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(57) Abrégé/Abstract:

A shutdown apparatus for a photovoltaic module is provided. Only one first switch is connected in series in an output circuit of the
photovoltaic module, and a controller controls the first switch to be switched on in a normal power generation state and controls the
first switch to be switched off in a shutdown state. If a short circuit fault occurs in the first switch, the controller controls a second
switch connected in parallel with the photovoltaic module to be switched on, thereby causing the output of the photovoltaic module
short- circuited and ensuring a reliable shutdown. In addition, the second switch is in the shutdown state when the photovoltaic
module normally provides output, and the second switch does not cause losses to the output of the photovoltaic module, such that
it is not necessary to select a device with a low impedance.
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ABSTRACT

A shutdown apparatus for a photovoltaic module is provided. Only one first switch is
connected in series in an output circuit of the photovoltaic module, and a controller controls

5 the first switch to be switched on in a normal power generation state and controls the first
switch to be switched off in a shutdown state. If a short circuit fault occurs in the first switch,

the controller controls a second switch connected in parallel with the photovoltaic module to

be switched on, thereby causing the output of the photovoltaic module short-circuited and
ensuring a reliable shutdown. In addition, the second switch is in the shutdown state when the

10 photovoltaic module normally provides output, and the second switch does not cause losses to
the output of the photovoltaic module, such that it is not necessary to select a device with a

low impedance.
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SHUTDOWN APPARATUS FOR PHOTOVOLTAIC MODULE

FIELD
[0001] The present disclosure relates to the technical field of power electronic, and in

particular to a shutdown apparatus for a photovoltaic module.

BACKGROUND

[0002] As a renewable energy power generation technology, the photovoltaic power
generation technology is widely applied at home and abroad. The photovoltaic array outputs a
direct current, and the direct current is converted into an alternating current by an inverter and
then transmitted to a power grid. However, as the photovoltaic industry expands continuously,
the probability of accidents continuously increases. The photovoltaic array in series
connection has a high voltage. In order to improve the safety of the photovoltaic system, a
shutdown apparatus is generally added for each photovoltaic module, or a smart junction box
with a shutdown function is integrated on the photovoltaic module in the conventional
technology.

[0003] As shown in Figure 1, the shutdown circuit in the above apparatuses mainly includes
a sampling module, a power supply taking power from the photovoltaic module, a controller,
and at least one switch connected in series with the photovoltaic module. In a normal
operation state, the controller controls the switch to be switched on, and the photovoltaic
module can output electrical energy. When it is required to shut down the apparatus, the
controller controls the switch to be switched off, so that the output voltage of the photovoltaic
module is 0, thereby realizing the function of safety protection.

[0004] Since the shutdown apparatus is a safety protection apparatus, such apparatus is
required to be designed to have high reliability, to pass safety assessment for functions, and to
meet the requirement for not losing the main function (reliable shutdown) in case of a single
failure, according to Safety Regulation (UL1741). For the shutdown circuit shown in Figure 1,
in a case that only one switch Q1 is provided and QI fails (such as a short-circuit caused by

breakdown), the switch Q1 cannot truly realize the shutdown function for the output of the
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photovoltaic module even if the controller triggers a shutdown instruction. So, the safety
authentication cannot be successfully passed. Therefore, generally, two switches (i.e., QI and
Q2 in Figure 1) are provided in the main circuit for control. In a case where one switch is
short-circuited, the other switch still can be reliably switched off to ensure function safety.

[0005] Though the solution of using two switches in series connection is effective, the
system loss increases, that is, doubling the conduction loss of the power generation circuit. In
order to avoid the loss, switches with lower impedance may be adopted, which in turn results

in an increased cost.

SUMMARY

[0006] A shutdown apparatus for a photovoltaic module is provided according to the present
disclosure to solve the problems of a large loss and a high cost in the conventional technology.
[0007] The technical solutions of the present disclosure are described below.

[0008] A shutdown apparatus for a photovoltaic module is provided. The shutdown
apparatus is configured to realize an output shutdown function of a connected photovoltaic
module. The shutdown apparatus -includes: a controller and a combination of execution
devices. The combination of execution devices includes: a first switch, a second switch, a first
driving unit, a second driving unit, an input voltage detecting module, and an output voltage
detecting module.

[0009] The first switch is arranged on a positive cable or a negative cable of the photovoltaic
module.

[0010] The second switch is arranged between the positive cable and the negative cable of
the photovoltaic module.

[0011] The input voltage detecting module is configured to detect an input voltage of the
combination of execution devices.

