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(54) DEVICE TO BE CHARGED AND CHARGING METHOD

(57) A chargeable device and a charging method are
proposed. The chargeable device includes a charging
interface and a first charging circuit coupled to the charg-
ing interface. The first charging circuit receives voltage
and current outputted by an adapter through the charging
interface and to apply the voltage and current outputted

by the adapter onto two terminals of multiple cells coupled
in series built in the chargeable device to charge the mul-
tiple cells directly. By the embodiment of the present dis-
closure, heat generated by the chargeable device can
decrease during charging while ensuring charging
speed.
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Description

BACKGROUND

1. Field of the Disclosure

[0001] The present disclosure relates to the field of
charging, and more particularly, to a chargeable device
and a charging method.

2. Description of related art

[0002] Chargeable devices, such as smart phones, are
widely used in the market but require frequent charging
for they consume a lot of power.
[0003] To increase charging speed, the chargeable de-
vices are charged with high current. However, it is inev-
itable that the chargeable devices overheat when
charged with high current at high charging speed.
[0004] Therefore, it is necessary to lower heat gener-
ated by the chargeable devices while ensuring charging
speed.

SUMMARY

[0005] An object of the present disclosure is to propose
a chargeable device and a charging method. The heat
generated by the chargeable device can decrease while
ensuring charging speed.
[0006] In a first aspect of the present disclosure, a
chargeable device includes a charging interface and a
first charging circuit coupled to the charging interface.
The first charging circuit is configured to receive voltage
and current outputted by an adapter through the charging
interface and to apply the voltage and current outputted
by the adapter between two terminals of multiple cells
coupled in series built in the chargeable device directly
to charge the multiple cells directly.
[0007] In some embodiments according to the first as-
pect of the present disclosure, the chargeable device fur-
ther includes a step-down circuit and a supply circuit. An
input terminal of the step-down circuit is coupled to two
terminals of the multiple cells. The step-down circuit is
configured to convert the total voltage of the multiple cells
into a first voltage V1 where a≤V1≤b stands, a indicates
the least operating voltage of the chargeable device, and
b indicates the maximum operating voltage of the charge-
able device. The supply circuit is coupled to the output
terminal of the step-down circuit. The supply circuit sup-
plies power to the device based on the first voltage.
[0008] In some embodiments according to the first as-
pect of the present disclosure, the step-down circuit is a
charge pump. The first voltage is 1/N of the total voltage
of the multiple cells, where N indicates the number of
cells of the multiple cells 13.
[0009] In some embodiments according to the first as-
pect of the present disclosure, the chargeable device fur-
ther includes a supply circuit. The supply circuit is coupled

to one of the multiple cells and configured to supply elec-
trical power suitable for the components of the chargea-
ble device based on the voltage of the selected one of
the multiple cells.
[0010] In some embodiments according to the first as-
pect of the present disclosure, the chargeable device fur-
ther includes a balance circuit coupled to the multiple
cells. The balance circuit is configured to balance voltage
between the multiple cells.
[0011] In some embodiments according to the first as-
pect of the present disclosure, the current outputted by
the adapter and received by the first charging circuit is a
pulsating DC current, an alternating current, or a constant
DC current.
[0012] In some embodiments according to the first as-
pect of the present disclosure, the voltage and current
outputted by the adapter and received by the first charg-
ing circuit is configured to charge the multiple cells under
a constant current mode.
[0013] In some embodiments according to the first as-
pect of the present disclosure, the chargeable device fur-
ther includes a second charging circuit. The second
charging circuit includes a voltage boost circuit coupled
between the charging interface and the multiple cells.
The voltage boost circuit converts the voltage outputted
from the adapter into a second voltage. The second volt-
age is applied between the two terminals of the multiple
cells to charge the multiple cells. The voltage value out-
putted from the adapter is less than a total voltage of the
multiple cells, and the second voltage value is greater
than the total voltage of the multiple cells.
[0014] In some embodiments according to the first as-
pect of the present disclosure, the voltage outputted by
the adapter and received by the second charging circuit
is five volts (5V).
[0015] In some embodiments according to the first as-
pect of the present disclosure, the chargeable device and
the adapter are selectively operable in a first charging
mode or a second charging mode. A charging rate of the
chargeable device operable in the second charging mode
is faster than a charging rate of the chargeable device
operable in the first charging mode. The adapter charges
the multiple cells through the first charging circuit when
the chargeable device and the adapter are selectively
operable in the second charging mode, and the adapter
charges the multiple cells through the second charging
circuit when the chargeable device and the adapter are
selectively operable in the first charging mode.
[0016] In some embodiments according to the first as-
pect of the present disclosure, the charging interface in-
cludes a data line. The chargeable device further com-
prises a control circuit that supports bidirectional com-
munication with the adapter through the data line to con-
trol output of the adapter operable in the second charging
mode.
[0017] In some embodiments according to the first as-
pect of the present disclosure, the control circuit commu-
nicates with the adapter in a means of bidirectional com-
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munication to negotiate a charging mode which the
chargeable device and the adapter are operable in.
[0018] In some embodiments according to the first as-
pect of the present disclosure, the control circuit receives
a first instruction sent by the adapter. The first instruction
is configured to inquire whether the chargeable device
enables the second charging mode. The control circuit
sends a reply instruction responsive to the first instruction
to the adapter. The reply instruction responsive to the
first instruction configured to indicate that the chargeable
device whether agrees to enable the second charging
mode. The control circuit controls the adapter to charge
the multiple cells through the first charging circuit when
the chargeable device agrees to enable the second
charging mode.
[0019] In some embodiments according to the first as-
pect of the present disclosure, the control circuit commu-
nicates with the adapter in the means of bidirectional
communication to ensure a charging voltage outputted
by the adapter operable in the second charging mode
and configured to charge the chargeable device.
[0020] In some embodiments according to the first as-
pect of the present disclosure, the control circuit receives
a second instruction sent by the adapter, the second in-
struction configured to inquire whether the voltage out-
putted by the adapter matches a present total voltage of
the multiple cells. The control circuit sends a reply in-
struction responsive to the second instruction to the
adapter, the reply instruction responsive to the second
instruction configured to indicate that the voltage output-
ted by the adapter matches the present total voltage of
the multiple cells, the voltage outputted by the adapter
is less than the present total voltage of the multiple cells,
or the voltage outputted by the adapter is greater than
the present total voltage of the multiple cells.
[0021] In some embodiments according to the first as-
pect of the present disclosure, a process that the control
circuit communicates with the adapter in the means of
bidirectional communication through the data line to con-
trol the output of the adapter operable in the second
charging mode includes: the control circuit communi-
cates with the adapter in the means of bidirectional com-
munication to ensure a charging current outputted by the
adapter operable in the second charging mode and con-
figured to charge the chargeable device.
[0022] In some embodiments according to the first as-
pect of the present disclosure, a process that the control
circuit communicates with the adapter in the means of
bidirectional communication to ensure the charging cur-
rent outputted by the adapter operable in the second
charging mode and configured to charge the chargeable
device includes: the control circuit receives a third in-
struction sent by the adapter, the third instruction config-
ured to inquire a maximum charging current for the
chargeable device currently. The control circuit sends a
reply instruction responsive to the third instruction to the
adapter, the reply instruction responsive to the third in-
struction configured to indicate the maximum charging

current for the chargeable device, whereby the adapter
adjusts an outputted charging current operable in the
second charging mode based on the reply instruction re-
sponsive to the third instruction and indicative of the max-
imum charging current for the chargeable device.
[0023] In some embodiments according to the first as-
pect of the present disclosure, the control circuit commu-
nicates with the adapter in the means of bidirectional
communication to adjust the current outputted by the
adapter in the charging process operable in the second
charging mode.
[0024] In some embodiments according to the first as-
pect of the present disclosure, the control circuit receives
a fourth instruction sent by the adapter, the fourth instruc-
tion configured to inquire the present total voltage of the
multiple cells. The control circuit sends a reply instruction
responsive to the fourth instruction to the adapter The
reply instruction responsive to the fourth instruction is
configured to indicate the present total voltage of the mul-
tiple cells, whereby the adapter adjusts an outputted
charging current based on the reply instruction respon-
sive to the fourth instruction and indicative of the present
total voltage of the multiple cells.
[0025] In a second aspect of the present disclosure, a
charging method for charging a chargeable device is pro-
vided. The chargeable device includes a charging inter-
face. The charging method includes the following oper-
ations. Voltage and current outputted by an adapter
through the charging interface is received. The voltage
and current outputted by the adapter is applied between
two terminals of multiple cells coupled in series built in
the chargeable device to directly charge the multiple
cells.
[0026] In some embodiments according to the second
aspect of the present disclosure, the charging method
further includes: electrical power suitable for the compo-
nents of the chargeable device is supplied based on the
voltage of the selected one of the multiple cells.
[0027] In some embodiments according to the second
aspect of the present disclosure, the charging method
further includes: voltage between the multiple cells is bal-
anced.
[0028] In some embodiments according to the second
aspect of the present disclosure, the charging method
further includes: converting the voltage outputted by the
adapter through the charging interface to second voltage,
and applying the second voltage between the two termi-
nals of the multiple cells to charge the multiple cells. The
second voltage value is greater than a total voltage of
the multiple cells.
[0029] In some embodiments according to the second
aspect of the present disclosure, the chargeable device
and the adapter are selectively operable in a first charging
mode or a second charging mode, and a charging rate
of the chargeable device operable in the second charging
mode is faster than a charging rate of the chargeable
device operable in the first charging mode.
[0030] In some embodiments according to the second
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aspect of the present disclosure, the charging interface
includes a data line. The charging method further in-
cludes: communicating with the adapter in a means of
bidirectional communication through the data line to con-
trol output of the adapter operable in the second charging
mode.
[0031] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
through the data line to control output of the adapter op-
erable in the second charging mode includes: communi-
cating with the adapter in the means of bidirectional com-
munication to negotiate a charging mode which the
adapter and the chargeable device are operable in.
[0032] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
to negotiate the charging mode between the adapter and
the chargeable device includes: receiving a first instruc-
tion sent by the adapter, sending a reply instruction re-
sponsive to the first instruction to the adapter, and con-
trolling the adapter to charge the multiple cells through
the first charging circuit when the chargeable device
agrees to enable the second charging mode. The first
instruction is configured to inquire whether the chargea-
ble device enables the second charging mode. The reply
instruction responsive to the first instruction is configured
to indicate that the chargeable device whether agrees to
enable the second charging mode.
[0033] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
through the data line to control the output of the adapter
operable in the second charging mode includes: commu-
nicating with the adapter in the means of bidirectional
communication to ensure a charging voltage outputted
by the adapter operable in the second charging mode to
charge the chargeable device.
[0034] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
to ensure the charging voltage outputted by the adapter
operable in the second charging mode to charge the
chargeable device, includes: receiving a second instruc-
tion sent by the adapter, and sending a reply instruction
responsive to the second instruction to the adapter. The
second instruction is configured to inquire whether the
voltage outputted by the adapter matches a present total
voltage of the multiple cells. The reply instruction respon-
sive to the second instruction is configured to indicate
that the voltage outputted by the adapter matches the
present total voltage of the multiple cells, the voltage out-
putted by the adapter is greater than the present total
voltage of the multiple cells, or the voltage outputted by
the adapter is less than the present total voltage of the
multiple cells.
[0035] In some embodiments according to the second
aspect of the present disclosure, the communicating with

