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FIELD
The present disclosure relates to the field of smart card, and more particularly, to a method for

keeping an active state of a smart card until re-entering afield and a smart card.

BACKGROUND

In the related art, when a smart card communicates with an electronic device (e.g., aradio
frequency (RF) read/write device supporting a carrier frequency of 13.56 MHz, such as a near field
communication (NFC) RF read/write device), the distance between the smart card and the
electronic device is so small that the smart card can be in an electromagnetic field of the electronic
device, and can acquire energy from the electromagnetic field of the electronic device. In the
related art, when the smart card enters the field (i.e., the smart card enters the electromagnetic field
of the electronic device to acquire energy), the smart card needs to interact with the electronic
device so that the smart card can be changed from an power-off state to an active state viaan idle
state, after the smart card leaves the field (i.e., the smart card is far away from the electromagnetic
field of the electronic device), the smart card changes from the active state to the power-off state.
When the smart card needs to perform subsequent operations to re-enter the field, the smart card
needs to interact with the electronic device again so that the smart card can be changed from the
power-off state to the active state via the idle state, to perform subsequent operations. However,
the communication process between the smart card and the electronic device is complicated when
the smart card re-enters the field, it is required to interact with the electronic device to change the

state again, which takes much time and efficiency islow.



SUMMARY

The present disclosure aims to solve at least one of the above problems.

A main objective of embodiments of the present disclosureisto provide a method for keeping
an active state of asmart card until re-entering afield and a smart card adopting the method.

In order to achieve the above objectives, technical solutions of the present disclosure may be
described as follows.

An aspect of embodiments of the present disclosure provides a method for keeping an active
state of a smart card until re-entering a field. The method includes: sending a waiting time
extension instruction by a smart card to an electronic device when the smart card is in an
electromagnetic field of the electronic device and in an active state, the waiting time extension
instruction including at least a preset waiting duration; starting atimer after the smart card receives
a reply returned by the electronic device in response to the waiting time extension instruction, a
timing duration of the timer being the preset waiting duration; detecting by the smart card that the
smart card leaves the field, determining whether the timer times out, and keeping a current state of
the smart card as the active state when the timer does not time out, in which the smart card is
powered by a built-in power supply of the smart card when the smart card leaves the field; and
detecting by the smart card that the smart card re-enters the field, determining whether the timer
times out, and keeping the current state of the smart card as the active state when the timer does
not time out.

In addition, detecting by the smart card that the smart card leaves the field includes detecting
that arectified voltage of the smart card changes from ahigh level to alow level.

In addition, detecting by the smart card that the smart card re-enters the field includes

detecting that the rectified voltage of the smart card changes from alow level to ahigh level.

In addition, before the smart card sends the waiting time extension instruction to the
electronic device, the method further includes: receiving by the smart card a leaving-field
instruction input by a user.

In addition, before the smart card sends the waiting time extension instruction to the
electronic device, the method further includes: receiving by the smart card an operation command
sent by the electronic device. The operation command at least includes a charging command.
After it is detected that the smart card leavesthe field, and before it is detected that the smart card

re-enters the field, the method further includes: acquiring energy from the electromagnetic field



of the electronic device by acoil of the smart card, to charge the smart card.

In addition, before the smart card is in the electromagnetic field of the electronic device and
in the active state, the method further includes: determining by the smart card whether entering
the field is detected in a leaving-field state, and switching the current state to an idle state by the
smart card when entering the field is detected in the leaving-field state; receiving a command
from the electronic device by the smart card in the idle state, determining the command received
from the electronic device, returning by the smart card areply in response to the command to the
electronic device and switching by the smart card the current state to a ready state when the
received command is a card probing command; receiving a command from the electronic device
by the smart card in the ready state, determining the command received from the electronic
device, returning by the smart card a confirmation message to the electronic device and switching
by the smart card the current state to the active state when the received command is a conflict
detection command, in which the confirmation message includes a unique identification UID of
the smart card; receiving a command from the electronic device by the smart card in the active
state, determining the command received from the electronic device, returning by the smart card
areply in response to the command to the electronic device and keeping by the smart card the
current state as the active state when the received command is a selection command. The reply in
response to the selection command includes at least one of a waiting time, a baud rate, a history
byte and a manufacturer code supported by the smart card.

Another aspect of embodiments of the present disclosure provides a smart card. The smart
card includes a sending module, a receiving module, a timer and a control module. The sending
module is configured to send a waiting time extension instruction to an electronic device when the
smart card is in an electromagnetic field of the electronic device and in an active state. The waiting
time extension instruction at least includes a preset waiting duration. The receiving module is
configured to trigger atimer to start timing after receiving areply returned by the electronic device
in response to the waiting time extension instruction. The timer is configured to start timing after
being triggered by the recelving module. A timing duration is the preset waiting duration. The
control module is configured to determine whether the timer times out after detecting that smart
card leaves the field, and keep a current state of the smart card as the active state when the timer
does not time out. When the smart card leaves the field, the smart card is powered by a built-in

power supply of the smart card. The control module is further configured to determine whether the



timer times out after detecting that smart card re-enters the field, and keep the current state of the
smart card as the active state when the timer does not time out.

In addition, the control module is configured to detect that the smart card leaves the field by:
detecting by the control module that a rectified voltage of the smart card changes from a high level
toalow leve.

In addition, the control module is configured to detect that the smart card re-enters the field
by: detecting by the control module that the rectified voltage of the smart card changes from alow
level to ahigh level.

In addition, the receiving module is further configured to receive a leaving-field instruction
input by a user before the sending module sends the waiting time extension instruction to the
electronic device.

In addition, the smart card further includes a coil. The receiving module is further configured
to receive an operation command sent by the electronic device before the sending module sends
the waiting time extension instruction to the electronic device. The operation command includes at
least a charging command. The coil is configured to acquire energy from the electromagnetic field
of the electronic device to charge the smart card after the control module detects that the smart
card leaves the field and before the control modul e detects that the smart card re-enters the field.

In addition, the smart card further includes a first determining module, a second determining
module, a third determining module and a fourth determining module. The first determining
module is configured to determine whether the smart card enters the field in a leaving-field state,
and send a determination result to the control module. The control module is configured to control
the smart card to switch the current state to an idle state when the determination result of the first
determining module is yes. The receiving module is configured to receive a command sent by the
electronic device. The second determining module is configured to determine a command received
by the smart card from the electronic device in the idle state, notify the control module to return a
reply in response to the command and control the smart card to switch the current state to a ready
state when the received command is a card probing command. The control module is further
configured to return a reply in response to the card probing command to the electronic device
through the sending module and control the smart card to switch the current state to the ready state
when the second determining module determines that the command received by the smart card in

the idle state is the card probing command. The third determining module is configured to



determine a command received by the smart card from the electronic device in the ready state,
notify the control module to return a confirmation message to the electronic device and control the
smart card to switch the current state to the active state when the received command is a conflict
detection command. The control module is further configured to return the confirmation message
to the electronic device through the sending module and control the smart card to switch the
current state to the active state when the third determining module determines that the command
received by the smart card in the ready state is the conflict detection command. The confirmation
message includes a unique identification UID of the smart card. The fourth determining module is
configured to determine a command received by the smart card from the electronic device in the
active state, and notify the control module to return a reply in response to the to the electronic
device and control the smart card to keep the current state as the active state when the received
command is a selection command. The control module is further configured to return a reply in
response to the selection command to the electronic device through the sending module and
control the smart card to keep the current state as the active state when the fourth determining
modul e determines that the command received by the smart card in the active state is the selection
command. The reply in response to the selection command includes at |east one of a waiting time,
abaud rate, a history byte and a manufacturer code supported by the smart card.

Another aspect of embodiments of the present disclosure provides a smart card, including one
Or more processors, a memory and one or more programs. The one or more programs are stored in
the memory, and when executed by the one or more processors, perform following operations:
sending a waiting time extension instruction by a smart card to an electronic device when
monitoring that the smart card is in an electromagnetic field of the electronic device and in an
active state, the waiting time extension instruction including at least a preset waiting duration;
starting a timer after the smart card receives a reply returned by the electronic device in response
to the waiting time extension instruction, a timing duration of the timer being the preset waiting
duration; detecting by the smart card that the smart card leaves the field, determining whether the
timer times out, and keeping a current state of the smart card as the active state when the timer
does not time out, in which the smart card is powered by a built-in power supply of the smart card
when the smart card leaves the field; and detecting by the smart card that the smart card re-enters
the field, determining whether the timer times out, and keeping the current state of the smart card

as the active state when the timer does not time out.



