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Abstract

The invention relates to a method and an actuating arrangement
for controlliing a MOSFET, in particular wide-bandgap MOSFET. A
change of an actuating variable, which actuates the MOSFET as a
function of an operating characteristic variable that
influences the switching behavior of the MOSFET is stored in a
characteristic block. The change counteracts a reference
actuating value of the actuating variable. An actual value of
the operating characteristic variable is determined during
operation of the MOSFET. The actuating variable is changed from
the reference actuating value as a function of the actual value
commensurate with the change of the actuating variable stored
in the characteristic block. The change stored in the
characteristic block can include a change in the switch-on or
switch-off voltage or gate resistance of the MOSFET as a
function of the operating temperature or the operating voltage

of the MOSFET.
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METHOD AND ARRAGEMENT FOR ACTUATING A METAL-OXTDE-SEMICONDUCTOR
FIELD-EFFECT TRANSISTOR

FIELD OF THE INVENTION

The invention relates to a method and an actuating arrangement
for actuating a metal-oxide-semiconductor field-effect
transistor (MOSFET), in particular a MOSFET based on a
semiconductor with a wide band gap (wide-bandgap

semiconductor) .

BACKGROUND OF THE INVENTION

The switching behavior of a MOSFET is strongly dependent upon
operating conditions under which the MOSFET is operated, in
particular an operating voltage which is applied between the
drain and source of the MOSFET in the switched-off state of the
MOSFET, and an operating temperature of the MOSFET. For
applications of a MOSFET, a predictable and consistent
switching behavior of the MOSFET is required in order to
observe boundary conditions, for example for an overvoltage
when switching off the MOSFET and for the electromagnetic
compatibility. Particularly in applications with strongly
fluctuating operating conditions, currently increasing use 1is
being made of MOSFETs based on semiconductors with a wide band
gap, for example in traction current converters, in which the

operating voltage may fluctuate strongly.
US 2017/0155250 Al discloses a method and an apparatus for

actuating an electrical or electronic switching element,

wherein a PWM signal for actuating the switching element can be
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modulated as a function of a supply voltage and/or an ambient

temperature of the switching element.

US 2017/0021733 Al discloses an apparatus for controlling a
plurality of switching elements of a current converter, which
is configured to reduce a switching speed of each switching
element when atmospheric pressure drops, ambient temperature

drops and/or input voltage rises.

SUMMARY OF THE INVENTION

The object underlying the invention is that of specifying a
method and an actuating arrangement for actuating a MOSFET,
which are improved with regard to the consistency of the
switching behavior of the MOSFET under shifting operating

conditions.

In the method according to the invention for actuating a

MOSFET, in particular a MOSFET based on a semiconductor with a

wide band gap, a characteristic block is created in which, as
function of at least one operating characteristic variable
influencing the switching behavior of the MOSFET, a change to
at least one actuating variable used to actuate the MOSFET

compared to a reference actuating value of the actuating

variable is recorded, which change counteracts a change to the

switching behavior due to the at least one operating
characteristic variable. During operation of the MOSFET, an

actual value of the at least one operating characteristic

a

variable is ascertained and the at least one actuating variable

is changed in comparison to its reference actuating value,

according to the characteristic block, as a function of the
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actual value of the at least one operating characteristic

variable.

The invention takes advantage of the fact that the dependency
of the switching behavior of a MOSFET upon operating
characteristic variables which influence the switching behavior
can be mapped by characteristic curves in a very precise
manner, which characteristic curves describe actuating
variables used to actuate the MOSFET as a function of the
operating characteristic variables. The invention makes
provision for creating a characteristic block which has one or
more characteristic curves, each of which having changes to an
actuating variable compared to a reference actuating value as a
function of at least one operating characteristic variable,
which are necessary in order to counteract changes to the
switching behavior due to the at least one operating
characteristic variable. The actuating variables are set
according to the characteristic block as a function of actual
values of the at least one operating characteristic variable.
As a result, the influence of at least one operating
characteristic variable on the switching behavior of the MOSFET
can be compensated, so that the switching behavior of the

MOSFET is stabilized.

