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ADAPTER AND CHARGING CONTROL METHOD 

BACKGROUND 

1. Field of Disclosure 

[0001] The present disclosure relates to the field of charging, and more particularly, to 

an adapter and a method of controlling a charging process.  

2. Description of Related Art 

[0002] Adapters are also known as power adapters, which are used for charging chargeable 

devices (such as terminals). Currently, existing adapters typically charges chargeable 

devices in a constant voltage mode. Since batteries of devices to be charged are mostly lithium 

batteries, charging the batteries with the constant voltage is likely to cause lithium precipitation, 

resulting in reduced battery life.  

SUMMARY 

[0003] The present disclosure provides an adapter and a method of controlling a charging 

process, in order to reduce the lithium precipitation of lithium batteries, and improve battery 

life.  

[0004] According to a first aspect of the present disclosure, an adapter supporting a first 

charging mode and a second charging mode is provided. The adapter includes a power 

converting circuit and a control circuit. The power converting circuit is configured to convert 

inputted alternating current (AC) to generate output voltage and output current of the adapter, 

the power converting circuit comprising a secondary filter circuit. The control circuit is 

coupled to the secondary filter circuit and configured to control the secondary filter circuit to 

operate when the adapter operates in the first charging mode, so that the adapter outputs 

constant direct current, and configured to control the secondary filter circuit not to operate 

when the adapter operates in the second charging mode, so that the adapter outputs an 

alternating current or a pulsating direct current.  

[0005] According to a second aspect of the present disclosure, a method of controlling a



charging process performed by an adapter is provided. The adapter includes a power 

converting circuit configured to convert inputted alternating current (AC) to generate output 

voltage and output current. The power converting circuit includes a secondary filter circuit. The 

method includes the following operation. The secondary filter circuit is controlled to operate 

when the adapter operates in a first charging mode, so that the adapter outputs constant direct 

current. The secondary filter circuit does not operate when the adapter operates in a second 

charging mode, so that the adapter outputs an alternating current or a pulsating direct current.  

[0006] The adapter of the embodiment of the present disclosure, when outputting 

alternating current (AC) or pulsating direct current, can reduce the lithium precipitation, the 

probability and strength of the arc of the contact of the charging interface, and improve the 

lifespan of the charging interface. In addition, the adapter of the present disclosure can switch 

flexibly between different charging modes.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] To describe the technical solutions in the embodiments of this application more 

clearly, the following briefly introduces the accompanying drawings required for describing 

the embodiments. Apparently, the accompanying drawings in the following description show 

merely some embodiments of this application, and a person of ordinary skill in the art may 

still derive other drawings from these accompanying drawings without creative efforts.  

[0008] FIG. 1 illustrates a schematic diagram of a second adapter according to one 

embodiment of the present disclosure.  

[0009] FIGs. 2A and 2B illustrate pulsating waveforms according to one embodiment of the 

present disclosure.  

[0010] FIG. 3 illustrates a block schematic diagram of a second adapter according to another 

embodiment of the present disclosure.  

[0011] FIG. 4 illustrates a block schematic diagram of a second adapter according to still 

another embodiment of the present disclosure.  

[0012] FIG. 5A illustrates a connection between a chargeable device and a second adapter 

according to one embodiment of the present disclosure.  
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[0013] FIG. 5B illustrates a timing diagram of a fast charging process according to one 

embodiment of the present disclosure.  

[0014] FIG. 6 illustrates a waveform of a pulsating direct current.  

[0015] FIG. 7 illustrates a waveform of a pulsating direct current under the constant current 

mode according to one embodiment of the present disclosure.  

[0016] FIG. 8 illustrates a flowchart of a method of controlling a charging process according 

to one embodiment of the present disclosure.  

DESCRIPTION OF THE EMBODIMENTS 

[0017] To help a person skilled in the art better understand the solutions of the present 

disclosure, the following clearly and completely describes the technical solutions in the 

embodiments of the present invention with reference to the accompanying drawings in the 

embodiments of the present invention. Apparently, the described embodiments are a part 

rather than all of the embodiments of the present invention. All other embodiments obtained 

by a person of ordinary skill in the art based on the embodiments of the present invention 

without creative efforts shall fall within the protection scope of the present disclosure.  

[0018] The present disclosure proposes a first adapter for charging a chargeable device (e.g.  

a terminal) in the relevant technology. The first adapter constantly maintains an output voltage 

when the first adapter operates in a constant voltage mode, such as 5V, 9V, 12V, or 20V, etc.  

[0019] Voltage output from the first adapter is not suitable to be directly applied to a positive 

terminal and a negative terminal of a battery. Rather, the voltage output from the first adapter 

needs to be first converted through a converter circuit in a chargeable device (terminal) so as 

to obtain an expected charging voltage and/or a charging current by a battery in the chargeable 

device (terminal).  

[0020] The converter circuit is configured to convert the voltage output from the first adapter 

so as to satisfy the expected requirement of the charging voltage and/or the charging current 

by the battery.  

[0021] As an example, the converter circuit may refer to a charging management module, 

such as a charging integrated circuit (IC), which is configured to manage the charging voltage 
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and/or the charging circuit of the battery during the charging process of the battery. The 

converter circuit has a function of a voltage feedback module and/or a function of a current 

feedback module to manage the charging voltage and/or the charging circuit of the battery.  

[0022] For example, the charging process of the battery may include at least one of a trickle 

charging stage, a constant current charging stage, and a constant voltage charging stage.  

During the trickle charging stage, the converter circuit can utilize a current feedback loop so 

that a current entering into the battery satisfies a magnitude of the charging current expected 

by the battery (such as a first charging current) in the trickle charging stage. During the 

constant current charging stage, the converter circuit can utilize the current feedback loop so 

that the current entering into the battery satisfies magnitude of the charging current expected 

by the battery (such as a second charging current, the second charging current may be greater 

than the first charging current) in the constant current charging stage. During the constant 

voltage charging stage, the converter circuit can utilize a voltage feedback loop so that a 

voltage applied between a positive terminal and a negative terminal of the battery satisfies a 

magnitude of the charging voltage expected by the battery in the constant voltage charging 

stage.  

[0023] As an example, when the voltage output from the first adapter is greater than the 

charging voltage expected by the battery, the converter circuit can be configured to step down 

the voltage output from the first adapter so that the charging voltage obtained after buck 

conversion satisfies the charging voltage expected by the battery. As another example, when 

the voltage output from the first adapter is less than the charging voltage expected by the 

battery, the converter circuit can be configured to boost the voltage output from the first 

adapter so that the charging voltage obtained after the boost conversion satisfies the charging 

voltage expected by the battery.  

[0024] In yet another example, a constant 5V voltage output from the first adapter is taken as 

an example. When the battery includes a single cell (take a lithium battery cell for example, a 

charging cut-off voltage of a single cell is 4.2V), the converter circuit (such as a buck circuit) 

can step down the voltage output from the first adapter so that the charging voltage obtained 

after bucking satisfies the charging voltage expected by the battery.  

[0025] In yet another example, the constant voltage of 5V output from the first adapter is 
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taken as an example. When the battery is a battery having two or more than two cells (take the 

lithium battery cell for example, the charging cut-off voltage of the single cell is 4.2V) 

coupled in series, the converter circuit (such as a boost circuit) can boost the voltage output 

from the first adapter so that the charging voltage obtained after boosting satisfies the 

charging voltage expected by the battery.  

[0026] Because the converter circuit is limited by low conversion efficiency of the circuit, 

electrical energy that is not converted, is dissipated in a form of heat. This heat will 

accumulate inside the chargeable device (terminal) (such as the terminal), where a design 

space and a heat dissipation space of the chargeable device (terminal) (such as the terminal) 

are both limited (for example, a physical size of a mobile terminal used by a user becomes 

increasingly thin and light, and a great number of electronic components are closely arranged 

inside the mobile terminal to enhance performance of the mobile terminal). Not only does it 

create increased difficulty of designing the converter circuit, but also it is very difficult to 

dissipate heat accumulated inside the chargeable device (terminal) (such as the terminal) in a 

timely manner, thus causing the chargeable device (terminal) (such as the terminal) to become 

abnormal.  

