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(57) Abstract: A power switching device (1) comprises a buffer circuit (3), a filter circuit (4), a transformer (5), a restoration circuit
(9), a conditioning circuit (10) and a power switch (13). The buffer circuit (3) provides a unipolar butfer output voltage (V},) dependent
on an input voltage (Viy) and a control voltage (V). The filter circuit (4) blocks a direct component of the buffer output voltage (Vi)
which is added on the secondary side of the transformer (5) by the restoration circuit (9). The power switch (16) is controlled by a
unipolar conditioning voltage (Vp) provided by the restoration circuit (9) to the conditioning circuit (10). The power switching device
(1) acts as a plug and play module and can be used and operated in a flexible and easy manner.
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Power switching device and method to operate said power switching

device

The present application claims priority of European patent application EP

17 161 130.4 the content of which is incorporated herein by reference.

The invention relates to a power switching device and a method to operate

said power switching device.

US 4 461 966 A (corresponds to DE 30 45 771 A1) discloses a circuit for
controlling at least one power FET. A unipolar input voltage is applied
from a controller to input terminals. The input voltage is differentiated. The
resulting bipolar voltage appears due to a transformer as an output voltage
at the secondary side of the transformer. The positive pulse of the output
voltage arrives at the gate electrode through a diode and charges up the
input capacitance of the FET. In this way the FET is switched on. Simulta-
neously a capacitor is charged up through a Zener diode. Due to the follow-
ing negative pulse the Zener diode breaks down and the capacitor is dis-
charges such that a transistor connected in parallel to the input capacitance
is opened. As a result the input capacitance is discharged and the FET is
blocked. The known circuit has the disadvantages that the level of the driv-
ing voltage of the FET is dependent on the duty cycle of the input voltage
and that the controller has to provide the required power to operate the cir-

cuit.

It is an object of the present invention to provide a power switching device
which can be used and operated in a flexible and easy manner. In particu-
lar, it is an object of the invention to provide a power switching device

which is configured as plug and play module and can easily be installed.
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This object is achieved by a power switching device comprising the fea-
tures of claim 1. The inventive power switching device integrates a buffer
circuit, a filter circuit, a transformer, a restoration circuit, a conditioning
circuit and a power switch to act as a plug and play module which can op-
erate in various applications without worrying about the way the power
switching device is connected to a controller and/or to a power stage. An
input voltage from a power stage is applied by means of the first input ter-
minal to the buffer circuit. Accordingly a control voltage from a controller
is applied via a second input terminal to the buffer circuit. The controller
may provide a positive unipolar control voltage or a negative unipolar con-
trol voltage or an alternating control voltage. Hence, the power switching
device can be operated with a standard available controller, in particular
with a simple controller which provides a unipolar control voltage. Prefer-
ably, the power switching device comprises a third input terminal. The
third input terminal provides a reference node. The third input terminal is
in particular connected with a common ground of the power stage and the
controller. The buffer circuit provides the buffer output voltage which de-
pends on the input voltage and the control voltage. The buffer output volt-
age corresponds to the control voltage and is unipolar or bipolar. Due to the
buffer circuit the controller is not affected by the required power because
the required power is provided by the power stage. Preferably, the buffer
circuit is connected with the third input terminal. The filter circuit is de-
signed to block a direct component of the buffer output voltage and to pro-
vide an alternating primary side voltage. Input terminals of the filter circuit
are connected to output terminals of the buffer circuit. The filter circuit acts
as low-cut filter. Preferably, the filter circuit interacts with the primary side
winding of the transformer. Dependent on the transformation ratio the al-