the adapter in the means of bidirectional communication
through the data line to control the output of the adapter
operable in the second charging mode includes: commu-
nicating with the adapter in the means of bidirectional
communication to ensure a charging current outputted
by the adapter operable in the second charging mode to
charge the chargeable device.
[0036] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
to ensure a charging current outputted by the adapter
operable in the second charging mode to charge the
chargeable device includes: receiving a third instruction
sent by the adapter, and sending a reply instruction re-
sponsive to the third instruction to the adapter. The third
instruction is configured to inquire a maximum charging
current for the chargeable device currently. The reply in-
struction responsive to the third instruction is configured
to indicate the maximum charging current for the charge-
able device. The adapter adjusts an outputted charging
current operable in the second charging mode based on
the reply instruction responsive to the third instruction
and indicative of the maximum charging current for the
chargeable device.
[0037] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
through the data line to control the output of the adapter
operable in the second charging mode includes: commu-
nicating with the adapter in the means of bidirectional
communication to adjust the current outputted by the
adapter in a charging process operable in the second
charging mode.
[0038] In some embodiments according to the second
aspect of the present disclosure, the communicating with
the adapter in the means of bidirectional communication
to adjust the current outputted by the adapter in the charg-
ing process operable in the second charging mode in-
cludes: receiving a fourth instruction sent by the adapter,
and sending a reply instruction responsive to the fourth
instruction to the adapter. The fourth instruction is con-
figured to inquire the present total voltage of the multiple
cells. The reply instruction responsive to the fourth in-
struction is configured to indicate the present total voltage
of the multiple cells. The adapter adjusts an outputted
charging current based on the reply instruction respon-
sive to the fourth instruction and indicative of the present
total voltage of the multiple cells.
[0039] In the present disclosure, the multiple cells are
charged directly by a first charging circuit. A cell structure
of the chargeable device is adjusted based on the
scheme of direct charging. Upon a condition that the mul-
tiple cells coupled in series are charged as fast as a single
cell, a charging current necessary for the multiple cells
is 1/N of the charging current necessary for the single
cell where N indicates the number of cells of the multiple
cells coupled in series inside the chargeable device. In
other words, compared with the scheme of the single cell,
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a value of charging current of the present disclosure is
greatly reduced and the heat generated by the charge-
able device is decreased in the process of charging on
the premise that the charging speed is unchanged in the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0040]

Fig. 1 illustrates a schematic diagram of a chargea-
ble device according to a first embodiment of the
present disclosure.

Fig. 2 illustrates a schematic diagram of the charge-
able device according to a second embodiment of
the present disclosure.

Fig. 3a illustrates a schematic diagram of the charge-
able device according to a third embodiment of the
present disclosure.

Fig. 3b illustrates a schematic diagram of the charge-
able device according to a fourth embodiment of the
present disclosure.

Fig. 4 illustrates a schematic diagram of a pulsating
direct current.

Fig. 5 illustrates a schematic diagram of the charge-
able device according to a fifth embodiment of the
present disclosure.

Fig. 6 illustrates a schematic diagram of the charge-
able device according to a sixth embodiment of the
present disclosure.

Fig. 7 illustrates a schematic diagram of the charge-
able device according to a seventh embodiment of
the present disclosure.

Fig. 8 illustrates a flowchart of a fast charging proc-
ess according to one embodiment of the present dis-
closure.

Fig. 9 illustrates a flowchart of a charging method
according to one embodiment of the present disclo-
sure.

DESCRIPTION OF THE EMBODIMENTS

[0041] The present disclosure proposes an adapter for
charging a chargeable device in the relevant technology.
The adapter constantly maintains an output voltage when
the adapter operates in a constant voltage mode, such
as 5V, 9V, 12V, or 20V, etc.
[0042] Voltage output from the adapter is not suitable
to be directly applied to two terminals of a battery, rather,

the voltage output from the adapter needs to be first con-
verted through a converter circuit in a chargeable device
so as to obtain an expected charging voltage and/or a
charging current by a battery in the chargeable device.
[0043] The converter circuit is configured to convert
the voltage output from the adapter so as to satisfy the
expected requirement of the charging voltage and/or the
charging current by the battery.
[0044] As an example, the converter circuit may refer
to a charging management module, such as a charging
integrated circuit (IC), which is configured to manage the
charging voltage and/or the charging circuit of the battery
during the charging process of the battery. The converter
circuit has a function of a voltage feedback module and/or
a function of a current feedback module to manage the
charging voltage and/or the charging circuit of the battery.
[0045] For example, the charging process of the bat-
tery may include at least one of a trickle charging stage,
a constant current charging stage, and a constant voltage
charging stage. During the trickle charging stage, the
converter circuit can utilize a current feedback loop so
that a current entering into the battery satisfies a magni-
tude of the charging current expected by the battery (such
as a first charging current) in the trickle charging stage.
During the constant current charging stage, the converter
circuit can utilize the current feedback loop so that the
current entering into the battery satisfies magnitude of
the charging current expected by the battery (such as a
second charging current, the second charging current
may be greater than the first charging current) in the con-
stant current charging stage. During the constant voltage
charging stage, the converter circuit can utilize a voltage
feedback loop so that a voltage applied to the two termi-
nals of the battery satisfies a magnitude of the charging
voltage expected by the battery in the constant voltage
charging stage.
[0046] As an example, when the voltage output from
the adapter is greater than the charging voltage expected
by the battery, the converter circuit can be configured to
step down the voltage output from the adapter so that
the charging voltage obtained after buck conversion sat-
isfies the charging voltage expected by the battery. As
another example, when the voltage output from the
adapter is less than the charging voltage expected by
the battery, the converter circuit can be configured to
boost the voltage output from the adapter so that the
charging voltage obtained after the boost conversion sat-
isfies the charging voltage expected by the battery.
[0047] In yet another example, a constant 5V voltage
output from the adapter is taken as an example. When
the battery includes a single cell (take a lithium battery
cell for example, a charging cut-off voltage of a single
cell is 4.2V), the converter circuit (such as a buck circuit)
can step down the voltage output from the adapter so
that the charging voltage obtained after bucking satisfies
the charging voltage expected by the battery.
[0048] In yet another example, the constant voltage of
5V output from the adapter is taken as an example. When
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the battery is a battery having two or more than two cells
(take the lithium battery cell for example, the charging
cut-off voltage of the single cell is 4.2V) coupled in series,
the converter circuit (such as a boost circuit) can boost
the voltage output from the adapter so that the charging
voltage obtained after boosting satisfies the charging
voltage expected by the battery.
[0049] Because the converter circuit is limited by low
conversion efficiency of the circuit, electrical energy that
is not converted, is dissipated in a form of heat. This heat
will accumulate inside the chargeable device (such as
the terminal), where a design space and a heat dissipa-
tion space of the chargeable device (such as the terminal)
are both limited (for example, a physical size of a mobile
terminal used by a user becomes increasingly thin and
light, and a great number of electronic components are
closely arranged inside the mobile terminal to enhance
performance of the mobile terminal). Not only does it cre-
ate increased difficulty of designing the converter circuit,
but also it is very difficult to dissipate heat accumulated
inside the chargeable device (such as the terminal) in a
timely manner, thus causing the chargeable device (such
as the terminal) to become abnormal.
[0050] For example, heat accumulated by the convert-
er circuit is likely to cause thermal interference with elec-
tronic components near the converter circuit so that the
electronic components work abnormally; and/or, for ex-
ample, the heat accumulated on the converter circuit is
likely to shorten service lives of the converter circuit and
the electronic components nearby; and/or, for example,
the heat accumulated on the converter circuit is likely to
cause thermal interference with the battery so that the
battery charges and discharges abnormally; and/or, for
example, the heat accumulated on the converter circuit
is likely to raise temperature of the chargeable device
(such as the terminal) so that the user experience is af-
fected when the user charges; and/or, for example, the
heat accumulated on the converter circuit is likely to
cause a short circuit of the converter circuit itself so that
the battery charges abnormally when the voltage output
from the adapter is directly applied to the two terminals
of a battery. Under the circumstances that the battery is
over charged for a long time, the battery can even ex-
plode, which in turn causes a certain security concern.
[0051] The present disclosure provides an adapter ca-
pable of adjusting output voltage. The adapter according
to the embodiment of the present disclosure can acquire
battery state information. The battery state information
at least includes a current battery level information and/or
voltage information. The adapter adjusts an output volt-
age of the adapter itself based on the acquired battery
state information to satisfy a charging voltage and/or a
charging current expected by the battery. A voltage out-
put from the adapter after adjustment can be directly ap-
plied to two terminals of the battery to charge the battery
(hereinafter referred to as "direct charge"). Furthermore,
adjusted voltage outputted by the adapter can directly
apply on two terminals of a battery to charge the battery

