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Description

TECHNICAL FIELD

[0001] This application relates to the field of electronic
technologies, and in particular, to a control circuit, a volt-
age source circuit, a driving device, and a driving method.

BACKGROUND

[0002] A switching power supply performs pulse mod-
ulation on an input voltage by switching a semiconductor
switching device between a full-on mode and a full-off
mode under control of a control circuit, thereby imple-
menting voltage conversion from an alternating current
to a direct current, from a direct current to a direct current,
from a direct current to an alternating current, or from an
alternating current to an alternating current. Therefore,
the switching power supply is widely used in the fields of
display, lighting, communication, refrigeration, and the
like.
EP 2 385 628 A2 describes methods and an apparatuses
for driving circuits, power devices and electric devices
including the same.
US 2010/176783 A1describes a switching device drive
circuit for driving a switching device, such as an IGBT, a
MOSFET or the like, for switching large power.
US 2011/234185 A1 describes a driving circuit having a
function of protecting a semiconductor device, such as
a field-effect transistor (FET) which employs an electrode
having a p-type region or a Schottky junction as a gate,
against excessive voltages, excessive currents and ex-
cessive electric power in conduction states.
When a gate driving voltage of the semiconductor switch-
ing device is a gate on voltage Von higher than a thresh-
old voltage of the semiconductor switching device, the
semiconductor switching device is in the full-on mode;
and when the gate driving voltage is a gate off voltage
Voff lower than the threshold voltage of the semiconduc-
tor switching device, the semiconductor switching device
is in the full-off mode. When the gate driving voltage of
the semiconductor switching device is switched from the
Voff to the Von and then switched from the Von to the
Voff again, the semiconductor switching device is
switched from the full-off mode to the full-on mode and
then switched from the full-on mode to the full-off mode
again. Particular mode switching duration is required for
each of the two types of switching.
For a conventional hard switching circuit, the semicon-
ductor switching device has a particular loss during mode
switching, which limits an operating frequency of the
switching power supply. To reduce the loss of the switch-
ing power supply, it is necessary to shorten the mode
switching duration of the semiconductor switching de-
vice.
[0003] The mode switching duration of the semicon-
ductor switching device is generally related to a differ-
ence between the gate on voltage and the gate off voltage

of the semiconductor switching device. A larger differ-
ence between the gate on voltage and the gate off voltage
indicates shorter switching duration. Conversely, a small-
er difference between the gate on voltage and the gate
off voltage indicates longer switching duration. For a
switching power supply of the semiconductor switching
device of which the gate off voltage is a constant value,
the gate on voltage should be increased to shorten the
mode switching duration. In a conventional technology,
a gate on voltage provided by a driving circuit of the sem-
iconductor switching device is also a constant value, and
the driving circuit generally provides a relatively low gate
on voltage because an operating condition such as an
operating temperature of the semiconductor switching
device is changed, to ensure that breakdown does not
occur on the semiconductor switching device even if the
semiconductor switching device works under an extreme
condition (referring to an operating condition under which
breakdown is most likely to occur).
[0004] However, the semiconductor switching device
generally works more under a non-extreme condition. In
this case, the gate on voltage set based on the extreme
condition is relatively low, which is not conducive to short-
ening the mode switching duration of the semiconductor
switching device, and therefore is not conducive to re-
ducing the loss of the switching power supply.

SUMMARY

[0005] Embodiments of this application provide a con-
trol circuit, a voltage source circuit, a driving device, and
a driving method, to resolve a problem of a relatively large
loss of a switching power supply caused by an exces-
sively low gate on voltage.
[0006] A first aspect of the present invention provides
a control circuit, including: a detection module, config-
ured to detect a current operating condition of a semi-
conductor switching device; a determining module, con-
figured to determine a gate allowable voltage of the sem-
iconductor switching device based on the operating con-
dition detected by the detection module; and an output
module, configured to output a control signal to a driving
power supply circuit of the semiconductor switching de-
vice based on the gate allowable voltage determined by
the determining module, to control the driving power sup-
ply circuit to provide a gate on voltage that is not higher
than the gate allowable voltage and that is positively cor-
related with the gate allowable voltage for the semicon-
ductor switching device.
[0007] According to the first aspect of the present in-
vention, the determining module includes: a first gate al-
lowable voltage determining submodule, configured to
determine a first value of the gate allowable voltage
based on the operating condition detected by the detec-
tion module, where the first value is not higher than a
gate breakdown voltage of the semiconductor switching
device.
[0008] According to the first aspect of the present in-
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vention, the first gate allowable voltage determining sub-
module includes a gate breakdown voltage determining
unit, configured to determine the gate breakdown voltage
of the semiconductor switching device based on the op-
erating condition detected by the detection module; and
a first gate allowable voltage determining unit, configured
to determine the first value based on the gate breakdown
voltage determined by the gate breakdown voltage de-
termining unit and a preset first margin.
[0009] With reference to the first aspect of the present
invention, in a first possible implantation of the first aspect
of the present invention, the determining module further
includes a second gate allowable voltage determining
submodule, configured to determine a second value of
the gate allowable voltage based on an allowable voltage
between two ends of a conduction channel of the semi-
conductor switching device and the operating condition
detected by the detection module; and a third gate allow-
able voltage determining submodule, configured to de-
termine the gate allowable voltage based on a smaller
value between the first value determined by the first gate
allowable voltage determining submodule and the sec-
ond value determined by the second gate allowable volt-
age determining submodule.
[0010] With reference to the first possible implemen-
tation of the first aspect of the present invention, in a
second possible implementation of the first aspect of the
present invention, the determining module further in-
cludes: a channel allowable voltage determining sub-
module, configured to determine the allowable voltage
between the two ends of the conduction channel based
on the operating condition detected by the detection mod-
ule, where the allowable voltage between the two ends
of the conduction channel is not higher than a breakdown
voltage between the two ends of the conduction channel.
[0011] With reference to the second possible imple-
mentation of the first aspect of the present invention, in
a third possible implementation of the first aspect of the
present invention, the channel allowable voltage deter-
mining submodule includes a channel breakdown volt-
age determining unit, configured to determine the break-
down voltage between the two ends of the conduction
channel based on the operating condition detected by
the detection module; and a channel allowable voltage
determining unit, configured to determine the allowable
voltage between the two ends of the conduction channel
based on the breakdown voltage between the two ends
of the conduction channel determined by the channel
breakdown voltage determining unit and a preset second
margin.
[0012] With reference to any one of the first possible
implementation or the second possible implementation
or the third possible implementation of the first aspect,
in a fourth possible implementation of the first aspect of
the present invention, the semiconductor switching de-
vice is a metal oxide semiconductor field effect transistor
MOSFET, and the two ends of the conduction channel
include a drain electrode and a source electrode of the

MOSFET; or the semiconductor switching device is an
insulated gate bipolar transistor IGBT, and the two ends
of the conduction channel include a collector and an emit-
ter of the IGBT.
[0013] With reference to the first aspect or any one of
the first possible implementation to the fourth possible
implementation of the first aspect, in a fifth possible im-
plementation of the first aspect of the present invention,
the operating condition includes an operating tempera-
ture of the semiconductor switching device, or an oper-
ating temperature and an operating current of the semi-
conductor switching device, or an operating temperature
and an operating platform voltage of the semiconductor
switching device, or an operating temperature, an oper-
ating current, and an operating platform voltage of the
semiconductor switching device.
[0014] A second aspect of the present inventionpro-
vides a voltage source circuit, including a control circuit
and a driving power supply circuit, where the driving pow-
er supply circuit is configured to provide a gate on voltage
for a semiconductor switching device under control of the
control circuit, and the control circuit is the control circuit
according to any possible implementation in the first as-
pect of the embodiments of this application.
[0015] A third aspect of the present inventionprovides
a driving device of a semiconductor switching device,
including: a driving circuit and a voltage source circuit,
where the voltage source circuit includes a driving power
supply circuit and the control circuit according to any pos-
sible implementation in the first aspect of the embodi-
ments of this application; the driving power supply circuit
is configured to provide a gate on voltage for the driving
circuit under control of a control signal output by the con-
trol circuit; and the driving circuit is configured to output
the gate on voltage to a semiconductor switching device
when receiving an on control signal, to drive the semi-
conductor switching device to be turned on, and output
a gate off voltage to the semiconductor switching device
when receiving an off control signal, to drive the semi-
conductor switching device to be turned off.
[0016] A fourth aspect of the present invention pro-
vides a method for driving a semiconductor switching de-
vice, including: A control circuit obtains a current operat-
ing condition of a semiconductor switching device; the
control circuit determines a gate allowable voltage of the
semiconductor switching device based on the operating
condition; and the control circuit outputs a control signal
to a driving power supply circuit of the semiconductor
switching device based on the gate allowable voltage, to
control the driving power supply circuit to provide a gate
on voltage that is not higher than the gate allowable volt-
age and that is positively correlated with the gate allow-
able voltage for the semiconductor switching device.
[0017] According to the fourth aspect of the present
invention, the determining, by the control circuit, a gate
allowable voltage of the semiconductor switching device
based on the operating condition includes: The control
circuit determines a first value of the gate allowable volt-
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age based on the operating condition, where the first val-
ue is not higher than a gate breakdown voltage of the
semiconductor switching device.
[0018] According to the fourth aspect of the present
invention, the determining, by the control circuit, a first
value of the gate allowable voltage based on the operat-
ing condition includes: The control circuit determines the
gate breakdown voltage of the semiconductor switching
device based on the operating condition; and the control
circuit determines the first value based on the gate break-
down voltage and a preset first margin.
[0019] With reference to the fourth aspect of the
present invention, in a first possible implantation of the
first aspect of the present invention, the method further
includes: The control circuit determines a second value
of the gate allowable voltage based on an allowable volt-
age between two ends of a conduction channel of the
semiconductor switching device and the operating con-
dition; and the control circuit determines the gate allow-
able voltage based on a smaller value between the first
value and the second value.
[0020] With reference to the first possible implemen-
tation of the fourth aspect, in a second possible imple-
mentation of the fourth aspect of this application, the
method further includes: The control circuit determines
the allowable voltage between the two ends of the con-
duction channel based on the operating condition, where
the allowable voltage between the two ends of the con-
duction channel is not higher than a breakdown voltage
between the two ends of the conduction channel.
[0021] With reference to the second possible imple-
mentation of the fourth aspect, in a third possible imple-
mentation of the fourth aspect of the embodiments of this
application, the determining, by the control circuit, the
allowable voltage between the two ends of the conduc-
tion channel based on the operating condition includes:
The control circuit determines the breakdown voltage be-
tween the two ends of the conduction channel based on
the operating condition; and the control circuit determines
the allowable voltage between the two ends of the con-
duction channel based on the breakdown voltage be-
tween the two ends of the conduction channel and a pre-
set second margin.
[0022] In some examples, the semiconductor switch-
ing device is a metal oxide semiconductor field effect
transistor (MOSFET), and the two ends of the conduction
channel include a drain electrode and a source electrode
of the MOSFET; or the semiconductor switching device
is an insulated gate bipolar transistor IGBT, and the two
ends of the conduction channel include a collector and
an emitter of the IGBT.
[0023] In some examples, the operating condition in-
cludes an operating temperature of the semiconductor
switching device, or an operating temperature and an
operating current of the semiconductor switching device,
or an operating temperature and an operating platform
voltage of the semiconductor switching device, or an op-
erating temperature, an operating current, and an oper-