ternating primary side voltage is transformed into an alternating secondary
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side voltage by the transformer. Furthermore, due to the transformer the
secondary side is isolated from the primary side. The restoration circuit is
arranged at the secondary side. By means of the restoration circuit the con-
trol voltage is reconstructed on the secondary side of the transformer with-
out affecting its duty cycle or frequency. The restoration circuit is designed
such that the blocked direct component is at least partially added to the al-
ternating secondary side voltage in order to provide a unipolar conditioning
voltage. By adding the blocked direct component a level of the driving
voltage of the power switch is independent from the duty cycle of the con-
trol voltage. The duty cycle is the ratio of a pulse duration and a switching
period. Therefore, the duty cycle is also called duty ratio. The conditioning
voltage has two voltage levels. Dependent on the voltage level the condi-
tioning circuit controls a driving current. For example, at a first voltage
level the driving current charges an internal capacitance of the power
switch, whereas at a second voltage level the driving current discharges the
internal capacitance of the power switch. The internal capacitance of the
power switch provides a driving voltage such that the power switch is
switched on and switched off. For example, the charged internal capaci-
tance provides a first level of the driving voltage such that the power
switch is switched on and the discharged internal capacitance provides a
second level of the driving voltage such that the power switch is switched
off. Preferably, the power switch is a MOSFET, in particular a n-channel
MOSFET. In this case the internal capacitance is a gate-source-capacitance
and the driving voltage is a gate-source-voltage. Alternatively, the power
switch is a bipolar junction transistor (BJT) or an insulated gate bipolar
transistor (IGBT). In case of a bipolar junction transistor the driving volt-
age 1s a base-emitter signal, in particular a base-emitter voltage. The output

terminals are connected to the power switch. For example, the output ter-



WO 2018/166912 PCT/EP2018/055909

10

15

20

25

-4 -

minals are connected to drain and source of the MOSFET or to emitter and

collector of the bipolar junction transistor.

A power switching device according to claim 2 ensures a flexible and easy
use and operation. To act as a low-cut filter the filter circuit comprises a
filter capacitor and a filter resistor. Preferably, the filter capacitor and the
filter resistor are connected in series and interact with the primary side
winding of the transformer. The filter circuit enables to block the direct

component of the buffer output voltage in an easy and reliable manner.

A power switching device according to claim 3 ensures a flexible and easy
use and operation. The filter capacitor and the primary side winding build a
filter of second order. Preferably, a filter resistor is connected in series to
the series connection of the filter capacitor and the primary side winding.
The series connection enables to block the direct component of the buffer

output voltage.

A power switching device according to claim 4 ensures a flexible and easy
use and operation. By means of the restoration capacitor a direct compo-
nent is added to the alternating secondary side voltage. Due to this added
direct component the output voltage of the restoration circuit or the condi-
tioning voltage becomes unipolar. By the unipolar conditional voltage the
level of the driving voltage is independent of the duty cycle of the control

voltage.

A power switching device according to claim 5 ensures a flexible and easy
use and operation. Preferably, the blocking element is connected in parallel
to a series connection of the secondary side winding and a restoration ca-

pacitor. For example, the blocking element is a diode. Preferably, a series
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connection of the restoration capacitor and the secondary side winding is
connected to a node N2 and a node Ns. The restoration capacitor is con-
nected to the node N2, whereas the secondary side winding is connected to
the node Ns. A diode is connected to the node N2 and the node Ns. The di-
ode 1s connected such that a flow direction of the diode is directed from the
node N3 to the node Nz. The diode allows a current flow from the node N3
to the node Na2. The blocking element enables a unipolar conditioning volt-
age at the output of the restoration circuit. Additionally, due to the blocking

function the blocking element reduces the driving losses.

A power switching device according to claim 6 ensures a flexible and easy
use and operation. By means of the buffer circuit the required power is
provided without affecting the controller. Preferably, the buffer circuit is at

least one of a Schmitt trigger or a totem pole pair.

A power switching device according to claim 7 ensures a flexible and easy
use and operation. The voltage stabilization circuit ensures an essentially
constant output voltage which is applied to the buffer circuit. Hence, the
power switching device can be operated independent from the quality of
the input voltage. For example, the voltage stabilization circuit is based on
a Zener diode. Preferably, the voltage stabilization circuit comprises a reg-

ulator, for example a low-drop out regulator (LDO regulator).

