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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to ter-
minal technical field, and more particularly, to a charging
system for a terminal, a charging method for a terminal,
and a power adapter.

BACKGROUND

[0002] Nowadays, mobile terminals such as smart
phones are favored by more and more consumers. How-
ever, the mobile terminal consumes large power energy,
and needs to be charged frequently.
[0003] Typically, the mobile terminal is charged by a
power adapter. The power adapter generally includes a
primary rectifier circuit, a primary filter circuit, a trans-
former, a secondary rectifier circuit, a secondary filter
circuit and a control circuit, such that the power adapter
converts the input alternating current of 220V into a stable
and low voltage direct current (for example, 5V) suitable
for requirements of the mobile terminal, and provides the
direct current to a power management device and a bat-
tery of the mobile terminal, thereby realizing charging the
mobile terminal.
[0004] However, with the increasing of the power of
the power adapter, for example, from 5W to larger power
such as 10W, 15W, 25W, it needs more electronic ele-
ments capable of bearing large power and realizing better
control for adaptation, which not only increases a size of
the power adapter, but also increases a production cost
and manufacture difficulty of the power adapter.
Further, there is known from EP 2 228 884 A2 a circuit
and methods for battery charging that employs a con-
ventionally rectified AC input for feeding a DC-to-DC-con-
verter that, in turn, provides the charging current for
charging a so-called battery pack.
Further, WO 2016/043099 A1 discloses a charging de-
vice including a rectifier circuit that rectifies an alternating
current of an AC power supply, and outputs the rectified
alternating current as a pulsating current; a power factor
correction unit that enhances a power factor of the pul-
sating current outputted from the rectifier circuit; and an
output circuit.

SUMMARY

[0005] The present disclosure is made based on fol-
lowing understanding and researches.
[0006] The inventors found that, during charging a bat-
tery of a mobile terminal by a power adapter, as the power
of the power adapter becomes larger, it is easy to in-
crease polarization resistance and temperature of the
battery, thus reducing a service life of the battery, and
affecting the reliability and safety of the battery.
[0007] Moreover, most devices cannot work directly
with an alternating current (AC) when powered through

an AC power supply, because the AC such as mains
supply of 220V/50Hz outputs electric energy discontinu-
ously. In order to avoid such discontinuity, it needs to use
an electrolytic capacitor to store the electric energy, such
that when the power supply is in a trough period, it is
possible to ensure the continuity of power supply rely on
the electric energy stored in the electrolytic capacitor.
Thus, when an AC power source charges the mobile ter-
minal via the power adapter, the AC such as an AC of
220V provided by the AC power source is converted into
a stable direct current (DC), and the stable DC is provided
to the mobile terminal. However, the power adapter
charges the battery in the mobile terminal so as to supply
power to the mobile terminal indirectly, and the continuity
of power supply can be guaranteed by the battery, such
that it is unnecessary for the power adapter to output a
stable and continue DC when charging the battery.
[0008] Accordingly, a first objective of the present dis-
closure is to provide a charging system for a terminal,
which enables a voltage with a pulsating waveform out-
putted by a power adapter to be applied to a battery of
the terminal directly, thus realizing miniaturization and
low cost of the power adapter, and prolonging a service
life of the battery.
[0009] A second objective of the present disclosure is
to provide a power adapter. A third objective of the
present disclosure is to provide a charging method for a
terminal.
[0010] These objectives are achieved by the subject-
matter of the independent claims. Preferred embodi-
ments are defined in the dependent claims.
[0011] With the charging system for a terminal accord-
ing to embodiments of the present disclosure, the power
adapter is controlled to output the voltage with the third
pulsating waveform, and the voltage with the third pul-
sating waveform outputted by the power adapter is di-
rectly applied to the battery of the terminal, thus realizing
quick charging of the battery directly by the pulsating out-
put voltage/current. In contrast to the conventional con-
stant voltage and constant current, a magnitude of the
pulsating output voltage/current changes periodically,
such that a lithium precipitation of the lithium battery may
be reduced, the service life of the battery may be im-
proved, and the probability and intensity of arc discharge
of a contact of a charging interface may be reduced, the
service life of the charging interfaces may be prolonged,
and it is beneficial to reduce polarization effect of the
battery, improve the charging speed, and reduce the heat
of the battery, thus ensuring the reliability and safety of
the terminal during the charging. Moreover, since the
power adapter outputs the voltage with the pulsating
waveform, it is unnecessary to provide an electrolytic ca-
pacitor in the power adapter, which can not only realize
simplification and miniaturization of the power adapter,
but can also decrease cost greatly.
is cancelled.
[0012] With the power adapter according to embodi-
ments of the present disclosure, the voltage with the third
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pulsating waveform is outputted by modulating the input-
ted alternating current, and the voltage with the third pul-
sating waveform is directly applied to the battery of the
terminal, thus realizing quick charging of the battery di-
rectly by the pulsating output voltage/current. In contrast
to the conventional constant voltage and constant cur-
rent, a magnitude of the pulsating output voltage/current
changes periodically, such that a lithium precipitation of
the lithium battery may be reduced, the service life of the
battery may be improved, and the probability and inten-
sity of arc discharge of a contact of a charging interface
may be reduced, the service life of the charging interfaces
may be prolonged, and it is beneficial to reduce polari-
zation effect of the battery, improve the charging speed,
and reduce the heat of the battery, thus ensuring the
reliability and safety of the terminal during the charging.
Moreover, since the voltage output from the power adapt-
er is the one with the pulsating waveform, it is unneces-
sary to provide an electrolytic capacitor in the power
adapter, which can not only realize simplification and
miniaturization of the power adapter, but can also de-
crease cost greatly.
is cancelled.
[0013] With the charging method for a terminal accord-
ing to embodiments of the present disclosure, the power
adapter is controlled to output the voltage with the third
pulsating waveform and meeting the charging require-
ment, and the voltage with the third pulsating waveform
outputted by the power adapter is directly applied to the
battery of the terminal, thus realizing quick charging of
the battery directly by the pulsating output voltage/cur-
rent. In contrast to the conventional constant voltage and
constant current, a magnitude of the pulsating output volt-
age/current changes periodically, such that a lithium pre-
cipitation of the lithium battery may be reduced, the serv-
ice life of the battery may be improved, and the probability
and intensity of arc discharge of a contact of a charging
interface may be reduced, the service life of the charging
interface may be prolonged, and it is beneficial to reduce
polarization effect of the battery, improve the charging
speed, and reduce the heat of the battery, thus ensuring
the reliability and safety of the terminal during the charg-
ing. Moreover, since the voltage output from the power
adapter is the one with the pulsating waveform, it is un-
necessary to provide an electrolytic capacitor in the pow-
er adapter, which can not only realize simplification and
miniaturization of the power adapter, but can also de-
crease cost greatly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1A is a schematic block diagram illustrating a
charging system for a terminal using a flyback
switching power supply according to an embodiment
of the present disclosure.
Fig. 1B is a schematic block diagram illustrating a

charging system for a terminal using a forward
switching power supply according to an embodiment
of the present disclosure.
Fig. 1C is a schematic block diagram illustrating a
charging system for a terminal using a push-pull
switching power supply according to an embodiment
of the present disclosure.
Fig. 1D is a schematic block diagram illustrating a
charging system for a terminal using a half-bridge
switching power supply according to an embodiment
of the present disclosure.
Fig. 1E is a schematic block diagram illustrating a
charging system for a terminal using a full-bridge
switching power supply according to an embodiment
of the present disclosure.
Fig. 2 is a schematic block diagram of a charging
system for a terminal according to embodiments of
the present disclosure.
Fig. 3 is a schematic diagram illustrating a waveform
of a charging voltage outputted to a battery from a
power adapter according to an embodiment of the
present disclosure.
Fig. 4 is a schematic diagram illustrating a waveform
of a charging current outputted to a battery from a
power adapter according to an embodiment of the
present disclosure.
Fig. 5 is a schematic diagram illustrating a control
signal outputted to a switch unit according to an em-
bodiment of the present disclosure.
Fig. 6 is a schematic diagram illustrating a quick
charging process according to an embodiment of the
present disclosure.
Fig. 7A is a schematic block diagram of a charging
system for a terminal according to an embodiment
of the present disclosure.
Fig. 7B is a schematic block diagram of a power
adapter with a LC filter circuit according to an em-
bodiment of the present disclosure.
Fig. 8 is a schematic block diagram of a charging
system for a terminal according to another embodi-
ment of the present disclosure.
Fig. 9 is a schematic block diagram of a charging
system for a terminal according to yet another em-
bodiment of the present disclosure.
Fig. 10 is a schematic block diagram of a charging
system for a terminal according to still another em-
bodiment of the present disclosure.
Fig. 11 is a schematic block diagram of a sampling
unit according to an embodiment of the present dis-
closure.
Fig. 12 is a schematic block diagram of a charging
system for a terminal according to still yet another
embodiment of the present disclosure.
Fig. 13 is a schematic block diagram of a terminal
according to an embodiment of the present disclo-
sure.
Fig. 14 is a schematic block diagram of a terminal
according to another embodiment of the present dis-
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closure.
Fig. 15 is a flow chart of a charging method for a
terminal according to embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0015] Descriptions will be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in drawings, in which the same or similar ele-
ments and the elements having same or similar functions
are denoted by like reference numerals throughout the
descriptions. The embodiments described herein with
reference to drawings are explanatory, are intended to
understand the present disclosure, and are not construed
to limit the present disclosure.
[0016] In the following, a charging system for a termi-
nal, a power adapter and a charging method for a terminal
provided in embodiments of the present disclosure will
be described with reference to drawings.
[0017] Referring to the accompanying drawings, the
charging system for a terminal provided in embodiments
of the present disclosure includes a power adapter 1 and
a terminal 2.
[0018] As illustrated in Fig. 2, the power adapter 1 in-
cludes a first rectification unit 101, a transformer 103, a
second rectification unit 104, a sampling unit 106, and a
modulating control unit 100. The first rectification unit 101
is configured to rectify an input alternating current and
output a voltage with a first pulsating waveform. The sec-
ond rectification unit 104 is configured to rectify an output
at a secondary side of the transformer 103 to output a
voltage with a third pulsating waveform. The sampling
unit 106 is configured to sample the voltage with the third
pulsating waveform to obtain a voltage sampling value.
The modulating control unit 100 is configured to modulate
the voltage with the first pulsating waveform according
to the voltage sampling value to obtain a modulated volt-
age with the first pulsating waveform, to apply the mod-
ulated voltage with the first pulsating waveform to a pri-
mary side of the transformer 103, such that the trans-
former 103 converts the modulated voltage with the first
pulsating waveform into a voltage with a second pulsating
waveform and the voltage with the third pulsating wave-
form meets a charging requirement.
[0019] As illustrated in Fig. 2, the terminal includes a
battery. The power adapter is configured to apply the
voltage with the third pulsating waveform to the battery
when the power adapter charges the terminal.
[0020] The modulating control unit 100 may be inte-
grated with a switch modulating function, a drive switch
function, an opticoupler isolation function, a sampling
function, a control function and a communication function
etc. Some of the control function and communication
function of the modulating control unit 100 may be real-
ized by a control unit 107 described below.
[0021] Further, as illustrated in Fig. 1A, the power
adapter 1 includes a first rectification unit 101, a switch

unit 102, a transformer 103, a second rectification unit
104, a first charging interface 105, a sampling unit 106,
and a control unit 107. The first rectification unit 101 is
configured to rectify an input alternating current (mains
supply, for example, AC of 220V) to output a voltage with
a first pulsating waveform, for example a voltage with a
steamed-bun shaped waveform. The first rectification
unit 101 may be a full-bridge rectifier circuit consisting of
four diodes. The switch unit 102 is configured to modulate
the voltage with the first pulsating waveform according
to a control signal to output a modulated voltage with the
first pulsating waveform. The switch unit 102 may be con-
stituted of MOS transistors. A pulse width modulation
(PWM) control is performed on the MOS transistors to
perform a chopping modulation on the voltage with the
steamed-bun shaped waveform.
[0022] In an embodiment of the present disclosure, as
illustrated in Fig. 1A, the power adapter 1 may adopt a
flyback switching power supply. In detail, the transformer
103 includes a primary winding and a secondary winding.
An end of the primary winding is coupled to a first output
end of the first rectification unit 101. A second output end
of the first rectification unit 101 is grounded. Another end
of the primary winding is coupled to the switch unit 102
(for example, if the switch unit 102 is a MOS transistor,
the other end of the primary winding is coupled to a drain
of the MOS transistor). The transformer 103 is configured
to output a voltage with a second pulsating waveform
according to the modulated voltage with the first pulsating
waveform.
[0023] The transformer 103 is a high-frequency trans-
former of which a working frequency ranges from 50KHz
to 2MHz. The high-frequency transformer is configured
to couple the modulated voltage with the first pulsating
waveform to the secondary side so as to output via the
secondary winding. In embodiments of the present dis-
closure, with the high-frequency transformer, small size
features compared to the low-frequency transformer (al-
so known as an industrial frequency transformer, mainly
used in the frequency of mains supply such as alternating
current of 50Hz or 60Hz) may be exploited to realize min-
iaturization of the power adapter 1.
[0024] In an embodiment of the present disclosure, as
illustrated in Fig. 1B, the power adapter 1 may also adopt
a forward switching power supply. In detail, the trans-
former 103 includes a first winding, a second winding and
a third winding. A dotted terminal of the first winding is
coupled to a second output end of the first rectification
unit 101 via a backward diode. A non-dotted terminal of
the first winding is coupled to a dotted terminal of the
second winding and then coupled to a first output end of
the first rectification unit 101. A non-dotted terminal of
the second winding is coupled to the switch unit 102. The
third winding is coupled to the second rectification unit
104. The backward diode is configured to realize back
peak clipping. An induced potential generated by the first
winding may perform amplitude limiting on a back elec-
tromotive force via the backward diode and return
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clamped energy to an output of the first rectification unit
101, so as to charge the output of the first rectification
unit 101. Moreover, a magnetic field generated by the
current flowing through the first winding may demagnet-
ize a core of the transformer, so as to return magnetic
field intensity in the core of the transformer to an initial
state. The transformer 103 is configured to output the
voltage with the second pulsating waveform according
to the modulated voltage with the first pulsating wave-
form.
[0025] According to an embodiment of the present dis-
closure, as illustrated in Fig. 1C, the above-mentioned
power adapter 1 may adopt a push-pull switching power
supply. In detail, the transformer includes a first winding,
a second winding, a third winding and a fourth winding.
A dotted terminal of the first winding is coupled to the
switch unit 102. A non-dotted terminal of the first winding
is coupled to a dotted terminal of the second winding and
then coupled to the first output end of the first rectification
unit 101. A non-dotted terminal of the second winding is
coupled to the switch unit 102. A non-dotted terminal of
the third winding is coupled to a dotted terminal of the
fourth winding. The transformer is configured to output
the voltage with the second pulsating waveform accord-
ing to the modulated voltage with the first pulsating wave-
form.
[0026] As illustrated in Fig. 1C, the switch unit 102 in-
cludes a first MOS transistor Q1 and a second MOS tran-
sistor Q2. The transformer 103 includes a first winding,
a second winding, a third winding and a fourth winding.
A dotted terminal of the first winding is coupled to a drain
of the first MOS transistor Q1 in the switch unit 102. A
non-dotted terminal of the first winding is coupled to a
dotted terminal of the second winding. A node between
the non-dotted terminal of the first winding and the dotted
terminal of the second winding is coupled to the first out-
put end of the first rectification unit 101. A non-dotted
terminal of the second winding is coupled to a drain of
the second MOS transistor Q2 in the switch unit 102. A
source of the first MOS transistor Q1 is coupled to a
source of the second MOS transistor Q2 and then cou-
pled to the second output end of the first rectification unit
101. A dotted terminal of the third winding is coupled to
a first input end of the second rectification unit 104. A
non-dotted terminal of the third winding is coupled to a
dotted terminal of the fourth winding. A node between
the non-dotted terminal of the third winding and the dotted
terminal of the fourth winding is grounded. A non-dotted
terminal of the fourth winding is coupled to a second input
end of the second rectification unit 104.
[0027] As illustrated in Fig. 1C, the first input end of
the second rectification unit 104 is coupled to the dotted
terminal of the third winding, and the second input end
of the second rectification unit 104 is coupled to the non-
dotted terminal of the fourth winding. The second rectifi-
cation unit 104 is configured to rectify the voltage with
the second pulsating waveform and output the voltage
with the third pulsating waveform. The second rectifica-

tion unit 104 may include two diodes. An anode of one
diode is coupled to the dotted terminal of the third wind-
ing. An anode of another diode is coupled to a non-dotted
terminal of the fourth winding. A cathode of one diode is
coupled to that of the other diode.
[0028] According to an embodiment of the present dis-
closure, as illustrated in Fig. 1D, the above-mentioned
power adapter 1 may also adopt a half-bridge switching
power supply. In detail, the switch unit 102 includes a
first MOS transistor Q1, a second MOS transistor Q2, a
first capacitor C1 and a second capacitor C2. The first
capacitor C1 and the second capacitor C2 are coupled
in series, and then coupled in parallel to the output ends
of the first rectification unit 101. The first MOS transistor
Q1 and the second MOS transistor Q2 are coupled in
series, and then coupled in parallel to the output ends of
the first rectification unit 101. The transformer 103 in-
cludes a first winding, a second winding and a third wind-
ing. A dotted terminal of the first winding is coupled to a
node between the first capacitor C1 and the second ca-
pacitor C2 coupled in series. A non-dotted terminal of the
first winding is coupled to a node between the first MOS
transistor Q1 and the second MOS transistor Q2 coupled
in series. A dotted terminal of the second winding is cou-
pled to the first input end of the second rectification unit
104. A non-dotted terminal of the second winding is cou-
pled to a dotted terminal of the third winding, and then
grounded. A non-dotted terminal of the third winding is
coupled to the second input end of the second rectifica-
tion unit 104. The transformer 103 is configured to output
the voltage with the second pulsating waveform accord-
ing to the modulated voltage with the first pulsating wave-
form.
[0029] According to an embodiment of the present dis-
closure, as illustrated in Fig. 1E, the above-mentioned
power adapter 1 may also adopt a full-bridge switching
power supply. In detail, the switch unit 102 includes a
first MOS transistor Q1, a second MOS transistor Q2, a
third MOS transistor Q3 and a fourth MOS transistor Q4.
The third MOS transistor Q3 and the fourth MOS tran-
sistor Q4 are coupled in series and then coupled in par-
allel to the output ends of the first rectification unit 101.
The first MOS transistor Q1 and the second MOS tran-
sistor Q2 are coupled in series and then coupled in par-
allel to the output ends of the first rectification unit 101.
The transformer 103 includes a first winding, a second
winding and a third winding. A dotted terminal of the first
winding is coupled to a node between the third MOS tran-
sistor Q3 and the fourth MOS transistor Q4 coupled in
series. A non-dotted terminal of the first winding is cou-
pled to a node between the first MOS transistor Q1 and
the second MOS transistor Q2 coupled in series. A dotted
terminal of the second winding is coupled to the first input
end of the second rectification unit 104. A non-dotted
terminal of the second winding is coupled to a dotted
terminal of the third winding, and then grounded. A non-
dotted terminal of the third winding is coupled to the sec-
ond input end of the second rectification unit 104. The