[0027] For example, heat accumulated by the converter circuit is likely to cause thermal 

interference with electronic components near the converter circuit so that the electronic 

components work abnormally; and/or, for example, the heat accumulated on the converter 

circuit is likely to shorten service lives of the converter circuit and the electronic components 

nearby; and/or, for example, the heat accumulated on the converter circuit is likely to cause 

thermal interference with the battery so that the battery charges and discharges abnormally; 

and/or, for example, the heat accumulated on the converter circuit is likely to raise 

temperature of the chargeable device (terminal) (such as the terminal) so that the user 

experience is affected when the user charges; and/or, for example, the heat accumulated on 

the converter circuit is likely to cause a short circuit of the converter circuit itself so that the 

battery charges abnormally when the voltage output from the first adapter is directly applied 

between the positive terminal and negative terminal of a battery. Under the circumstances that 

the battery is over charged for a long time, the battery can even explode, which in turn causes 

a certain security concern.  
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[0028] The present disclosure provides a second adapter capable of adjusting output voltage.  

The second adapter according to the embodiment of the present disclosure can acquire battery 

state information. The battery state information at least includes a current battery level 

information and/or voltage information. The second adapter adjusts an output voltage of the 

second adapter itself based on the acquired battery state information to satisfy a charging 

voltage and/or a charging current expected by the battery. A voltage output from the second 

adapter after adjustment can be directly applied between the positive terminal and negative 

terminal of the battery to charge the battery (hereinafter referred to as "direct charge").  

Furthermore, adjusted voltage outputted by the second adapter can directly apply a positive 

terminal and a negative terminal of a battery to charge the battery during a process of charging 

the battery under the constant current charging stage.  

[0029] The second adapter has functions of a voltage feedback module and a current 

feedback module, to achieve the closed-loop feedback control of the charging voltage and/or 

the charging circuit of the battery.  

[0030] In some embodiments, the second adapter adjusting the output voltage of the second 

adapter itself based on the acquired battery state information may refer to the second adapter 

can acquire the battery state information in a real-time manner and adjust the voltage output 

from the second adapter itself based on real-time state information of the battery acquired 

every time, to satisfy the charging voltage and/or the charging current expected by the battery.  

[0031] In some embodiments, the second adapter adjusting the output voltage of the second 

adapter itself based on the battery state information acquired in a real-time manner may refer 

to the second adapter can acquire current state information of the battery at different times 

during a charging process as the charging voltage of the battery continues to rise during the 

charging process, and adjust the output voltage of the second adapter itself based on the 

current state information of the battery in a real-time manner to satisfy the charging voltage 

and/or the charging current expected by the battery.  

[0032] For example, the charging process of the battery may include at least one of a trickle 

charging stage, a constant current charging stage, and a constant voltage charging stage.  

During the trickle charging stage, the second adapter can output a first charging current to 

charge the battery so as to satisfy the charging current expected by the battery (e.g. a first 
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charging current). During the constant current charging stage, the second adapter can utilize a 

current feedback loop so that a current output from the second adapter and enters into the 

battery satisfies the charging current expected by the battery (for example, a second charging 

current greater than the first charging current). During the constant current charging stage, the 

second adapter output charging voltage onto the battery to charge the battery. During the 

constant voltage charging stage, the second adapter can utilize a voltage feedback loop so that 

a voltage output from the second adapter to the chargeable device (terminal) in the constant 

voltage charging stage is maintained constantly.  

[0033] During the trickle current charging stage and the constant voltage charging stage, the 

second adapter can utilize a converter of the chargeable device (terminal) to output charge 

voltage/ current as expected.  

[0034] Fig. 1 is a schematic diagram of a second adapter according to an embodiment of the 

present disclosure. The second adapter 10 includes a power converting circuit 11 and a control 

circuit 12.  

[0035] The power converting circuit 11 is configured to convert an input alternating current 

into output voltage and output current of the second adapter 10. The power converting 

circuit 11 includes a secondary filter circuit.  

[0036] The control circuit 12 is coupled to the secondary filter circuit. When the second 

adapter 10 operates in a first charging mode, the control circuit 12 controls the secondary filter 

circuit to operate, so that the second adapter 10 outputs a constant direct current. When the 

second adapter operates in a second charging mode, the control circuit 12 controls the 

secondary filter circuit not to operate, so that the second adapter outputs an alternating 

current or pulsating direct current.  

[0037] Alternatively, in some embodiments, the first charging mode may be a constant voltage 

mode.  

[0038] Alternatively, in some embodiments, the second charging mode may be a constant 

current mode.  

[0039] The second adapter of the embodiment of the present disclosure, when outputting AC 

or pulsating direct current to charge the battery, can reduce the lithium precipitation, probability 

and strength of the arc of the contact of the charging interface, and improve the lifespan of the 
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charging interface. In addition, the second adapter of the embodiment of the present disclosure 

can switch between different charging modes flexibly.  

[0040] As mentioned above, the second the adapter operable in the second charging mode can 

output AC or pulsating direct current, i.e. current with pulsating waveform. The pulsating 

waveform refers to a complete pulsating waveform, or a clipped pulsation waveform after 

clipping the complete pulsation waveform. The clipping may refer to filtering a portion of the 

pulsating waveform that exceeds a threshold, to control the peak value of the pulsating 

waveform. The embodiment in Fig. 2 illustrates a complete pulsating waveform. The 

embodiment in Fig. 2B illustrates the clipped pulsation waveform.  

[0041] It should be understood that when the second adapter 10 operates in a first charging 

mode, the secondary filter circuit is operating normally. Current coupling from a primary side 

to a secondary side of the power converting circuit 11, after being rectified, must be filtered by 

the secondary filter circuit to output a constant direct current (i.e. a current with a steady current 

value). When the second adapter 10 is operating in the second charging mode, the secondary 

filter circuit stops operating. In some embodiments, the current coupling from the primary side 

to the secondary side of the power converting circuit 11 can be outputted directly or outputted 

after some simple processing. The output current of the second adapter 10 now may be an 

alternating current. In some other embodiments, the current coupling from the primary side to 

the secondary side of the power converting circuit 11 may be rectified, and the rectified current 

is outputted after some simple processing. The output current of the second adapter 10 now is a 

pulsating direct current.  

[0042] The second adapter 10 of the embodiment of the present disclosure can charge the 

chargeable device (terminal). The chargeable device (terminal) in the embodiment of the 

present disclosure may be a "communication terminal" (or simply "terminal"), including but 

not limited to a device a device configured to be coupled via a wired connection (for example, 

via a public switched telephone network (PSTN), a digital subscriber line (DSL), a digital 

cable, a direct cable connection, and/or another data connection/network) and/or a device 

configured to receive/send a communication signal via a wireless interface (such as a cellular 

network, a wireless local area network (WLAN), a digital television network such as a 

DVB-H network, a satellite network, an AM-FM broadcast transmitter, and/or another 
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communication terminal). A terminal configured to communicate via a wireless interface may 

be referred to as a "wireless communication terminal", a "wireless terminal", and/or a "mobile 

terminal". Examples of mobile terminal include, but are not limited to, a satellite or cell phone; 

a personal communication system (PCS) terminal that can combine a cellular radiotelephone, 

data processing, facsimile, and data communications capabilities; may include a 

radiotelephone, a pager, an Intemet/Intranet access, a Web browser, an electronic organizer, a 

calendar, and/or a personal digital assistant (PDA) equipped with a global positioning System 

(GPS) receiver; and a common laptop and/or palm type receiver or some other electronic 

devices including a transmitter-receiver of a radiotelephone.  

[0043] In some embodiments, the second adapter 10 may include a charging interface.  

However, the embodiment of the present disclosure does not impose any specific limits on the 

type of the charging interface. For example, it may be a universal serial bus (USB) interface, 

which can be a standard USB interface, a micro USB port, or a Type-C interface.  

[0044] In some embodiments, the control circuit 12 may also control the charging process to 

enhance the smartness of the second adapter. Specifically, the control circuit 12 can be applied 

to the chargeable device (terminal) for a bidirectional communication, to extract commands or 

state communication of the chargeable device (terminal) (e.g. the current 

voltage and temperature of the chargeable device (terminal)), which can be the basis to control 

the charging process of the second adapter. Furthermore, in some embodiments, the control 

circuit 12 may be a microcontroller unit (MCU), but the embodiment of the present disclosure 

does not impose a limit on this regard. The control circuit 12 may also be other types of chips or 

circuits.  

[0045] Alternatively, in some embodiments, the capacitor of the secondary filter circuit is a 

solid capacitor. It should be understood that the number of the solid capacitors may be one or 

more.  

[0046] Furthermore, the secondary filter circuit may include a plurality of solid capacitors, 

which can be coupled to a secondary bus line of the second adapter or ground line. Take Fig.  