A power switching device according to claim § enables an easy operation.
The switch-on-circuit serves to switch on the power switch, whereas the
switch-off-circuit serves to switch-off the power switch. The switch-on-
circuit works at a first voltage level of the conditioning voltage, whereas
the switch-off-circuit works at a second voltage level of the conditioning

voltage.
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A power switching device according to claim 9 ensures an easy operation.
When the conditioning voltage has a first voltage level, the blocking ele-
ment allows a flow of a driving current such that the power switch is
switched on. Preferably, the blocking element is a diode. The blocking el-
ement of the switch-on-circuit and the blocking element of the filter circuit
are preferably operated in common. If both blocking elements are designed
as diodes, these diodes have the same flow direction. Preferably, the block-
ing element is connected in series to a resistor. Preferably, a series connec-
tion of a diode and a resistor is connected to a node N2 and to the power
switch, in particular to a gate terminal of a MOSFET. Preferably, the flow
direction of the diode is directed from the node N> to the power switch. For
example, the power switch is a MOSFET and the driving signal is a driving
current through the blocking element such that an internal capacitance of
the MOSFET, namely a gate-source-capacitance is charged by the driving
current. The gate-source-capacitance provides a driving voltage which
switches on the power switch. In particular, the first voltage level is not

equal to zero.

A power switching device according to claim 10 ensures an easy operation.
When the conditioning voltage has a second voltage level the control
switch has a switching state such that the power switch is switched off.
Preferably, the control switch is a bipolar junction transistor. For example,
the control switch is switched on when the second voltage level is zero and
the driving current discharges an internal capacitance of the power switch
such that the power switch is switched off. Preferably, the switch-off-
circuit comprises exactly one control switch, which is in particular a bipo-
lar junction transistor. Preferably, the bipolar junction transistor is a PNP

bipolar junction transistor. Preferably, a collector terminal of the control
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switch is connected to a source terminal of the power switch, whereas an
emitter terminal of the control switch is connected to a gate terminal of the
power switch. Preferably, a bias terminal of the control switch is connected
to a resistor which is connected to a node Na. Preferably, the source termi-
nal of the power switch and the collector terminal of the control switch are

connected to a node Ns.

A power switching device according to claim 11 ensures an easy operation.
Dependent on the voltage level the conditioning circuit controls the driving
current and charges or discharges the internal capacitance of the power
switch in order to switch on or switch off the power switch. Since the con-
ditioning circuit uses the internal capacitance of the power switch no exter-

nal capacitor is necessary to provide the driving voltage.

A power switching device according to claim 12 ensures an easy operation.
Since the internal capacitance is comparatively small switching on and

switching off of the power switch happens quickly by charging or discharg-
ing the internal capacitance. Therefore, the power switching device enables

a high switching frequency.

A power switching device according to claim 13 ensures a flexible and
easy use and operation. The protection circuit comprises at least one meas-
uring element to measure at least one of a current and voltage of the power
switch. Dependent on the current and/or voltage of the power switch the
protection circuit detects whether the power switch is currently operated in
a predefined undesired operation area. The protection circuit provides at
least one of the protection features over current protection, short circuit
protection and over temperature protection. Furthermore, voltage and cur-

rent measurements can be used to calculate switching losses and to com-
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pare it to worst case conditions in order to detect excessive power losses

and/or to provide over voltage protection.

A power switching device according to claim 14 ensures a flexible and
easy use and operation. The protection switch switches off the power
switch when an operation in an undesired operation area is detected. Pref-
erably, the protection switch is connected in parallel to an internal capaci-
tance of the power switch such that the internal capacitance is discharged
and the power switch is switched off when the protection switch is

switched on. Preferably, the protection switch is a MOSFET.

A power switching device according to claim 15 ensures a flexible and
easy use and operation. When the protection switch is switched on the in-
ternal capacitance is discharged and the power switch is switched off. Pref-
erably, the protection switch is designed as n-channel MOSFET. Prefera-
bly, a drain terminal of the protection switch is connected to a gate terminal
of the power switch and a source terminal of the protection switch is con-
nected to a source terminal of the power switch. Preferably, a control unit
1s connected to a gate terminal of the protection switch and provides a pro-

tection signal to the gate terminal.

