w0 2020/091419 A1 | NI H000 VKO0 A0 0 0

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

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/091419 Al

07 May 2020 (07.05.2020) WIPOIPCT

(51) International Patent Classification:
H02J 50/10 (2016.01) H02J 50/80 (2016.01)

(21) International Application Number:
PCT/KR2019/014477

(22) International Filing Date:
30 October 2019 (30.10.2019)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10-2018-0131687 31 October 2018 (31.10.2018) KR

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.
[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR).

(72)

(74)

@81)

Inventors: LEE, Woochul; 129, Samsung-ro, Yeong-
tong-gu, Suwon-si, Gyeonggi-do 16677 (KR). JEONG,
Eunsu; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR). CHO, Byunghun; 129, Sam-
sung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do 16677
(KR). JEONG, Mihyun; 129, Samsung-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do 16677 (KR). JUNG, Minsung;
129, Samsung-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do
16677 (KR). JUNG, Woocheol; 129, Samsung-ro, Yeong-
tong-gu, Suwon-si, Gyeonggi-do 16677 (KR). CHOI,
Jaewoong; 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do 16677 (KR).

Agent: BAE, KIM & LEE IP GROUP; 11th Floor, 343,
Gangnam-daero, Seocho-gu, Seoul 06626 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(54) Title: ELECTRONIC DEVICE FOR CHARGING BATTERIES OF A PLURALITY OF PORTIONS

300

—  FIRST COMMUNICATION MODULE 311

SECOND COMMUNICATION MODULE 321 |+

FIRST BATTERY 312 EIRST
POWER
TRANSFER
FIRST POWER MODULE
MANAGEMENT 315
MODULE 313

FIRST PROCESSOR
314

FIRST PORTION 310

SECOND SECOND BATTERY 322
POWER
TRANSFER
MODULE SECOND POWER
325 MANAGEMENT
MODULE 323

SECOND PROCESSOR
324

SECOND PORTION 320

(57) Abstract: A first electronic device is provided. The first electronic device, comprises a first communication module, a first battery
configured to supply power to the first electronic device, a first power management module connected and configured to control the first
battery, a first power transfer module, and a first processor operationally connected with the first communication module, the first power
management module, and the first power transfer module, wherein the first communication module is configured to identify a remaining
capacity of a second battery in the second electronic device, and wherein the first processor is configured to, when a remaining capacity
of the first battery is greater than the remaining capacity of the second battery by greater than or equal to a specified threshold value,
transfer at least a portion of the power of the first battery to the second electronic device using the first power transfer module.

[Continued on next page]



WO 2020/091419 A | [I 0000000000 TS0 O

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
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, CIL, 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))



[2]

[3]

[4]

[5]

[6]

WO 2020/091419 PCT/KR2019/014477

Description
Title of Invention: ELECTRONIC DEVICE FOR CHARGING

BATTERIES OF A PLURALITY OF PORTIONS
Technical Field

The disclosure relates to technologies of charging a battery included in each of a
plurality of portions in an electronic device having the plurality of portions.
Background Art

An electronic device may be comprised of a plurality of portions. Each of the
plurality of portions may have a battery. The batteries may be charged and discharged
independently of each other. Each of the plurality of portions may independently
operate in a wireless environment using the battery.

In general, it is necessary for a charging device, connected with an external power
supply, for supplying electrical energy to the battery of each of the plurality of portions
to charge the battery. The charging device and each of the plurality of batteries are
equipped with a power transfer circuit such as an induction coil. The charging device
may charge each of the batteries until each of the batteries is fully charged using the

power transfer circuit.
Disclosure of Invention

Technical Problem

An electronic device may use a battery of each of a plurality of portions without rec-
ognizing or identifying a battery level or a use time among the plurality of portions.
Although there should be batteries respectively corresponding to the plurality of
portions, the electronic device may operate. When a wired or wireless interface capable
of transmitting and receiving information about battery remaining capacity is not
provided among the plurality of portions, a battery included in any one portion among
a plurality of batteries respectively included in a plurality of modules may first be
discharged. Although there is the remaining capacity of each of other batteries, when
one battery is fully discharged, it is unable to use the entire electronic device.

Aspects of the 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 disclosure is to provide an electronic device for addressing the above-
mentioned problems and issues raised in the disclosure.

Solution to Problem

In accordance with an aspect of the disclosure, a first electronic device is provided.

The first electronic device, comprises a first communication module, a first battery

configured to supply power to the first electronic device, a first power management
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module connected and configured to control the first battery, a first power transfer
module, and a first processor operationally connected with the first communication
module, the first power management module, and the first power transfer module,
wherein the first communication module is configured to identify a remaining capacity
of a second battery in the second electronic device, and wherein the first processor is
configured to, when a remaining capacity of the first battery is greater than the
remaining capacity of the second battery by greater than or equal to a specified
threshold value, transfer at least a portion of the power of the first battery to the second
electronic device using the first power transfer module.

In accordance with another aspect of the disclosure, a first electronic device is
provided. The first electronic device, comprises a first communication module, a first
battery configured to supply power to the first electronic device, a first power
management module configured to control the first battery, a first power transfer
module, and a first processor operationally connected with the first communication
module, the first power management module, and the first power transfer module,
wherein, when the first battery is fully charged, the first communication module is
configured to identify a remaining capacity of a second battery in a second electronic
device and the first processor is configured to transfer at least a portion of the power of
the first battery to the second electronic device using the first power transfer module.

In accordance with another aspect of the disclosure, an apparatus is provided. The
apparatus may include a first electronic device and a second electronic device de-
tachably connected with at least a partial region of the first electronic device. The first
electronic device may include a first combination member, a first coil, a first commu-
nication module, a first battery configured to supply power to the first electronic
device, a first power transfer module configured to transfer at least a portion of the
power of the first battery to the second portion, a first power reception module
configured to receive power from the second electronic device and charge the first
battery, and a first processor operationally connected with the first communication
module, the first power reception module, and the first power transfer module. The
second electronic device may include a second combination member, a second coil, a
second communication module, a second battery configured to supply power to the
second electronic device, a second power transfer module configured to transfer at
least a portion of the power of the second battery to the first portion, a second power
reception module configured to receive power from the first portion and charge the
second battery, and a second processor operationally connected with the second com-
munication module, the first power transfer module, and the second power reception
module. The second electronic device may be combined with the at least partial region

of the first portion using the first combination member and the second combination
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member, and the first coil and the second coil may be disposed adjacent to each other.
The first processor or the second processor may be configured to identify a first level
which is remaining capacity of the first battery and a second level which is remaining
capacity of the second battery and, when a difference value between the first level and
the second level is greater than or equal to a specified threshold value, transfer the at
least portion of the power of the first battery to the second portion using the first power
transfer module, the first coil, and the second coil or transfer the at least portion of the
power of the second battery to the first portion using the first second transfer module,
the first coil, and the second coil.

Advantageous Effects of Invention

According to embodiments disclosed in the disclosure, the electronic device may
include a structure capable of sharing power among the plurality of portions.

According to embodiments disclosed in the disclosure, the electronic device may
more easily control the amount of power consumed by each of the plurality of portions.

According to embodiments disclosed in the disclosure, the electronic device may
delay a time when a portion which is fully discharged among the plurality of portions
occurs, thus increasing a time when the electronic device is used.

According to embodiments disclosed in the disclosure, the electronic device may
reduce a time taken until the plurality of portions included in the electronic device are
fully charged.

