wo 20187190694 A1 | I0E 0000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intell 1P 3
(o mer Orlg':ﬁ,;ft‘:fn roperty > 0 O 10 OO RO OO
International Bureau —/) (10) International Publication Number
(43) International Publication Date ——/ WO 2018/190694 A1

18 October 2018 (18.10.2018) WIPOIPCT

(51) International Patent Classification: galore pvt Itd., #2870, Phoenix building, Bagmane Constel-
H02J 7/00 (2006.01) GOIR 31/36 (2006.01) lation Business Park, Outer Ring Road, Doddenakundi cir-
cle, Marathahalli, Post, Bangalore 560037 (IN). HARIHA-

(21) International Application Number: RAN, Krishnan Seethalakshmy; Samsung R&D Institute

PCT/KR2018/004378 India-Bangalore pvt ltd., #2870, Phoenix building, Bag-

(22) International Filing Date: mane Constellation Business Park, Outer Ring Road, Dod-
16 April 2018 (16.04.2018) denakundi circle, Marathahalli, Post, Bangalore 560037

IN). TAGADE, Piyush; R&D Institute In-

(25) Filing Language: English (IN). TAGADE, Piyush; Samsung R&D Institute In

dia-Bangalore pvt Itd., #2870, Phoenix building, Bagmane
(26) Publication Language: English Constellation Business Park, Outer Ring Road, Dodde-
nakundi circle, Marathahalli, Post, Bangalore 560037 (IN).

(30) Priority Data: PATIL, Rajkumar Subhash; Samsung R&D Institute In-

10-2017-0048772 14 April 2017 (14.04.2017) KR dia-Bangalore pvt Itd., #2870, Phoenix building, Bagmane
(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. Constellation Business Park, Outer Ring Road, Dodde-

[K]EUKR], 129, Samsung-ro) Yeongtong_gu, Suwon_si, nakundi Circle, Marathahalli, POSt, Bangalore 560037 (IN)

Gyeonggi-do 16677 (KR). (74) Agent: BAE, KIM & LEE IP GROUP; 11th Floor, 343,
(72) Inventors: BATTLE, Jason Michael; 109-506, 363, Hy- Gangnam-daero, Seocho-gu, Seoul 06626 (KR).

owon-ro, Yeongton‘g.-gu, Suwon-si, Gyeo.nggi-do. 16543 (81) Designated States (unless otherwise indicated, for every
(KR). YADU, Ankit; Samsung R&,D .Instltute India-Ban- kind of national protection available). AE, AG, AL, AM,
galore pvt Itd., #2870, Phoenix building, Bagmane Con- AO. AT. AU. AZ. BA. BB. BG. BH. BN. BR. BW. BY. BZ
stellation Business Park, Outer Ring Road, Doddenakundi C A, CH, CL, CN, CO, CR, CU, cz ,DE ,DJ i)K i)M ,DO,

circle, Marathahalli, Post, Bangalore 560037 (IN). MAN- DZ. EC. FE. EG. ES. FL. GB. GD. GE. GIL GM. GT. HN
DLI, Aravinda Reddy; Samsung R&D Institute India-Ban- HR, Hlj ID, L ,IN 1R ,IS fO Jl; KE, Ké KH, KI\} KP,

(54) Title: ELECTRONIC DEVICE FOR CHANGING CHARGING PARAMETER DEPENDING ON STATE OF BATTERY AND
CONTROL METHOD THEREOF

?00

210 220 240

CHARGING
CIRCUIT

] FIRST
L PROCESSOR

BATTERY
-—  GAUGE -
CIRCUIT

)

230

BATTERY

(57) Abstract: Disclosed is an electronic device including a battery, a charging circuit configured to charge the battery, a measurement
circuit configured to measure a state of the battery, and a processor configured to be electrically connected with the battery, the charging
circuit, and the measurement circuit, to charge the battery using the charging circuit set by a first charging parameter, determine state
information corresponding to a state of the battery based on data associated with the state of the battery obtained using the measurement
circuit, determine a second charging parameter for reducing loss of a capacity of the battery based on the state information, and charge
the battery using the charging circuit set by the second charging parameter.

[Continued on next page]



WO 2018/190694 A1 {10000 O OO

KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



[1]

[2]

[3]

[4]

[5]

[6]

WO 2018/190694 PCT/KR2018/004378

Description
Title of Invention: ELECTRONIC DEVICE FOR CHANGING
CHARGING PARAMETER DEPENDING ON STATE OF

BATTERY AND CONTROL METHOD THEREOF
Technical Field

The disclosure relates generally to an electronic device, and more particularly, to a

method for controlling a state of charge (SOC) of a battery of an electronic device.

Background Art

An electronic device, such as a smartphone, a television (TV), or a tablet personal
computer (PC), includes highly specified hardware that conveniently provides various
services to a user. Such devices, therefore, require a battery capable of supplying
sufficient power to operate this hardware. In general, the electronic device may include
a battery and may receive power from the battery, in order for the internal hardware to
operate. When the battery is discharged, the electronic device may receive power from
an external power supply to charge the battery.

Conventionally, however, it is difficult to install a battery having constant charging
capacity due to space restrictions. Thus, technologies have been developed for ef-
ficiently managing battery power using a limited battery capacity and fast charging of
a discharged battery. However, such fast battery conventionally causes as a battery
degradation phenomenon of reduced battery capacity, thus reducing a state of health
(SOH) of the battery.

Disclosure of Invention

Technical Problem

That is, a battery may deteriorate in capacity (or performance) due to charging
repetition, and in turn, hardware in an electronic device may operate abnormally. Since
battery replacement is difficult, the entire electronic device should be replaced.

The battery should be charged by a proper method depending on a state of the battery
to prevent deterioration in performance. However, it is difficult for a user to verify a
state of the battery and charge the battery in a proper time and environment depending
on the verified state. Since a state of the battery continues to change while the battery
is charged, it is difficult to efficiently manage the battery.

In addition, a constant current constant voltage (CCCV) charging method for
supplying a constant current until a predetermined time in consideration of an SOC of
the battery and supplying a constant voltage after the predetermined time may have a

limitation in enhancing battery charging efficiency, particularly since the state of the
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battery continues to change depending on a charging cycle of the battery.
Aspects of the present disclosure are to address at least the above-mentioned

problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide an electronic device for
supplying a proper current and voltage to a battery under a specified constraint
condition depending on a state of the charged battery and a control method thereof.
Solution to Problem

In accordance with an embodiment, an electronic device may include a battery, a
charging circuit configured to charge the battery, a measurement circuit configured to
measure a state of the battery, and a processor configured to be electrically connected
with the battery, the charging circuit, and the measurement circuit, and configured to
charge the battery using the charging circuit set by a first charging parameter,
determine state information corresponding to the state of the battery based on data as-
sociated with the state of the battery, the state being obtained using the measurement
circuit, determine a second charging parameter for reducing loss of a capacity of the
battery based on the state information, and charge the battery using the charging circuit
set by the second charging parameter.

In accordance with another embodiment, an electronic device may include a battery,
a charging circuit, and a measurement circuit configured to be electrically connected
with the battery and the charging circuit, and configured to charge the battery using the
charging circuit set by a first charging parameter, determine state information corre-
sponding to a state of the battery based on data associated with the state of the battery,
determine a second charging parameter for reducing loss of a capacity of the battery
based on the state information, and charge the battery using the charging circuit set by
the second charging parameter.