A power switching device according to claim 16 ensures a flexible and
easy use and operation. The protection circuit provides at least one of a
power switch current and a power switch voltage to the control unit. De-
pendent on the power switch current and/or the power switch voltage the
control unit compares an operation point of the power switch with at least
one predefined undesired operation area. The control unit provides a pro-
tection signal when the operation point is within the at least one undesired

operation area. The protection signal may be used as a warning signal
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and/or to switch off the power switch. For example, the control unit is de-

signed as an IC, a microcontroller or a FPGA.

A power switching device according to claim 17 ensures a flexible and
easy use and operation. An additional secondary side supply winding is
coupled to the already existing transformer such that a supply voltage is
provided to power up the protection circuit. The transformation ratio of the
supply winding defines the required supply voltage. The protection circuit
may comprise a stabilization circuit to stabilize the supply voltage and to
provide an essentially constant input voltage to the control unit. The stabi-
lization circuit comprises a diode, a Zener diode and a capacitor. The diode
and the secondary side supply winding are connected in series such that the
diode is connected to a node Ny and the secondary side supply winding is
connected to a node Ns. A flow direction of the diode is directed to the
node N4. The Zener diode and the capacitor are connected in parallel to the
node N3 and the node N4. The anode of the Zener diode is connected to the

node N3 and the cathode of the Zener diode is connected to the node Na.

Furthermore, it is an object of the present invention to provide a flexible

and easy method to operate a power switching device.

This object is achieved by a method to operate a power switching device
comprising the steps of claim 18. The advantages of the method according
to the invention correspond to the advantages of the power switching de-

vice according to the invention already described before.

Further features, advantages and details of the invention will be apparent
from the following description of an embodiment which refers to the ac-

companying drawings.
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Fig. 1  shows a schematic diagram of a power switching device,

Fig.2  shows a schematic diagram of a conditioning circuit of the power

switching device in Fig. 1,

Fig.3  shows a time diagram of a conditioning voltage with a first volt-
age level and a second voltage level at the input of the condition-

ing circuit,

Fig. 4  shows an equivalent circuit of the conditioning circuit when the

first voltage level is applied to the conditioning circuit, and

Fig.5  shows an equivalent circuit of the conditioning circuit when the

second voltage level is applied to the conditioning circuit.

Fig. 1 shows a power switching device 1 which is designed as a plug and
play module. The power switching device 1 comprises three input termi-
nals iny, in2 and in3 and two output terminals out; and outz. An input volt-
age Vi, from a power stage (not shown) is applied to the first input terminal
ini. A unipolar control voltage Vg from a controller (not shown) is applied
to the second input terminal in2. The control voltage V¢ is preferably a
PWM signal. A common ground of the power stage and the controller is

applied to the third input terminal ins.

The power switching device 1 comprises a voltage stabilization circuit 2
which is connected upstream of a buffer circuit 3 to the first input terminal
in1. The voltage stabilization circuit 2 comprises a diode D1, a Zener diode

Zv.c and a capacitor Cvee. The diode Dy is connected to the first input ter-
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minal in; and a first node Ni. A parallel connection of the Zener diode Zve.
and the capacitor Cvec 1s connected to the first node N1 and a reference

node No. The reference node No is connected to the third input terminal ins.

The first node N is connected to the buffer circuit 3 such that the voltage
stabilization circuit 2 provides a stabilized input voltage V.. to the buffer
circuit 3. The second input terminal in2 is connected to the buffer circuit 3
such that the buffer circuit 3 provides a unipolar buffer output voltage Vs
dependent on the stabilized input voltage V.. and the control voltage Vg.
The buffer circuit 3 comprises at least one of a voltage amplifier and a cur-
rent amplifier. For example, the buffer circuit 3 is designed as Schmitt trig-
ger or a totem pole pair. The buffer circuit 3 is connected to the reference
node No. Due to the buffer circuit 3 the required power is provided by the

power stage and the controller is not affected by the required power.