ating platform voltage of the semiconductor switching de-
vice.
[0024] It can be learned from the foregoing solutions
that, in the control circuit provided in the embodiments
of this application, the detection module can detect the
current operating condition of the semiconductor switch-
ing device, the determining module can determine the
gate allowable voltage of the semiconductor switching
device based on the operating condition detected by the
detection module, and the output module can output the
control signal to the driving power supply circuit of the
semiconductor switching device based on the gate al-
lowable voltage determined by the determining module,
to control the driving power supply circuit to provide the
gate on voltage that is not higher than the gate allowable
voltage and that is positively correlated with the gate al-
lowable voltage for the semiconductor switching device.
When the operating condition of the semiconductor
switching device becomes better, the gate allowable volt-
age of the semiconductor switching device is increased.
In this case, the control circuit can control the driving
power supply circuit to provide an increased gate on volt-
age that is not higher than the gate allowable voltage for
the semiconductor switching device, which is beneficial
to shortening mode switching duration of the semicon-
ductor switching device for switching between a full-on
mode and a full-off mode, and improving conduction per-
formance of the semiconductor switching device in the
full-on mode while ensuring reliability of the semiconduc-
tor switching device, thereby reducing a loss of a switch-
ing power supply.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

FIG. 1 is a schematic diagram of an embodiment of
an electronic device according to this application;
FIG. 2 is a schematic diagram of an application sce-
nario of a driving device according to an embodiment
of this application;
FIG. 3 is a schematic diagram in which a voltage
changes with an operating condition;
FIG. 4 is a schematic diagram of an application sce-
nario of a voltage source circuit according to an em-
bodiment of this application;
FIG. 5 is a schematic diagram of an embodiment of
a method for driving a semiconductor switching de-
vice according to this application;
FIG. 6 is a schematic diagram of an embodiment of
a control circuit according to this application;
FIG. 7 is a schematic diagram of another embodi-
ment of a control circuit according to this application;
FIG. 8 is a schematic diagram of another embodi-
ment of a control circuit according to this application;
FIG. 9 is a schematic diagram of an embodiment of
a first gate allowable voltage determining submodule
in a control circuit according to this application; and
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FIG. 10 is a schematic diagram of another embodi-
ment of an electronic device according to this appli-
cation.

DESCRIPTION OF EMBODIMENTS

[0026] The following describes embodiments of this
application with reference to accompanying drawings.
Clearly, the described embodiments are merely a part
rather than all of the embodiments of this application. A
person of ordinary skill in the art may know that, as tech-
nologies develop and a new scenario emerges, the tech-
nical solutions provided in the embodiments of this ap-
plication are also applicable to similar technical prob-
lems.
[0027] The embodiments of this application provide a
control circuit. When an operating condition of a semi-
conductor switching device becomes better, the control
circuit can control a driving power supply circuit to in-
crease a gate on voltage provided for the semiconductor
switching device, to shorten mode switching duration of
the semiconductor switching device for switching be-
tween a full-on mode and a full-off mode, thereby reduc-
ing a loss. The embodiments of this application further
provide a voltage source circuit, a driving device, and an
electronic device. The control circuit provided in the em-
bodiments of this application may be disposed in the volt-
age source circuit provided in this application, the voltage
source circuit provided in the embodiments of this appli-
cation may be disposed in the driving device provided in
this application, and the driving device provided in the
embodiments of this application may be disposed in the
electronic device provided in this application. The follow-
ing first describes the electronic device provided in the
embodiments of this application.
[0028] FIG. 1 is a schematic diagram of an embodi-
ment of an electronic device according to this application.
Referring to FIG. 1, an embodiment of an electronic de-
vice 1 provided in this application may include a semi-
conductor switching device 11 and a driving device 12.
The driving device 12 is configured to output a gate driv-
ing voltage to a gate of the semiconductor switching de-
vice 11 and one end of a conduction channel based on
a received control signal. Specifically, the driving device
outputs a gate on voltage to the semiconductor switching
device 11 when receiving an on control signal and outputs
a gate off voltage to the semiconductor switching device
11 when receiving an off control signal, where the gate
on voltage is higher than a threshold voltage of the sem-
iconductor switching device 11, and the gate off voltage
is lower than the threshold voltage of the semiconductor
switching device 11. In FIG. 1, a first end and a second
end of the semiconductor switching device 11 corre-
spond to two ends of the conduction channel of the sem-
iconductor switching device. The semiconductor switch-
ing device 11 is turned on or off between the first end
and the second end under driving of the gate driving volt-
age. Specifically, the conduction channel is formed be-

tween the first end and the second end under the driving
of the gate on voltage to turn on the semiconductor
switching device, and the conduction channel is cut off
between the first end and the second end under the driv-
ing of the gate off voltage to turn off the semiconductor
switching device. In FIG. 1, for example, the driving de-
vice 12 outputs the gate driving voltage to the gate and
the second end of the semiconductor switching device
11. In actual application, a person skilled in the art may
select, based on a structure and a circuit design require-
ment of the semiconductor switching device 11, to output
the gate driving voltage to the gate and the first end of
the semiconductor switching device, or to output the gate
driving voltage to the gate and the second end of the
semiconductor switching device. This is not specifically
limited herein.
[0029] For example, the semiconductor switching de-
vice 11 in the electronic device 1 provided in this embod-
iment of this application may be a metal oxide semicon-
ductor field effect transistor (metal-oxide-semiconductor
field-effect transistor, MOSFET) or an insulated gate bi-
polar transistor (insulated gate bipolar transistor, IGBT).
If the semiconductor switching device 11 is the MOSFET,
the first end and the second end of the semiconductor
switching device 11 correspond to a drain electrode and
a source electrode at the two ends of the conduction
channel of the MOSFET. If the semiconductor switching
device 11 is the IGBT, the first end and the second end
of the semiconductor switching device 11 correspond to
a collector and an emitter at the two ends of the conduc-
tion channel of the IGBT.
[0030] The electronic device 1 provided in this embod-
iment of this application may be a switching power supply.
The switching power supply performs pulse modulation
on an input direct current power or alternating current
power by switching the semiconductor switching device
between a full-on mode and a full-off mode under control
of a control signal, thereby implementing conversion from
primary electric energy of a power grid or a battery to
secondary electric energy meeting a load requirement.
An input end of the switching power supply may be con-
nected to the direct current power or the alternating cur-
rent power, and an output end of the switching power
supply may output the direct current power or the alter-
nating current power to a load.
[0031] The following describes the driving device 12
provided in the embodiments of this application.
[0032] FIG. 2 is a schematic diagram of an application
scenario of a driving device 12 according to this applica-
tion. Referring to FIG. 2, an embodiment of the driving
device 12 according to this application includes a driving
circuit 121 and a voltage source circuit 122. The voltage
source circuit 122 is configured to provide a gate on volt-
age for the driving circuit 121, and the driving circuit 121
is configured to receive a control signal and output a gate
driving voltage to a gate of the semiconductor switching
device 11 and one end (the second end of the semicon-
ductor switching device 11 is used as an example in FIG.
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2) of a conduction channel based on the received control
signal, to drive the semiconductor switching device 11 to
be turned on or off between the first end and the second
end. Specifically, the driving circuit 121 outputs the gate
on voltage provided by the voltage source circuit 122 to
the gate and the second end of the semiconductor switch-
ing device 11 when receiving an on control signal, to drive
the semiconductor switching device 11 to be turned on
between the first end and the second end, and outputs
a gate off voltage to the gate and the second end of the
semiconductor switching device 11 when receiving an
off control signal, to drive the semiconductor switching
device 11 to be turned off between the first end and the
second end. For example, the gate off voltage may be a
ground level or a constant negative level.
[0033] When the control signal received by the driving
circuit 121 is changed from the off control signal to the
on control signal, the gate driving voltage output by the
driving circuit 121 to the semiconductor switching device
11 is changed from the gate off voltage to the gate on
voltage. In this case, a voltage between the gate and the
second end of the semiconductor switching device 11 is
gradually increased from the gate off voltage to the gate
on voltage after a particular period of time, and the sem-
iconductor switching device 11 is switched from a full-off
mode to a full-on mode. When the control signal received
by the driving circuit 121 is changed from the on control
signal to the off control signal, the gate driving voltage
output by the driving circuit 121 to the semiconductor
switching device 11 is changed from the gate on voltage
to the gate off voltage. In this case, the voltage between
the gate and the second end of the semiconductor switch-
ing device 11 is gradually reduced from the gate on volt-
age to the gate off voltage after a particular period of
time, and the semiconductor switching device 11 is
switched from the full-on mode to the full-off mode. When
mode switching duration of the semiconductor switching
device 11 for switching between the full-on mode and the
full-off mode is longer, a switching loss of the electronic
device 1 is larger. To reduce the loss, the gate on voltage
output by the voltage source circuit 122 needs to be in-
creased, to shorten the mode switching duration of the
semiconductor switching device 11. However, to ensure
the reliability of the semiconductor switching device 11,
it is necessary to limit the gate on voltage output by the
voltage source circuit 122 to be not higher than a gate
allowable voltage of the semiconductor switching device
11. Therefore, the gate on voltage output by the voltage
source circuit 122 may be set as close as possible to or
even up to the gate allowable voltage of the semiconduc-
tor switching device 11, to reduce the loss of the elec-
tronic device 1 as much as possible while meeting a re-
liability requirement.
[0034] For a given semiconductor switching device 11,
a magnitude of the gate allowable voltage of the semi-
conductor switching device is mainly affected by an op-
erating condition of the semiconductor switching device,
and when the operating condition of the semiconductor