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

Brief Description of Drawings

FIG. 1 is a block diagram illustrating an electronic device in a network environment
according to various embodiments;

FIG. 2 is a block diagram illustrating the power management module and the battery
according to various embodiments;

FIG. 3 is a block diagram illustrating a first portion and a second portion of an
electronic device according to an embodiment;

FIG. 4 is a flowchart illustrating a method for balancing a battery level between a
first portion and a second portion of an electronic device according to an embodiment;

FIG. 5 is a block diagram illustrating a first portion, a second portion, and a charging
device of an electronic device according to another embodiment;

FIG. 6 is a flowchart illustrating a method for balancing a battery level between a
first portion and a second portion of an electronic device according to another em-
bodiment;

FIG. 7 is a block diagram illustrating a first portion, a second portion, and a charging



WO 2020/091419 PCT/KR2019/014477

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

device of an electronic device according to another embodiment;
FIG. 8 is a block diagram illustrating a first portion of an electronic device according

to another embodiment;

FIG. 9 is a block diagram illustrating a first portion and a charging device of an
electronic device according to another embodiment;

FIG. 10a is a drawing illustrating a first portion and a second portion of an electronic
device according to an embodiment;

FIG. 10b is a drawing illustrating second portions of an electronic device according
to various embodiments;

FIG. 11a is a drawing illustrating a first portion and a second portion of an electronic
device according to an embodiment;

FIG. 11b is a drawing illustrating a charging device of an electronic device according
to an embodiment; and

FIG. 11c is a drawing illustrating a first portion, a second portion, and a charging
device of an electronic device according to an embodiment.
Mode for the Invention

FIG. 1 is a block diagram illustrating an electronic device 101 in a network en-
vironment 100 according to various embodiments. Referring to FIG. 1, the electronic
device 101 in the network environment 100 may communicate with an electronic
device 102 via a first network 198 (e.g., a short-range wireless communication
network), or an electronic device 104 or a server 108 via a second network 199 (e.g., a
long-range wireless communication network). According to an embodiment, the
electronic device 101 may communicate with the electronic device 104 via the server
108. According to an embodiment, the electronic device 101 may include a processor
120, memory 130, an input device 150, a sound output device 155, 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 commu-
nication module 190, a subscriber identification module (SIM) 196, or an antenna
module 197. In some embodiments, at least one (e.g., the display device 160 or the
camera module 180) of the components may be omitted from the electronic device
101, or one or more other components may be added in the electronic device 101. In
some embodiments, some of the components may be implemented as single integrated
circuitry. For example, the sensor module 176 (e.g., a fingerprint sensor, an iris sensor,
or an illuminance sensor) may be implemented as embedded in the display device 160
(e.g., a display).

The processor 120 may execute, for example, software (e.g., a program 140) to

control at least one other component (e.g., a hardware or software component) of the
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electronic device 101 coupled with the processor 120, and may perform various data
processing or computation. According to one embodiment, as at least part of the data
processing or computation, the processor 120 may load a command or data received
from another component (e.g., the sensor module 176 or the communication module
190) in volatile memory 132, process the command or the data stored in the volatile
memory 132, and store resulting data in non-volatile memory 134. According to an
embodiment, the processor 120 may include a main processor 121 (e.g., a central
processing unit (CPU) or an application processor (AP)), and an auxiliary processor
123 (e.g., a graphics processing unit (GPU), an image signal processor (ISP), a sensor
hub processor, or a communication processor (CP)) that is operable independently
from, or in conjunction with, the main processor 121. Additionally or alternatively, the
auxiliary processor 123 may be adapted to consume less power than the main
processor 121, or to be specific to a specified function. The auxiliary processor 123
may be implemented as separate from, or as part of the main processor 121.

The auxiliary processor 123 may control at least some of functions or states related to
at least one component (e.g., the display device 160, the sensor module 176, or the
communication module 190) among the components of the electronic device 101,
instead of the main processor 121 while the main processor 121 is in an inactive (e.g.,
sleep) state, or together with the main processor 121 while the main processor 121 is in
an active state (e.g., executing an application). According to an embodiment, the
auxiliary processor 123 (e.g., an image signal processor or a communication processor)
may be implemented as part of another component (e.g., the camera module 180 or the
communication module 190) functionally related to the auxiliary processor 123.

The memory 130 may store various data used by at least one component (e.g., the
processor 120 or the sensor module 176) of the electronic device 101. The various data
may include, for example, software (e.g., the program 140) and input data or output
data for a command related thereto. The memory 130 may include the volatile memory
132 or the non-volatile memory 134.

The program 140may be stored in the memory 130 as software, and may include, for
example, an operating system (OS) 142, middleware 144, or an application 146.

The input device 150 may receive a command or data to be used by other component
(e.g., the processor 120) of the electronic device 101, from the outside (e.g., a user) of
the electronic device 101. The input device 150 may include, for example, a mi-
crophone, a mouse, a keyboard, or a digital pen (e.g., a stylus pen).

The sound output device 155 may output sound signals to the outside of the
electronic device 101. The sound output device 155 may include, for example, a
speaker or a receiver. The speaker may be used for general purposes, such as playing

multimedia or playing record, and the receiver may be used for an incoming calls.
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According to an embodiment, the receiver may be implemented as separate from, or as
part of the speaker.

The display device 160 may visually provide information to the outside (e.g., a user)
of the electronic device 101. The display device 160 may include, for example, a
display, a hologram device, or a projector and control circuitry to control a corre-
sponding one of the display, hologram device, and projector. According to an em-
bodiment, the display device 160 may include touch circuitry adapted to detect a touch,
or sensor circuitry (e.g., a pressure sensor) adapted to measure the intensity of force
incurred by the touch.

The audio module 170 may convert a sound into an electrical signal and vice versa.
According to an embodiment, the audio module 170 may obtain the sound via the input
device 150, or output the sound via the sound output device 155 or a headphone of an
external electronic device (e.g., an electronic device 102) directly (e.g., wiredly) or
wirelessly coupled with the electronic device 101.

The sensor module 176 may detect an operational state (e.g., power or temperature)
of the electronic device 101 or an environmental state (e.g., a state of a user) external
to the electronic device 101, and then generate an electrical signal or data value corre-
sponding to the detected state. According to an embodiment, the sensor module 176
may include, for example, a gesture sensor, a gyro sensor, an atmospheric pressure
sensor, a magnetic sensor, an acceleration sensor, a grip sensor, a proximity sensor, a
color sensor, an infrared (IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an illuminance sensor.

The interface 177 may support one or more specified protocols to be used for the
electronic device 101 to be coupled with the external electronic device (e.g., the
electronic device 102) directly (e.g., wiredly) or wirelessly. According to an em-
bodiment, the interface 177 may include, for example, a high definition multimedia
interface (HDMI), a universal serial bus (USB) interface, a secure digital (SD) card
interface, or an audio interface.

A connecting terminal 178 may include a connector via which the electronic device
101 may be physically connected with the external electronic device (e.g., the
electronic device 102). According to an embodiment, the connecting terminal 178 may
include, for example, a HDMI connector, a USB connector, a SD card connector, or an
audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal into a mechanical stimulus
(e.g., a vibration or a movement) or electrical stimulus which may be recognized by a
user via his tactile sensation or kinesthetic sensation. According to an embodiment, the
haptic module 179 may include, for example, a motor, a piezoelectric element, or an

electric stimulator.
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The camera module 180 may capture a still image or moving images. According to
an embodiment, the camera module 180 may include one or more lenses, image
sensors, image signal processors, or flashes.

The power management module 188 may manage power supplied to the electronic
device 101. According to one embodiment, the power management module 188 may
be implemented as at least part of, for example, a power management integrated circuit
(PMIC).

The battery 189 may supply power to at least one component of the electronic device
101. According to an embodiment, the battery 189 may include, for example, a
primary cell which is not rechargeable, a secondary cell which is rechargeable, or a
fuel cell.

The communication module 190 may support establishing a direct (e.g., wired) com-
munication channel or a wireless communication channel between the electronic
device 101 and the external electronic device (e.g., the electronic device 102, the
electronic device 104, or the server 108) and performing communication via the es-
tablished communication channel. The communication module 190 may include one or
more communication processors that are operable independently from the processor
120 (e.g., the application processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an embodiment, the commu-
nication module 190 may include a wireless communication module 192 (e.g., a
cellular communication module, a short-range wireless communication module, or a
global navigation satellite system (GNSS) communication module) or a wired commu-
nication module 194 (e.g., a local area network (LAN) communication module or a
power line communication (PLC) module). A corresponding one of these commu-
nication modules may communicate with the external electronic device via the first
network 198 (e.g., a short-range communication network, such as Bluetooth#],
wireless-fidelity (Wi-Fi) direct, or infrared data association (IrDA)) or the second
network 199 (e.g., a long-range communication network, such as a cellular network,
the Internet, or a computer network (e.g., LAN or wide area network (WAN)). These
various types of communication modules may be implemented as a single component
(e.g., a single chip), or may be implemented as multi components (e.g., multi chips)
separate from each other. The wireless communication module 192 may identify and
authenticate the electronic device 101 in a communication network, such as the first
network 198 or the second network 199, using subscriber information (e.g., inter-
national mobile subscriber identity (IMSI)) stored in the subscriber identification
module 196.