The buffer circuit 3 is connected to a filter circuit 4. The filter circuit 4
serves to block a direct component Vpc of the buffer output voltage Vv and
to provide an alternating primary side voltage V. The filter circuit 4 com-
prises a filter resistor R, and a filter capacitor C, which are connected in
series. The series connection of the filter resistor R, and the filter capacitor
C, is connected to the buffer circuit 3 and a transformer 5. The series con-
nection of the filter resistor R, and the filter capacitor C, is connected in
series to a primary winding 6 of the transformer 5. The primary side wind-
ing 6 1s further connected to the reference node No. Due to the series con-
nection of the filter resistor Ry, the filter capacitor C, and the primary side

winding 6 the filter circuit 4 acts as low-cut filter.

At the secondary side the transformer 5 comprises a secondary side wind-

ing 7 and a secondary side supply winding 8. The primary side winding 6
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and the secondary side winding 7 define a first transformation ratio. The
alternating primary side voltage V1 is transformed to the secondary side
such that the transformer 5 provides an alternating secondary side voltage
V> dependent on the first transformation ratio. The transformer 5 isolates

the primary side from the secondary side.

A restoration circuit 9 is connected to the secondary side winding 7. The
restoration circuit 9 adds the blocked direct component Vpc to the second-
ary side voltage V> and provides a unipolar conditioning voltage Vp which
1s the input voltage of a conditioning circuit 10. The restoration circuit 9
comprises a restoration capacitor Cs and a blocking element D;. The resto-
ration capacitor Cs is connected in series to the secondary side winding 7.
The series connection of the restoration capacitor Cs and the secondary
side winding 7 is connected to a second node N2 and a third node Ns. The
blocking element D is connected to the second node Nz and the third node
N3 such that it is connected in parallel to the series connection of the resto-
ration capacitor Cs and the secondary side winding 7. The blocking ele-
ment D; is designed as diode. The conditioning voltage Vp is the voltage

across the blocking element D:.

The conditioning circuit 10 comprises a switch-on-circuit 11 and a switch-
off-circuit 12. The switch-on-circuit 11 switches on a power switch 13

when the conditioning voltage Vp has a first voltage level Vpi, whereas the
switch-off-circuit 12 switches off the power switch 13 when the condition-

ing voltage Vp has a second voltage level Vpa.

The conditioning voltage Vp is shown in Fig. 3, wherein t denotes time.
The conditioning voltage Vp is due to the added direct component Vpc

unipolar and corresponds essentially to the control voltage V. Within a
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switching period Ts the conditioning voltage Vp has the first voltage level
Vb1 for a time period of D - Ts and the second voltage level Vp: for a time
period of (1 — D) -Ts. D denotes the duty cycle of the power switch 13. The
second voltage level Vp is essentially zero. The first voltage level Vp is

positive.

The power switch 13 is designed as n-channel MOSFET. A drain terminal
D is connected to the first output terminal out;, whereas a source terminal S
1s connected to the second output terminal outz. The power switch 13 com-
prises a gate-source capacitance Cgs between a gate terminal G and the

source terminal S.

The switch-on-circuit 11 comprises a blocking element Doy and a resistor
Ron, which are connected in series. The blocking element Doy is a diode.
The series connection of the blocking element Do, and the resistor Roy 1s
connected to the second node N> and to the gate terminal G. The third node
N3 is connected to the source terminal S. When the conditioning voltage
Vb has the first voltage level Vpi the switch-on-circuit 11 provides a driv-
ing current 1 which charges the gate-source capacitance Cgs and provides a
driving voltage Vgs that switches on the power switch 13. This is shown in

Fig. 4.

