 may include an
induction charger. In such a scenario, the charger 120 may inchide an induction coil operable
to create an altemating electromaguetic field. Furthermore, battery 110 may be operable to
receive power from the electromagnetic field and convert it into electrical current that may
charge the battery 110.

[6044] The controller 130 is additionally configured to receive an input indicative of a
preferred charge option. As described above, the preferred charge option may be received via
the user mnterface 128 and the display 124. The controller 130 may receive mformation
imdicative of the preferred charge option via the communication link 140. The preferred
charge option may be selecied from a plurality of charge options. Each of the plurality of
charge options may include charge rates that are higher than the default charge rate, e.g.
mvolving charging at higher that standard C-rates.

[(6045] The controller 130 is vet further configured to determine a charging duration
based on the batterv type, the nitial state of charpe, a target state of charge, and the charge
rate. In an example embodiment, the target state of charge mayv be based on the charge rate of
the preferred charge option. The target state of charge s less than the full charge capacity.
For example, if the charge rate is a 2C rate, e.g. “ultrafast”, the target state of charge may be
45%. Other target states of charge are possible. That is, the controlier 130 may include a
predetermined target state of charge, which may delineate a “stopping point” for charging that
1s less than the full charge capacity. In some embodiments, the target state of charge may be
based on mimimizing degradation to battery cycle life.

[08046] The controller 130 may be configured to, subsequent to determining the initial
statc of charge 15 less than a predetermined threshold and determining the charger is
clectrically coupled to the battery, cause the charger to provide electrical current to the battery
at the charge rate. That 1s, the controller 130 may mitially confirm that the battery 110 needs
a faster charge than normal and that the battery 110 1s electrically-connected to the charger
126. The controlier 130 mayv be configured to carry out other checks related to safety and/or
clectrical connectivity prior to charging the battery 110, As described clsewhere heremn, the
controller 130 may control the charger 120 to charge the battery 110 via vanous charging
conditions. For example, the charger 120 may apply a constant current, constant voltage
{CC-CV) charging condition. The controller 130 may be configured to charge battery 110
according to other types of charging conditions, processes, and/or procedures.

16047 The controller 130 1s configured to determing a partial charge condition based

on at least one of: providing electrical current to the battery at the charge rate for the charging

10
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duration or receiving information indicative of a state of charge of the battery reaching the
target state of charge. Also, in response {o determiming the partial charge condition, the
controller 130 may be configured to cause the charger 120 to stop providing electrical current
to the battery 110.

J3048] In an example embodiment, controller 130 may determine an “end point” or
stopping point in the charging of the battery based on one of at least two different possible
conditions. First, the controller 130 may cause charger 120 to provide electnical current to the
battery 110 at the charge rate (which 1s faster than the defaslt charge rate) for a predetermined
charging duration. Accordingly, the controller 130 may cause charger 129 to stop providing
clectrical current to the battery 110 upon charging for the predetermined charging duration.
For example, the predetermined charging dwration may be determined by dividing the
difference between the target state of charge and the current state of charge by the charge rate.
Other charging durations (predetermined or otherwise} are possible. In another embodiment,
the controller 130 may cause the charger 120 to stop charging upon the state of charge of the
battery 110 reaching the target state of charge. That 15, when the battery 110 is sufficiently
charged as compared to a predetermined target state of charge, the charging may stop.

[0049] Although Figurc 1A suggests the charger 120 and the controlier 130 as being
physically apart, some embodiments include the charger 120 and the controller 130 housed in
the same body or frame. For example, the body or frame may mchuide a smartphone, a
computer, a tablet, a wall-wart, a battery charging assembly, or ancther type of device
configured to charge a battery.

{0050 The battery 110 may be associated with, for example, a mobile computing
device. In such a scenario, the controller 130 is further configured to display, via a display of
the mobile computing device, a plurality of charge rates higher than the defanlt charge rate.
For example, the computing device may present several charge rate options to a user of the
computing device via the display. The user may select a preferred charge option from the
plurality of charge rates.

[06651] In an example embodiment, the user may select the preferred charge option by
mteracting with a touchscreen, which may be implemented with display 124 and/or user
mterface 128, In an alternative embodiment, the charger 120 may include a multi-position
switch. Each of the plurality of positions of the multi-position switch may be associated with
a plurality of charge rates higher than the default charge rate. In such a scenario, a user may

be able to select a preferred charge option by moving the multi-position switch. (Other ways
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for a user to select a preferred charge option via hardware and/or software arc contemplated
herein.