The antenna module 197 may transmit or receive a signal or power to or from the

outside (e.g., the external electronic device) of the electronic device 101. According to
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an embodiment, the antenna module 197 may include an antenna including a radiating
element composed of a conductive material or a conductive pattern formed in or on a
substrate (e.g., PCB). According to an embodiment, the antenna module 197 may
include a plurality of antennas. In such a case, at least one antenna appropriate for a
communication scheme used in the communication network, such as the first network
198 or the second network 199, may be selected, for example, by the communication
module 190 (e.g., the wireless communication module 192) from the plurality of
antennas. The signal or the power may then be transmitted or received between the
communication module 190 and the external electronic device via the selected at least
one antenna. According to an embodiment, another component (e.g., a radio frequency
integrated circuit (RFIC)) other than the radiating element may be additionally formed
as part of the antenna module 197.

At least some of the above-described components may be coupled mutually and com-
municate signals (e.g., commands or data) therebetween via an inter-peripheral com-
munication scheme (e.g., a bus, general purpose input and output (GPI1O), serial pe-
ripheral interface (SPI), or mobile industry processor interface (MIPI)).

According to an embodiment, commands or data may be transmitted or received
between the electronic device 101 and the external electronic device 104 via the server
108 coupled with the second network 199. Each of the electronic devices 102 and 104
may be a device of a same type as, or a different type, from the electronic device 101.
According to an embodiment, all or some of operations to be executed at the electronic
device 101 may be executed at one or more of the external electronic devices 102, 104,
or 108. For example, if the electronic device 101 should perform a function or a
service automatically, or in response to a request from a user or another device, the
electronic device 101, instead of, or in addition to, executing the function or the
service, may request the one or more external electronic devices to perform at least
part of the function or the service. The one or more external electronic devices
receiving the request may perform the at least part of the function or the service
requested, or an additional function or an additional service related to the request, and
transfer an outcome of the performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further processing of the
outcome, as at least part of a reply to the request. To that end, a cloud computing, dis-
tributed computing, or client-server computing technology may be used, for example.

FIG. 2 is a block diagram 200 illustrating the power management module 188 and
the battery 189 according to various embodiments. Referring to FIG. 2, the power
management module 188 may include charging circuitry 210, a power adjuster 220, or
a power gauge 230. The charging circuitry 210 may charge the battery 189 by using

power supplied from an external power source outside the electronic device 101.
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According to an embodiment, the charging circuitry 210 may select a charging scheme
(e.g., normal charging or quick charging) based at least in part on a type of the external
power source (e.g., a power outlet, a USB, or wireless charging), magnitude of power
suppliable from the external power source (e.g., about 20 Watt or more), or an attribute
of the battery 189, and may charge the battery 189 using the selected charging scheme.
The external power source may be connected with the electronic device 101, for
example, directly via the connecting terminal 178 or wirelessly via the antenna module
197.

The power adjuster 220 may generate a plurality of powers having different voltage
levels or different current levels by adjusting a voltage level or a current level of the
power supplied from the external power source or the battery 189. The power adjuster
220 may adjust the voltage level or the current level of the power supplied from the
external power source or the battery 189 into a different voltage level or current level
appropriate for each of some of the components included in the electronic device 101.
According to an embodiment, the power adjuster 220 may be implemented in the form
of a low drop out (LDO) regulator or a switching regulator. The power gauge 230 may
measure use state information about the battery 189 (e.g., a capacity, a number of times
of charging or discharging, a voltage, or a temperature of the battery 189).

The power management module 188 may determine, using, for example, the
charging circuitry 210, the power adjuster 220, or the power gauge 230, charging state
information (e.g., lifetime, over voltage, low voltage, over current, over charge, over
discharge, overheat, short, or swelling) related to the charging of the battery 189 based
at least in part on the measured use state information about the battery 189. The power
management module 188 may determine whether the state of the battery 189 is normal
or abnormal based at least in part on the determined charging state information. If the
state of the battery 189 is determined to abnormal, the power management module 188
may adjust the charging of the battery 189 (e.g., reduce the charging current or voltage,
or stop the charging). According to an embodiment, at least some of the functions of
the power management module 188 may be performed by an external control device
(e.g., the processor 120).

The battery 189, according to an embodiment, may include a protection circuit
module (PCM) 240. The PCM 240 may perform one or more of various functions (e.g.,
a pre-cutoff function) to prevent a performance deterioration of, or a damage to, the
battery 189. The PCM 240, additionally or alternatively, may be configured as at least
part of a battery management system (BMS) capable of performing various functions
including cell balancing, measurement of battery capacity, count of a number of
charging or discharging, measurement of temperature, or measurement of voltage.

According to an embodiment, at least part of the charging state information or use
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state information regarding the battery 189 may be measured using a corresponding
sensor (e.g., a temperature sensor) of the sensor module 176, the power gauge 230, or
the power management module 188. According to an embodiment, the corresponding
sensor (e.g., a temperature sensor) of the sensor module 176 may be included as part of
the PCM 240, or may be disposed near the battery 189 as a separate device.

FIG. 3 is a block diagram illustrating a first electronic device 310 and a second
electronic device 320 of an apparatus 300 according to an embodiment.

In an embodiment, the apparatus 300 may include the first electronic device 310 and
the second electronic device 320 capable of being detachably connected or separated
from the first electronic device 310. The first electronic device 310 and the second
electronic device 320 may correspond to at least some 310 and 320 of a plurality of
portions included in the electronic device 300. Furthermore, each of the first electronic
device 310 and the second electronic device 320 may include at least some of
components constituting an electronic device 101, described with reference to FIG. 1.
The apparatus 300 may be used or charged in a state where each of the plurality of
portions is combined or separated.

In an embodiment, the first electronic device 310 may include a first communication
module 311, a first battery 312, a first power management module 313, a first
processor 314 (the term "processor” shall be understood to mean at least one
processor), and a first power transfer module 315. The second electronic device 320
may include a second communication module 321, a second battery 322, a second
power management module 323, a second processor 324, and a second power transfer
module 325. Configurations and functions of the second communication module 321,
the second battery 322, the second power management module 323, the second
processor 324, and the second power transfer module 325 may be substantially the
same as those of the first communication module 311, the first battery 312, the first
power management module 313, the first processor 314, and the first power transfer
module 315. Thus, hereinafter, a description will be given of the configurations and
functions of the first communication module 311, the first battery 312, the first power
management module 313, the first processor 314, and the first power transfer module
315, a duplicated description thereof will be omitted.

In an embodiment, the first communication module 311 may establish a wireless
communication channel and may perform wireless communication using the es-
tablished communication channel. For example, the first communication module 311
may perform wireless communication with the second communication module 321.

As an example, the first communication module 311 may communicate with the
second communication module 321 of the second electronic device 320 in an out-band

manner using an antenna or coil independent of a power transmission coil used for
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power delivery. In this case, as shown in FIG. 3, the first communication module 311
may have a physical structure independent of the first power transfer module 315. For
example, the first communication module 311 may include a transceiver that uses any
one of various short-range communication modes such as Bluetooth, wireless-fidelity
(Wi-Fi), Bluetooth low energy (BLE), and near field communication (NFC). The
second communication module 321 may also include a transceiver that uses any one of
various short-range communication modes such as Bluetooth, wireless-fidelity (Wi-Fi),
Bluetooth low energy (BLE), and near field communication (NFC).

As another example, the first communication module 311 may communicate with the
second communication module 321 in an in-band manner using the power transmission
coil. For example, the first communication module 311 may communicate with the
second communication module 321 using a power transmission coil used for power
delivery by the first power transfer module 315. In this case, unlike the configuration
shown in FIG. 3, the first communication module 311 may be structurally included in
the first power transfer module 315.