switching device 11 is changed, the gate allowable volt-
age of the semiconductor switching device is generally
also changed. A curve a in FIG. 3 represents a schematic
diagram in which the gate allowable voltage of the sem-
iconductor switching device 11 changes with the operat-
ing condition, and an arrow direction of a horizontal axis
in FIG. 3 represents that the operating condition gradually
becomes better. It can be seen from the curve a that
when the operating condition of the semiconductor
switching device 11 becomes better, the gate allowable
voltage of the semiconductor switching device is in-
creased, and when the operating condition of the semi-
conductor switching device 11 becomes worse, the gate
allowable voltage of the semiconductor switching device
is reduced. In a conventional technology, a gate on volt-
age provided by the voltage source circuit 122 to the driv-
ing circuit 121 is a constant voltage, and because the
operating condition of the semiconductor switching de-
vice 11 is changed, to ensure the reliability of the semi-
conductor switching device 11, the gate on voltage pro-
vided by the voltage source circuit 122 in the conventional
technology is not higher than the gate allowable voltage
under a worst operating condition (or referred to as an
extreme condition, for example, an operating condition
A in FIG. 3). Therefore, in the conventional technology,
for a curve in which the gate on voltage provided by the
voltage source circuit 122 changes with the operating
condition, reference may be made to a straight line b
shown in FIG. 3. By comparing the curve a with the
straight line b in FIG. 3, it can be seen that when the
semiconductor switching device 11 operates in a rela-
tively good operating condition (for example, an operat-
ing condition B in FIG. 3), the gate on voltage provided
by the voltage source circuit 122 is much lower than the
gate allowable voltage of the semiconductor switching
device 11. This is not conducive to shortening the mode
switching duration of the semiconductor switching device
11, resulting in a relatively high loss for the electronic
device 1.
[0035] To resolve the foregoing problem, the embodi-
ments of this application provide a voltage source circuit
122. FIG. 4 is a schematic diagram of an application sce-
nario of a voltage source circuit 122 according to this
application. As shown in FIG. 4, the voltage source circuit
122 provided in this embodiment of this application may
include a control circuit 1221 and a driving power supply
circuit 1222. The control circuit 1221 is configured to out-
put a control signal to the driving power supply circuit
1222 based on the operating condition of the semicon-
ductor switching device 11, and the driving power supply
circuit 1222 is configured to provide a gate on voltage
that is not higher than a gate allowable voltage and that
is positively correlated with the gate allowable voltage
for the semiconductor switching device 11 under control
of the control signal. Specifically, the driving power sup-
ply circuit 1222 is configured to provide the gate on volt-
age for the driving circuit 121 under the control of the
control signal, and when the driving circuit 121 receives
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an on control signal, the driving circuit 121 outputs the
gate on voltage provided by the driving power supply
circuit 1222 to a gate of the semiconductor switching de-
vice 11 and one end (the second end of the semiconduc-
tor switching device 11 is used as an example in FIG. 4)
of the conduction channel. Because the voltage source
circuit 122 can adjust the gate on voltage provided for
the semiconductor switching device based on the oper-
ating condition of the semiconductor switching device 11,
when the operating condition of the semiconductor
switching device 11 becomes better, the voltage source
circuit 122 provides an increased gate on voltage that is
not higher than the gate allowable voltage for the semi-
conductor switching device 11, which is beneficial to
shortening the mode switching duration of the semicon-
ductor switching device for switching between the full-on
mode and the full-off mode while ensuring the reliability
of the semiconductor switching device 11, thereby reduc-
ing the loss.
[0036] The following describes the control circuit 1221
provided in this embodiment of this application.
[0037] First, a function of the control circuit 1221 pro-
vided in this embodiment of this application is described
by describing a method for driving a semiconductor
switching device performed by the control circuit 1221.
[0038] FIG. 5 is a schematic diagram of an embodi-
ment of a method for driving a semiconductor switching
device according to this application. Referring to FIG. 5,
an embodiment of the method for driving a semiconduc-
tor switching device according to this application may
include the following steps.
[0039] 100. Detect a current operating condition of a
semiconductor switching device 11.
[0040] The control circuit 1221 can detect an operating
condition of the semiconductor switching device 11. In a
possible implementation of this application, the operating
condition may include an operating temperature of the
semiconductor switching device 11, or may include an
operating temperature and an operating current (a cur-
rent that passes through a first end and a second end of
the semiconductor switching device when the semicon-
ductor switching device 11 is turned on) of the semicon-
ductor switching device 11, or may include an operating
temperature and an operating platform voltage (a stability
voltage between the first end and the second end when
the semiconductor switching device 11 is turned off) of
the semiconductor switching device 11, or may include
an operating temperature, an operating current, and an
operating platform voltage of the semiconductor switch-
ing device 11, or may include another specific operating
condition. This is not exclusively limited herein.
[0041] 200. Determine a gate allowable voltage of the
semiconductor switching device 11 based on the oper-
ating condition.
[0042] For a given semiconductor switching device 11,
a magnitude of a gate allowable voltage of the semicon-
ductor switching device is mainly affected by the operat-
ing condition of the semiconductor switching device, and

when the operating condition of the semiconductor
switching device 11 is changed, the gate allowable volt-
age of the semiconductor switching device is generally
also changed. In this embodiment of this application, the
control circuit 1221 can determine the gate allowable volt-
age of the semiconductor switching device 11 based on
the detected operating condition of the semiconductor
switching device 11.
[0043] The gate allowable voltage of the semiconduc-
tor switching device 11 is generally affected by a plurality
of operating conditions of the semiconductor switching
device 11, and the operating condition detected by the
control circuit 1221 may be some or all of the plurality of
operating conditions. When the operating condition de-
tected by the control circuit 1221 is some (for example,
the operating temperature) of the plurality of operating
conditions (for example, the operating temperature, the
operating current, and the operating platform voltage)
that affect the gate allowable voltage of the semiconduc-
tor switching device 11, in a process of determining the
gate allowable voltage of the semiconductor switching
device 11 based on the operating condition, the control
circuit 1221 may determine that the operating conditions
that are not detected (for example, the operating current
and the operating platform voltage) in the plurality of op-
erating conditions are possible worst conditions, for ex-
ample, the operating current is a maximum operating cur-
rent at which the semiconductor switching device 11 may
operate, and the operating platform voltage is a maxi-
mum operating platform voltage at which the semicon-
ductor switching device 11 may operate, to ensure the
reliability of the semiconductor switching device 11 as
much as possible.
[0044] 300. Output a control signal to a driving power
supply circuit 1222 based on the gate allowable voltage,
to control the driving power supply circuit 1222 to provide
a gate on voltage for the semiconductor switching device
11.
[0045] After determining the gate allowable voltage of
the semiconductor switching device 11, the control circuit
1221 can output a control signal to a driving power supply
circuit 1222 based on the determined gate allowable volt-
age, to control the driving power supply circuit 1222 to
provide a gate on voltage that is not higher than the gate
allowable voltage and that is positively correlated with
the gate allowable voltage for the semiconductor switch-
ing device 11.
[0046] When the operating condition of the semicon-
ductor switching device 11 is optimized, the gate allow-
able voltage of the semiconductor switching device is
increased correspondingly, the control circuit 1221 out-
puts the control signal to the driving power supply circuit
1222 based on the gate allowable voltage, and the driving
power supply circuit 1222 may be controlled to increase
the gate on voltage provided for the semiconductor
switching device 11, to shorten the mode switching du-
ration of the semiconductor switching device 11 for
switching between the full-on mode and the full-off mode,
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thereby reducing the loss.
[0047] In a possible implementation, the control circuit
1221 may control the driving power supply circuit 1222
to provide a gate on voltage that is the same as the gate
allowable voltage for the semiconductor switching device
11, to further increase the gate on voltage, thereby re-
ducing the loss.
[0048] Step 200 may be specifically implemented ac-
cording to any one of the following three ideas: (1) avoid
gate breakdown; (2) avoid conduction channel break-
down; and (3) avoid gate breakdown and conduction
channel breakdown. The following separately describes
detailed steps of step 200 according to the foregoing
three ideas.

(1) Avoid gate breakdown

[0049] Step 200 specifically includes the following de-
tailed steps.
[0050] 200A1. Determine a first value of the gate al-
lowable voltage based on the detected operating condi-
tion, where the first value is not higher than a gate break-
down voltage of the semiconductor switching device.
[0051] The control circuit 1221 can determine the gate
allowable voltage that is not higher than a gate break-
down voltage of the semiconductor switching device 11
based on some or all of the detected operating conditions,
and a value of the gate allowable voltage determined
herein may be referred to as a first value.
[0052] In a possible implementation, step 200A1 may
specifically include the following detailed steps.
[0053] 200A11. Determine the gate breakdown volt-
age of the semiconductor switching device 11 based on
the detected operating condition.
[0054] The control circuit 1221 can generate the gate
breakdown voltage of the semiconductor switching de-
vice 11 in response to the operating condition of the sem-
iconductor switching device 11 based on characteristics
of the semiconductor switching device 11. When the op-
erating condition is worse, the gate breakdown voltage
of the semiconductor switching device 11 is lower. Con-
versely, when the operating condition is better, the gate
breakdown voltage is higher. For example, for a general
semiconductor switching device 11, a higher operating
temperature of the semiconductor switching device 11
indicates a higher gate breakdown voltage of the semi-
conductor switching device. Conversely, a lower operat-
ing temperature indicates a lower gate breakdown volt-
age of the semiconductor switching device. Therefore,
the control circuit 1221 can determine the gate break-
down voltage of the semiconductor switching device 11
based on a detected operating temperature.
[0055] 200A12. Determine the first value of the gate
allowable voltage based on the gate breakdown voltage
and a preset first margin.
[0056] To avoid the gate breakdown of the semicon-
ductor switching device 11 as much as possible, the con-
trol circuit 1221 can determine the first value of the gate

allowable voltage based on the determined gate break-
down voltage and the preset first margin, where the first
value is less than the gate breakdown voltage and is pos-
itively correlated with the gate breakdown voltage. When
the first margin is larger, a difference between the first
value of the gate allowable voltage and the gate break-
down voltage is larger, a probability that the gate break-
down occurs on the semiconductor switching device 11
is lower, and the reliability is higher. Conversely, when
the first margin is smaller, the difference between the first
value of the gate allowable voltage and the gate break-
down voltage is smaller, the first value of the gate allow-
able voltage is larger, the mode switching duration of the
semiconductor switching device 11 is shorter, and the
loss is lower. In a possible implementation, the first value
may be a difference between the gate breakdown voltage
and the first margin.
[0057] The control circuit 1221 can determine the first
value of the gate allowable voltage of the semiconductor
switching device based on the operating condition of the
semiconductor switching device 11, to prevent the gate
breakdown from occurring on the semiconductor switch-
ing device, and when the operating condition becomes
better, the first value of the gate allowable voltage deter-
mined by the control circuit 1221 is increased, and the
control circuit 1221 can control the driving power supply
circuit 1222 to provide a higher gate on voltage for the
semiconductor switching device 11, to shorten the mode
switching duration of the semiconductor switching device
11, thereby reducing the loss.