With the method for keeping an active state of a smart card until re-entering a field and a
smart card, the smart card sends a waiting time extension instruction to the electronic device
before leaving the field, and the smart card is powered by a built-in power supply of the smart card
after leaving the field, such that the smart card still keeps the active state until the smart card
re-enters the field in a preset waiting duration, without the need to interact with the electronic
device to switch the state, thereby simplifying the communication process between the smart card
and the electronic device, saving the time for the smart card to re-enter the field, and improving

efficiency of re-entering the field.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate technical solutions of embodiments of the present disclosure, a
brief description of drawings used in embodimentsis given below. Obviously, the drawingsin the
following descriptions are only part embodiments of the present disclosure, and for those skilled in
the art, other drawings can be obtained according to these drawings without creative labor.

Fig. 1 is a flow chart of a smart card leaving a field and re-entering a field according to
Embodiment 1 of the present disclosure;

Fig. 2 is a flow chart of a smart card entering a field for the first time according to
Embodiment 2 of the present disclosure;

Fig. 3 is a schematic diagram of a smart card according to Embodiment 2 of the present
disclosure; and

Fig. 4 is an alternative schematic diagram of a smart card according to Embodiment 2 of the
present disclosure.
DETAILED DESCRIPTION

The technical solutions in the embodiments of the present disclosure are clearly and
completely described in the following with reference to the accompanying drawings in the
embodiments of the present disclosure. Obviously, the embodiments in the following description
are merely a part rather than all of the embodiments of the present disclosure. Based on the
embodiments of the present disclosure, all other embodiments obtained by persons of ordinary
skill in the art without creative efforts shall fall within the protection scope of the present

disclosure.

In the description of the present disclosure, it should be understood that, terms such as “first”



and “second” are used herein for purposes of description and are not intended to indicate or imply
relative importance or quantity or position.

In the following, the present disclosure will be described in detail with reference to
embodiments and the accompanying drawings.

Embodiment 1

Embodiments of the present disclosure provide a method for keeping an active state of a
smart card until re-entering a field. Fig. 1 is a flow chart of a smart card leaving a field and
re-entering a field according to an embodiment of the present disclosure. Asillustrated in Fig. 1,
the method may include followings (block S201 to block S204).

At block S201, the smart card sends a waiting time extension instruction to an electronic
device when the smart card is in an electromagnetic field of the electronic device and in an active
state. The waiting time extension instruction includes at least a preset waiting duration.

In an embodiment, the electronic device may be a RF read/write device supporting a carrier
frequency of 13.56 MHz (such as a NFC reader, a NFC mobile phone, etc.), which can provide the
electromagnetic field in a certain range. The smart card may be a contactless smart card supporting
a carrier frequency of 13.56 MHz. When the smart card enters the electromagnetic field of the
electronic device, the smart card can acquire energy from the electromagnetic field of the
electronic device, and receive atrigger command of the electronic device, such that the smart card
be changed from a power-off state to an active state, to trigger the smart card to communicate with
the electronic device. The smart card can communicate with the electronic device in a non-contact
manner (such as NFC communication, RF communication, etc.). In addition, the smart card may
also have a built-in power supply. The built-in power supply can provide power for the smart card.
The smart card may also have functions such as display, key input, etc., so as to prompt the user,
facilitate user input and improve user experience. Moreover, the smart card may also include a
security chip. The security chip may be configured to complete functions such as electronic
signature, signature verification, dynamic password generation and/or verification, so as to
improve security of the smart card.

In the embodiment, the smart card sends a waiting time extension (WTX) instruction to the
electronic device. The WTX instruction may include a preset waiting duration. The WTX
instruction may be configured to instruct the electronic device to wait for the preset waiting

duration before performing subsequent operations. The preset waiting duration may be determined



according to user’s needs or calculated by smart card according to needs, and may aso be changed
according to the energy power of the electromagnetic field of the electronic device. With the WTX
instruction provided in the embodiment, the electronic device still waits for operations of the smart
card in the preset waiting duration. When the smart card re-enters the field after leaving the field
during the waiting process of the electronic device, the smart card is still in the active state, and
does not need to interact with the electronic device to switch the state again, thus timeis saved and
efficiency isimproved.

As an dternative implementation in the embodiment, before the smart card sends the WTX
instruction to the electronic device, the method provided by this embodiment may further include
operations of the smart card acquiring the preset waiting duration. In a specific implementation,
the smart card may acquire the waiting duration from outside, for example, the user inputs the
waiting duration. The smart card may also calculate the waiting duration according to a preset
algorithm and specific parameters, for example, the smart card can acquire a frame waiting time
(FWT) and awaiting time extension multiplier (WTXM), and calculate the preset waiting duration
Tw= FWT xWTXM according to the FWT and the WTXM.

In general, a frame waiting time integer (FWI) has a value of 0~14. When FWI=0, the FWT
has a minimum value, and the minimum value is 302us. When FWI=14, the FWT has a maximum
value, and the maximum value is 4949us. In general, the WTXM has a value of 1~59. The values
of the FWI and WTXM are selected by actual conditions, and the present disclosure is not limited
thereto.

In the embodiment, the smart card sending the WTX instruction to the electronic device may
be triggered by an instruction initiated by the user, or may be triggered by an operation instruction
initiated by the electronic device. The former can ensure that when the user needs the smart card to
leave the field, the smart card is instructed to send the WTX instruction, such that the user has
control rights. The latter can ensure that the electronic device can reasonably schedul e resources or
channels according to its own process when communicating with the smart card, such that the
electronic device can flexibly control the communication quality with the smart card. Both can
achieve the purpose of triggering the smart card to send the WTX instruction to the electronic
device.

In an aternative implementation of the embodiment, as an example, the user initiates the

instruction to trigger the smart card to send the WTX instruction to the electronic device, before



the smart card sends the WTX instruction to the electronic device, the method provided by the
embodiment may further include receiving by the smart card a leaving-field instruction input by a
user. In a specific implementation, the user can input the leaving-field instruction via a
physical/virtua key (button) or keyboard. For example, when the user needs to input a smart card
password, the smart card is attached to the electronic device, and it is inconvenient for the user to
input. Therefore, the user can input the leaving-field instruction to the smart card via the physical
keyboard or the virtual keyboard to instruct the smart card to leave the field. The smart card sends
the WTX instruction to the electronic device, after the smart card receives areply returned by the
electronic device in response to the WTX instruction, the user can remove the smart card from the
electronic device (the smart card leaves the field), and input the smart card password, thereby
facilitating user’s operation.

In another alternative implementation of the embodiment, as an example, the electronic
device initiates the operation instruction to trigger the smart card to send the WTX instruction to
the electronic device, before the smart card sends the WTX instruction to the electronic device, the
smart card receives an operation command sent by the electronic device. For example, the
operation command sent by the electronic device and received by the smart card may be a
read/write operation command, but the smart card needs the electronic device to wait for 20ms,
then the smart card can send a WTX instruction with 20ms to the electronic device. Then, the
electronic device will read and write with the smart card after 20ms. For another example, the
operation command sent by the electronic device and received by the receiving module 102 may
be a charging command, i.e., a command that the electronic device charges the smart card. The
smart card needs the electronic device to wait for 20ms and charge the smart card in the 20ms,
then the smart card can send a WTX instruction with 20ms to the electronic device, and in the
waiting duration of 20ms, the electronic device charges the smart card, thus energy source of the
smart card can be effectively ensured.

At block S202, a timer is started after the smart card receives a reply returned by the
electronic device in response to the WTX instruction. A timing duration of the timer is the preset
waiting duration.

In the embodiment, after the electronic device receives the WTX instruction, if the electronic
device agrees with the WTX request of the smart card, the electronic device can send a reply in

response to the WTX instruction to the smart card to inform the smart card that the electronic



device has agreed with the WTX request, and perform subsequent operation after waits for the
preset waiting duration. When the smart card receives the reply returned by the electronic device,
the smart card immediately starts the timer, and the timer starts timing. The time duration of the
timer is consistent with the preset waiting duration. Similarly, the electronic device is also
provided with a timer, and the timer of the electronic device is also started after the reply is sent.
The time duration of the timer of the electronic device is also the preset waiting duration. With the
timers of the smart card and the electronic device, time of the smart card leaving the field can be
controlled, and as long as the smart card can re-enter the field before its timer times out, the smart
card does not need to switch the state. Thus, time for the smart card to re-enter the field is saved,
and efficiency of re-entering the field isincreased.