[0012] The output voltage detecting module is configured to detect an output voltage of the
combination of execution devices.

[0013] The controller is configured to control the first switch to be switched on by the first
driving unit in a normal power generation state, and control the first switch to be switched off
by the first driving unit in a shutdown state; determine, after controlling the first switch to be

switched off, whether a short circuit fault occurs in the first switch based on the input voltage
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and the output voltage of the combination of execution devices; and control the second switch
to be switched on by the second driving unit if a short circuit fault occurs in the first switch.
[0014] In an embodiment, for determine whether a short circuit fault occurs in the first
switch based on the input voltage and the output voltage of the combination of execution
devices, the controller is configured to:

determine whether a voltage difference between the input voltage and the output voltage
of the combination of execution devices is within a predetermined range; and

determine that a short circuit fault occurs in the first switch if the voltage difference is
within the predetermined rang; and determine that no short circuit fault occurs in the first
switch if the voltage difference is not within the predetermined range.
[0015] In an embodiment, before determining whether a short circuit fault occurs in the first
switch based on the input voltage and the output voltage of the combination of execution
devices, the controller is further configured to: perform filtering or an average calculation on
the input voltage and the output voltage of the combination of execution devices within a
predetermined time period.
[0016] In an embodiment, the first switch is arranged between the photovoltaic module and
the second switch; or the second switch is arranged between the photovoltaic module and the
first switch.
[0017] In an embodiment, the combination of execution devices further includes a first
power supply and a seconci power supply. The first power supply is configured to supply
power to the first driving unit; and the second power supply is configured to supply power to
the second driving unit.
[0018] In an embodiment, the first power supply is configured to take power from the
photovoltaic module. The first power supply is a switching power supply, an isolated power
supply, or a linear power supply.
[0019] In an embodiment, the second power supply is an energy storage device. The second
power supply is configured to take power from the photovoltaic module; or the second power
supply is configured to take power from an output terminal of the first power supply.
[0020] In an embodiment, the second power supply is a current coupler. A coupling inductor
in the current coupler is arranged between the second switch and the negative cable of the

photovoltaic module.
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[0021] 1In an embodiment, the second power supply is configured to take power from another
photovoltaic module.

[0022] In an embodiment, the first switch and the second switch are relays or semiconductor
switch transistors.

[0023] In an embodiment, the number of photovoltaic modules connected to the shutdown
apparatus is N, the N photovoltaic modules are connected in series and provide output by the
shutdown apparatus, and N is a positive integer greater than 1.

[0024] The number of the combination of execution devices is N.

[0025] Each of the photovoltaic modules is provided with one combination of execution
devices.

[0026] The controller is connected to the input voltage detecting module and the output
voltage detecting module in each combination of execution devices to receive the input
voltage reported by the input voltage detecting module and the output voltage reported by the |
output voltage detecting module in each combination of execution devices; and

[0027] the controller is further connected to the first driving unit and the second driving unit
in each combination of execution devices to control the first switch and the second switch in
each combination of execution devices to be switched off or switched on.

[0028] In an embodiment, an input terminal of the second power supply in each combination
of execution devices is configured to receive a series voltage of the N photovoltaic modules.
[0029] According to the shutdown apparatus for a photovoltaic module provided by the
present disclosure, only one first switch is connected in series in an output circuit of the
photovoltaic module, and the controller controls the first switch to be switched on in the
normal power generation state and controls the first switch to be switched off in the shutdown
state. If the short circuit fault occurs in the first switch, the controller controls the second
switch connected in parallel with the photovoltaic module to be switched on, thereby causing
the output of the photovoltaic module short-circuited and ensuring a reliable shutdown. In
addition, the second switch is in the shutdown state when the photovoltaic module normally
provide output, the second switch does not cause loss to the output of the photovoltaic module,
such that it is not necessary to select a device with a low impedance, thereby solving the

problems of a large loss and a high cost in the conventional technology.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] In order to illustrate embodiments of the present disclosure or technical solutions in
the conventional technology clearer, the drawings, which are to be used in the description of
the embodiments or the conventional technology, are briefly described hereinafter. It is
apparent that, the drawings in the following description show only some embodiments of the
present disclosure, and other drawings may be obtained by those skilled in the art from the
drawings without creative efforts.