[6052] In some embodiments, one or more characteristics of the battery may include a
number of charging cvcles completed by the battery. In some nstances, a single charging
cycle of a battery may correspond to charging the battery to a given SOC and dissipating the
power from the battery to a different SOC charge. For example, a single charging cvele may
correspond to charging the battory to approximately a 100% SOC and dissipating the power
from the battery to approximately a 10% SOC or lower, among other possibilities.

{6653} In some embodiments, the state of the battery may include the battery’s state
of charge (50C). Figure 1B illustraics examples of a state of charge (50C), according to
example embodiments. In some instances, a computing device may determine the S0C of
the batterv. For example, the computing deviee may determine that the battery has an 50C
156 of 50%, an SOC 154 of 80%, and an SOC 152 of 100%. among other possibilities.

[06654] In some embodiments, the state of the battery may be indicative of the
physical state of the batterv. For example, controller 130 may determine that the batterv is
connected to a power source for recharging the battery. Additionally or alternatively, the state
of the battery may be mdicative of other charactenistics of the battery. For cxample, the
charactenistic of the battery may include a temperature of the battery, an ambient temperature
i an environment of the battery, and/or a temperature of a system or computing device
powered by the battery. Further, in some insiances, the characteristic of the battery may
mclude approaching, mecting, and/or exceeding a temperature threshold. For example, a
battery may be approaching a lower or an apper temperature threshold. Further, the battery
may meet or excead the lower or upper temperature threshold, among other possibilities.
{O055] In particular, a single chargimg cvcle may correspond to charging battery 120
to SOC 152 and dissipating the power from battery 120 to approximately lower than SOC
156. In some instances, a single charging cycle may correspond to charging the battery to
mcrease the SOC charge by at least 5% and dissipating the power by at least 5%, among
other possibilities.

0056} In some embodiments, the computing device mav determine a number of
charging cvcles completed by the battery. For example, the computing device may include a
counter for counting the number of times the battery is charged. In some instances, the
corputing deviee may count the number of times that the SOC charge of the battery is
mcreased. Further, in some instances, the computing device may count the number of times

that the SOC charge of the battery is increased by a given threshold value. Fusther, the
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computing device may count the number of times the battery is increased and decreased by
the given threshold value. For example, the computing device may count the number of
times that the battery is increased by approximately a 5% SOC and the power of the batterv is
decreased by approximately a 3% SOC, among other possibilities.

{8057 In some embodiments, one or more characteristics of the battery may include a
capactty of the battery {also referred to herein as the “discharge capacity” of the batiery). In
some instances, the capacity of the battery may be described as a percentage. Further, in
some instances, the capacity of the battery may be described as percentage capacity of a
maximum capacity, where the maximum capacity may be the highest capacity that a given
battery may have throughout the life of the batterv. For example, a battery with a 100%
capacity may correspond 1o a new battery capable of charging to the maximum capacity of
the battery. As such, the capacity of the battery may degrade over time or with the number of
charging cyeles completed by the battery, amongst other possibilities,

{6658] In some embodimenis, the capacity of the baticry may decrease with the
number of charging cyeles completed by the battery.  For example, a battery that has
completed 1 to 100 charging cycies may have greater than or equal to approximately a 95%
capacity of its maximum capacity. Further, a battery that bas completed 101 to 300 charging
cveles may have approximately an 85% to 95% capacity of its maximum capacity.  Yet
further, a battery that has completed greater than 300 charging cycles have a less than
approximately an 83% capacity of its maximum capacity. In addition, an old battery may
have approximately a 15% of its maximum capacity, among other possibilitics.

{8059} In some embodiments, the capacity of the battery may decrease with time as
the battery ages and/or towards the later stages of the battery’s life. For example, a battery
that has been used for 1 to 6 months may have greater than or equal to approximately a 95%
capacity of its maximum capacity. Further, a battery that has been used for 6 to 12 months
may have approximately an 85% to 85% capacity of its maximum capacity. Yet further, a
battery that has been used for 12 to 24 months may have a less than approximately an 85%
capactty of its maximum capacity. In addition, a battery that has been used for over 24
months may have approximately a 13% capacity of its maximum capacity.