At block S203, the smart card detects that the smart card leaves the field, it is determined
whether the timer times out, and a current state of the smart card is kept as the active state when
the timer does not time out. When the smart card leaves the field, the smart card is powered by a
built-in power supply of the smart card.

In the embodiment, during the time that the smart card leaves the field, since the smart card of
the present disclosure has a built-in power supply, the smart card can be powered by the built-in
power supply. Therefore, if the length of leaving time of the smart card is less than the timing
duration of the timer, in other words, if the smart card re-enters the field before its timer times out,
the smart card is aways in the active state when it leaves the field. When smart card re-enters the
field, the timer of the electronic device does not time out, and the electronic device is still waiting.
In this case, once the timer of the electronic device times out, the electronic device may continue
to communicate with the smart card, the electronic device may consider that the smart card is
alwaysin the active state and never leaves the field, the electronic device will only send interactive
instructions after the active state to the smart card, and will not restart flows of the smart card
entering the field. Thus, even when the smart card leaves the field, the smart card is still in the
active state, and does not need to switch the state, time for the smart card to re-enter the field is
saved, and efficiency of re-entering the field is improved.

In the embodiment, if the length of leaving time of the smart card is more than the timing
duration of the timer, in other words, the smart card re-enters the field after its timer times out, the
timer of the electronic device aso times out. The electronic device will no longer wait after its

timer times out, but enter a card-finding process, the smart card changes from the active state to
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the leaving-field state, and continues to perform flows of entering the field with the electronic
device, i.e., the smart card needs to switch from an initial leaving-field state to an idle state, from
the idle state to a ready state, and from the ready state to the active state, and subsequent
communication can be continued.

In detail, there are many ways for the smart card to leave the field, and the present disclosure
only takes following two ways as examples for illustration.

A1l: The smart card is away from the electronic device. The distance between the smart card
and the electronic device is greater than a maximum distance that the electronic device provides
energy of the electromagnetic field, and the smart card leaves the field. This way of leaving the
field refers to that the smart card is physically away from the electronic device, that is, a physical
distance between the smart card and the electronic device is greater than the maximum distance
that the electronic device provides energy of the electromagnetic field. The maximum distance can
be set according to experience of those skilled in the art, such as 0.2m, as long as the user isin a
comfortable state when using the smart card, which is not limited in embodiments of the present
disclosure.

A2: A main control chip of the smart card is disconnected from a coil of the smart card. This
way of leaving the field is not physically far away, but means that the main control chip of the
smart card is disconnected from the coil of the smart card, and because of the smart card is not far
away from the electronic device, the coil of the smart card can still acquire energy from the
electromagnetic field of the electronic device, but the main control chip can no longer
communicate with the electronic device through the coil, and can no longer acquire energy from
the electromagnetic field of the electronic device through the coil, and the smart card is regard as
leaves the field.

For the second way of leaving the field (i.e., the A2 way of leaving the field), after the smart
card detects that the smart card leaves the field and before re-enters the field, the main control chip
of the smart card is disconnected from the coil of the smart card. The main control chip of the
smart card cannot acquire energy of the electromagnetic field of the electronic device through the
coil, but the coil of the smart card can still acquire energy from the electronic device. The coil of
the smart card can transmit the acquired energy to arectifying circuit connected to the coil, so asto
charge a charging device (such as a rechargeable battery, or a charging capacitor, etc.) of the smart

card. Therefore, as an alternative implementation in the embodiment, before the smart card sends

11



the WTX ingtruction to the electronic device at block S201, the method provided in the
embodiment may further include that the smart card receives an operation command sent by the
electronic device. The operation command at least includes a charging command. After it is
detected that smart card leaves the field at block S203, and before it is detected that the smart card
re-enters the field, the method provided in this embodiment may further include that a coil of the
smart card acquires energy from the electromagnetic field of the electronic device, so as to charge
the charging device (such as a rechargeable battery, or a charging capacitor, etc.) of the smart card.
With the aternative implementation of this embodiment, even if the smart card leaves the field, the
smart card can still be charged by the electromagnetic field of the electronic device, and charging
efficiency isimproved.

For the above two ways of the smart card leaving the field, the smart card can detect that the
smart card leaves the field by detecting that a rectified voltage of the smart card changes from a
high level to alow level. In a specific implementation process, in the above two ways of leaving
the field, correspondingly, the detection method may include at least following two conditions.

B1l: It is detected that a rectified voltage of a rectifying circuit or a main control chip
connected to the coil of the smart card changes from a high level to alow level.

In this mode, for the first way of the smart card leaving the field (i.e., the A1 way of leaving
the field), when the smart card is physically away from the electronic device, the coil of the smart
card may gradually fail to sense the electromagnetic field of the electronic device, and the
rectifying circuit or the main control chip connected to the coil may also gradually fail to acquire
power from the coil. Therefore, the rectified voltage outputted by the rectifying circuit and the
rectified voltage outputted by the main control chip may change from the high level to the low
level, and the smart card detects that the smart card leaves the field.

B2: It is detected that a rectified voltage of a main control chip connected to the coil of the
smart card changes from a high level to alow level.

In this mode, for the second way of the smart card leaving the field, i.e., the A2 way of
leaving the field, when the smart card is not physicaly far away from the electronic device and
only main control chip of the smart card is disconnected from the coil of the smart card, athough
the coil of the smart card can still acquire energy from the electromagnetic field of the electronic
device, the main control chip of the smart card cannot acquire energy from the electromagnetic

field of the electronic device through the coil. Therefore, the rectified voltage outputted by the
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main control chip changes from the high level to the low level, and the smart card detects that the
smart card leaves the field.

With the detection method in the aternative implementation of the embodiment, regardless of
the way of leaving the field, the smart card can accurately detect whether the smart card leaves the
field, and by detecting the change of the rectified voltage, it is very simple and inexpensive to
implement the circuit, in addition to being able to accurately determine whether the smart card
leaves the field.

At block S204, the smart card detects that the smart card re-enters the field, it is determined
whether the timer times out, and the current state of the smart card is kept as the active state when
the timer does not time out.

In this step, when the smart card re-enters the field before its timer times out, the timer of the
electronic device does not time out and the electronic device is still waiting. When the timer of the
electronic device times out, the electronic device may continue to communicate with the smart
card, the electronic device may consider that the smart card is always in the active state and never
leaves the field, the electronic device will only send interactive instructions after the active state to
the smart card, and will not restart flows of the smart card entering the field. The smart card
re-enters the field after leaving the field, the smart card is still in the active state, and does not need
to switch the state, thus time for the smart card to re-enter the field is saved, and efficiency of
re-entering the field isimproved.

In the embodiment, corresponding to the above implementations of the smart card leaving the
field, there may aso be the following two ways of the smart card re-entering the field.

C1: The smart card approaches the electronic device, in which, the smart card slowly
approaches the electronic device from a place far away from the electronic device. When the smart
card approaches the electronic device, the distance between the smart card and the electronic
device is less than the maximum distance that the electronic device provides energy of the
electromagnetic field, and the smart card re-enters the field. This way of re-entering the filed
corresponds to the above-mentioned first way of leaving the field (i.e., the A1 way of leaving the
field), which refers to that the smart card physically approaches the electronic device.

C2: The main control chip of the smart card is connected to the coil of the smart card. This
way of re-entering the field is not a physical approach, but refers to that in above-mentioned

second way of leaving the field (i.e., the A2 way of leaving the field), a disconnected link between
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the main control chip of the smart card and the coil of the smart card is reconnected. The main
control chip of the smart card can communicate with the electronic device through the coil, and
acquire energy from the electromagnetic field of the electronic device through the coil. The smart
card enters the field.

For the above two ways of the smart card entering the field, the smart card can detect that the
smart card re-enters the field by detecting that a rectified voltage of the smart card changes from a
low level to a high level. In a specific implementation process, in the above two ways of
re-entering the field, correspondingly, the detection method may include at least the following two
conditions.

D1: It is detected that a rectified voltage of a rectifying circuit or a main control chip of the
smart card connected to the coil of the smart card changes from alow level to ahigh level.

In this mode, for the first way of the smart card entering the field, i.e., the C1 way of entering
the field, when the smart card physicaly approaches the electronic device, the coil of the smart
card may gradually sense the electromagnetic field of the electronic device, and the rectifying
circuit or the main control chip connected to the coil may gradually increase power taken from the
coil. Therefore, the rectified voltage outputted by the rectifying circuit and the rectified voltage
outputted by the main control chip may change from the low level to the high level, and the smart
card detects that the smart card re-enters the field.