(2) Avoid conduction channel breakdown

[0058] There are generally a parasitic inductor and a
parasitic capacitor in the semiconductor switching device
11 and the electronic device 1 in which the semiconductor
switching device is located, which causes the semicon-
ductor switching device 11 to oscillate during turning on
or turning off. As a result, a voltage spike that is higher
than the operating platform voltage of the semiconductor
switching device 11 is generated between two ends of
the conduction channel of the semiconductor switching
device 11. Therefore, even if the operating platform volt-
age is limited to be not higher than a breakdown voltage
between the two ends of the conduction channel of the
semiconductor switching device 11, if the voltage spike
is higher than the breakdown voltage between the two
ends of the conduction channel of the semiconductor
switching device 11, the conduction channel breakdown
still occurs on the semiconductor switching device 11. It
can be seen that the voltage spike between the two ends
of the conduction channel of the semiconductor switching
device 11 needs to be limited to be not higher than the
breakdown voltage between the two ends of the conduc-
tion channel of the semiconductor switching device.
[0059] The gate driving voltage of the semiconductor
switching device 11 affects the voltage spike between
the two ends of the conduction channel of the semicon-
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ductor switching device. Generally, a higher gate on volt-
age indicates a higher voltage spike between the two
ends of the conduction channel of the semiconductor
switching device. Conversely, a lower gate on voltage
indicates a lower voltage spike between the two ends of
the conduction channel of the semiconductor switching
device. Therefore, the gate on voltage provided by the
driving power supply circuit 1222 for the semiconductor
switching device 11 needs to be limited, to avoid the ex-
cessively high voltage spike between the two ends of the
conduction channel and the conduction channel break-
down. In addition to the gate driving voltage, the operating
condition of the semiconductor switching device 11 such
as the operating temperature, the operating current, or
the operating platform voltage also affects the voltage
spike between the two ends of the conduction channel
of the semiconductor switching device. Generally, if a
current operating temperature is higher, or a current op-
erating current is larger, or a current operating platform
voltage is higher, the voltage spike between the two ends
of the conduction channel of the semiconductor switching
device 11 is higher, and the conduction channel break-
down is more likely to occur on the semiconductor switch-
ing device. Therefore, if the current operating tempera-
ture is higher, or the current operating current is larger,
or the current operating platform voltage is higher, it may
be considered that the current operating condition is
worse.
[0060] It can be seen that the gate driving voltage and
the operating condition of the semiconductor switching
device 11 jointly determine the voltage spike between
the two ends of the conduction channel of the semicon-
ductor switching device. For the determined operating
condition, a gate allowable voltage may be determined
based on the breakdown voltage between the two ends
of the conduction channel. Provided that the gate on volt-
age is not higher than the gate allowable voltage, the
voltage spike between the two ends of the conduction
channel is not higher than the breakdown voltage be-
tween the two ends of the conduction channel.
[0061] In conclusion, in a possible implementation,
step 200 may specifically include the following detailed
steps.
[0062] 200B1. Determine a second value of the gate
allowable voltage based on an allowable voltage be-
tween two ends of a conduction channel of the semicon-
ductor switching device 11 and the detected operating
condition.
[0063] The control circuit 1221 can determine the gate
allowable voltage based on an allowable voltage be-
tween the two ends of the conduction channel of the sem-
iconductor switching device 11 and some or all of the
detected operating conditions. For ease of distinguishing
values of the gate allowable voltage determined accord-
ing to different methods, the value of the gate allowable
voltage determined herein may be referred to as a second
value. When the gate allowable voltage is the second
value, the voltage spike between the two ends of the

conduction channel of the semiconductor switching de-
vice 11 is not higher than the allowable voltage between
the two ends of the conduction channel of the semicon-
ductor switching device under a current operating con-
dition.
[0064] In a possible implementation, step 200B1 may
specifically include the following steps.
[0065] 200B11. Determine the allowable voltage be-
tween the two ends of the conduction channel of the sem-
iconductor switching device 11 based on the operating
condition.
[0066] The control circuit 1221 can determine the al-
lowable voltage between the two ends of the conduction
channel of the semiconductor switching device 11 based
on some or all of the detected operating conditions, where
the allowable voltage between the two ends of the con-
duction channel of the semiconductor switching device
11 is not higher than the breakdown voltage between the
two ends of the conduction channel of the semiconductor
switching device.
[0067] In a possible implementation, step 200B11 may
specifically include the following detailed steps.
[0068] 200B 111. Determine the breakdown voltage
between the two ends of the conduction channel based
on the operating condition.
[0069] 200B112. Determine the allowable voltage be-
tween the two ends of the conduction channel based on
the breakdown voltage between the two ends of the con-
duction channel and a preset second margin.
[0070] The control circuit 1221 can determine the al-
lowable voltage between the two ends of the conduction
channel based on the determined breakdown voltage be-
tween the two ends of the conduction channel and the
preset second margin, where the determined allowable
voltage between the two ends of the conduction channel
is lower than the breakdown voltage between the two
ends of the conduction channel and is positively corre-
lated with the breakdown voltage between the two ends
of the conduction channel. When the second margin is
larger, a difference between the allowable voltage be-
tween the two ends of the conduction channel and the
breakdown voltage between the two ends of the conduc-
tion channel is larger, a probability that the conduction
channel breakdown occurs on the semiconductor switch-
ing device 11 is lower, and the reliability is higher. Con-
versely, when the second margin is smaller, the differ-
ence between the allowable voltage between the two
ends of the conduction channel and the breakdown volt-
age between the two ends of the conduction channel is
smaller, and the allowable voltage between the two ends
of the conduction channel is larger. For the same oper-
ating condition, when the second value of the determined
gate allowable voltage is higher, the mode switching du-
ration of the semiconductor switching device 11 is short-
er, and the loss is lower. In a possible implementation,
the allowable voltage between the two ends of the con-
duction channel may be a difference between the break-
down voltage between the two ends of the conduction
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channel and the second margin.
[0071] The control circuit 1221 can determine the sec-
ond value of the gate allowable voltage of the semicon-
ductor switching device based on the operating condition
of the semiconductor switching device 11 and the allow-
able voltage between the two ends of the conduction
channel of the semiconductor switching device, to avoid
the conduction channel breakdown on the semiconduc-
tor switching device, and when the operating condition
becomes better, the second value of the gate allowable
voltage determined by the control circuit 1221 is in-
creased, and the control circuit 1221 can control the driv-
ing power supply circuit 1222 to provide a higher gate on
voltage for the semiconductor switching device 11, to re-
duce the mode switching duration of the semiconductor
switching device 11, thereby reducing the loss.

(3) Avoid gate breakdown and conduction channel break-
down

[0072] Step 200 specifically includes the following de-
tailed steps.
[0073] 200C1. Determine a first value of the gate al-
lowable voltage based on the operating condition.
[0074] For details, reference may be made to the de-
scription of any detailed step of step 200 in the first idea.
Details are not described herein again.
[0075] 200C2. Determine a second value of the gate
allowable voltage based on an allowable voltage be-
tween two ends of a channel of the semiconductor switch-
ing device 11 and the operating condition.
[0076] For details, reference may be made to the de-
scription of any detailed step of step 200 in the second
idea. Details are not described herein again.
[0077] A time sequence relationship between step
200C1 and step 200C2 is not limited in this embodiment
of this application. For example, the control circuit 1221
may perform step 200C1 and step 200C2 in parallel.
[0078] 200C3. Determine the gate allowable voltage
based on a smaller value between the first value and the
second value.
[0079] To avoid breakdown of the semiconductor
switching device 11 as much as possible, the gate allow-
able voltage should be not higher than the first value de-
termined in step 200C1 and not higher than the second
value determined in step 200C2. Therefore, the control
circuit 1221 can determine the gate allowable voltage
based on a smaller value between the first value and the
second value. In a possible implementation, it may be
determined that the value of the gate allowable voltage
is the smaller value between the first value and the sec-
ond value.
[0080] The control circuit 1221 can determine the first
value of the gate allowable voltage based on the operat-
ing condition, and when the gate on voltage is not higher
than the first value of the gate allowable voltage, the gate
breakdown of the semiconductor switching device 11
may be avoided as much as possible. The control circuit