[0060] In an example embodiment, the controller 130 may be further configured to
determine a wait ime based on the battery type and the charge rate. That is, subsequent to
stopping deternuning a charge complete condition {e.g. upon reaching the target state of

charge}, the controller 130 may wait for a predetermined wait time. As described above, the
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wait time period may provide time for: 1. intercalation of ions info the electrode bulk, 2. mass
transfer of ions within the battery material, and/or 3. diffusion of ions in the electrolyte bulk.
[0061] After waiting for the predetermined wait time, the controller 130 is optionally
configured to cause the charger to provide electrical current to the batiery 110 at the default
charge rate. In an example embodiment, the default charge rate may be 0.7C, however other
default charee rates are possible. In some embodiments, the defaslt charge rate may be a
charging rate at which relatively little damage to cyeie hite will result if used to fully charge
the battery 110.

{0062} The controller 130 may be optionally configured to determine a full charge
condition bascd on receiving information indicative of a state of charge of the battery 110
reaching the full charge capacity. That 1s, the controller 130 may receive information that
may provide direct or indirect evidence of the battery’s state of charge, which may mclude
being equivalent to a foll charge capacity. The information may include, but is not hmited to,
a cell/terminal voltage, a batiery current, a temperature of the battery, a pressure of the battery,
or any other information that may be used to determine a state of charge of a batterv.

{0063} Optionally, an examplc embodiment includes the controlier 130, in response to
determining the full charge condition, causing the charger to stop providing elecirical current
to the battery. That is, subscquent to determimng that the battery 110 has reached a full
charge condition, the controller 130 may cause the charger 120 to stop providing charge to
the battery 110.

[6064] Figures 6A and 6B ilustratc a mobile device 600 according to example
embodiments. The mobile device 600 may be a smartphone, a tablet, or another type of
mobile computing device. The mobile device 600 may include a memory and a processor.
The mobile device 600 may also include a display 602 and a rechargeable battery (not shown).
Alternatively or additionally, Figures 6A and 6B may illustrate a user mierface on the display
602. In some embodiments, the display 602 and the mobile device 600 may be local to or
remote from a rechargeable battery,

[06065] In an cxample embodiment, the rechargeable battery mayv have a state of
charge less than a predetermined threshold. In such a scenario, a low battery indication 604
may be displayed on the display 602, In some embodiments, a time indication 606 may be
displaved on the display 602.

(3066} As shown in Figure 64, one or more charge options may be presenied as
sclectable icons via the display 602. In an example embodiment, the mobile device 600 may

provide a notification 610 requesting a user interaction, ¢.g. “Please select Charge Mode”. In
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such a scenario, the display 602 may present a Regular Charge option 612, a Quick Charge
option 614, a Fast Charge option 616, and an Ulirafast Charge option 618. The charge
options may represent diffcrent charge modes and/or charging rates. In an exanmple
embodiment, the approximate amount of fime to complete a respective charge mode may be
displayved on the display 602,

[6067] In such a scenario, a user may select one of the selectable icons. In response,
a controller of the mobile device may cause a charger, such as charger 120 as illustrated and
described m reference to Figure 1A to charge the rechargeable battery at the charging rate
associated with the selected charge option.

{8068] Additionally or alternativelv, Figure 6B illustrates a scemaric in which a
controller may automatically select a particular charge option and charge the rechargeable
battery based at least on a contextual situation. Furthermore, the mobile device 600 may be
operable to provide notifications 622 via the display 602.

[06669] In an cxample embodiment, a user of the mobile device 600 may have an
upcoming fhight from Chicago, L to San Jose, CA at a specific time, ¢.g. 11:30AM. The
mobile device may determine that this context 1s associated with the device based on vartouns
tvpes of contextual mformation. For example, the mobile device application that provides
notifications 622 may have been authonzed, with the user’s permission, to access the
calendar and/or e-mail of a aser account that is associated with the device. Additionally or
alternatively, the mobile device 600 may have GPS capability so as to determine a geographic
position. Furthermore, the mobile device 600 may be operable to determine the amount of
time between the corrent ime and the upcoming flight ime. The mobile device 600 may also
be configured to determine that it is plogged into a charge supply {e.g. an awdliary battery, a
wall socket, ctc ), and may, in some embodiments, only display notifications 622 when the
device 18 plugged m.