D2: It is detected that a rectified voltage of a main control chip connected to the coil of the
smart card changes from alow level to ahigh level.

In this mode, for the second way of the smart card entering the field, i.e., the C2 way of
entering the field, when the smart card is not physically approaches the electronic device and only
the disconnected link between the main control chip of the smart card and the coil of the smart
card is reconnected, the main control chip of the smart card can acquire energy from the
electromagnetic field of the eectronic device through the coil, the rectified voltage outputted by
the main control chip changes from the low level to the high level, and the smart card detects that
the smart card re-enters the field.

With the detection method in the aternative implementation of the embodiment, regardless of
the way of entering the field, the smart card can accurately detect whether the smart card re-enters
the field, and by detecting the change of the rectified voltage, it is very simple and inexpensive to

implement the circuit, in addition to being able to accurately determine whether the smart card
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re-enters the field.

In an aternative implementation of embodiments, before the smart card is in the
electromagnetic field of the electronic device and in the active state, that is, before block S201, as
illustrated in Fig. 2, the method may further include followings (block S101 to block S108).

At block S101, the smart card determines whether the current state is detected in a
leaving-field state when entering the field, if yes, block S102 is performed, otherwise, the smart
card keeps the current state as the leaving-field state, block S101 is performed.

In a specific implementation, in the leaving-field state, the smart card generally enters the
field in the above first way of entering the field (i.e., the C1 way of entering the field), the smart
card physically approaches the electronic device, the coil of the smart card can gradually sense the
electromagnetic field of the electronic device, and the rectifying circuit or the main control chip
connected to coil can gradually increase power taken from the coil. Therefore, in detail, the smart
card determining whether the current state is detected in the leaving-field state when entering the
field that the smart card determines whether a rectified voltage outputted by a rectifying circuit or
amain control chip of the smart card connected to the coil changes from alow level to ahigh level.
When the smart card detects that the rectified voltage outputted by the rectifying circuit and the
rectified voltage outputted by the main control chip change from the low level to the high level,
the smart card can detect that the smart card enters the field in the leaving-field state. When it is
detected that smart card enters the field, block S102 is performed, otherwise the smart card is till
in the leaving-field state, and block S101 is continued.

At block S102, the smart card switches the current state to an idle state.

In a specific implementation, when the smart card enters the field in the leaving-field state
and determines that the rectified voltage changes from the low level to the high level, the smart
card may know that it is in the entering-field state, and the smart card can switch from the
leaving-field state to the idle state.

At block S103, the smart card receives a command from the electronic device, and determines
the command received from the electronic device. When the received command is one of an
anti-conflict cycle command, a conflict detection command, a stop command and an error
command, block S102 is performed. When the received command is a card probing command,
block S104 is performed.

In a specific implementation, the anti-conflict cycle command is a cycle command for
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preventing command conflicts. Therefore, when the smart card is in the idle state, the smart card
keeps the idle state after the anti-conflict cycle command is received.

The conflict detection command is a command for detecting whether there are multiple smart
cardsin the electromagnetic field of the electronic device. Only when the smart card isin the ready
state, operations corresponding to the conflict detection command can be performed, and when the
smart card is in the idle state, even if the conflict detection command is received, operations
corresponding to the conflict detection command will not be performed. Therefore, when the smart
card isin the idle state, the smart card keeps the idle state after the conflict detection command is
received.

The stop command refers to a command for stopping operation of the smart card, and the
command that the electronic device forces the smart card to stop operating when the electronic
device encounters a system failure. Therefore, when the smart card is in the idle state, after the
stop command is received, the smart card will no longer perform subsequent operations, and the
smart card keepsin the idle state.

The error command is an error indication given by the electronic device to the smart card
when an operating error occurs in the electronic device. Therefore, when the smart card is in the
idle state, after the error command is received, the smart card no longer performs subsequent
operations, and the smart card keeps in theidle state.

Therefore, when the smart card receives one of the foregoing commands, the current state of
the smart card does not change, and the smart card continues to perform block S103, to receive the
command from the el ectronic device, and determine the type of the recelved command.

In a specific implementation, the card probing command is a command performed by the
electronic device to detect the smart card in the electromagnetic field of the electronic device.
When the electronic device sends the card probing command, it is detected whether there is a
smart card protocol matched in the electromagnetic field of the electronic device, the smart card
may return areply to the electronic device, i.e.,, the smart card performs block S104.

At block S104, the smart card returns areply in response to the card probing command to the
electronic device, and the smart card switches the current state to aready state.

In a specific implementation, when the electronic device sends the card probing command to
detect whether there is a smart card protocol matched in the electromagnetic field of the electronic

device, when the smart card receives the card probing command sent by the electronic device, the
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smart card returns areply in response to the card probing command to inform the electronic device
that there is the smart card protocol matched in its electromagnetic field, and the smart card
switches the current state to the ready state. For example, when the electronic device is a NFC
device, the NFC device detects whether the smart card in its electromagnetic field supports NFC
communication. When the smart card receives the card probing command sent by the NFC device,
if the smart card supports NFC communication, the smart card may return a reply to inform the
NFC device that there is the smart card supporting the NFC communication in its electromagnetic
field, and switch the current state to the ready state.

At block S105, the smart card receives a command from the electronic device, and determines
the command received from the electronic device. When the received command is one of a card
probing command, a stop command and an error command, block S102 is returned. When the
received command is the anti-conflict cycle command, block S105 is continued. When the
received command is the conflict detection command, block S106 is performed.

The card probing command is a command performed by the electronic device to detect the
smart card in the electromagnetic field of the electronic device, and is the command to switch from
an idle state to aready state when the smart card isin theidle state. Therefore, when the smart card
isin the ready state, the smart card switches the current state to the idle state after the card probing
command isreceived, i.e., block S102 is returned.

The stop command refers to a command for stopping operation of the smart card, and the
command that the electronic device forces the smart card to stop operating when the electronic
device encounters a system failure. Therefore, when the smart card is in the ready state, after the
stop command is received, the smart card no longer performs subsequent operations and switches
the current state to the idle state, i.e., block S102 is returned.

The error command is an error indication given by the electronic device to the smart card
when an operating error occurs in the electronic device. Therefore, when the smart card is in the
ready state, after the error command is received, the smart card no longer performs subsequent
operations and switches the current state to the idle state. Therefore, when the smart card receives
one of the above commands, block S102 is returned.

The anti-conflict cycle command is a cycle command for preventing command conflicts.
Therefore, when the smart card is in a ready state, after the anti-conflict cycle command is

received, the smart card continues to perform block S105, i.e., the smart card may keep the current
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state as the ready state, and continue to determine the command received from the electronic
device.

Since the conflict detection command is a command for detecting whether there are multiple
smart cards in the electromagnetic field of the electronic device. Therefore, when the smart card is
in the ready state, after the conflict detection command is received, block S106 is performed, i.e.,
the smart card returns a confirmation message to the electronic device.

At block S106, the smart card returns a confirmation message to the electronic device, and
switches current state to the active state. The confirmation message includes a unigue
identification UID of the smart card.

When the smart card is in the ready state, after the conflict detection command is received,
since the confirmation message returned by the smart card to the electronic device includes the
UID of the smart card, it ensures that the current electronic device can only communicate with the
smart card. When the smart card is in the active state, the electronic device can perform data
communication with the smart card.

At block S107, the smart card receives acommand from the electronic device, and determines
the command received from the electronic device. When the received command is one of a card
probing command, an anti-conflict cycle command, a conflict detection command and an error
command, block S102 is performed. When the received command is a selection command, block
S108 is performed.

The selection command refers to a command sent by the electronic device after the electronic
device selects to communicate with the smart card. Only when the smart card is in the active state,
operations corresponding to the selection command can be performed, when the smart card isin
other states, even if the selection command is received, the operations corresponding to the
selection command will not be performed. Therefore, when the smart card is in the active state,
when the electronic device selects to communicate with the smart card, the electronic device may
send the selection command to the smart card to instruct the smart card that electronic device has
selected to communicate with the smart card.

At block S108, the smart card returns a reply in response to the selection command to the
electronic device, and the smart card keeps the current state as the active state. The reply in
response to the selection command includes at least one of a waiting time, a baud rate, a history

byte and a manufacturer code supported by the smart card.
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With blocks S101 to S108, the smart card switches from the leaving-field state to the idle
state, from the idle state to the ready state, and from the ready state to the active state, and then
operations of blocks S201 to step S204 can be performed.