during a process of charging the battery under the con-
stant current charging stage.
[0052] The adapter has functions of a voltage feedback
module and a current feedback module, to achieve the
closed-loop feedback control of the charging voltage
and/or the charging circuit of the battery.
[0053] In some embodiments, the adapter adjusting
the output voltage of the adapter itself based on the ac-
quired battery state information may refer to the adapter
can acquire the battery state information in a real-time
manner and adjust the voltage output from the adapter
itself based on real-time state information of the battery
acquired every time, to satisfy the charging voltage
and/or the charging current expected by the battery.
[0054] In some embodiments, the adapter adjusting
the output voltage of the adapter itself based on the bat-
tery state information acquired in a real-time manner may
refer to the adapter can acquire current state information
of the battery at different times during a charging process
as the charging voltage of the battery continues to rise
during the charging process, and adjust the output volt-
age of the adapter itself based on the current state infor-
mation of the battery in a real-time manner to satisfy the
charging voltage and/or the charging current expected
by the battery. The voltage output from the adapter after
adjustment can be directly applied to the two terminals
of the battery to charge the battery.
[0055] For example, the charging process of the bat-
tery may include at least one of a trickle charging stage,
a constant current charging stage, and a constant voltage
charging stage. During the trickle charging stage, the
adapter can output a first charging current to charge the
battery so as to satisfy the charging current expected by
the battery (in some embodiments, the first charging cur-
rent may be a constant DC current or a current in a pul-
sating waveform). During the constant current charging
stage, the adapter can utilize a current feedback loop so
that a current output from the adapter and enters into the
battery satisfies the charging current expected by the bat-
tery (for example, a second charging current, the second
charging current may be a current in a pulsating wave-
form; the second charging current may be greater than
the first charging current. A peak value of the current in
the pulsating waveform of the constant current charging
stage may be greater than a peak value of the current in
the pulsating waveform of the trickle charging stage, and
a constant current of the constant current charging stage
may refer to the peak value or an average value of the
current in the pulsating waveform basically remaining un-
changed). During the constant voltage charging stage,
the adapter can utilize a voltage feedback loop so that a
voltage (that is, constant DC voltage) output from the
adapter to the chargeable device in the constant voltage
charging stage is maintained constantly.
[0056] For example, the adapter according to the em-
bodiment of the present disclosure can be mainly con-
figured to control the constant current charging stage of
the battery in the chargeable device. In other embodi-
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ments, functions of controlling the trickle charging stage
and the constant voltage charging stage of the battery in
the chargeable device may be cooperatively achieved
by the adapter according to the embodiment of the
present disclosure and an additional charging chip in the
chargeable device. When compared with the constant
current charging stage, charging power received by the
battery in the trickle charging stage and the constant volt-
age charging stage is less, the efficiency conversion loss
and heat accumulation of the charging chip in the charge-
able device are thus acceptable. It is noted that the con-
stant current charging stage or the constant current mode
according to the embodiment of the present disclosure
may refer to the charging mode that controls an output
current of the adapter and does not require that the output
current of the adapter to be maintained completely un-
changed, for example, may refer to that the peak value
or the average value of the current in the pulsating wave-
form output from the adapter basically remains un-
changed or basically remains unchanged within a period
of time. For example, in practice, the adapter in the con-
stant current charging stage usually uses a multi-stage
constant current charging method to charge.
[0057] The multi-stage constant current charging may
have N constant current modes (N is a positive integer
not less than 2). The multi-stage constant current charg-
ing uses a predetermined charging current to start a first
charging stage. The N constant current modes of the
multi-stage constant current charging are sequentially
executed from the first stage to the (N-1) th stage. After
a previous constant current mode is changed to a next
constant current mode in the constant current modes,
the peak value or the average value of the current in the
pulsating waveform can become smaller. When a battery
voltage reaches a threshold voltage value for terminating
charging, the previous constant current mode will change
to the next constant current mode in the constant current
modes. The current conversion process between two
constant current modes may be gradual, or may be a
stepped jump.
[0058] Furthermore, in a case that current outputted
by the adapter is a pulsating DC current, the constant
current mode can refer to a charging mode which controls
a peak value or an average of the pulsating DC current.
Under such charging mode, the peak value of the pul-
sating DC current does not exceed the current corre-
sponding to the constant current stage. In addition, in a
case that current outputted by the adapter is an alternat-
ing current, the constant current mode can refer to a
charging mode which controls a peak value of the alter-
nating current.
[0059] In addition, it is noted that the term "terminal"
as used in the embodiments of the present disclosure
may include, but is not limited to, a device configured to
be coupled via a wired connection (for example, via a
public switched telephone network (PSTN), a digital sub-
scriber line (DSL), a digital cable, a direct cable connec-
tion, and/or another data connection/network) and/or a

device configured to receive/send a communication sig-
nal via a wireless interface (such as a cellular network,
a wireless local area network (WLAN), a digital television
network such as a DVB-H network, a satellite network,
an AM-FM broadcast transmitter, and/or another com-
munication terminal). A terminal configured to communi-
cate via a wireless interface may be referred to as a "wire-
less communication terminal", a "wireless terminal",
and/or a "mobile terminal". Examples of mobile terminal
include, but are not limited to, a satellite or cell phone; a
personal communication system (PCS) terminal that can
combine a cellular radiotelephone, data processing, fac-
simile, and data communications capabilities; may in-
clude a radiotelephone, a pager, an Internet/Intranet ac-
cess, a Web browser, an electronic organizer, a calendar,
and/or a personal digital assistant (PDA) equipped with
a global positioning System (GPS) receiver; and a com-
mon laptop and/or palm type receiver or some other elec-
tronic devices including a transmitter-receiver radiotele-
phone. In addition, the chargeable device or terminal in-
cludes a power bank which can be charged by the adapt-
er to store energy. The stored energy in the power bank
can supply other electronic device.
[0060] In addition, according to the embodiment of the
present disclosure, when the voltage in the pulsating
waveform output from the adapter is directly applied to
the battery of the chargeable device so as to charge the
battery, the charging current is characterized by a pul-
sating wave, such as a clipped pulsating wave, and it is
understood that the charging current charges the battery
in an intermittent manner. A period of the charging current
changes depending on an input AC power, such as a
frequency of an AC grid. For example, a frequency cor-
responding to the period of the charging current is an
integer multiple or a reciprocal of the frequency of the
AC grid. Additionally, when the charging current charges
the battery in an intermittent manner, a current waveform
corresponding to the charging current may be composed
of one pulse or one group of pulses synchronized with
the grid.
[0061] To serve as an example, according to the em-
bodiment of the present disclosure, the battery can re-
ceive a pulsating direct current (direction unchanged,
amplitude varying with time), an alternating current (both
direction and amplitude varying with time), or a direct
current (that is, a constant current, both amplitude and
direction not varying with time) output from the adapter
during the charging process (such as at least one of the
trickle charging stage, the constant current charging
stage, and the constant voltage charging stage).
[0062] In the related art, the chargeable device usually
uses a single cell. The single cell charged by higher
charging current causes the chargeable device to gen-
erate more heat. For restraining the chargeable device
from generating more heat in the process of charging on
the premise that the charging speed is unchanged, the
chargeable device of the present disclosure uses multiple
cells coupled in series in lieu of single cell. The multiple
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cells are charged directly. An embodiment of the present
disclosure in conjunction to Fig. 1 is introduced in the
following paragraphs.
[0063] Fig. 1 is a schematic diagram of a chargeable
device according to a first embodiment of the present
disclosure. A chargeable device 10 includes a charging
interface 11 and a first charging circuit 12. The charging
interface 11 is coupled to the first charging circuit 12. The
first charging circuit 12 receives voltage and current out-
putted by an adapter through the charging interface 11.
Besides, the first charging circuit 12 loads the voltage
and current outputted by the adapter onto two terminals
of multiple cells 13 coupled in series arranged inside the
chargeable device 10 directly. In other words, the first
charging circuit 12 charges the multiple cells 13 directly.
[0064] To solve the problem of heating arising from
using the multiple cells 13 and to lower the loss of the
power, the multiple cells 13 are charged directly through
the first charging circuit 12 in the present disclosure.
[0065] The scheme of direct charging is good for de-
creasing generated heat to a certain degree. However,
the chargeable device may be seriously overheated due
to high current outputted by the adapter, such as current
of 5A to 10A, which may be a risk of security. To ensure
the charging speed and solve the overheating problem,
a cell structure inside the chargeable device adopts mul-
tiple cells coupled in series based on the scheme of direct
charging. Upon a condition that the multiple cells coupled
in series are charged as fast as a single cell, a charging
current necessary for the multiple cells is 1/N of the charg-
ing current necessary for the single cell where N indicates
the number of cells of the multiple cells coupled in series
inside the chargeable device. In other words, compared
with the scheme of the single cell, a value of charging
current of the present disclosure is greatly reduced and
the heat generated by the chargeable device is de-
creased in the process of charging on the premise that
the charging speed is unchanged in the present disclo-
sure.
[0066] For example, the 3000mAh single cell needs a
9A charging current to achieve the C-rate of 3C. The C-
rate is a current rate, which is a unit used to set a current
value and to estimate or indicate a possible use time of
a battery under various conditions of use during charge
and discharge of the battery. A charge or discharge time
is divided by a rated capacity of the battery to calculate
charge and discharge current values. The unit of the C-
rate is C. To achieve the same charging speed and to
lessen the heat generated by the chargeable device in
the charging process, two cells coupled in series, each
with 1500mAh, replace the 3000mAh single cell. In this
way, the charging current of 4.5A just achieves the C-
rate of 3C. Compared with the charging current of 9A,
the heat produced by the charging current of 4.5A is ob-
viously lower.
[0067] It is noted that the first charging circuit 12 charg-
es the multiple cells 13 by direct charging so the voltage
outputted by the adapter and received by the first charg-