7 8 



EP 3 322 066 B1

6

5

10

15

20

25

30

35

40

45

50

55

transformer 103 is configured to output the voltage with
the second pulsating waveform according to the modu-
lated voltage with the first pulsating waveform.
[0030] Therefore, in embodiments of the present dis-
closure, the above-mentioned power adapter 1 may
adopt any one of the flyback switching power supply, the
forward switching power supply, the push-pull switching
power supply, the half-bridge switching power supply and
the full-bridge switching power supply to output the volt-
age with the pulsating waveform.
[0031] As illustrated in Fig. 1A, the second rectification
unit 104 is coupled to a secondary winding of the trans-
former 103, and configured to rectify the voltage with the
second pulsating waveform and output a voltage with a
third pulsating waveform. The second rectification unit
104 may consist of diodes, and can realize a secondary
synchronous rectification, such that the third pulsating
waveform keeps synchronous with a waveform of the
modulated voltage with the first pulsating waveform. It
should be noted that, the third pulsating waveform keep-
ing synchronous with the waveform of the modulated volt-
age with the first pulsating waveform means that, a phase
of the third pulsating waveform is consistent with that of
the waveform of the modulated voltage with the first pul-
sating waveform, and a variation trend of magnitude of
the third pulsating waveform is consistent with that of the
waveform of the modulated voltage with the first pulsating
waveform. The first charging interface 105 is coupled to
the second rectification unit 104. The sampling unit 106
is configured to sample voltage and/or current outputted
by the second rectification unit 104 to obtain a voltage
sampling value and/or a current sampling value. The con-
trol unit 107 is coupled to the sampling unit 106 and the
switch unit 102 respectively. The control unit 107 is con-
figured to output the control signal to the switch unit 102,
and to adjust a duty ratio of the control signal according
to the current sampling value and/or the voltage sampling
value, such that the voltage with the third pulsating wave-
form outputted by the second rectification unit 104 meets
a charging requirement of the terminal 2.
[0032] As illustrated in Fig. 1A, the terminal 2 includes
a second charging interface 201 and a battery 202. The
second charging interface 201 is coupled to the battery
202. When the second charging interface 201 is coupled
to the first charging interface 105, the second charging
interface 201 may apply the voltage with the third pulsat-
ing waveform to the battery 202 to charge the battery 202.
[0033] It should be noted that, the voltage with the third
pulsating waveform meeting the charging requirement
means that, the voltage and current with the third pulsat-
ing waveform need to meet the charging voltage and
charging current when the battery is charged. In other
words, the control unit 107 is configured to adjust the
duty ratio of the control signal (such as a PWM signal)
according to the sampled voltage and/or current output-
ted by the power adapter, so as to adjust the output of
the second rectification unit 104 in real time and realize
a closed-loop adjusting control, such that the voltage with

the third pulsating waveform meets the charging require-
ment of the terminal 2, thus ensuring the stable and safe
charging of the battery 202. In detail, a waveform of a
charging voltage outputted to a battery 202 is illustrated
in Fig. 3, in which the waveform of the charging voltage
is adjusted according to the duty ratio of the PWM signal.
A waveform of a charging current outputted to a battery
202 is illustrated in Fig. 4, in which the waveform of the
charging current is adjusted according to the duty ratio
of the PWM signal.
[0034] It can be understood that, when adjusting the
duty ratio of the PWM signal, an adjusting instruction may
be generated according to the voltage sampling value,
or according to the current sampling value, or according
to the voltage sampling value and the current sampling
value.
[0035] Therefore, in embodiments of the present dis-
closure, by controlling the switch unit 102, a PWM chop-
ping modulation can be directly performed on the rectified
voltage with the first pulsating waveform, i.e., the
steamed-bun shaped waveform, and then a modulated
voltage is sent to the high-frequency transformer and is
coupled from the primary side to the secondary side via
the high-frequency transformer, and then is changed
back to the voltage/current with the steamed-bun shaped
waveform after a synchronous rectification. The volt-
age/current with the steamed-bun shaped waveform is
directly transmitted to the battery so as to realize quick
charging of the battery. The magnitude of the voltage
with the steamed-bun shaped waveform may be adjusted
according to the duty ratio of the PWM signal, such that
the output of the power adapter may meet the charging
requirement of the battery. As can be seen, the power
adapter according to embodiments of the present disclo-
sure, without providing electrolytic capacitors at the pri-
mary side and the secondary side, may directly charge
the battery via the voltage with the steamed-bun shaped
waveform, such that a size of the power adapter may be
reduced, thus realizing miniaturization of the power
adapter, and decreasing cost greatly.
[0036] In an embodiment of the present disclosure, the
control unit 107 may be a micro controller unit (MCU),
which means that the control unit 107 may be a micro
processor integrated with a switch driving control func-
tion, a synchronous rectification function, a voltage and
current adjusting control function.
[0037] According to an embodiment of the present dis-
closure, the modulating control unit is further configured
to modulate the voltage with the first pulsating waveform
according to the voltage sampling value such that the
power adapter outputs the voltage with the third pulsating
waveform intermittently. In detail, the control unit 107 is
further configured to adjust a frequency of the control
signal according to the voltage sampling value and/or the
current sampling value. That is, the control unit 107 is
further configured to control to output the PWM signal to
the switch unit 102 for a continuous time period, and then
to stop outputting for a predetermined time period and
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then to restart to output the PWM signal. In this way, the
voltage applied to the battery is intermittent, thus realizing
intermittent charging of the battery, which can avoid safe-
ty risks caused by heat generated when the battery is
charged continuously and improves the reliability and
safety of the charging of the battery.
[0038] Under a low temperature condition, since the
conductivity of ions and electrons in a lithium battery de-
creases, it is prone to intensify the degree of polarization
during a charging process for the lithium battery. A con-
tinuous charging not only makes this polarization serious
but also increases a possibility of lithium precipitation,
thus affecting safety performance of the battery. Further-
more, the continuous charging may accumulate heat
generated due to the charging, thus leading to an increas-
ing of internal temperature of the battery. When the tem-
perature exceeds a certain value, performance of the bat-
tery may be limited, and safety risks may increase.
[0039] In embodiments of the present disclosure, by
adjusting the frequency of the control signal, the power
adapter outputs intermittently, which means that a battery
resting process is introduced into the charging process,
such that the lithium precipitation due to the polarization
during the continuous charging is reduced and continu-
ous accumulation of generated heat may be avoided to
lower the temperature, thus ensuring the safety and re-
liability of charging of the battery.
[0040] The control signal outputted to the switch unit
102 is illustrated in Fig. 5, for example. Firstly, the PWM
signal is outputted for a continuous time period, then the
output of the PWM signal is stopped for a certain time
period, and then the PWM signal is outputted for a con-
tinuous time period again. In this way, the control signal
output to the switch unit 102 is intermittent, and the fre-
quency is adjustable.
[0041] The power adapter is coupled to the terminal
via the first charging interface to establish a bidirectional
communication. The modulating control unit is further
configured to obtain status information of the terminal via
the bidirectional communication between the power
adapter and the terminal, and to modulate the voltage
with the first pulsating waveform according to the voltage
sampling value and the status information of the terminal.
[0042] As illustrated in Fig. 1A, the control unit 107 is
coupled to the first charging interface 105. The control
unit 107 is further configured to obtain status information
of the terminal 2 by performing a communication with the
terminal 2 via the first charging interface 105. In this way,
the control unit 107 is further configured to adjust the duty
ratio of the control signal (such as the PWM signal) ac-
cording to the status information of the terminal, the volt-
age sampling value and/or the current sampling value.
[0043] The status information of the terminal may in-
clude an electric quantity of the battery, a temperature
of the battery, a voltage of the battery, interface informa-
tion of the terminal and information on path impedance
of the terminal.
[0044] In detail, the first charging interface 105 in-

cludes a power wire and a data wire. The power wire is
configured to charge the battery. The data wire is con-
figured to communicate with the terminal. When the sec-
ond charging interface 201 is coupled to the first charging
interface 105, communication query instructions may be
transmitted by the power adapter 1 and the terminal 2 to
each other. A communication connection can be estab-
lished between the power adapter 1 and the terminal 2
after receiving a corresponding reply instruction. The
control unit 107 may obtain the status information of the
terminal 2, so as to negotiate with the terminal 2 about a
charging mode and charging parameters (such as the
charging current, the charging voltage) and to control the
charging process.
[0045] The charging mode supported by the power
adapter and/or the terminal may include a normal charg-
ing mode and a quick charging mode. A charging speed
of the quick charging mode is faster than that of the nor-
mal charging mode. For example, a charging current of
the quick charging mode is greater than that of the normal
charging mode. In general, the normal charging mode
may be understood as a charging mode in which a rated
output voltage is 5V and a rated output current is less
than or equal to 2.5A. In addition, in the normal charging
mode, D+ and D- in the data wire of an output port of the
power adapter may be shortcircuited. On the contrary, in
the quick charging mode according to embodiments of
the present disclosure, the power adapter may realize
data exchange by communicating with the terminal via
D+ and D- in the data wire, i.e., quick charging instruc-
tions may be sent by the power adapter and the terminal
to each other. The power adapter sends a quick charging
query instruction to the terminal. After receiving a quick
charging reply instruction from the terminal, the power
adapter obtains the status information of the terminal and
enables the quick charging mode according to the quick
charging reply instruction. The charging current in the
quick charging mode may be greater than 2.5A, for ex-
ample, may be 4.5A or more. The normal charging mode
is not limited in embodiments of the present disclosure.
As long as the power adapter supports two charging
modes, one of which has a charging speed (or current)
greater than that of the other charging mode, the charging
mode with a slower charging speed may be regarded as
the normal charging mode. As to the charging power, the
charging power in the quick charging mode may be great-
er than or equal to 15W.
[0046] The control unit 107 communicates with the ter-
minal 2 via the first charging interface 105 to determine
the charging mode. The charging mode includes the
quick charging mode and the normal charging mode.
[0047] In detail, the power adapter is coupled to the
terminal via a universal serial bus (USB) interface. The
USB interface may be a general USB interface, or a micro
USB interface. A data wire in the USB interface is con-
figured as the data wire in the first charging interface,
and configured for a bidirectional communication be-
tween the power adapter and the terminal. The data wire
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may be D+ and/or D- wire in the USB interface. The bi-
directional communication may refer to an information
interaction performed between the power adapter and
the terminal.
[0048] The power adapter performs the bidirectional
communication with the terminal via the data wire in the
USB interface, so as to determine to charge the terminal
in the quick charging mode.
[0049] It should be noted that, during a process that
the power adapter and the terminal negotiate whether to
charge the terminal in the quick charging mode, the pow-
er adapter may only keep a coupling with the terminal
but does not charge the terminal, or charges the terminal
in the normal charging mode or charges the terminal with
small current, which is not limited herein.
[0050] The power adapter adjusts a charging current
to a charging current corresponding to the quick charging
mode, and charges the terminal. After determining to
charge the terminal in the quick charging mode, the pow-
er adapter may directly adjust the charging current to the
charging current corresponding to the quick charging
mode or may negotiate with the terminal about the charg-
ing current of the quick charging mode. For example, the
charging current corresponding to the quick charging
mode may be determined according to a current electric
quantity of the battery of the terminal.
[0051] In embodiments of the present disclosure, the
power adapter does not increase the output current blind-
ly for quick charging, but needs to perform the bidirec-
tional communication with the terminal so as to negotiate
whether to adopt the quick charging mode. In contrast to
the related art, the safety of quick charging can be im-
proved.
[0052] As an embodiment, the control unit 107 is con-
figured to send a first instruction to the terminal when
performing the bidirectional communication with the ter-
minal via the data wire of the first charging interface so
as to determine to charge the terminal in the quick charg-
ing mode. The first instruction is configured to query the
terminal whether to enable the quick charging mode. The
control unit 107 is configured to receive a reply instruction
to the first instruction from the terminal. The reply instruc-
tion to the first instruction is configured to indicate that
the terminal agrees to enable the quick charging mode.
[0053] As an embodiment, before the control unit
sends the first instruction to the terminal, the power
adapter is configured to charge the terminal in the normal
charging mode. The control unit is configured to send the
first instruction to the terminal when determining that a
charging duration of the normal charging mode is greater
than a predetermined threshold.
[0054] It should be understood that, when the power
adapter determines that the charging duration of the nor-
mal charging mode is greater than the predetermined
threshold, the power adapter may determine that the ter-
minal has identified it as a power adapter, such that the
quick charging query communication may be enabled.
[0055] As an embodiment, after determining that the

terminal has been charged for a predetermined time pe-
riod with a charging current greater than or equal to a
predetermined current threshold, the power adapter is
configured to send the first instruction to the terminal.
[0056] As an embodiment, the control unit is further
configured to control the power adapter to adjust a charg-
ing current to a charging current corresponding to the
quick charging mode by controlling the switch unit. Before
the power adapter charges the terminal with the charging
current corresponding to the quick charging mode, the
control unit is configured to perform the bidirectional com-
munication with the terminal via the data wire of the first
charging interface to determine a charging voltage cor-
responding to the quick charging mode, and to control
the power adapter to adjust a charging voltage to the
charging voltage corresponding to the quick charging
mode.
[0057] As an embodiment, when the control unit per-
forms the bidirectional communication with the terminal
via the data wire of the first charging interface to deter-
mine the charging voltage corresponding to the quick
charging mode, the control unit is configured to send a
second instruction to the terminal, to receive a reply in-
struction to the second instruction sent from the terminal,
and to determine the charging voltage corresponding to
the quick charging mode according to the reply instruc-
tion to the second instruction. The second instruction is
configured to query whether a current output voltage of
the power adapter is suitable for being used as the charg-
ing voltage corresponding to the quick charging mode.
The reply instruction to the second instruction is config-
ured to indicate that the current output voltage of the pow-
er adapter is suitable, high or low.
[0058] As an embodiment, before controlling the power
adapter to adjust the charging current to the charging
current corresponding to the quick charging mode, the
control unit is further configured to perform the bidirec-
tional communication with the terminal via the data wire
of the first charging interface to determine the charging
current corresponding to the quick charging mode.
[0059] As an embodiment, when performing the bidi-
rectional communication with the terminal via the data
wire of the first charging interface to determine the charg-
ing current corresponding to the quick charging mode,
the control unit is configured to send a third instruction
to the terminal, to receive a reply instruction to the third
instruction sent from the terminal and to determine the
charging current corresponding to the quick charging
mode according to the reply instruction to the third in-
struction. The third terminal is configured to query a max-
imum charging current currently supported by the termi-
nal. The reply instruction to the third instruction is con-
figured to indicate the maximum charging current cur-
rently supported by the terminal.
[0060] The power adapter may determine the above
maximum charging current as the charging current cor-
responding to the quick charging mode, or may set the
charging current as a charging current less than the max-
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imum charging current.
[0061] As an embodiment, during a process that the
power adapter charges the terminal in the quick charging
mode, the control unit is further configured to perform the
bidirectional communication with the terminal via the data
wire of the first charging interface, so as to continuously
adjust a charging current outputted to the battery from
the power adapter by controlling the switch unit.
[0062] The power adapter may query the status infor-
mation of the terminal continuously, for example, query
the voltage of the battery of the terminal, the electric
quantity of the battery, etc., so as to adjust the charging
current outputted from the power adapter to the battery
continuously.
[0063] As an embodiment, when the control unit per-
forms the bidirectional communication with the terminal
via the data wire of the first charging interface to contin-
uously adjust the charging current outputted to the bat-
tery from the power adapter by controlling the switch unit,
the control unit is configured to send a fourth instruction
to the terminal, in which the fourth instruction is config-
ured to query a voltage of the battery in the terminal. The
control unit is configured to receive a reply instruction to
the fourth instruction sent by the terminal, in which the
reply instruction to the fourth instruction is configured to
indicate the voltage of the battery in the terminal. The
control unit is configured to adjust the charging current
outputted from the power adapter to the battery by con-
trolling the switch unit according to the voltage of the
battery.
[0064] As an embodiment, the control unit is configured
to adjust the charging current outputted to the battery
from the power adapter to a charging current value cor-
responding to the current voltage of the battery by con-
trolling the switch unit according to the current voltage of
the battery and a predetermined correspondence be-
tween battery voltage values and charging current val-
ues.
[0065] In detail, the power adapter may store the cor-
respondence between battery voltage values and charg-
ing current values in advance. The power adapter may
also perform the bidirectional communication with the ter-
minal via the data wire of the first charging interface to
obtain from the terminal the correspondence between
battery voltage values and charging current values stored
in the terminal.
[0066] As an embodiment, during the process that the
power adapter charges the terminal in the quick charging
mode, the control unit is further configured to determine
whether the first charging interface and the second
charging interface are in poor contact by performing the
bidirectional communication with the terminal via the data
wire of the first charging interface. When determining that
the first charging interface and the second charging in-
terface are in poor contact, the control unit is configured
to control the power adapter to quit the quick charging
mode.
[0067] As an embodiment, before determining whether