[0031] Figure 1 is a schematic diagram showing a structure of a shutdown circuit of a
photovoltaic module according to the conventional technology;

[0032] Figure 2 is a schematic diagram showing a structure of a shutdown apparatus for a
photovoltaic module according to an embodiment of the present disclosure;

[0033] Figure 3 is a schematic diagram showing a control process of a shutdown apparatus
for a photovoltaic module according to an embodiment of the present disclosure;

[0034] Figure 4 is a schematic diagram showing a structure of a shutdown apparatus for a
photovoltaic module according to another embodiment of the present disclosure;

[0035] Figure 5 is a schematic diagram showing a structure of a shutdown apparatus for a
photovoltaic module according to yet another embodiment of the present disclosure; and
[0036] Figure 6 is a schematic diagram showing a structure of a shutdown apparatus for a

photovoltaic module according to yet another embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0037] Technical solutions in embodiments of the present disclosure are described clearly
and completely hereinafter in conjunction with the drawings of the embodiments of the
present disclosure. Apparently, the embodiments described herein are only a few rather than
all of the embodiments of the present disclosure. Any other embodiments obtained by those
skilled in the art based on the embodiments of the present disclosure without any creative
efforts fall within the protection scope of the present disclosure.

[0038] A shutdown apparatus for a photovoltaic module is provided according to the present
disclosure to realize an output shutdown function of a connected photovoltaic module, so as to
solve the problems of a large loss and a high cost in the conventional technology.

[0039] Referring to Figure 2, the shutdown apparatus for a photovoltaic module includes a
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controller and a combination of execution devices. The combination of execution devices
includes a first switch Q1, a second switch Q2, a first driving unit, a second driving unit, a
first power supply, a second power supply, an input voltage detecting module, and an output
voltage detecting module.

[0040] The first switch QI is arranged on a positive cable or a negative cable of the
photovoltaic module.

[0041] The second switch Q2 is arranged between the positive cable and the negative cable
of the photovoltaic module.

[0042] As shown in Figure 1, the first switch Q1 is arranged on the negative cable between
the photovoltaic module and the second switch Q2. In practical applications, the first switch
Q! may be arranged on the positive cable, and the second switch Q2 may be arranged
between the photovoltaic module and the first switch Q1. Specific arrangement depends on
the application environment and is not limited herein, and various arrangements all fall in the
protection scope of the present disclosure.

[0043] The first switch Q1 and the second switch Q2 may be relays or semiconductor switch
transistors such as MOSFET. In a case that the second switch Q2 is a semiconductor switch
transistor, the second switch Q2 can further provide a bypass function for the photovoltaic
module. If the semiconductor switch transistor does not include a body diode, the controller
further provides a bypass control function. If the semiconductor switch transistor includes a
body diode, the controller is not required to provide the corresponding bypass control
function.

[0044] The first power supply is configured to supply power to the first driving unit.

[0045] The second power supply is configured to supply power to the second driving unit.
[0046] How the two power supplies taking power is not limited, and may be determined
according to the application environment. Various power taking manners fall in the protection
scope of the present disclosure.

[0047] The input voltage detecting module is configured to detect an input voltage of the
combination of execution devices.

[0048] The output voltage detecting module is configured to detect an output voltage of the
combination of execution devices.

[0049] The input voltage of the combination of execution devices refers to an output voltage
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of the photovoltaic module itself, that is, a voltage between PV+ and PV- in Figure 2. The
output voltage of the combination of execution devices refers to an output voltage of the
photovoltaic module after passing through the combination of execution devices, such as a
voltage between OUT+ and OUT- in Figure 2.

[0050] The operation principle of the shutdown apparatus is described as follows.

[0051] In a normal power generation state, the first switch QI is in an on state, and the
second switch Q2 is in a shutdown state. In a shutdown state, the controller sends a shutdown
instruction to the first switch Q1, and the instruction controls the first switch Q1 to be
switched off by the first driving unit. As shown in Figure 3, after determining that the
instruction for the first switch Q1 is a shutdown instruction, the controller receives an input
voltage Uin and an output voltage Uout of the combination of execution devices, and
determines, based on the input voltage Uin and the output voltage Uout of the combination of
execution devices, whether a voltage difference between the input voltage Uin and the output
voltage Uout of the combination of execution devices falls within a predetermined range (for
example 0.5V), that is, determining whether [Uin -Uoutl<Uth. If the voltage difference falls
within the predetermined range, it is indicated that the input and output of the combination of
the execution devices are substantially the same, and the reliable shutdown is not realized, and
thus it is determined that a short circuit fault occurs in the first switch Q1. If the voltage
difference does not fall within the predetermined range, it is determined that no short circuit
fault occurs in the first switch Q1. Moreover, if it is determined that the short circuit fault
occurs in the first switch QI, the controller controls the second switch Q2 to be switched on
by the second driving unit, so as to cause the output of the photovoltaic module short-circuited,
thereby ensuring the reliable shutdown of the photovoltaic module.