With the method for keeping an active state of a smart card until re-entering a field provided
by embodiments of the present disclosure, the smart card sends a WTX instruction to the
electronic device before leaving the field, and the smart card is powered by a built-in power supply
of the smart card after leaving the field, such that the smart card still keeps the active state until the
smart card re-enters the field in the preset waiting duration, and does not need to interact with the
electronic device to switch the state again, thereby simplifying communication process between
the smart card and the electronic device, saving the time for the smart card to re-enter the field,
and improving efficiency of re-entering the field.

Embodiment 2

Embodiments of the present disclosure provide a smart card. Fig. 3 is a schematic diagram of
asmart card provided by embodiments of the present disclosure. Asillustrated in Fig. 3, the smart
card includes a sending module 101, a receiving module 102, a timer 103, a control module 104
and a power supply module 105.

In the embodiment, the sending module 101 is configured to send a WTX instruction to an
electronic device when the smart card isin an electromagnetic field of the electronic device and in
an active state. The WTX instruction at least includes a preset waiting duration. The receiving
module 102 is configured to trigger a timer 103 to start timing after receiving areply returned by
the electronic device in response to the WTX instruction. The timer 103 is configured to start
timing after being triggered by the receiving module 102. A timing duration is the preset waiting
duration. The control module 104 is configured to determine whether the timer 103 times out after
detecting that smart card leaves the field, and keep a current state of the smart card as the active
state when the timer 103 does not time out. When the smart card leaves the field, the smart card is
powered by a power supply module 105 of the smart card. The control module 104 is further
configured to determine whether the timer 103 times out after detecting that smart card re-enters
the field, and keep the current state of the smart card as the active state when the timer 103 does
not time out. In other words, when the smart card re-enters the field before the timer 103 times out,
the electronic device can still recognize the smart card, and perform subsequent communication.

With the smart card provided by embodiments of the present disclosure, a WTX instruction is
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sent to the electronic device before leaving the field, and the smart card is powered by a power
supply module of the smart card after leaving the field, such that the smart card still keeps the
active state until the smart card re-enters the field in the preset waiting duration, and does not need
to interact with the electronic device to switch the state again, thereby simplifying communication
process between the smart card and the electronic device, saving the time for the smart card to
re-enter the field, and improving efficiency of re-entering the field.

In an alternative implementation of the embodiment, the sending module 101 sends a WTX
instruction to the electronic device. The WTX instruction may include a preset waiting duration.
The WTX instruction may be configured to instruct the electronic device to wait for the preset
waiting duration before performing subsequent operations. The preset waiting duration may be
determined according to user’s needs or calculated by smart card according to needs, and may also
be changed according to the energy power of the electromagnetic field of the electronic device.
With the WTX instruction provided in the embodiment, the electronic device still waits for
operations of the smart card in the preset waiting duration. When the smart card re-enters the field
after leaving the field during the waiting process of the electronic device, the smart card is till in
the active state, and does not need to interact with the electronic device to switch the state again,
thustimeis saved and efficiency isimproved.

In a specific implementation, before the sending module 101 sends the WTX instruction to
the electronic device, the control module 104 may need to acquire the preset waiting duration. In a
specific implementation, the control module 104 may acquire the waiting duration from outside,
for example, the user inputs the waiting duration. The control module 104 may aso calculate the
waiting duration according to a preset a gorithm and specific parameters, for example, the control
module 104 can acquire a FWT and a WTXM, and calculate the preset waiting duration
Tw=FWT xWTXM according to the FWT and the WTXM.

In general, a FWI has avaue of 0~14. When FWI=0, the FWT has a minimum value, and the
minimum value is 302ps. When FWI=14, the FWT has a maximum value, and the maximum value
is 4949yus. In general, the WTXM has a value of 1~59. The values of the FWI and WTXM can be
selected by actual conditions, and the present disclosure is not limited thereto.

In the embodiment, the receiving module 102 is further configured to receive an instruction
initiated by the user or an operation instruction initiated by the electronic device, so as to trigger

the sending module 101 to send the WTX instruction to the electronic device. The instruction
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initiated by the user can ensure that when the user needs the smart card to leave the field, the smart
card is instructed to send the WTX instruction, such that the user has control rights. The operation
instruction initiated by the electronic device can ensure that the electronic device reasonably
schedules resources or channels according to its own process when communicating with the smart
card, such that the electronic device can flexibly control the communication quality with the smart
card. Both can achieve the purpose of triggering the smart card to send the WTX instruction to the
electronic device.

In an alternative implementation of the embodiment, before the sending module 101 sends the
WTX instruction to the electronic device, the receiving module 102 is further configured to receive
a leaving-field instruction input by a user. In a specific implementation, the user can input the
leaving-field instruction via a physica/virtual key (button) or keyboard of the smart card. For
example, when the user needs to input a smart card password, the smart card is attached to the
electronic device, and it is inconvenient for the user to input. Therefore, the user can input the
leaving-field instruction to the smart card via the physical keyboard or the virtual keyboard to
instruct the smart card to leave the field. The control module 104 can trigger the sending module
101 to send the WTX instruction to the electronic device, after the receiving module 102 receives a
reply returned by the electronic device in response to the WTX instruction, the user can remove
the smart card from the electronic device (the smart card leaves the field), and input the smart card
password, thereby facilitating user’s operation.

In another alternative implementation of the embodiment, before the sending module 101
sends the WTX ingtruction to the electronic device, the receiving module 102 receives an
operation command sent by the electronic device. In a specific implementation, for example, the
operation command sent by the electronic device and received by the receiving module 102 may
be aread/write operation command, but the control module 104 needs the el ectronic device to wait
for 20ms, then the control module 104 can trigger the sending module 101 to send a WTX
instruction with 20ms to the electronic device. Then, the electronic device will read and write with
the smart card after 20ms.

For another example, the operation command sent by the electronic device and received by
the receiving module 102 may be a charging command, i.e., a command that the electronic device
charges the smart card. The control module 104 needs the electronic device to wait for 20ms and

charge the smart card in the 20ms, then the control module 104 can trigger the sending module 101
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to send aWTX instruction with 20ms to the electronic device, and in the waiting duration of 20ms,
the electronic device charges the smart card, thus energy source of the smart card is effectively
ensured.

In at least one embodiment, as illustrated in Fig. 4, the smart card further includes a coil 106,
a switch module 107 and a rectifying module 108. The coil 106 is configured to sense the
electromagnetic field of the electronic device and acquire energy from the electromagnetic field of
the electronic device to provide to the rectifying module 108 or the control module 104 of the
smart card (i.e., the main control chip of the smart card). The switch module 107 is configured to
control the connection and disconnection between the coil 106 and the control module 104. The
rectifying module 108 is configured to charge the charging device (such as a rechargeabl e battery,
or a charging capacitor, etc.) of the smart card. For the second way of the leaving the field, i.e., the
A2 way of leaving the field, after the control module 104 receives the charging command, the
switch module 107 is turn-off, such that the control module 104 of the smart card is disconnected
from the coil 106 of the smart card, the control module 104 of the smart card cannot acquire
energy from the electromagnetic field of the electronic device through the coil 106, but the
rectifying module 108 connected to the coil 106 of the smart card can still acquire energy from the
electromagnetic field of the electronic device, so as to charge the charging device (such as a
rechargeable battery, or a charging capacitor, etc.) of the smart card. With the embodiment,
charging efficiency of the smart card isimproved.

In the embodiment, the smart card is provided with a timer 103, after the receiving module
102 receives the reply returned by the electronic device in response to the WTX instruction, the
timer 103 is triggered to start timing. The time duration of the timer 103 is the preset waiting
duration. Similarly, the electronic device is aso provided with a timer, and the timer of the
electronic device is also started after the reply is sent. The time duration of the timer of the
electronic device is also the preset waiting duration. Timers of the electronic device and the smart
card should end at the same time. With the timers of the smart card and the electronic device, time
of the smart card leaving the field can be controlled, and as long as the smart card can re-enter the
field before its timer times out, the smart card does not need to switch the state. Thus, time for the
smart card to re-enter the field is saved, and efficiency of re-entering the field is increased.