3 as an example. The secondary filter circuit may include four solid capacitors, coupled in 

parallel. It should be understood that the secondary filter circuit in Fig. 3 is just a specific 

example, and the number of solid capacitors of the secondary filter circuit may vary. The 

9



embodiment of the present disclosure does not impose a limit here. In the case where the total 

number of the capacitors in the secondary filter circuit is constant, applying a plurality of small 

capacitors coupled in parallel can effectively reduce the equivalent resistance and the 

equivalent inductance of the capacitor, so that the direct current outputted by the secondary 

filter circuit is more stable.  

[0047] Furthermore, the capacitance or number of the capacitors can be confirmed depending 

on a maximum current allowed to be outputted by the second adapter operable in the first 

charging mode. In the first charging mode, a need to boost the maximum current allowed to be 

outputted by the second adapter can be met by increasing the capacitance and/ or number of 

capacitors in the secondary filter circuit.  

[0048] Alternatively, in some embodiments, the VBUS terminal of the second 

adapter may also be coupled to a number of ceramic capacitors to filter some ripples in the 

output voltage and output current of the second adapter.  

[0049] As illustrated in Fig. 4, the control circuit 12 can be coupled to the second filter circuit 

through a metal oxide semiconductor (MOS) transistor. In Fig. 4, a gate of the MOS transistor 

is coupled to the control circuit 12, a source of the MOS transistor is grounded, and a drain of 

the MOS transistor is coupled to an end of the capacitor in the secondary filter circuit. The 

control circuit 12 may control the on and off of the MOS transistor via a pulse-width

modulation (PWM) signal. For example, when the PWM signal is at a high level, the source 

and the drain of the MOS transistor is conducted, and the secondary filter circuit is in working 

mode. When the PWM signal is at a low level, the source and the drain of the MOS transistor is 

not conducted, and the secondary filter circuit is a stop mode.  

[0050] It should be understood that the control circuit 12 an control the on and off of 

the MOS transistor via other types of signals other than the PWM signal. The abovementioned 

MOS transistor can be a N-channel enhancement type MOS transistor, or other types 

of MOS transistors. Furthermore, the control circuit 12 may also adopt other components that 

functions as a switch to control the operation of the secondary filter circuit. The embodiment of 

the present disclosure does not impose a limit on this regard.  

[0051] Alternatively, in some embodiments, the second adapter 10 may support the first 

charging mode and the second charging mode. The adapter operable in the second charging 
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mode charges the chargeable device (terminal) faster than the adapter operable in the first 

charging mode charges the chargeable device (terminal). In other words, it takes less time for 

the adapter to charge the battery with the same electricity volume under the second charging 

mode compared with the adapter under the first charging mode.  

[0052] The second adapter 10 includes a control circuit. In the process when the second 

adapter 10 is coupled to the chargeable device (terminal), the control circuit undertakes the 

bidirectional communication with the chargeable device (terminal), to control the charging 

process of the second charging mode. The control circuit may be a control circuit in any of the 

abovementioned embodiments, such as a control circuit in a first adjustment circuit or a control 

circuit in a second adjustment circuit.  

[0053] The first charging mode may be a normal charging mode. The second charging mode 

may be a fast charging mode. The normal charging mode means that the second adapter 

outputs a comparably smaller amount of current (usually less than 2.5A) or a comparably 

smaller amount of power (usually less than 15W) to charge a battery in the chargeable device 

(terminal). It usually takes several hours to fill up a battery with a larger amount (like with an 

amount of 3000 milliampere) on the normal charging mode. The adapter outputs a 

comparably larger amount of current (usually greater than 2.5A, like 4.5A, 5A, or more) or a 

comparably larger amount of power (usually more than or equal to 15W) to charge the battery 

in the chargeable device (terminal) by the fast charging mode. Compared with the normal 

charging mode, the charging rate of the second adapter is faster on the fast charging mode so 

it takes less time to full up a battery with the same volume obviously.  

[0054] The embodiment of the present disclosure does not impose specific limits on the 

communicated content between the control circuit of the second adapter and the chargeable 

device (terminal), and the control method adopted by the control circuit when controlling the 

second adapter operable in the second charging mode. For example, the control circuit can 

communicate with the chargeable device (terminal), extract information about the present 

voltage or current of the battery in the chargeable device (terminal), and adopt the output 

voltage or current of the second adapter accordingly. The following text describes in detail the 

control method of the control circuit when controlling the second adapter operable in the 

second charging mode.  
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[0055] Alternatively, in some embodiments, the control circuit undertakes a bidirectional 

communication with the chargeable device (terminal), to control the output process of the 

second adapter operable in the second charging mode. The process may include the 

bidirectional communication between the control circuit and the chargeable device 

(terminal) to negotiate a charging mode which the chargeable device and the second adapter are 

operable in (terminal).  

[0056] In the embodiment of the present disclosure, the second adapter does not always adopt 

the second charging mode to charge the chargeable device (terminal), but engage in 

the bidirectional communication with the chargeable device (terminal) to negotiate whether the 

second adapter may employ the second charging mode on the chargeable device (terminal) for 

fast charging. It can enhance the safety of the charging process.  

[0057] Specifically, the control circuit undertakes the bidirectional communication with the 

chargeable device (terminal), to negotiate the charging mode between the second adapter and 

the chargeable device (terminal). The process can include the control circuit sending to 

the chargeable device (terminal) a first instruction, which is configured to inquire the 

chargeable device (terminal) whether to enable the second charging mode. The control circuit 

receives a reply instruction responsive to the first instruction sent by the chargeable device 

(terminal). The reply instruction is configured to show whether the chargeable device 

(terminal) approves to enable the second charging mode. If the chargeable device (terminal) 

approved to enable the second charging mode, the control circuit will charge the chargeable 

device (terminal) in the second charging mode.  

[0058] The foregoing description of the embodiment of the present disclosure does not impose 

limits on the master/slave relationship between the second adapter (or the control circuit of the 

second adapter) and the chargeable device (terminal). In other words, either the control 

circuit or the chargeable device (terminal) can be the master side and initiate the bidirectional 

communication. Correspondingly, the other side can serve as the slave side to generate a first 

response or first reply. In practice, the decision of which device should be the master or slave 

can be made by comparing the levels of the second adapter and the chargeable device (terminal) 

relative to the earth during the communication process.  

[0059] The embodiment of the present disclosure does not impose limits on the specific 
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implementation of the bidirectional communication between the second adapter (or the control 

circuit of the second adapter) and the chargeable device (terminal). In other words, either the 

second adapter (or the control circuit of the second adapter) or the chargeable device (terminal) 

can be the master device to initiate the communication. Correspondingly, the other side can 

serve as the slave device to generate a first response or first reply in the communication initiated 

by the master device. Meanwhile, if the master device can generate a second response towards 

the first response or first reply of the slave device, it is considered that a negotiation process on 

charging mode has been completed between the master and slave devices. In practice, the 

charging operation can take place after the master and slave devices have completed several 

rounds of negotiation on the charging mode to ensure that the charging process after the 

negotiation is safe and reliably executed.  

[0060] One of the methods that the master device may adopt to generate the second response 

towards the first response or first reply generated by the slave device specifically for the 

communication may be: the master device can receive the first response or first reply generated 

by the slave device specifically for the communication, and make a second response 

specifically towards the first response or first reply generated by the slave device. For example, 

when the master device receives a first response or first reply generated by the slave device 

specifically for the communication within a designated period of time, the master device 

generates the specific second response towards the first response or first reply generated by the 

slave device. More specifically, when the master device and the slave device completes a round 

of negotiation on the charging mode, the master device and the slave device perform the first 

charging mode or the second charging mode in accordance with the negotiation result. That is, 

the second adapter charges the chargeable device (terminal) in the first charging mode or the 

second charging mode according to the negotiation result.  

[0061] Another method that the master device may adopt to generate the second response 

towards the first response or first reply generated by the slave device specifically for the 

communication may be: the master device does not receive the first response or first reply 

generated by the slave device specifically for the communication within the designated period 

of time, but the master device still generates the specific second response towards the first 

response or first reply generated by the slave device specifically for the communication. For 
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example, when the master device does not receive the first response or first reply generated by 

the slave device specifically for the communication within the designated period of time, the 

master device still generates the specific second response towards the first response or first 

reply generated by the slave device. More specifically, the master device and slave device 

complete a round of negotiation on the charging mode, and the master device and slave device 

will perform the charging operation in the first charging mode, meaning that the second adapter 

charges the chargeable device (terminal) in the first charging mode.  