the first charging interface and the second charging in-
terface are in poor contact, the control unit is further con-
figured to receive from the terminal information indicating
path impedance of the terminal. The control unit is con-
figured to send a fourth instruction to the terminal. The
fourth instruction is configured to query a voltage of the
battery in the terminal. The control unit is configured to
receive a reply instruction to the fourth instruction sent
by the terminal. The reply instruction to the fourth instruc-
tion is configured to indicate the voltage of the battery in
the terminal. The control unit is configured to determine
path impedance from the power adapter to the battery
according to an output voltage of the power adapter and
the voltage of the battery and determines whether the
first charging interface and the second charging interface
are in poor contact according to the path impedance from
the power adapter to the battery, the path impedance of
the terminal, and path impedance of a charging circuit
between the power adapter and the terminal.
[0068] The terminal may record the path impedance
thereof in advance. For example, since the terminals in
the same type have the same structure, the path imped-
ance of each terminal in the same type is set to the same
value when configuring factory settings. Similarly, the
power adapter may record the path impedance of the
charging circuit in advance. When the power adapter ob-
tains the voltage cross two ends of the battery of the
terminal, the path impedance of the whole path can be
determined according to the voltage drop cross two ends
of the battery and the current of the path. When the path
impedance of the whole path > the path impedance of
the terminal + the path impedance of the charging circuit,
or the path impedance of the whole path - (the path im-
pedance of the terminal + the path impedance of the
charging wire) > an impedance threshold, it can be con-
sidered that the first charging interface and the second
charging interface are in poor contact.
[0069] As an embodiment, before the power adapter
quits the quick charging mode, the control unit is further
configured to send a fifth instruction to the terminal. The
fifth instruction is configured to indicate that the first
charging interface and the second charging interface are
in poor contact.
[0070] After sending the fifth instruction, the power
adapter may quit the quick charging mode or reset.
[0071] The quick charging process according to em-
bodiments of the present disclosure has been described
from the perspective of the power adapter; in the follow-
ing, the quick charging process according to embodi-
ments of the present disclosure will be described from
the perspective of the terminal.
[0072] It should be understood that, the interaction be-
tween the power adapter and the terminal, relative char-
acteristics, functions described at the terminal side cor-
respond to descriptions at the power adapter side, thus
repetitive description will be omitted for simplification.
[0073] According to an embodiment of the present dis-
closure, as illustrated in Fig. 13, the terminal 2 further
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includes a charging control switch 203 and a controller
204. The charging control switch 203, such as a switch
circuit formed of an electronic switch element, is coupled
between the second charging interface 201 and the bat-
tery 202, and is configured to switch on or off a charging
process of the battery 202 under a control of the controller
204. In this way, the charging process of the battery 202
can be controlled at the terminal side, thus ensuring the
safety and reliability of charging of the battery 202.
[0074] As illustrated in Fig. 14, the terminal 2 further
includes a communication unit 205. The communication
unit 205 is configured to establish a bidirectional com-
munication between the controller 204 and the control
unit 107 via the second charging interface 201 and the
first charging interface 105. In other words, the terminal
2 and the power adapter 1 can perform the bidirectional
communication via the data wire in the USB interface.
The terminal 2 supports the normal charging mode and
the quick charging mode. The charging current of the
quick charging mode is greater than that of the normal
charging mode. The communication unit 205 performs
the bidirectional communication with the control unit 107
such that the power adapter 1 determines to charge the
terminal 2 in the quick charging mode, and the control
unit 107 controls the power adapter 1 to output according
to the charging current corresponding to the quick charg-
ing mode, to charge the battery 202 in the terminal 2.
[0075] In embodiments of the present disclosure, the
power adapter 1 does not increase the output current
blindly for quick charging, but needs to perform the bidi-
rectional communication with the terminal to negotiate
whether to adopt the quick charging mode. In contrast to
the related art, the safety of the quick charging process
can be improved.
[0076] As an embodiment, the controller is configured
to receive the first instruction sent by the control unit via
the communication unit. The first instruction is configured
to query the terminal whether to enable the quick charg-
ing mode. The controller is configured to send a reply
instruction to the first instruction to the control unit via the
communication unit. The reply instruction to the first in-
struction is configured to indicate that the terminal agrees
to enable the quick charging mode.
[0077] As an embodiment, before the controller re-
ceives the first instruction sent by the control unit via the
communication unit, the battery in the terminal is charged
by the power adapter in the normal charging mode. When
the control unit determines that a charging duration of
the normal charging mode is greater than a predeter-
mined threshold, the control unit sends the first instruc-
tion to the communication unit in the terminal, and the
controller receives the first instruction sent by the control
unit via the communication unit.
[0078] As an embodiment, before the power adapter
outputs according to the charging current corresponding
to the quick charging mode to charge the battery in the
terminal, the controller is configured to perform the bidi-
rectional communication with the control unit via the com-

munication unit, such that the power adapter determines
the charging voltage corresponding to the quick charging
mode.
[0079] As an embodiment, the controller is configured
to receive a second instruction sent by the control unit,
and to send a reply instruction to the second instruction
to the control unit. The second instruction is configured
to query whether a current output voltage of the power
adapter is suitable for being used as the charging voltage
corresponding to the quick charging mode. The reply in-
struction to the second instruction is configured to indi-
cate that the current output voltage of the power adapter
is suitable, high or low.
[0080] As an embodiment, the controller is configured
to perform the bidirectional communication with the con-
trol unit, such that the power adapter determines the
charging current corresponding to the quick charging
mode.
[0081] The controller is configured to receive a third
instruction sent by the control unit, in which the third in-
struction is configured to query a maximum charging cur-
rent currently supported by the terminal. The controller
is configured to send a reply instruction to the third in-
struction to the control unit, in which the reply instruction
to the third instruction is configured to indicate the max-
imum charging current currently supported by the termi-
nal, such that the power adapter determines the charging
current corresponding to the quick charging mode ac-
cording to the maximum charging current.
[0082] As an embodiment, during a process that the
power adapter charges the terminal in the quick charging
mode, the controller is configured to perform the bidirec-
tional communication with the control unit, such that the
power adapter continuously adjusts a charging current
outputted to the battery.
[0083] The controller is configured to receive a fourth
instruction sent by the control unit, in which the fourth
instruction is configured to query a voltage of the battery
in the terminal. The controller is configured to send a
reply instruction to the fourth instruction to the control
unit, in which the reply instruction to the fourth instruction
is configured to indicate the voltage of the battery in the
terminal, such that the power adapter continuously ad-
justs the charging current outputted to the battery accord-
ing to the current voltage of the battery.
[0084] As an embodiment, during the process that the
power adapter charges the terminal in the quick charging
mode, the controller is configured to perform the bidirec-
tional communication with the control unit via the com-
munication unit, such that the power adapter determines
whether the first charging interface and the second
charging interface are in poor contact.
[0085] The controller receives a fourth instruction sent
by the control unit. The fourth instruction is configured to
query a voltage of the battery in the terminal. The con-
troller sends a reply instruction to the fourth instruction
to the control unit, in which the reply instruction to the
fourth instruction is configured to indicate the voltage of
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the battery in the terminal, such that the control unit de-
termines whether the first charging interface and the sec-
ond charging interface are in poor contact according to
an output voltage of the power adapter and the voltage
of the battery.
[0086] As an embodiment, the controller is configured
to receive a fifth instruction sent by the control unit. The
fifth instruction is configured to indicate that the first
charging interface and the second charging interface are
in poor contact.
[0087] In order to initiate and adopt the quick charging
mode, a quick charging communication procedure may
be performed between the power adapter and the termi-
nal, for example, quick charging of battery can be
achieved through one or more handshakes. Referring to
Fig. 6, the quick charging communication procedure ac-
cording to embodiments of the present disclosure and
respective stages in the quick charging process will be
described in detail. It should be understood that, com-
munication actions or operations illustrated in Fig. 6 are
merely exemplary. Other operations or various modifica-
tions of respective operations in Fig. 6 can be implement-
ed in embodiments of the present disclosure. In addition,
respective stages in Fig. 6 may be executed in an order
different from that illustrated in Fig. 6, and it is unneces-
sary to execute all the operations illustrated in Fig. 6. It
should be noted that, a curve in Fig. 6 represents a var-
iation trend of a peak value or a mean value of the charg-
ing current, rather than a curve of actual charging current.
[0088] As illustrated in Fig. 6, the quick charging proc-
ess may include the following five stages.

Stage 1:

[0089] After being coupled to a power supply providing
device, the terminal may detect a type of the power supply
providing device via the data wire D+ and D-. When de-
tecting that the power supply providing device is a power
adapter, the terminal may absorb a current greater than
a predetermined current threshold 12, such as 1A. When
the power adapter detects that current outputted by the
power adapter is greater than or equal to I2 within a pre-
determined time period (such as a continuous time period
T1), the power adapter determines that the terminal has
completed the recognition of the type of the power supply
providing device. The power adapter initiates a hand-
shake communication between the power adapter and
the terminal, and sends an instruction 1 (corresponding
to the above-mentioned first instruction) to query the ter-
minal whether to enable the quick charging mode (or flash
charging).
[0090] When receiving from the terminal a reply in-
struction indicating that the terminal disagrees to enable
the quick charging mode, the power adapter detects the
output current of the power adapter again. When the out-
put current of the power adapter is still greater than or
equal to I2 within a predetermined continuous time period
(such as a continuous time period T1), the power adapter

initiates a request again to query the terminal whether to
start the quick charging mode. The above actions in stage
1 are repeated, until the terminal replies that it agrees to
enable the quick charging mode or the output current of
the power adapter is no longer greater than or equal to 12.
[0091] After the terminal agrees to enable the quick
charging mode, the quick charging process is initiated,
and the quick charging communication procedure pro-
ceeds to stage 2.

Stage 2:

[0092] For the voltage with the steamed-bun shaped
waveform outputted by the power adapter, there may be
several levels. The power adapter sends an instruction
2 (corresponding to the above-mentioned second in-
struction) to the terminal to query the terminal whether
the output voltage of the power adapter matches with the
current voltage of the battery (or whether the output volt-
age of the power adapter is suitable, i.e., suitable for the
charging voltage in the quick charging mode), i.e., wheth-
er the output voltage of the power adapter meets the
charging requirement.
[0093] The terminal replies that the output voltage of
the power adapter is higher, lower or suitable. When the
power adapter receives a feedback indicating that the
output voltage of the power adapter is lower or higher
from the terminal, the control unit adjusts the output volt-
age of the power adapter by one level by adjusting the
duty ratio of the PWM signal, and sends the instruction
2 to the terminal again to query the terminal whether the
output voltage of the power adapter matches.
[0094] The above actions in stage 2 are repeated, until
the terminal replies to the power adapter that the output
voltage of the power adapter is at a matching level. And
then the quick charging communication procedure pro-
ceeds to stage 3.

Stage 3:

[0095] After the power adapter receives the feedback
indicating that the output voltage of the power adapter
matches from the terminal, the power adapter sends an
instruction 3 (corresponding to the above-mentioned
third instruction) to the terminal to query the maximum
charging current currently supported by the terminal. The
terminal returns to the power adapter the maximum
charging current currently supported by itself, and then
the quick charging communication procedure proceeds
to stage 4.

Stage 4:

[0096] After receiving a feedback indicating the maxi-
mum charging current currently supported by the terminal
from the terminal, the power adapter may set an output
current reference value. The control unit 107 adjusts the
duty ratio of the PWM signal according to the output cur-
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rent reference value, such that the output current of the
power adapter meets the charging current requirement
of the terminal, and the quick charging communication
procedure proceeds to a constant current stage. The con-
stant current stage means that the peak value or mean
value of the output current of the power adapter basically
remains unchanged (which means that the variation am-
plitude of the peak value or mean value of the output
current is very small, for example within a range of 5%
of the peak value or mean value of the output current),
namely, the peak value of the current with the third pul-
sating waveform keeps constant in each period.

Stage 5:

[0097] When the quick charging communication pro-
cedure proceeds to the constant current stage, the power
adapter sends an instruction 4 (corresponding to the
above-mentioned fourth instruction) at intervals to query
the current voltage of battery in the terminal. The terminal
may feedback to the power adapter the current voltage
of the battery, and the power adapter may determine ac-
cording to the feedback of the current voltage of the bat-
tery whether the USB contact (i.e., the contact between
the first charging interface and the second charging in-
terface) is poor and whether it is necessary to decrease
the charging current value of the terminal. When the pow-
er adapter determines that the USB is in poor contact,
the power adapter sends an instruction 5 (corresponding
to the above-mentioned fifth instruction), and then the
power adapter is reset, such that the quick charging com-
munication procedure proceeds to stage 1 again.
[0098] In some embodiments of the present disclo-
sure, in stage 1, when the terminal replies to the instruc-
tion 1, data corresponding to the instruction 1 may carry
data (or information) on the path impedance of the ter-
minal. The data on the path impedance of the terminal
may be used in stage 5 to determine whether the USB
is in poor contact.
[0099] In some embodiments of the present disclo-
sure, in stage 2, the time period from when the terminal
agrees to enable the quick charging mode to when the
power adapter adjusts the voltage to a suitable value may
be limited in a certain range. If the time period exceeds
a predetermined range, the terminal may determine that
there is an exception request, thus a quick reset is per-
formed.
[0100] In some embodiments of the present disclo-
sure, in stage 2, the terminal may give a feedback indi-
cating that the output voltage of the power adapter is
suitable/matches to the power adapter when the output
voltage of the power adapter is adjusted to a value higher
than the current voltage of the battery by ΔV (ΔV is about
200-500mV). When the terminal gives a feedback indi-
cating that the output voltage of the power adapter is not
suitable (higher or lower) to the power adapter, the control
unit 107 adjusts the duty ratio of the PWM signal accord-
ing to the voltage sampling value, so as to adjust the

output voltage of the power adapter.
[0101] In some embodiments of the present disclo-
sure, in stage 4, the adjusting speed of the output current
value of the power adapter may be controlled to be in a
certain range, thus avoiding an abnormal interruption of
the quick charging due to a too fast adjusting speed.
[0102] In some embodiments of the present disclo-
sure, in stage 5, the variation amplitude of the output
current value of the power adapter may be controlled to
be within 5%, i.e., stage 5 may be regarded as the con-
stant current stage.
[0103] In some embodiments of the present disclo-
sure, in stage 5, the power adapter monitors the imped-
ance of a charging loop in real time, i.e., the power adapt-
er monitors the impedance of the whole charging loop
by measuring the output voltage of the power adapter,
the charging current and the read-out voltage of the bat-
tery in the terminal. When the impedance of the charging
loop > the path impedance of the terminal + the imped-
ance of the quick charging data wire, it may be considered
that the USB is in poor contact, and thus a quick charging
reset is performed.
[0104] In some embodiments of the present disclo-
sure, after the quick charging mode is started, a time
interval of communications between the power adapter
and the terminal may be controlled to be in a certain
range, such that the quick charging reset can be avoided.
[0105] In some embodiments of the present disclo-
sure, the termination of the quick charging mode (or the
quick charging process) may be a recoverable termina-
tion or an unrecoverable termination.
[0106] For example, when the terminal detects that the
battery is fully charged or the USB is in poor contact, the
quick charging is stopped and reset, and the quick charg-
ing communication procedure proceeds to stage 1. When
the terminal disagrees to enable the quick charging
mode, the quick charging communication procedure
would not proceed to stage 2, thus the termination of the
quick charging process may be considered as an unre-
coverable termination.
[0107] For another example, when an exception oc-
curs in the communication between the terminal and the
power adapter, the quick charging is stopped and reset,
and the quick charging communication procedure pro-
ceeds to stage 1. After requirements for stage 1 are met,
the terminal agrees to enable the quick charging mode
to restore the quick charging process, and this termina-
tion of the quick charging process may be considered as
a recoverable termination.
[0108] For another example, when the terminal detects
an exception occurring in the battery, the quick charging
is stopped and reset, and the quick charging communi-
cation procedure proceeds to stage 1. After the quick
charging communication procedure proceeds to stage 1,
the terminal disagrees to enable the quick charging
mode. Till the battery returns to normal and the require-
ments for stage 1 are met, the terminal agrees to enable
the quick charging to recover the quick charging process.