In an embodiment, the first communication module 311 may transmit information as-
sociated with the first electronic device 310. The first communication module 311 may
receive information associated with the second electronic device 320 from the second
communication module 321, or vice versa. The first communication module 311 may
obtain information associated with a charging state (e.g., a charging speed, the average
of the square root of an output voltage, intensity of an output current, or information
indicating whether charging related abnormality occurs) from the second commu-
nication module 321. The first communication module 311 may transmit and receive
information associated with the first battery 312 and the second battery 322 with the
second communication module 321. For example, the first communication module 311
may transmit a remaining capacity of the first battery 312 (first level) to the second
communication module 321 and may receive a remaining capacity of the second
battery 322 (second level) from the second communication module 321.

In an embodiment, the first communication module 311 may be operationally
connected with the first processor 314. Operation connection may include connection
via a bus or direct connection. The first communication module 311 may deliver the
received information to the first processor 314. For example, the first communication
module 311 may deliver the second level which is the remaining capacity of the second
battery 322, received from the second communication module 321, to the first
processor 314.

In an embodiment, the first battery 312 may supply power to the first electronic
device 310. The first battery 312 may be controlled by the first power management
module 313. The first battery 312 may transfer at least a portion of its power to the first
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power transfer module 315.

In an embodiment, the first power management module 313 may control the first
battery 312. The first power management module 313 may control a charging or power
output operation of the first battery 312. The first power management module 313 may
deliver the first level which is the remaining capacity of the first battery 312 to the first
processor 314. The first power management module 313 may receive information as-
sociated with a driving state of the first electronic device 310 from the first processor
314. The first power management module 313 may analyze a power supply state of the
first electronic device 310. The first power management module 313 may set the
amount or distribution of power supplied to the first electronic device 310 by the first
battery 312.

In an embodiment, the first processor 314 may be operationally connected with the
first communication module 311, the first power management module 313, and the
first power transfer module 315. The first processor 314 may control to drive the first
electronic device 310. The first processor 314 may compare the transmitted first level
with the transmitted second level. The first processor 314 may be configured such that
the first power management module 313 controls a power output of the first battery
312 based on the transmitted first and second levels. The first processor 314 may
control whether to operate the first power transfer module 315, based on the
transmitted first and second levels.

In an embodiment, the first power transfer module 315 may be connected with the
first battery 312 and the first processor 314. The first power transfer module 315 may
be selectively operated under control of the first processor 314. The first power transfer
module 315 may transfer at least a portion of the power of the first battery 312 to the
second portion 310. For example, the first power transfer module 315 may transfer at
least a portion of the power of the first battery 312 to the second power transfer module
325. The first power transfer module 315 may include a power transmission coil which
transmits power to the outside. Furthermore, the first power transfer module 315 may
further include a power reception coil capable of receiving power from the outside.
The first power transfer module 315 may receive at least a portion of the power of the
second battery 322 from the second power transfer module 325. The power
transmission coil and the power reception coil of the first power transfer module 315
may be implemented as a single coil or separate coils.

In an embodiment, when a difference value between the first level and the second
level is greater than or equal to a specified threshold value, the first processor 314 or
the second processor 324 may be configured to transfer at least a portion of the power
of the first battery 312 to the second electronic device 320 using the first power

transfer module 315 or transfer at least a portion of the power of the second battery 322
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to the first electronic device 310 to the first electronic device 310 using the second
power transfer module 325. For example, the first processor 314 or the second
processor 324 may be configured to, when the difference value between the first level
and the second level is greater than or equal to the specified threshold value, reduce the
difference value between the first level and the second level.

FIG. 4 is a flowchart 400 illustrating a method for balancing a battery level between
a first electronic device 310 and a second electronic device 320 of an electronic device
300 according to an embodiment.

In the electronic device 300 according to an embodiment, in operation 410, a first
processor 314 of FIG. 3 may identify a first level which is a level of a first battery 312
of FIG. 3 using a first power management module 313 of FIG. 3 and a second
processor 324 of FIG. 3 may identify a second level which is a level of a second
battery 322 of FIG. 3 using a second power management module 323 of FIG. 3. For
example, at a specified time interval while the electronic device 300 is driven or
charged, the first processor 314 may identify the batter remaining capacity of a first
electronic device 310 of FIG. 3 and the second processor 324 may identify the battery
remaining capacity of a second electronic device 320 of FIG. 3.

In the electronic device 300 according to an embodiment, in operation 420, the first
processor 314 may identify the second level and the second processor 324 may identify
the first level, using a first communication module 311 and a second communication
module 321 of FIG. 3. For example, the first communication module 311 and the
second communication module 321 may perform wireless communication at a
specified time interval while the electronic device 300 is driven or charged. The first
communication module 311 may deliver the first level to the second communication
module 321, and the second communication module 321 may deliver the second level
to the first communication module 311. The first processor 314 may receive the second
level from the first communication module 311 to identify the battery remaining
capacity of the second electronic device 320, and the second processor 324 may
receive the first level from the second communication module 321 to identify the
battery remaining capacity of the first electronic device 310.

In an embodiment, in operation 420, the first processor 314 or the second processor
324 may determine a power transfer direction. For example, when the first electronic
device 310 is set as a master and when the second electronic device 320 is set as a
slave, the first communication module 311 may receive the second level from the
second communication module 321. The first processor 314 may compare the first
level with the second level and may determine a power transfer direction between the
first electronic device 310 and the second electronic device 320. The first processor

314 may transmit a power control instruction to the second communication module
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321 using the first communication module 311. The second processor 324 may
perform power transfer between the first electronic device 310 and the second
electronic device 320 in response to the power control instruction.

In operation 430, the electronic device 300 according to an embodiment may
determine whether the first level is higher than the second level by a threshold value or
more. The first processor 314 or the second processor 324 may be configured to have a
specified threshold value. The first processor 314 or the second processor 324 may
compare the first level with the second level. When the first level is higher than the
second level, the first processor 314 or the second processor 324 may determine
whether a value obtained by subtracting the second the from the first level has a value
greater than the threshold value.

When the first level is higher than the second level by the threshold value or more, in
operation 440, the electronic device 300 according to an embodiment may transfer at
least a portion of the power of the first battery 312 to the second electronic device 320
using the first power transfer module 315.

When the first level is not higher than the second level by the threshold value or
more, in operation 450, the electronic device 300 according to an embodiment may
determine whether the second level is higher than the second level by the threshold
value or more. The first processor 314 or the second processor 324 may compare the
first level with the second level. When the second level is higher than the second level,
the first processor 314 or the second processor 324 may determine whether a value
obtained by subtracting the first level from the second level has a value greater than the
threshold value.

When the second level is higher than the first level by the threshold value or more, in
operation 460, the electronic device 300 according to an embodiment may transfer at
least a portion of the power of the second battery 322 to the second portion 310 using
the second power transfer module 325.

In an embodiment, the first processor 314 or the second processor 324 may be
configured to control a difference value between the first level and the second level to
the threshold value or less. When the difference value between the first level and the
second level is greater than or equal to the threshold value, the first processor 314 or
the second processor 324 may be configured to deliver power from a portion with a
high level to a portion with a low level to reduce the difference value between the first
level and the second level. The first processor 314 or the second processor 324 may
perform a balancing task for balancing a battery level between the first electronic
device 310 and the second electronic device 320.

FIG. 5 is a block diagram illustrating a first electronic device 510, a second

electronic device 520, and a charging device 530 of an electronic device 500 according
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to another embodiment.

In an embodiment, the first electronic device 510 may include a first battery 312, a
first power management module 313, a first processor 314, a first power transfer
module 315, a first power inverter 511, a first rectifier circuitry 512, a first transmit
coil 513, a first charging coil 514, and a first receive coil 515. Because configurations
and functions of the first battery 312, the first power management module 313, the first
processor 314, and the first power transfer module 315 are substantially the same as
those of a first battery 312, a first power management module 313, a first processor
314, and a first power transfer module 315, described with reference to FIG. 3,
hereinafter, a description duplicated by the components described with reference to
FIG. 3 will be omitted.

In an embodiment, the second electronic device 520 may include a second battery
322, a second power management module 323, a second processor 324, a second
power transfer module 325, a second power inverter 521, a second rectifier circuitry
522, a second transmit coil 523, a second charging coil 524, and a second receive coil
525. Because it is able for functions of the components constituting the second
electronic device 520 to substantially the same as those of the components constituting
the first electronic device 510, hereinafter, a description duplicated by the components
described in the first electronic device 510 will be omitted.