Embodiments of the invention make provision for the change to a
switching-on actuating voltage for switching on the MOSFET, the
change to a switching-off actuating voltage for switching off
the MOSFET, the change to a switching-on gate resistance for
switching on the MOSFET and/or the change to a switching-off
gate resistance for switching off the MOSFET to be recorded in

the characteristic block as a function of the at least one
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operating characteristic variable. In other words, these
embodiments of the invention make provision for a switching-on
actuating voltage, a switching-off actuating voltage, a
switching-on gate resistance and/or a switching-off gate
resistance for the MOSFET as a control variable in each case,
the change to which is recorded in the characteristic block as
a function of the at least one operating characteristic
variable. These embodiments of the inventions advantageously
enable a direct influencing of the gate-source voltage of the
MOSFET for switching on and/or switching off the MOSFET as a

function of the at least one operating characteristic variable.

Further embodiments of the invention make provision for the
change to the at least one actuating variable as a function of
an operating voltage and/or an operating temperature of the
MOSFET to be recorded in the characteristic block. These
embodiments of the invention take into consideration that the
switching behavior of the MOSFET, above all else, depends upon
the operating voltage and the operating temperature and, for
this reason, above all else, the switching behavior of the
MOSFET can be stabilized by compensating for the influences to

these two operating characteristic variables.

An actuating arrangement according to the invention for
performing the method according to the invention comprises an
evaluation unit, which is embodied to store the characteristic
block and ascertain the change to the at least one actuating
variable as a function of the actual value of the at least one
operating characteristic variable, on the basis of the
characteristic block, and a control unit, which is embodied to

actuate the MOSFET as a function of a control signal with an
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actuating value of the at least one actuating variable, which
is changed compared to the reference actuating value of the
actuating variable according to the change ascertained by the

evaluation unit.

Embodiments of the actuating arrangement according to the
invention make provision for the control unit to have a
controllable switching-on voltage source for generating a
variable switching-on actuating voltage for switching on the
MOSFET, a controllable switching-off voltage source for
generating a variable switching-off actuating voltage for
switching off the MOSFET, a controllable switching-on
resistance unit for generating a variable switching-on gate
resistance for switching on the MOSFET and/or a controllable
switching-off resistance unit for generating a variable

switching-off gate resistance for switching off the MOSFET.

A further embodiment of the actuating arrangement according to
the invention makes provision for a measurement apparatus for
capturing actual values of at least one operating
characteristic variable, the influence of which on the
switching behavior of the MOSFET is taken into consideration in
the characteristic block. For example, the measurement
apparatus is embodied to capture actual values of an operating

voltage and/or an operating temperature of the MOSFET.

An actuating arrangement according to the invention makes it
possible to perform the method according to the invention. The
advantages of an actuating arrangement according to the
invention therefore correspond to the advantages of the method

according to the invention already mentioned above, and are not
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listed separately once more here.

A current converter according to the invention, in particular a
traction current converter, has at least one MOSFET, in
particular a MOSFET based on a semiconductor with a wide band
gap, and an actuating arrangement according to the invention
for actuating the MOSFET. The invention is particularly
suitable for actuating a MOSFET of a traction current
converter, as the operating voltage of a traction current
converter can strongly fluctuate and therefore vary the

switching behavior of the MOSFET.

According to one aspect of the present invention, there is
provided a method for actuating a metal-oxide-semiconductor
field-effect transistor (MOSFET), in particular a wide-bandgap
MOSFET, comprising: storing in a characteristic block a change
of at least one actuating variable, which actuates the MOSFET
as a function of at least one operating characteristic wvariable
that influences the switching behavior of the MOSFET, with the
change counteracting a reference actuating value of the
actuating variable; ascertaining during operation of the MOSFET
an actual value of the at least one operating characteristic
variable; and changing the at least one actuating variable from
the reference actuating value commensurate with the change of
at least one actuating variable stored in the characteristic
block, depending on the actual value of the at least one

operating characteristic variable.