1221 can determine the second value of the gate allow-
able voltage of the semiconductor switching device
based on the operating condition of the semiconductor
switching device 11 and the allowable voltage between
the two ends of the conduction channel of the semicon-
ductor switching device, and when the gate on voltage
is not higher than the second value of the gate allowable
voltage, the conduction channel breakdown of the sem-
iconductor switching device 11 may be avoided as much
as possible. The control circuit 1221 determines the gate
allowable voltage based on the smaller value between
the first value and the second value, which is beneficial
to avoiding the gate breakdown and the conduction chan-
nel breakdown of the semiconductor switching device 11
simultaneously.
[0081] The functions of the control circuit 1221 provid-
ed in the embodiments of this application are described
in the foregoing method embodiments. In this application,
the control circuit 1221 may be divided into functional
modules according to the foregoing method embodi-
ments. For example, each functional module may be di-
vided corresponding to each function of the control circuit
1221. Alternatively, two or more functions may be inte-
grated into one functional module. FIG. 6 is a schematic
structural diagram of a control circuit 1221. As shown in
FIG. 6, an embodiment of the control circuit 1221 in this
application may include: a detection module 12211, a
determining module 12212, and an output module 12213.
The detection module 12211 is configured to detect a
current operating condition of a semiconductor switching
device; the determining module 12212 is configured to
determine a gate allowable voltage of the semiconductor
switching device based on the operating condition de-
tected by the detection module 12211; and the output
module 12213 is configured to output a control signal to
a driving power supply circuit of the semiconductor
switching device based on the gate allowable voltage
determined by the determining module 12212, to control
the driving power supply circuit to provide a gate on volt-
age that is not higher than the gate allowable voltage and
that is positively correlated with the gate allowable volt-
age for the semiconductor switching device.
[0082] In a possible implementation, the detection
module 12211 may include a sensor, configured to detect
the operating condition (for example, an operating tem-
perature), or may include a sampling device, configured
to collect an operating current and/or an operating plat-
form voltage, or may include a sensor and a sampling
device, or may include a communications interface, con-
figured to receive information about the operating condi-
tion.
[0083] Referring to FIG. 7, the determining module
12212 includes a first gate allowable voltage determining
submodule 122121, configured to determine a first value
of the gate allowable voltage based on the operating con-
dition detected by the detection module 12211, where
the first value is not higher than a gate breakdown voltage
of the semiconductor switching device.
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[0084] Still referring to FIG. 7, the first gate allowable
voltage determining submodule 122121 includes a gate
breakdown voltage determining unit 1221211 and a first
gate allowable voltage determining unit 1221212. The
gate breakdown voltage determining unit 1221211 is con-
figured to determine the gate breakdown voltage of the
semiconductor switching device based on the operating
condition detected by the detection module 12211; and
the first gate allowable voltage determining unit 1221212
is configured to determine the first value based on the
gate breakdown voltage determined by the gate break-
down voltage determining unit 1221211 and a preset first
margin.
[0085] Referring to FIG. 8, in some embodiments of
this application, the determining module 12212 further
includes a second gate allowable voltage determining
submodule 122122 and a third gate allowable voltage
determining submodule 122123. The second gate allow-
able voltage determining submodule 122122 is config-
ured to determine a second value of the gate allowable
voltage based on an allowable voltage between two ends
of a conduction channel of the semiconductor switching
device and the operating condition detected by the de-
tection module 12211; and the third gate allowable volt-
age determining submodule 122123 is configured to de-
termine the gate allowable voltage based on a smaller
value between the first value determined by the first gate
allowable voltage determining submodule 122121 and
the second value determined by the second gate allow-
able voltage determining submodule 122122.
[0086] Still referring to FIG. 8, in some embodiments
of this application, the determining module 12212 further
includes a channel allowable voltage determining sub-
module 122124, configured to determine an allowable
voltage between the two ends of the conduction channel
based on the operating condition detected by the detec-
tion module 12211, where the allowable voltage between
the two ends of the conduction channel is not higher than
a breakdown voltage between the two ends of the con-
duction channel.
[0087] Still referring to FIG. 8, in some embodiments
of this application, the channel allowable voltage deter-
mining submodule 122124 includes a channel break-
down voltage determining unit 1221241 and a channel
allowable voltage determining unit 1221242. The chan-
nel breakdown voltage determining unit 1221241 is con-
figured to determine the breakdown voltage between the
two ends of the conduction channel based on the oper-
ating condition detected by the detection module 12211;
and the channel allowable voltage determining unit
1221242 is configured to determine the allowable voltage
between the two ends of the conduction channel based
on the breakdown voltage between the two ends of the
conduction channel determined by the channel break-
down voltage determining unit 1221241 and a preset sec-
ond margin.
[0088] The functional modules in the control circuit
1221 in this application may refer to one or more of a

specific application integrated circuit, a processor and a
memory that execute one or more software or firmware
programs, an integrated logic circuit, and another device
that can provide the foregoing functions.
[0089] For example, some or all of the functional mod-
ules in the control circuit 1221 may be implemented by
a digital lookup table and/or a digital comparator.
[0090] In a possible implementation, the first gate al-
lowable voltage determining submodule 122121 may in-
clude a digital lookup table. For ease of distinguishing,
the digital lookup table that implements the function of
the first gate allowable voltage determining submodule
122121 is referred to as a first gate allowable voltage
lookup table. The lookup table is configured to search for
a first value of a gate allowable voltage corresponding to
a current operating condition.
[0091] In a possible implementation, the second gate
allowable voltage determining submodule 122122 may
include a digital lookup table. For ease of distinguishing,
the digital lookup table that implements the function of
the second gate allowable voltage determining submod-
ule 122122 is referred to as a second gate allowable volt-
age lookup table. The lookup table is configured to search
for the allowable voltage between the two ends of the
conduction channel of the semiconductor switching de-
vice 11 and a second value of the gate allowable voltage
corresponding to the current operating condition.
[0092] In a possible implementation, the third gate al-
lowable voltage determining submodule 122123 may in-
clude a digital comparator, and the digital comparator is
configured to compare the first value with the second
value of the gate allowable voltage, to determine a small-
er value.
[0093] In a possible implementation, the output module
12213 may include a digital lookup table. For ease of
distinguishing, the digital lookup table that implements
the function of the output module 12213 is referred to as
a control signal lookup table. The control signal lookup
table may be configured to determine a control signal,
and the control signal output by the control circuit 1221
may be a duty cycle signal, a phase shift signal, a fre-
quency modulation signal, or the like, provided that the
driving power supply circuit 1222 can be controlled to
adjust a provided gate on voltage. Assuming that the con-
trol signal is the duty cycle signal, for example, when the
value of the gate allowable voltage determined by the
determining module 12212 is relatively large, a duty cycle
corresponding to the gate allowable voltage is relatively
high in the control signal lookup table; and when the value
of the gate allowable voltage determined by the deter-
mining module 12212 is relatively small, the duty cycle
corresponding to the gate allowable voltage is relatively
low in the control signal lookup table.
[0094] A correspondence between an output and an
input in each digital lookup table may be monotonic or
non-monotonic. This correspondence is determined
based on characteristics of a specific semiconductor
switching device 11 and characteristics of an electronic
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device 1 (for example, a switching power supply) in which
the semiconductor switching device is located. If the cor-
respondence between the output and the input in the
digital lookup table is monotonic, the digital lookup table
may be alternatively replaced with a linear control module
in which an input and an output satisfy a superposition
principle. For example, if a correspondence between the
first value of the gate allowable voltage and the operating
condition is monotonic, in a possible implementation, the
first gate allowable voltage determining submodule
122121 may alternatively include the linear control mod-
ule. If there is one operating condition, the first gate al-
lowable voltage determining submodule 122121 may be
formed by a single-stage linear control module, and if
there are a plurality of operating conditions (for example,
three), the first gate allowable voltage determining sub-
module 122121 may be formed by a plurality of cascaded
linear control modules (for example, three cascaded lin-
ear control modules), and each linear control module cor-
responds to one operating condition. Assuming that the
operating condition on which the first gate allowable volt-
age determining submodule 122121 is based includes
the operating temperature, the operating platform volt-
age, and the operating current, for a structure of the first
gate allowable voltage determining submodule 122121,
reference may be made to FIG. 9. The first gate allowable
voltage determining submodule 122121 includes a first
linear control module, a second linear control module,
and a third linear control module. The first linear control
module is configured to output a first intermediate value
of the gate allowable voltage to the second linear control
module based on the operating temperature, the second
linear control module is configured to output a second
intermediate value of the gate allowable voltage to the
third linear control module based on the operating plat-
form voltage and the first intermediate value of the gate
allowable voltage, and the third linear control module is
configured to output the first value of the gate allowable
voltage based on the operating current and the second
intermediate value of the gate allowable voltage. Simi-
larly, if a correspondence between the second value of
the gate allowable voltage and the operating condition is
monotonic, in a possible implementation, the second
gate allowable voltage determining submodule 122122
may alternatively include the linear control module. If the
correspondence between the value of the gate allowable
voltage and the control signal is monotonic, in a possible
implementation, the output module 12213 may include
the linear control module. The linear control module in
this embodiment of this application may be implemented
by a digital circuit, or may be implemented by an analog
circuit. This is not specifically limited herein.
[0095] FIG. 10 is another schematic structural diagram
of an electronic device 1 according to an embodiment of
this application. As shown in FIG. 10, in another embod-
iment of the electronic device 1 provided in this embod-
iment of this application, the semiconductor switching de-
vice 11 is an IGBT, and the driving device 12 includes a