ing circuit 12 needs to be greater than the total voltage
applied to the multiple cells 13. In general, the operating
voltage of the single cell is between 3.0V and 4.35V. Take
the two cells coupled in series for example, the voltage
outputted by the adapter is set to be greater than or equal
to 10V.
[0068] The type of the charging interface 11 is not lim-
ited by the present embodiment of the present disclosure.
For example, a universal serial bus (USB) interface may
be used. The USB interface may be a standard USB in-
terface, a micro USB interface, or a Type-C interface.
The first charging circuit 12 charges the multiple cells 13
through a power line in the USB port. The power line in
the USB interface may be a VBus line and/or ground line
in the USB port.
[0069] The multiple cells 13 may be cells with uniform
or similar specifications or parameters, which not only
facilitates management but also improves overall per-
formance and lifetime of the multiple cells 13.
[0070] It is understood that the multiple cells 13 in se-
ries can divide the voltage outputted by the adapter.
[0071] Nowadays, a single cell is commonly applied to
provide electricity in the chargeable device (or compo-
nents or chips inside the chargeable device). The multiple
cells 13 coupled in series are introduced in the present
embodiment. The total voltage applied on the multiple
cells 13 is higher so the multiple cells 13 are not suitable
to provide electricity to the chargeable device 10 (or the
components or the chips inside the chargeable device).
To solve the problem, a possible method is to adjust the
operating voltage of the chargeable device (or the com-
ponents or the chips inside the chargeable device to sup-
port electricity supply to the multiple cells 13. However,
this method affects the chargeable device sharply and
produces a larger amount of costs. Accompanied by Fig.
2, Fig. 3a and Fig. 3b, the present embodiment of the
present disclosure details a method to solve the problem
of electricity supply to the multiple cells 13.
[0072] As Fig. 2 illustrates, the chargeable device 10
may further include a step-down circuit 21 and a supply
circuit 22 in some embodiments. An input terminal of the
step-down circuit 21 is coupled to two terminals of the
multiple cells 13. The step-down circuit 21 is configured
to convert the total voltage of the multiple cells 13 into a
first voltage V1 where a≤V1≤b stands, a indicates the
least operating voltage of the chargeable device 10 (the
components inside the chargeable device 10 or the chip
inside the chargeable device 10), and b indicates the
maximum operating voltage of the chargeable device 10
(the components inside the chargeable device 10 or the
chip inside the chargeable device 10). The supply circuit
22 is coupled to the output terminal of the step-down
circuit 21. The supply circuit 22 supplies power to the
chargeable device 10 based on the first voltage.
[0073] The step-down circuit 21 is introduced based
on the embodiment illustrated by Fig. 1 in the present
disclosure. When the chargeable device 10 operates, the
total voltage of the multiple cells 13 is stepped down to
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a first voltage by the step-down circuit 21. The first voltage
is ranged between the least operating voltage and the
highest operating voltage of the chargeable device 10 so
the chargeable device 10 may be supplied with the first
voltage directly. In this way, the problem of power supply
with the multiple cells 13 is solved successfully.
[0074] The total voltage of the multiple cells 13 varies
with the electric volume of the multiple cells 13. There-
fore, the total voltage of the multiple cells 13 may be the
current total voltage of the multiple cells 13. For example,
the operating voltage of the single cell may range from
3.0 volts (V) to 4.35V. Provided that the multiple cells 13
includes two cells and that the current voltage of each of
the two cells is 3.5V, the total voltage of the multiple cells
13 is 7V.
[0075] Provided that the operating voltage of the single
cell ranges from 3.0V to 4.35V, parameter a is 3.0V and
parameter b is 4.35V (a=3.0V and b=4.35V). To keep the
supply voltage applied on the components inside the
chargeable device 10 normal, the step-down circuit 21
may lower the total voltage of the multiple cells 13 to an
arbitrary value ranging between 3.0V to 4.35V. The step-
down circuit 21, such as a buck circuit or a charge pump,
lowers the voltage.
[0076] For simplicity, the step-down circuit 21 may be
a charge pump. The charge pump directly reduces the
total voltage of the multiple cells 13 to 1/N of the present
total voltage, where N indicates the number of cells of
the multiple cells 13. A conventional buck circuit includes
components such as a switch transistor and an inductor.
Due to higher power loss of the inductor, using the buck
circuit to step down voltage causes higher power loss
due to higher power loss of the inductor. Compared with
the buck circuit, the charge pump utilizes switch transis-
tors and capacitors to step down the voltage. Basically,
the capacitor does not consume extra energy so the
adoption of the charge pump helps reduce the loss of
power in the process of stepping down the voltage. Spe-
cifically, the switch transistor inside the charge pump con-
trols charging and discharging of the capacitor in a certain
way, and the input voltage reduces for a certain factor to
obtain necessary voltage. (The factor chosen by the
present disclosure is 1/N.)
[0077] Optionally, in some embodiments, as Fig. 3a
illustrates, the chargeable device 10 further includes a
supply circuit 32. An input terminal of the supply circuit
32 is coupled to two terminal of any one cell of the multiple
cells 13. The supply circuit 32 provides the components
in the chargeable device 10 with electricity based on the
voltage across the multiple cells 13.
[0078] It is understood that the voltage processed by
the step-down circuit may occur ripples, affecting the
quality of supplied power of the chargeable device 10.
The supply voltage is from two terminals of any one cell
of the multiple cells 13 directly to supply the components
in the chargeable device 10 with electricity in the present
disclosure. Since the supply voltage outputted by the cell
is more stable, not only the scheme of providing electricity

with the multiple cells works well, but also the quality of
the supplied power of the chargeable device 10 is well
maintained in the present disclosure.
[0079] Furthermore, as Fig. 3b illustrates, the charge-
able device 10 further includes a balance circuit 33 cou-
pled to the multiple cells 13. The balance circuit 33 is
configured to balance the voltage between the multiple
cells 13.
[0080] As used herein, one of the multiple cells 13 con-
figured to supply electricity to the components inside the
chargeable device 10 is called "primary cell", and the
other cells called "secondary cells." The primary cell con-
tinues consuming power after the power supply method
illustrated in Fig. 3a is adopted, causing the voltage
across the primary cell and the voltage across the sec-
ondary cell is not balanced (or inconsistent). Imbalance
of voltages between the multiple cells 13 may influence
overall performance negatively and affect the lifetime of
the multiple cells 13 negatively. In addition, imbalance of
voltages between the multiple cells 13 makes it harder
to manage the multiple cells 13 consistently. Therefore,
the balance circuit 33 is used in the present disclosure
to balance the voltages across cells of the multiple cells
13, to enhance the overall performance of the multiple
cells 13, and to facilitate uniform management of the mul-
tiple cells 13.
[0081] There are many ways of implementing the bal-
ance circuit 33. For example, using a load coupled to
terminal of each cell to consume the electric volume of
the secondary cell keeps the voltage across the second-
ary cell consistent with the voltage across the primary
cell. Or, the primary cell is charged via the secondary cell
until the voltage across the primary cell is consistent with
the voltage across the secondary cell.
[0082] The increase in the output power of the adapter
may cause a lithium precipitation easily when the cell
inside the chargeable device is charged by the adapter.
Accordingly, the lifetime of the cell is shortened.
[0083] To enhance reliability and security of the cell,
an adapter is controlled to output a pulsating direct cur-
rent (or called "unidirectional pulsating output current,"
"pulsating waveform current," or "pulsating current with
a clipped waveform") in some embodiments. The first
charging circuit 12 charges the multiple cells 13 by direct
charge so the pulsating direct current outputted by the
adapter can be applied to two terminals of the multiple
cells 13 directly. As Fig. 4 illustrates, the pulsating direct
current alternates periodically. Compared with a constant
direct current, the pulsating direct current can reduce lith-
ium precipitation of a cell and enhance the lifetime of the
cell. In addition, compared with the constant direct cur-
rent, the pulsating direct current can lower the probability
and strength of an arc of a trigger point of a charging
interface and increase the lifespan of the charging inter-
face.
[0084] There are many ways to arrange an output cur-
rent of the adapter to be a pulsating direct current. For
example, an output current of the adapter is a pulsating
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direct current without a primary filter circuit and a sec-
ondary filter circuit in the adapter.
[0085] In some embodiments, a first charging circuit
12 receives an alternating current outputted by an adapt-
er (for example, to remove a primary filter circuit, a sec-
ondary rectifier, and a secondary filter circuit in the adapt-
er to obtain an alternating current outputted by the adapt-
er). The alternating current reduces the possibility of lith-
ium precipitation as well, which help enhance the lifetime
of the cell.
[0086] In some embodiments, the voltage and current
received by the first charging circuit 12 from the adapter
through the charging interface 11 may be the voltage and
current outputted by the adapter under a constant current
mode (constant current charging mode or a constant cur-
rent charging stage).
[0087] Optionally, the multiple cells 13 may be pack-
aged in a battery 51 as well in some embodiments, as
Fig. 5 illustrates. Further, the battery 51 further includes
a cell protection plate 52. The battery 51 has functions
of over-voltage and over-current protection, electricity
balance management, electricity management.
[0088] Optionally, in some embodiments, the multiple
cells 13 may be packaged in a plurality of batteries 51.
[0089] Optionally, in some embodiments, the charge-
able device 10 further includes a second charging circuit
61, as illustrated in Fig. 6. The second charging circuit
61 may include a voltage boost circuit 62. Two terminals
of the voltage boost circuit 62 are coupled to a charging
interface 11 and a multiple cells 13 correspondingly. The
voltage boost circuit 62 receives voltage outputted by an
adapter through the charging interface 11, and the volt-
age outputted by the adapter is elevated to be the second
voltage. The second voltage is applied between the two
terminals of the multiple cells 13 to charge the multiple
cells 13. The voltage outputted by the adapter and re-
ceived by the second charging circuit 61 is less than the
total voltage of the multiple cells 13. The second voltage
is greater than the total voltage of the multiple cells 13.
[0090] As mentioned, the multiple cells 13 are charged
directly through the first charging circuit 12. Based on the
direct charging method, the voltage outputted by the
adapter needs to be greater than the total voltage of the
multiple cells 13. For example, provided that two cells
are coupled in series and present voltage of each cell is
4V, the voltage outputted by the adapter needs to be 8V
or more. However, the output voltage of a standard adapt-
er (as the adapter mentioned above) is 5V so it is impos-
sible to charge the multiple cells 13 through the first
charging circuit 12. In order that a standard adapter can
be adopted by the present disclosure as well, the second
charging circuit 61 is provided in the present embodi-
ment. The second charging circuit 61 includes a voltage
boost circuit 62. The voltage boost circuit 62 may be con-
figured to elevate the voltage outputted by the adapter
to be the second voltage. Thus, the voltage outputted by
the adapter is greater than the total voltage of the multiple
cells 13. In this way, the problem that a standard adapter