0079} In such a scenario, the mobile device 600 may provide a potification 624
relating to the vpcoming calendar event, ¢.g. “Event: ORD to 8JC Boearding at 1130 AM”.
Furthermore, the mobile device 600 may determine that its current geographic position is at
ORD and provide notification 626 via the display 602, ¢.g. “You have arnved at ORD”.
Additionally, if a power sapply is connected, the mobile device 600 may provide notification
628, ¢.g. “Charger connected”.

{6671} Under such circumstances, the mobile device 600 may automatically select a
charging rate based at least on a contextual situation. In this example, the mobile device 600

may determine that the user may only have 19 minutes of charging time available before
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boarding a plane. As such, the mobile device 600 may seloct an Ultrafast charge rate as
described elsewhere herein. The mobile device 600 may provide a notification 630 regarding
the automatically sclected charging rate, ¢.g. “Charging at Ultrafast rate (Approx. 15 min)™
The mobile device 600 may provide a charging notification 620 while the rechargeable
battery is charging,

[6672] The contextual situations or scenarios described in relation to Figures 6A and
6B may tngger the presentation of charging options and/or automatic charging procedures by
the mobile device 600 and/or an associated controller.  Additionally, contextual sttuations
may wnclude a rest siop on a road trip, nding on a train, riding on a plane, electrically
connecting to a charging source at a new location {e.g. while traveling} or a known location
{c.g. at home or at work}. In response to such contextual situations, the controller may
agtomatically prompt a user with appropriate charging scenarios based on time and location
constraints. For instance, f a user connects to a charging source on a train and the ride is
approximately 35 minutes, the controller may present options to charge at a Fast rate or an
Ultrafast charge rate. Additionally, or alternatively, the controller may automatically select a
charging rate or option based on the contextual situation. For mstance, in the train ride
scenario, the controller may automatically sclect the Fast rate based on the fact that 35
minuies remain tor the frain nde.

{6073} Alternatively, the mobile device, may detect that a particular contextual
situation is associated with the device {e.g., “at on airport” or “20 nunutes before a scheduled
flight”), determine a suggested charging rate that is appropriate for the particular contextual
situation, and responsively notify the user (e.g., via a graphic display and/or audible
notification) of the suggested charging rate. As such, the user may be awtomatically provided
with the opportunity to select the suggested charging rate, and possibly to opt for other
charging rates insiead. Further, m some embodiments, a contextual prompt may be tniggered
n response {o the mobile device detecting that it has been connected to an clectrical cutlet to
charge.

[6674] It is noted that a graphic user-imterface (GUI), such as that shown m Figures
6A and 6B, may be provided via an application that a user electively mstalls, or that is pre-
mstalled, on the user’s device. Further, such an application may optionally be an “always-
on” application that runs in the background. Running i the background may allow such an
application to automatically detect contextual mformation {¢.g., time, location, movement,
temperature, calendar information, environmental data, etc.}, and to automatically prompt the

B

user when contextual mformation indicates that a particular charging rate may be useful in
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the current context associated with the device. Alternatively, the user may open sach an
application on an as-necded basis.

[B075] It 1s understood that the scenarios described herein represent a subset of many
different contextual situations in which a rechargeable battery may need to charge for a
specified period of time and/or at a specified charging rate.  For example, contextual
situations in which the charging time is hmited and/or a specified charging rate is preferred
arc conternplated herein.  Furthermore, contextual siwations which include mamntaining a
desirable battery cycle life are contemplated.

{8676} Generally, an individual user or a group of users may create a data-based
“user-account,” which may also be referred to simply as an “account.” A usecr-account for a
particular user or user group may include data related to the particular user or user group,
which the user or user group has opted to provide for the user-account. As such, a particular
user’s account may, in a sense, be a data-based representation of that particular user. A user
may create an account for various applications, web sites, and/or online services, for instance.
Examples of user accounts include e~-mail accounts, social network accounts, onhine financial
accounts, accounts with service providers, and cellular service accounts that may be
associated with phone numbers, among other possibilities. Further, in some cases, a user may
have a smgle user-account that serves as a data-based representation of the user for multiple
services, websites, applications, ete. For instance, a user could opt to use their e-mail account
or social network account as a common login for various online services and applications,
which are provided by a mumber of different entitics. Further, a user of a computing device,
such as a mobile phone, laptop computer, or wearable computing device, may associate their
user-account with the computing device itself, such that while the user is operating the
computing device, their account will be associated with applications that are provided on the
coraputing device (so long as the user has given permission for such use of their account).
{6677 In situations m which the systems discussed here collect personal information
about users, or may make use of personal information, the users may be provided with an
opportunity to control whether programs or features collect user information {e.g.,
mformation about a user’s social network, social actions or activities, profession, a user’s
preferences, or a user’s current location), or to control whether and/or how to receive content
from the conient server that may be more relevant to the user. In addition, certain data may be
treated in one or more ways before 1t 1s stored or used, so that personally identifiable
mformation is removed. For example, a user’s identity may be treated so that no personally