In the embodiment, during the time that the smart card leaves the field, since the smart card of

the present disclosure has a built-in power supply module 105, the smart card can be powered by
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the power supply module 105. Therefore, if the length of leaving time of the smart card is less than
the timing duration of the timer, in other words, if the smart card re-enters the field before its timer
times out, the smart card is always in the active state when it leaves the field. When smart card
re-enters the field, the timer of the smart card does not time out, and the timer of the electronic
device does not time out, the electronic device is still waiting. When the timer of the electronic
device times out, the electronic device may continue to communicate with the smart card, the
electronic device may consider that the smart card is always in the active state and never leaves the
field, the electronic device will only send interactive instructions after the active state to the smart
card, and will not restart flows of the smart card entering the field. Thus, even when the smart card
leaves the field, the smart card is still in the active state, and does not need to switch the state, time
for the smart card to re-enter the field is saved, and efficiency of re-entering the field isimproved.

In the embodiment, when the smart card leaves the field after its timer times out, that is, the
smart card re-enters the field after its timer times out, the timer of the electronic device also times
out. The electronic device will no longer wait after its timer times out, but enter a card-finding
process, the smart card changes from the active state to the leaving-field state, and continues to
perform flows of entering the field with the electronic device, i.e., the smart card needs to switch
from an initial leaving-field state to an idle state, from the idle state to a ready state, and from the
ready state to the active state, and subsequent communication can be continued.

In an alternative implementation of the embodiment, the control module 104 can detect that
the smart card leaves the field by detecting that a rectified voltage of the smart card changes from
ahigh level to alow level. In a specific implementation, for the control module 104 detecting that
the smart card leaves the field, following two conditions may be included.

E1: It is detected that a rectified voltage of a rectifying module 108 or a control module 104
(i.e., the main control chip of the smart card) connected to the coil 106 of the smart card changes
from ahigh level to alow level.

For thefirst way of the smart card leaving thefield, i.e., the A1 way of leaving the field, when
the smart card is physically away from the electronic device, the coil 106 of the smart card may
gradually fail to sense the electromagnetic field of the electronic device, and the rectifying module
108 or the control module 104 connected to the coil may also gradually fail to acquire power from
the coil 106. Therefore, the rectified voltage outputted by the rectifying module 108 or the rectified

voltage outputted by the control module 104 may change from the high level to the low level, and
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the control module 104 detects that the smart card leaves the field. When the smart card |eaves the
field with in the A1 way, when the smart card illustrated in Fig. 4 is applied, it can be detected that
rectified voltage of the rectifying module 108 or the control module 104 connected to the coil 106
of the smart card changes from the high level to the low level, and when an ordinary smart card
(i.e.,, a smart card only includes the coil 106 and the control module 104) is applied, it can be
detected that rectified voltage of the control module 104 of the smart card changes from the high
level to the low level.

E2: It is detected that a rectified voltage of the control module 104 connected to the coil 106
of the smart card changes from a high level to alow level.

For the second way of the smart card leaving the field, i.e., the A2 way of leaving the field,
when the smart card is not physically far away from the electronic device and only the switch
module 107 is open, the control module 104 of the smart card is disconnected from the coil 106 of
the smart card, and the control module 104 of the smart card cannot acquire energy from the
electromagnetic field of the electronic device. Therefore, the rectified voltage of the control
module 104 will change from the high level to the low level, and the control module 104 detects
that the smart card leaves the field. When the smart card leaves the field in the A2 way, whether
the smart card illustrated in Fig. 4 or an ordinary smart card (i.e., a smart card only includes the
coil 106 and the control module 104) is applied, it can both be detected that rectified voltage of the
control module 104 of the smart card changes from the high level to the low level.

With the control module in the alternative implementation of the embodiment, regardless of
the way of leaving the field, the control module 104 can accurately detect whether the smart card
leaves the field, and the change of the rectified voltage of the rectifying module or the control
module connected to the coil of the smart card can be detected, it is very simple to implement the
circuit, and cost is low.

In an alternative implementation of the embodiment, the control module 104 can detect that
the smart card re-enters the field by detecting that a rectified voltage of the smart card changes
from alow level to ahigh level. In a specific implementation, for the control module 104 detecting
that the smart card re-enters the field, following two conditions may be included.

F1: It is detected that a rectified voltage of a rectifying module 108 or a control module 104
connected to the coil 106 of the smart card changes from alow level to ahigh level.

For the first way of the smart card entering the field, i.e., the C1 way of entering the field,
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when the smart card physically approaches the electronic device, the coil 106 of the smart card
may gradually sense the electromagnetic field of the electronic device, and the rectifying module
108 or the control module 104 connected to the coil 106 may gradually increase power taken from
the coil. Therefore, the rectified voltage outputted by the rectifying module 108 and the rectified
voltage outputted by the control module 104 may change from the low level to the high level, and
the control module 104 detects that the smart card re-enters the field. When the smart card enters
the field with in the C1 way, when the smart card illustrated in Fig. 4 is applied, it can be detected
that rectified voltage of the rectifying module 108 or the control module 104connected to the coil
106 of the smart card changes from the low level to the high level, and when an ordinary smart
card (a smart card only includes the coil 106 and the control module 104) is applied, it can be
detected that rectified voltage of the control module 104 of the smart card changes from the low
level to the high level.

F2: It is detected that a rectified voltage of the control module 104 connected to the coil 106
of the smart card changes from alow level to ahigh level.

For the second way of the smart card entering the field, i.e., the C2 way of entering the field,
when the smart card is not physically approaches the electronic device and only the switch module
107 is closed, the control module 104 of the smart card is reconnected with the coil 106 of the
smart card, and the control module 104 of the smart card can acquire energy from the
electromagnetic field of the electronic device through the coil 106. Therefore, the rectified voltage
outputted by the control module 104 may change from the low level to the high level, and the
control module 104 detects that the smart card re-enters the field. When the smart card enters the
field in the C2 way, whether the smart card illustrated in Fig. 4 or an ordinary smart card (i.e., a
smart card only includes the coil 106 and the control module 104) is applied, it can both be
detected that rectified voltage of the control module 104 of the smart card changes from the low
level to the high level.

With the control module in the alternative implementation of the embodiment, regardless of
the way of entering the field, the control module can accurately detect whether the smart card
re-enters the field, and the change of the rectified voltage of the rectifying module or the control
module (i.e., the main control chip of the smart card) connected to the coil of the smart card can be
detected, it is very simple to implement the circuit and cost is low.

In another alternative implementation of the embodiment, as illustrated in Fig. 4, the smart
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card further includes a first determining module 109, a second determining module 110, a third
determining module 111 and a fourth determining module 112.

The first determining module 109 is configured to determine whether the smart card enters
the field in a leaving-field state, and send a determination result to the control module 104. The
control module 104 is configured to control the smart card to switch the current state to an idle
state if the determination result of the first determining module 109 is yes, and otherwise control
the smart card to keep the leaving-field state.

In a specific implementation, in the leaving-field state, the smart card generally enters the
field in the above first way of entering the field (i.e., the C1 way of entering the field), the smart
card physically approaches the electronic device, the coil 106 of the smart card gradually senses
the electromagnetic field of the electronic device and acquires energy therefrom, such that the
rectified voltage in the rectifying module 108 or the rectified voltage in the control module 104 of
the smart card changes from a low level to a high level, the first determining module 109
determines that smart card enters the field, and the control module 104 switches the current state to
theidle state.

The receiving module 102 is configured to receive a command sent by the electronic device.
The received command includes an anti-conflict cycle command, a conflict detection command, a
stop command, an error command, a card probing command and a sel ection command.

In an implementation process, the anti-conflict cycle command is a cycle command for
preventing command conflicts. Therefore, after the receiving module 102 receives the anti-conflict
cycle command, the control module 104 controls the smart card to keep the current state.

The conflict detection command is a command for detecting whether there are multiple smart
cardsin the electromagnetic field of the electronic device. Only when the smart card isin the ready
state, operations corresponding to the conflict detection command can be performed, and when the
smart card is in other states, even if the conflict detection command is received, operations
corresponding to the conflict detection command will not be performed. Therefore, when the smart
card isin the ready state, after the receiving module 102 receives the conflict detection command,
the control module 104 controls the smart card to switch the ready state to the active state.

The stop command refers to a command for stopping operation of the smart card, and the
command that the electronic device forces the smart card to stop operating when the electronic

device encounters a system failure. Therefore, after the receiving module 102 receives the stop
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command, the control module 104 controls the smart card to keep the current state.