fails to charge the multiple cells 13 coupled in series is
well solved.
[0091] The voltage outputted by the adapter and re-
ceived by the second charging circuit 61 is not limited by
the present embodiment of the present disclosure. As
long as the voltage outputted by the adapter is less than
the total voltage of the multiple cells 13, the multiple cells
13 can be charged by elevated voltage through the sec-
ond charging circuit 61.
[0092] The voltage boost circuit 62 is not limited by the
present embodiment. For example, a boost circuit is
adopted, or a charge pump is configured to raise voltage.
Optionally, the second charging circuit 61 may adopt a
conventional design of the charging circuit in some em-
bodiments; that is, a converting circuit (such as a charg-
ing integrated circuit) is arranged between the charging
interface and the cell. The converting circuit may control
the adapter to keep constant voltage and constant cur-
rent in the process of charging and adjust the voltage
outputted by the adapter according to practical demands
such as raising voltage or lowering voltage. The voltage
outputted by the adapter is raised over the second volt-
age of the total voltage of the multiple cells 13 by using
the function of raising voltage of the multiple cells 13 in
the present embodiment. It is understood that switch be-
tween the first charging circuit 12 and the second charg-
ing circuit 61 may be realized through a switch and a
control circuit. For example, a control circuit is arranged
inside the chargeable device, and the control circuit may
swiftly switch between the first charging circuit 12 and
the second charging circuit 61 according to practical de-
mands (the type of the adapter).
[0093] Optionally, an adapter supports a first charging
mode and a second charging mode in some embodi-
ments. The adapter charges the chargeable device op-
erable in the second charging mode faster than the adapt-
er charges the chargeable device on the first charging
mode. In other words, it takes less time for the adapter
to charge the battery with the same electricity volume
operable in the second charging mode compared with
the adapter operable in the second charging mode. Fur-
ther, an adapter charges a multiple cells 13 through the
second charging circuit 61 operable in the second charg-
ing mode in some embodiments. Besides, the adapter
charges the multiple cells 13 through the first charging
circuit 12 operable in the second charging mode.
[0094] The first charging mode may be a normal charg-
ing mode. The second charging mode may be a fast
charging mode. The normal charging mode means that
the adapter outputs a comparably smaller amount of cur-
rent (usually less than 2.5A) or a comparably smaller
amount of power (usually less than 15W) to charge a
battery in the chargeable device. It usually takes several
hours to fill up a battery with a larger amount (like with
an amount of 3000 milliampere) on the normal charging
mode. The adapter outputs a comparably larger amount
of current (usually greater than 2.5A, like 4.5A, 5A, or
more) or a comparably larger amount of power (usually
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more than or equal to 15W) to charge the battery in the
chargeable device by the fast charging mode. Compared
with the normal charging mode, the charging rate of the
adapter is faster on the fast charging mode so it takes
less time to full up a battery with the same volume obvi-
ously.
[0095] Further, the charging interface 11 may include
a data line, as Fig. 7 illustrates. The chargeable device
10 may further include a control circuit 71. The control
circuit 71 may communicate with the adapter bidirection-
ally through the data line to control the output of the adapt-
er operable in the second charging mode. Take the
charging interface as a USB port for example. The data
line may be a D+ line and/or D-line in the USB port.
[0096] The present disclosure does not limit the com-
municative contents between the control circuit 71 of the
adapter and the chargeable device. The present disclo-
sure does not limit how the control circuit 71 controls the
output of the adapter operable in the second charging
mode. For example, the control circuit 71 can communi-
cate with the adapter, interact the present total voltage
of the multiple cells 13 with the present total electricity of
the multiple cells 13 in the chargeable device, and adjust
the voltage or current outputted by the adapter based on
the present total voltage or the present total electricity of
the multiple cells 13. The interactive contents between
the control circuit 71 and the adapter and the method of
controlling the output of the adapter operable in the sec-
ond charging mode are detailed as follows.
[0097] The present disclosure does not limit priority
and subordination of the adapter and the chargeable de-
vice (or the control circuit 71 of the chargeable device).
In other words, either one of the adapter or the charge-
able device acts as a primary device and actively com-
municates with the other. Correspondingly, the other acts
as a secondary device and offers a first reply or a first
response to the communication from the primary device.
Optionally, the voltage level of the adapter and the volt-
age level of the chargeable device are compared with
the voltage level of ground in the process of communi-
cation to ensure which one is primary device and which
one is the secondary device.
[0098] The present disclosure does not limit priority
and subordination of the adapter and the chargeable de-
vice. In other words, either one of the adapter or the
chargeable device acts as a primary device and actively
communicates with the other. Correspondingly, the other
acts as a secondary device and offers a first reply or a
first response to the communication from the primary de-
vice. At the same time, the primary device offers a second
reply or a second response in response to the first reply
or the first response from the secondary device. There-
fore, the negotiation process of a charging mode between
the adapter and the chargeable device is finished. Op-
tionally, in some embodiments, after several negotiations
for the charging mode between the primary device and
the secondary device are completed, a charging opera-
tion between the primary device and the secondary de-

vice is performed to ensure safe and reliable perform-
ance of the charging.
[0099] The primary device may offer the second re-
sponse or the second reply based on the first response
or the first reply from the secondary device in communi-
cation. One method may include: The primary device can
receive the first response or the first reply from the sec-
ondary device in communication and offer the second
response or the second reply based on the first response
or the first reply from the secondary device accordingly.
For example, when the primary device receives the first
response or the first reply from the secondary device in
communication within the predetermined time, the pri-
mary device offers the second response or the second
reply based on the first response or the first reply from
the secondary device. Specifically, the negotiation proc-
ess of a charging mode between the primary device and
the secondary device is finished. The primary device and
the secondary device perform the charging on the first
charging mode or the second charging mode based on
the negotiation result. That is, the adapter charges the
chargeable device on the first charging mode or the sec-
ond charging mode based on the negotiation result.
[0100] The primary device may offer the second re-
sponse or the second reply based on the first response
or the first reply from the secondary device in communi-
cation. Another method may include: The primary device
does not receive the first response or the first reply from
the secondary device in communication but still offers
the second response or the second reply based on the
first response or the first reply from the secondary device
accordingly. For example, when the primary device does
not receive the first response or the first reply from the
secondary device in communication within the predeter-
mined time, the primary device still offers the second re-
sponse or the second reply based on the first response
or the first reply from the secondary device. Specifically,
the negotiation process of a charging mode between the
primary device and the secondary device is finished. The
primary device and the secondary device perform the
charging operable in the second charging mode or the
second charging mode based on the negotiation result.
That is, the adapter charges the chargeable device op-
erable in the second charging mode or the second charg-
ing mode based on the negotiation result.
[0101] Optionally, to serve as one embodiment, a
chargeable device, as a primary device, starts to com-
municate, and an adapter, as a secondary device, offers
a first reply or a first response in response to the primary
device’s communication. Afterwards, the chargeable de-
vice does not need to offer a second reply or a second
response in response to the adapter’s first reply or first
response accordingly. Therefore, the negotiation proc-
ess of a charging mode between the adapter and the
chargeable device is finished. Further, the adapter can
charge the chargeable device either operable in the sec-
ond charging mode or operable in the second charging
mode based on the negotiation result.
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[0102] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally through a data line to control the output of
the adapter operable in the second charging mode, the
control circuit 71 communicates with the adapter bidirec-
tionally to negotiate the charging mode between the
adapter and the chargeable device.
[0103] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally to negotiate the charging mode between the
adapter and the chargeable device, the control circuit 71
receives a first instruction sent by the adapter, the first
instruction being configured to inquire whether the
chargeable device enables the second charging mode;
the control circuit 71 also sends a reply instruction re-
sponsive to the first instruction to the adapter, and the
reply instruction responsive to the first instruction being
configured to ask the chargeable device whether to allow
to enable the second charging mode; and the control
circuit 71 further controls the adapter to charge the mul-
tiple cells through the first charging circuit 12 on condition
that the chargeable device agrees to enable the second
charging mode.
[0104] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally through a data line to control the output proc-
ess of the adapter operable in the second charging mode,
the control circuit 71 communicates with the adapter bi-
directionally to ensure a charging current outputted by
the adapter operable in the second charging mode and
configured to charge a chargeable device.
[0105] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally to ensure a charging voltage outputted by
the adapter operable in the second charging mode and
configured to charge a chargeable device, the control
circuit 71 receives a second instruction sent by the adapt-
er; the second instruction being configured to inquire
whether the voltage outputted by the adapter matches
the present total voltage of the multiple cells 13; the con-
trol circuit 71 further sends a reply instruction responsive
to the second instruction to the adapter, the reply instruc-
tion responsive to the second instruction being config-
ured command the voltage outputted by the adapter to
match the present total voltage of the multiple cells 13 or
to make the voltage outputted by the adapter and the
present total voltage of the multiple cells 13 higher or
lower. Alternatively, the second instruction may be con-
figured to inquire whether the present voltage outputted
by the adapter acting as a charging voltage for the
chargeable device is suitable operable in the second
charging mode. The reply instruction responsive to the
second instruction may be configured to indicate that the
voltage outputted by the adapter matches the present
total voltage of the multiple cells 13 or the voltage out-
putted by the adapter is greater than the present total
voltage of the multiple cells 13, or the voltage outputted
by the adapter is less than the present total voltage of

the multiple cells 13. The present output voltage of the
adapter matching the present total voltage of the multiple
cells 13 or the present output voltage of the adapter acting
as the charging voltage for the chargeable device suita-
ble operable in the second charging mode means that
the present output voltage of the adapter is slightly great-
er than the present total voltage of the multiple cells 13
and that the difference between the output voltage of the
adapter and the present total voltage of the multiple cells
13 is within a predetermined range (usually order of mag-
nitude of hundreds of millivolts).
[0106] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally through the data line to control the output of
the adapter operable in the second charging mode, the
control circuit 71 communicates with the adapter bidirec-
tionally to ensure a charging current outputted by the
adapter operable in the second charging mode and con-
figured to charge a chargeable device.
[0107] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally to ensure a charging current outputted by
the adapter operable in the second charging mode and
configured to charge a chargeable device, the control
circuit 71 receives a third instruction sent by the adapter;
the third instruction being configured to inquire the max-
imum charging current for the chargeable device current-
ly; the control circuit 71 further sends a reply instruction
responsive to the third instruction to the adapter. The
reply instruction responsive to the third instruction is con-
figured to indicate the maximum charging current for the
chargeable device. The adapter adjusts an outputted
charging current operable in the second charging mode
based on the reply instruction responsive to the third in-
struction and indicative of the maximum charging current
for the chargeable device. It is understood that there are
many charging methods for the maximum charging cur-
rent for the chargeable device currently to ensure the
charging current outputted by the second adapter for the
chargeable device operable in the second charging mode
based on the maximum charging current for the charge-
able device currently for the control circuit 71. For exam-
ple, the second adapter ensures that the maximum
charging current for the chargeable device currently is
for the charging current for the chargeable device. Or for
example, the charging current outputted by the second
adapter operable in the second charging mode for the
chargeable device is ensured after the maximum charg-
ing current for the chargeable device currently and the
capacity of current output are taken into considerations.
[0108] Optionally, to serve as one embodiment, when
the control circuit 71 communicates with an adapter bi-
directionally through the data line to control the output of
the second adapter operable in the second charging
mode, the control circuit 71 communicates with the
adapter bidirectionally operable in the second charging
mode to adjust a current outputted by the adapter.
[0109] Optionally, to serve as one embodiment, when
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the control circuit 71 communicates with an adapter bi-
directionally to adjust a current outputted by the adapter,
the control circuit 71 receives a fourth instruction sent by
the adapter, the fourth instruction being configured to in-
quire the present total voltage of the multiple cells; the
control circuit 71 further sends a reply instruction respon-
sive to the fourth instruction to the adapter, and the reply
instruction responsive to the fourth instruction being con-
figured to indicate the present total voltage of the multiple
cells. The adapter can adjust the current output based
on the present total voltage of the multiple cells.
[0110] Optionally, to serve as one embodiment, a proc-
ess that the control unit 71 communicates with an adapter
bidirectionally through the data line to control an output
process of the adapter on a second charging mode in-
cludes: the control unit 71 bidirectionally communicates
with the adapter to ensure whether there is a bad contact
of the charging interface.
[0111] Specifically, the process that the control unit 71
bidirectionally communicates with the adapter to ensure
whether there is a bad contact of the charging interface
may include: the control unit 71 receives a fourth instruc-
tion sent by the adapter, and the control unit 71 sends a
reply instruction responsive to the fourth instruction. The
fourth instruction is configured to inquire a present volt-
age of a battery of a chargeable device. The reply in-
struction responsive to the fourth instruction is configured
to indicate the present voltage of the battery of the
chargeable device to ensure whether a bad contact of
the charging interface exists based on the voltage out-
putted by the adapter and the present voltage of the bat-
tery of the chargeable device. For example, if the differ-
ence of the voltage outputted by the adapter and the
present voltage of the battery of the chargeable device
is greater than a predetermined threshold, the difference
divided by a present current outputted by the adapter
equals an impedance, and the impedance is greater than
an impedance threshold, which implies that a bad contact
of the charging interface exists.
[0112] Optionally, to serve as one embodiment, wheth-
er a bad contact of the charging interface exists can be
determined with the chargeable device. For example, the
control unit 71 sends a sixth instruction. The sixth instruc-
tion is configured to inquire a voltage outputted by an
adapter. The control unit 71 receives a reply instruction
responsive to the sixth instruction sent by the adapter.
The reply instruction responsive to the sixth instruction
is configured to indicate a voltage outputted by the adapt-
er. The control unit 71 ensures whether a bad contact of
the charging interface exists based on a present voltage
of a battery and the voltage outputted by the adapter.
After ensuring the bad contact of the charging interface,
the control unit 71 sends a fifth instruction. The fifth in-
struction is configured to indicate the bad contact of the
charging interface. The adapter may terminate from the
second charging mode after receiving the fifth instruction.
[0113] Accompanied by Fig. 8, the present embodi-
ment details a communication process between the