wdentifiable information can be determingd for the user, or a user’s geographic location may
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be generalized where location information is obtained (such as to a city, ZIP code, or state
level), so that a particolar location of a user cannot be determuned. Thus, the user may have
control over how mformation is collected about the user and used by a content server,

HI.  Example Methods

{6078} Figure 2 1s a flowchart describing a method 200 for charging a battery,
according to exarple embodiments. The method 200 may clade vanous blocks or steps.
The blocks or steps may be carried out individually or in combination. The blocks or sieps
may be carried out in any order and/or in series or in parallel. Further, blocks or steps may be
omitted or added to method 200, The blocks of method 200 may be carried out to with some
or all of the clements of the systen 100 as dlustrated and described in reference to Figures 1A
and 1B,

[60679] In block 202 the method may mclude checking a state of charge (SOC) of a
battery, such as battery 110. Block 204 mayv include determining whether the 50C is less
than a user-detinable lovel, e.g. less than 10%. If the SOC is more than the user-definable
fevel, the method 200 may retum to block 202.

{0080] I the SOC is less than the user-definable level, block 206 may include
determining whether a charger is connected.  The charger may include charger 120 as
tlustrated and descnibed in reterence to Figure 1A, The determunation may include a
connectivity check, which may melude measuring a voltage across and/or a current through
the batterv. Other ways to determuine whether a chaiger is connected to a battery are
contemplated herein.

{0081} If the charger s connected, the method 200 may include selecting a charge
option in block 208, In such a scenario, a user may select, via hardware and/or softwarg, a
preferred charge option from a plurality of charge options. The plurality of charge options
may be associated with charge rates higher than a defanlt charge rate. For example, the
charge options may include Cerates of 1.0, 1.5, and/or 2.0. (ther C-rates are possible. If a
preferrod chaige option is selected, blocks 212, 214, and 216 nclude charging at the charge
rate associated with the preferred charge option for a predetermined amount of time. For
example, block 212 mcludes “ultratast” charging at 2.0C for 15 nunutes. Furthermore, block
214 inclades “fast” charging at 1.5C for 30 minutes. Additionally, block 216 may include
“guick” charging at 1.0C for 60 mimutes. Other predeiermined amounts of time are possible.
{082} When the predetermined amount of time has elapsed while charging the

battery, the charger {and/or a controller of the charger) may stop the charge (block 220).
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Alternatively, the charger may continae ander a “regular charge” condition to provide a 0.7C
charging rate for 100 minutes.

[6083] In some embodiments, the charger and/or a controlier of the charger may
determine a wait time based on the battery tvpe and the charge rate. For examplie, based on
the prior “wltrafast” charge rate bemmg 2.0C, the wait time mayv be determined to be 30
minutes. Such a wait time mayv provide for intercalation of ions within the battery.

{0084] In such a scenario, the charger may watit for the wait time, ¢.g. not provide any
charging current o the battery. After waiting for the wait time, the charger may proceed to
further charge the battery. For example, the charger may provide electrical current to the
battery at the default charge rate, ¢.g. 0.7C. The charger may then determine a full charge
condition based on receiving information indicative of a state of charge of the battery
reaching the full charge capacity. When the full charge condition is determined, the charger
may stop providing electrical cusrent to the battery.

{6085} Figure 3 ilustrates a method 300, according to an cxample embodiment. The
method 300 may include varous blocks or steps. The blocks or steps may be carried out
mdividually or in combination. The blocks or steps may be carried out in any order and/or in
series or in parallel. Further, blocks or steps may be omitted or added to method 300,

(086} The blocks of method 300 may be carried out by system 100 as illustrated and
described in reference to Figures 1A and 1B, Method 300 may inclode simnlar or identical
blocks as method 200, as illustrated and described in reference to Figure 2.

{6087} The method 300 may be carried out by a controller, such as controller 130
described n reference to Figure 1A, The controlier may include at least one processor and a
memory. The controller may nclude an application-specific imtegrated circuit or another type
of circutt and/or computer.