In accordance with another embodiment, provided is a non-transitory computer-
readable storage medium for storing a program for performing a method, which may
include charging a battery using a charging circuit set by a first charging parameter,
determining state information corresponding to a state of the battery based on data as-
sociated with the state of the battery, the state being obtained using a measurement
circuit, determining a second charging parameter for reducing loss of a capacity of the
battery based on the state information, and charging the battery using the charging
circuit set by the second charging parameter.

Advantageous Effects of Invention

An electronic device according to embodiments may minimize loss of a capacity (or

performance) of a battery and may prevent an excessive current or voltage from being

supplied to the battery by changing voltage or current supplied to the battery under a
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specified constraint condition depending on a state of the battery, and charging the
battery with the changed voltage or current. Thus, the electronic device and the battery

may increase in safety and an SOH of the battery may increase.
Since a main processor and a sub-processor of the electronic device according to em-

bodiments may complement each other to calculate a charging parameter depending on
an amount of calculation (or power consumption) for calculating the charging
parameter for charging the battery, the electronic device may reduce additional power
consumption.

In addition, various effects directly or indirectly ascertained through the present
disclosure may be provided.
Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
present disclosure will be more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 illustrates a configuration of an electronic device in a network environment
according to embodiments;

FIG. 2 illustrates a configuration of an electronic device according to an em-
bodiment;

FIG. 3 illustrates a configuration of a charging circuit of an electronic device
according to an embodiment;

FIG. 4 illustrates a configuration of a battery gauge circuit of an electronic device
according to an embodiment;

FIG. 5 illustrates a state in which respective elements of an electronic device are
connected with each other according to an embodiment;

FIG. 6a illustrates a method for determining a charging parameter for charging a
battery of an electronic device according to an embodiment;

FIG. 6b illustrates a method for changing a charging parameter of an electronic
device and charging a battery according to an embodiment;

FIGS. 7 and § illustrate a current and voltage of each of an adaptive charging method
of an electronic device and a CCCV charging method according to an embodiment;

FIG. 9 illustrates an SOC of a battery depending on an adaptive charging method of
an electronic device and a CCCV charging method according to an embodiment; and

FIG. 10 illustrates an SOH of a battery according to a charging and discharging cycle
of an adaptive charging method of an electronic device and a CCCV charging method

according to an embodiment.
Mode for the Invention

Embodiments of the present disclosure will be described with reference to ac-
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companying drawings. Accordingly, those of ordinary skill in the art will recognize
that modification to the embodiments described herein can be variously made without
departing from the scope and spirit of the present disclosure. With regard to description
of the drawings, similar elements may be marked by similar reference numerals.

Embodiments of the present disclosure and terms used herein are not intended to
limit the technologies described in the present disclosure to specific embodiments, and
it should be understood that the embodiments and the terms include modifications,
equivalents, and/or alternatives on the corresponding embodiments described herein.
With regard to description of drawings, similar elements may be marked by similar
reference numerals. The terms of a singular form may include plural forms unless
otherwise specified.

In the disclosure, the expressions "A or B", "at least one of A and/or B", "at least one
of A and/or B", "A, B, or C", or "at least one of A, B, and/or C", and the like may
include any and all combinations of one or more of the associated listed items. Terms
such as "first," or "second," may express their elements regardless of their priority or
importance and may be used to distinguish one element from another element but are
not limited to these components. When a first element is referred to as being op-
eratively or communicatively coupled with/to or connected to a second element, the
first element may be directly coupled with/to or connected to the second element or an
intervening third element may be present.

According to the situation, the expression "adapted to or configured to" used herein

"non

may be interchangeably used with "suitable for", "having the capacity to", "changed

" "

to",

" "

made to", "capable of" or "designed to" in hardware or software. The expression
"a device configured to" may indicate that the device is "capable of" operating together
with another device or other components. For example, a "processor configured to (or
set to) perform A, B, and C" may indicate an embedded processor for performing cor-
responding operations or a generic-purpose processor (e€.g., a central processing unit
(CPU) or an application processor (AP)) which performs corresponding operations by
executing one or more software programs which are stored in a memory device.

The term "module” used herein may include a unit, which is implemented with
hardware, software, or firmware, may be interchangeably used with the terms "logic",
"logical block", "component” or "circuit", may be a minimum unit of an integrated
component or a part thereof, or may be a minimum unit for performing one or more
functions or a part thereof. The "module” may be implemented mechanically or elec-
tronically and may include an application-specific IC (ASIC) chip, a field-
programmable gate array (FPGA), and a programmable-logic device for performing
some operations, which are known or will be developed in the future.

An electronic device according to embodiments of the present disclosure may include
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at least one of portable communication devices (e.g., smartphones), computer devices
(e.g., personal digital assistants (PDAs), tablet personal computers (PCs), laptop PCs,
desktop PCs, workstations, or servers), portable multimedia devices (e.g., electronic
book readers or motion picture experts group (MPEG-1 or MPEG-2) audio layer 3
(MP3) players), portable medical devices (e.g., heartbeat measuring modules, blood
glucose monitoring modules, blood pressure measuring modules, and body tem-
perature measuring modules), cameras, or wearable devices.

The wearable device may include at least one of an accessory type (e.g., watches,
rings, bracelets, anklets, necklaces, glasses, contact lens, or head-mounted-devices
(HMDs)), a fabric or garment-integrated type (e.g., an electronic apparel), a body-
attached type (e.g., a skin pad or tattoos), or a bio-implantable type (e.g., an im-
plantable circuit). The electronic device may include at least one of televisions (TVs),
digital versatile disk (DVD) players, audios, audio accessory devices (e.g., speakers,
headphones, or headsets), refrigerators, air conditioners, cleaners, ovens, microwave
ovens, washing machines, air cleaners, set-top boxes, home automation control panels,
security control panels, game consoles, electronic dictionaries, electronic keys,
camcorders, or electronic picture frames.

The electronic device may also include at least one of navigation devices, a global
navigation satellite system (GNSS), event data recorders (EDRs) (e.g., black box for a
car, a ship, or a plane), vehicle infotainment devices (e.g., head-up display for vehicle),
industrial or home robots, drones, automated teller machines (ATMs), points of sales
(POS) devices, measuring instruments (e.g., water meters, electricity meters, or gas
meters), or Internet of things (IoT) devices, such as light bulbs, sprinkler devices, fire
alarms, thermostats, or street lamps). The electronic device herein may not be limited
to the above-described devices, and may provide functions of a plurality of devices,
such as smartphones having a measurement function of personal biometric information
(e.g., heart rate or blood glucose). In this disclosure, the term "user” may refer to a
person who uses an electronic device or to an artificial intelligence electronic device
that uses the electronic device.

An electronic device according to embodiments may minimize loss of a capacity (or
performance) of a battery and may prevent an excessive current or voltage from being
supplied to the battery by changing voltage or current supplied to the battery under a
specified constraint condition depending on a state of the battery, and charging the
battery with the changed voltage or current. Thus, the electronic device and the battery
may increase in safety and an SOH of the battery may increase.

Since a main processor and a sub-processor of the electronic device according to em-
bodiments may complement each other to calculate a charging parameter depending on

an amount of calculation (or power consumption) for calculating the charging
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parameter for charging the battery, the electronic device may reduce additional power
consumption.

In addition, various effects directly or indirectly ascertained through the present
disclosure may be provided.

FIG. 1 illustrates a block diagram of an electronic device 101 in a network en-
vironment 100, according to embodiments.Referring to FIG. 1, under the network en-
vironment 100, the electronic device 101 may communicate with an electronic device
102 through local wireless communication 198, may communication with an electronic
device 104 or a server 108 through a network 199, and may communicate with the
electronic device 104 through the server 108.