21 22 



EP 3 322 066 B1

13

5

10

15

20

25

30

35

40

45

50

55

This termination of the quick charging process may be
considered as a recoverable termination.
[0109] It should be noted that, communication actions
or operations illustrated in Fig. 6 are merely exemplary.
For example, in stage 1, after the terminal is coupled to
the power adapter, the handshake communication be-
tween the terminal and the power adapter may be initi-
ated by the terminal. In other words, the terminal sends
an instruction 1 to query the power adapter whether to
enable the quick charging mode (or flash charging).
When receiving a reply instruction indicating that the
power adapter agrees to enable the quick charging mode
from the power adapter, the terminal enables the quick
charging process.
[0110] It should be noted that, communication actions
or operations illustrated in Fig. 6 are merely exemplary.
For example, after stage 5, there can be a constant volt-
age charging stage. In other words, in stage 5, the ter-
minal may feedback the current voltage of the battery in
the terminal to the power adapter. As the voltage of the
battery increases continuously, the charging proceeds
to the constant voltage charging stage when the current
voltage of the battery reaches a constant voltage charg-
ing
voltage threshold. The control unit 107 adjusts the duty
ratio of the PWM signal according to the voltage refer-
ence value (i.e., the constant voltage charging voltage
threshold), such that the output voltage of the power
adapter meets the charging voltage requirement of the
terminal, i.e., the output voltage of the power adapter
basically changes at a constant rate. During the constant
voltage charging stage, the charging current decreases
gradually. When the current drops to a certain threshold,
the charging is stopped and it is identified that the battery
has been fully charged. The constant voltage charging
refers to that the peak voltage with the third pulsating
waveform basically keeps constant.
[0111] It should be noted that, in embodiments of the
present disclosure, acquiring output voltage of the power
adapter means that the peak value or mean value of volt-
age with the third pulsating waveform is acquired. Ac-
quiring output current of the power adapter means that
the peak value or mean value of the current with the third
pulsating waveform is acquired.
[0112] According to an embodiment of the present dis-
closure, the control unit 107 is further configured to obtain
the charging current and/or the charging voltage corre-
sponding to the quick charging mode according to the
status information of the terminal and to adjust the duty
ratio of the control signal such as the PWM signal ac-
cording to the charging current and/or the charging volt-
age corresponding to the quick charging mode, when
determining the charging mode as the quick charging
mode. In other words, when determining the current
charging mode as the quick charging mode, the control
unit 107 obtains the charging current and/or the charging
voltage corresponding to the quick charging mode ac-
cording to the obtained status information of the terminal

such as the voltage, the electric quantity and the temper-
ature of the battery, running parameters of the terminal
and power consumption information of applications run-
ning on the terminal, and adjusts the duty ratio of the
control signal according to the charging current and/or
the charging voltage, such that the output of the power
adapter meets the charging requirement, thus realizing
the quick charging of the battery.
[0113] The status information of the terminal may in-
clude the temperature of the terminal. When the temper-
ature of the battery is greater than a first predetermined
temperature threshold, or the temperature of the battery
is less than a second predetermined temperature thresh-
old, if the current charging mode is the quick charging
mode, the quick charging mode is switched to the normal
charging mode. The first predetermined temperature
threshold is greater than the second predetermined tem-
perature threshold. In other words, when the temperature
of the battery is too low (for example, corresponding to
less than the second predetermined temperature thresh-
old) or too high (for example, corresponding to greater
than the first predetermined temperature threshold), it is
unsuitable to perform the quick charging, such that it
needs to switch from the quick charging mode to the nor-
mal charging mode. In embodiments of the present dis-
closure, the first predetermined temperature threshold
and the second predetermined temperature threshold
can be set or can be written into the storage of the control
unit (such as the MCU of the power adapter) according
to actual situations.
[0114] In an embodiment of the present disclosure, the
control unit 107 is further configured to control the switch
unit 102 to switch off when the temperature of the battery
is greater than a predetermined high-temperature pro-
tection threshold. Namely, when the temperature of the
battery exceeds the high-temperature protection thresh-
old, the control unit 107 needs to apply a high-tempera-
ture protection strategy to control the switch unit 102 to
switch off, such that the power adapter stops charging
the battery, thus realizing the high temperature protection
of the battery and improving the safety of charging. The
high temperature protection threshold may be different
from or the same to the first temperature threshold. In an
embodiment, the high-temperature protection threshold
is greater than the first temperature threshold.
[0115] In another embodiment of the present disclo-
sure, the controller is further configured to obtain the tem-
perature of the battery, and to control the charging control
switch to switch off (i.e., the charging control switch can
be switched off at the terminal side) when the tempera-
ture of the battery is greater than the predetermined high-
temperature protection threshold, so as to stop the charg-
ing process of the battery and to ensure the safety of
charging.
[0116] Moreover, in an embodiment of the present dis-
closure, the control unit is further configured to obtain a
temperature of the first charging interface, and to control
the switch unit to switch off when the temperature of the
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first charging interface is greater than a predetermined
protection temperature. In other words, when the tem-
perature of the charging interface exceeds a certain tem-
perature, the control unit 107 needs to apply the high
temperature protection strategy to control the switch unit
102 to switch off, such that the power adapter stops
charging the battery, thus realizing the high temperature
protection of the battery and improving the safety of
charging.
[0117] Certainly, in another embodiment of the present
disclosure, the controller obtains the temperature of the
first charging interface by performing the bidirectional
communication with the control unit. When the temper-
ature of the first charging interface is greater than the
predetermined protection temperature, the controller
controls the charging control switch to switch off (referring
to Fig. 13 and Fig. 14), i.e., switches off the charging
control switch at the terminal side, so as to stop the charg-
ing process of the battery, thus ensuring the safety of
charging.
[0118] In detail, in an embodiment of the present dis-
closure, as illustrated in Fig. 8, the power adapter 1 fur-
ther includes a driving unit 110 such as a MOSFET driver.
The driving unit 110 is coupled between the switch unit
102 and the control unit 107. The driving unit 110 is con-
figured to drive the switch unit 102 to switch on or off
according to the control signal. Certainly, it should be
noted, in other embodiments of the present disclosure,
the driving unit 110 may also be integrated in the control
unit 107.
[0119] Further, as illustrated in Fig. 8, the power adapt-
er 1 further includes an isolation unit 111. The isolation
unit 111 is coupled between the driving unit 110 and the
control unit 107, to realize a signal isolation between the
primary side and the secondary side of the power adapter
1 (or a signal isolation between the primary winding and
the secondary winding of the transformer 103) The iso-
lation unit 111 may be implemented in an optocoupler
isolation manner, or in other isolation manners. By setting
the isolation unit 111, the control unit 107 may be dis-
posed at the secondary side of the power adapter 1 (or
the secondary winding side of the transformer 103), such
that it is convenient to communicate with the terminal 2,
and the space design of the power adapter 1 becomes
easier and simpler.
[0120] Certainly, it should be understood that, in other
embodiments of the present disclosure, both the control
unit 107 and the driving unit 110 can be disposed as the
primary side, in this way, the isolation unit 111 can be
disposed between the control unit 107 and the sampling
unit 106, so as to realize the signal isolation between the
primary side and the secondary side of the power adapter
1.
[0121] Further, it should be noted that, in embodiments
of the present disclosure, when the control unit 107 is
disposed at the secondary side, an isolation unit 111 is
required, and the isolation unit 111 may be integrated in
the control unit 107. In other words, when the signal is

transmitted from the primary side to the secondary side
or from the secondary side to the primary side, an isola-
tion unit is required to realize the signal isolation.
[0122] In an embodiment of the present disclosure, as
illustrated in Fig. 9, the power adapter 1 further includes
an auxiliary winding and a power supply unit 112. The
auxiliary winding generates a voltage with a fourth pul-
sating waveform according to the modulated voltage with
the first pulsating waveform. The power supply unit 112
is coupled to the auxiliary winding. The power supply unit
112 (for example, including a filtering voltage regulator
module, a voltage converting module and the like) is con-
figured to convert the voltage with the fourth pulsating
waveform and output a direct current, and to supply pow-
er to the driving unit 110 and/or the control unit 107 re-
spectively. The power supply unit 112 may be formed of
a small filtering capacitor, a voltage regulator chip or other
elements. The power supply unit 112 may process and
convert the voltage with the fourth pulsating waveform
and output a direct current with a low voltage such as
3.3V, 5V or the like.
[0123] In other words, the power supply of the driving
unit 110 can be obtained by performing a voltage con-
versation on the voltage with the fourth pulsating wave-
form by the power supply unit 112. When the control unit
107 is disposed at the primary side, the power supply of
the control unit 107 can also be obtained by performing
a voltage conversation on the voltage with the fourth pul-
sating waveform by the power supply unit 112. As illus-
trated in Fig. 9, when the control unit 107 is disposed at
the primary side, the power supply unit 112 provides two
lines of direct current outputs, so as to supply power to
the driving unit 110 and the control unit 107 respectively.
An optocoupler isolation unit 111 is arranged between
the control unit 107 and the sampling unit 106 to realize
the signal isolation between the primary side and the sec-
ondary side of the power adapter 1.
[0124] When the control unit 107 is disposed at the
primary side and integrated with the driving unit 110, the
power supply unit 112 supplies power to the control unit
107 separately. When the control unit 107 is disposed at
the secondary side and the driving unit 110 is disposed
at the primary side, the power supply unit 112 supplies
power to the driving unit 110 separately. The power sup-
ply to the control unit 107 is realized by the secondary
side, for example, a power supply unit converts the volt-
age with the third pulsating waveform outputted by the
second rectification unit 104 to a direct current to supply
power to the control unit 107.
[0125] Moreover, in embodiments of the present dis-
closure, several small capacitors are coupled in parallel
to the output end of first rectification unit 101 for filtering.
Or the output end of the first rectification unit 110 is cou-
pled to an LC filtering circuit.
[0126] In another embodiment of the present disclo-
sure, as illustrated in Fig. 10, the power adapter 1 further
includes a first voltage detecting unit 113. The first volt-
age detecting unit 113 is coupled to the auxiliary winding
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and the control unit 107 respectively. The first voltage
detecting unit 113 is configured to detect the voltage with
the fourth pulsating waveform to generate a voltage de-
tecting value. The control unit 107 is further configured
to adjust the duty ratio of the control signal according to
the voltage detecting value.
[0127] In other words, the control unit 107 may reflect
the voltage outputted by the second rectification unit 104
based on the voltage outputted by the secondary winding
and detected by the first voltage detecting unit 113, and
then adjusts the duty ratio of the control signal according
to the voltage detecting value, such that the output of the
second rectification unit 104 meets the charging require-
ment of the battery.
[0128] In detail, in an embodiment of the present dis-
closure, as illustrated in Fig. 11, the sampling unit 106
includes a first current sampling circuit 1061 and a first
voltage sampling circuit 1062. The first current sampling
circuit 1061 is configured to sample the current outputted
by the second rectification unit 104 so as to obtain the
current sampling value. The first voltage sampling circuit
1062 is configured to sample the voltage outputted by
the second rectification unit 104 so as to obtain the volt-
age sampling value.
[0129] In an embodiment of the present disclosure, the
first current sampling circuit 1061 can sample the current
outputted by the second rectification unit 104 by sampling
voltage on a resistor (current detection resistor) coupled
to a first output end of the second rectification unit 104.
The first voltage sampling circuit 1062 can sample the
voltage outputted by the second rectification unit 104 by
sampling the voltage cross the first output end and a sec-
ond output end of the second rectification unit 104.
[0130] Moreover, in an embodiment of the present dis-
closure, as illustrated in Fig. 11, the first voltage sampling
circuit 1062 includes a peak voltage sampling and hold-
ing unit, a cross-zero sampling unit, a bleeder unit and
an AD sampling unit. The peak voltage sampling and
holding unit is configured to sample and hold a peak volt-
age of the voltage with the third pulsating waveform. The
cross-zero sampling unit is configured to sample a zero-
crossing point of the voltage with the third pulsating wave-
form. The bleeder unit is configured to discharge the peak
voltage sampling and holding unit at the zero crossing
point. The AD sampling unit is configured to sample the
peak voltage in the peak voltage sampling and holding
unit so as to obtain the voltage sampling value.
[0131] By providing with the peak voltage sampling and
holding unit, the cross-zero sampling unit, the bleeder
unit and the AD sampling unit in the first voltage sampling
circuit 1062, the voltage outputted by the second rectifi-
cation unit 104 may be sampled accurately, and it can
be guaranteed that the voltage sampling value keeps
synchronous with the voltage with the first pulsating
waveform, i.e., the phase and variation trend of magni-
tude of the voltage sampling value are consistent with
those of the voltage with the first pulsating waveform re-
spectively.

[0132] According to an embodiment of the present dis-
closure, as illustrated in Fig. 12, the power adapter 1
further includes a second voltage sampling circuit 114.
The second voltage sampling circuit 114 is configured to
sample the voltage with the first pulsating waveform. The
second voltage sampling circuit 114 is coupled to the
control unit 107. When the voltage value sampled by the
second voltage sampling circuit 114 is greater than a first
predetermined voltage value, the control unit 107controls
the switch unit 102 to switch on for a predetermined time
period, to drain off the surge voltage, spike voltage in the
voltage with the first pulsating waveform.
[0133] As illustrated in Fig. 12, the second voltage
sampling circuit 114 can be coupled to the first output
end and the second output end of the first rectification
unit 101, so as to sample the voltage with the first pul-
sating waveform. The control unit 107 determines the
magnitude of the voltage value sampled by the second
voltage sampling circuit 114. When the voltage value
sampled by the second voltage sampling circuit 114 is
greater than the first predetermined voltage value, it in-
dicates that the power adapter 1 is suffering the lightning
interference and a surge voltage occurs, and thus it
needs to drain off the surge voltage for ensuring the safe-
ty and reliability of charging. The control unit 107 controls
the switch unit 102 to switch on for a certain time period,
to form a bleeder path, such that the surge voltage
caused by the lightning can be drained off, thus avoiding
the interference of the lightning when the power adapter
charges the terminal, and effectively improving the safety
and reliability of the charging of the terminal. The first
predetermined voltage value may be determined accord-
ing to actual situations.
[0134] In an embodiment of the present disclosure,
during a process that the power adapter 1 charges the
battery 202 in the terminal 2, the control unit 107 is further
configured to control the switch unit 102 to switch off
when the value of the voltage sampled by the sampling
unit 106 is greater than a second predetermined voltage
value. Namely, the control unit 107 further determines
the magnitude of the voltage value sampled by the sam-
pling unit 106. When the value of the voltage sampled
by the sampling unit 106 is greater than the second pre-
determined voltage value, it indicates that the voltage
outputted by the power adapter 1 is too high. At this time,
the control unit 107 controls the power adapter 1 to stop
charging the battery 202 in the terminal 2 by controlling
the switch unit 102 to switch off. In other words, the control
unit 107 can realize the over-voltage protection of the
power adapter by controlling the switch unit 102 to switch
off, thus ensuring the safety of charging.
[0135] Certainly, in an embodiment of the present dis-
closure, the controller 204 obtains the value of the voltage
sampled by the sampling unit 106 by performing a bidi-
rectional communication with the control unit 107 (refer-
ring to Fig. 13 and Fig. 14), and controls the charging
control switch 203 to switch off when the value of the
voltage sampled by the sampling unit 106 is greater than
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the second predetermined voltage value. Namely, the
charging control switch 203 is controlled to switch off at
the terminal 2 side, so as to stop the charging process
of the battery 202, such that the safety of charging can
be ensured.
[0136] Further, the control unit 107 is further configured
to control the switch unit 102 to switch off when the value
of the current sampled by the sampling unit 106 is greater
than a predetermined current value. In other words, the
control unit 107 further determines the magnitude of the
value of the current sampled by the sampling unit 106.
When the value of the current sampled by the sampling
unit 106 is greater than the predetermined current value,
it indicates that the current outputted by the power adapt-
er 1 is too high. At this time, the control unit 107 controls
the power adapter 1 to stop charging the terminal by con-
trolling the switch unit 102 to switch off. In other words,
the control unit 107 realizes the over-current protection
of the power adapter 1 by controlling the switch unit 102
to switch off, thus ensuring the safety of charging.
[0137] Similarly, the controller 204 obtains the value
of the current sampled by the sampling unit 106 by per-
forming the bidirectional communication with the control
unit 107 (referring to Fig. 13 and Fig. 14), and controls
the charging control switch 203 to switch off when the
value of the current sampled by the sampling unit 106 is
greater than the predetermined current value. In other
words, the charging control switch 203 is controlled to be
switched off at the terminal 2 side, so as to stop the charg-
ing process of the battery 202, thus ensuring the safety
of charging.
[0138] The second predetermined voltage value and
the predetermined current value may be set or written
into storage of the control unit (for example, the control
unit 107 of the power adapter 1, such as an MCU) ac-
cording to actual situations.
[0139] In embodiments of the present disclosure, the
terminal may be a mobile terminal, such as a mobile
phone, a mobile power supply such as a power bank, a
multimedia player, a notebook PC, a wearable device or
the like.
[0140] With the charging system for a terminal accord-
ing to embodiments of the present disclosure, the power
adapter is controlled to output the voltage with the third
pulsating waveform, and the voltage with the third pul-
sating waveform outputted by the power adapter is di-
rectly applied to the battery of the terminal, thus realizing
quick charging to the battery directly by the pulsating out-
put voltage/current. In contrast to the conventional con-
stant voltage and constant current, a magnitude of the
pulsating output voltage/current changes periodically,
such that a lithium precipitation of the lithium battery may
be reduced, the service life of the battery may be im-
proved, and the probability and intensity of arc discharge
of a contact of a charging interface may be reduced, the
service life of the charging interfaces may be prolonged,
and it is beneficial to reduce polarization effect of the
battery, improve the charging speed, and reduce the heat