[088] Block 302 includes receiving information indicative of an mutial state of
charge of a battery. The battery is configured to be charged at a default charge rate, which
may be 0.7 or another charge rate. The battery may be similar or identical to battery 110 as
tHustrated and described in reference to Figure 1A,

{6689} Block 304 mcludes determining whether the mitial state of charge is less than
a predetermined threshold. Ag described above, determinng the imitial state of charge may
melude receiving information indicative of a terminal voltage, a current, a temperature,

and/or a pressure of the battery.
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{8090} Block 306 mchudes determiming whether a charger is electrically coupled to
the battery. Such a determuination may mclude a continuity check. Other types of checks to
determine clectrical coupling are possible.

{091} Block 308 includes receiving an wput indicative of a preferred charge option.
For instance, a user may inpuf, via hardware and/or software, the preferred charge option.
The preferred charge option includes a charge rate higher than the default charge rate. For
exarople, the preferred charge rate may wmclude 1.0C, 1.5C, and/or 2.0C. Other preferred
charge rates are possible,

{6692} Block 310 inchides determining a charging duration based on a type of the
battery, the iutial state of charge, a target state of charge, and the charge rate. In other words,
a determmnation may be made regarding the length of time to charge the battery. In an
gxample embodiment, the determination may be made based on mitial and target states of
charge (e.g. the difference between the two states) as well as the charge rate selected by the
user {c.g. 20). In such a scenario, target state of charge is based on the charge rate. For
example, for a 2C charge rate, the target state of charge may be 45%. The target state of
charge is less than a full charge capacity of the battery.

[B093] Block 312 includes, subsequent to determining the initial state of charge is fess
than a predetermined threshold and deternuning the charger is electrically coupled to the
battery, cause the charger to provide electrical current to the battery at the charge rate. That
1s, provided the battery is properly connected to the charger and the mitial state of charge of
the batiery s less than a minimum threshold, the charger may be controlled to charge the
battery at the user-defined charge rate.

{6694] Block 314 inchides deternuning a partial charge condition based on at least
one of: providing clecirical current to the battery at the charge rate for the charging duration
ot recetving information indicative ot a state of charge of the battery reaching the target state
of charge. Put ancther way, the method may inclade determining that a condition has been
met once the battery has either reached a predetermined state of charge or once the battery
has charged at the charge rate for a predetermined period of time.

{8695} Block 316 includes, n response 1o determining the partial charge condition,
cavsing the charger to stop providing electrical current to the battery. In other words, once
the battery hag achieved the predetermined state of charge or has charged at the charge rate
for a predetermined period of time, the charger may stop providing charging current to the

battery.
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8096} The method 300 may include presenting a user with a plurality of charge
options. The charge options may inchude an “vltrafast charge™, a “fast charge™, and a “quick
charge”™.

[3097] The vltrafast charge may include a charge rate of 2.0 x C. As described above,
€ may include a charge rate equal to charging the battery from an empty state to a full charge
state within one hour or similar time period. The ultrafast charge may alsc include a charge
duration of 15 muwtes and a target state of charge of 45%.

6098} The fast charge may mclude a charge rate of 1.5 x €. The fast charge may
melude a charge duration of 30 minutes and a target state of charge of 70%.

[0099] The quick charge may include a charge rate of 1.0 x €. The guick charge may
melude a charge duration of 60 munutes and a target staie of charge of 909,

060100} It is understood that charge options may include many other vanations than
those listed herein.  For example, charge options may inclade different charge rates, target
states of charge, initial state of charge thesholds, etc. The present disclosure contemplates all
such variations.

{06101 ] Figure 4 dlustrates an cxample graph of several battery charging scenarios,
according to example embodiments. Namely, the graph illustrates the state of charge versus
time under various charging scenarios. For example, graph 402 illustrates an example battery
charged at an “ultrafast” charge rate for 15 minuies up to a 45% SOC. Graph 404 illustrates
an example battery charged at a “fast” charge rate for 30 minutes up o a 70% SOC. Graph
406 illustrates an example battery charged at a “quick”™ charge rate for 60 minutes up to a
90% SOC. Graph 408 illustrates an example battery charged at a “defaolt” charge rate for
100 minetes up to a 100% SOC. The example graphs shown in Figure 4 are example
purposes only and are not meant to linat the disclosure in any way. For cxample, battery
need not be a 0% 50C pror to charging under the presently disclosed methods and systems.
Furthermore, battertes could be charged a different charge rates than those illustrated.