[0062] Alternatively, in some embodiments, when the chargeable device (terminal) serve as 

the master device to initiate the communication, the second adapter (or the control circuit of the 

second adapter) generates a first response or first reply specifically for the communication 

initiated by the master device. Then, a round of negotiation on the charging mode is considered 

completed between the second adapter (or the control circuit of the second adapter) and 

the chargeable device (terminal), and there is no need to wait for a specific second response 

generated by the chargeable device (terminal) towards the first response or first reply of the 

second adapter. Therefore, the second adapter can decide to charge the chargeable device 

(terminal) in the first charging mode or the second charging mode according to the negotiation 

result.  

[0063] Alternatively, in some embodiments, the control circuit and the chargeable device 

(terminal) engage in the bidirectional communication, to control the output of the second 

adapter operable in the second charging mode. The process may include: the control circuit and 

the chargeable device (terminal) engage in the bidirectional communication to determine the 

charging voltage for the chargeable device (terminal) outputted by the second adapter operable 

in the second charging mode; the control circuit adjusts the output voltage of the second 

adapter so that it (or the peak value of the output voltage of the second adapter) is equal to the 

charging voltage for the chargeable device (terminal) outputted by the second adapter operable 

in the second charging mode.  

[0064] Specifically, the control circuit and the chargeable device (terminal) engage in the 

bidirectional communication, to determine the charging voltage for the chargeable device 

(terminal) outputted by the second adapter operable in the second charging mode. The process 

may include: the control circuit sends to the chargeable device (terminal) a second instruction 
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which is configured to inquire whether the output voltage of the second adapter matches the 

present voltage of the battery in the chargeable device (terminal). The control circuit receives a 

reply instruction responsive to the second instruction sent by the chargeable device (terminal), 

which is configured to show whether the output voltage of the second adapter matches, or is 

higher or lower than, the present voltage of the battery. Alternatively, the second instruction 

can be configured to inquire whether it is appropriate to utilize the present output voltage of the 

second adapter as the charging voltage to be outputted by the second adapter for the chargeable 

device (terminal) in the second charging mode. The reply instruction responsive to the second 

instruction can be configured to show whether the present output voltage of the second adapter 

is appropriate, or higher or lower. When the present voltage of the second adapter matches the 

present voltage of the battery, or when it is appropriate to be used as the charging voltage to be 

outputted by the second adapter for the chargeable device (terminal) in the second charging 

mode, it may mean that the present output voltage of the second adapter (or the peak value of 

the present output voltage) is slightly higher than the present voltage of the battery, and the gap 

between the output voltage of the second adapter (or the peak value of the present output 

voltage) and the present voltage of the battery is within a predetermined range (typically within 

a few hundred millivolts).  

[0065] Alternatively, in some embodiments, the control circuit and the chargeable device 

(terminal) engage in the bidirectional communication to control the charging process outputted 

by the second adapter in a second charging mode. The process may include: the control circuit 

and the chargeable device (terminal) engage in a bidirectional communication to determine a 

charging current outputted by the second adapter for the chargeable device (terminal) in the 

second charging mode. The control circuit adjusts the output current of the second adapter (or 

the peak value of the output current of the second adapter), so that the output current of the 

second adapter (or the peak value of the output current of the second adapter) is equal to the 

charging current outputted by the second adapter for the chargeable device (terminal) in the 

second charging mode.  

[0066] Specifically, the control circuit and the chargeable device (terminal) engage in 

the bidirectional communication to determine the charging current outputted by the second 

adapter for the chargeable device (terminal) in the second charging mode. The process may 
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include: the control circuit sends to the chargeable device (terminal) a third instruction, which 

is configured to inquire the present maximum charging current supported by the chargeable 

device (terminal). The control circuit receives a reply instruction responsive to the third 

instruction, which is configured to show the present maximum charging current supported by 

the chargeable device (terminal). The control circuit determines the charging current outputted 

by the second adapter for the chargeable device (terminal) by the second charging mode based 

on the present maximum charging current supported by the chargeable device (terminal). It 

should be understood the control circuit can apply many methods to determine the charging 

current outputted by the second adapter for the chargeable device (terminal) by the second 

charging mode based on the present maximum charging current supported by the chargeable 

device (terminal). For example, the second adapter can determine the present maximum 

charging current supported by the chargeable device (terminal) as the charging current (or the 

peak value of the charging current) outputted by the second adapter for the chargeable device 

(terminal) in the second charging mode. Another method is to determine the charging current 

outputted by the second adapter for the chargeable device (terminal) by the second charging 

mode after taking into consideration the present maximum charging current supported by the 

chargeable device (terminal), the capacity to output current and other factors.  

[0067] Alternatively, in some embodiments, the control circuit and the chargeable device 

(terminal) engage in bidirectional communication to control the output of the second adapter 

operable in the second charging mode. The process may include: the control circuit and the 

chargeable device (terminal) engage in a bidirectional communication while the second adapter 

is charging the chargeable device (terminal) in the second charging mode, to adjust the output 

current of the second adapter.  

[0068] Specifically, the control circuit and the chargeable device (terminal) engage in 

bidirectional communication to adjust the output current of the second adapter may include: the 

control circuit sends to the chargeable device (terminal) a fourth instruction, which is 

configured to inquire the present voltage of battery in the chargeable device (terminal). The 

control circuit receives a reply instruction responsive to the fourth instruction sent by the 

second adapter, which is configured to show the present voltage of the battery. The control 

circuit adjusts the output current of the second adapter according to the present voltage of the 
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battery.  

[0069] Alternatively, in some embodiments, as illustrated in Fig. 5A, the second 

adapter 10 includes a charging interface 51. Furthermore, in some embodiments, the control 

circuit of the second adapter 10 can engage in the bidirectional communication with the 

chargeable device (terminal) through a data line 52 of the charging interface 51.  

[0070] Alternatively, in some embodiments, the control circuit and the chargeable device 

(terminal) engage in the bidirectional communication to control the output of the second 

adapter operable in the second charging mode. The process may include: the control circuit and 

the chargeable device (terminal) engage in the bidirectional communication to confirm whether 

the charging interface is poorly coupled.  

[0071] Specifically, the control circuit and the chargeable device (terminal) engage in 

the bidirectional communication to confirm whether the charging interface is poorly coupled.  

The process may include: the control circuit sends to the chargeable device (terminal) the fourth 

instruction, which is configured to inquire the present voltage of the battery of the chargeable 

device (terminal). The control circuit receives a reply instruction responsive to the fourth 

instruction sent by the chargeable device (terminal), which is configured to show the present 

voltage of the battery in the chargeable device (terminal). The control circuit confirms whether 

the charging interface is poorly coupled according to the output voltage of the second adapter 

and the present voltage of the battery in the chargeable device (terminal). For example, when 

the control circuit confirms that the gap between the output voltage of the second adapter and 

the present voltage of the battery of the chargeable device (terminal) is larger than a 

predetermined voltage threshold, it means that the impedance resulted from diving the voltage 

gap by the present current outputted by the second adapter is larger than the predetermined 

impedance threshold, thus it is confirmed that the charging interface is poorly coupled.  

[0072] Alternatively, in some embodiments, whether the charging interface is poorly coupled 

can be confirmed by the chargeable device (terminal). The process may include: the chargeable 

device (terminal) sends to the control circuit a sixth instruction, which is configured to inquire 

the output voltage of the second adapter. The chargeable device (terminal) receives a reply 

instruction responsive to the sixth instruction sent by the control circuit, which is configured to 

show the output voltage of the second adapter. The chargeable device (terminal) confirms 
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whether the charging interface is poorly coupled based on the present voltage of the battery of 

the chargeable device (terminal) and the output voltage of the second adapter.  

After the chargeable device (terminal) confirms that the charging interface is poorly 

coupled, the chargeable device (terminal) sends a fifth instruction to the control circuit, which 

is configured to show that the charging interface is poorly coupled. The control circuit can 

control the second adapter to exit the second charging mode after receiving the fifth instruction.  

[0073] Accompanied by Fig. 5B, the present embodiment details a communication process 

between the control circuit of the second adapter and the chargeable device (terminal). It is 

understood that the example illustrated in Fig. 5B merely help a person skilled in the art 

understand the present embodiment rather than limit the number of scenes. A person skilled in 

the art can modify or change the embodiment correspondingly according to the example 

illustrated in Fig. 5B. Such modifications or changes are within the scope of the present 

embodiment.  

[0074] As illustrated in Fig. 5B, the communication process between the second adapter and 

the chargeable device (terminal) may include Stage 1, Stage 2, Stage 3, Stage 4, and Stage 5.  