[0052] Further, when detecting the input voltage and the output voltage for determining, the
controller may filter sampling values sampled in a time period, or may continuously sample in
a time period and then calculate an average of the values, in order to reduce misdetermination.
The manner for obtaining the input voltage and the output voltage is not limited herein and
may be determined based on the application environment. Various manners for obtaining the
input voltage and the output voltage fall in the protection scope of the present disclosure.
[0053] With the shutdown apparatus for a photovoltaic module according to the present

embodiment, only one first switch Q1 is connected in series in an output circuit of the
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photovoltaic module, and the controller controls the first switch Q1 to be switched on in the
normal power generation state and controls the first switch QI to be switched off in the
shutdown state. If the short circuit fault occurs in first switch Q1, the controller can further
cause the output of the photovoltaic module short-circuited by controlling the second switch
Q2 to be switched on, such that the shutdown apparatus can pass the safety assessment in case
of a single failure. In addition, the second switch is in the shutdown state when the
photovoltaic module normally provides output, and the second switch does not cause losses to
the output of the photovoltaic module, such that it is not necessary to select a device with a
low impedance, thereby solving the problems of the large loss and the high cost in the
conventional technology.

[0054] It should be noted that, the shutdown apparatus in practical applications may have
various power taking manners and specific arrangement of the two power supplies, based on
the above embodiments, Figure 2 and Figure 3. For example, the first power supply may take
power from a connected photovoltaic module. The first power supply may be a switching
power supply, an isolated power supply, or a linear power supply, for example. The first
power supply in Figure 4 and Figure 5 is a buck chip. The form of the first power supply is
not limited herein, and may be determined according to the application environment. Various
forms of the first power supply fall in the protection scope of the present disclosure.

[0055] Further, if the short circuit fault occurs in the first switch QI in the shutdown state,
the controller controls the second switch Q2 to be switched on. In this case, since the
photovoltaic module is short-circuited by the first switch Q1 and the second switch Q2, the
first power supply cannot operate. Therefore, by providing the second power supply with an
energy storage function or an additional power supply, it can be ensured that the second
switch Q2 is reliably switched on, and the input voltage and the output voltage of the
combination of execution devices are limited to OV, thereby realizing the safe shutdown and
high reliability.

[0056] In a case that the second power supply is an energy storage device, such as a storage
battery (as shown in Figure 4) or a supercapacitor (not shown), the energy storage device
takes power from the photovoltaic module (as shown in Figure 4) or from an output terminal
of the first power supply (not shown) and performs energy storage. If the photovoltaic module

is short-circuited, the stored energy can continuously supply a driving voltage to the second
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switch Q2. In practical applications, a diode may be connected in series with the storage
battery to prevent current backflow, as shown in Figure 4. In addition, in order to prevent the
current backflow, the diode may be arranged at a common node from which the two power
supplies take power, which is not limited herein.

[0057] As shown in Figure 4, the first switch QI is arranged on the negative cable of the
photovoltaic module, and the second switch Q2 is arranged on an output side of the
combination of execution devices. The first switch Q1 and the second switch Q2 are both
MOSFETs, the first power supply is a buck chip, and the second power supply includes the
storage battery and the diode. The operation principle of the controller is described as follows.

[0058] In the normal power generation state, the controller controls the first switch QI to
maintain an on state and controls the second switch Q2 to be switched off.

[0059] In the shutdown state, the controller switches off the first switch Q1, and determines
based on the received input voltage and output voltage. If the first switch Q1 is short-circuited,
the voltage difference between the input voltage and the output voltage is lower than 0.5V. In
this case, the second switch Q2 is controlled to be switched on to cause the entire photovoltaic
module short-circuited, and the output voltage becomes 0.

[0060] Since the photovoltaic module is short-circuited, the buck chip cannot operate due to
undervoltage. However, since power is supplied to the second driving unit by the storage
battery, the controller can still control the second switch Q2 to be switched on. Because the
MOSEFET is driven by a voltage, a power consumed to maintain an on state of the MOSFET is
extremely low, and the apparatus can maintain an operation state for a long time.

[0061] When restored to the power generation mode, the controller controls the second
switch Q2 to be switched off, and the photovoltaic module charges the storage battery.