adapter and the chargeable device (specifically per-
formed by the control circuit inside the chargeable de-
vice). It is understood that the example shown in Fig. 8
merely help a person skilled in the art understand the
present embodiment rather than limit the number of
scenes. A person skilled in the art can modify or change
the embodiment correspondingly according to the exam-
ple shown in Fig. 8. Such modifications or changes are
within the scope of the present embodiment.
[0114] As illustrated in Fig. 8, the communication proc-
ess (or called "fast communication process") between
the adapter and the chargeable device may include
Stage 1, Stage 2, Stage 3, Stage 4, and Stage 5.

Stage 1:

[0115] After the chargeable device and a power supply
device are coupled, the chargeable device may detect
the type of power supply device via data lines D+ and
D-. When the chargeable device detects the power sup-
ply device to be the adapter, the current absorbed by the
chargeable device is greater than the predetermined cur-
rent threshold I2 (such as 1A). When the adapter detects
the current outputted by the adapter greater than or equal
to the predetermined current threshold I2 within the pre-
determined duration (for example, a continuous T1 du-
ration), the adapter may regard the type of the power
supply device is recognized by the chargeable device.
Afterwards, the adapter starts to negotiate with the
chargeable device and sends Instruction 1 (correspond-
ing to the above-mentioned first instruction) to the
chargeable device to inquire whether the chargeable de-
vice agrees the adapter to charge the chargeable device
operable in the second charging mode.
[0116] When the adapter receives the reply instruction
responsive to Instruction 1 sent by the chargeable device,
and the reply instruction responsive to Instruction 1 indi-
cates that the chargeable device does not agree the
adapter to charge the chargeable device operable in the
second charging mode, the adapter detects the output
current of the adapter again. When the current outputted
by the adapter is still greater than or equal to I2 in a
predetermined continuous duration (for example, a con-
tinuous T1 duration), the adapter sends the reply instruc-
tion responsive to Instruction 1 to the chargeable device
again. The adapter inquires the chargeable device to
agree to charge the chargeable device with the adapter
operable in the second charging mode. The adapter re-
peats the operation at Stage 1 until the chargeable device
agrees the adapter to charge the chargeable device op-
erable in the second charging mode or the current out-
putted by the adapter no longer satisfies the requirement
of the output current greater than or equal to I2.
[0117] When the chargeable device agrees the adapt-
er to charge the chargeable device operable in the sec-
ond charging mode, the communication process enters
Stage 2.
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Stage 2:

[0118] The voltage outputted by the adapter may in-
clude a plurality of levels. The adapter sends instruction
2 to the chargeable device (corresponding to the second
instruction) to inquire whether the voltage outputted by
the adapter (the present output voltage) matches the
present total voltage of the multiple cells (the present
total voltage of the multiple cells).
[0119] The chargeable device sends the reply instruc-
tion responsive to Instruction 2 to indicate that the voltage
outputted by the adapter matches the present total volt-
age of the chargeable device (the present total voltage
of the multiple cells), the voltage outputted by the adapter
is greater than or less than the present total voltage of
the chargeable device (the present total voltage of the
multiple cells). If the reply instruction responsive to In-
struction 2 is to make the voltage outputted by the adapter
and the present total voltage of the chargeable device
(the present total voltage of the multiple cells) higher or
lower, the adapter can adjust one level of the voltage
outputted by the adapter and sends the reply instruction
responsive to Instruction 2 to the chargeable device to
inquire whether the voltage outputted by the adapter
matches the present voltage (the present total voltage of
the multiple cells) of the battery again. The operation at
Stage 2 are repeated until the chargeable device ensures
that the voltage outputted by the adapter matches the
present voltage (the present total voltage of the multiple
cells) of the battery. Afterwards, Stage 3 starts.

Stage 3:

[0120] The adapter sends Instruction 3 (corresponding
to the above-mentioned the third instruction) and inquires
the maximum charging current supported by the charge-
able device currently. The chargeable device sends the
reply instruction responsive to Instruction 3 to the adapter
to indicate the maximum charging current supported by
the chargeable device currently. Afterwards, Stage 4
starts.

Stage 4:

[0121] Based on the maximum charging current sup-
ported by the chargeable device currently, the charging
current outputted by the adapter to charge the chargea-
ble device operable in the second charging mode. After-
wards, Stage 5 starts, that is, constant current charging
stage.

Stage 5:

[0122] When entering the constant current charging
stage, the adapter sends Instruction 4 (corresponding to
the above-mentioned fourth instruction) to the chargea-
ble device every interval of time and inquire the present
voltage (e.g. the total voltage of the multiple cells) of the

battery of the chargeable device. The chargeable device
sends the reply instruction responsive to Instruction 4 to
the adapter to feedback the present voltage (the total
voltage of the multiple cells) of the battery. The adapter
can detect whether the connection of the charging inter-
face is normal based on the present voltage (the total
voltage of the multiple cells) of the battery and whether
the current outputted by the adapter needs to be lowered.
When the connection of the charging interface is poor,
the chargeable device sends Instruction 5 (correspond-
ing to the above-mentioned fifth instruction), the adapter
retreats from the second charging mode, resets to enter
Stage 1.
[0123] Optionally, to serve as one embodiment, a
chargeable device sends a reply instruction responsive
to Instruction 1 at Stage 1. The reply instruction respon-
sive to Instruction 1 may attach data (or information) of
a path impedance of the chargeable device. The connec-
tion of the charging interface is detected to be normal
with the path impedance of the chargeable device at
Stage 5.
[0124] Optionally, to serve as one embodiment, a time
period, from the time that the chargeable device agrees
the adapter charging the chargeable device operable in
the second charging mode until the time that an output
voltage of the adapter is adjusted to a suitable charging
voltage, may be set as a predetermined time period at
Stage 2. If the time goes beyond the predetermined time
period, the adapter or the chargeable device is detected
to be abnormal in the communication process and then
resets to enter Stage 1.
[0125] Optionally, to serve as one embodiment, the
voltage outputted by the adapter is higher than the
present voltage of the battery of the chargeable device
(the present total voltage of the multiple cells) by ΔV (ΔV
can range from 200 mV to 500 mV) at Stage 2. The
chargeable device may send a reply instruction respon-
sive to Instruction 2 to the adapter to indicate that the
voltage outputted by the adapter matches the voltage of
the battery of the chargeable device (the present total
voltage of the multiple cells).
[0126] Optionally, to serve as one embodiment, the ad-
justment speed of a current outputted by an adapter can
be controlled within limits at Stage 4. In this way, the
charging process will not be abnormal once the adjust-
ment speed is a bit high.
[0127] Optionally, to serve as one embodiment, a var-
iation of a current outputted by an adapter is controlled
within five percent (5%) of the output current at Stage 5.
[0128] Optionally, to serve as one embodiment, an
adapter can detect a path impedance of a charging circuit
in real time at Stage 5. Specifically, the adapter can detect
the path impedance of the charging circuit based on an
output voltage and an output current of the adapter and
the present voltage (present total voltage of the multiple
cells) of the battery feedback by the chargeable device.
Since "path impedance of charging circuit" greater than
"path impedance of charging circuit plus impedance of
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charging cable" indicates a bad contact of a charging
interface, the adapter stops charging the chargeable de-
vice operable in the second charging mode.
[0129] Optionally, to serve as one embodiment, after
the adapter starts to charge the chargeable device op-
erable in the second charging mode, communication in-
terval between the adapter and the chargeable device is
controlled within limits to prevent abnormality from oc-
curring in the communication process because the inter-
val is too short.
[0130] Optionally, to serve as one embodiment, termi-
nation of the charging process (or termination of the
charging process of the adapter to a chargeable device
under the second mode) may be divided into recoverable
termination and unrecoverable termination.
[0131] For example, upon a condition that the battery
(the multiple cells) of the chargeable device is full or a
bad contact of the charging interface is detected, the
charging process terminates, the charging communica-
tion process resets, and the charging process enter
Stage 1 again. Afterwards, the charging process enters
Stage 2 if the chargeable device does not agree the
adapter to charge the chargeable device operable in the
second charging mode. Such kind of termination of the
charging process is regarded as unrecoverable termina-
tion.
[0132] Or for example, when the communication be-
tween the adapter and the chargeable device is abnor-
mal, the charging process terminates, the charging com-
munication process resets, and the charging process en-
ters Stage 1 again. After the requirement of Stage 1 is
fulfilled, the chargeable device agrees the adapter to
charge the chargeable device operable in the second
charging mode to recover the charging process. Such
kind of termination of the charging process may be re-
garded as recoverable termination.
[0133] Or for example, when the chargeable device
detects the battery (the multiple cells) is abnormal, the
charging process terminates, the charging process re-
sets, and the charging process enters Stage 1 again.
Afterwards, the chargeable device does not agree the
adapter to charge the chargeable device operable in the
second charging mode. When the battery (the multiple
cells) becomes normal again, and the requirement of
Stage 1 is fulfilled, the chargeable device agrees the
adapter to charge the chargeable device operable in the
second charging mode. Such kind of termination of the
charging process may be regarded as recoverable ter-
mination.
[0134] The blocks or operations illustrated in Fig. 8 are
merely an exemplary. For example, after the chargeable
device and the adapter are coupled at Stage 1, hand-
shake communication between the chargeable device
and the adapter may be launched by the chargeable de-
vice as well; that is the chargeable device sends Instruc-
tion 1 and inquires whether the adapter enables the sec-
ond charging mode. When the chargeable device re-
ceives the reply instruction of the adapter to indicate that