In an embodiment, a charging device 530 may include a power transfer system 531,
an alternating current (AC)-direct current (DC) converter 532, a third power inverter
533, a fourth power inverter 534, a third charging coil 535, and a fourth charging coil
536.

In an embodiment, the first power inverter 511 may be connected with the first
battery 312, the second power transfer module 315, and the transmit coil 513. The first
power inverter 511 may convert at least a portion of the power of the first battery 312
into transmissible AC current based on control of the first power transfer module 315.
The first power inverter 511 may control AC current to flow in the first transmit coil
513.

In an embodiment, the first rectifier circuitry 512 may be connected with the first
power management module 313, the first charging coil 514, and the first receive coil
515. The first rectifier circuitry 512 may convert AC current transmitted from the first
charging coil 514 or the first receive coil 515 into power. The first rectifier circuitry
512 may deliver the converted power to the first power management module 313.

In an embodiment, the first transmit coil 513 may be connected with the first power
transfer module 315 and the first power inverter 5S11. The first transmit coil 513 may
receive at least a portion of the power of the first battery 312 from the first power

transfer module 315 and the first power inverter 5S11. The first transmit coil 513 may
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be coupled with the second electronic device 520 in a magnetic induction mode. For
example, the first transmit coil 513 may be coupled with the second receive coil 525 in
the magnetic induction mode. The first transmit coil 513 may transmit at least a portion
of the power of the first battery 312 to the second electronic device 520. The first
power transfer module 315 may control the amount of power transmitted from the first
transmit coil 513 or a transmission speed of the power transmitted from the first
transmit coil 513. The power transmitted from the first transmit coil 513 may be
delivered to the second rectifier circuitry 522 via the second receive coil 525.

In an embodiment, the first charging coil 514 may be connected with the first
rectifier circuitry 512. The first charging coil 514 may be coupled with the charging
device 530. For example, the first charging coil 514 may be coupled with the third
charging coil 535. The first charging coil 514 may receive power from the charging
device 530.

In an embodiment, the first receive coil 515 may be connected with the first rectifier
circuitry 512. The first receive coil 515 may be coupled with the second portion. For
example, the first receive coil 515 may be coupled with the second transmit coil 523.
The first receive coil 515 may receive at least a portion of the power of the second
battery 322 from the second electronic device 520.

In an embodiment, the power received in the first receive coil 515 may be delivered
to the first battery 312 through the first rectifier circuitry 512 and the first power
management module 313.

In an embodiment, the power transfer system 531 may be connected with the AC-DC
converter 532, the third power inverter 533, the fourth power inverter 534, the third
charging coil 535, and the fourth charging coil 536. The power transfer system 531
may control such that the third power inverter 533, the fourth power inverter 534, the
third charging coil 535, and the fourth charging coil 536 charge the first electronic
device 510 and the second electronic device 520 using the AC-DC converter 532.

In an embodiment, the AC-DC converter 532 may convert power supplied to the
charging device 530 to be delivered to the first electronic device 510 and the second
electronic device 520 using the third charging coil 535 and the fourth charging circuit
536.

In an embodiment, the third power inverter 533 may convert power transmitted from
the power transfer system 531 into transmissible AC current such that the third
charging coil 535 may charge the first electronic device 510. The third power inverter
533 may control AC current to flow in the third charging coil 535.

In an embodiment, the fourth power inverter 534 may convert power transmitted
from the power transfer system 531 into transmissible AC current such that the fourth

charging coil 536 may charge the second electronic device 520. The fourth power
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inverter 534 may control AC current to flow in the fourth charging coil 536.

In an embodiment, the third charging coil 535 may be connected with the third power
inverter 533. The third charging coil 535 may be coupled with the first electronic
device 510. For example, the third charging coil 535 may be coupled with the first
charging coil 514. The third charging coil 535 may deliver power to the first electronic
device 510 to charge the first battery 312. The power transfer system 531 may control
the amount of power transmitted by the third charging coil 535 or a transmission speed
of the power transmitted by the third charging coil 535.

In an embodiment, the fourth charging coil 536 may be connected with the fourth
power inverter 534. The fourth charging coil 536 may be coupled with the second
electronic device 520. For example, the fourth charging coil 536 may be coupled with
the second charging coil 524. The fourth charging coil 536 may deliver power to the
second electronic device 520 to charge the second battery 322. The power transfer
system 531 may control the amount of power transmitted by the fourth charging coil
536 or a transmission speed of the power transmitted by the fourth charging coil 536.

FIG. 6 is a flowchart 600 illustrating a method for balancing a battery level between
a first electronic device 510 and a second electronic device 520 of an electronic device
500 according to another embodiment.

In operation 610, the electronic device 500 according to an embodiment may identify
a first level at its first processor 314 and may identify a second level at its second
processor 324. For example, at a specified time interval while the first electronic
device 510 and the second electronic device 520 are charged using a charging device
530 of FIG. 5, the first processor 314 may identify the battery remaining capacity of
the first electronic device 510 and the second processor 324 may identify the battery
remaining capacity of the second electronic device 520.

In operation 620, the electronic device 500 according to an embodiment may
determine whether a first battery 312 of FIG. 5 is fully charged. The first processor 314
may determine whether the first level is the maximum capacity of the first battery 312.

When the first battery 312 is fully charged, in operation 630, the electronic device
500 according to an embodiment may identify the second level which is the remaining
capacity of a second battery 322 of FIG. 5 at its first communication module 311 and
may transmit at least a portion of the power of the first battery 312 to the second
electronic device 520 at the first processor 314 using a first power transfer module 315
of FIG. 5. When the first battery 312 is fully charged, power received in the first
electronic device 510 in power transmitted from the charging device 530 may be
transferred to the second electronic device 520. The electronic device 500 may be
configured such that, when the battery 312 is fully charged, the first electronic device

510 transfers power to the second electronic device 520 to increase a speed at which
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the second battery 322 is charged. Particularly, because the charging device 530
maintains a state where it transfers power to the first electronic device 510, the first
electronic device 510 may use power charged in the first battery 312 or may transfer
power to the second electronic device 520 without discharging the first battery 312.
Thus, the electronic device 500 according to an embodiment may reduce a time taken
until the second battery 322 is charged at the same that the first battery 312 maintains a
fully charged state.

When the first battery 312 is not fully charged, in operation 640, the electronic
device 500 according to an embodiment may determine whether the second battery 322
is fully charged. The second processor 324 may determine whether the second level is
the maximum capacity of the second battery 322.

When the second battery 322 is fully charged, in operation 650, the electronic device
500 according to an embodiment may identify the first level which is the remaining
capacity of the first battery 312 at its second communication module 321 and may
transmit at least a portion of the power of the second battery 322 to the first electronic
device 510 at the second processor 324 using a second power transfer module 325 of
FIG. 5. When the second battery 322 is fully charged, power received in the second
electronic device 520 in power transferred from the charging device 530 may be
transferred to the first electronic device 510. The electronic device 500 may be
configured such that, when the second battery 322 is fully charged, the second
electronic device 520 transfers power to the first electronic device 510 to increase a
speed at which the second battery 312 is charged. Particularly, because the charging
device 530 maintains a state where it transfers power to the second electronic device
520, the second electronic device 520 may use power charged in the second battery
322 or may transfer power to the first electronic device 510 without discharging the
second battery 322. Thus, the electronic device 500 may reduce a time taken until the
first battery 312 is charged at the same time that the second battery 322 maintains a
fully charged state.