The switch-off-circuit 12 comprises a control switch Si. The control switch
S is designed as bipolar junction transistor. Preferably, the bipolar junction
transistor is a PNP bipolar junction transistor. A collector terminal C of the
control switch S; is connected to the source terminal S, whereas an emitter
terminal E of the control switch S; is connected to the gate terminal G. A
bias terminal B of the control switch S; is connected to a resistor Rog which

is connected to the second node N2. When the conditioning voltage Vp has
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the second voltage level Vp2, namely essentially zero, the switch-on-circuit
11 is blocked by the diode Don and the control switch S; is switched on due
to the driving voltage Vgs and a current via the emitter terminal E and the
bias terminal B. The control switch Si acts as a short circuit such that the
gate-source-capacitance Cgs is discharged by a driving current 1 and the
power switch 13 is switched off. The switch-off-circuit 12 is shown in Fig.

5.

Furthermore, the power switching device 1 comprises a protection circuit
14 in order to detect whether the power switch 13 is operated in an unde-
sired operation area. The secondary side supply winding 8 provides a sup-
ply voltage V3 which is used for power supply of the protection circuit 14.
The primary side winding 6 and the secondary side supply winding 8§ de-
fine a second transformation ratio which depends on the required supply
voltage V3. The protection circuit 14 comprises a stabilization circuit 15
which provides a stabilized supply voltage Vuias. The stabilized supply

voltage Vyias is applied to a control unit 16.

The stabilization circuit 15 comprises a diode Dyias, @ Zener diode Zpias and
a capacitor Cpias. The diode Duias and the secondary side supply winding 8
are connected in series. The secondary side supply winding 8§ is connected
to the third node N3. The diode Duias 1s connected to a fourth node Na. The
Zener diode Zvias and the capacitor Cuias are connected in parallel to the
third node N3 and the fourth node N4. Hence, the control unit 16 shares the

same ground as the power switch 13.

The protection circuit 14 comprises a measuring element 17 to measure a
power switch current ip. The measured power switch current ip® 1s provided

to the control unit 16. Furthermore, a power switch voltage Vp is provided
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to the control unit 16. The power switch voltage Vp is in particular the
drain-source-voltage of the power switch 13. Dependent on the power
switch current 1p* and/or the power switch voltage Vp the control unit 16
determines whether the power switch 13 is operated within an undesired
operation area or not. In case the power switch 13 is operated within an
undesired operation area the control unit 16 creates a protection signal p.

The protection signal p is in particular a voltage signal.

The protection circuit 15 comprises a protection switch Sz which serves to
switch off the power switch 13 in case that the power switch 13 is operated
within an undesired operation area. The protection switch Sz is connected
in parallel to the gate-source-capacitance Cgs. The protection switch Sz
provides a short circuit to the gate-source-capacitance Cgs in case it is

switched on.

The protection switch S; is designed as n-channel MOSFET. A drain ter-
minal d of the protection switch Sz is connected to the gate terminal G,
whereas a source terminal s of the protection switch Sz is connected to the
source terminal S. The control unit 16 is connected to a gate-terminal g of
the protection switch Sz and provides the protection signal p to the gate

terminal g.

The power switching device 1 acts as a plug and play module and can be
used for many applications where the source terminal S of the power
switch 13 is connected to a fixed voltage or a floating voltage. The power
switching device 1 omits the effort usually needed to design properly driv-
ing and conditioning scheme for switches that have floating sources such as
switches utilized in isolated topologies, conventional non-isolated topolo-

gies with floating source-power devices or topologies with an unconven-
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tional way of connecting power devices. The power switching device 1 can
be powered up using a power stage even if it is used in isolated topology.
Real-life examples of potential applications are isolated topologies such as
flyback, flybuck, forward, push-pull, half bridge and full bridge and also,
non-isolated topologies which have a high side switch or floating source-
switch, such as buck, boost and buck-boost converters. Using the power
switching device 1 solves the problem of driving and conditioning since the
device 1 or many of them connected in every possible way in a circuit to-
pology, can be easily driven using the same controller that shares the same
power stage ground without building dedicated power supply for each
switch 13. Furthermore, the power switching device 1 provides different
protection features such as over current protection, short circuit protection

and over temperature protection.