of the battery, thus ensuring the reliability and safety of
the terminal during the charging. Moreover, since the
power adapter outputs the voltage with the pulsating
waveform, it is unnecessary to provide an electrolytic ca-
pacitor in the power adapter, which can not only realize
simplification and miniaturization of the power adapter,
but also decreases cost greatly.
[0141] Embodiments of the present disclosure further
provide a power adapter. The power adapter includes a
first rectification unit, a transformer, a second rectification
unit, a sampling unit, and a modulating control unit. The
first rectification unit is configured to rectify an input al-
ternating current and output a voltage with a first pulsating
waveform. The second rectification unit is configured to
rectify an output at a secondary side of the transformer
to output a voltage with a third pulsating waveform, in
which the voltage with the third pulsating waveform is
configured to be applied to a battery of a terminal. The
sampling unit is configured to sample the voltage with
the third pulsating waveform to obtain a voltage sampling
value. The modulating control unit is configured to mod-
ulate the voltage with the first pulsating waveform ac-
cording to the voltage sampling value to obtain a modu-
lated voltage with the first pulsating waveform, to apply
the modulated voltage with the first pulsating waveform
to a primary side of the transformer, such that the trans-
former converts the modulated voltage with the first pul-
sating waveform into a voltage with a second pulsating
waveform and the voltage with the third pulsating wave-
form meets a charging requirement of the battery.
[0142] With the power adapter according to embodi-
ments of the present disclosure, the voltage with the third
pulsating waveform is outputted via the first charging in-
terface, and the voltage with the third pulsating waveform
is directly applied to the battery of the terminal via the
second charging interface of the terminal, thus realizing
quick charging of the battery directly by the pulsating out-
put voltage/current. In contrast to the conventional con-
stant voltage and constant current, a magnitude of the
pulsating output voltage/current changes periodically,
such that a lithium precipitation of the lithium battery may
be reduced, the service life of the battery may be im-
proved, and the probability and intensity of arc discharge
of a contact of a charging interface may be reduced, the
service life of the charging interfaces may be prolonged,
and it is beneficial to reduce polarization effect of the
battery, improve the charging speed, and reduce the heat
of the battery, thus ensuring the reliability and safety of
the terminal during the charging. Moreover, since the
voltage output from the power adapter is the one with the
pulsating waveform, it is unnecessary to provide an elec-
trolytic capacitor, which can not only realize simplification
and miniaturization of the power adapter, but can also
decreases cost greatly.
[0143] Fig. 15 is a flow chart of a charging method for
a terminal according to embodiments of the present dis-
closure. As illustrated in Fig. 15, the charging method for
a terminal includes the followings.
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[0144] At block S1, when a first charging interface of
a power adapter is coupled to a second charging interface
of a terminal, i.e., when the power adapter charges the
terminal, a first rectification is performed on an alternating
current inputted into the power adapter to output a voltage
with a first pulsating waveform.
[0145] In other words, a first rectification unit in the
power adapter rectifies the inputted alternating current
(i.e., the mains supply, such as alternating current of
220V, 50Hz or 60Hz) and outputs the voltage (for exam-
ple, 100Hz or 120Hz) with the first pulsating waveform,
such as a voltage with a steamed-bun shaped waveform.
[0146] At block S2, the voltage with the first pulsating
waveform is modulated by a switch unit, and then is con-
verted by a transformer to output a voltage with a second
pulsating waveform. For example, the voltage with the
first pulsating waveform is modulated to obtain the mod-
ulated voltage with the first pulsating waveform. The
modulated voltage with the first pulsating waveform is
applied to the primary side of the transformer, such that
the transformer converts the modulated voltage with the
first pulsating waveform into the voltage with the second
pulsating waveform.
[0147] The switch unit may be formed of a MOS tran-
sistor. A PWM control is performed on the MOS transistor
to perform a chopping modulation on the voltage with the
steamed-bun shaped waveform. And then, the modulat-
ed voltage with the first pulsating waveform is coupled
to a secondary side by the transformer, such that the
secondary winding outputs the voltage with the second
pulsating waveform.
[0148] In an embodiment of the present disclosure, a
high-frequency transformer is used for conversion, such
that the size of the transformer is small, thus realizing
high-power and miniaturization of the power adapter.
[0149] At block S3, a second rectification is performed
on the voltage with the second pulsating waveform to
output a voltage with a third pulsating waveform. The
voltage with the third pulsating waveform may be applied
to a battery of the terminal via the second charging inter-
face, so as to charge the battery of the terminal.
[0150] In an embodiment of the present disclosure, the
second rectification is performed by a second rectification
unit on the voltage with the second pulsating waveform.
The second rectification unit may be formed of diodes or
MOS transistors, and can realize a secondary synchro-
nous rectification, such that the third pulsating waveform
keeps synchronous with the waveform of the modulated
voltage with the first pulsating waveform.
[0151] At block S4, the voltage and/or current after the
second rectification is sampled to obtain a voltage sam-
pling value and/or a current sampling value.
[0152] At block S5, a duty ratio of a control signal for
controlling the switch unit is adjusted according to the
voltage sampling value and/or the current sampling val-
ue, such that the voltage with the third pulsating wave-
form meets a charging requirement.
[0153] In other words, in an embodiment of the present

disclosure, the voltage with the third pulsating waveform
is sampled to obtain the voltage sampling value, such
that the voltage with the first pulsating waveform is mod-
ulated according to the voltage sampling value, and the
voltage with the third pulsating waveform meets the
charging requirement.
[0154] It should be noted that, the voltage with the third
pulsating waveform meeting the charging requirement
means that, the voltage and current with the third pulsat-
ing waveform need to meet the charging voltage and
charging current when the battery is charged. In other
words, the duty ratio of the control signal (such as a PWM
signal) is adjusted according to the sampled voltage
and/or current outputted by the power adapter, so as to
adjust the output of the power adapter in real time and
realize a closed-loop adjusting control, such that the volt-
age with the third pulsating waveform meets the charging
requirement of the terminal, thus ensuring the stable and
safe charging of the battery. In detail, a waveform of a
charging voltage outputted to a battery is illustrated in
Fig. 3, in which the waveform of the charging voltage is
adjusted according to the duty ratio of the PWM signal.
A waveform of a charging current outputted to a battery
is illustrated in Fig. 4, in which the waveform of the charg-
ing current is adjusted according to the duty ratio of the
PWM signal.
[0155] In an embodiment of the present disclosure, by
controlling the switch unit, a chopping modulation is di-
rectly performed on the voltage with the first pulsating
waveform, i.e., the steamed-bun shaped waveform, after
a full-bridge rectification, and then a modulated voltage
is sent to the high-frequency transformer and is coupled
from the primary side to the secondary side via the high-
frequency transformer, and then is changed back to the
voltage/current with the steamed-bun shaped waveform
after a synchronous rectification. The voltage/current
with the steamed-bun shaped waveform is directly trans-
mitted to the battery so as to realize quick charging of
the battery. The magnitude of the voltage with the
steamed-bun shaped waveform may be adjusted accord-
ing to the duty ratio of the PWM signal, such that the
output of the power adapter may meet the charging re-
quirement of the battery. It can be seen, electrolytic ca-
pacitors at the primary side and the secondary side in
the power adapter can be removed, and the battery can
be directly charged via the voltage with the steamed-bun
shaped waveform, such that the size of the power adapter
may be reduced, thus realizing miniaturization of the
power adapter, and decreasing cost greatly.
[0156] According to an embodiment of the present dis-
closure, the voltage with the first pulsating waveform is
modulated according to the voltage sampling value, such
that the power adapter outputs the voltage with the third
pulsating waveform intermittently. For example, a fre-
quency of the control signal can be adjusted according
to the voltage sampling value and/or the current sampling
value. That is, the output of the PWM signal to the switch
unit is controlled to maintain for a continuous time period,
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and then stop for a predetermined time period and then
restart. In this way, the voltage applied to the battery is
intermittent, thus realizing the intermittent charging of the
battery, which can avoid safety risks caused by the heat
generated when the battery is charged continuously and
improves the reliability and safety of the charging of the
battery. The control signal outputted to the switch unit is
illustrated in Fig.5.
[0157] Further, the above charging method for a ter-
minal further includes: performing a communication with
the terminal via the first charging interface to obtain status
information of the terminal, and adjusting the duty ratio
of the control signal according to the status information
of the terminal, the voltage sampling value and/or current
sampling value.
[0158] In other words, when the second charging in-
terface is coupled to the first charging interface, the power
adapter and the terminal may send communication query
instructions to each other, and a communication connec-
tion can be established between the power adapter and
the terminal after a corresponding reply instruction is re-
ceived, such that the power adapter can obtain the status
information of the terminal, negotiate with the terminal
about the charging mode and the charging parameter
(such as the charging current, the charging voltage) and
control the charging process.
[0159] According to an embodiment of the present dis-
closure, a voltage with a fourth pulsating waveform can
be generated through a conversion of the transformer,
and the voltage with the fourth pulsating waveform can
be detected to generate a voltage detecting value, and
the duty ratio of the control signal can be adjusted ac-
cording to the voltage detecting value.
[0160] In detail, the transformer can be provided with
an auxiliary winding. The auxiliary winding can generate
the voltage with the fourth pulsating waveform according
to the modulated voltage with the first pulsating wave-
form. The output voltage of the power adapter can be
reflected by detecting the voltage with the fourth pulsating
waveform, and the duty ratio of the control signal can be
adjusted according to the voltage detecting value, such
that the output of the power adapter meets the charging
requirement of the battery.
[0161] In an embodiment of the present disclosure,
sampling the voltage after the second rectification to ob-
tain the voltage sampling value includes: sampling and
holding a peak value of the voltage after the second rec-
tification, and sampling a zero crossing point of the volt-
age after the second rectification; draining off the peak
voltage sampling and holding unit configured for sam-
pling and holding the peak voltage at the zero crossing
point; sampling the peak voltage in the peak voltage sam-
pling and holding unit so as to obtain the voltage sampling
value. In this way, an accurate sampling can be per-
formed on the voltage outputted by the power adapter,
and it can be guaranteed that the voltage sampling value
keeps synchronous with the voltage with the first pulsat-
ing waveform, i.e., the phase and variation trend of mag-

nitude of the voltage sampling value are consistent with
those of the voltage with the first pulsating waveform re-
spectively.
[0162] Further, in an embodiment of the present dis-
closure, the above charging method for a terminal further
includes: sampling the voltage with the first pulsating
waveform, and controlling the switch unit to switch on for
a predetermined time period to discharge the surge volt-
age in the voltage with the first pulsating waveform when
a sampled voltage value is greater than a first predeter-
mined voltage value.
[0163] The voltage with the first pulsating waveform is
sampled so as to determine the sampled voltage value.
When the sampled voltage value is greater than the first
predetermined voltage value, it indicates that the power
adapter is suffering the lightning interference and a surge
voltage occurs, and thus it needs to drain off the surge
voltage to ensure the safety and reliability of charging. It
is required to control the switch unit to switch on for a
certain time period, to form a bleeder path, such that the
surge voltage caused by the lightning is drained off, thus
avoiding interference of the lightning when the power
adapter charges the terminal, and effectively improving
the safety and reliability of the charging of the terminal.
The first predetermined voltage value may be determined
according to actual situations.
[0164] According an embodiment of the present dis-
closure, a communication with the terminal is performed
via the first charging interface to determine the charging
mode. When the charging mode is determined as the
quick charging mode, the charging current and/or charg-
ing voltage corresponding to the quick charging mode
can be obtained according to the status information of
the terminal, so as to adjust the duty ratio of the control
signal according to the charging current and/or charging
voltage corresponding to the quick charging mode. The
charging mode includes the quick charging mode and
the normal charging mode.
[0165] In other words, when the current charging mode
is determined as the quick charging mode, the charging
current and/or charging voltage corresponding to the
quick charging mode can be obtained according to the
status information of the terminal, such as the voltage,
electric quantity, temperature of the battery, running pa-
rameters of the terminal and power consumption infor-
mation of applications running on the terminal or the like.
And the duty ratio of the control signal is adjusted ac-
cording to the obtained charging current and/or charging
voltage, such that the output of the power adapter meets
the charging requirement, thus realizing the quick charg-
ing of the terminal.
[0166] The status information of the terminal may in-
clude the temperature of the battery. When the temper-
ature of the battery is greater than a first predetermined
temperature threshold, or the temperature of the battery
is less than a second predetermined temperature thresh-
old, if the current charging mode is the quick charging
mode, the quick charging mode is switched to the normal
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charging mode. The first predetermined temperature
threshold is greater than the second predetermined tem-
perature threshold. In other words, when the temperature
of the battery is too low (for example, corresponding to
less than the second predetermined temperature thresh-
old) or too high (for example, corresponding to greater
than the first predetermined temperature threshold), it is
unsuitable to perform the quick charging, such that it
needs to switch from the quick charging mode to the nor-
mal charging mode. In embodiments of the present dis-
closure, the first predetermined temperature threshold
and the second predetermined temperature threshold
can be set according to actual situations.
[0167] In an embodiment of the present disclosure, the
switch unit is controlled to switch off when the tempera-
ture of the battery is greater than a predetermined high-
temperature protection threshold. Namely, when the
temperature of the battery exceeds the high-temperature
protection threshold, it needs to apply a high-temperature
protection strategy to control the switch unit to switch off,
such that the power adapter stops charging the battery,
thus realizing the high protection of the battery and im-
proving the safety of charging. The high-temperature pro-
tection threshold may be different from or the same to
the first temperature threshold. In an embodiment, the
high-temperature protection threshold is greater than the
first temperature threshold.
[0168] In another embodiment of the present disclo-
sure, the terminal further obtains the temperature of the
battery, and controls to stop charging the battery (for ex-
ample by controlling a charging control switch to switch
off at the terminal side) when the temperature of the bat-
tery is greater than the predetermined high-temperature
protection threshold, so as to stop the charging process
of the battery and ensure the safety of charging.
[0169] Moreover, in an embodiment of the present dis-
closure, the charging method for a terminal further in-
cludes: obtaining a temperature of the first charging in-
terface, and controlling the switch unit to switch off when
the temperature of the first charging interface is greater
than a predetermined protection temperature. In other
words, when the temperature of the charging interface
exceeds a certain temperature, the control unit needs to
apply the high-temperature protection strategy to control
the switch unit to switch off, such that the power adapter
stops charging the battery, thus realizing the high-tem-
perature protection of the battery and improving the safe-
ty of charging.
[0170] Certainly, in another embodiment of the present
disclosure, the terminal obtains the temperature of the
first charging interface by performing the bidirectional
communication with the power adapter via the second
charging interface. When the temperature of the first
charging interface is greater than the predetermined pro-
tection temperature, the terminal controls the charging
control switch to switch off, i.e., the charging control
switch can be switched off at the terminal side, so as to
stop the charging process of the battery, thus ensuring