It is noted that after operation 630, the first electronic device 510 which may have
been fully charged at 620 is unlikely to be fully charged after transferring at least the
portion of power to the second electronic device 520. Similarly, after operation 650,
the second electronic device 520 which may have been fully charged at 640 is unlikely
to be fully charged after transferring at least the portion of power to the first electronic
device 510. In operation 660, the electronic device 500 according to an embodiment
may charge the first electronic device 510 and the second electronic device 520 using
the charging device 530. At a specified time interval while the electronic device 500
charges the first electronic device 510 and the second electronic device 520, the first

processor 314 may identify the first level and the second processor 324 may identify
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the second level. The electronic device 500 may charge the first electronic device 510
and the second electronic device 520 until both the first battery 312 and the second
battery 322 are fully charged. Upon charging, the electronic device 500 may perform a
balancing task for balancing a battery level between the first electronic device 510 and
the second electronic device 520. Furthermore, because it is able for the electronic
device 500 to transfer power depending on a charging situation between the first
electronic device 510 and the second electronic device 520, the electronic device 500
may reduce a time taken for all the plurality of portions 510 and 520 to be charged.

FIG. 7 is a block diagram illustrating a first electronic device 710, a second
electronic device 720, and a charging device 730 of an electronic device 700 according
to another embodiment. The first electronic device 710 may include a first battery 711,
a first power management integrated circuit (PMIC) 712, a first processor 713, a first
power generating unit 714, a first power receiving unit 715, a first switch 716 con-
trolling a first power transmission coil 716-1, a second switch 717, a third switch 718,
and a first combination member 719. Functions of the first battery 711, the first PMIC
712, the first processor 713, the first power generating unit 714, and the first power
receiving unit 715 may be substantially the same as those of a first battery 312, a first
power management module 313, a first processor 314, and a first transfer module 315,
described with reference to FIG. 3, and those of a first power inverter 511 and a first
rectifier circuitry 512, described with reference to FIG. 5. Thus, hereinafter, a de-
scription of duplicated components and functions will be omitted.

In an embodiment, the second electronic device 720 may include a second battery
721, a second PMIC 722, a second processor 723, a second power generating unit 724,
a second power receiving unit 725, a fourth switch 726 controlling a second power
transmission coil 726-1, a fifth switch 727, and a second combination member 729.
Functions of the components constituting the second electronic device 720 may be sub-
stantially the same as those of the components constituting the first electronic device
710. Thus, hereinafter, a description of duplicated components and functions will be
omitted.

In an embodiment, the charging device 730 may include a controller 731, a power
adaptor 732, a third power generating unit 733, and a fourth power generating unit 734.
The controller 731, the power adaptor 732, the third power generating unit 733, and the
fourth power generating unit 734 may be substantially the same as a power transfer
system 531, an AC-DC converter 532, a third power inverter 533, a fourth power
inverter 534, a third charging coil 535, and a fourth charging coil 536, described with
reference to FIG. 5. Thus, hereinafter, a description of duplicated components and
functions will be omitted.

In an embodiment, the first PMIC 712 may be connected with the first battery 711,
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the first processor 713, the first power generating unit 714, and the first power
receiving unit 715. The first PMIC 712 may receive power charged in the first
electronic device 710 by the charging device 730 from the first power receiving unit
715. The first PMIC 712 may charge the first battery 711 using the received power.
The first PMIC 712 may deliver the received power to the first power generating unit
714.

In an embodiment, the first switch 716 may control the first power transmission coil
716_1 (e.g., a first transmit coil 513 of FIG. 5). The first switch 716 may be connected
with the first processor 713, the first power generating unit 714, and the first power
receiving unit 715. The first switch 716 may selectively deliver an AC form of power,
transmitted at the first power generating unit 714 from the first battery 711, to the
second electronic device 720 using the power transmission coil 716_1 by selectively
forming a closed circuit (short) or open circuit. For example, the first switch 716 may
deliver power to the fourth switch 726 using the power transmission coil 716_1.

In an embodiment, the first power generating unit 714 may be included in the first
power transfer module 315 described with reference to FIG. 3. Describing it with
reference to FIGS. 3 and 7, the first switch 716 may be disposed between the first
power transfer module 315 and the first power transmission coil 716_1. When
transmitting at least a portion of the power of the first battery 711 to the second
electronic device 720, the first switch 716 may connect (short) the first power transfer
module 315 and the first power transmission coil 716_1.

In an embodiment, the second switch 717 may control a charging coil (e.g., a first
charging coil 514 of FIG. 5). The second switch 717 may be connected with the first
power receiving unit 715. The second switch 717 may selectively deliver power by
connecting (shorting) or disconnecting (open circuit) the first power receiving unit 715
to the coil, delivered from a charging device 530 of FIG. 5 to the charging coil 514, to
the first power receiving unit 715. For example, when it is necessary to charge the first
battery 711, the second switch 717 may deliver power, delivered from the charging
device 530 to the charging coil 514, to the first power receiving unit 715. For another
example, when the first battery 711 is fully charged, the first power receiving unit 715
may be disconnected from the charging device 730 using the second switch 717.

In an embodiment, the first power receiving unit 715 may be connected with the first
PMIC 712, the first processor 713, the first switch 716, the second switch 717, and the
third switch 718. The first power receiving unit 715 may receive power from the
second switch 717 under control of the first processor 713. The first power receiving
unit 715 may deliver the received power to the first PMIC 712. The first power
receiving unit 715 may deliver the received power to the first power generating unit

714 using the third switch 718. The first power receiving unit 715 may deliver the
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received power to the second electronic device 720 using the first switch 716.

In an embodiment, the third switch 718 may be disposed between the first power
generating unit 714 and the first power receiving unit 715. When the first electronic
device 710 is charged, the third switch 718 may deliver power (closing or shorting a
circuit), delivered from the charging device 730 to the first power receiving unit 715,
to the first power generating unit 714.

In an embodiment, the first combination member 719 may be formed at at least a
portion of an edge region of the first electronic device 710. The first combination
member 719 may allow the first electronic device 710 to be selectively combined or
separated from the second electronic device 720. The first combination member 719
may be a removable member. For example, the first combination member 719 may be
implemented as a magnet member.

In an embodiment, the second power receiving unit 715 may be connected with the
second PMIC 722, the second processor 723, the fourth switch 726, and the fifth
switch 727. The second power receiving unit 725 may receive power from the fifth
switch 727 under control of the second processor 723. The second power receiving unit
725 may deliver the received power to the second PMIC 722. The second power
receiving unit 725 may deliver the received power to the first electronic device 710
using the fourth switch 726.

In an embodiment, the fourth switch 726 may include the second power transmission
coil 726_1 (e.g., a second transmit coil 525 of FIG. 5). The fourth switch 726 may be
connected with the second processor 723 and the second power generating unit 724.
The fourth switch 726 may deliver power to the first electronic device 710 using the
second power transmission coil 726_1.

In an embodiment, the fifth switch 727 may include a charging coil (e.g., a second
charging coil 524 of FIG. 5). The fifth switch 727 may selectively deliver power,
delivered from the charging device 530 to the charging coil 524, to the second power
receiving unit 725.

In an embodiment, the second combination member 729 may be formed at at least a
portion of an edge region of the second electronic device 720. The second combination
member 729 may allow the second electronic device 720 to be selectively combined or
separated from the first electronic device 710. The second combination member 729
may be a removable member. For example, the second combination member 729 may
be implemented as a magnet member.

FIG. 8 is a block diagram illustrating a first electronic device 800 of an electronic
device according to another embodiment. The first electronic device 800 may include a
controller 810, a battery 820, a charger/booster 8§30, a wireless power transmit and

receive circuit 840, a power receiving unit 850, a wireless power receive circuit 860,
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and a switching unit 870. The switching unit 870 may include first to third switch
elements 871 to 873. The controller 810, the battery 820, the charger/booster 8§30, the
wireless power transmit and receive circuit 840, the power receiving unit 850, and the
wireless power receive circuit 860 may be substantially the same as a first battery 711,
a first PMIC 712, a first processor 713, a first power generating unit 714, and a first
power receiving unit 715, described with reference to FIG. 7. Hereinafter, a description
of duplicated components and functions will be omitted.

In an embodiment, the first switch element 871 may selectively connect the charger/
booster 830 and the wireless power transmit and receive circuit 840. For example,
when transferring at least a portion of the power of the battery 820 from the first
electronic device 800 to a second portion (e.g., a second electronic device 720 of FIG.
7), the first switch element 871 may deliver the at least portion of the power of the
battery 820 to the wireless power transmit and receive circuit 840 using the charger/
booster 830. The wireless power transmit and receive circuit 840 may deliver power to
the second electronic device 720.