[0075] Stage 1: 

[0076] After the chargeable device (terminal) and a power supply device are coupled, the 

chargeable device (terminal) may detect the type of power supply device via data lines D+ 

and D-. When the chargeable device (terminal) detects the power supply device to be the 

second adapter, the current absorbed by the chargeable device (terminal) is greater than the 

predetermined current threshold 12 (such as 1A). When the second adapter detects the current 

outputted by the second adapter greater than or equal to the predetermined current threshold 

12 within the predetermined duration (for example, a continuous TI duration), the second 

adapter may regard the type of the power supply device is recognized by the chargeable 

device (terminal). Afterwards, the second adapter starts to negotiate with the chargeable 

device (terminal) and sends instruction 1 (corresponding to the above-mentioned first 

instruction) to the chargeable device (terminal) to inquire whether the chargeable device 

(terminal) agrees the second adapter to charge the chargeable device (terminal) by the second 

charging mode.  

[0077] When the second adapter receives the reply instruction responsive to instruction 1 
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sent by the chargeable device (terminal), and the reply instruction responsive to Instruction 1 

instructions the chargeable device (terminal) to not agree the second adapter to charge the 

chargeable device (terminal) by the second charging mode, the second adapter detects the 

output current of the second adapter again. When the current outputted by the second adapter 

is still greater than or equal to 12 in a predetermined continuous duration (for example, a 

continuous TI duration), the second adapter sends the reply instruction responsive to 

instruction 1 to the chargeable device (terminal) again. The second adapter inquires the 

chargeable device (terminal) to agree to charge the chargeable device (terminal) with the 

second adapter on the second mode. The second adapter repeats the operation at Stage 1 until 

the chargeable device (terminal) agrees the second adapter to charge the chargeable device 

(terminal) on the second mode or the current outputted by the second adapter no longer 

satisfies the requirement of the output current greater than or equal to 12.  

[0078] When the chargeable device (terminal) agrees the second adapter to charge the 

chargeable device (terminal) by the second charging mode, the communication process enters 

Stage 2.  

[0079] Stage 2: 

[0080] The voltage outputted by the second adapter may include a plurality of levels. The 

second adapter sends instruction 2 to the chargeable device (terminal) (corresponding to the 

second instruction) to inquire whether the voltage outputted by the second adapter (the 

present output voltage) matches the present total voltage of the chargeable device (terminal).  

[0081] The chargeable device (terminal) sends the reply instruction responsive to Instruction 

2 to command the voltage outputted by the second adapter to match the present total voltage 

of the chargeable device (terminal) or to make the voltage outputted by the second adapter 

and the present total voltage of the chargeable device (terminal) higher or lower. If the reply 

instruction responsive to Instruction 2 is to make the voltage outputted by the second adapter 

and the present total voltage of the chargeable device (terminal) higher or lower, the second 

adapter can adjust one level of the voltage outputted by the second adapter and sends the reply 

instruction responsive to Instruction 2 to the chargeable device (terminal) to inquire whether 

the voltage outputted by the second adapter matches the present voltage of the battery again.  

The operation at Stage 2 are repeated until the chargeable device (terminal) ensures that the 
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voltage outputted by the second adapter matches the present voltage of the battery. Afterwards, 

Stage 3 starts.  

[0082] Stage 3: 

[0083] The second adapter sends Instruction 3 (corresponding to the above-mentioned the 

third instruction) and inquires the maximum charging current supported by the chargeable 

device (terminal) currently. The chargeable device (terminal) sends the reply instruction 

responsive to Instruction 3 to the second adapter to command the maximum charging current 

supported by the chargeable device (terminal) currently. Afterwards, Stage 4 starts.  

[0084] Stage 4: 

[0085] Based on the maximum charging current supported by the chargeable device 

(terminal) currently, the charging current outputted by the second adapter to charge the 

chargeable device (terminal) under the second charging mode. Afterwards, Stage 5 starts, that 

is, constant current charging stage.  

[0086] Stage 5: 

[0087] When entering the constant current charging stage, the second adapter sends 

Instruction 4 (corresponding to the above-mentioned fourth instruction) to the chargeable 

device (terminal) every interval of time and inquire the present voltage of the battery of the 

chargeable device (terminal). The chargeable device (terminal) sends the reply instruction 

responsive to Instruction 4 to the second adapter to feedback the present voltage of the battery.  

The second adapter can detect whether the connection of the charging interface is normal 

based on the present voltage of the battery and whether the current outputted by the second 

adapter needs lower. When the connection of the charging interface is poor, the chargeable 

device (terminal) sends Instruction 5 (corresponding to the above-mentioned fifth instruction), 

the second adapter retreats from the second charging mode, resets to enter Stage 1.  

[0088] Optionally, to serve as one embodiment, the chargeable device (terminal) sends a 

reply instruction responsive to Instruction 1 at Stage 1. The reply instruction responsive to 

Instruction 1 may attach data (or information) of a path impedance of the chargeable device 

(terminal). The connection of the charging interface is detected to be normal with the path 

impedance of the chargeable device (terminal) at Stage 5.  

[0089] Optionally, to serve as one embodiment, a time period, from the time that the 
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chargeable device (terminal) agrees the second adapter charging the chargeable device 

(terminal) by the second charging mode until the time that an output voltage of the second 

adapter is adjusted to a suitable charging voltage, may be set as a predetermined time period 

at Stage 2. If the time goes beyond the predetermined time period, the second adapter or the 

chargeable device (terminal) is detected to be abnormal in the communication process and 

then resets to enter Stage 1.  

[0090] Optionally, to serve as one embodiment, the voltage outputted by the second adapter 

is higher than the present voltage of the battery of the chargeable device (terminal) by AV (AV 

can range from 200 mV to 500 mV) at Stage 2. The chargeable device (terminal) may send a 

reply instruction responsive to Instruction 2 to the second adapter to command the voltage 

outputted by the second adapter to match the voltage of the battery of the chargeable device 

(terminal).  

[0091] Optionally, to serve as one embodiment, the adjustment speed of a current outputted 

by the second adapter can be controlled within limits at Stage 4. In this way, the charging 

process will not be abnormal once the adjustment speed is too high.  

[0092] Optionally, to serve as one embodiment, a variation of a current outputted by the 

second adapter is controlled within five percent (5%) of the output current at Stage 5.  

[0093] Optionally, to serve as one embodiment, the control circuit can detect a path 

impedance of a charging circuit in real time at Stage 5. Specifically, the control circuit can 

detect the path impedance of the charging circuit based on an output voltage and an output 

current of the second adapter and the present voltage (present total voltage of the multiple 

cells) of the battery feedback by the chargeable device (terminal). Since "path impedance of 

charging circuit" greater than "path impedance of charging circuit plus impedance of charging 

cable" indicates a bad contact of a charging interface, the second adapter stops charging the 

chargeable device (terminal) under the second charging mode.  

[0094] Optionally, to serve as one embodiment, after the second adapter starts to charge the 

chargeable device (terminal) under the second charging mode, communication interval 

between the control circuit and the chargeable device (terminal) is controlled within limits to 

prevent abnormality from occurring in the communication process because the interval is too 

short.  
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[0095] Optionally, to serve as one embodiment, termination of the charging process (or 

termination of the charging process of the second adapter to a chargeable device (terminal) 

under the second mode) may be divided into recoverable termination and unrecoverable 

termination.  

[0096] For example, upon a condition that the battery of the chargeable device (terminal) is 

full or a bad contact of the charging interface is detected, the charging process terminates, the 

charging communication process resets, and the charging process enter Stage 1 again.  

Afterwards, the charging process enters Stage 2 if the chargeable device (terminal) does not 

agree the second adapter to charge the chargeable device (terminal) by the second charging 

mode. Such kind of termination of the charging process is regarded as unrecoverable 

termination.  

[0097] Or for example, when the communication between the second adapter and the 

chargeable device (terminal) is abnormal, the charging process terminates, the charging 

communication process resets, and the charging process enters Stage 1 again. After the 

requirement of Stage 1 is fulfilled, the chargeable device (terminal) agrees the second adapter 

to charge the chargeable device (terminal) under the second charging mode to recover the 

charging process. Such kind of termination of the charging process may be regarded as 

recoverable termination.  