According to another aspect of the invention, there is provided

an actuating arrangement for controlling a metal-oxide-

semiconductor field-effect transistor (MOSFET), in particular a
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wide-bandgap MOSFET, said actuating arrangement comprising: an
evaluation unit receiving at least one operating characteristic
variable of the MOSFET that influences a switching behavior of
the MOSFET, said evaluation unit comprising a characteristic
block storing a change of at least one actuating variable of
the MOSFET compared to a reference actuating value as a
function of the at least one operating characteristic variable,
and a control unit receiving a control signal and producing a
changed actuating value of the at least one actuating variable,
wherein the changed actuating value is changed from the
reference actuating value of the actuating wvariable
commensurate with the change of the at least one actuating
variable ascertained by the evaluation unit, and actuating the
MOSFET in response to a control signal with the changed

actuating value.

According to another aspect of the invention, there is provided
a current converter, in particular a traction current
converter, comprising: at least one metal-oxide-semiconductor
field-effect transistor (MOSFET) and; and an actuating
arrangement for controlling the MOSFET, said actuating
arrangement comprising: an evaluation unit receiving at least
one operating characteristic variable of the MOSFET that
influences a switching behavior of the MOSFET, said evaluation
unit comprising a characteristic block storing a change of at
least one actuating variable of the MOSFET compared to a
reference actuating value as a function of the at least one
operating characteristic variable, and a control unit receiving
a control signal and producing a changed actuating value of the
at least one actuating variable, wherein the changed actuating

value is changed from the reference actuating value of the
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actuating variable commensurate with the change of the at least
one actuating variable ascertained by the evaluation unit, and
actuating the MOSFET in response to a control signal with the

changed actuating value.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-described properties, features and advantages of this
invention, as well as the manner in which they are realized,
will become clearer and more intelligible in conjunction with
the following description of exemplary embodiments which are

explained in more detail in conjunction with the drawings, in

which:

FIG 1 shows a circuit diagram of a MOSFET and a first
exemplary embodiment of an actuating arrangement for
actuating the MOSFET,

FIG 2 shows a circuit diagram of a control unit for
actuating a MOSFET,

FIG 3 shows a characteristic curve for a change to a
switching-on actuating voltage as a function of an
operating voltage of a MOSFET,

FIG 4 shows a circuit diagram of a current converter,

FIG 5 shows a flow diagram of a method for actuating a

MOSFET.

Parts which correspond to one another are provided with the

same reference characters in the figures.
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DETAILED DESCRIPTION

FIG 1 shows a circuit diagram of a MOSFET 1 and a first
exemplary embodiment of an actuating arrangement 3 according to

the invention for actuating the MOSFET 1.

The MOSFET 1 is embodied as a normally blocking n-channel
MOSFET, which is based on a semiconductor with a wide band gap,

for example on silicon carbide or gallium nitride.

The actuating arrangement 3 comprises a control unit 5, an

evaluation unit 7 and a measurement apparatus 9.

The measurement apparatus 9 is embodied to capture an operating
temperature T and an operating voltage U of the MOSFET 1 as
operating variables T, U. In order to capture the operating
temperature T, the measurement apparatus 9 has a temperature
sensor 11, for example an NTC resistor (negative temperature
coefficient thermistor). The operating voltage U, for example,
is measured as a drain-source voltage of the MOSFET 1 between

drain D and source S in the switched-off state of the MOSFET 1.

FIG 2 shows a schematic circuit diagram of the control unit 5.
The control unit 5 comprises a controllable switching-on
voltage source 13 for generating a variable switching-on
actuating voltage Ul for switching on the MOSFET 1, a
controllable switching-off voltage source 15 for generating a
variable switching-off actuating voltage U2 for switching off
the MOSFET 1, a controllable switching-on resistance unit 17
for generating a variable switching-on gate resistance R1 for

switching on the MOSFET 1, a controlliable switching-off
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resistance unit 19 for generating a variable switching-off gate
resistance R2 for switching off the MOSFET 1, a first terminal
21 connected to the gate G of the MOSFET 1 and a second
terminal 23 connected to the source S of the MOSFET 1. The
switching-on resistance unit 17 and the switching-off
resistance unit 19, for example, each have a large number of
individual resistors, wherein in order to set a particular
switching-on gate resistance Rl or switching-off gate
resistance R2, a number of individual resistors required for

this purpose can be interconnected to one another in each case.