The error command is an error indication given by the electronic device to the smart card
when an operating error occurs in the electronic device. Therefore, after the receiving module 102
receives the stop command, the control module 104 controls the smart card to keep the current
State.

The card probing command is a command performed by the electronic device to detect the
smart card in the electromagnetic field of the electronic device. When the e ectronic device sends
the card probing command, it is detected whether there is a smart card protocol matched in the
electromagnetic field of the electronic device, after the receiving module 102 receives the card
probing command, the sending module 101 may return a reply to the electronic device, to inform
the electronic device that there is a smart card protocol matched in its electromagnetic field.

The selection command refers to a command sent by the electronic device after the electronic
device selects to communicate with the smart card. Only when the smart card is in the active state,
operations corresponding to the selection command can be performed, and when the smart card is
in other states, even if the selection command is received, the operations corresponding to the
selection command will not be performed. Therefore, when the smart card is in the active state,
when the electronic device selects to communicate with the smart card, the electronic device may
send the selection command to the smart card to instruct the smart card that electronic device has
selected to communicate with the smart card.

The second determining module 110 is configured to determine a command received by the
smart card from the electronic device in an idle state. When the command received in the idle state
is one of an anti-conflict cycle command, a conflict detection command, a stop command and an
error command, the second determining module 110 is configured to notify the control module 104
to control the smart card to keep the current state as the idle state. When the command received in
the idle state is a card probing command, the second determining module 110 is configured to
notify the control module 104 to return a reply in response to the card probing command and
control the smart card to switch the current state to aready state.

The control module 104 is configured to control the smart card to keep the current state as the
idle state when the second determining module 110 determines that the command received in the
idle state is one of an anti-conflict cycle command, a conflict detection command, a stop command

and an error command. When the second determining module 110 determines that the command
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received in the idle state is a card probing command, the control module 104 is configured to
notify the sending module 101 to return a reply in response to the card probing command to the
electronic device, and control the smart card to switch the current state to the ready state.

In a specific implementation, when the receiving module 102 receives one of an anti-conflict
cycle command, a conflict detection command, a stop command and an error command, the
current state of the smart card does not change, and the control module 104 keeps the current state
as the idle state. The card probing command is a command performed by the electronic device to
detect the smart card in the electromagnetic field of the electronic device. When the electronic
device sends the card probing command to detect whether there is a smart card protocol matched
in the electromagnetic field of the electronic device, and the receiving module 102 receives the
card probing command sent by the electronic device, the sending module 101 returns a reply in
response to the card probing command to inform the electronic device that there is the smart card
protocol matched in its electromagnetic field, and the smart card switches the current state to the
ready state. Therefore, when the receiving module 102 receives the card probing command, the
control module 104 controls the smart card to switch the current state to the ready state. For
example, when the electronic device is a NFC device, the NFC device detects whether the smart
card in its electromagnetic field supports NFC communication. When the receiving module 102
receives the card probing command sent by the NFC device, if the smart card supports NFC
communication, the sending module 101 may return areply, to inform the NFC device that thereis
the smart card supporting the NFC communication in its electromagnetic field, and the control
module 104 controls the smart card to switch the current state to the ready state.

The third determining module 111 is configured to determine a command received by the
smart card from the electronic device in aready state, and notify the control module 104 to control
the smart card to switch the current state to an idle state when the command received in the ready
state is one of a card probing command, an anti-conflict cycle command, a stop command and an
error command. In a specific implementation, when the receiving module 102 receives one of a
card probing command, an anti-conflict cycle command, a stop command and an error command,
the control module 104 switches the current state to the idle state. The card probing command is a
command performed by the electronic device to detect the smart card in the electromagnetic field
of the electronic device, and is the command to switch the smart card from the idle state to the

ready state. Therefore, when the smart card is in the ready state, after the receiving module 102
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receives the card probing command, the control module 104 switches the current state to the idle
state. The anti-conflict cycle command is a cycle command for preventing command conflicts.
Therefore, when the smart card is in the ready state, after the receiving module 102 receives
anti-conflict cycle command, the control module 104 keeps the current state as the ready state. The
conflict detection command is a command for detecting whether there are multiple smart cards in
the electromagnetic field of the electronic device. Since a confirmation message returned by the
sending module 101 to the electronic device includes a UID of the smart card, it ensures that the
current electronic device can only communicate with the smart card. Therefore, the control module
104 controls the smart card to switch the current state to the active state.

The fourth determining module 112 is configured to determine a command received by the
smart card from the electronic device in an active state. When the command received in the active
state is one of a card probing command, an anti-conflict cycle command, a conflict detection
command and an error command, the fourth determining module 112 is configured to notify the
control module 104 to control the smart card to switch the current state to the idle state. When the
command received in the active state is a selection command, the fourth determining module 112
is configured to notify the control module 104 to return a reply in response to the selection
command to the electronic device, and control the smart card to keep the current state as the active
state. The reply in response to the selection command includes at least one of a waiting time, a
baud rate, a history byte and a manufacturer code supported by the smart card.

The control module 104 is further configured to control the smart card to switch the current
state as the idle state when the fourth determining module 112 determines that the command
received in the active state is one of a card probing command, an anti-conflict cycle command, a
conflict detection command and an error command. When the fourth determining module 112
determines that the command received in the active state is a selection command, the control
module 104 is configured to notify the sending module 101 to return a reply in response to the
selection command to the electronic device, and control the smart card to keep the current state as
the active state. The reply in response to the selection command includes at least one of a waiting
time, a baud rate, a history byte and a manufacturer code supported by the smart card.

In a specific implementation, when the receiving module 102 receives one of a card probing
command, an anti-conflict cycle command, a conflict detection command and an error command,

the control module 104 switches the current state as the idle state. The sdl ection command refers to
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a command sent by the electronic device after the electronic device selects to communicate with
the smart card. Only when the smart card is in the active state, operations corresponding to the
selection command can be performed, and when the smart card is in other states, even if the
selection command is received, the operations corresponding to the selection command will not be
performed. Therefore, when the smart card is in the active state, when the electronic device selects
to communicate with the smart card, the electronic device may send the selection command to the
smart card to instruct the smart card that electronic device has selected to communicate with the
smart card. Therefore, after the receiving module 102 receives the selection command, the sending
module 101 returns a reply in response to the selection command, the reply in response to the
selection command includes at least one of a waiting time, a baud rate, a history byte and a
manufacturer code supported by the smart card, to instruct the electronic device that the smart card
will communicate with it.

With the first determining module, the second determining module, the third determining
module and the fourth determining module, the smart card switches from the leaving-field state to
the idle state, from the idle state to the ready state, and from the ready state to the active state, and
then operations after the active state can be performed.

Embodiment 3

Embodiments of the present disclosure further provide a smart card, which can be applied to
implement operations performed by the smart card in Embodiment 1. The smart card may include
one or more processors, a memory and one or more programs. The one or more programs are
stored in the memory, and when the one or more programs are executed by the one or more
processors, following operations are performed.

At block S101', when it is monitored that the smart card is in an electromagnetic field of the
electronic device and in an active state, a WTX instruction is sent to an electronic device. The
WTX instruction includes at least a preset waiting duration.

At block S102', atimer is started after areply returned by the electronic device in response to
the WTX instruction is received. A timing duration of the timer is the preset waiting duration.

At block S103', it is detected that the smart card leaves the field, it is determined whether the
timer times out, and a current state of the smart card is kept as the active state when the timer does
not time out. When the smart card leaves the field, the smart card is powered by a built-in power

supply of the smart card.
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At block S104', it is detected that the smart card re-enters the field, it is determined whether
the timer times out, the current state of the smart card is kept as the active state when the timer
does not time out.

With the smart card provided by embodiments of the present disclosure, a WTX instruction is
sent to the electronic device before leaving the field, and the smart card is powered by a built-in
power supply module of the smart card after leaving the field, such that the smart card still keeps
the active state until the smart card re-enters the field in the preset waiting duration, and does not
need to interact with the electronic device to switch the state again, thereby simplifying
communication process between the smart card and the electronic device, saving the time for the
smart card to re-enter the field, and improving efficiency of re-entering the field.

Any procedure or method described in the flow charts or described in any other way herein
may be understood to include one or more modules, portions or parts for storing executable codes
that realize particular logic functions or procedures. Moreover, advantageous embodiments of the
present disclosure includes other implementations in which the order of execution is different from
that which is depicted or discussed, including executing functions in a substantially simultaneous
manner or in an opposite order according to the related functions, which should be understood by
those skilled in the art.