In an embodiment, the second switch element 872 may selectively connect the
charger/booster 830 and the power receiving unit 850. For example, when the first
electronic device 800 is charged using a charging device (e.g., a charging device 730
of FIG. 7), the second switch element 872 may deliver power, transmitted to the power
receiving unit 850, to the charger/booster 830. The charger/booster 830 may charge the
battery §20.

In an embodiment, the third switch 873 may selectively connect the wireless power
transmit and receive circuit 840 and the power receiving unit 850. For example, when
power is delivered to the second electronic device 720 at the same that the first
electronic device 800 is charged using the charging device 730, the third switch 873
may transfer power, transmitted to the power receiving unit 850, to the wireless power
transmit and receive circuit 840. The wireless power transmit and receive circuit 840
may deliver power to the second electronic device 720.

FIG. 9 is a block diagram illustrating a first electronic device 950 and a charging
device 910 of an electronic device 900 according to another embodiment.

In an embodiment, the first electronic device 950 may be understood as an electronic
device which supports wireless charging, and the charging device 910 may be un-
derstood as an electronic device capable of wirelessly supplying power. In the
disclosure, the charging device 910 may be referred to as a power transmitting unit or a
PTU, and the first electronic device 950 may be referred to as a power transmitting unit
or a PRU. The charging device 910 may be connected with any power source to supply
power to the first electronic device 950.

In an embodiment, the charging device 910 may include a power generation
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circuitry, a control circuitry 912, a communication circuitry, and a sensing circuitry
914.

In an embodiment, the power generation circuitry 911 may include a power adaptor
911a for receiving power from the outside and suitably converting a voltage of the
input power, a power generation circuitry 911b for generating power, and a matching
circuit 911c for optimizing efficiency between a transmit coil 911L and a receive coil
951L.

In an embodiment, the control circuitry 912 may perform overall control of the
charging device 910 and may generate various messages necessary for wireless power
transmission to deliver the generated messages to the communication circuitry 913.
The control circuitry 912 may calculate the amount of power to be transmitted to the
first electronic device 950, based on information received from the communication
circuitry 913. The control circuitry 912 may control the power generation circuitry 913
to transfer power calculated by the transmit coil 911L to the first electronic device 950.

In an embodiment, the communication circuitry 913 may include at least one of a
first communication circuitry 913a and a second communication circuitry 913b. The
first communication circuitry 913a may communicate with a first communication
circuitry 952a of the first electronic device 950 using the transmit coil 911L used for
power delivery (e.g., an in-band manner). The second communication circuitry 913b
may communicate with a second communication circuitry 953b of the first electronic
device 950 using, for example, an antenna or coil different from the transmit coil 911L
used for power delivery (e.g., an out-band manner). For example, the second commu-
nication circuitry 913b may obtain information (e.g., Vrec information, lout in-
formation, various packets, or a message) associated with a charging state from the
second communication circuitry 953b using any one of various short-range commu-
nication modes such as Bluetooth, BLE, Wi-Fi, and NFC.

In an embodiment, the sensing circuitry 914 may detects a temperature, motion, or
the like of the charging device 910.

In an embodiment, the first electronic device 950 may include a power receive circuit
951, a control circuitry 952, a communication circuitry 953, at least one sensor 954,
and a display 955. In the first electronic device 950, a description of a configuration
corresponding to the configuration of the charging device 910 will be partially omitted.

In an embodiment, the power receive circuit 951 may include the receive coil 951L
for wirelessly receiving power from the charging device 910, a matching circuitry
951a, a rectifier circuitry 951b for rectifying received AC power into DC, an ad-
justment circuitry 951c for adjusting a charging voltage, a switch circuitry 951d, and a
battery 951e.

In an embodiment, the control circuitry 952 may perform overall control of the first
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electronic device 950 and may generate various messages necessary wireless power
transmission to deliver the generated messages to the communication circuitry 953.

In an embodiment, the communication circuitry 953 may include at least one of the
first communication circuitry 953a and the second communication circuitry 953b. The
first communication circuitry 953a may communicate with the charging device 910 via
the receive coil 951L. The second communication circuitry 953b may communicate
with the charging device 910 using any one of various short-range communication
modes such as Bluetooth, BLE, Wi-Fi, and NFC.

In an embodiment, the at least one sensor 954 may include a current/voltage sensor, a
temperature sensor, an illumination sensor, or a sound sensor. The display 955 may
visually display information about the battery remaining capacity of the first portion
910.

FIG. 10a is a drawing illustrating an apparatus comprising a first electronic device
1010 and a second electronic device 1020. FIG. 10b is a drawing illustrating second
electronic devices 1030, 1040, and 1050 of an apparatus 1000 according to various em-
bodiments.

In an embodiment, the first electronic device 1010 and the second electronic device
1020 may be detachably connected using a combination member (e.g., a first com-
bination member 719 and a second combination member 729 of FIG. 7) which uses a
magnet. The first electronic device 1010 and the second electronic device 1020 may be
operated or charged in a state where they are combined with each other. The first
electronic device 1010 and the second electronic device 1020 may perform wireless
communication in a state where they are combined with each or where they are
separated from each other.

In an embodiment, the first electronic device 1010 may have a ball shape, and the
second electronic device 1010 may have a ring shape which surrounds the first
electronic device 1010. When the first electronic device 1010 has a spherical shape, the
second portion 1010 may have a ring shape which covers a cross-sectional circle
passing through a central portion of the first electronic device 1010. For example, the
first electronic device 1010 may be a driving portion for controlling a movement or ar-
rangement state of the electronic device 1000, and the second electronic device 1010
may be a data processing portion capable of sensing an external environment and state
by means of a sensor 1021 and a camera 1022 and performing driving and calculation
using the sensed data.

In an embodiment, the second electronic device 1030, 1040, and 1050 may have
various shapes and functions. The second electronic device 1030 which has no
complex function, the second electronic device 1040 having a sensor 1041 and a

camera 1042, and the second function 1050 having a display unit 1051 may be se-
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lectively combined with the first electronic device 1010.

FIG. 11a is a drawing illustrating an apparatus including a first electronic device
1110 and a second electronic device 1120. FIG. 11b is a drawing illustrating a charging
device 1130 of an electronic device 1100 according to an embodiment. FIG. 11cisa
drawing illustrating a first electronic device 1110, a second electronic device 1120, and
a charging device 1130 of an electronic device 1100 according to an embodiment.

In an embodiment, the first electronic device 1110 may include a first charging coil
1111. For example, the first charging coil 1111 may be disposed in at least a portion of
an outer edge region of the first electronic device 1110.

In an embodiment, the first electronic device 1110 may include a first combination
member (e.g., a first combination member 719 of FIG.7). For example, the first com-
bination member 719 may be formed on at least a portion of a portion overlaid with a
second electronic device 1120 in a surface of the first electronic device 1110. The first
combination member 719 may enable the second electronic device 1120 to be se-
lectively combined or separated from the first electronic device 1110.

In an embodiment, the second electronic device 1120 may include a second charging
coil 1121. For example, the second charging coil 1121 may be disposed in at least a
portion of an outer edge region of the second electronic device 1120.

In an embodiment, the second electronic device 1120 may include a second com-
bination member (e.g., a second combination member 729 of FIG.7). For example, the
second combination member 729 may be formed in a portion corresponding to the first
combination member 719 in a surface of the second electronic device 1120. The
second combination member 729 may enable the second electronic device 1120 to
detach from the first electronic device 1110.

In an embodiment, the first electronic device 1110 and the second electronic device
1120 may be mounted on the charging device 1130. The charging device 1130 may
include a third charging coil 1131 and a fourth charging coil 1132. For example, the
third charging coil 1131 may be disposed in at least a portion of a region where the
first electronic device 1110 is mounted on the charging device 1130 and is in contact
with the charging device 1130. The fourth charging coil 1132 may be disposed in at
least a portion of a region where the second electronic device 1120 is mounted on the
charging device 1130 and is in contact with the charging device 1130.