The electronic device 101 may include a bus 110, a processor 120, a memory 130, an
input device 150 (e.g., a micro-phone or a mouse), a display device 160, an audio
module 170, a sensor module 176, an interface 177, a haptic module 179, a camera
module 180, a power management module 188, a battery 189, a communication
module 190, and a subscriber identification module 196. The electronic device 101
may not include at least one of the above-described elements or may further include
other element(s).

The bus 110 may interconnect the above-described elements 120 to 190 and may
include a circuit for conveying signals (e.g., a control message or data) between the
above-described elements.

The processor 120 may include one or more of a central processing unit (CPU), an
AP, a graphic processing unit (GPU), an image signal processor (ISP) of a camera or a
communication processor (CP), and may be implemented with a system on chip or a
system in package (SiP). For example, the processor 120 may drive an operating
system (OS) or an application to control at least one of another hardware or software
element connected to the processor 120 and may process and compute various data.
The processor 120 may load a command or data, which is received from at least one of
other elements (e.g., the communication module 190), into a volatile memory 132 to
process the command or data and may store the result data into a nonvolatile memory
134.

The memory 130 may include the volatile memory 132 or the nonvolatile memory
134. The volatile memory 132 may include, for example, a random access memory
(RAM) (e.g., a dynamic RAM (DRAM), a static RAM (SRAM), or a synchronous
DRAM (SDRAM)). The nonvolatile memory 134 may include, for example, a pro-
grammable read-only memory (PROM), an one time PROM (OTPROM), an erasable
PROM (EPROM), an electrically EPROM (EEPROM), a mask ROM, a flash ROM, a
flash memory, a hard disk drive (HDD), or a solid-state drive (SSD). In addition, the

nonvolatile memory 134 may be configured in the form of an internal memory 136 or
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an external memory 138 which is available through connection only if necessary,
according to the connection with the electronic device 101. The external memory 138
may further include a flash drive such as compact flash (CF), secure digital (SD),
micro secure digital (micro-SD), mini secure digital (mini-SD), extreme digital (xD), a
multimedia card (MMC), or a memory stick, and may be operatively or physically
connected with the electronic device 101 in a wired manner (e.g., a cable or a universal
serial bus (USB)) or a wireless (e.g., Bluetooth) manner.

For example, the memory 130 may store at least one different software element, such
as a command or data associated with the program 140, of the electronic device 101.
The program 140 may include a kernel 141, a library 143, an application framework
145 and application programs (i.e, "applications") 147.

The input device 150 may include a microphone, a mouse, or a keyboard that is
physically connected to the electronic device 101 or a virtual keyboard displayed
through the display 160.

The display 160 may include a hologram device or a projector, a control circuit to
control a relevant device, a liquid crystal display (LCD), a light emitting diode (LED)
display, an organic LED (OLED) display, a microelectromechanical systems (MEMS)
display, or an electronic paper display. The display may be flexibly, transparently, or
wearably implemented and may include touch circuitry, which is able to detect a user's
input, such as a gesture input, a proximity input, or a hovering input or a pressure
sensor (interchangeably, a force sensor) which is able to measure the intensity of the
pressure by the touch. The touch circuit or the pressure sensor may be implemented in-
tegrally with the display or may be implemented with at least one sensor separately
from the display. The hologram device may project a stereoscopic image in a space
using interference of light. The projector may project light onto a screen to display an
image. The screen may be located inside or outside the electronic device 101.

The audio module 170 may convert sound into an electrical signal or an electrical
signal into sound, may acquire sound through the input device 150 (e.g., a microphone)
or may output sound through an output device (e.g., a speaker or a receiver) included
in the electronic device 101, an external electronic device 102, or an electronic device
106 connected with the electronic device 101.

The sensor module 176 may measure or detect an internal operating state (e.g., power
or temperature) of the electronic device 101 or an external environment state (e.g., an
altitude, a humidity, or brightness) to generate an electrical signal or a data value corre-
sponding to the information of the measured state or the detected state, and may
include at least one of a gesture sensor, a gyro sensor, a barometric pressure sensor, a
magnetic sensor, an acceleration sensor, a grip sensor, a proximity sensor, a color

sensor (e.g., a red, green, blue (RGB) sensor), an infrared sensor, a biometric sensor
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(e.g., an iris sensor, a fingerprint senor, a heartbeat rate monitoring (HRM) sensor, an
e-nose sensor, an electromyography (EMG) sensor, an electroencephalogram (EEG)
sensor, or an electrocardiogram (ECG) sensor), a temperature sensor, a humidity
sensor, an illuminance sensor, or an ultraviolet (UV) sensor. The sensor module 176
may further include a control circuit for controlling at least one or more sensors
included therein, and may be controlled by using the processor 120 or a processor (e.g.,
a sensor hub) separate from the processor 120. When the separate processor (e.g., a
sensor hub) is used and is in a sleep state, the separate processor may operate without
awakening the processor 120 to control at least a portion of the operation or the state of
the sensor module 176.

The interface 177 may include a high definition multimedia interface (HDMI), a
universal serial bus (USB), an optical interface, a recommended standard 232
(RS-232), a D-subminiature (D-sub), a mobile high-definition link (MHL) interface, a
secure digital (SD) card/ multi-media card (MMC) interface, or an audio interface. A
connector 178 may physically connect the electronic device 101 and the electronic
device 106, and may include a USB connector, an SD card/MMC connector, or an
audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal into mechanical stimulation
(e.g., vibration or motion) or into electrical stimulation. For example, the haptic
module 179 may apply tactile or kinesthetic stimulation to a user, and may include a
motor, a piezoelectric element, or an electric stimulator.

The camera module 180 may capture a still image and a moving picture and may
include at least one lens (e.g., a wide-angle lens and a telephoto lens, or a front lens
and a rear lens), an image sensor, an image signal processor, or a flash (e.g., a light
emitting diode or a xenon lamp).

The power management module 188, which manages the power of the electronic
device 101, may constitute at least a portion of a power management integrated circuit
(PMIC).

The battery 189 may include a primary cell, a secondary cell, or a fuel cell and may
be recharged by an external power source to supply power at least one element of the
electronic device 101.

The communication module 190 may establish a communication channel between
the electronic device 101 and an external device, may support wired communication or
wireless communication through the established communication channel, may include
a wireless communication module 192 or a wired communication module 194, and
may communicate with the external device through a first network 198 (e.g. a wireless
local area network such as Bluetooth or Infrared Data Association (IrDA)) or a second

network 199 (e.g., a wireless wide area network such as a cellular network) through a
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relevant module among the wireless communication module 192 or the wired commu-
nication module 194.

The wireless communication module 192 may support cellular communication, local
wireless communication, global navigation satellite system (GNSS) communication.
The cellular communication may include long-term evolution (LTE), LTE Advance
(LTE-A), code division multiple access (CDMA), wideband CDMA (WCDMA),
universal mobile telecommunications system (UMTS), wireless broadband (WiBro), or
global system for mobile communications (GSM). The local wireless communication
may include wireless fidelity (Wi-Fi), WiFi direct, light fidelity (Li-Fi), Bluetooth®,
Bluetooth low energy (BLE), Zigbee®, near field communication (NFC), magnetic
secure transmission (MST), radio frequency (RF), or a body area network (BAN). The
GNSS may include at least one of a global positioning system (GPS), a global
navigation satellite system (Glonass), Beidou navigation satellite system (Beidou), the
European global satellite-based navigation system (Galileo), or the like. In the present
disclosure, "GPS" and "GNSS" may be interchangeably used.