In each case, a first pole of the switching-on voltage source
13 and a first pole of the switching-off voltage source 15 are
permanently connected to the second terminal 23. In order to
switch on the MOSFET 1, the second pole of the switching-on
voltage source 13 is connected to the first terminal 21 wvia the
switching-on resistance unit 17 by closing a first switch 25,
and the second pole of the switching-off voltage source 15 is
disconnected from the switching-off resistance unit 19 and the
first terminal 21 by opening a second switch 27. In order to
switch off the MOSFET 1, the second pole of the switching-off
voltage source 15 is connected to the first terminal 21 wvia the
switching-odd resistance unit 19 by closing the second switch
27, and the switching-on voltage source 13 is disconnected from
the switching-on resistance unit 17 and the first terminal 21
by opening the first switch 25. The switching on and off of the
MOSFET 1 is triggered by a binary control signal 12 supplied to

the control unit 5.

The switching-on actuating voltage Ul used to switch on the

MOSFET 1 and the switching-on gate resistance Rl used to switch
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on the MOSFET 1, as well as the switching-off actuating voltage
U2 used to switch off the MOSFET 1 and the switching-off gate
resistance R2 used to switch off the MOSFET 1 are actuating
variables Ul, U2, R1l, R2 for actuating the MOSFET 1, which are
each set as a function of the operating temperature T and the
operating voltage U of the MOSFET 1. To this end, stored in the
evaluation unit 7 is a characteristic block 8, in which changes
AUl, AU2, AR1, AR2 to said actuating variables Ul, U2, R1, R2
compared to a reference actuating value as a function of the
operating temperature T and the operating voltage U are
recorded in each case, which changes counteract a change in the
switching behavior of the MOSFET 1 caused by the operating

temperature T or operating voltage U.

For the operating temperature T and the operating voltage U,
which are captured by the measurement apparatus 9, the
evaluation unit 7 uses the characteristic block to ascertain
changes AUl, AU2, AR1l, AR2 to the actuating variables Ul, U2,
R1, R2 compared to the respective reference actuating values
thereof and transmits the changes AUl, AU2, AR1, AR2 to the
control unit 5. The control unit 5 sets the switching-on
actuating voltage Ul, the switching-off actuating voltage U2,
the switching-on gate resistance R1 and the switching-off gate
resistance R2 to the respective actuating value which is

changed compared to the reference actuating value.

FIG 3 shows, by way of example, a characteristic curve of the
characteristic block for a change AUl to the switching-on

actuating voltage Ul as a function of the operating voltage U
compared to the reference actuating value for the switching-on

actuating voltage Ul. The wvalue AUl resulting from the
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characteristic curve for an operating voltage U is added to the
reference actuating value for the switching-on actuating

voltage Ul.

FIG 4 shows a circuit diagram of a current converter 30 with a
MOSFET 1 and a second exemplary embodiment of an actuating
arrangement 3 according to the invention for actuating the
MOSFET 1. The current converter 30, for example, is a traction
current converter with further MOSFETs 1 (not shown here),
which are interconnected to form half bridges or full bridges
in a known manner, and a further actuating arrangement 3 for
each further MOSFET 1. The actuating arrangements 3 of this
exemplary embodiment only differ from the exemplary embodiment
shown in FIG 1 in that they have no measurement apparatus 9 for
capturing the operating temperature T and the operating voltage
U of the MOSFET 1. Instead, actual values of the operating
temperature T and the operating voltage U are supplied to the
evaluation unit 7 of each actuating arrangement 3 by a
controller 29 of the current converter 30, which also sends the
control signal 12 to the control unit 5 of the actuating

arrangement 3.

FIG 5 shows a flow diagram of an exemplary embodiment of the
method according to the invention for actuating a MOSFET 1 with
an actuating arrangement 3 designed according to FIG 1 or FIG

4.

In a first method step S1, a characteristic block is created,
in which a change AUl to the switching-on actuating voltage Ul,
a change AU2 to the switching-off actuating voltage U2, a

change AR1 to the switching-on gate resistance R1 and a change
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AR2 to the switching-off gate resistance R2, in each case as a
function of the operating temperature T and the operating
voltage U of the MOSFET 1, are recorded. The characteristic
block is stored in the evaluation unit 7 of the actuating

arrangement 3.