The electronic device according to various embodiments may be one of various types
of electronic devices. The electronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer device, a portable multimedia
device, a portable medical device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the electronic devices are not limited to

those described above.
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It should be appreciated that various embodiments of the present disclosure and the
terms used therein are not intended to limit the technological features set forth herein
to particular embodiments and include various changes, equivalents, or replacements
for a corresponding embodiment. With regard to the description of the drawings,
similar reference numerals may be used to refer to similar or related elements. It is to
be understood that a singular form of a noun corresponding to an item may include one
or more of the things, unless the relevant context clearly indicates otherwise. As used
herein, each of such phrases as "A or B," "at least one of A and B," "at least one of A
or B," "A, B, or C," "at least one of A, B, and C," and "at least one of A, B, or C," may
include any one of, or all possible combinations of the items enumerated together in a
corresponding one of the phrases. As used herein, such terms as "1st" and "2nd," or
"first" and "second" may be used to simply distinguish a corresponding component
from another, and does not limit the components in other aspect (e.g., importance or
order). It is to be understood that if an element (e.g., a first element) is referred to, with

"o

or without the term "operatively" or "communicatively", as "coupled with," "coupled

"o

to," "connected with," or "connected to" another element (e.g., a second element), it
means that the element may be coupled with the other element directly (e.g., wiredly),
wirelessly, or via a third element.

As used herein, the term "module” may include a unit implemented in hardware,
software, or firmware, and may interchangeably be used with other terms, for example,
"logic," "logic block," "part," or "circuitry". A module may be a single integral
component, or a minimum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the module may be implemented
in a form of an application-specific integrated circuit (ASIC).

Various embodiments as set forth herein may be implemented as software (e.g., the
program 140) including one or more instructions that are stored in a storage medium
(e.g., internal memory 136 or external memory 138) that is readable by a machine
(e.g., the electronic device 101). For example, a processor(e.g., the processor 120) of
the machine (e.g., the electronic device 101) may invoke at least one of the one or
more instructions stored in the storage medium, and execute it, with or without using
one or more other components under the control of the processor. This allows the
machine to be operated to perform at least one function according to the at least one in-
struction invoked. The one or more instructions may include a code generated by a
compiler or a code executable by an interpreter. The machine-readable storage medium
may be provided in the form of a non-transitory storage medium. Wherein, the term
"non-transitory" simply means that the storage medium is a tangible device, and does
not include a signal (e.g., an electromagnetic wave), but this term does not differentiate

between where data is semi-permanently stored in the storage medium and where the
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data is temporarily stored in the storage medium.

According to an embodiment, a method according to various embodiments of the
disclosure may be included and provided in a computer program product. The
computer program product may be traded as a product between a seller and a buyer.
The computer program product may be distributed in the form of a machine-readable
storage medium (e.g., compact disc read only memory (CD-ROM)), or be distributed
(e.g., downloaded or uploaded) online via an application store (e.g., PlayStore#|), or
between two user devices (e.g., smart phones) directly. If distributed online, at least
part of the computer program product may be temporarily generated or at least tem-
porarily stored in the machine-readable storage medium, such as memory of the manu-
facturer's server, a server of the application store, or a relay server.

According to various embodiments, each component (e.g., a module or a program) of
the above-described components may include a single entity or multiple entities.
According to various embodiments, one or more of the above-described components
may be omitted, or one or more other components may be added. Alternatively or addi-
tionally, a plurality of components (e.g., modules or programs) may be integrated into
a single component. In such a case, according to various embodiments, the integrated
component may still perform one or more functions of each of the plurality of
components in the same or similar manner as they are performed by a corresponding
one of the plurality of components before the integration. According to various em-
bodiments, operations performed by the module, the program, or another component
may be carried out sequentially, in parallel, repeatedly, or heuristically, or one or more
of the operations may be executed in a different order or omitted, or one or more other

operations may be added.
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Claims

A first electronic device, comprising:

a first communication module;

a first battery configured to supply power to the first electronic device;
a first power management module connected and configured to control
the first battery;

a first power transfer module; and

a first processor operationally connected with the first communication
module, the first power management module, and the first power
transfer module,

wherein the first communication module is configured to identify a
remaining capacity of a second battery in a second electronic device;
and

wherein the first processor is configured to:

when a remaining capacity of the first battery is greater than the
remaining capacity of the second battery by greater than or equal to a
specified threshold value, transfer at least a portion of the power of the
first battery to the second electronic device using the first power
transfer module.

The first electronic device of claim 1, wherein the first electronic
device further comprises a first transmit coil connected with the first
power transfer module,

wherein the first transmit coil is configured to magnetically induce
power to a second coil in the second electronic device.

The first electronic device of claim 2, wherein the first electronic
device further comprises a first switch disposed between the first power
transfer module and the first transmit coil, and

wherein, when transmitting the at least portion of the power of the first
battery to the second electronic device, the first switch connects the
first power transfer module and the first transmit coil.

The first electronic device of claim 1, wherein, the first communication
module is configured to indicate the remaining capacity of the first
battery to the second electronic device.

The first electronic device of claim 4, wherein, when the remaining
capacity of the second battery in the second electronic device is higher
than the remaining capacity of the first battery by the threshold value or

more, the first power management module is configured to receive a
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predetermine portion of power from the second battery.

The first electronic device of claim 1, further comprising:

a first power receiving unit configured to engage in magnetic induction
with a charger to charge the first battery.

The first electronic device of claim 1, wherein the first processor is
configured to control specified threshold.

The first electronic device of claim 1, wherein the first electronic
device is detachably connected with the second electronic device by a
magnetic member,

wherein the first electronic device has a ball shape, and

wherein the second electronic device has a ring shape which surrounds
the first electronic device.

An apparatus, comprising:

a first electronic device; and

a second electronic device detachably connected with at least a partial
region of the first electronic device,

wherein the first electronic device includes:

a first combination member;

a first coil;

a first communication module;

a first battery configured to supply power to the first electronic device;
a first power transfer module configured to transfer at least a portion of
the power of the first battery to the second electronic device;

a first power reception module configured to receive power from the
second electronic device and charge the first battery; and

a first processor operationally connected with the first communication
module, the first power reception module, and the first power transfer
module,

wherein the second electronic device includes:

a second combination member;

a second coil;

a second communication module;

a second battery configured to supply power to the second electronic
device;

a second power transfer module configured to transfer at least a portion
of the power of the second battery to the first electronic device;

a second power reception module configured to receive power from the

first electronic device and charge the second battery; and
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a second processor operationally connected with the second commu-
nication module, the first power transfer module, and the second power
reception module,

wherein the second electronic device is combined with the at least
partial region of the first electronic device using the first combination
member and the second combination member, and the first coil and the
second coil are disposed adjacent to each other, and

wherein the first processor or the second processor is configured to:
identify a first level which is remaining capacity of the first battery and
a second level which is remaining capacity of the second battery; and
when a difference value between the first level and the second level is
greater than or equal to a specified threshold value, transfer the at least
portion of the power of the first battery to the second electronic device
using the first power transfer module, the first coil, and the second coil
or transfer the at least portion of the power of the second battery to the
first electronic device using the second power transfer module, the first
coil, and the second coil.

The apparatus of claim 9, wherein the first coil and the second coil are
coupled in a magnetic induction mode.

The apparatus of claim 10, wherein the first electronic device further
includes a first switch disposed between the first power transfer module
and the first transmit coil,

wherein the second electronic device further includes a second switch
disposed between the second power transfer module and the second
colil,

wherein, when transmitting the at least portion of the power of the first
battery to the second electronic device, the first switch connects the
first power transfer module and the first coil, and

wherein, when transmitting the at least portion of the power of the
second battery to the first electronic device, the second switch connects
the second power transfer module and the second coil.

The apparatus of claim 9, wherein the first communication module or
the second communication module is configured to:

identify the first level and the second level; and

transfer the at least portion of the power of the first battery to the
second electronic device using the first coil and the second coil or
transfer the at least portion of the power of the second battery to the

first electronic device using the second power transfer module, the first
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coil, and the second coil by communicating in an in-band manner.

The apparatus of claim 9, wherein the first communication module or
the second communication module is configured to:

identify the first level and the second level; and

transfer the at least portion of the power of the first battery to the
second electronic device using the first power transfer module or
transfer the at least portion of the power of the second battery to the
first electronic device using the second power transfer module by com-

municating in an out-band manner.
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