According to an embodiment, when the wireless communication module 192
supports cellar communication, the wireless communication module 192 identify or
authenticate the electronic device 101 within a communication network using the
subscriber identification module (SIM) card 196, and may include a CP separate from
the processor 120 (e.g., an AP). In this case, the communication processor may
perform at least a portion of functions associated with at least one of elements 110 to
196 of the electronic device 101 in substitute for the processor 120 when the processor
120 is in an inactive (sleep) state, and together with the processor 120 when the
processor 120 is in an active state. The wireless communication module 192 may
include a plurality of communication modules, each supporting only a relevant com-
munication scheme among cellular communication, local wireless communication, or a
GNSS communication.

The wired communication module 194 may include a local area network (LAN)
service, a power line communication, or a plain old telephone service (POTS).

For example, the first network 198 may employ Wi-Fi direct or Bluetooth for
transmitting or receiving commands or data through wireless direct connection
between the electronic device 101 and the first external electronic device 102. The
second network 199 may include a telecommunication network (e.g., a computer
network such as a LAN or a WAN, the Internet or a telephone network) for
transmitting or receiving commands or data between the electronic device 101 and the
second electronic device 104.

According to embodiments, the commands or the data may be transmitted or

received between the electronic device 101 and the second external electronic device
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104 through the server 108 connected with the second network 199. Each of the first
and second external electronic devices 102 and 104 may be is the same type as or a
different type than the electronic device 101. All or a part of operations that the
electronic device 101 will perform may be executed by another or a plurality of
electronic devices. According to an embodiment, when the electronic device 101
executes any function or service automatically or in response to a request, the
electronic device 101 may not perform the function or the service internally, but may
alternatively or additionally transmit requests for at least a part of a function associated
with the electronic device 101 to any other device, which may execute the requested
function or additional function and may transmit the execution result to the electronic
device 101. The electronic device 101 may provide the requested function or service
using the received result or may additionally process the received result to provide the
requested function or service. To this end, for example, cloud computing, distributed
computing, or client-server computing may be used.

FIG. 2 illustrates a configuration of an electronic device according to an em-
bodiment.

Referring to FIG. 2, an electronic device 200 may include a battery 210, a charging
circuit 220, a battery gauge circuit 230, and a first processor 240.

The battery 210 may supply power to the electronic device 200 and may include at
least one battery cell which may generate a voltage (e.g., 3.6 V to 4.4 V) of a specified
range. A plurality of battery cells included in the battery 210 may be connected with
each other in serial and/or in parallel.

The charging circuit 220 may control to charge the battery 210, such as by using
power supplied from an external power supply. The charging circuit 220 may charge
the battery 210 depending on a predetermined charging parameter which may
correspond to, for example, an amount of current or a level of voltage, which should be
supplied from the charging circuit 220 to charge the battery 210.

The battery gauge circuit 230 may verify a state of the battery 210, such as at least
one of a voltage (Vy,), a current (I,), a temperature (T), a state of charge (SOC) (e.g.,
an amount of charging), an open-circuit voltage (OCV), and a capacity (or a chemical
capacity) of the battery 210.

The first processor 240 may control an overall operation of the electronic device 200,
may be a main processor which controls the overall operation of the electronic device
200, may be electrically connected with the battery 210, the charging circuit 220, and
the battery gauge circuit 230, and may control at least one of the charging circuit 220
and the battery gauge circuit 230 to charge the battery 210.

The first processor 240 may control the charging circuit 220 to charge the battery

210. For example, the first processor 240 may obtain data associated with a state of the
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battery 210 from the battery gauge circuit 230 and may determine state information
corresponding to the state of the battery 210 based on the obtained data, thus de-
termining a charging parameter capable of being applied in the charging circuit 220
based on a battery model and the state information. The first processor 240 may
generate a battery model (or model data) (e.g., a battery degradation model) for
predicting a state of the battery 210 before determining the charging parameter, and
thus may transmit a control signal including information about the determined
charging parameter to the charging circuit 220 to control the charging circuit 220. For
example, when a load of the first processor 240 meets a specified condition (e.g., when
it takes a specified time or more to perform an arithmetic operation), the battery gauge
circuit 230 may perform at least some of operations performed by the first processor
240, such as operations of calculating a charging parameter at the first processor 240.

According to another embodiment, a processor included in the battery gauge circuit
230 may determine the charging parameter. For example, the battery gauge circuit 230
may generate a battery model (or model data) (e.g., a battery degradation model) for
predicting a state of the battery 210 and may determine a charging parameter capable
of being applied in the charging circuit 220 based on the battery model and state in-
formation corresponding to the verified state of the battery 210. The charging
parameter determined by the battery gauge circuit 230 may be applied to the charging
circuit 220 through the first processor 240, or to the charging circuit 220 by the battery
gauge circuit 230.

When the first processor 240 does not operate (e.g., when the electronic device 200 is
in a sleep mode), the battery gauge circuit 230 may directly apply the determined
charging parameter to the charging circuit 220. When a load of the battery gauge
circuit 230 meets a specified condition, the first processor 240 may perform at least
some of operations performed by the battery gauge circuit 230. The specified condition
may be, for example, when it takes a specified time or more for the battery gauge
circuit 230 to perform an arithmetic operation. The first processor 240 may determine a
charging parameter and may control the charging circuit 220 using the determined
charging parameter.

In other words, the battery gauge circuit 230 or the first processor 240 may generate
the battery model and may determine a charging parameter based on information about
a state of the battery 210 and the battery model.

FIG. 3 illustrates a configuration of a charging circuit of an electronic device
according to an embodiment.

Referring to FIG. 3, a charging circuit 220 may include an input/output interface 221,
an input controller 223, an output controller 225, a power path controller 227, and a

second processor 229. For example, the charging circuit 220 may be implemented as a
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system on chip.

The input/output interface 221 (e.g., a serial interface) may receive a signal from
another element of an electronic device 200 of FIG. 2 or may output a signal to the
other element. For example, the input/output interface 221 may receive a control signal
for controlling an amount of current or a level of voltage from a battery gauge circuit
230 or a first processor 240 of FIG. 2.

The input controller 223 may control power input from an external power supply. For
example, the input controller 223 may control power input from the external power
supply via a charging interface (e.g., a USB or a wireless charging coil). The input
controller 223 may include, for example, a field effect transistor (FET) and may
operate the FET to control power input from the external power supply.

The output controller 225 may control voltage input from the external power supply
via the input controller 223. The output controller 225 may include a buck convertor
and/or a boosting circuit, may decrease or increase the voltage using the buck
convertor or the boosting circuit, may control a level of voltage (or an amount of
current) output to a battery 210 of FIG. 2, and may include an FET and may operate
the FET to control a level of voltage supplied to the battery 210.

The power path controller 227 may control a path of power supplied from the
external power supply. For example, the power path controller 227 may divide the
power supplied from the external power supply into a first path where power for
charging the battery 210 is supplied and a second path where power for a load of a
system of the electronic device 200 is supplied. When the battery 210 is not charged
enough to load the system of the electronic device 200, the power path controller 227
may supply power to the second path.

The second processor 229 may control an overall operation of the charging circuit
220, may be a sub-processor which controls to execute charging of the electronic
device 200, may control an operation of the charging circuit 220 depending on a
command of the first processor 240, and may control at least one of the input/output
interface 221, the input controller 223, the output controller 225, and the power path
controller 227 to charge the battery 210.

The second processor 229 may control the input controller 223 to control power
input from the external power supply.