driving circuit 121, a control circuit 1221, and a driving
power supply circuit 1222.
[0096] The control circuit 1221 includes a detection
module 12211, a determining module 12212, and a con-
trol signal lookup table 12213, where the determining
module 12212 includes a first gate allowable voltage
lookup table 122121, a second gate allowable voltage
lookup table 122122, and a comparator 122123. The de-
tection module 12211 is configured to detect an operating
condition of the semiconductor switching device 11, and
output the detected operating condition to the first gate
allowable voltage lookup table and the second gate al-
lowable voltage lookup table; the first gate allowable volt-
age lookup table is configured to search for a first value
of the gate allowable voltage corresponding to the oper-
ating condition, and output the first value to the compa-
rator, and the second gate allowable voltage lookup table
is configured to search for a second value of the gate
allowable voltage corresponding to the operating condi-
tion, and output the second value to the comparator; the
comparator is configured to compare the first value of
the gate allowable voltage with the second value of the
gate allowable voltage, to determine a smaller value be-
tween the first value and the second value as a value of
the gate allowable voltage, and output the determined
value of the gate allowable voltage to the control signal
lookup table 12213; and the control signal lookup table
12213 is configured to search for a duty cycle corre-
sponding to the value of the gate allowable voltage, shift
the found duty cycle by 180 degrees, and then form a
pair of two duty cycles, and output the pair of duty cycles
as a control signal to the driving power supply circuit
1222.
[0097] The driving power supply circuit 1222 is formed
by a half-bridge circuit with a transformer. Specifically,
the driving power supply circuit 1222 includes a half-
bridge arm, a buffer resistor 12222, a primary-side DC
blocking capacitor 12223, a secondary-side DC blocking
capacitor 12224, a transformer 12225, a rectifier bridge
arm, and a rectifier capacitor 12227. The half-bridge arm
includes two MOSFETs connected in series, a drain elec-
trode of a high-side MOSFET 122211 is connected to a
voltage source VCC, where the VCC is a constant DC
voltage source, a source electrode of a low-side MOS-
FET 122212 is connected to a primary-side ground level,
and a source electrode of the high-side MOSFET 122211
is connected to a drain electrode of the low-side MOSFET
122212. An intermediate node between the two MOS-
FETs connected in series is connected to one end of the
buffer resistor 12222, the other end of the buffer resistor
12222 is connected to one end of the primary-side DC
blocking capacitor 12223, the other end of the primary-
side DC blocking capacitor 12223 is connected to one
end of a primary side of the transformer 12225, and the
other end of the primary side of the transformer 12225
is connected to the ground level. The rectifier bridge arm
includes two diodes connected in series, an anode of a
high-side diode 122261 is connected to a cathode of a
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low-side diode 122262, and an intermediate node be-
tween the two diodes connected in series is connected
to one end of the secondary-side DC blocking capacitor
12224, the other end of the secondary-side DC blocking
capacitor 12224 is connected to one end of a secondary
side of the transformer 12225, and the other end of the
transformer 12225 is connected to an anode of the low-
side diode 122262. A cathode of the high-side diode
122261 is connected to one end of the rectifier capacitor
12227, and the other end of the low-side diode 122262
is connected to the other end of the rectifier capacitor
12227.
[0098] The high-side MOSFET 122211 and the low-
side MOSFET 122212 of the half-bridge arm receive a
pair of duty cycle control signals output by the control
circuit 1221. When the control signal received by the high-
side MOSFET 122211 is valid, the high-side MOSFET
122211 is turned on, and one end of the buffer resistor
12222 is connected to the VCC. When the control signal
received by the low-side MOSFET 122212 is valid, the
low-side MOSFET 122212 is turned on, and one end of
the buffer resistor 12222 is connected to the primary-side
ground level. Therefore, the half-bridge arm passes
through the buffer resistor 12222 and the primary-side
DC blocking capacitor 12223 and generates a pulse volt-
age corresponding to a current duty cycle on the primary
side of the transformer 12225. The secondary side of the
transformer 12225 induces the pulse voltage generated
by the primary side, and the pulse voltage passes through
the secondary-side DC blocking capacitor 12224, the
rectifier bridge arm, and the rectifier capacitor 12227 to
obtain a DC voltage corresponding to the current duty
cycle. Two endpoints of the rectifier capacitor 12227
serve as two output endpoints of the driving power supply
circuit 1222 to output the DC voltage, that is, an adjusted
gate driving voltage.
[0099] The driving circuit 121 includes a buffer driver
1211, an on resistor (recorded as Ron) 1212, and an off
resistor (recorded as Roff) 1213. The buffer driver 1211
includes a signal input end, two power supply input ends,
and two power supply output ends. The signal input end
of the buffer driver 1211 is configured to receive a control
signal; one power supply input end of the buffer driver
1211 is connected to an output end of the driving power
supply circuit 1222 for receiving the gate on voltage pro-
vided by the driving power supply circuit 1222, and is
connected to the gate of the semiconductor switching
device 11 through the Ron 1212 by one power supply
output end (recorded as Out+) of the buffer driver 1211;
and the other power supply input end of the buffer driver
1211 is connected to the other end of the rectifier capac-
itor 12227, and is connected to the gate of the semicon-
ductor switching device 11 through the Roff 1213 by the
other power supply output end (recorded as Out-) of the
buffer driver 1211. When the buffer driver 1211 receives
an on control signal, the power supply output end Out+
of the buffer driver 1211 is valid, and the power supply
output end Out- is invalid. The driving circuit 121 outputs

the gate on voltage provided by the driving power supply
circuit 1222 to the gate and the second end of the sem-
iconductor switching device 11 through the Ron 1212, to
drive the semiconductor switching device 11 to be turned
on. When the buffer driver 1211 receives an off control
signal, the power supply output end Out- of the buffer
driver 1211 is valid, and the power supply output end
Out+ is invalid. The driving circuit 121 outputs the gate
off voltage to the gate and the second end of the semi-
conductor switching device 11 through the Roff 1213 to
drive the semiconductor switching device 11 to be turned
off.
[0100] It should be noted that the foregoing embodi-
ments are merely illustrative. During actual use, the driv-
ing power supply circuit 1222, the driving circuit 121, the
control circuit 1221, and the semiconductor switching de-
vice 11 may be alternatively implemented by using other
circuit structures.
[0101] The technical solutions provided in this applica-
tion are described in detail above. The principle and im-
plementation of this application are described herein
through specific examples. The description about the em-
bodiments is merely provided to help understand the
method and core ideas of this application. In addition, a
person of ordinary skill in the art can make variations and
modifications to this application in terms of the specific
implementations and application scopes according to the
appended set of claims. Therefore, the content of spec-
ification shall not be construed as a limit to this applica-
tion.

Claims

1. A control circuit (1221), comprising:

a detection module (12211), configured to de-
tect a current operating condition of a semicon-
ductor switching device;
a determining module (12212), configured to de-
termine a gate allowable voltage of the semicon-
ductor switching device based on the operating
condition detected by the detection module ;
and
an output module (1223), configured to output
a control signal to a driving power supply circuit
of the semiconductor switching device based on
the gate allowable voltage determined by the
determining module, to control the driving power
supply circuit to provide a gate on voltage that
is not higher than the gate allowable voltage and
that is positively correlated with the gate allow-
able voltage for the semiconductor switching de-
vice;
wherein the determining module comprises:

a first gate allowable voltage determining
submodule, configured to determine a first
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value of the gate allowable voltage based
on the current operating condition detected
by the detection module, wherein the first
value is not higher than a gate breakdown
voltage of the semiconductor switching de-
vice; and
wherein the first gate allowable voltage de-
termining submodule comprises:

a gate breakdown voltage determining
unit, configured to determine the gate
breakdown voltage of the semiconduc-
tor switching device based on the op-
erating condition detected by the detec-
tion module ; and
a first gate allowable voltage determin-
ing unit, configured to determine the
first value based on the gate break-
down voltage determined by the gate
breakdown voltage determining unit
and a preset first margin.

2. The control circuit according to claim 1, wherein the
determining module further comprises:

a second gate allowable voltage determining
submodule, configured to determine a second
value of the gate allowable voltage based on an
allowable voltage between two ends of a con-
duction channel of the semiconductor switching
device and the operating condition detected by
the detection module; and
a third gate allowable voltage determining sub-
module, configured to determine the gate allow-
able voltage based on a smaller value between
the first value determined by the first gate allow-
able voltage determining submodule and the
second value determined by the second gate
allowable voltage determining submodule.

3. The control circuit according to claim 2, wherein the
determining module further comprises:
a channel allowable voltage determining submodule,
configured to determine the allowable voltage be-
tween the two ends of the conduction channel based
on the operating condition detected by the detection
module , wherein the allowable voltage between the
two ends of the conduction channel is not higher than
a breakdown voltage between the two ends of the
conduction channel.

4. The control circuit according to claim 3, wherein the
channel allowable voltage determining submodule
comprises:

a channel breakdown voltage determining unit,
configured to determine the breakdown voltage
between the two ends of the conduction channel

based on the operating condition detected by
the detection module ; and
a channel allowable voltage determining unit,
configured to determine the allowable voltage
between the two ends of the conduction channel
based on the breakdown voltage between the
two ends of the conduction channel determined
by the channel breakdown voltage determining
unit and a preset second margin.

5. The control circuit according to any one of claims 2
to 4, wherein the semiconductor switching device is
a metal oxide semiconductor field effect transistor
(MOSFET), and the two ends of the conduction
channel comprise a drain electrode and a source
electrode of the MOSFET; or
the semiconductor switching device is an insulated
gate bipolar transistor IGBT, and the two ends of the
conduction channel comprise a collector and an
emitter of the IGBT.

6. The control circuit according to any one of claims 1
to 5, wherein the operating condition comprises an
operating temperature of the semiconductor switch-
ing device, or an operating temperature and an op-
erating current of the semiconductor switching de-
vice, or an operating temperature and an operating
platform voltage of the semiconductor switching de-
vice, or an operating temperature, an operating cur-
rent, and an operating platform voltage of the sem-
iconductor switching device.

7. A voltage source circuit (122), comprising a driving
power supply circuit and the control circuit according
to any one of claims 1 to 6, wherein the driving power
supply circuit is configured to provide a gate on volt-
age for a semiconductor switching device under con-
trol of the control circuit.

8. A driving device (12) of a semiconductor switching
device, comprising a driving circuit and a voltage
source circuit, wherein the voltage source circuit
comprises a driving power supply circuit and the con-
trol circuit according to any one of claims 1 to 6;

the driving power supply circuit is configured to
provide a gate on voltage for the driving circuit
under control of a control signal output by the
control circuit; and
the driving circuit is configured to output the gate
on voltage to a semiconductor switching device
when receiving an on control signal, to drive the
semiconductor switching device to be turned on,
and output a gate off voltage to the semiconduc-
tor switching device when receiving an off con-
trol signal, to drive the semiconductor switching
device to be turned off.
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9. A method for driving a semiconductor switching de-
vice, comprising:

obtaining (100), by a control circuit, a current
operating condition of a semiconductor switch-
ing device;
determining (200), by the control circuit, a gate
allowable voltage of the semiconductor switch-
ing device based on the operating condition ;
and
outputting (300), by the control circuit, a control
signal to a driving power supply circuit of the
semiconductor switching device based on the
gate allowable voltage, to control the driving
power supply circuit to provide a gate on voltage
that is not higher than the gate allowable voltage
and that is positively correlated with the gate al-
lowable voltage for the semiconductor switching
device;
wherein the determining, by the control circuit,
a gate allowable voltage of the semiconductor
switching device based on the operating condi-
tion comprises:

determining, by the control circuit, a first val-
ue of the gate allowable voltage based on
the operating condition, wherein the first
value is not higher than a gate breakdown
voltage of the semiconductor switching de-
vice; and
wherein the determining, by the control cir-
cuit, a first value of the gate allowable volt-
age based on the operating condition com-
prises:

determining, by the control circuit, the
gate breakdown voltage of the semi-
conductor switching device based on
the operating condition ; and
determining, by the control circuit, the
first value based on the gate break-
down voltage and a preset first margin.