[0098] Or for example, when the chargeable device (terminal) detects the battery is 

abnormal, the charging process terminates, the charging process resets, and the charging 

process enters Stage 1 again. Afterwards, the chargeable device (terminal) does not agree the 

adapter to charge the chargeable device (terminal) under the second charging mode. When the 

battery (the multiple cells) becomes normal again, and the requirement of Stage 1 is fulfilled, 

the chargeable device (terminal) agrees the adapter to charge the chargeable device (terminal) 

under the second charging mode. Such kind of termination of the charging process may be 

regarded as recoverable termination.  

[0099] The blocks or operations illustrated in Fig. 5B are merely an exemplary. For example, 

after the chargeable device (terminal) and the second adapter are coupled at Stage 1, 

handshake communication between the chargeable device (terminal) and the second adapter 

may be launched by the chargeable device (terminal) as well; that is the chargeable device 
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(terminal) sends Instruction 1 and inquires whether the second adapter enables the second 

charging mode. When the chargeable device (terminal) receives the reply instruction 

responsive to the second adapter to command the second adapter to agree to charge the 

chargeable device (terminal) by the second charging mode, the second adapter starts to charge 

the battery of the chargeable device (terminal) by the second charging mode.  

[0100] In another embodiment, a stage of constant voltage charging may be further included 

after Stage 5 finishes. Specifically, the chargeable device (terminal) feedbacks the present 

voltage of the battery (the present total voltage of the multiple cells) to the second adapter at 

Stage 5. When the present voltage of the battery (the present total voltage of the multiple cells) 

reaches a threshold of charging voltage, the chargeable device (terminal) is charged by a 

constant voltage from the constant current. At the stage of constant voltage charging, the 

charging current gradually lessens. When the charging current lowers to a certain threshold, 

the battery of the chargeable device (terminal) is filled.  

[0101] Alternatively, in some embodiments, the second adapter directly couples its output 

current to the positive terminal and negative terminal of the battery of the chargeable device 

(terminal), directly charging the battery.  

[0102] Specifically, direct charging may refer to directly coupling (or directly leading) the 

output voltage and output current of the second adapter to the positive terminal and negative 

terminal of the battery of the chargeable device (terminal). It does not need to go through a 

converter circuit to convert the output voltage or output current of the second adapter to avoid 

energy loss caused by the conversion process. In the process of charging in the second charging 

mode, in order to be able to adjust the charging voltage or charging current on the charging 

circuit, the second adapter can be designed as an intelligent adapter, so that the second adapter 

can complete the conversion of the charging voltage or charging current. It can reduce the load 

of and the heat emitted by the chargeable device (terminal).  

[0103] The second adapter 10 of the embodiment of the present disclosure can operate in a 

constant current mode. The constant current mode herein refers to a charging mode in which 

control is exercised on the output current of the second adapter, instead of keeping the output 

current of the second adapter to stay constant. In practice, the second adapter in a constant 

current mode typically adopts a multi-stage constant current charging.  
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[0104] The multi-stage constant current charging has N charging stages (N is an integer equal 

to or larger than 2). The multi-stage constant current charging can begin the first stage charging 

by a predetermined charging current. The N charging stages of the multi-stage constant current 

charging are executed sequentially from the first stage to the (N-1) stage. When the previous 

charging stage is shifted to the next charging stage in the charging process, the charging current 

gradually decreases. When the battery voltage reaches the charge cut-off voltage, the previous 

charging stage will transit to the next charging stage in the charging process.  

[0105] Alternatively, in some embodiments, in the second charging mode, the output current 

of the second adapter is a pulsating direct current (also known as unidirectional pulsating output 

current, or pulsating waveform current, or clipped pulsating waveform current). The waveform 

of the pulsating direct current is illustrated in Fig. 6.  

[0106] Alternatively, in some embodiments, in cases where the output current of the second 

adapter is a pulsating direct current, constant current mode may refer to a charging mode that 

exercises control over the peak value or average value of the pulsating direct current, i.e.  

controlling the peak value of the output current of the second adapter not exceeding the 

corresponding current of the constant current mode, as illustrated in Fig. 7.  

[0107] Alternatively, in some embodiments, in the second charging mode, the output current 

of the second adapter is an alternating current, which can also reduce lithium precipitation of 

lithium batteries and improve the lifespan of the cell.  

[0108] The aforementioned texts, in conjunction with Fig. 1 to 7, describe the device of the 

embodiments of the present disclosure in detail. The following texts, in conjunction with Fig. 8, 

illustrate an embodiment of the method of the embodiments of the present disclosure in detail.  

It should be understood that the description on the method and device are references to each 

other, and some repetitive descriptions have been removed for the sake of succinctness.  

[0109] Fig. 8 illustrates a flowchart of a method of controlling a charging process according 

to an embodiment of the present disclosure. The method illustrated in Fig. 8 is performed by 

the second adapter as illustrated in Figs. 1-7. The second adapter includes a power converting 

circuit configured to convert inputted alternating current (AC) to generate output voltage and 

output current. The power converting circuit includes a secondary filter circuit.  

[0110] The method illustrated in Fig. 8 includes a block 810 and a block 820.  
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[0111] At block 810, the secondary filter circuit is controlled to operate when the second 

adapter operates in a first charging mode, so that the second adapter outputs constant direct 

current.  

[0112] At block 820, the secondary filter circuit does not operate when the second adapter 

operates in a second charging mode, so that the second adapter outputs an alternating current or 

a pulsating direct current.  

[0113] Alternatively, in some embodiments, a capacitor of the secondary filter circuit is a 

solid capacitor.  

[0114] Alternatively, in some embodiments, the secondary filter circuit includes a plurality of 

solid capacitors coupled to a secondary bus line of the adapter and ground.  

[0115] Alternatively, in some embodiments, a speed by which the second adapter charges the 

chargeable device by the second charging mode is faster than a speed by which the second 

adapter charges the chargeable device in the first charging mode. The method illustrated in Fig.  

8 further includes: engaging in a bidirectional communication with the chargeable device to 

control the output of the second adapter operable in the second charging mode when the second 

adapter coupled to the chargeable device is operable in the second charging mode.  

[0116] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to control the output of the second adapter operable in the second charging 

mode when the second adapter coupled to the chargeable device is operable in the second 

charging mode, includes: bidirectionally communicating with the chargeable device to 

negotiate a charging mode which the chargeable device and the second adapter are operable in.  

[0117] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to negotiate a charging mode which the chargeable device and the second 

adapter are operable in includes: sending a first instruction to the chargeable device, the first 

instruction configured to inquire whether the chargeable device enables the second charging 

mode, receiving a reply instruction responsive to the first instruction sent by the chargeable 

device, which is configured to indicate whether the chargeable device approves to enable the 

second charging mode, and charging the chargeable device by the second charging mode when 

the chargeable device approves to enable the second charging mode.  

[0118] Alternatively, in some embodiments, the bidirectionally communicating with the 
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chargeable device to control the output of the second adapter operable in the second charging 

mode when the second adapter coupled to the chargeable device is operable in the second 

charging mode includes: bidirectionally communicating with the chargeable device to 

determine the charging voltage outputted by the second adapter to charge the chargeable device 

by the second charging mode, and adjusting the output voltage of the second adapter so that the 

output voltage of the second adapter is equal to the charging voltage outputted by the second 

adapter to charge the chargeable device by the second charging mode.  

[0119] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to determine the charging voltage outputted by the second adapter to charge 

the chargeable device by the second charging mode includes: sending to the chargeable device 

a second instruction, which is configured to inquire whether the output voltage of the second 

adapter is equal to the present voltage of the battery in the chargeable device, receiving a reply 

instruction responsive to the second instruction sent by the chargeable device, which is 

configured to indicate whether the output voltage of the second adapter matches, or is higher or 

lower than the present voltage of the battery.  

[0120] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to control the output of the second adapter operable in the second charging 

mode when the second adapter coupled to the chargeable device is operable in the second 

charging mode includes: bidirectionally communicating with the chargeable device to 

determine the charging current outputted by the second adapter to charge the chargeable device 

in the second charging mode, and adjusting the output current of the second adapter, so that 

the output current of the second adapter is equal to the charging current outputted by the second 

adapter to charge the chargeable device in the second charging mode.  

[0121] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to determine the charging current outputted by the second adapter to charge 

the chargeable device in the second charging mode includes: sending to the chargeable device a 

third instruction, which is configured to inquire the maximum charging current presently 

supported by the chargeable device, receiving a reply instruction responsive to the third 

instruction sent by the chargeable device, which is configured to show the maximum charging 

current presently supported by the chargeable device, and determining the charging current 
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outputted by the second adapter to charge the chargeable device by the second charging mode 

based on a maximum charging current presently supported by the chargeable device.  