The second processor 229 may control the output controller 225 to control an amount
of current or a level of voltage, which is supplied to the battery 210. For example, the
second processor 229 may receive a control signal via the input/output interface 221
and may control the output controller 225 based on information about a charging
parameter included in the control signal to control an amount of current or a level of

voltage, which is supplied to the battery 210. The second processor 229 may be, for
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example, a finite state model (FSM) and may be set (or changed) to a state corre-
sponding to the control signal to control the input controller 223.

According to another embodiment, the second processor 229 and the first processor
240 may be implemented as one processor. For example, when the first processor 240
and the second processor 229 are implemented as one processor, the one processor
may directly control the other elements (e.g., the input controller 223, the output
controller 225, and the power path controller 227) of the charging circuit 220.

FIG. 4 illustrates a configuration of a battery gauge circuit of an electronic device
according to an embodiment.

Referring to FIG. 4, a battery gauge circuit 230 may include an input/output interface
231, a measurement module (or a measurement circuit) 233, a memory 235, a regulator
237, and a third processor 239. The battery gauge circuit 230 may implemented as a
system on chip.

The input/output interface 231 may receive a signal from another element of an
electronic device 200 of FIG. 2 or may output a signal to the other element. For
example, the input/output interface 231 may transmit a control signal for controlling a
charging circuit 220 of FIG. 2 to the charging circuit 220.

The measurement module 233 may measure a state of a battery 210 of FIG. 2, such
as at least one of a voltage (Vyy), a current (I,,), and a temperature (T) of the battery
210, and may include a multiplexer and an analog digital convertor (ADC) to measure
a state of the battery 210.

The memory 235 may store an adaptive charging algorithm (or program) for con-
trolling the charging circuit 220 depending on a state of the battery 210.

The memory 235 may store information about the state of the battery 210, measured
by the measurement module 233. For example, the memory 235 may include in-
formation (or a value) about a voltage (V,,), a current (I,), a temperature (T), an SOC,
an OCV, or a capacity (or a chemical capacity) (Q) of the battery 210.

The regulator 237 may control power supplied to the battery gauge circuit 230. For
example, the regulator 237 may control power supplied from the battery 210 or an
external power supply to convert the power into power for operating each element of
the battery gauge circuit 230, and may supply the converted power to each element of
the battery gauge circuit 230.

The third processor 239 may control an overall operation of the battery gauge circuit
230, may be a sub-processor for controlling a charging operation of the electronic
device 200, may control an operation of the battery gauge circuit 230 depending on a
command of a first processor 240 of FIG. 2, may control at least one of the input/
output interface 231, the measurement module 233, the memory 235, and the regulator

237 to check a state of the battery 210 and may control the charging circuit 220 to
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about a state of the battery 210. For example, the third processor 239 may receive data
associated with a voltage (Vy,), a current (I,,), and a temperature (T) of the battery 210
from the measurement module 233, and may calculate information about an SOC, an
OCV, and capacity (e.g., chemical capacity) (Q) using the data associated with the
voltage (Vy,), the current (I,,,), and the temperature (T). Thus, the third processor 239
may generate (or determine) state information corresponding to a state of the battery
210. The third processor 239 may transmit the generated state information of the
battery 210 to the first processor 240, which may determine a charging parameter using
the state information and may control the charging circuit 220 using the determined
charging parameter.

According to another embodiment, the third processor 239 may execute the adaptive
charging algorithm (or program) stored in the memory 235, and may determine a
charging parameter using the adaptive charging algorithm. In other words, the third
processor 239 may execute the adaptive charging algorithm and may determine a
charging algorithm, without through the first processor 240. The third processor 239
may generate a battery model (or model data) (e.g., a battery degradation model) using
information about a state of the battery 210, may predict a state of the battery 210 over
time through the battery model, may obtain data associated with a voltage (Vy), a
current (I,,), and a temperature (T) of the battery 210 using the measurement module
233 and may calculate information about an SOC, an OCV, and capacity (e.g.,
chemical capacity) (Q) using the obtained data, and may determine a charging
parameter based on the battery model and the information about the state of the battery
210, by substituting the information into the battery model. The third processor 239
may control the charging circuit 220 depending on the determined charging parameter,
such as by transmitting a control signal including the determined charging parameter to
the charging circuit 220.

The third processor 239 may control the regulator 237 to change power supplied to
the battery gauge circuit 230 to power for operating each element of the battery gauge
circuit 230.

According to another embodiment, the third processor 239 and the first processor
240 may be implemented as one processor, in which case the one processor may
directly control the other elements (e.g., the measurement module 233, the memory
235, and the regulator 237) of the battery gauge circuit 230.

The electronic device 200 may prevent the battery 210 from deteriorating in capacity
(or performance) by verifying a state of the battery 210 when charging the battery 210

and controlling an amount of current or a level of voltage for charging the battery 210
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based on the verified state of the battery 210. As a main processor and a sub-processor
of the electronic device 200 complement each other to calculate a charging parameter
depending on an amount of calculation (or power consumption) for calculating a
charging parameter for charging the battery 210, the electronic device 200 may reduce
additional power consumption.

FIG. 5 illustrates a state in which respective elements of an electronic device are
connected with each other according to an embodiment.

Referring to FIG. 5, a charging circuit 220 and a battery gauge circuit 230 of an
electronic device 200 may be a PMIC for controlling charging of a battery 210. The
electronic device 200 may include power lines 223a, 225a, 227a, 237a, 210a, and 240a
which transmit power to respective elements of the electronic device 200, and may
include measurement lines 233a, 233b, and 233c for measuring a state of the battery
210.

The electronic device 200 may receive power through the first power line 223a from
an external power supply. An input controller 223 may supply power to an output
controller 225 through the second power line 225a. The output controller 225 may
supply power to a power path controller 227 through the third power line 227a and
may supply power to a first processor 240 through the fourth power line 240a. The
power path controller 227 may supply power to the battery 210 through the fifth power
line 210a and may supply power to a regulator 237 of the battery gauge circuit 230
through the sixth power line 237a.

The battery 210 may supply power to the regulator 237 and the system (e.g., the first
processor 240) through the fourth power line 240a, the fifth power line 210a, and the
sixth power line 237a when charged.

According to an embodiment, a measurement module 233 of the electronic device
200 may measure current which flows to the battery 210 through the first measurement
line 233a, may measure a voltage of both ends of the battery 210 through the second
measurement line 233b, and may measure a temperature of the battery 210 through the
third measurement line 233c.

An electronic device according to an embodiment may include a battery, a charging
circuit configured to charge the battery, and a measurement circuit configured to
measure a state of the battery, and a processor configured to be electrically connected
with the battery, the charging circuit, and the measurement circuit. The processor may
be configured to charge the battery using the charging circuit set by a first charging
parameter, determine state information corresponding to the state of the battery based
on data associated with the state of the battery, the state being obtained using the mea-
surement circuit, determine a second charging parameter for maintaining an SOH of

the battery based on the state information, and charge the battery using the charging
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circuit set by the second charging parameter.

The processor may be configured to determine at least one of a current value and a
voltage value supplied to the battery as the second charging parameter using the
charging circuit such that loss of a capacity of the battery meets a specified condition.

The processor may be configured to generate model data associated with an SOH of
the battery based on at least a portion of the state information before determining the
second charging parameter.

The processor may be configured to generate, as at least a portion of generating the
model data, a first function for calculating loss of a capacity of the battery based at
least in part on the state information, a second function for setting a charging condition
of the battery, and a third function for predicting the loss of the capacity of the battery
in a state in which the charging condition is met, based on at least one of the first
function and the second function.

The charging condition may be a condition where a state of charge (SOC) of the
battery meets a specified SOC during a specified time.