In a second method step S2, the instantaneous operating
temperature T and the instantaneous operating voltage U of the
MOSFET 1 (i.e. actual values of the operating temperature T and
the operating voltage U) are ascertained and supplied to the

evaluation unit 7.

In a third method step S3, for the values of the operating
temperature T and the operating voltage U ascertained in the
second method step S2, the evaluation unit 7 uses the
characteristic block to ascertain changes AUl, AU2, AR1, AR2 to
the switching-on actuating voltage Ul, the switching-off
actuating voltage U2, the switching-on gate resistance R1 and
the switching-off gate resistance R2 compared to the respective
reference actuating values thereof and transmit these to the

control unit 5.

In a fourth method step S4, the control unit 5 sets the
switching-on actuating voltage Ul, the switching-off actuating
voltage U2, the switching-on gate resistance R1 and the
switching-off gate resistance R2 to an actuating value in each
case, which is changed compared to the respective reference
actuating value by adding the change AUl, AU2, AR1, AR2
ascertained in the third method step S3 to the reference
actuating value. Following the fourth method step S4, the

method is continued with the second method step S2.
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The exemplary embodiments of an actuating arrangement 3
according to the invention and the method according to the
invention, which are described on the basis of the figures, can
be modified in various ways to form alternative exemplary
embodiments. For example, changes AUl, AU2, AR1l, AR2 to the
switching-on actuating voltage Ul, the switching-off actuating
voltage U2, the switching-on gate resistance R1 and the
switching-off gate resistance R2 compared to respective
reference actuating values may be ascertained and set as a
function of either only the operating temperature T or only the
operating voltage U, instead of as a function of both the
operating temperature T and the operating voltage U.
Furthermore, provision may be made to ascertain and set changes
AUl, AU2, AR1, AR2 only to a subset of the actuating variables
U2, U2, R1l, R2 compared to respective reference actuating
values as a function of the operating temperature T and/or the
operating voltage U, for example only changes AUl, AU2 to the
switching-on actuating voltage Ul and the switching-off
actuating voltage U2 or only changes AR1l, AR2 to the switching-
on gate resistance R1 and the switching-off gate resistance R2.
Furthermore, in the case of taking into consideration the
operating temperature T, provision may be made to ascertain the
instantaneous operating temperature T of the MOSFET 1 on the
basis of a temperature-dependent electrical parameter of the
MOSFET 1, for example as in M. Denk and M. M. Bakran, "IGBT
Gate Driver with Accurate Measurement of Junction Temperature
and Inverter Output Current,"™ PCIM Europe 2017; International
Exhibition and Conference for Power Electronics, Intelligent
Motion, Renewable Energy and Energy Management, Nuremberg,

Germany, 2017, pp. 1-8, or to determine the instantaneous
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operating temperature T with the aid of a model which estimates

the operating temperature T using other operating conditions.

Exemplary embodiments of a current converter 19 alternative to
FIG 4 result from replacing the actuating arrangement 3 shown
in FIG 4 with an actuating arrangement 3 of the exemplary
embodiment described in Figure 1 or one of the modified

exemplary embodiments previously mentioned.

Although the invention has been illustrated and described in
greater detail on the basis of preferred exemplary embodiments,
the invention is not limited by the disclosed examples and
other variations can be derived herefrom by the person skilled
in the art without departing from the scope of protection of

the invention.
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CLAIMS:

1. A method for actuating a metal-oxide-semiconductor
field-effect transistor (MOSFET), in particular a wide-bandgap
MOSFET, comprising:

storing in a characteristic block a change of at least
one actuating variable, which actuates the MOSFET as a function
of at least one operating characteristic variable that influences
the switching behavior of the MOSFET, with the change
counteracting a reference actuating wvalue of the actuating
variable;

ascertaining during operation of the MOSFET an actual
value of the at least one operating characteristic variable; and

changing the at least one actuating variable from the
reference actuating value commensurate with the change of at
least one actuating variable stored in the characteristic block,
depending on the actual value of the at least one operating

characteristic variable.