the safety of charging.
[0171] During a process that the power adapter charg-
es the terminal, the switch unit is controlled to switch off
when the voltage sampling value is greater than a second
predetermined voltage value. Namely, the magnitude of
the voltage sampling value is determined during the proc-
ess that the power adapter charges the terminal. When
the voltage sampling value is greater than the second
predetermined voltage value, it indicates that the voltage
outputted by the power adapter is too high. At this time,
the power adapter is controlled to stop charging the ter-
minal by controlling the switch unit to switch off. In other
words, the over-voltage protection of the power adapter
is realized by controlling the switch unit to switch off, thus
ensuring the safety of charging.
[0172] Certainly, in an embodiment of the present dis-
closure, the terminal obtains the voltage sampling value
by performing a bidirectional communication with the
power adapter via the second charging interface, and
controls to stop charging the battery when the voltage
sampling value is greater than the second predetermined
voltage value. Namely, the charging control switch is con-
trolled to switch off at the terminal side, so as to stop the
charging process, such that the safety of charging can
be ensured.
[0173] In an embodiment of the present disclosure,
during the process that the power adapter charges the
terminal, the switch unit is controlled to switch off when
the current sampling value is greater than a predeter-
mined current value. In other words, during the process
that the power adapter charges the terminal, the magni-
tude of the current sampling value is determined. When
the current sampling value is greater than the predeter-
mined current value, it indicates that the current outputted
by the power adapter is too high. At this time, the power
adapter is controlled to stop charging the terminal by con-
trolling the switch unit to switch off. In other words, the
over-current protection of the power adapter is realized
by controlling the switch unit to switch off, thus ensuring
the safety of charging.
[0174] Similarly, the terminal obtains the current sam-
pling value by performing the bidirectional communica-
tion with the power adapter via the second charging in-
terface, and controls to stop charging the battery when
the current sampling value is greater than the predeter-
mined current value. In other words, the charging control
switch is controlled to be switched off at the terminal side,
such that the charging process of the battery is stopped,
thus ensuring the safety of charging.
[0175] The second predetermined voltage value and
the predetermined current value may be set according
to actual situations.
[0176] In embodiments of the present disclosure, the
status information of the terminal includes the electric
quantity of the battery, the temperature of the battery,
the voltage/current of the battery of the terminal, interface
information of the terminal and information on path im-
pedance of the terminal.
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[0177] In detail, the power adapter can be coupled to
the terminal via a universal serial bus (USB) interface.
The USB interface may be a general USB interface, or
a micro USB interface. A data wire in the USB interface
is configured as the data wire in the first charging inter-
face, and configured for the bidirectional communication
between the power adapter and the terminal. The data
wire may be D+ and/or D- wire in the USB interface. The
bidirectional communication may refer to an information
interaction performed between the power adapter and
the terminal.
[0178] The power adapter performs the bidirectional
communication with the terminal via the data wire in the
USB interface, so as to determine to charge the terminal
in the quick charging mode.
[0179] As an embodiment, when the power adapter
performs the bidirectional communication with the termi-
nal via the first charging interface so as to determine to
charge the terminal in the quick charging mode, the pow-
er adapter sends a first instruction to the terminal. The
first instruction is configured to query the terminal wheth-
er to enable the quick charging mode. The power adapter
receives a reply instruction to the first instruction from
the terminal. The reply instruction to the first instruction
is configured to indicate that the terminal agrees to enable
the quick charging mode.
[0180] As an embodiment, before the power adapter
sends the first instruction to the terminal, the power
adapter charges the terminal in the normal charging
mode. When the power adapter determines that a charg-
ing duration of the normal charging mode is greater than
a predetermined threshold, the power adapter sends the
first instruction to the terminal.
[0181] It should be understood that, when the power
adapter determines that the charging duration of the nor-
mal charging mode is greater than the predetermined
threshold, the power adapter may determine that the ter-
minal has identified it as a power adapter, such that the
quick charging query communication may start.
[0182] As an embodiment, the power adapter is con-
trolled to adjust a charging current to a charging current
corresponding to the quick charging mode by controlling
the switch unit. Before the power adapter charges the
terminal with the charging current corresponding to the
quick charging mode, the power adapter performs a bi-
directional communication with the terminal via the first
charging interface to determine a charging voltage cor-
responding to the quick charging mode, and the power
adapter is controlled to adjust a charging voltage to the
charging voltage corresponding to the quick charging
mode.
[0183] As an embodiment, performing the bidirectional
communication with the terminal via the first charging
interface to determine the charging voltage correspond-
ing to the quick charging mode includes: sending by the
power adapter a second instruction to the terminal, re-
ceiving by the power adapter a reply instruction to the
second instruction sent from the terminal, and determin-

ing by the power adapter the charging voltage corre-
sponding to the quick charging mode according to the
reply instruction to the second instruction. The second
instruction is configured to query whether a current output
voltage of the power adapter is suitable for being used
as the charging voltage corresponding to the quick charg-
ing mode. The reply instruction to the second instruction
is configured to indicate that the current output voltage
of the power adapter is suitable, high or low.
[0184] As an embodiment, before controlling the power
adapter to adjust the charging current to the charging
current corresponding to the quick charging mode, the
charging current corresponding to the quick charging
mode is determined by performing the bidirectional com-
munication with the terminal via the first charging inter-
face.
[0185] As an embodiment, determining the charging
current corresponding to the quick charging mode by per-
forming the bidirectional communication with the terminal
via the first charging interface includes: sending by the
power adapter a third instruction to the terminal, receiving
by the power adapter a reply instruction to the third in-
struction sent from the terminal and determining by the
power adapter the charging current corresponding to the
quick charging mode according to the reply instruction
to the third instruction. The third instruction is configured
to query a maximum charging current currently supported
by the terminal. The reply instruction to the third instruc-
tion is configured to indicate the maximum charging cur-
rent currently supported by the terminal.
[0186] The power adapter may determine the above
maximum charging current as the charging current cor-
responding to the quick charging mode, or may set the
charging current as a charging current less than the max-
imum charging current.
[0187] As an embodiment, during the process that the
power adapter charges the terminal in the quick charging
mode, the power adapter performs the bidirectional com-
munication with the terminal via the first charging inter-
face, so as to continuously adjust a charging current out-
putted to the battery from the power adapter by controlling
the switch unit.
[0188] The power adapter may query the status infor-
mation of the terminal continuously, so as to adjust the
charging current continuously, for example, query the
voltage of the battery of the terminal, the electric quantity
of the battery, etc.
[0189] As an embodiment, performing the bidirectional
communication with the terminal via the first charging
interface to continuously adjust the charging current out-
putted to the battery from the power adapter by controlling
the switch unit includes: sending by the power adapter a
fourth instruction to the terminal, in which the fourth in-
struction is configured to query a voltage of the battery
in the terminal, receiving by the power adapter a reply
instruction to the fourth instruction sent by the terminal,
in which the reply instruction to the fourth instruction is
configured to indicate the voltage of the battery in the
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terminal, and adjusting the charging current by controlling
the switch unit according to the voltage of the battery.
[0190] As an embodiment, adjusting the charging cur-
rent by controlling the switch unit according to the current
voltage of the battery includes: adjusting the charging
current outputted to the battery from the power adapter
to a charging current value corresponding to the current
voltage of the battery by controlling the switch unit ac-
cording to the current voltage of the battery and a pre-
determined correspondence between battery voltage
values and charging current values.
[0191] In detail, the power adapter may store the cor-
respondence between battery voltage values and charg-
ing current values in advance.
[0192] As an embodiment, during the process that the
power adapter charges the terminal in the quick charging
mode, the power adapter determines whether the first
charging interface and the second charging interface are
in poor contact by performing the bidirectional commu-
nication with the terminal via the first charging interface.
When it is determined that the first charging interface and
the second charging interface are in poor contact, the
power adapter is controlled to quit the quick charging
mode.
[0193] As an embodiment, before determining whether
the first charging interface and the second charging in-
terface are in poor contact, the power adapter receives
information indicating path impedance of the terminal
from the terminal. The power adapter sends a fourth in-
struction to the terminal. The fourth instruction is config-
ured to query a voltage of the battery in the terminal. The
power adapter receives a reply instruction to the fourth
instruction sent by the terminal. The reply instruction to
the fourth instruction is configured to indicate the voltage
of the battery in the terminal. The power adapter deter-
mines path impedance from the power adapter to the
battery according to an output voltage of the power adapt-
er and the voltage of the battery and determines whether
the first charging interface and the second charging in-
terface are in poor contact according to the path imped-
ance from the power adapter to the battery, the path im-
pedance of the terminal, and path impedance of a charg-
ing circuit between the power adapter and the terminal.
[0194] As an embodiment, before the power adapter
is controlled to quit the quick charging mode, a fifth in-
struction is sent to the terminal. The fifth instruction is
configured to indicate that the first charging interface and
the second charging interface are in poor contact.
[0195] After sending the fifth instruction, the power
adapter may quit the quick charging mode or reset.
[0196] The quick charging process according to em-
bodiments of the present disclosure has been described
from the perspective of the power adapter; hereinafter,
the quick charging process according to embodiments
of the present disclosure will be described from the per-
spective of the terminal in the following.
[0197] In embodiments of the present disclosure, the
terminal supports the normal charging mode and the

quick charging mode. The charging current of the quick
charging mode is greater than that of the normal charging
mode. The terminal performs the bidirectional communi-
cation with the power adapter via the second charging
interface such that the power adapter determines to
charge the terminal in the quick charging mode. The pow-
er adapter outputs according to a charging current cor-
responding to the quick charging mode, to charge the
battery in the terminal.
[0198] As an embodiment, performing by the terminal
the bidirectional communication with the power adapter
via the second charging interface such that the power
adapter determines to charge the terminal in the quick
charging mode includes: receiving by the terminal the
first instruction sent by the power adapter, in which the
first instruction is configured to query the terminal wheth-
er to enable the quick charging mode; sending by the
terminal a reply instruction to the first instruction to the
power adapter. The reply instruction to the first instruction
is configured to indicate that the terminal agrees to enable
the quick charging mode.
[0199] As an embodiment, before the terminal receives
the first instruction sent by the power adapter, the battery
in the terminal is charged by the power adapter in the
normal charging mode. When the power adapter deter-
mines that a charging duration of the normal charging
mode is greater than a predetermined threshold, the ter-
minal receives the first instruction sent by the power
adapter.
[0200] As an embodiment, before the power adapter
outputs according to the charging current corresponding
to the quick charging mode to charge the battery in the
terminal, the terminal performs the bidirectional commu-
nication with the power adapter via the second charging
interface, such that the power adapter determines the
charging voltage corresponding to the quick charging
mode.
[0201] As an embodiment, performing by the terminal
the bidirectional communication with the power adapter
via the second charging interface such that the power
adapter determines the charging voltage corresponding
to the quick charging mode includes: receiving by the
terminal a second instruction sent by the power adapter,
and sending by the terminal a reply instruction to the sec-
ond instruction to the power adapter. The second instruc-
tion is configured to query whether a current output volt-
age of the power adapter is suitable for being used as
the charging voltage corresponding to the quick charging
mode. The reply instruction to the second instruction is
configured to indicate that the current output voltage of
the power adapter is suitable, high or low.
[0202] As an embodiment, before the terminal receives
the charging current corresponding to the quick charging
mode from the power adapter to charge the battery in
the terminal, the terminal performs the bidirectional com-
munication with the power adapter via the second charg-
ing interface, such that the power adapter determines
the charging current corresponding to the quick charging
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mode.
[0203] Performing by the terminal the bidirectional
communication with the power adapter via the second
charging interface such that the power adapter deter-
mines the charging current corresponding to the quick
charging mode includes: receiving by the terminal a third
instruction sent by the power adapter, in which the third
instruction is configured to query a maximum charging
current currently supported by the terminal; sending by
the terminal a reply instruction to the third instruction to
the power adapter, in which the reply instruction to the
third instruction is configured to indicate the maximum
charging current currently supported by the terminal,
such that the power adapter determines the charging cur-
rent corresponding to the quick charging mode according
to the maximum charging current.
[0204] As an embodiment, during a process that the
power adapter charges the terminal in the quick charging
mode, the terminal performs the bidirectional communi-
cation with the power adapter via the second charging
interface, such that the power adapter continuously ad-
justs a charging current outputted to the battery.
[0205] Performing by the terminal the bidirectional
communication with the power adapter via the second
charging interface such that the power adapter continu-
ously adjusts the charging current outputted to the battery
includes: receiving by the terminal a fourth instruction
sent by the power adapter, in which the fourth instruction
is configured to query a voltage of the battery in the ter-
minal; sending by the terminal a reply instruction to the
fourth instruction to the power adapter, in which the reply
instruction to the fourth instruction is configured to indi-
cate the voltage of the battery in the terminal, such that
the power adapter continuously adjusts the charging cur-
rent outputted to the battery according to the voltage of
the battery.
[0206] As an embodiment, during the process that the
power adapter charges the terminal in the quick charging
mode, the terminal performs the bidirectional communi-
cation with the control unit, such that the power adapter
determines whether the first charging interface and the
second charging interface are in poor contact.
[0207] Performing by the terminal the bidirectional
communication with the power adapter, such that the
power adapter determines whether the first charging in-
terface and the second charging interface are in poor
contact includes: receiving by the terminal a fourth in-
struction sent by the power adapter, in which the fourth
instruction is configured to query a voltage of the battery
in the terminal; sending by the terminal a reply instruction
to the fourth instruction to the power adapter, in which
the reply instruction to the fourth instruction is configured
to indicate the voltage of the battery in the terminal, such
that the power adapter determines whether the first
charging interface and the second charging interface are
in poor contact according to an output voltage of the pow-
er adapter and the voltage of the battery.
[0208] As an embodiment, the terminal receives a fifth

instruction sent by the power adapter. The fifth instruction
is configured to indicate that the first charging interface
and the second charging interface are in poor contact.
[0209] In order to initiate and adopt the quick charging
mode, the power adapter may perform a quick charging
communication procedure with the terminal, for example,
by one or more handshakes, so as to realize the quick
charging of battery. Referring to Fig. 6, the quick charging
communication procedure according to embodiments of
the present disclosure and respective stages in the quick
charging process will be described in detail. It should be
understood that, communication actions or operations
illustrated in Fig. 6 are merely exemplary. Other opera-
tions or various modifications of respective operations in
Fig. 6 can be implemented in embodiments of the present
disclosure. In addition, respective stages in Fig. 6 may
be executed in an order different from that illustrated in
Fig. 6, and it is unnecessary to execute all the operations
illustrated in Fig. 6. It should be noted that, a curve in Fig.
6 represents a variation trend of a peak value or a mean
value of the charging current, rather than a curve of actual
charging current.
[0210] In conclusion, with the charging method for a
terminal according to embodiments of the present dis-
closure, the power adapter is controlled to output the volt-
age with the third pulsating waveform which meets the
charging requirement, and the voltage with the third pul-
sating waveform outputted by the power adapter is di-
rectly applied to the battery of the terminal, thus realizing
quick charging of the battery directly by the pulsating out-
put voltage/current. In contrast to the conventional con-
stant voltage and constant current, a magnitude of the
pulsating output voltage/current changes periodically,
such that a lithium precipitation of the lithium battery may
be reduced, the service life of the battery may be im-
proved, and the probability and intensity of arc discharge
of a contact of a charging interface may be reduced, the
service life of the charging interfaces may be prolonged,
and it is beneficial to reduce polarization effect of the
battery, improve the charging speed, and reduce the heat
of the battery, thus ensuring the reliability and safety of
the terminal during the charging. Moreover, since the
power adapter outputs the voltage with the pulsating
waveform, it is unnecessary to provide an electrolytic ca-
pacitor in the power adapter, which not only realizes sim-
plification and miniaturization of the power adapter, but
also decreases cost greatly.
[0211] In the specification of the present disclosure, it
is to be understood that terms such as "central," "longi-
tudinal," "lateral," "length," "width," "thickness," "upper,"
"lower," "front," "rear," "left," "right," "vertical," "horizon-
tal," "top," "bottom," "inner," "outer," "clockwise," "coun-
terclockwise," "axial," "radial," and "circumference" refer
to the orientations and location relations which are the
orientations and location relations illustrated in the draw-
ings, and for describing the present disclosure and for
describing in simple, and which are not intended to indi-
cate or imply that the device or the elements are disposed
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to locate at the specific directions or are structured and
performed in the specific directions, which could not to
be understood to the limitation of the present disclosure.
[0212] In addition, terms such as "first" and "second"
are used herein for purposes of description and are not
intended to indicate or imply relative importance or sig-
nificance or to imply the number of indicated technical
features. Thus, the feature defined with "first" and "sec-
ond" may comprise one or more of this feature. In the
description of the present disclosure, "a plurality of"
means two or more than two, unless specified otherwise.
[0213] In the present disclosure, unless specified or
limited otherwise, the terms "mounted," "connected,"
"coupled," "fixed" and the like are used broadly, and may
be, for example, fixed connections, detachable connec-
tions, or integral connections; may also be mechanical
or electrical connections; may also be direct connections
or indirect connections via intervening structures; may
also be inner communications of two elements, which
can be understood by those skilled in the art according
to specific situations.
[0214] In the present disclosure, unless specified or
limited otherwise, a structure in which a first feature is
"on" or "below" a second feature may include an embod-
iment in which the first feature is in direct contact with
the second feature, and may also include an embodiment
in which the first feature and the second feature are not
in direct contact with each other, but are contacted via
an additional feature formed therebetween. Furthermore,
a first feature "on," "above," or "on top of" a second fea-
ture may include an embodiment in which the first feature
is right or obliquely "on," "above," or "on top of" the second
feature, or just means that the first feature is at a height
higher than that of the second feature; while a first feature
"below," "under," or "on bottom of" a second feature may
include an embodiment in which the first feature is right
or obliquely "below," "under," or "on bottom of" the sec-
ond feature, or just means that the first feature is at a
height lower than that of the second feature.
[0215] Reference throughout this specification to "an
embodiment," "some embodiments," "one embodiment",
"another example," "an example," "a specific example,"
or "some examples," means that a particular feature,
structure, material, or characteristic described in connec-
tion with the embodiment or example is included in at
least one embodiment or example of the present disclo-
sure. Thus, the appearances of the phrases such as "in
some embodiments," "in one embodiment", "in an em-
bodiment", "in another example," "in an example," "in a
specific example," or "in some examples," in various plac-
es throughout this specification are not necessarily re-
ferring to the same embodiment or example of the
present disclosure. Furthermore, the particular features,
structures, materials, or characteristics may be com-
bined in any suitable manner in one or more embodi-
ments or examples.
[0216] Those skilled in the art may be aware that, in
combination with the examples described in the embod-