[0062] The operation principle of the supercapacitor and the operation principle of taking
power of the second power supply from the output terminal of the first power supply are the
same as those described above, and are not repeated here.

[0063] If the second power supply takes power from other source, the second power supply
may be a current coupler (as shown in Figure 5), or the second power supply may take power
from another photovoltaic module (not shown), which is not limited herein.

[0064] As shown in Figure 5, the first switch Q1 is arranged on the positive cable of the

photovoltaic module, and the second switch Q2 is arranged on an output side of the
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combination of execution devices. The first switch Q1 and the second switch Q2 are both
MOSFETs, the first power supply is the buck chip, and the second power supply is a boost
circuit which takes power from a coupling inductor. The operation principle of the controller
is described as follows.
[0065] If the first switch Q1 is short-circuited at a certain time instant, the controller controls
the second switch Q2 to be switched on to cause the entire photovoltaic module
short-circuited in the shutdown state. Since a branch where the second switch Q2 is located
has the coupling inductor, a voltage for quickly starting the second driving unit is fed back at
the short-circuit time instant. . After the short-circuit current is stabilized, power is
continuously supplied to the second driving unit by a voltage drop generated by an equivalent
impedance of the coupling inductor. The control logic is unchanged.
[0066] In practical applications, the coupling inductor may be arranged at any position
where the current is generated. In an embodiment, the coupling inductor may be arranged
between the second switch Q2 and the negative cable of the photovoltaic module, which does
not increase the power generation loss.
[0067] Other structures and principles are the same as those described in the above
embodiments, which are not repeated herein.
[0068] Another shutdown apparatus for a photovoltaic module is further provided according
to another embodiment of the present disclosure. Based on the above embodiments, the
number of photovoltaic modules connected to the shutdown apparatus preferably is N, the N
photovoltaic modules are connected in series and provide output by the shutdown apparatus,
and N is a positive integer greater than 1.
[0069] The number of the combination of execution devices is N.
[0070] Each of the photovoltaic modules is provided with one combination of execution
devices.
[0071] Each combination of execution devices is connected to the controller, reports the
respective input voltage and output voltage to the controller, and is controlled by the controller,
so that the N photovoltaic modules share one controller and corresponding components,
thereby saving a cost.
[0072] In the present embodiment, one controller controls the N combinations of execution
devices to operate at the same time, and the operation principles of the apparatus are the same
-10-
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as those described in the above embodiments, which are not repeated herein.
[0073] As shown in Figure 6, N equals to 2, the first switch Q1 in each combination of
execution devices is arranged on the negative cable of a corresponding photovoltaic module,
and the second switch Q2 is arranged on an output side of the corresponding combination of
execution devices. The first switch Q1 and the second switch Q2 are both MOSFETs, the first
power supply is an LDO linear power supply, and the second power supply is the buck chip.
[0074] The power taking manner of the first power supply may be as described in the last
embodiment, for example, the first powér supply takes power from the photovoltaic module.
The power taking manner of the second power supply may be as described in the last
embodiment, or may be the same as the manner shown in Figure 6, that is, the input terminal
of the second power supply in each combination of execution devices receives the series
voltage of the N photovoltaic modules.
[0075] If a single failure occurs at a certain time instant, for example the first switch Q1 is
short-circuited, in this case, the first power supply is powered off but power is still supplied to
the second power supply by another photovoltaic module and the second power supply
operates, thereby ensuring the normal achievement of the shutdown function.
[0076] Besides, the second power supply may take power from another module in addition
to the bus, which also falls in the protection scope of the present disclosure.
[0077] Other principles of the embodiment are the same as those of the above embodiment,
which are not repeated here.
[0078] The embodiments of the present disclosure are described in a progressive manner,
with an emphasis placed on explaining the difference between each embodiment and other
embodiments. The same or similar parts among the embodiments can be referred to each other.
For the device disclosed in the embodiments, the corresponding descriptions are relatively
simple because the apparatus correspond to the methods disclosed in the embodiments. For
the relevant portions, one may be refer to the description of the method parts.
[0079] The foregoing embodiments are only preferred embodiments of the present
disclosure and are not intended to limit the present disclosure. Preferred embodiments of the
present disclosure are disclosed above, which should not be interpreted as limitation to the
present disclosure. Numerous alternations, modifications, and equivalents can be made to the
technical solution of the present disclosure by those skilled in the art according to the methods
-11-
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and technical content disclosed herein without deviation from the scope of the technical
solution of the present disclosure. Therefore, any alternations, equivalents and modifications
made to the embodiments above according to the technical essence of the present disclosure
without deviation from the content of the technical solution of the present disclosure should

s fall in the protection scope of the present disclosure.
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CLAIMS