The power switching device 1 is capable of working regardless of the
source connection of the power switch 13 since it uses the transformer 5 to
provide an isolated differential gate-source voltage Vgs that is positive
when it is desired to turn on the power switch 13 or an almost zero voltage
when it is desired to turn off the power switch 13. The power switching
device 1 can be operated with a bipolar or a unipolar control voltage V.
Preferably, the controller can only generate a unipolar control voltage Vg,
namely a positive or negative voltage, with respect to the ground. Hence,
the power switching device 1 needs an isolation or dedicated power supply
to provide the required driving voltage Vgs. Due to the buffer circuit 3 the
required power is provided by the power stage and the controller is not af-
fected by the required power. The voltage stabilization circuit 2 can be de-
signed as low-drop out regulator (LDO). The filter circuit 4 blocks the di-
rect component Vpc in the unipolar buffer output voltage Vi such that the

resulting alternating primary side voltage V| is transformed into the alter-
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nating secondary side voltage V2. The restoration circuit 9 restores the
blocked direct component Vpc according to the transformation ratio of the
transformer 5. Due to the restoration circuit 9 the level of the driving volt-
age Vgs 1s not dependent on the duty cycle D. The blocking element or di-
ode Dy is used to block the negative part of the secondary side voltage V2
and to reduce the gate driving losses. The blocking element or diode Don
and the resistor Ron are used to charge the gate-source capacitance Cgs and
to turn the power switch 13 on when the control voltage Vg is high, where-
as the control switch S (PNP bipolar junction transistor) is used to dis-
charge the gate-source capacitance Cgs and to turn off the power switch 13
when the control voltage Vg is low. The power switching device 1 works
with a power switch 13 that is designed as MOSFET, bipolar junction tran-
sistor or IGBT since all of these power switches 13 require a differential

driving signal with respect to its source terminal or emitter terminal.

Additionally, the power switching device 1 provides different protection
features. Since the control unit 16 shares the same ground as the power
switch 13, the current and voltage information can be fed directly to it.
Since the power switch current ip and the power switch voltage Vp are
available, over current protection, short circuit protection and over temper-
ature protection can be provided by calculating undesired operation areas
and safe operation areas. Additionally, switch power losses and tempera-
ture rise can be calculated and estimated. Furthermore, voltage and current
measurements can be used to calculate switching losses and to compare it
to worst case conditions in order to detect excessive power losses and/or to
provide over voltage protection. When any violation of the safe operation
1s detected, the control unit 16 produces a protection signal p, namely a
high gating pulse to the protection switch Sz such that the power switch 13

is turned off and hence protected.
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Claims

1. Power switching device, comprising

a first input terminal (in1) to apply an input voltage (Vi) from a
power stage,

a second input terminal (in2) to apply a control voltage (Vi) from a
controller,

a buffer circuit (3) to provide a buffer output voltage (Vv) dependent
on the input voltage (Vin) and the control voltage (Vg),

a filter circuit (4) to block a direct component (Vpc) of the buffer
output voltage (Vv) and to provide a primary side voltage (V1),

a transformer (5) to transform the primary side voltage (V1) into a
secondary side voltage (V2),

a restoration circuit (9) to at least partially add the blocked direct
component (Vpc) to the secondary side voltage (V2) and to provide a
conditioning voltage (Vp),

a conditioning circuit (10) to provide a driving signal (i, Vgs) de-
pendent on the conditioning voltage (Vp), and

a power switch (13) connected to a first output terminal (out;) and a
second output terminal (out2), which is controlled by the driving

signal (1, Vgs).

Power switching device according to claim 1, characterized in that

the filter circuit (4) comprises a filter capacitor (Cp) and a filter resistor

(Rp), which are in particular connected in series.

3. Power switching device according to claim 1 or 2, characterized in

that
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the filter circuit (4) comprises a filter capacitor (Cp), which is connect-

ed in series to a primary side winding (6) of the transformer (5).

Power switching device according to at least one of claims 1 to 3,
characterized in that

the restoration circuit (9) comprises a restoration capacitor (Cs), which
1s connected in series to a secondary side winding (7) of the transform-

er (5).