It would be understood by those skilled in the art that al or a part of the steps carried by the
method in the above-described embodiments may be completed by relevant hardware instructed by
aprogram. The program may be stored in a computer readable storage medium. When the program
IS executed, one or a combination of the steps of the method in the above-described embodiments
may be included.

In the description of the specification, reference terms including “an embodiment,” “some

embodiments,” “an example,” “a specific example,” or “some examples,” means that a particular
structure, feature, material, or characteristic described in connection with the embodiment or
example is included in at least one embodiment or example of the present disclosure. In this
specification, the appearances of the phrases of above terms are not necessarily referring to the
same embodiment or example of the present disclosure. Furthermore, the particular features,
structures, materials, or characteristics may be combined in any suitable manner in one or more
embodiments or examples.

Although embodiments of present disclosure have been shown and described above, it should
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be understood that above embodiments are just explanatory, and cannot be construed to limit the
present disclosure, for those skilled in the art, changes, aternatives, and modifications can be
made to the embodiments without departing from spirit, principles and scope of the present

disclosure.
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What isclaimed is:

1. A method for keeping an active state of a smart card until re-entering afield, comprising:

sending a waiting time extension instruction by a smart card to an electronic device when the
smart card isin an electromagnetic field of the electronic device and in an active state, the waiting
time extension instruction comprising at least a preset waiting duration;

starting a timer after the smart card receives a reply returned by the electronic device in
response to the waiting time extension instruction, a timing duration of the timer being the preset
waiting duration;

detecting by the smart card that the smart card leaves the field, determining whether the timer
times out, and keeping a current state of the smart card as the active state when the timer does not
time out, wherein the smart card is powered by a built-in power supply of the smart card when the
smart card leaves the field; and

detecting by the smart card that the smart card re-enters the field, determining whether the
timer times out, and keeping the current state of the smart card as the active state when the timer
does not time out.

2. The method according to claim I, wherein detecting by the smart card that the smart card
leaves the field comprises:

detecting that arectified voltage of the smart card changes from a high level to alow level.

3. The method according to claim | or 2, wherein detecting by the smart card that the smart
card re-enters the field comprises:

detecting that the rectified voltage of the smart card changes from alow level to ahigh level.

4. The method according to any one of claims 1 to 3, wherein before sending the waiting time
extension instruction by the smart card to the electronic device, the method further comprises:

receiving by the smart card aleaving-field instruction input by a user.

5. The method according to any one of clams 1 to 4, wherein

before sending the waiting time extension instruction by the smart card to the electronic
device, the method further comprises:

receiving by the smart card an operation command sent by the electronic device, the operation
command at least comprising a charging command,;

after detecting that the smart card leaves the field, and before detecting that the smart card

re-enters the field, the method further comprises:
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acquiring energy from the electromagnetic field of the electronic device by a coil of the smart
card, to charge the smart card.

6. The method according to any one of claims 1 to 5, wherein before the smart card is in the
electromagnetic field of the electronic device and in the active state, the method further comprises:

determining by the smart card whether the current state is detected in a leaving-field state
when entering the field, and switching the current state to an idle state by the smart card in case of
the current state is detected in the leaving-field state when entering the field;

receiving a command from the electronic device by the smart card in the idle state,
determining the command received from the electronic device, returning by the smart card areply
in response to the command to the electronic device and switching by the smart card the current
state to aready state when the received command is a card probing command,;

receiving a command from the electronic device by the smart card in the ready state,
determining the command received from the electronic device, returning by the smart card a
confirmation message to the electronic device and switching by the smart card the current state to
the active state when the received command is a conflict detection command, wherein the
confirmation message comprises a unique identification UID of the smart card;

receiving a command from the electronic device by the smart card in the active state,
determining the command received from the electronic device, returning by the smart card a reply
in response to the command to the electronic device and keeping by the smart card the current state
as the active state when the received command is a selection command, wherein the reply in
response to the selection command comprises at least one of a waiting time, a baud rate, a history
byte and a manufacturer code supported by the smart card.

7. A smart card, comprising:

a sending module, configured to send a waiting time extension instruction to an electronic
device when the smart card is in an electromagnetic field of the electronic device and in an active
state, the waiting time extension instruction at least comprising a preset waiting duration;

a receiving module, configured to trigger a timer to start timing after recelving a reply
returned by the electronic device in response to the waiting time extension instruction;

a timer, configured to start timing after being triggered by the receiving module, a timing
duration being the preset waiting duration;

a control module, configured to determine whether the timer times out after detecting that

34



smart card leaves the field, and keep a current state of the smart card as the active state when the
timer does not time out, wherein the smart card is powered by a built-in power supply of the smart
card when the smart card leaves the field, and further configured to determine whether the timer
times out after detecting that smart card re-enters the field, and keep the current state of the smart
card as the active state when the timer does not time out.

8. The smart card according to claim 7, wherein the control module is configured to detect
that the smart card leaves the field by:

detecting by the control module that a rectified voltage of the smart card changes from a high
level to alow level.

9. The smart card according to claim 7 or 8, wherein the control module is configured to
detect that the smart card re-enters the field by:

detecting by the control module that the rectified voltage of the smart card changes from a
low level to ahigh level.

10. The smart card according to any one of claims 7 to 9, wherein the receiving module is
further configured to receive aleaving-field instruction input by a user before the sending module
sends the waiting time extension instruction to the electronic device.

11. The smart card according to any one of claims 7 to 10, wherein the smart card further
comprises acoil;

the receiving module is further configured to receive an operation command sent by the
electronic device before the sending module sends the waiting time extension instruction to the
electronic device, the operation command comprising at least a charging command;

the cail is configured to acquire energy from the electromagnetic field of the electronic device
to charge the smart card after the control module detects that the smart card leaves the field and
before the control modul e detects that the smart card re-enters the field.

12. The smart card according to any one of clams 7 to 11, wherein the smart card further
comprises a first determining module, a second determining module, a third determining module
and afourth determining module;

the first determining module is configured to determine whether the smart card enters the
field in aleaving-field state, and send a determination result to the control module;

the control module is configured to control the smart card to switch the current state to an idle

state when the determination result of the first determining moduleis yes,
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the receiving module is configured to receive a command sent by the electronic device;

the second determining module is configured to determine a command received by the smart
card from the electronic device in the idle state, and notify the control module to return areply in
response to the command and control the smart card to switch the current state to a ready state
when the received command is a card probing command,

the control module is further configured to return a reply in response to the card probing
command to the electronic device through the sending module and control the smart card to switch
the current state to the ready state when the second determining module determines that the
command received by the smart card in the idle state is the card probing command;

the third determining module is configured to determine a command received by the smart
card from the electronic device in the ready state, and notify the control module to return a
confirmation message to the electronic device and control the smart card to switch the current state
to the active state when the received command is a conflict detection command,

the control module is further configured to return the confirmation message to the electronic
device through the sending module and control the smart card to switch the current state to the
active state when the third determining module determines that the command received by the
smart card in the ready state is the conflict detection command, wherein the confirmation message
comprises a unique identification UID of the smart card;

the fourth determining module is configured to determine a command received by the smart
card from the electronic device in the active state, and notify the control module to return a reply
in response to the to the electronic device and control the smart card to keep the current state as the
active state when the received command is a sel ection command;

the control module is further configured to return a reply in response to the selection
command to the electronic device through the sending module and control the smart card to keep
the current state as the active state when the fourth determining module determines that the
command received by the smart card in the active state is the selection command, wherein the
reply in response to the selection command comprises at least one of a waiting time, abaud rate, a
history byte and a manufacturer code supported by the smart card.

13. A smart card, comprising:

one or More Processors,

amemory; and
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one or more programs,

wherein the one or more programs are stored in the memory, and when executed by the one or
more processors, perform following operations:

sending a waiting time extension instruction to an electronic device when monitoring that the
smart card isin an electromagnetic field of the electronic device and in an active state, the waiting
time extension instruction comprising at least a preset waiting duration;

starting a timer after the smart card receives a reply returned by the electronic device in
response to the waiting time extension instruction, a timing duration of the timer being the preset
waiting duration;

detecting that the smart card leaves the field, determining whether the timer times out, and
keeping a current state of the smart card as the active state when the timer does not time out,
wherein the smart card is powered by a built-in power supply of the smart card when the smart
card leaves the field; and

detecting that the smart card re-enters the field, determining whether the timer times out, and

keeping the current state of the smart card as the active state when the timer does not time out.
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