[0122] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to control the output of the second adapter operable in the second charging 

mode when the second adapter coupled to the chargeable device is operable in the second 

charging mode includes: bidirectionally communicating with the chargeable device to adjust 

the output current of the second adapter.  

[0123] Alternatively, in some embodiments, the bidirectionally communicating with the 

chargeable device to adjust the output current of the second adapter includes: sending to the 

chargeable device a fourth instruction, which is configured to inquire the present voltage of the 

battery of the chargeable device, and receiving a reply instruction responsive to the fourth 

instruction sent by the chargeable device, which is configured to indicate the present voltage of 

the battery, and adjusting the output current of the second adapter based on the present voltage 

of the battery.  

[0124] Alternatively, in some embodiments, the second adapter comprises a charging 

interface, and the second adapter performs bidirectional communication with the chargeable 

device through a data line of the charging interface.  

[0125] Alternatively, in some embodiments, the output current of the second adapter operable 

in the second charging mode is a pulsating direct current.  

[0126] Alternatively, in some embodiments, the output current of the second adapter operable 

in the second charging mode is an alternating current.  

[0127] Alternatively, in some embodiments, the output voltage and output current of the 

second adapter are directly applied a positive terminal and a negative terminal of a battery in 

the chargeable device to directly charge the battery in the second charging mode.  

[0128] Alternatively, in some embodiments, the second adapter comprises a control circuit 

configured to control the charging process; the control circuit is a microcontroller unit (MCU).  

[0129] Alternatively, in some embodiments, the second adapter comprises a charging 

interface, which is an universal serial bus (USB) interface.  

[0130] It is understood by one skilled in the art that the "first adapter" and "second adapter" 

are used for illustrative purposes only but are not limited to a specific type adapter.  
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[0131] One having ordinary skill in the art may be aware that the units and steps of algorithm 

in the examples of the embodiments published by this application can be realized by electronic 

hardware, or combinations of computer software and electronic hardware. Whether the 

functions should be performed by hardware or software should depend upon the particular 

applications and design constraints of a technical solution. One skilled in the art may use 

different methods to implement the described functions for each specific application, but such 

implementation should not be considered as outside of the scope of the present disclosure.  

[0132] One skilled in the art may clearly understand that they can refer to the corresponding 

process in the abovementioned embodiments of the method for the specific operating process of 

the abovementioned system, device, and units. No description is provided herein again for the 

convenience and succinctness of the description.  

[0133] In the several embodiments provided by the application, it should be understood that 

the revealed system, device and method may be implemented in other ways. For example, the 

abovementioned embodiments of the device are merely schematic. For example, the division of 

the units is merely a division based on logical functions; it may be different when they are put 

into practice. For example, a plurality of units or components may be combined or integrated 

into another system, or some features may be ignored or not be performed. And another point is 

that the displayed or discussed coupling, direct coupling or communication can be done through 

some interfaces, devices, or indirect coupling or communication between units; they may be 

electrical, mechanical, or in other forms.  

[0134] The units described as separated parts may or may not be physically separated. A part 

that appeared as a unit may or may not be a physical unit, i.e. it can locate in one place, or it can 

be distributed to multiple network units. Part of or all of the units can be selected based on 

actual needs to achieve the object of the solutions of the present embodiments.  

[0135] Furthermore, each of the functional units in the embodiments of the present disclosure 

may be integrated in one processing unit, or may be independent units physically separated, or 

may integrate with another one or more units and appear as a single unit.  

[0136] If the function is realized as a software functional unit and used or sold as a standalone 

product, it may be stored in a computer-readable storage medium. Based on such understanding, 

the technical solutions of the present disclosure per se, or its contribution to the related art, or 

28



the technical solution may be realized in a software product. The computer software product is 

stored in a storage medium, including several commands that enable a computer device (may be 

a personal computer, a server, or network device) to perform all or part of the steps of the 

methods of the various embodiments of the present disclosure. The storage medium includes 

U-disk, removable hard disk, read-only memory (ROM), random access memory (RAM), 

magnetic disk or compact disc (CD) and other medium that can store program codes.  

[0137] The above texts are merely specific embodiments of the present disclosure. However, 

the scope of the present disclosure is not limited hereto. Any variations or alternatives that can 

easily be thought of by technicians familiar with the field should fall within the scope of the 

present disclosure. Therefore, the scope of the present disclosure should be defined by the 

scope of the claims.  
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CLAIM 

What is claimed is: 

1. An adapter supporting a first charging mode and a second charging mode, comprising: 

a power converting circuit, configured to convert inputted alternating current (AC) to 

generate output voltage and output current of the adapter, the power converting circuit 

comprising a secondary filter circuit; 

a control circuit, coupled to the secondary filter circuit, configured to control the secondary 

filter circuit to operate when the adapter operates in the first charging mode, so that the adapter 

outputs constant direct current, and configured to control the secondary filter circuit not to 

operate when the adapter operates in the second charging mode, so that the adapter outputs an 

alternating current or a pulsating direct current.  

2. The adapter as claimed in claim 1, wherein a capacitor of the secondary filter circuit is a 

solid capacitor.  

3. The adapter as claimed in claim 2, wherein the secondary filter circuit comprises a 

plurality of solid capacitors coupled to a secondary bus line of the adapter and ground.  

4. The adapter as claimed in any one of claims 1-3, wherein a charging speed of the adapter 

in the second charging mode is greater than a charging speed of the adapter in the first charging 

mode when the adapter charges a chargeable device; when the adapter is coupled to the 

chargeable device, the control circuit bidirectionally communicates with the chargeable device 

to control the output of the adapter operable in the second charging mode.  

5. The adapter as claimed in claim 4, wherein when the control circuit bidirectionally 

communicates with the chargeable device to control the output of the adapter operable in the 

second charging mode, 

the control circuit is configured to bidirectionally communicate with the chargeable device 

to negotiate a charging mode which the chargeable device and the adapter are operable in.  

6. The adapter as claimed in claim 5, wherein when the control circuit bidirectionally 

communicates with the chargeable device to negotiate the charging mode which the chargeable 
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device and the adapter are operable in, 

the control circuit is configured to send a first instruction to the chargeable device, the first 

instruction configured to inquire whether the chargeable device enables the second charging 

mode; 

the control circuit is further configured to receive a reply instruction responsive to the first 

instruction sent by the chargeable device, the reply instruction responsive to the first instruction 

configured to indicate whether the chargeable device approves to enable the second charging 

mode; and 

the control circuit is further configured to charge the chargeable device by the second 

charging mode when the chargeable device approves to enable the second charging mode.  

7. The adapter as claimed in any one of claims 4-6, wherein when the control circuit 

bidirectionally communicates with the chargeable device to control the output of the adapter 

operable in the second charging mode, 

the control circuit is configured to bidirectionally communicate with the chargeable 

device to determine the charging voltage outputted by the adapter operable in the second 

charging mode to charge the chargeable device; and 

the control circuit is configured to adjust the output voltage of the adapter so that the 

output voltage of the adapter is equal to the charging voltage outputted by the adapter operable 

in the second charging mode to charge the chargeable device.  

8. The adapter as claimed in claim 7, wherein when the control circuit bidirectionally 

communicates with the chargeable device to determine the charging voltage outputted by the 

adapter operable in the second charging mode to charge the chargeable device, 

the control circuit is configured to send to the chargeable device a second instruction, 

which is configured to inquire whether the output voltage of the adapter is equal to the present 

voltage of the battery in the chargeable device; 

the control circuit is further configured to receive a reply instruction responsive to the 

second instruction sent by the chargeable device, the reply instruction responsive to the second 

instruction configured to indicate whether the output voltage of the adapter matches, or is 

higher or lower than the present voltage of the battery.  

9. The adapter as claimed in any one of claims 4-8, wherein when the control circuit 
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bidirectionally communicates with the chargeable device to control the output of the adapter 

operable in the second charging mode, 

the control circuit is configured to bidirectionally communicate with the chargeable 

device to determine the charging current outputted by the adapter operable in the second 

charging mode to charge the chargeable device; 

the control circuit is further configured to adjust the output current of the adapter, so that 

the output current of the adapter is equal to the charging current outputted by the adapter 

operable in the second charging mode to charge the chargeable device.  