10. The method according to claim 9, wherein the meth-
od further comprises:

determining, by the control circuit, a second val-
ue of the gate allowable voltage based on an
allowable voltage between two ends of a con-
duction channel of the semiconductor switching
device and the operating condition; and
determining, by the control circuit, the gate al-
lowable voltage based on a smaller value be-
tween the first value and the second value.

11. The method according to claim 10, wherein the meth-
od further comprises:
determining, by the control circuit, the allowable volt-

age between the two ends of the conduction channel
based on the operating condition , wherein the al-
lowable voltage between the two ends of the con-
duction channel is not higher than a breakdown volt-
age between the two ends of the conduction channel.

Patentansprüche

1. Steuerschaltung (1221), umfassend:

ein Erkennungsmodul (12211), das dazu aus-
gelegt ist, einen aktuellen Betriebszustand einer
Halbleiterschaltvorrichtung zu erkennen;
ein Bestimmungsmodul (12212), das dazu aus-
gelegt ist, eine zulässige Gatespannung der
Halbleiterschaltvorrichtung basierend auf dem
durch das Erkennungsmodul erkannten Be-
triebszustand zu bestimmen; und
ein Ausgabemodul (1223), das dazu ausgelegt
ist, ein Steuersignal an eine Ansteuerstromver-
sorgungsschaltung der Halbleiterschaltvorrich-
tung basierend auf der durch das Bestimmungs-
modul bestimmten zulässigen Gatespannung
auszugeben, um die Ansteuerstromversor-
gungsschaltung so zu steuern, dass sie eine
Gate-Einschaltspannung bereitstellt, die nicht
höher als die zulässige Gatespannung ist und
die positiv mit der zulässigen Gatespannung für
die Halbleiterschaltvorrichtung korreliert ist;
wobei das Bestimmungsmodul umfasst:

ein erstes Untermodul zum Bestimmen der
zulässigen Gatespannung, das dazu aus-
gelegt ist, einen ersten Wert der zulässigen
Gatespannung basierend auf dem durch
das Erkennungsmodul erkannten aktuellen
Betriebszustand zu bestimmen, wobei der
erste Wert nicht höher als eine Gatedurch-
bruchsspannung der Halbleiterschaltvor-
richtung ist; und
wobei das erste Untermodul zum Bestim-
men der zulässigen Gatespannung um-
fasst:

eine Bestimmungseinheit für die Gate-
durchbruchsspannung, die dazu aus-
gelegt ist, die Gatedurchbruchsspan-
nung der Halbleiterschaltvorrichtung
basierend auf dem durch das Erken-
nungsmodul erkannten Betriebszu-
stand zu bestimmen; und
eine erste Bestimmungseinheit für die
zulässige Gatespannung, die dazu
ausgelegt ist, den ersten Wert basie-
rend auf der durch die Bestimmungs-
einheit für die Gatedurchbruchsspan-
nung bestimmten Gatedurchbruchs-
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spannung und einem voreingestellten
ersten Spielraum zu bestimmen.

2. Steuerschaltung gemäß Anspruch 1, wobei das Be-
stimmungsmodul ferner umfasst:

ein zweites Untermodul zum Bestimmen der zu-
lässigen Gatespannung, das dazu ausgelegt ist,
einen zweiten Wert der zulässigen Gatespan-
nung basierend auf einer zulässigen Spannung
zwischen zwei Enden eines Leitungskanals der
Halbleiterschaltvorrichtung und dem durch das
Erkennungsmodul erkannten Betriebszustand
zu bestimmen; und
ein drittes Untermodul zum Bestimmen der zu-
lässigen Gatespannung, das dazu ausgelegt ist,
die zulässige Gatespannung basierend auf ei-
nem kleineren Wert zwischen dem durch das
erste Untermodul zum Bestimmen der zulässi-
gen Gatespannung bestimmten ersten Wert und
dem durch das zweite Untermodul zum Bestim-
men der zulässigen Gatespannung bestimmten
zweiten Wert zu bestimmen.

3. Steuerschaltung gemäß Anspruch 2, wobei das Be-
stimmungsmodul ferner umfasst:
ein Untermodul zum Bestimmen der zulässigen Ka-
nalspannung, das dazu ausgelegt ist, die zulässige
Spannung zwischen den zwei Enden des Leitungs-
kanals basierend auf dem durch das Erkennungs-
modul erkannten Betriebszustand zu bestimmen,
wobei die zulässige Spannung zwischen den zwei
Enden des Leitungskanals nicht höher als eine
Durchbruchsspannung zwischen den zwei Enden
des Leitungskanals ist.

4. Steuerschaltung gemäß Anspruch 3, wobei das Un-
termodul zum Bestimmen der zulässigen Kanal-
spannung umfasst:

eine Einheit zum Bestimmen der Kanaldurch-
bruchsspannung, die dazu ausgelegt ist, die
Durchbruchsspannung zwischen den zwei En-
den des Leitungskanals basierend auf dem
durch das Erkennungsmodul erkannten Be-
triebszustand zu bestimmen; und
eine Einheit zum Bestimmen der zulässigen Ka-
nalspannung, die dazu ausgelegt ist, die zuläs-
sige Spannung zwischen den zwei Enden des
Leitungskanals basierend auf der durch die Ein-
heit zum Bestimmen der Kanaldurchbruchs-
spannung bestimmten Durchbruchsspannung
zwischen den zwei Enden des Leitungskanals
und einem voreingestellten zweiten Spielraum
zu bestimmen.

5. Steuerschaltung gemäß einem der Ansprüche 2 bis
4, wobei die Halbleiterschaltvorrichtung ein Metall-

oxidhalbleiter-Feldeffekttransistor (MOSFET) ist
und die zwei Enden des Leitungskanals eine Drain-
Elektrode und eine Source-Elektrode des MOSFET
umfassen; oder
die Halbleiterschaltvorrichtung ein bipolarer Transis-
tor mit isoliertem Gate, IGBT, ist und die zwei Enden
des Leitungskanals einen Kollektor und einen Emit-
ter des IGBT umfassen.

6. Steuerschaltung gemäß einem der Ansprüche 1 bis
5, wobei der Betriebszustand eine Betriebstempe-
ratur der Halbleiterschaltvorrichtung oder eine Be-
triebstemperatur und einen Betriebsstrom der Halb-
leiterschaltvorrichtung oder eine Betriebstemperatur
und eine Betriebsplattformspannung der Halbleiter-
schaltvorrichtung oder eine Betriebstemperatur, ei-
nen Betriebsstrom und eine Betriebsplattformspan-
nung der Halbleiterschaltvorrichtung umfasst.

7. Spannungsquellenschaltung (122), umfassend eine
Ansteuerstromversorgungsschaltung und die Steu-
erschaltung gemäß einem der Ansprüche 1 bis 6,
wobei die Ansteuerstromversorgungsschaltung da-
zu ausgelegt ist, eine Gate-Einschaltspannung für
eine Halbleiterschaltvorrichtung unter der Steue-
rung der Steuerschaltung bereitzustellen.

8. Ansteuervorrichtung (12) einer Halbleiterschaltvor-
richtung, umfassend eine Ansteuerschaltung und ei-
ne Spannungsquellenschaltung, wobei die Span-
nungsquellenschaltung eine Ansteuerstromversor-
gungsschaltung und die Steuerschaltung gemäß ei-
nem der Ansprüche 1 bis 6 umfasst;

die Ansteuerstromversorgungsschaltung dazu
ausgelegt ist, eine Gate-Einschaltspannung für
die Ansteuerschaltung unter Steuerung eines
durch die Steuerschaltung ausgegebenen Steu-
ersignals bereitzustellen; und
die Ansteuerschaltung dazu ausgelegt ist, beim
Empfangen eines Einschaltsteuersignals die
Gate-Einschaltspannung an eine Halbleiter-
schaltvorrichtung auszugeben, um die Halblei-
terschaltvorrichtung einzuschalten, und beim
Empfangen eines Ausschaltsteuersignals eine
Gate-Ausschaltspannung an die Halbleiter-
schaltvorrichtung auszugeben, um die Halblei-
terschaltvorrichtung auszuschalten.

9. Verfahren zum Ansteuern einer Halbleiterschaltvor-
richtung, umfassend:

Ermitteln (100) eines aktuellen Betriebszu-
stands einer Halbleiterschaltvorrichtung durch
eine Steuerschaltung;
Bestimmen (200) einer zulässigen Gatespan-
nung der Halbleiterschaltvorrichtung durch die
Steuerschaltung basierend auf dem Betriebszu-
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stand; und
Ausgeben (300) eines Steuersignals durch die
Steuerschaltung an eine Ansteuerstromversor-
gungsschaltung der Halbleiterschaltvorrichtung
basierend auf der zulässigen Gatespannung,
um die Ansteuerstromversorgungsschaltung so
zu steuern,
dass sie eine Gate-Einschaltspannung bereit-
stellt, die nicht höher als die zulässige Gate-
spannung ist und die positiv mit der zulässigen
Gatespannung für die Halbleiterschaltvorrich-
tung korreliert ist;
wobei das Bestimmen einer zulässigen Gate-
spannung der Halbleiterschaltvorrichtung ba-
sierend auf dem Betriebszustand durch die
Steuerschaltung umfasst:

Bestimmen eines ersten Wertes der zuläs-
sigen Gatespannung durch die Steuer-
schaltung basierend auf dem Betriebszu-
stand, wobei der erste Wert nicht höher als
eine Gatedurchbruchsspannung der Halb-
leiterschaltvorrichtung ist; und
wobei das Bestimmen eines ersten Wertes
der zulässigen Gatespannung durch die
Steuerschaltung basierend auf dem Be-
triebszustand umfasst:

Bestimmen der Gatedurchbruchs-
spannung der Halbleiterschaltvorrich-
tung durch die Steuerschaltung basie-
rend auf dem Betriebszustand; und
Bestimmen des ersten Wertes durch
die Steuerschaltung basierend auf der
Gatedurchbruchsspannung und einem
voreingestellten ersten Spielraum.