Power switching device according to at least one of claims 1 to 4,
characterized in that

the restoration circuit (9) comprises a blocking element (Dy), in particu-
lar a diode, which is connected in parallel to a secondary side winding
(7) of the transformer (5), and in particular to a series connection of the

secondary side winding (7) and a restoration capacitor (Cs).

Power switching device according to at least one of claims 1 to 5,
characterized in that
the buffer circuit (3) comprises at least one of a voltage amplifier and a

current amplifier.

Power switching device according to at least one of claims 1 to 6,
characterized in that
a voltage stabilization circuit (2) is connected upstream of the buffer

circuit (3) to the first input terminal (in).

Power switching device according to at least one of claims 1 to 7,

characterized in that
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the conditioning circuit (10) comprises a switch-on-circuit (11) and a

switch-off-circuit (12).

Power switching device according to at least one of claims 1 to §,
characterized in that

a switch-on-circuit (11) is part of the conditioning circuit (10) and
comprises a blocking element (Do), in particular a diode, which allows
a flow of a driving current (i) such that the power switch (13) is
switched on when the conditioning voltage (Vp) has a first voltage lev-

el (Vbi).

Power switching device according to at least one of claims 1 to 9,
characterized in that

a switch-off-circuit (12) is part of the conditioning circuit (10) and
comprises a control switch (Si), in particular a bipolar junction transis-
tor, which allows a flow of a driving current (i) such that the power
switch (13) is switched off when the conditioning voltage (Vp) has a

second voltage level (V).

Power switching device according to at least one of claims 1 to 10,
characterized in that

the conditioning circuit (10) is connected to the power switch (13) such
that at a first voltage level (Vp1) of the conditioning voltage (Vp) a
driving current (i) charges an internal capacitance (Cgs) of the power
switch (13) and that at a second voltage level (Vn2) of the conditioning
voltage (Vp) the driving current (1) discharges the internal capacitance

(Cgs) of the power switch (13).
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Power switching device according to at least one of claims 1 to 11,
characterized in that

the conditioning circuit (10) is connected to the power switch (13) such
that a charged internal capacitance (Cgs) of the power switch (13) pro-
vides a first level of a driving voltage (Vgs) such that the power switch
(13) is switched on and the discharged internal capacitance (Cas) pro-
vides a second level of the driving voltage (Vgs) such that the power

switch (13) is switched off.

Power switching device according to at least one of claims 1 to 12,
characterized by
a protection circuit (14) to detect an operation of the power switch (13)

in an undesired operation area.

Power switching device according to claim 13, characterized in that
the protection circuit (14) comprises a protection switch (S2) to switch
off the power switch (13) when an operation in an undesired operation

area is detected.

Power switching device according to claim 14, characterized in that
the protection switch (S2) is connected in parallel to an internal capaci-

tance (Cgs) of the power switch (13).

Power switching device according to at least one of claims 13 to 15,
characterized in that

the protection circuit (14) comprises a control unit (16) to provide a
protection signal (p) dependent on at least one of a power switch cur-

rent (ip) and a power switch voltage (Vp).
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Power switching device according to at least one of claims 13 to 16,
characterized in that
the transformer (5) comprises a secondary side supply winding (8) to

provide a supply voltage (V3) to the protection circuit (14).

Method to operate a power switching device, comprising the following

steps:

- providing a power switching device (1) according to at least one of
claims 1 to 17,

- applying an input voltage (Vi,) from a power stage to the first input
terminal (iny),

- applying a unipolar control voltage (V) from a controller to the
second input terminal (in2),

- providing a unipolar buffer output voltage (Vv) dependent on the in-
put voltage (Vin) and the unipolar control voltage (Vo),

- blocking a direct component (Vpc) of the unipolar buffer output
voltage (Vy) and providing an alternating primary side voltage (V1),

- transforming the alternating primary side voltage (V1) into an alter-
nating secondary side voltage (V2),

- adding at least partially the blocked direct component (Vpc) to the
alternating secondary side voltage (V2) and providing a unipolar
conditioning voltage (Vp), and

- controlling the power switch (13) dependent on the unipolar condi-

tioning voltage (Vp).
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