the adapter agrees to charge the chargeable device op-
erable in the second charging mode, the adapter starts
to charge the battery (the multiple cells) of the chargeable
device operable in the second charging mode.
[0135] In another embodiment, a stage of constant
voltage charging may be further included after Stage 5
finishes. Specifically, the chargeable device feedbacks
the present voltage of the battery (the present total volt-
age of the multiple cells) to the adapter at Stage 5. When
the present voltage of the battery (the present total volt-
age of the multiple cells) reaches a threshold of charging
voltage, the chargeable device is charged by a constant
voltage from the constant current. At the stage of constant
voltage charging, the charging current gradually lessens.
When the charging current lowers to a certain threshold,
the battery (the multiple cells) of the chargeable device
is filled and the charging process stops.
[0136] The device proposed by the present embodi-
ment is detailed, as shown Fig. 1 to Fig. 8. The method
proposed by the present embodiment is detailed, as
shown Fig. 9. It is understood that the description of the
method and the description of the device correspond to
each other. For simplicity, some repetitions are omitted.
[0137] Fig. 9 illustrates a flowchart of a charging meth-
od according to one embodiment of the present disclo-
sure. The chargeable device including a charging inter-
face is charged by the charging method as illustrated in
Fig. 9.
[0138] The charging method includes block 910 and
block 920.
[0139] At block 910, voltage and current outputted by
an adapter through the charging interface is received.
[0140] At block 920, the voltage and current outputted
by the adapter is applied between two terminals of mul-
tiple cells coupled in series built in the chargeable device
to directly charge the multiple cells.
[0141] Optionally, to serve as one embodiment, the
charging method illustrated in Fig. 9 further includes:
electrical power suitable for the components of the
chargeable device is supplied based on the voltage of
the selected one of the multiple cells.
[0142] Optionally, to serve as one embodiment, the
charging method illustrated in Fig. 9 further includes: volt-
age between the multiple cells is balanced.
[0143] Optionally, to serve as one embodiment, the
charging method as illustrated in Fig. 9 further includes:
the voltage outputted by the adapter through the charging
interface is converted to second voltage, and the second
voltage is applied between the two terminals to charge
the multiple cells. The second voltage is greater than a
total voltage of the multiple cells.
[0144] Optionally, to serve as one embodiment, the
adapter supports a first charging mode and a second
charging mode. A charging rate of charging the charge-
able device operable in the second charging mode is
faster than a charging rate of charging the chargeable
device operable in the second charging mode.
[0145] Optionally, to serve as one embodiment, the
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charging interface includes a data line. The charging
method as illustrated in Fig. 9 further includes: the adapt-
er is bidirectionally communicated with the chargeable
device through the data line to control output of the adapt-
er operable in the second charging mode.
[0146] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device through the data line to control
output of the adapter operable in the second charging
mode includes: the adapter is bidirectionally communi-
cated with the chargeable device to negotiate a charging
mode between the adapter and the chargeable device.
[0147] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device to negotiate a charging mode be-
tween the adapter and the chargeable device includes:
a first instruction sent by the adapter is received, a reply
instruction responsive to the first instruction is sent to the
adapter, and the adapter is controlled to charge the mul-
tiple cells through the first charging circuit upon a condi-
tion that the chargeable device agrees to enable the sec-
ond charging mode. The first instruction is configured to
inquire whether the chargeable device enables the sec-
ond charging mode. The reply instruction responsive to
the first instruction is configured to ask the chargeable
device whether to agree to enable the second charging
mode.
[0148] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device through the data line to control
output of the adapter operable in the second charging
mode includes: the adapter is bidirectionally communi-
cated with the chargeable device to ensure a charging
voltage outputted by the adapter operable in the second
charging mode to charge the chargeable device.
[0149] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device to ensure a charging voltage out-
putted by the adapter operable in the second charging
mode to charge the chargeable device includes: a sec-
ond instruction sent by the adapter is received, and a
reply instruction responsive to the second instruction is
sent to the adapter. The second instruction is configured
to inquire whether the voltage outputted by the adapter
matches a present total voltage of the multiple cells. The
reply instruction responsive to the second instruction is
configured to indicate that the voltage outputted by the
adapter matches the present total voltage of the multiple
cells, the voltage outputted by the adapter is greater than
the present total voltage of the multiple cells, or the volt-
age outputted by the adapter is less than the present total
voltage of the multiple cells.
[0150] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device through the data line to control
output of the adapter operable in the second charging
mode includes: the adapter is bidirectionally communi-
cated with the chargeable device to ensure a charging

current outputted by the adapter operable in the second
charging mode to charge the chargeable device.
[0151] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device to ensure a charging current out-
putted by the adapter operable in the second charging
mode to charge the chargeable device includes: a third
instruction sent by the adapter is received, and a reply
instruction responsive to the third instruction is sent to
the adapter. The third instruction is configured to inquire
a maximum charging current for the chargeable device.
The reply instruction responsive to the third instruction
is configured to indicate the maximum charging current
for the chargeable device to ensure the charging current
outputted by the adapter for the chargeable device op-
erable in the second charging mode based on the max-
imum charging current for the chargeable device.
[0152] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device through the data line to control
output of the adapter operable in the second charging
mode includes: the adapter is bidirectionally communi-
cated with the chargeable device to adjust the current
outputted by the adapter in a charging process operable
in the second charging mode.
[0153] Optionally, to serve as one embodiment, a proc-
ess that the adapter is bidirectionally communicated with
the chargeable device to adjust the current outputted by
the adapter in a charging process operable in the second
charging mode: a fourth instruction sent by the adapter
is received, and a reply instruction responsive to the
fourth instruction is sent to the adapter. The fourth in-
struction is configured to inquire the present total voltage
of the multiple cells. The reply instruction responsive to
the fourth instruction is configured to indicate the present
total voltage of the multiple cells. The adapter adjusts an
outputted charging current based on the reply instruction
responsive to the fourth instruction and indicative of the
present total voltage of the multiple cells.
[0154] One having ordinary skill in the art may be aware
that the units and steps of algorithm in the examples of
the embodiments published by this application can be
realized by electronic hardware, or combinations of com-
puter software and electronic hardware. Whether the
functions should be performed by hardware or software
should depend upon the particular applications and de-
sign constraints of a technical solution. One skilled in the
art may use different methods to implement the described
functions for each specific application, but such imple-
mentation should not be considered as outside of the
scope of the present disclosure.
[0155] One skilled in the art may clearly understand
that they can refer to the corresponding process in the
abovementioned embodiments of the method for the spe-
cific operating process of the abovementioned system,
device, and units. No description is provided herein again
for the convenience and succinctness of the description.
[0156] In the several embodiments provided by the ap-
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plication, it should be understood that the revealed sys-
tem, device and method may be implemented in other
ways. For example, the abovementioned embodiments
of the device are merely schematic. For example, the
division of the units is merely a division based on logical
functions; it may be different when they are put into prac-
tice. For example, a plurality of units or components may
be combined or integrated into another system, or some
features may be ignored or not be performed. And an-
other point is that the displayed or discussed coupling,
direct coupling or communication can be done through
some interfaces, devices, or indirect coupling or commu-
nication between units; they may be electrical, mechan-
ical, or in other forms.
[0157] The units described as separated parts may or
may not be physically separated. A part that appeared
as a unit may or may not be a physical unit, i.e. it can
locate in one place, or it can be distributed to multiple
network units. Part of or all of the units can be selected
based on actual needs to achieve the object of the solu-
tions of the present embodiments.
[0158] Furthermore, each of the functional units in the
embodiments of the present disclosure may be integrat-
ed in one processing unit, or may be independent units
physically separated, or may integrate with another one
or more units and appear as a single unit.
[0159] If the function is realized as a software function-
al unit and used or sold as a standalone product, it may
be stored in a computer-readable storage medium.
Based on such understanding, the technical solutions of
the present disclosure per se, or its contribution to the
related art, or the technical solution may be realized in a
software product. The computer software product is
stored in a storage medium, including several commands
that enable a computer device (may be a personal com-
puter, a server, or network device) to perform all or part
of the steps of the methods of the various embodiments
of the present disclosure. The storage medium includes
U-disk, removable hard disk, read-only memory (ROM),
random access memory (RAM), magnetic disk or com-
pact disc (CD) and other medium that can store program
codes.

Claims

1. A chargeable device, comprising:

a charging interface; and
a first charging circuit, coupled to the charging
interface, configured to receive voltage and cur-
rent outputted by an adapter through the charg-
ing interface, and to apply the voltage and cur-
rent outputted by the adapter on two terminals
of multiple cells coupled in series built in the
chargeable device to charge the multiple cells
directly.

2. The chargeable device of claim 1, further comprising:
a supply circuit, coupled to one of the multiple cells
and configured to supply electrical power suitable
for the components of the chargeable device based
on the voltage of the selected one of the multiple
cells.

3. The chargeable device of claim 2, further comprising:
a balance circuit, coupled to the multiple cells, con-
figured to balance voltage between the multiple cells.

4. The chargeable device of any one of the claims 1-3,
wherein the current outputted by the adapter and
received by the first charging circuit is a pulsating
direct current (DC) current, an alternating current, or
a constant DC current.

5. The chargeable device of any one of the claims 1-4,
wherein the voltage and current outputted by the
adapter and received by the first charging circuit
through the charging interface is the voltage and cur-
rent outputted by the adapter under a constant cur-
rent mode.

6. The chargeable device of any one of the claims 1-5,
further comprising:

a second charging circuit, comprising a voltage
boost circuit coupled between the charging in-
terface and the multiple cells,
wherein the voltage boost circuit converts the
voltage outputted from the adapter and received
by the first charging interface into a second volt-
age, and the second voltage is applied between
the two terminals of the multiple cells to charge
the multiple cells, wherein the voltage value out-
putted from the adapter is less than a total volt-
age of the multiple cells, and the second voltage
value is greater than the total voltage of the mul-
tiple cells.