The processor is configured to filter a model parameter for generating the model data
based at least in part on the state information and generate the model data based at least
in part on the model parameter.

The processor is configured to perform verifying the state information and de-
termining the second charging parameter per specified period.

When a load of the processor meets a specified condition, the measurement circuit
may be configured to perform at least some of operations performed by the processor.

The state information may include at least one of information associated with a
voltage of the battery, a current of the battery, an SOC of the battery, an OCV of the
charging circuit, and a capacity of the battery.

An electronic device according to an embodiment may include a battery, a charging
circuit, and a measurement circuit configured to be electrically connected with the
battery and the charging circuit. The measurement circuit may be configured to charge
the battery using the charging circuit set by a first charging parameter, determine state
information corresponding to a state of the battery based on data associated with the
state of the battery, determine a second charging parameter for reducing loss of a
capacity of the battery based on the state information, and charge the battery using the
charging circuit set by the second charging parameter.

The charging circuit may be configured to determine at least one of a current value
and a voltage value supplied to the battery as the second charging parameter using the
charging circuit such that the loss of the capacity of the battery meets a specified
condition.

The measurement circuit may be configured to generate model data associated with
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the loss of the capacity of the battery based at least in part on the state information
before determining the second charging parameter.

The measurement circuit may be configured to, as at least a portion of generating the
model data, generate a first function for calculating the loss of the capacity of the
battery based at least in part on the state information, generate a second function for
setting a charging condition of the battery, and generate a third function for predicting
the loss of the capacity of the battery in a state in which the charging condition is met,
based on at least one of the first function and the second function.

The charging condition may be a condition where an SOC of the battery meets a
specified SOC during a specified time.

The measurement circuit may be configured to filter a model parameter for
generating the model data based at least in part on the state information and generate
the model data based at least in part on the model parameter.

The measurement circuit may be configured to perform verifying the state in-
formation and determining the second charging parameter per specified period.

The electronic device may further include a processor configured to perform, when a
load of the measurement circuit meets a specified condition, at least some of operations
performed by the measurement circuit.

The data associated with the state of the battery may include at least one of in-
formation associated with a voltage of the battery, a current of the battery, an SOC of
the battery, an OCV of the charging circuit, and a capacity of the battery.

FIG. 6a illustrates a method for determining a charging parameter for charging a
battery of an electronic device according to an embodiment.

In step 610, a first processor 240 of FIG. 1 may verify a state of a battery 210
through a battery gauge circuit 230 and may determine (or verify) state information
corresponding to the verified state of the battery 210, such as an initial state of the
battery 210.

In step 620, the first processor 240 (or the battery gauge circuit 230) may generate a
function for determining an optimized charging parameter.

In step 621, the first processor 240 (or the battery gauge circuit 230) may generate a
first function for calculating loss Q. of a capacity of the battery 210. The battery
gauge circuit 230 may generate a battery model associated with an SOH of the battery
210 based on state information of the battery 210. For example, the first processor 240
may calculate the loss Q. of the capacity of the battery 210 using Equation (1) as

follows.
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[Math.1]

tconst

Quoss(t) = j

0

t
[seidt — j [seidt
0

..... ()
The loss Q,.(t) of the capacity of the battery 210 at the left-hand side of Equation (1)

above may denote loss of a capacity of an undated battery degradation model. i,; may
denote current which flows by a solid electrolyte interphase (SEI) generated in an
internal electrode of the battery 210. t.,, may denote a specified time. A value of in-
tegrating i; until the specified time may denote the loss of the capacity of the battery
degradation model of the specified time. i; may be calculated by Equation (2) as
follows.

[Math.2]

- —axF
lsei = —losei * exp( R+T * nsei)

i may denote exchange current density, a may denote an ambipolar charge
movement coefficient, R may denote a gas constant, F may denote a Faraday constant,
and T may denote a temperature of the battery 210, measured by a measurement
module 233 included in the battery gauge circuit 230. 1, may be obtained by Equation
(3) as follows.

[Math.3]

n .=77n+Un_Usei

set

U, and U,; may denote negative equilibrium potential and equilibrium potential of an
SEI reaction, respectively. 1, may be obtained by Equation (4) as follows.
[Math.4]

R*T . <itotal - isei)
n = * asinh | ——————

n a * * iO,n

o may denote an ambipolar charge movement coefficient, and R, T, and F may be the
same as R, T, and F of Equation (2). i, may denote negative exchange current density,
and 1., may denote a current of the battery 210, measured by the measurement module
233 included in the battery gauge circuit 230. Thus, i; may be obtained by the
Equation (5) as follows.
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[130] ... (5)
[131] Thus, the first processor 240 may substitute Equation (5) into iy; of Equation (1) to

[132]
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generate the first function for calculating the loss Q,, of the capacity of the battery
210.

Referring back to FIG. 6a, in step 621, the first processor 240 (or the battery gauge
circuit 230) may generate a second function for setting a specified constraint condition
g of charging of the battery 210, such as by setting a condition where the SOC of the
battery meets a specified SOC to the specified constraint condition g during a specified
time using Equation (6) as follows.

[Math.6]

g= SOC(tconst) - SOCconst =0

t.onse may denote the specified time, and SOC(t...s) may denote an SOC of the
specified time. SOC,,,s may denote the specified SOC. The first processor 240 may set
the battery 210 to be charged to 100% in a maximum time tmax.

The first processor 240 (or the battery gauge circuit 230) may generate a battery
model (or model data) (e.g., a battery degradation model) for predicting a state of the
battery 210. The battery model may be represented as, for example, a specified
function f, and the specified function f may be defined as a plurality of functions f; to f
~ for accomplishing a specified purpose. In other words, the function f indicating the
battery model may be represented in Equation (7) as follows.

[Math.7]

f=h+o++ [y

For example, in step 623, the first processor 240 may generate a third function (e.g.,
f) for a battery model capable of predicting loss of a capacity of the battery 210 under a
specified constraint condition based on the first function (e.g., f;) and the second
function (e.g., f). The third function may be a Lagrange function L generated by
Equation (8) as follows.

[Math.8]

L = Qpss ) + Ly * (SOC(tconst) - SOCconst)
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capacity of the battery 210 predicts loss. Functions f; to fy for accomplishing a
specified purpose may be replaced or added to the Lagrange function L. For example,
Equation (9) below may be added to calculate a value quickly optimized in an opti-
mization process using the Lagrange function L.

[Math.9]

fs =0 (7 + 1,%)

I, and I, may denote variables for calculating a charging parameter (e.g., current I). o
may be determined based on a minimum value of the charging parameter for charging
the battery 210. The minimum value of the charging parameter may be, for example,
the lowest current value capable of being set to charge the battery 210.

In step 630, the first processor 240 (or the battery gauge circuit 230) may determine
an optimized charging parameter using the third function. For example, the first
processor 240 may determine a charging parameter for minimizing loss of a capacity
of the battery 210 under a specified constraint condition, such as determining at least
one of a current value | or a voltage value V supplied to the battery 210 as the charging
parameter using the charging circuit 220 such that the loss of the capacity of the
battery 210 meets a specified condition, such as a minimum value of the loss of the
capacity of the battery 210.

In step 633, the first processor 240 may calculate an amount of change in a variable
of a charging parameter using the third function. The first processor 240 may calculate
a charging parameter (e.g., a charging current I) using Equation (10) as follows.
[Math.10]

I:I]__Iz*t

I, and I, may denote variables for determining the charging parameter I. In other
words, I; and I, may determine a shape where the charging parameter I is changed. The
first processor 240 may determine I, and I, such that the loss Qs of the capacity of the
battery 210 is minimal under the specified constraint condition g using Equation (11)
as follows.