1. A shutdown apparatus for a photovoltaic module, wherein the shutdown apparatus is
configured to realize an output shutdown function of a connected photovoltaic module, and

comprises:
a controller; and

a combination of execution devices, wherein the combination of execution devices
comprises a first switch, a second switch, a first driving unit, a second driving unit, an input

voltage detecting unit, and an output voltage detecting unit;

wherein the first switch is arranged on a positive cable or a negative cable of the

photovoltaic module;

the second switch is arranged between the positive cable and the negative cable of the

photovoltaic module;

the input voltage detecting module is configured to detect an input voltage of the

combination of execution devices;

the output voltage detecting module is configured to detect an output voltage of the

combination of execution devices; and

the controller is configured to control the first switch to be switched on by the first
driving unit in a normal power generation state, and control the first switch to be switched off
by the first driving unit in a shutdown state; determine, after controlling the first switch to be
switched off, whether a short circuit fault occurs in the first switch based on the input voltage
and the output voltage of the combination of execution devices; and control the second switch

to be switched on by the second driving unit if the short circuit fault occurs in the first switch.

2. The shutdown apparatus for a photovoltaic module according to claim 1, wherein for
determining whether a short circuit fault occurs in the first switch based on the input voltage
and the output voltage of the combination of execution devices, the controller is configured

to:

determine whether a voltage difference between the input voltage and the output voltage

-13 -
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of the combination of execution devices is within a predetermined range; and

determine that a short circuit fault occurs in the first switch if the voltage difference is
within the predetermined range; and determine that no short circuit fault occurs in the first

switch if the voltage difference is not within the predetermined range.

3. The shutdown apparatus for a photovoltaic module according to claim 1, wherein
before determining whether a short circuit fault occurs in the first switch based on the input
voltage and the output voltage of the combination of execution devices, the controller is

further configured to:

perform filtering or an average calculation on the input voltage and the output voltage of

the combination of execution devices in a predetermined time period.

4, The shutdown apparatus for a photovoltaic module according to any one of claims 1 to
3, wherein the first switch is arranged between the photovoltaic module and the second switch;

or
the second switch is arranged between the photovoltaic module and the first switch.

5. The shutdown apparatus for a photovoltaic module according to claim 4, wherein the

combination of execution devices further comprises a first power supply and a second power
supply;

the first power supply is configured to supply power to the first driving unit; and

the second power supply is configured to supply power to the second driving unit.

6. The shutdown apparatus for a photovoltaic module according to claim 5, wherein

the first power supply is configured to take power from the photovoltaic module; and

the first power supply is a switching power supply, an isolated power supply, or a linear

power supply.
7. The shutdown apparatus for a photovoltaic module according to claim 5, wherein
the second power supply is an energy storage device; and
the second power supply is configured to take power from the photovoltaic module, or

the second power supply is configured to take power from an output terminal of the first
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power supply.
8. The shutdown apparatus for a photovoltaic module according to claim 5, wherein
the second power supply is a current coupler; and

a coupling inductor in the current coupler is arranged between the second switch and the

negative cable of the photovoltaic module.

9. The shutdown apparatus for a photovoltaic module according to claim 5, wherein the

second power supply is configured to take power from another photovoltaic module.

10. The shutdown apparatus for a photovoltaic module according to claim 5, wherein the

first switch and the second switch are relays or semiconductor switch transistors.

11. The shutdown apparatus for a photovoltaic module according to any one of claims 5
to 10, wherein the number of photovoltaic modules connected to the shutdown apparatus is N,
the N photovoltaic modules are connected in series and provide output by the shutdown

apparatus, and N is a positive integer greater than 1;
the number of the combination of execution devices is N;
each of the photovoltaic modules is provided with one combination of execution devices;

the controller is connected to the input voltage detecting module and the output voltage
detecting module in each combination of execution devices, to receive an input voltage
reported by the input voltage detecting module and an output voltage reported by the output

voltage detecting module in each combination of execution devices; and

the controller is further connected to the first driving unit and the second driving unit in
each combination of execution devices, to control the first switch and the second switch in

each combination of execution devices to be switched off or switched on.

12. The shutdown apparatus for a photovoltaic module according to claim 11, wherein an
input terminal of the second power supply in each combination of execution devices is

configured to receive a series voltage of the N photovoltaic modules.
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