iments disclosed in this specification, units and algorithm
steps can be implemented by electronic hardware, or a
combination of computer software and electronic hard-
ware. In order to clearly illustrate interchangeability of
the hardware and software, components and steps of
each example are already described in the description
according to the function commonalities. Whether the
functions are executed by hardware or software depends
on particular applications and design constraint condi-
tions of the technical solutions. Persons skilled in the art
may use different methods to implement the described
functions for each particular application, but it should not
be considered that the implementation goes beyond the
scope of the present disclosure.
[0217] Those skilled in the art may be aware that, with
respect to the working process of the system, the device
and the unit, reference is made to the part of description
of the method embodiment for simple and convenience,
which are described herein.
[0218] In embodiments of the present disclosure, it
should be understood that, the disclosed system, device
and method may be implemented in other way. For ex-
ample, embodiments of the described device are merely
exemplary. The partition of units is merely a logical func-
tion partitioning. There may be other partitioning ways in
practice. For example, several units or components may
be integrated into another system, or some features may
be ignored or not implemented. Further, the coupling be-
tween each other or directly coupling or communication
connection may be implemented via some interfaces.
The indirect coupling or communication connection may
be implemented in an electrical, mechanical or other
manner.
[0219] In embodiments of the present disclosure, it
should be understood that, the units illustrated as sepa-
rate components can be or not be separated physically,
and components described as units can be or not be
physical units, i.e., can be located at one place, or can
be distributed onto multiple network units. It is possible
to select some or all of the units according to actual
needs, for realizing the objective of embodiments of the
present disclosure.
[0220] In addition, each functional unit in the present
disclosure may be integrated in one progressing module,
or each functional unit exists as an independent unit, or
two or more functional units may be integrated in one
module.
[0221] If the integrated module is embodied in software
and sold or used as an independent product, it can be
stored in the computer readable storage medium. Based
on this, the technical solution of the present disclosure
or a part making a contribution to the related art or a part
of the technical solution may be embodied in a manner
of software product. The computer software produce is
stored in a storage medium, including some instructions
for causing one computer device (such as a personal PC,
a server, or a network device etc.) to execute all or some
of steps of the method according to embodiments of the
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present disclosure. The above-mentioned storage medi-
um may be a medium able to store program codes, such
as, USB flash disk, mobile hard disk drive (mobile HDD),
read-only memory (ROM), random-access memory
(RAM), a magnetic tape, a floppy disc, an optical data
storage device, and the like.
[0222] Although explanatory embodiments have been
illustrated and described, it would be appreciated by
those skilled in the art that the above embodiments can-
not be construed to limit the present disclosure, and
changes, alternatives, and modifications can be made in
the embodiments without departing from the scope as
defined by the claims.

Claims

1. A power adapter (1), comprising:

a first rectification unit (101), configured to rectify
an input alternating current (AC) and output a
voltage with a first pulsating waveform;
a transformer (103);
a second rectification unit (104), configured to
rectify an output at a secondary side of the trans-
former (103) to output a voltage with a third pul-
sating waveform, wherein the voltage with the
third pulsating waveform is configured to be ap-
plied to a battery (202) of a terminal (2);
a sampling unit (106), configured to sample the
voltage with the third pulsating waveform to ob-
tain a voltage sampling value; and
a modulating control unit (107), configured to
modulate the voltage with the first pulsating
waveform according to the voltage sampling val-
ue to obtain a modulated voltage with the first
pulsating waveform, to apply the modulated volt-
age with the first pulsating waveform to a primary
side of the transformer (103), wherein the trans-
former (103) is configured to convert the modu-
lated voltage with the first pulsating waveform
into a voltage with a second pulsating waveform
such that the voltage with the third pulsating
waveform meets a charging requirement of the
battery (202), wherein
the first rectification unit is connected to the pri-
mary side of the transformer without electrolytic
capacitor and the second rectification unit is con-
figured to apply the third pulsating waveform
without electrolytic capacitor, and character-
ized in that
the power adapter (1) further comprises a first
charging interface (105); the power adapter (1)
is coupled to the terminal (2) via the first charging
interface (105) to establish a bidirectional com-
munication, and
the modulating control unit (107) is further con-
figured to obtain status information of the termi-

nal (2) via the bidirectional communication be-
tween the power adapter (1) and the terminal
(2), and to modulate the voltage with the first
pulsating waveform according to the voltage
sampling value and the status information of the
terminal (2), wherein the status information of
the terminal (2) comprises an electric quantity
of the battery (202), a temperature of the battery
(202), a voltage/current of the terminal (2), in-
terface information of the terminal (2) and infor-
mation on path impedance of the terminal (2).

2. The power adapter (1) according to claim 1, wherein
the modulating control unit (107) is further configured
to modulate the voltage with the first pulsating wave-
form according to the voltage sampling value, such
that the power adapter (1) outputs the voltage with
the third pulsating waveform intermittently.

3. The power adapter (1) according to claim 1, further
comprising:

an auxiliary winding, configured to generate a
voltage with a fourth pulsating waveform accord-
ing to the modulated voltage with the first pul-
sating waveform; and
a power supply unit, coupled to the auxiliary
winding, and configured to convert the voltage
with the fourth pulsating waveform and output a
direct current to the modulating control unit
(107).

4. The power adapter (1) according to claim 1, wherein
the first charging interface (105) comprises:

a power wire, configured to charge the battery
(202); and
a data wire, configured to communicate with the
terminal (2), wherein the modulating control unit
(107) is configured to perform the bidirectional
communication with the terminal (2) via the pow-
er adapter (1) so as to determine a charging
mode, in which the charging mode comprises a
quick charging mode and a normal charging
mode.

5. The power adapter (1) according to claim 1, wherein
when the temperature of the battery (202) is greater
than a first predetermined temperature threshold or
the temperature of the battery (202) is less than a
second predetermined temperature threshold, the
quick charging mode is switched to the normal charg-
ing mode when a current charging mode is the quick
charging mode, in which the first predetermined tem-
perature threshold is greater than the second pre-
determined temperature threshold, wherein the
modulating control unit (107) is further configured to
control the power adapter (1) to stop outputting when

45 46 



EP 3 322 066 B1

25

5

10

15

20

25

30

35

40

45

50

55

the temperature of the battery (202) is greater than
a predetermined high-temperature protection
threshold.

6. The power adapter (1) according to claim 4, wherein
when the modulating control unit (107) performs the
bidirectional communication with the terminal (2) via
the data wire of the first charging interface (105) to
determine to charge the terminal (2) in the quick
charging mode,
the modulating control unit (107) is configured to
send a first instruction to the terminal (2), in which
the first instruction is configured to query the terminal
(2) whether to enable the quick charging mode; and
the modulating control unit (107) is configured to re-
ceive a reply instruction to the first instruction from
the terminal (2), in which the reply instruction to the
first instruction is configured to indicate that the ter-
minal (2) agrees to enable the quick charging mode.

7. The power adapter (1) according to claim 5, wherein,
before the modulating control unit (107) sends the
first instruction to the terminal (2), the power adapter
(1) is configured to charge the terminal (2) in the
normal charging mode, and the modulating control
unit (107) is configured to send the first instruction
to the terminal (2) when determining that a charging
duration of the normal charging mode is greater than
a predetermined threshold.

8. The power adapter (1) according to claim 6, wherein
the modulating control unit (107) is further configured
to control the power adapter (1) to adjust a charging
current to a charging current corresponding to the
quick charging mode, and before the power adapter
(1) charges the terminal (2) with the charging current
corresponding to the quick charging mode, the mod-
ulating control unit (107) is configured to perform the
bidirectional communication with the terminal (2) via
the data wire of the first charging interface (105) to
determine a charging voltage corresponding to the
quick charging mode, and to control the power adapt-
er (1) to adjust a charging voltage to the charging
voltage corresponding to the quick charging mode.

9. The power adapter (1) according to claim 6, wherein
during a process that the power adapter (1) charges
the terminal (2) in the quick charging mode, the mod-
ulating control unit (107) is further configured to per-
form the bidirectional communication with the termi-
nal (2) via the data wire of the first charging interface
(105), so as to continuously adjust a charging current
outputted to the battery (202) from the power adapter
(1).

10. The power adapter (1) according to claim 9, wherein,
during the process that the power adapter (1) charg-
es the terminal (2) in the quick charging mode, the

modulating control unit (107) is further configured to
determine whether the power adapter (1) and the
terminal (2) are in poor contact by performing the
bidirectional communication with the terminal (2) via
the data wire of the first charging interface (105),
wherein, the modulating control unit (107) is config-
ured to control the power adapter (1) to quit the quick
charging mode when it is determined that the power
adapter (1) and the terminal (2) are in poor contact.

11. The power adapter (1) according to claim 1, wherein,
the modulating control unit (107) is further configured
to obtain a temperature of the first charging interface
(105), and to control the power adapter (1) to stop
outputting when the temperature of the first charging
interface (105) is greater than a predetermined pro-
tection temperature.

12. A charging system comprising:

a power adapter (1) according to any one of
claims 1 to 11; a battery (202); and
a sampling unit (106), configured to sample the
voltage with the third pulsating waveform to ob-
tain a voltage sampling value.

13. A charging method for a terminal (2), comprising:

when a power adapter (1) charges the terminal
(2), performing a first rectification on an input
alternating current (AC) to output a voltage with
a first pulsating waveform;
modulating the voltage with the first pulsating
waveform to obtain a modulated voltage with the
first pulsating waveform, applying the modulat-
ed voltage with the first pulsating waveform to a
primary side of a transformer (103), such that
the transform converts the modulated voltage
with the first pulsating waveform into a voltage
with a second pulsating waveform;
performing a second rectification on the voltage
with the second pulsating waveform to output a
voltage with a third pulsating waveform, and ap-
plying the voltage with the third pulsating wave-
form to a battery (202) of the terminal (2); and
sampling the voltage with the third pulsating
waveform to obtain a voltage sampling value,
such that the voltage with the first pulsating
waveform is modulated according to the voltage
sampling value and the voltage with the third
pulsating waveform meets a charging require-
ment, wherein
the first and the second rectification are per-
formed without electrolytic capacitor, and
characterized by
establishing a bidirectional via a first charging
interface (105) comprised in the power adapter
(1), and
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obtaining status information of the terminal (2)
via the bidirectional communication between the
power adapter (1) and the terminal (2), and mod-
ulating the voltage with the first pulsating wave-
form according to the voltage sampling value
and the status information of the terminal (2),
wherein the status information of the terminal
(2) comprises an electric quantity of the battery
(202), a temperature of the battery (202), a volt-
age/current of the terminal (2), interface infor-
mation of the terminal (2) and information on
path impedance of the terminal (2).

Patentansprüche

1. Netzadapter (1), umfassend:

eine erste Gleichrichtungseinheit (101), die da-
zu konfiguriert ist, einen eingegebenen Wech-
selstrom (AC) gleichzurichten und eine Span-
nung mit einer ersten pulsierenden Kurvenform
auszugeben;
einen Transformator (103);
eine zweite Gleichrichtungseinheit (104), die da-
zu konfiguriert ist, eine Ausgabe an einer Se-
kundärseite des Transformators (103) gleichzu-
richten, um eine Spannung mit einer dritten pul-
sierenden Kurvenform auszugeben, wobei die
Spannung mit der dritten pulsierenden Kurven-
form dazu konfiguriert ist, an eine Batterie (202)
eines Endgeräts (2) angelegt zu werden;
eine Abtasteinheit (106), die dazu konfiguriert
ist, die Spannung mit der dritten pulsierenden
Kurvenform abzutasten, um einen Spannungs-
abtastwert zu erhalten; und
eine Modulationssteuereinheit (107), die dazu
konfiguriert ist, die Spannung mit der ersten pul-
sierenden Kurvenform gemäß dem Spannungs-
abtastwert zu modulieren, um eine modulierte
Spannung mit der ersten pulsierenden Kurven-
form zu erhalten, die modulierte Spannung mit
der ersten pulsierenden Kurvenform an eine Pri-
märseite des Transformators (103) anzulegen,
wobei der Transformator (103) dazu konfiguriert
ist, die modulierte Spannung mit der ersten pul-
sierenden Kurvenform in eine Spannung mit ei-
ner zweiten pulsierenden Kurvenform umzu-
wandeln, sodass die Spannung mit der dritten
pulsierenden Kurvenform eine Ladeanforde-
rung der Batterie (202) erfüllt, wobei
die erste Gleichrichtungseinheit mit der Primär-
seite des Transformators ohne Elektrolytkon-
densator verbunden ist und die zweite Gleich-
richtungseinheit dazu konfiguriert ist, die dritte
pulsierende Kurvenform ohne Elektrolytkon-
densator anzulegen, und dadurch gekenn-
zeichnet, dass

der Netzadapter (1) weiter eine erste Lade-
schnittstelle (105) umfasst; der Netzadapter (1)
über die erste Ladeschnittstelle (105) mit dem
Endgerät (2) gekoppelt ist, um eine bidirektio-
nale Kommunikation aufzubauen, und
die Modulationssteuereinheit (107) weiter dazu
konfiguriert ist, über die bidirektionale Kommu-
nikation zwischen dem Netzadapter (1) und dem
Endgerät (2) eine Statusinformation des Endge-
räts (2) zu erhalten, und die Spannung mit der
ersten pulsierenden Kurvenform gemäß dem
Spannungsabtastwert und der Statusinformati-
on des Endgeräts (2) zu modulieren, wobei die
Statusinformation des Endgeräts (2) eine elek-
trische Größe der Batterie (202), eine Tempe-
ratur der Batterie (202), eine Spannung / einen
Strom des Endgeräts (2), eine Schnittstellenin-
formation des Endgeräts (2) und eine Informa-
tion über eine Pfadimpedanz des Endgeräts (2)
umfasst.

2. Netzadapter (1) nach Anspruch 1, wobei die Modu-
lationssteuereinheit (107) weiter dazu konfiguriert
ist, die Spannung mit der ersten pulsierenden Kur-
venform gemäß dem Spannungsabtastwert zu mo-
dulieren, sodass der Netzadapter (1) die Spannung
mit der dritten pulsierenden Kurvenform intermittie-
rend ausgibt.

3. Netzadapter (1) nach Anspruch 1, weiter umfas-
send:

eine Hilfswicklung, die dazu konfiguriert ist, eine
Spannung mit einer vierten pulsierenden Kur-
venform gemäß der modulierten Spannung mit
der ersten pulsierenden Kurvenform zu erzeu-
gen; und
ein Netzteil, das mit der Hilfswicklung gekoppelt
ist und dazu konfiguriert ist, die Spannung mit
der vierten pulsierenden Kurvenform umzuwan-
deln und einen Gleichstrom an die Modulations-
steuereinheit (107) auszugeben.

4. Netzadapter (1) nach Anspruch 1, wobei die erste
Ladeschnittstelle (105) umfasst:

einen Netzdraht, der dazu konfiguriert ist, die
Batterie (202) zu laden; und
einen Datendraht, der dazu konfiguriert ist, mit
dem Endgerät (2) zu kommunizieren, wobei die
Modulationssteuereinheit (107) dazu konfigu-
riert ist, die bidirektionale Kommunikation mit
dem Endgerät (2) über den Netzadapter (1)
durchzuführen, um einen Lademodus zu be-
stimmen, wobei der Lademodus einen Schnell-
lademodus und einen Normallademodus um-
fasst.
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5. Netzadapter (1) nach Anspruch 1, wobei, wenn die
Temperatur der Batterie (202) höher als eine erste
vorbestimmte Temperaturschwelle ist oder die Tem-
peratur der Batterie (202) niedriger als eine zweite
vorbestimmte Temperaturschwelle ist, der Schnell-
lademodus in den Normallademodus umgeschaltet
wird, wenn ein Stromlademodus in dem Schnellla-
demodus ist, wobei die erste vorbestimmte Tempe-
raturschwelle größer als die zweite vorbestimmte
Temperaturschwelle ist, wobei die Modulationssteu-
ereinheit (107) weiter dazu konfiguriert ist, den Netz-
adapter (1) dahingehend zu steuern, ein Ausgeben
zu stoppen, wenn die Temperatur der Batterie (202)
höher als eine vorbestimmte Hochtemperatur-
schutzschwelle ist.

6. Netzadapter (1) nach Anspruch 4, wobei die Modu-
lationssteuereinheit (107) die bidirektionale Kommu-
nikation mit dem Endgerät (2) über den Datendraht
der ersten Ladeschnittstelle (105) durchführt, um zu
bestimmen, das Endgerät (2) in dem Schnelllade-
modus zu laden,
die Modulationssteuereinheit (107) dazu konfiguriert
ist, einen ersten Befehl an das Endgerät (2) zu sen-
den, wobei der erste Befehl dazu konfiguriert ist, das
Endgerät (2) dahingehend abzufragen, ob der
Schnelllademodus freigegeben werden soll; und
die Modulationssteuereinheit (107) dazu konfiguriert
ist, einen Antwortbefehl auf den ersten Befehl von
dem Endgerät (2) zu empfangen, wobei der Antwort-
befehl auf den ersten Befehl dazu konfiguriert ist an-
zuzeigen, dass das Endgerät (2) dem Freigeben des
Schnelllademodus zustimmt.