10. Verfahren gemäß Anspruch 9, wobei das Verfahren
ferner umfasst:

Bestimmen eines zweiten Wertes der zulässi-
gen Gatespannung durch die Steuerschaltung
basierend auf einer zulässigen Spannung zwi-
schen zwei Enden eines Leitungskanals der
Halbleiterschaltvorrichtung und dem Betriebs-
zustand; und
Bestimmen der zulässigen Gatespannung
durch die Steuerschaltung basierend auf einem
kleineren Wert zwischen dem ersten Wert und
dem zweiten Wert.

11. Verfahren gemäß Anspruch 10, wobei das Verfah-
ren ferner umfasst:
Bestimmen der zulässigen Spannung zwischen den
zwei Enden des Leitungskanals durch die Steuer-
schaltung basierend auf dem Betriebszustand, wo-
bei die zulässige Spannung zwischen den zwei En-
den des Leitungskanals nicht höher als eine Durch-

bruchsspannung zwischen den zwei Enden des Lei-
tungskanals ist.

Revendications

1. Circuit de commande (1221), comprenant :

un module de détection (12211), configuré de
façon à détecter une condition de fonctionne-
ment courante d’un dispositif de commutation à
semi-conducteurs ;
un module de détermination (12212), configuré
de façon à déterminer une tension admissible
de grille en se basant sur la condition de fonc-
tionnement détectée par le module de
détection ; et
un module de sortie (1223), configuré de façon
à fournir un signal de commande à un circuit
d’alimentation électrique d’attaque du dispositif
de commutation à semi-conducteurs en se ba-
sant sur la tension admissible de grille détermi-
née par le module de détermination, afin de
commander le circuit d’alimentation électrique
d’attaque de façon à fournir une tension de dé-
blocage de grille qui n’est pas plus haute que la
tension admissible de grille et qui est corrélée
positivement avec la tension admissible de grille
pour le dispositif de commutation à semi-
conducteurs ;
le module de détermination comprenant :

un sous-module de détermination de pre-
mière tension admissible de grille, configuré
de façon à déterminer une première valeur
de la tension admissible de grille en se ba-
sant sur la condition de fonctionnement
courante détectée par le module de détec-
tion, la première valeur n’étant pas plus hau-
te qu’une tension de claquage de grille du
dispositif de commutation à semi-
conducteurs ; et
le sous-module de détermination de la pre-
mière tension admissible de grille
comprenant :

une unité de détermination de tension
de claquage de grille, configurée de fa-
çon à déterminer la tension de claqua-
ge de grille du dispositif de commuta-
tion à semi-conducteurs en se basant
sur la condition de fonctionnement dé-
tectée par le module de détection ; et
une unité de détermination de première
tension admissible de grille, configurée
de façon à déterminer la première va-
leur en se basant sur la tension de cla-
quage de grille déterminée par l’unité
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de détermination de tension de claqua-
ge de grille et sur une première marge
prédéfinie.

2. Circuit de commande selon la revendication 1, dans
lequel le module de détermination comprend en
outre :

un sous-module de détermination de deuxième
tension admissible de grille, configuré de façon
à déterminer une deuxième valeur de la tension
admissible de grille en se basant sur une tension
admissible entre deux extrémités d’un canal de
conduction du dispositif de commutation à semi-
conducteurs et sur la condition de fonctionne-
ment détectée par le module de détection ; et
un sous-module de détermination de troisième
tension admissible de grille, configuré de façon
à déterminer la tension admissible de grille en
se basant sur une valeur plus petite entre la pre-
mière valeur déterminée par le sous-module de
détermination de la première tension admissible
de grille et la deuxième valeur déterminée par
le sous-module de détermination de la deuxiè-
me tension admissible de grille.

3. Circuit de commande selon la revendication 2, dans
lequel le module de détermination comprend en
outre :
un sous-module de détermination de tension admis-
sible de canal, configuré de façon à déterminer la
tension admissible entre les deux extrémités du ca-
nal de conduction en se basant sur la condition de
fonctionnement détectée par le module de détection,
la tension admissible entre les deux extrémités du
canal de conduction n’étant pas plus haute qu’une
tension de claquage entre les deux extrémités du
canal de conduction.

4. Circuit de commande selon la revendication 3, dans
lequel le sous-module de détermination de la tension
admissible du canal comprend :

une unité de détermination de tension de cla-
quage de canal, configurée de façon à détermi-
ner la tension de claquage entre les deux extré-
mités de canal de conduction en se basant sur
la condition de fonctionnement détectée par le
module de détection ; et
une unité de détermination de tension admissi-
ble de canal, configurée de façon à déterminer
la tension admissible entre les deux extrémités
du canal de conduction en se basant sur la ten-
sion de claquage entre les deux extrémités du
canal de conduction déterminée par l’unité de
détermination de tension de claquage du canal
et sur une deuxième marge prédéfinie.

5. Circuit de commande selon l’une quelconque des
revendications 2 à 4, dans lequel le dispositif de com-
mutation à semi-conducteurs est un transistor à effet
de champ (MOSFET) à semi-conducteurs à oxyde
de métal, et les deux extrémités du canal de con-
duction consistent en une électrode de drain et une
électrode de source du MOSFET ; ou dans lequel
le dispositif de commutation à semi-conducteurs est
un transistor bipolaire à grille isolée, IGBT, et les
deux extrémités du canal de conduction consistent
en un collecteur et un émetteur du transistor IGBT.

6. Circuit de commande selon l’une quelconque des
revendications 1 à 5, dans lequel la condition de
fonctionnement consiste en une température de
fonctionnement du dispositif de commutation à semi-
conducteurs, ou en une température de fonctionne-
ment et un courant de fonctionnement du dispositif
de commutation à semi-conducteurs, ou en une tem-
pérature de fonctionnement et une tension de plate-
forme de fonctionnement du dispositif de commuta-
tion à semi-conducteurs, ou en une température de
fonctionnement, un courant de fonctionnement, et
une tension de température de fonctionnement du
dispositif de commutation à semi-conducteurs.

7. Circuit de source de tension (122), comprenant un
circuit d’alimentation électrique d’attaque et le circuit
de commande selon l’une quelconque des revendi-
cations 1 à 6, le circuit d’alimentation électrique d’at-
taque étant configuré de façon à fournir une tension
de déblocage de grille pour un dispositif de commu-
tation à semi-conducteurs sous le contrôle du circuit
de commande.

8. Dispositif d’attaque (12) d’un dispositif de commuta-
tion à semi-conducteurs, comprenant un circuit d’at-
taque et un circuit de source de tension, le circuit de
source de tension comprenant un circuit d’alimenta-
tion électrique d’attaque et le circuit de commande
selon l’une quelconque des revendications 1 à 6 ;

le circuit d’alimentation électrique d’attaque
étant configuré de façon à fournir une tension
de déblocage de grille pour le circuit d’attaque
sous le contrôle d’un signal de commande fourni
par le circuit de commande ; et
le circuit d’attaque étant configuré de façon à
fournir la tension de déblocage de grille d’un dis-
positif de commutation à semi-conducteurs lors-
qu’il reçoit un signal de commande de débloca-
ge, pour commander le déblocage du dispositif
de commutation à semi-conducteurs, et de fa-
çon à fournir une tension de blocage de grille au
dispositif de commutation à semi-conducteurs
lorsqu’il reçoit un signal de commande de blo-
cage, pour commander le blocage du dispositif
de commutation à semi-conducteurs.

33 34 



EP 3 937 361 B1

19

5

10

15

20

25

30

35

40

45

50

55

9. Procédé pour commander un dispositif de commu-
tation à semi-conducteurs, comprenant :

l’obtention (100), par un circuit de commande,
d’une condition de fonctionnement courante
d’un dispositif de commutation à semi-
conducteurs ;
la détermination (200), par le circuit de comman-
de, d’une tension admissible de grille du dispo-
sitif de commutation à semi-conducteurs en se
basant sur la condition de fonctionnement ; et
la fourniture (300), par le circuit de commande,
d’un signal de commande à un circuit d’alimen-
tation électrique d’attaque du dispositif de com-
mutation à semi-conducteurs en se basant sur
la tension admissible de grille, afin de comman-
der le circuit d’alimentation électrique d’attaque
de façon à fournir une tension de déblocage de
grille qui n’est pas plus haute que la tension ad-
missible de grille et qui est corrélée positivement
avec la tension admissible de grille pour le dis-
positif de commutation à semi-conducteurs ;
la détermination, par le circuit de commande,
d’une tension admissible de grille du dispositif
de commutation à semi-conducteurs en se ba-
sant sur la condition de fonctionnement
comprenant :

la détermination, par le circuit de comman-
de, d’une première valeur de la tension ad-
missible de grille en se basant sur la condi-
tion de fonctionnement, la première valeur
n’étant pas plus haute qu’une tension de
claquage de grille du dispositif de commu-
tation à semi-conducteurs ; et
la détermination, par le circuit de comman-
de, d’une première valeur de la tension ad-
missible de grille en se basant sur la condi-
tion de fonctionnement comprenant :

la détermination, par le circuit de com-
mande, de la tension de claquage de
grille du dispositif de commutation à
semi-conducteurs en se basant sur la
condition de fonctionnement ; et
la détermination, par le circuit de com-
mande, de la première valeur en se ba-
sant sur la tension de claquage de grille
et sur une première marge prédéfinie.

10. Procédé selon la revendication 9, le procédé com-
prenant en outre :

la détermination, par le circuit de commande,
d’une deuxième valeur de la tension admissible
de grille en se basant sur une tension admissible
entre deux extrémités d’un canal de conduction
du dispositif de commutation à semi-conduc-

teurs et sur la condition de fonctionnement ; et
la détermination, par le circuit de commande, de
la tension admissible de grille en se basant sur
une valeur plus petite entre la première valeur
et la deuxième valeur.

11. Procédé selon la revendication 10, le procédé com-
prenant en outre :
la détermination, par le circuit de commande, de la
tension admissible entre les deux extrémités du ca-
nal de conduction en se basant sur la condition de
fonctionnement, la tension admissible entre les deux
extrémités du canal de conduction n’étant pas plus
haute qu’une tension de claquage entre les deux ex-
trémités du canal de conduction.
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