[0661902] Figure 5 illustrates an example graph of estimated cycle performance of a
battery, according to example embodiments.  Specifically, the graph illustrates cycle
performance of an example batiery or baiteries over many charge/recharge cycles. Graph 502
tHustrates a 45% S0OC level relative to a “new” battery over many recharge cycles. Generally,
it is understood that over the life cycle of a battery, charge capacity diminishes. Thus, graphs
304, 506, and 508 dlustrate similar, monctomic, decreases m 70%, 90%, and 100% SGC

levels of an example battery or batferies over many charging cycles. Such degradation in
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battery capacity may be mitigated or at least reduced with the presently disclosed method and
system.

[60103] The particular arrangements shown in the Figures should not be viewed as
bmiting. It should be understood that other embodiments may include more or less of each
clement shown in a given Figure. Further, some of the illustrated elements may be combined
or omitted. Yet further, an illustrative embodiment may include elements that are not
tHustrated mn the Figures.

[86184] While various examples and embodiments have been disclosed, other examples
and embodiments will be apparent to those skilled in the art. The various disclosed examples
and cmabodiments are for purposes of illustration and are not intended to be limiting, with the

true scope being indicated by the following claims.
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CLAIMS

What is claimed is:

1. A svstem comprising:

a battery, wherein the battery is of a given battery type, wherein the battery type
comprises a full charge capacity and a defauht charge rate, and wherein the battery
mitially has an mnitial state of charge;

a charger configured to controllably provide an electrical current to the battery;

a controller configured to:

receive information indicative of the initial state of charge of the battery;

deternune whether the witial state of charge 1s less than a predeternmined
threshold;

determine whether the charger s electrically coupled to the battery;

receive an input indicative of a preferred charge option, wherein the
preferred charge option comprises a charge rate higher than the defanlt charge
rate;

determine a charging duration based on the battery type, the ntial state of
charge, a target state of charge, and the charge rate, wherein the target state of
charge is based on the charge rate, and wherein the target state of charge 1s less
than the full charge capacity;

subsequent to determiming the wnitial state of charge 1s less than a
predetermined threshold and determining the charger is electrically coupled to
the battery, cause the charger to provide electrical current to the battery at the
charge rate;

deternune a partial charge condition based on at least one of providing
electrical current to the battery at the charge rate for the charging duration or
recetving information indicative of a state of charge of the battery reaching the
target state of charge; and

in response to determining the partial charge condition, cause the charger

to stop providing electrical current to the battery.

2. The system of claim 1, wherein the battery 18 associated with a mobile computing

device and wherein the controller is further configured to display, via a display of the mobile
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computing device, a plurality of charge rates higher than the default charge rate, and wherein

the preferred charge option is selected from the plurality of charge rates.

3. The system of claim 1, wherein the controller is further configured to:

determine a wait time based on the battery type and the charge rate;

subsequent to determining a charge complete condition, waiting for the wait time;

subsequent to waiting for the wait time, cause the charger to provide electrical current
to the battery at the default charge rate;

determine a full charge condition based on receiving information indicative of a state
of charge of the battery reaching the full charge capacity; and

m response to deternuning the full charge condition, cause the charger to stop

providing electrical current to the battery.

4. The svstem of claim 1, wherein the battery type comprises at east onc fithinm ion

5. The system of claim 1, wherein the battery is associated with an external battery pack,
wherein the charger comprises a multi-position switch, wherein a plurality of positions of the
multi-posttion switch are associated with a plurality of charge rates higher than the default
charge rate, and wherein receiving an input indicative of a preferred charge option is based on
a position of the nwilti-position switch.

6. The system of claim 1, wherein the default charge rate comprises 0.7 x €, wherein C
corpnses a charge rate cqual to charging the battery from an empty state to a full charge

state i one hour.

7. The system of claim 1, wherein the charger is further configured to controllably

provide constant DC current to the battery.

3. The system of claim 1, wherein the charger is further configured to controllably

provide pulsed BC current to the battery.