2. The method of claim 1, further comprising storing in
the characteristic block a change of a switch-on actuating
voltage for switching on the MOSFET as a function of the at least

one operating characteristic variable.

3. The method of claim 1, further comprising storing in
the characteristic block a change of a switch-off actuating
voltage for switching off the MOSFET as a function of the at

least one operating characteristic variable.

4, The method of claim 1, further comprising storing in

the characteristic block a change of a switch-on gate resistance
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for switching on the MOSFET as a function of the at least one

operating characteristic variable.

5. The method of claim 1, further comprising storing in
the characteristic block a change of a switch-off gate resistance
for switching off the MOSFET as a function of the at least one

operating characteristic variable.

6. The method of claim 1, further comprising storing in
the characteristic block a change of the at least one actuating
variable selected from a switch-on actuating voltage for
switching on the MOSFET, a switch-off actuating voltage for
switching off the MOSFET, a switch-on gate resistance for
switching on the MOSFET and a switch-off gate resistance for
switching off the MOSFET as a function of an operating voltage
of the MOSFET.

7. The method of claim 1, further comprising storing in
the characteristic block a change of the at least one actuating
variable selected from a switch-on actuating voltage for
switching on the MOSFET, a switch-off actuating voltage for
switching off the MOSFET, a switch-on gate resistance for
switching on the MOSFET and a switch-off gate resistance for

switching off the MOSFET as a function of an operating

temperature of the MOSFET.
8. An actuating arrangement for controlling a metal-
oxide-semiconductor field-effect transistor (MOSFET) , in

particular a wide-bandgap MOSFET, said actuating arrangement
comprising:

an evaluation unit receiving at least one operating
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characteristic variable of the MOSFET that influences a switching
behavior of the MOSFET, said evaluation unit comprising a
characteristic block storing a change of at least one actuating
variable of the MOSFET compared to a reference actuating value
as a function of the at least one operating characteristic
variable, and

a control unit receiving a control signal and producing
a changed actuating value of the at least one actuating variable,
wherein the changed actuating value is changed from the reference
actuating value of the actuating variable commensurate with the
change of the at least one actuating variable ascertained by the
evaluation unit, and actuating the MOSFET in response to a

control signal with the changed actuating value.

9. The actuating arrangement of claim 8, wherein the
control unit comprises a controllable switch-on voltage source
for generating a variable switch-on actuating wvoltage for

switching on the MOSFET.

10. The actuating arrangement of claim 8, wherein the
control unit comprises a controllable switch-off voltage source
for generating a variable switch-off actuating voltage for

switching off the MOSFET.

i1. The actuating arrangement of claim 8, wherein the
control unit comprises a controllable switch-on resistance unit
for generating a variable switch-on gate resistance for switching

on the MOSFET.

12. The actuating arrangement of claim 8, wherein the

control unit comprises a controllable switch-off resistance unit
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for generating a variable switch-off gate resistance for

switching off the MOSFET.

13. The actuating arrangement of c¢laim 8, further
comprising a measurement apparatus configured to measure actual
values of the at least one operating characteristic wvariable

which affects the switching behavior of the MOSFET.

14. The actuating arrangement of claim 13, wherein the
actual values includes at least one actual value selected from
a measured operating voltage and a measured operating temperature

of the MOSFET.

15. A current converter, in particular a traction current
converter, comprising:

at least one metal-oxide-semiconductor field-effect
transistor (MOSFET) and; and

an actuating arrangement for controlling the MOSFET,
said actuating arrangement comprising:

an evaluation unit receiving at least one operating
characteristic variable of the MOSFET that influences a switching
behavior of the MOSFET, said evaluation unit comprising a
characteristic block storing a change of at least one actuating
variable of the MOSFET compared to a reference actuating value
as a function of the at least one operating characteristic
variable, and

a control unit receiving a control signal and producing
a changed actuating value of the at least one actuating variable,
wherein the changed actuating value is changed from the reference
actuating value of the actuating variable commensurate with the

change of the at least one actuating variable ascertained by the
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evaluation unit, and actuating the MOSFET in response to a

control signal with the changed actuating value.
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