[Math.11]

rIniIn L = Qpss (t) + L, * (SOC(tconst) - SOCconst)
1,42
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The first processor 240 may substitute Equation (9) into i; of the first function for
calculating the loss Q. of the capacity of the battery 210 and may calculate a
Gradients matrix VL and a Hessian matrix H using Equation (12) below by using [,

and I, as a plurality of variables for the first function.

[Math.12]
oL 0%L 0%L 0%L
al, 0,01, 01,81, 01,0L,
oL 0°L 0%L 0%L

VL =| — H =
al, 3,01, 01,01, 0dl,0L,
oL 0%L 0L 0%L
a1y oL,01, 0L,0I, 0L,0L,
..... (12)

The first processor 240 may calculate an amount Al, of change of I,, an amount Al,
of change of I,, and an amount AL, of change of L, using Equation (13) as follows.
[Math.13]

dl,
<d12) = —H1xVL
dL,

In step 633, the first processor 240 may calculate (or update) variables I1 and 12 of a
charging parameter and a variable Lx of the Lagrange function L using Equation (14)

as follows.
[Math.14]

11=11+d11 12=12+d12 Lx=Lx+de

For example, variables (e.g., I; and L) for calculating a charging parameter may
increase the number of the variables (e.g., I=1; - I, * t - I; * t?). The number of the
charging parameters may be determined according to performance of a processor
which calculates the variables. For example, a charging voltage V as well as a charging
current I may be set to a charging parameter.

In step 6335, the first processor 240 may determine whether each of the variables I,
and I, of the charging parameter converges. For example, the first processor 240 may
determine whether each of the amounts Al; and AL of change in the variables I; and I,
of the charging parameters is less than or equal to a specified amount of change to

determine whether each of the variables I, and I, of the charging parameter converges.
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When each of the variables I, and I, of the charging parameter does not converge (e.g.,
when each of the amounts Al; and AL of change in the variables I, and I, of the
charging parameter is greater than the specified amount of change) (No), the first
processor 240 may return to step 633 and re-calculate the amounts Al and Al of
change in the variables I; and I, of the charging parameter.

When each of the variables I; and I, of the charging parameter converges (e.g., when
each of the amounts Al, and Al of change in the variables I, and I, of the charging
parameter is less than or equal to the specified amount of change) (Yes), in step 640,
the first processor 240 may calculate (or update) the charging parameter I using the
calculated variables I; and I, of the charging parameter.

The first processor 240 (or the battery gauge circuit 230) may set an initial value and
may calculate an optimized variable of the charging parameter. A time taken for the
first processor 240 to calculate the optimized variable depending on the initial value
may be increased. The first processor 240 may calculate the optimized variable of the
charging parameter using a third function (e.g., f or L) of Equation (15) below
including a function (e.g., f5) of Equation (9) to reduce the time taken.

[Math.15]

L = Quoss(0) + 0 % (1% + 1,%) + Ly % (SOC(teonst) — SOCeonst)

In other words, the first processor 240 may calculate a charging parameter for
minimizing loss of a capacity of the battery 210 using Equation (16) as follows.
[Math.16]

14,1

Leconst t
min L = f [go; At — f ige; At + 0 % (I;* + 1,%) + Ly * (SOC(teonse) — SOCconst)
0 0

In step 650, the first processor 240 may update the optimized variable of the charging
parameter at a specified period (e.g., 10 seconds) and may determine whether a
specified time elapses. When the specified time elapses (Yes), in step 610, the first
processor 240 may verify a state of the battery 210 through the battery gauge circuit
230. When the specified time does not elapse (No), in step 650, the first processor 240
may repeatedly verify whether the specified time elapses. The specified period may be
determined according to, for example, performance of the processor which calculates
the charging parameter.

When generating a battery model (or model data) (e.g., a battery degradation model),
the first processor 240 may filter and estimate a model parameter (e.g., a resistance

value of the battery 210) based on generating the battery model and may generate the
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battery model using the estimated model parameter. In other words, the first processor
240 may filter a model parameter for generating a battery model based on state in-
formation of the battery 210 and may generate the battery model based on the model
parameter. A method for filtering the model parameter may be applied when a
specified constraint condition capable of being included in the battery model is related
to a voltage of the battery 210. A filter for filtering the model parameter may be, for
example, a Kalman filter.

The first processor 240 may optimize a time when the battery 210 is charged, and
may optimize a charging parameter such that a charging state of the battery 210 is a
specified value or more in a specified time, or such that a charging state of the battery
210 is maximal.

The battery gauge circuit 230 may determine a charging parameter rather than the
first processor 240. As described with reference to FIGS. 2 and 3, the method for de-
termining the charging parameter at the battery gauge circuit 230 may be similar to a
method of the first processor 240.

FIG. 6b illustrates a method for changing a charging parameter of an electronic
device and charging a battery according to an embodiment.

Referring to FIG. 6b, an electronic device 200 may update a charging parameter of a
charging circuit 220 of FIG. 2 from a first charging parameter to a second charging
parameter and may charge a battery 210 of FIG. 2 using the updated charging
parameter.

In step 610', the electronic device 200 may charge the battery 210 using the charging
circuit 220 set by the first charging parameter.

In step 620', the electronic device 200 may determine state information corre-
sponding to a state of the battery 210. For example, the electronic device 200 may
obtain data about the state of the battery 210 through a battery gauge circuit 230 of
FIG. 2 and may determine the state information corresponding to the state.

In step 630', the electronic device 200 may determine the second charging parameter
for maintaining an SOH of the battery 210. For example, the electronic device 200 may
determine the second charging parameter based on the state information of the battery
210.

In step 640', the electronic device 200 may charge the battery 210 using the charging
circuit 220 set by the second charging parameter.

FIGS. 7 and § illustrate a current and voltage of each of an adaptive charging method
of an electronic device and a CCCV charging method according to an embodiment of
the present disclosure.

Referring to FIGS. 7 and 8, an adaptive charging method (ADAPTIVE) of an
electronic device 200 of FIG. 2 may verify a state of a battery 210 of FIG. 2 ata
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specified period and may determine a charging parameter depending on the state of the
battery 210, verified at the specified period, thus charging the battery 210 using the de-
termined charging parameter. The CCCV charging method may charge a battery with a
specified current (or a constant current) before a specified time and may charge the
battery while maintaining a specified voltage (or a constant voltage) after the specified
time.

Referring to FIG. 7, when a charging current is supplied to the battery 210, a
charging voltage may be supplied to the battery 210. Since the adaptive charging
method (ADAPTIVE) of the electronic device 200 determines the charging parameter
depending on the state of the battery 210, this method may take less time when
supplying a maximum charging current to the battery 210 than the CCCV charging
method (CCCV). Referring to FIG. 8, the adaptive charging method (ADAPTIVE) of
the electronic device 200 may take less time when a maximum voltage is supplied to
the battery 210 than the CCCV charging method (CCCV). Thus, since a time when a
maximum current and a maximum voltage are supplied to the battery 210 is reduced,
the adaptive charging method (ADAPTIVE) of the electronic device 200 may prevent
deterioration in performance of the battery 210 (e.g., reduction of a capacity of the
battery 210).

FIG. 9 illustrates an SOC of a battery depending on an adaptive charging method of
an electronic device and a CCCV charging method according to an embodiment of the
present disclosure.