9. A method comprising:
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receiving information indicative of an mitial state of charge of a battery, wherein the
battery is configured to be charged at a default charge rate;

determining whether the itial state of charge 1s less than a predetermined threshold;

determming whether a charger is electrically coupled to the batterv;

receiving an input indicative of a preferred charge option, whercin the preferred
charge option comprises a charge rate higher than the default chaige rate;

determining a charging duration based on a type of the battery, the inttial state of
charge, a target state of charge, and the charge rate, wherein the target state of charge is
based on the charge rate, and wherein the target state of charge is less than a full charge
capacity of the battery;

subsequent to deternining the imtial state of charge is less than a predeternined
threshold and determining the charger 1s electrically coupled to the battery, causing the
charger to provide electrical current to the battery at the charge rate:

determining a partial charge condition based on at least one of providing electrical
current to the battery at the charge rate for the charging duration or receiving mformation
indicative of a state of charge of the battery reaching the target state of charge; and

responsive to determining the partial charge condition, causing the charger to stop

providing electrical current to the battery.

10. The method of claim 9, wherein the target state of charge is further based on

maintaining long-term cycle performance of the battery.

11. The method of claim 9 wherein the battery is associated with a mobile computing
device, whercin the mobile computing device comprscs a display, the method further
coraprising causing the mobile computing device to display a plurality of charge rates higher
than the defanlt charge rate, and whercin the preferred charge option is selected from the

plurality of charge rates.

12. The method of claim 9 further comprising:
determining a wait time based on the battery type and the charge rate;
subsequent t¢ determining a charge complete condition, waiting for the wait time;
subsequent to watting for the wait time, cansing the charger to provide electrical

current to the battery at the default charge rate;

N
(4



WO 2016/196467 PCT/US2016/035018

determine a full charge condition based on receiving mformation indicative of a state
of charge of the battery reaching the full charge capacity; and
m response to determining the full charge condition, cause the charger to stop

providing electrical current to the battery.

13. The method of claim 9, wherein the battery is associated with an external battery
pack, wherein the charger further comprises a multi-position switch, wherein a plurality of
positions of the multi-position switch are associated with a plurality of charge rates higher
than the default charge rate, and wherein receiving an input indicative of a preferred charge

option is based on a posifion of the multi-position switch.

14. The method of claim 9, wherein the default charge rate comprises 0.7 x C, wherein C
comprises a charge rate equal to charging the battery from an empty state to a full charge

state 1n one hour.

15. The method of claim 9, whergin causing the charger to provide electrical current to

the battery at the charge rate comprises providing a pulsed DC current to the battery.

16. A method comprising:

recetving information indicative of an initial state of charge of a battery, wherein the
battery is configured to be charged at a default charge rate;

determining a charge needed condition based on the initial state of charge being leas
than a predetermined threshold:

determining a charger connected condition based on a charser being electrically
coupled to the battery;

providing a plurality of charge options, wherein each charge option comprises a
charge rate, a charging duration, and a target state of charge based on a type of the battery
and the initial state of charge, wherein the charge rate is higher than the default charge
rate;

receiving an mput indicative of a preferred charge option, wherein the preferred
charge option is selected from the plurality of charge options, wherein the preferred
charge option comprises a preferred charge rate, a preferred charging duration, and a

preferred target state of charge:
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m response to the charge needed condition and the charger connected condition,
causing the charger to provide electrical current to the battery at the preferred charge rate;

determining a partial charge condition based on at least one of providing electrical
current to the battery at the preferred charge rate for the preferred charging duration or
recerving information indicative of a state of charge of the battery reaching the preferred
target state of charge; and

responsive to determining the partial charge condition, causing the charger to stop

providing electrical corrent to the battery.

17. The method of claim 16, whercin the charge options comprise at least an ultrafast

charge, a fast charge, and a quick charge.

18. The method of claim 17, wherein the ultrafast charge comprises a charge rate of 2.0 x
€, wherein C comprises a charge rate equal to charging the battery from an empty state to a
full charge state m one hour, wherein the ultrafast charge further comprises a charge duration

of 15 minutes and a target state of charge of 45%.

19. The method of claim 17, wherein the fast charge comprises a charge rate of 1.5 x C,
wherein C comprises a charge rate equal to charging the battery from an empty state to a full
charge state in one hour, wherein the fast charge further comprises a charge duaration of 30

minutes and a target state of charge of 70%.

28, The method of ¢lainy 17, wherein the quick charge comprises a charge rate of 1 0 x C,
wherein C comprises a charge rate equal o charging the battery from an empty state to a full
charge state m one hour, wherein the quick charge further comprises a charge duration of 60

minutes and a target state of charge of 90%.
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