7. The chargeable device of claim 6, wherein the volt-
age outputted by the adapter and received by the
second charging circuit is five volts (5V).

8. The chargeable device of claim 6 or 7, wherein the
adapter supports a first charging mode and a second
charging mode; a charging rate of charging the
chargeable device by the second charging mode is
faster than a charging rate of charging the chargea-
ble device under the first charging mode; the adapter
charges the multiple cells through the first charging
circuit by the second charging mode; the adapter
charges the multiple cells through the second charg-
ing circuit by the first charging mode.

9. The chargeable device of claim 8, wherein the charg-
ing interface comprises a data line, and the charge-

31 32 



EP 3 334 005 A1

18

5

10

15

20

25

30

35

40

45

50

55

able device further comprises a control circuit that
supports bidirectional communication with the
adapter through the data line to control output of the
adapter operable in the second charging mode.

10. The chargeable device of claim 9, wherein a process
that the control circuit communicates with the adapt-
er in a means of bidirectional communication through
the data line to control output of the adapter operable
in the second charging mode, comprises:
the control circuit communicates with the adapter in
a means of bidirectional communication to negotiate
a charging mode which the chargeable device and
the adapter are operable in.

11. The chargeable device of claim 10, wherein a proc-
ess that the control circuit communicates with the
adapter in the means of bidirectional communication
to negotiate the charging mode which the chargeable
device and the adapter are operable in, comprises:

the control circuit receives a first instruction sent
by the adapter, the first instruction configured to
inquire whether the chargeable device enables
the second charging mode;
the control circuit sends a reply instruction re-
sponsive to the first instruction to the adapter,
the reply instruction responsive to the first in-
struction configured to indicate that the charge-
able device whether agrees to enable the sec-
ond charging mode;
the control circuit controls the adapter to charge
the multiple cells through the first charging circuit
when the chargeable device agrees to enable
the second charging mode.

12. The chargeable device of any one of the claims 9-11,
wherein a process that the control circuit communi-
cates with the adapter in a means of bidirectional
communication through the data line to control out-
put of the adapter operable in the second charging
mode, comprises:
the control circuit communicates with the adapter in
the means of bidirectional communication to ensure
a charging voltage outputted by the adapter operable
in the second charging mode and configured to
charge the chargeable device.

13. The chargeable device of claim 12, wherein a proc-
ess that the control circuit communicates with the
adapter in the means of bidirectional communication
to ensure the charging voltage outputted by the
adapter operable in the second charging mode and
configured to charge the chargeable device, com-
prises:

the control circuit receives a second instruction
sent by the adapter, the second instruction con-

figured to inquire whether the voltage outputted
by the adapter matches a present total voltage
of the multiple cells;
the control circuit sends a reply instruction re-
sponsive to the second instruction to the adapt-
er, the reply instruction responsive to the second
instruction configured to indicate that the voltage
outputted by the adapter matches the present
total voltage of the multiple cells, the voltage out-
putted by the adapter is less than the present
total voltage of the multiple cells, or the voltage
outputted by the adapter is greater than the
present total voltage of the multiple cells.

14. The chargeable device of any one of the claims 9-13,
wherein a process that the control circuit communi-
cates with the adapter in a means of bidirectional
communication through the data line to control out-
put of the adapter operable in the second charging
mode, comprises:

the control circuit communicates with the adapt-
er in the means of bidirectional communication
to ensure a charging current outputted by the
adapter operable in the second charging mode
and configured to charge the chargeable device.

15. The chargeable device of claim 14, wherein a proc-
ess that the control circuit communicates with the
adapter in the means of bidirectional communication
to ensure the charging current outputted by the
adapter operable in the second charging mode and
configured to charge the chargeable device, com-
prises:

the control circuit receives a third instruction sent
by the adapter, the third instruction configured
to inquire a maximum charging current for the
chargeable device;
the control circuit sends a reply instruction re-
sponsive to the third instruction to the adapter,
the reply instruction responsive to the third in-
struction configured to indicate the maximum
charging current for the chargeable device,
whereby the adapter adjusts an outputted
charging current operable in the second charg-
ing mode based on the reply instruction respon-
sive to the third instruction and indicative of the
maximum charging current for the chargeable
device.

16. The chargeable device of any one of the claims 9-15,
wherein a process that the control circuit communi-
cates with the adapter in a means of bidirectional
communication through the data line to control out-
put of the adapter operable in the second charging
mode, comprises:
the control circuit communicates with the adapter in
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the means of bidirectional communication to adjust
the current output by the adapter in the charging
process under the second charging mode.

17. The chargeable device of claim 16, wherein a proc-
ess that the control circuit communicates with the
adapter in the means of bidirectional communication
to adjust the current output by the adapter in the
charging process under the second charging mode,
comprises:

the control circuit receives a fourth instruction
sent by the adapter, the fourth instruction con-
figured to inquire a present total voltage of the
multiple cells;
the control circuit sends a reply instruction re-
sponsive to the fourth instruction to the adapter,
the reply instruction responsive to the fourth in-
struction configured to indicate the present total
voltage of the multiple cells, whereby the adapt-
er adjusts an outputted charging current based
on the reply instruction responsive to the fourth
instruction and indicative of the present total
voltage of the multiple cells.

18. A charging method for charging a chargeable device
comprising a charging interface, the charging meth-
od comprising:

receiving voltage and current outputted by an
adapter through the charging interface; and
applying the voltage and current outputted by
the adapter between two terminals of multiple
cells coupled in series built in the chargeable
device to directly charge the multiple cells.

19. The charging method of claims 18, further compris-
ing:
supplying electrical power suitable for the compo-
nents of the chargeable device based on the voltage
of the selected one of the multiple cells.

20. The charging method of claim 19, further comprising:
balancing voltage between the multiple cells.

21. The charging method of any one of the claims 18-20,
further comprising:

converting the voltage outputted by the adapter
through the charging interface to second volt-
age; and
applying the second voltage between the two
terminals of the multiple cells to charge the mul-
tiple cells, wherein the second voltage value is
greater than a total voltage of the multiple cells.

22. The charging method of claim 21, wherein the adapt-
er supports a first charging mode and a second

charging mode; a charging rate of charging the
chargeable device by the second charging mode is
faster than a charging rate of charging the chargea-
ble device operable in the first charging mode.

23. The charging method of claim 22, wherein the charg-
ing interface comprises a data line, the charging
method further comprises:
communicating with the adapter in a means of bidi-
rectional communication through the data line to con-
trol output of the adapter operable in the second
charging mode.

24. The charging method of claim 23, wherein the com-
municating with the adapter in the means of bidirec-
tional communication through the data line to control
output of the adapter operable in the second charg-
ing mode comprises: communicating with the adapt-
er in the means of bidirectional communication to
negotiate a charging mode which the adapter and
the chargeable device are operable in.

25. The charging method of claim 24, wherein the com-
municating with the adapter in the means of bidirec-
tional communication to negotiate the charging
mode which the adapter and the chargeable device
are operable in, comprises:

receiving a first instruction sent by the adapter,
the first instruction configured to inquire whether
the chargeable device enables the second
charging mode;
sending a reply instruction responsive to the first
instruction to the adapter, the reply instruction
responsive to the first instruction configured to
indicate that the chargeable device whether
agrees to enable the second charging mode;
and
controlling the adapter to charge the multiple
cells through the first charging circuit when the
chargeable device agrees to enable the second
charging mode.

26. The charging method of any one of the claims 23-25,
wherein the communicating with the adapter in the
means of bidirectional communication through the
data line to control output of the adapter operable in
the second charging mode, comprises:
communicating with the adapter in the means of bi-
directional communication to ensure a charging volt-
age outputted by the adapter operable in the second
charging mode to charge the chargeable device.

27. The charging method of claim 26, wherein the com-
municating with the adapter in the means of bidirec-
tional communication to ensure the charging voltage
outputted by the adapter operable in the second
charging mode to charge the chargeable device,
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comprises:

receiving a second instruction sent by the adapt-
er, the second instruction configured to inquire
whether the voltage outputted by the adapter
matches a present total voltage of the multiple
cells; and
sending a reply instruction responsive to the
second instruction to the adapter, the reply in-
struction responsive to the second instruction
configured to indicate that the voltage outputted
by the adapter matches the present total voltage
of the multiple cells, the voltage outputted by the
adapter is less than the present total voltage of
the multiple cells, or the voltage outputted by the
adapter is greater than the present total voltage
of the multiple cells.

28. The charging method of any one of the claims 23-27,
wherein the communicating with the adapter in the
means of bidirectional communication through the
data line to control the output of the adapter operable
in the second charging mode, comprises:
communicating with the adapter in the means of bi-
directional communication to ensure a charging cur-
rent outputted by the adapter operable in the second
charging mode to charge the chargeable device.

29. The charging method of claim 28, wherein the com-
municating with the adapter in the means of bidirec-
tional communication to ensure a charging current
outputted by the adapter operable in the second
charging mode to charge the chargeable device,
comprises:

receiving a third instruction sent by the adapter,
the third instruction configured to inquire a max-
imum charging current for the chargeable de-
vice; and
sending a reply instruction responsive to the
third instruction to the adapter, the reply instruc-
tion responsive to the third instruction config-
ured to indicate the maximum charging current
for the chargeable device, whereby the adapter
adjusts an outputted charging current operable
in the second charging mode based on the reply
instruction responsive to the third instruction and
indicative of the maximum charging current for
the chargeable device.

30. The charging method of any one of the claims 23-29,
wherein the communicating with the adapter in the
means of bidirectional communication through the
data line to control the output of the adapter operable
in the second charging mode, comprises:
communicating with the adapter in the means of bi-
directional communication to adjust the current out-
putted by the adapter in a charging process operable

in the second charging mode.

31. The charging method of claim 30, wherein the com-
municating with the adapter in the means of bidirec-
tional communication to adjust the current outputted
by the adapter in the charging process operable in
the second charging mode, comprises:

receiving a fourth instruction sent by the adapter,
the fourth instruction configured to inquire a
present total voltage of the multiple cells; and
sending a reply instruction responsive to the
fourth instruction to the adapter, the reply in-
struction responsive to the fourth instruction
configured to indicate the present total voltage
of the multiple cells, whereby the adapter adjusts
an outputted charging current based on the reply
instruction responsive to the fourth instruction
and indicative of the present total voltage of the
multiple cells.
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