10. The adapter as claimed in claim 9, wherein when the control circuit bidirectionally 

communicates with the chargeable device to determine the charging current outputted by the 

adapter operable in the second charging mode to charge the chargeable device, 

the control circuit is configured to send to the chargeable device a third instruction, the 

third instruction configured to inquire the maximum charging current presently supported by 

the chargeable device; 

the control circuit is further configured to receive a reply instruction responsive to the 

third instruction sent by the chargeable device, the reply instruction responsive to the third 

instruction configured to show the maximum charging current presently supported by the 

chargeable device; 

the control circuit is further configured to determine the charging current outputted by the 

adapter operable in the second charging mode to charge the chargeable device according to a 

maximum charging current presently supported by the chargeable device.  

11. The adapter as claimed in any one of claims 4-10, wherein when the control circuit 

bidirectionally communicates with the chargeable device to control the output of the adapter 

operable in the second charging mode, 

the control circuit is configured to bidirectionally communicate with the chargeable 

device to adjust the output current of the adapter.  

12. The adapter as claimed in claim 11, wherein when the control circuit bidirectionally 

communicates with the chargeable device to adjust the output current of the adapter, 

the control circuit is configured to send to the chargeable device a fourth instruction, the 

fourth instruction configured to inquire the present voltage of the battery of the chargeable 
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device; 

the control circuit is further configured to receive a reply instruction responsive to the 

fourth instruction sent by the adapter, the reply instruction responsive to the fourth instruction 

configured to indicate the present voltage of the battery; 

the control circuit is further configured to adjust the output current of the adapter 

according to the present voltage of the battery.  

13. The adapter as claimed in any one of claims 4-12, wherein the adapter comprises a 

charging interface, and the control circuit bidirectionally communicates with the chargeable 

device through a data line of the charging interface.  

14. The adapter as claimed in any one of claims 1-13, wherein the output current of the 

adapter operable in the second charging mode is a pulsating direct current.  

15. The adapter as claimed in any one of claims 1-13, wherein the output current of the 

adapter operable in the second charging mode is an alternating current.  

16. The adapter as claimed in any one of claims 1-15, wherein the output voltage and 

output current of the adapter operable in the second charging mode are directly applied 

between a positive terminal and a negative terminal of a battery in the chargeable device to 

directly charge the battery.  

17. The adapter as claimed in any one of claims 1-16, wherein the control circuit is a 

microcontroller unit (MCU).  

18. The adapter as claimed in any one of claims 1-17, wherein the adapter comprises a 

charging interface that is an universal serial bus (USB) interface.  

19. A method of controlling a charging process, applied in an adapter comprising a power 

converting circuit configured to convert inputted alternating current (AC) to generate output 

voltage and output current, the power converting circuit comprising a secondary filter circuit, 

the method comprising: 

controlling the secondary filter circuit to operate when the adapter operates in a first 

charging mode, so that the adapter outputs constant direct current; 

controlling the secondary filter circuit not to operate when the adapter operates in a second 

charging mode, so that the adapter outputs alternating current or a pulsating direct current.  

20. The method as claimed in claim 20, wherein a capacitor of the secondary filter circuit is 
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a solid capacitor.  

21. The method as claimed in claim 20, wherein the secondary filter circuit comprises a 

plurality of solid capacitors coupled to a secondary bus line of the adapter and ground.  

22. The method as claimed in any one of claims 19-21, wherein a charging speed of the 

adapter in the second charging mode is greater than a charging speed of the adapter in the first 

charging mode when the adapter charges a chargeable device; the method further comprises: 

bidirectionally communicating with the chargeable device to control the output of the 

adapter operable in the second charging mode when the adapter coupled to the chargeable 

device is operable in the second charging mode.  

23. The method as claimed in claim 22, wherein the bidirectionally communicating with 

the chargeable device to control the output of the adapter operable in the second charging mode, 

when the adapter coupled to the chargeable device is operable in the second charging mode, 

comprises: 

bidirectionally communicating with the chargeable device to negotiate a charging mode 

which the chargeable device and the adapter are operable in.  

24. The method as claimed in claim 23, wherein the bidirectionally communicating with 

the chargeable device to negotiate the charging mode which the chargeable device and the 

adapter are operable in, comprises: 

sending a first instruction to the chargeable device, the first instruction configured to 

inquire whether the chargeable device enables the second charging mode; 

receiving a reply instruction responsive to the first instruction sent by the chargeable 

device, the reply instruction responsive to the first instruction configured to indicate whether 

the chargeable device approves to enable the second charging mode; 

charging the chargeable device by the second charging mode when the chargeable device 

approves to enable the second charging mode.  

25. The method as claimed in any one of claims 22-24, wherein the bidirectionally 

communicating with the chargeable device to control the output of the adapter operable in the 

second charging mode when the adapter coupled to the chargeable device is operable in the 

second charging mode, comprises: 

bidirectionally communicating with the chargeable device to determine the charging 
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voltage outputted by the adapter operable in the second charging mode to charge the chargeable 

device; and 

adjusting the output voltage of the adapter so that the output voltage of the adapter is 

equal to the charging voltage outputted by the adapter operable in the second charging mode to 

charge the chargeable device.  

26. The method as claimed in claim 25, wherein the bidirectionally communicating with 

the chargeable device to determine the charging voltage outputted by the adapter operable in the 

second charging mode to charge the chargeable device, comprises: 

sending to the chargeable device a second instruction, the second instruction configured 

to inquire whether the output voltage of the adapter is equal to the present voltage of the battery 

in the chargeable device; 

receiving a reply instruction responsive to the second instruction sent by the chargeable 

device, the reply instruction responsive to the second instruction configured to indicate 

whether the output voltage of the adapter matches, or is higher or lower than the present voltage 

of the battery.  

27. The method as claimed in any one of claims 22-26, wherein the bidirectionally 

communicating with the chargeable device to control the output of the adapter operable in the 

second charging mode when the adapter coupled to the chargeable device is operable in the 

second charging mode, comprises: 

bidirectionally communicating with the chargeable device to determine the charging 

current outputted by the adapter operable in the second charging mode to charge the chargeable 

device; 

adjusting the output current of the adapter, so that the output current of the adapter is 

equal to the charging current outputted by the adapter operable in the second charging mode to 

charge the chargeable device.  

28. The method as claimed in claim 27, wherein the bidirectionally communicating with 

the chargeable device to determine the charging current outputted by the adapter operable in the 

second charging mode to charge the chargeable device comprises: 

sending to the chargeable device a third instruction, the third instruction configured to 

inquire the maximum charging current presently supported by the chargeable device; 
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receiving a reply instruction responsive to the third instruction sent by the chargeable 

device, the reply instruction responsive to the third instruction configured to show the 

maximum charging current presently supported by the chargeable device; 

determining the charging current outputted by the adapter operable in the second charging 

mode to charge the chargeable device based on a maximum charging current presently 

supported by the chargeable device.  

29. The method as claimed in any one of claims 22-28, wherein the bidirectionally 

communicating with the chargeable device to control the output of the adapter operable in the 

second charging mode when the adapter coupled to the chargeable device is operable in the 

second charging mode, comprises: 

bidirectionally communicating with the chargeable device to adjust the output current of 

the adapter.  

30. The method as claimed in claim 29, wherein the bidirectionally communicating with 

the chargeable device to adjust the output current of the adapter comprises: 

sending to the chargeable device a fourth instruction, the fourth instruction configured to 

inquire the present voltage of the battery of the chargeable device; 

receiving a reply instruction responsive to the fourth instruction sent by the adapter, the 

reply instruction responsive to the fourth instruction configured to indicate the present voltage 

of the battery; and 

adjusting the output current of the adapter based on the present voltage of the battery.  

31. The method as claimed in any one of claims 22-30, wherein the adapter comprises a 

charging interface, and the control circuit bidirectionally communicates with the chargeable 

device through a data line of the charging interface.  

32. The method as claimed in any one of claims 19-31, wherein the output current of the 

adapter operable in the second charging mode is a pulsating direct current.  

33. The method as claimed in any one of claims 19-31, wherein the output current of the 

adapter operable in the second charging mode is an alternating current.  

34. The method as claimed in any one of claims 19-31, wherein the output voltage and 

output current of the adapter are directly applied a positive terminal and a negative terminal of 

a battery in the chargeable device to directly charge the battery in the second charging mode.  
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35. The method as claimed in any one of claims 1-16, wherein the adapter comprises a 

control circuit configured to control the charging process, and the control circuit is a 

microcontroller unit (MCU).  

36. The method as claimed in any one of claims 1-17, wherein the adapter comprises a 

charging interface that is an universal serial bus (USB) interface.  
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second adapter operates in a first charging mode, so that the 

second adapter outputs constant direct current.
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adapter outputs an alternating current or a pulsating direct 
current.
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