Referring to FIG. 9, an adaptive charging method (ADAPTIVE) of an electronic
device 200 of FIG. 2 may have a lower increase rate in an SOC of a battery 210 of
FIG. 2 than a CCCV charging method, but may take a similar amount of time when the
battery 200 is charged to 100% to the CCCV charging method. Thus, the adaptive
charging method (ADAPTIVE) of the electronic device 200 may prevent deterioration
in performance of the battery 210 and may take a similar amount of time to charge the
battery 210 to the CCCV charging method (CCCV).

FIG. 10 illustrates an SOH of a battery according to a charging and discharging cycle
of an adaptive charging method of an electronic device and a CCCV charging method
according to an embodiment of the present disclosure.

Referring to FIG. 10, reduction of a capacity of a battery 210 of FIG. 2 according to
an adaptive charging method (ADAPTIVE) of an electronic device 200 of FIG. 2 may
be less than reduction of a capacity of a battery according to a CCCV charging method
(CCCV). Comparing the adaptive charging method (ADAPTIVE) of the electronic
device 200 with the CCCV charging method (CCCV) with respect to a specified
remaining capacity of a battery, the battery 210 may be maintained at greater than or

equal to the specified remaining capacity in the adaptive charging method
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(ADAPTIVE) of the electronic device 200 after the battery 210 is charged 1000 times
or more (cycles), but the battery may be rapidly reduced to the specified remaining
capacity or less in the CCCV charging method after the battery is charged 400 times.
Thus, an SOH of the battery 210 according to the adaptive charging method
(ADAPTIVE) of the electronic device 200 may be longer than an SOH of the battery
according to the CCCV charging method.

The electronic device 200 according to embodiments herein may minimize loss of a
capacity of the battery 210 and may avoid supply of an excessive current or voltage to
the battery 210 by verifying a state of the battery 210, determining a charging
parameter based on the state, and charging the battery 210 depending on the charging
parameter. Thus, the electronic device 200 may safely charge the battery 210.

An SOH of a rechargeable battery may be relatively increased, and the electronic
device may reduce additional power consumption as a main processor and a sub-
processor of the electronic deice 200 complement each other to calculate a charging
parameter depending on an amount of calculation (or power consumption) for cal-
culating the charging parameter for charging the battery 210.

According to embodiments, at least a part of an apparatus (e.g., modules or functions
thereof) or a method (e.g., operations) may be implemented by instructions stored in a
computer-readable storage media in the form of a program module. The instruction,
when executed by a processor, may cause the processor to perform a function corre-
sponding to the instruction. The computer-readable recording medium may include a
hard disk, a floppy disk, a magnetic media (e.g., a magnetic tape), an optical media
(e.g., a compact disc read only memory (CD-ROM) and a digital versatile disc (DVD),
a magneto-optical media (e.g., a floptical disk)), an embedded memory, and the like.
The one or more instructions may contain a code made by a compiler or a code ex-
ecutable by an interpreter.

A method performed by a program stored in a storage medium according to em-
bodiments may include charging a battery using a charging circuit set by a first
charging parameter, determining state information corresponding to a state of the
battery based on data associated with the state of the battery, obtained using a mea-
surement circuit, determining a second charging parameter for maintaining an SOH of
the battery based on the state information, and charging the battery using the charging
circuit set by the second charging parameter.

In the method performed by the program stored in the storage medium according to
embodiments, the determined second charging parameter may include at least one of a
current value and a voltage value supplied to the battery using the charging circuit such
that loss of a capacity of the battery meets a specified condition.

Each element (e.g., a module or a program module) according to embodiments may



26

WO 2018/190694 PCT/KR2018/004378

[194]

be composed of single entity or a plurality of entities, a part of the above-described
sub-elements may be omitted or may further include other sub-elements. Alternatively
or additionally, after being integrated in one entity, some elements (e.g., a module or a
program module) may identically or similarly perform the function executed by each
corresponding element before integration. Operations executed by modules, program
modules, or other elements may be executed by a successive method, a parallel
method, a repeated method, or a heuristic method, or at least one part of operations
may be executed in different sequences or omitted. Other operations may be added.

While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

An electronic device, comprising:

a battery;

a charging circuit configured to charge the battery;

a measurement circuit configured to measure a state of the battery; and
a processor configured to be electrically connected with the battery, the
charging circuit, and the measurement circuit,

wherein the processor is configured to:

charge the battery using the charging circuit set by a first charging
parameter;

determine state information corresponding to the state of the battery
based on data associated with the state of the battery, the state being
obtained using the measurement circuit;

determine a second charging parameter for reducing loss of a capacity
of the battery based on the state information; and

charge the battery using the charging circuit set by the second charging
parameter.

The electronic device of claim 1,

wherein the processor is further configured to determine at least one of
a current value or a voltage value supplied to the battery as the second
charging parameter using the charging circuit, such that the loss of the
capacity of the battery meets a specified condition.

The electronic device of claim 1,

wherein the processor is further configured to generate model data as-
sociated with the loss of the capacity of the battery based on at least a
portion of the state information before determining the second charging
parameter.

The electronic device of claim 3, wherein the processor is further
configured to:

generate, as at least a portion of generating the model data, a first
function for calculating the loss of the capacity of the battery based at
least in part on the state information;

generate a second function for setting a charging condition of the
battery; and

generate a third function for predicting the loss of the capacity of the
battery in a state in which the charging condition is met, based on at

least one of the first function and the second function.
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The electronic device of claim 4, wherein the charging condition is
when a state of charge (SOC) of the battery meets a specified SOC
during a specified time.

The electronic device of claim 3, wherein the processor is further
configured to:

filter a model parameter for generating the model data based at least in
part on the state information; and

generate the model data based at least in part on the model parameter.
The electronic device of claim 1, wherein the processor is configured to
verify the state information and determine the second charging
parameter per specified period.

The electronic device of claim 1, wherein the measurement circuit is
configured to perform at least some operations performed before
charging the battery by the processor, when a load of the processor
meets a specified condition.

The electronic device of claim 1, wherein the state information
comprises at least one of information associated with a voltage of the
battery, a current of the battery, an SOC of the battery, an open-circuit
voltage (OCV) of the charging circuit, and a capacity of the battery.
An electronic device, comprising:

a battery;

a charging circuit; and

a measurement circuit configured to be electrically connected with the
battery and the charging circuit,

wherein the measurement circuit is configured to:

charge the battery using the charging circuit set by a first charging
parameter;

determine state information corresponding to a state of the battery
based on data associated with the state of the battery;

determine a second charging parameter for reducing loss of a capacity
of the battery based on the state information; and

charge the battery using the charging circuit set by the second charging
parameter.

The electronic device of claim 10, wherein the measurement circuit is
further configured to determine at least one of a current value and a
voltage value supplied to the battery as the second charging parameter
using the charging circuit, such that the loss of the capacity of the

battery meets a specified condition.
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The electronic device of claim 10, wherein the measurement circuit is
further configured to generate model data associated with the loss of
the capacity of the battery based at least in part on the state information
before determining the second charging parameter.

The electronic device of claim 12, wherein the measurement circuit is
further configured to:

generate, as at least a portion of generating the model data, a first
function for calculating the loss of the capacity of the battery based at
least in part on the state information;

generate a second function for setting a charging condition of the
battery, and

generate a third function for predicting the loss of the capacity of the
battery in a state in which the charging condition is met, based on at
least one of the first function and the second function.

The electronic device of claim 13, wherein the charging condition is
when an SOC of the battery meets a specified SOC during a specified
time.

The electronic device of claim 12, wherein the measurement circuit is
further configured to:

filter a model parameter for generating the model data based at least in
part on the state information; and

generate the model data based at least in part on the model parameter.
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[Fig. 4]
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[Fig. 6b]
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[Fig. 8]
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[Fig. 10]
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