7. Netzadapter (1) nach Anspruch 5, wobei, bevor die
Modulationssteuereinheit (107) den ersten Befehl an
das Endgerät (2) sendet, der Netzadapter (1) dazu
konfiguriert ist, das Endgerät (2) in dem Normalla-
demodus zu laden, und die Modulationssteuerein-
heit (107) dazu konfiguriert ist, den ersten Befehl an
das Endgerät (2) zu senden, wenn sie bestimmt,
dass eine Ladedauer des Normallademodus größer
als eine vorbestimmte Schwelle ist.

8. Netzadapter (1) nach Anspruch 6, wobei die Modu-
lationssteuereinheit (107) weiter dazu konfiguriert
ist, den Netzadapter (1) dahingehend zu steuern,
einen Ladestrom an einen dem Schnelllademodus
entsprechenden Ladestrom anzupassen, und bevor
der Netzadapter (1) das Endgerät (2) mit dem dem
Schnelllademodus entsprechenden Ladestrom lädt,
die Modulationssteuereinheit (107) dazu konfiguriert
ist, die bidirektionale Kommunikation mit dem End-
gerät (2) über den Datendraht der ersten Lade-
schnittstelle (105) durchzuführen, um eine dem
Schnelllademodus entsprechende Ladespannung
zu bestimmen, und den Netzadapter (1) dahinge-
hend zu steuern, eine Ladespannung an die dem

Schnelllademodus entsprechende Ladespannung
anzupassen.

9. Netzadapter (1) nach Anspruch 6, wobei während
eines Vorgangs, in dem der Netzadapter (1) das
Endgerät (2) in dem Schnelllademodus lädt, die Mo-
dulationssteuereinheit (107) weiter dazu konfiguriert
ist, die bidirektionale Kommunikation mit dem End-
gerät (2) über den Datendraht der ersten Lade-
schnittstelle (105) durchzuführen, um einen von dem
Netzadapter (1) an die Batterie (202) ausgegebenen
Ladestrom kontinuierlich anzupassen.

10. Netzadapter (1) nach Anspruch 9, wobei während
des Vorgangs, in dem der Netzadapter (1) das End-
gerät (2) in dem Schnelllademodus lädt, die Modu-
lationssteuereinheit (107) weiter dazu konfiguriert
ist, durch Durchführen der bidirektionalen Kommu-
nikation mit dem Endgerät (2) über den Datendraht
der ersten Ladeschnittstelle (105) zu bestimmen, ob
der Netzadapter (1) und das Endgerät (2) in schlech-
tem Kontakt sind,
wobei die Modulationssteuereinheit (107) dazu kon-
figuriert ist, den Netzadapter (1) dahingehend zu
steuern, den Schnelllademodus zu beenden, wenn
bestimmt wird, dass der Netzadapter (1) und das
Endgerät (2) in schlechtem Kontakt sind.

11. Netzadapter (1) nach Anspruch 1, wobei die Modu-
lationssteuereinheit (107) weiter dazu konfiguriert
ist, eine Temperatur der ersten Ladeschnittstelle
(105) zu erhalten, und den Netzadapter (1) dahin-
gehend zu steuern, ein Ausgeben zu stoppen, wenn
die Temperatur der ersten Ladeschnittstelle (105)
höher als eine vorbestimmte Schutztemperatur ist.

12. Ladesystem, umfassend:

einen Netzadapter (1) nach einem der Ansprü-
che 1 bis 11;
eine Batterie (202); und
eine Abtasteinheit (106), die dazu konfiguriert
ist, die Spannung mit der dritten pulsierenden
Kurvenform abzutasten, um einen Spannungs-
abtastwert zu erhalten.

13. Ladeverfahren für ein Endgerät (2), umfassend:

wenn ein Netzadapter (1) das Endgerät (2) lädt,
Durchführen einer ersten Gleichrichtung an ei-
nem eingegebenen Wechselstrom (AC), um ei-
ne Spannung mit einer ersten pulsierenden Kur-
venform auszugeben;
Modulieren der Spannung mit der ersten pulsie-
renden Kurvenform, um eine modulierte Span-
nung mit der ersten pulsierenden Kurvenform
zu erhalten, Anlegen der modulierten Spannung
mit der ersten pulsierenden Kurvenform an eine
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Primärseite eines Transformators (103), sodass
der Transformator die modulierte Spannung mit
der ersten pulsierenden Kurvenform in eine
Spannung mit einer zweiten pulsierenden Kur-
venform umwandelt;
Durchführen einer zweiten Gleichrichtung an
der Spannung mit der zweiten pulsierenden Kur-
venform, um eine Spannung mit einer dritten
pulsierenden Kurvenform auszugeben, und An-
legen der Spannung mit der dritten pulsierenden
Kurvenform an eine Batterie (202) des Endge-
räts (2); und
Abtasten der Spannung mit der dritten pulsie-
renden Kurvenform, um einen Spannungsab-
tastwert zu erhalten, sodass die Spannung mit
der ersten pulsierenden Kurvenform gemäß
dem Spannungsabtastwert moduliert wird und
die Spannung mit der dritten pulsierenden Kur-
venform eine Ladeanforderung erfüllt,
wobei die erste und die zweite Gleichrichtung
ohne Elektrolytkondensator durchgeführt wer-
den, und
gekennzeichnet durch
Aufbauen einer bidirektionalen Kommunikation
über eine erste Ladeschnittstelle (105), die in
dem Netzadapter (1) enthalten ist, und
Erhalten einer Statusinformation des Endgeräts
(2) über die bidirektionale Kommunikation zwi-
schen dem Netzadapter (1) und dem Endgerät
(2) und Modulieren der Spannung mit der ersten
pulsierenden Kurvenform gemäß dem Span-
nungsabtastwert und der Statusinformation des
Endgeräts (2), wobei die Statusinformation des
Endgeräts (2) eine elektrische Größe der Batte-
rie (202), eine Temperatur der Batterie (202),
eine Spannung / einen Strom des Endgeräts (2),
eine Schnittstelleninformation des Endgeräts
(2) und eine Information über eine Pfadimpe-
danz des Endgeräts (2) umfasst.

Revendications

1. Adaptateur d’alimentation (1), comprenant :

une première unité de redressement (101), con-
figurée pour redresser un courant alternatif (CA)
d’entrée et produire en sortie une tension avec
une première forme d’onde puisée ;
un transformateur (103) ;
une seconde unité de redressement (104), con-
figurée pour redresser une sortie au niveau d’un
côté secondaire du transformateur (103) pour
produire en sortie une tension avec une troisiè-
me forme d’onde puisée, dans lequel la tension
avec la troisième forme d’onde pulsée est con-
figurée pour être appliquée à une batterie (202)
d’un terminal (2) ;

une unité d’échantillonnage (106), configurée
pour échantillonner la tension avec la troisième
forme d’onde pulsée pour obtenir une valeur
d’échantillonnage de tension ; et
une unité de commande de modulation (107),
configurée pour moduler la tension avec la pre-
mière forme d’onde pulsée selon la valeur
d’échantillonnage de tension pour obtenir une
tension modulée avec la première forme d’onde
puisée, pour appliquer la tension modulée avec
la première forme d’onde pulsée à un côté pri-
maire du transformateur (103), dans lequel le
transformateur (103) est configuré pour conver-
tir la tension modulée avec la première forme
d’onde pulsée en une tension avec une deuxiè-
me forme d’onde pulsée de sorte que la tension
avec la troisième forme d’onde pulsée remplisse
une condition de charge de la batterie (202),
dans lequel
la première unité de redressement est raccor-
dée au côté primaire du transformateur sans
condensateur électrolytique et la seconde unité
de redressement est configurée pour appliquer
la troisième forme d’onde pulsée sans conden-
sateur électrolytique, et caractérisé en ce que
l’adaptateur d’alimentation (1) comprend en
outre une première interface de charge (105) ;
l’adaptateur d’alimentation (1) est couplé au ter-
minal (2) par l’intermédiaire de la première in-
terface de charge (105) pour établir une com-
munication bidirectionnelle, et
l’unité de commande de modulation (107) est
en outre configurée pour obtenir des informa-
tions de statut du terminal (2) par l’intermédiaire
de la communication bidirectionnelle entre
l’adaptateur d’alimentation (1) et le terminal (2),
et pour moduler la tension avec la première for-
me d’onde pulsée selon la valeur d’échantillon-
nage de tension et les informations de statut du
terminal (2), dans lequel les informations de sta-
tut du terminal (2) comprennent une quantité
électrique de la batterie (202), une température
de la batterie (202), une tension/un courant du
terminal (2), des informations d’interface du ter-
minal (2) et des informations d’impédance de
trajet du terminal (2).

2. Adaptateur d’alimentation (1) selon la revendication
1, dans lequel l’unité de commande de modulation
(107) est en outre configurée pour moduler la tension
avec la première forme d’onde pulsée selon la valeur
d’échantillonnage de tension, de sorte que l’adapta-
teur d’alimentation (1) produise en sortie la tension
avec la troisième forme d’onde pulsée de manière
intermittente.

3. Adaptateur d’alimentation (1) selon la revendication
1, comprenant en outre :
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un enroulement auxiliaire, configuré pour géné-
rer une tension avec une quatrième forme d’on-
de pulsée selon la tension modulée avec la pre-
mière forme d’onde pulsée ; et
une unité d’alimentation électrique, couplée à
l’enroulement auxiliaire, et configurée pour con-
vertir la tension avec la quatrième forme d’onde
pulsée et produire en sortie un courant continu
à l’unité de commande de modulation (107).

4. Adaptateur d’alimentation (1) selon la revendication
1, dans lequel la première interface de charge (105)
comprend :

un câble d’alimentation, configuré pour charger
la batterie (202) ; et
un câble de transfert de données, configuré pour
communiquer avec le terminal (2), dans lequel
l’unité de commande de modulation (107) est
configurée pour effectuer la communication bi-
directionnelle avec le terminal (2) par l’intermé-
diaire de l’adaptateur d’alimentation (1) de ma-
nière à déterminer un mode de charge, dans
lequel le mode de charge comprend un mode
de charge rapide et un mode de charge normal.

5. Adaptateur d’alimentation (1) selon la revendication
1, dans lequel lorsque la température de la batterie
(202) est supérieure à un premier seuil de tempéra-
ture prédéterminé ou la température de la batterie
(202) est inférieure à un second seuil de température
prédéterminé, le mode de charge rapide est basculé
vers le mode de charge normal lorsqu’un mode de
charge actuel est le mode de charge rapide, dans
lequel le premier seuil de température prédéterminé
est supérieur au second seuil de température pré-
déterminé, dans lequel l’unité de commande de mo-
dulation (107) est en outre configurée pour comman-
der l’adaptateur d’alimentation (1) pour arrêter de
produire en sortie lorsque la température de la bat-
terie (202) est supérieure à un seuil de protection de
haute température prédéterminé.

6. Adaptateur d’alimentation (1) selon la revendication
4, dans lequel lorsque l’unité de commande de mo-
dulation (107) effectue la communication bidirection-
nelle avec le terminal (2) par l’intermédiaire du câble
de transfert de données de la première interface de
charge (105) pour déterminer de charger le terminal
(2) dans le mode de charge rapide,
l’unité de commande de modulation (107) est confi-
gurée pour envoyer une première instruction au ter-
minal (2), dans laquelle la première instruction est
configurée pour demander au terminal (2) s’il faut
activer le mode de charge rapide ; et
l’unité de commande de modulation (107) est confi-
gurée pour recevoir une instruction de réponse à la
première instruction depuis le terminal (2), dans la-

quelle l’instruction de réponse à la première instruc-
tion est configurée pour indiquer que le terminal (2)
accepte d’activer le mode de charge rapide.

7. Adaptateur d’alimentation (1) selon la revendication
5, dans lequel, avant que l’unité de commande de
modulation (107) envoie la première instruction au
terminal (2), l’adaptateur d’alimentation (1) est con-
figuré pour charger le terminal (2) dans le mode de
charge normal, et l’unité de commande de modula-
tion (107) est configurée pour envoyer la première
instruction au terminal (2) lorsqu’il est déterminé
qu’une durée de charge du mode de charge normal
est supérieure à un seuil prédéterminé.

8. Adaptateur d’alimentation (1) selon la revendication
6, dans lequel l’unité de commande de modulation
(107) est en outre configurée pour commander
l’adaptateur d’alimentation (1) pour ajuster un cou-
rant de charge à un courant de charge correspon-
dant au mode de charge rapide, et avant que l’adap-
tateur d’alimentation (1) charge le terminal (2) avec
le courant de charge correspondant au mode de
charge rapide, l’unité de commande de modulation
(107) est configurée pour effectuer la communica-
tion bidirectionnelle avec le terminal (2) par l’inter-
médiaire du câble de transfert de données de la pre-
mière interface de charge (105) pour déterminer une
tension de charge correspondant au mode de charge
rapide, et pour commander l’adaptateur d’alimenta-
tion (1) pour ajuster une tension de charge à la ten-
sion de charge correspondant au mode de charge
rapide.

9. Adaptateur d’alimentation (1) selon la revendication
6, dans lequel durant un processus dans lequel
l’adaptateur d’alimentation (1) charge le terminal (2)
dans le mode de charge rapide, l’unité de commande
de modulation (107) est en outre configurée pour
effectuer la communication bidirectionnelle avec le
terminal (2) par l’intermédiaire du câble de transfert
de données de la première interface de charge (105),
de manière à ajuster de manière continue un courant
de charge produit en sortie à la batterie (202) depuis
l’adaptateur d’alimentation (1).

10. Adaptateur d’alimentation (1) selon la revendication
9, dans lequel, durant le processus dans lequel
l’adaptateur d’alimentation (1) charge le terminal (2)
dans le mode de charge rapide, l’unité de commande
de modulation (107) est en outre configurée pour
déterminer si l’adaptateur d’alimentation (1) et le ter-
minal (2) sont en mauvais contact en effectuant la
communication bidirectionnelle avec le terminal (2)
par l’intermédiaire du câble de transfert de données
de la première interface de charge (105),
dans lequel l’unité de commande de modulation
(107) est configurée pour commander l’adaptateur
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d’alimentation (1) pour quitter le mode de charge ra-
pide lorsqu’il est déterminé que l’adaptateur d’ali-
mentation (1) et le terminal (2) sont en mauvais con-
tact.

11. Adaptateur d’alimentation (1) selon la revendication
1, dans lequel l’unité de commande de modulation
(107) est en outre configurée pour obtenir une tem-
pérature de la première interface de charge (105),
et pour commander l’adaptateur d’alimentation (1)
pour arrêter de produire en sortie lorsque la tempé-
rature de la première interface de charge (105) est
supérieure à une température de protection prédé-
terminée.

12. Système de charge comprenant :

un adaptateur d’alimentation (1) selon l’une
quelconque des revendications 1 à 11;
une batterie (202) ; et
une unité d’échantillonnage (106), configurée
pour échantillonner la tension avec la troisième
forme d’onde pulsée pour obtenir une valeur
d’échantillonnage de tension.

13. Procédé de charge pour un terminal (2), comprenant
les étapes consistant à :

lorsqu’un adaptateur d’alimentation (1) charge
le terminal (2), effectuer un premier redresse-
ment sur un courant alternatif (CA) d’entrée pour
produire en sortie une tension avec une premiè-
re forme d’onde pulsée ;
moduler la tension avec la première forme d’on-
de pulsée pour obtenir une tension modulée
avec la première forme d’onde pulsée, appliquer
la tension modulée avec la première forme d’on-
de pulsée à un côté primaire d’un transformateur
(103), de sorte que le transformateur convertit
la tension modulée avec la première forme d’on-
de pulsée en une tension avec une deuxième
forme d’onde pulsée ;
effectuer un second redressement sur la tension
avec la deuxième forme d’onde pulsée pour pro-
duire en sortie une tension avec une troisième
forme d’onde pulsée, et appliquer la tension
avec la troisième forme d’onde pulsée à une bat-
terie (202) du terminal (2) ; et
échantillonner la tension avec la troisième forme
d’onde pulsée pour obtenir une valeur d’échan-
tillonnage de tension, de sorte que la tension
avec la première forme d’onde pulsée est mo-
dulée selon la valeur d’échantillonnage de ten-
sion et la tension avec la troisième forme d’onde
pulsée remplit une condition de charge, dans
lequel
les premier et second redressements sont ef-
fectués sans condensateur électrolytique, et

caractérisé par les étapes consistant à
établir une communication bidirectionnelle par
l’intermédiaire d’une première interface de char-
ge (105) comprise dans l’adaptateur d’alimen-
tation (1), et
obtenir des informations de statut du terminal
(2) par l’intermédiaire de la communication bi-
directionnelle entre l’adaptateur d’alimentation
(1) et le terminal (2), et moduler la tension avec
la première forme d’onde pulsée selon la valeur
d’échantillonnage de tension et les informations
de statut du terminal (2), dans lequel les infor-
mations de statut du terminal (2) comprennent
une quantité électrique de la batterie (202), une
température de la batterie (202), une tension/un
courant du terminal (2), des informations d’in-
terface du terminal (2) et des informations d’im-
pédance de trajet du terminal (2).
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