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Description

[0001] The invention concerns the field of power electronics and driver devices for lighting applications, which operate
on a power supply via a DC grid. In particular, a surge protection circuit and a DC-to-DC converter is proposed.
[0002] Most current power supply devices in building automation systems operate from amains supply of the building.
Depending on a region of installation of the building automation system, the mains supply may have the form of a 400
V/50Hz AC mains supply. Specific applications, such as emergency lighting systems, also integrate energy storage
devices, e.g. batteries, for an alternate battery-backed operation in case of a mains supply failure.
[0003] In future applications, e.g. in an industrial environment including manufacturing sites, DC grids as power
distribution networks for supplying individual devices will be increasingly common. A DC grid operating with a nominal
565 VDC nominal voltage may enable to integrate energy storage devices, renewable energy sources and a plurality of
different industrial devices including, for example stationary robotic devicesandmachining centresofmanufacturing cells,
or elements of the building infrastructure, e.g. lifts, lighting or heating and ventilation systems. Figs. 4 and5 of the attached
figure sheets illustrate potential layouts for future industrial applications.
[0004] DC grids operating at high nominal DC voltages, e.g. in voltage ranges between 400 VDC and 800 VDC, and, in
particular, thecited565VDCvoltage level for apassive rectification, or a650VDCvoltage level for anactive rectificationwith
a power factor correction (PFC) may become the predominant or even exclusive source of electric energy at the
manufacturing site. This results in changes to the power supply interfaces of other elements of the technical building
infrastructure, e.g. lighting systems, emergency escape route signage, and air-conditioning systems. For sake of cost
effectiveness, these further building infrastructure systems are increasingly required to rely DC-to-DC converter devices
operating from theDCgrid inorder togenerateandprovideaDC loadcurrent to their respectiveelectric load, e.g. to lighting
modules.
[0005] US 2017/311400 A1 discloses a load control device for controlling power delivered from a power source to an
electrical load, The load control device comprises a control circuit configured to control the load regulation circuit to control
thepowerdelivered to theelectrical load.Thecontrol circuit is configured tooperate inanACmodewhenan input voltage is
an AC voltage and in a DC mode when the input voltage is a DC voltage. The control circuit is configured to disable the
power converter in theDCmode. Thecontrol circuit is configured to render a controllable switching circuit conductive in the
ACmode, and non-conductive in the DCmode. The rectifier circuit is configured to rectify the input voltage to generate a
rectified voltage when the input voltage is an AC voltage, and to pass through the input voltage when the input voltage is a
DC voltage. US 2019/335552 A1 discloses a power circuit.
[0006] The integration of DC-to-DC converters, e.g. LED drivers, for direct operation from the DC grid poses some
issues to adapt to the large DC voltage ranges due to overvoltage protection issues.
[0007] Current DC-to-DC converters use electronic components such as capacitors and semiconductors, e.g. MOS-
FETs, rated for voltages up to 650 V DC, which are sufficient to cope with the overvoltages, which may be encountered at
the power supply interfaces of the currentDC-to-DCconverters to the current ACgrid operating at nominal voltages of 400
VAC, for example. This situation changes for the power supply interfacewith theDCgrid at a nominal voltage of 565VDCor
even 800 VDC. Voltage surges with voltages of, e.g. 1500 VDC may occur.
[0008] In order to operate the DC-to-DC converter directly from the DC grid, the engineers may have to rely on using
electronic components in theDC-to-DCconverter rated for significantly extendedovervoltage ranges,whichmayoccur on
the DC grid. Nevertheless, such electronic components rated for higher voltages are significantly more expensive. The
cost originating from using such electronic components rated to cope with these increased voltages will increase with the
number of DC-to-DC converters required over a large manufacturing site significantly.
[0009] Instead of the 230 VAC or 400VAC power supply, a DC grid for a DC power supply may have voltages in ranges
from 400 VDC to 800 VDC. This simplifies integration of regenerative energy sources into the industrial DC grid on the
manufacturing site and a reuse of battery sets from automotive applications for energy storage. This poses problems
becoming apparent when comparing the nominal operating voltages of up to 800 VDC on the DC grid already close to
destructive voltages of about 950 Veven in an extended case for more expensive component families of semiconductors
and electrolytic capacitors.
[0010] The situation worsens when considering voltage surges or voltage spikes on the DC grid. Voltage surges are
sudden rises in excessive voltage for a short duration, e.g. lasting at least three nanoseconds or more. The term voltage
spike usually refers to an increase in power of shorter duration.
[0011] Conventional surge protection circuits using varistors or suppression diodeswill not react sufficiently accurate to
protect theDC-to-DC converter device from the effects of voltage surges in case the nominal voltage level is at 565VDC or
800 VDC and the electronic circuit to be protected by the current surge protection circuit includes electronic components
rated for maximum admissible voltages of 950 V at maximum.
[0012] It is therefore desirable to design DC-to-DC converter devices, which are able to operate reliably from DC grids
while simultaneously suited to cost sensitive application scenarios.
[0013] The electronic circuit including a surge protection circuit according to independent claim 1 and the DC-to-DC
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power supply device define the invention and provide an advantageous solution regarding these issues.
[0014] The features of the dependent claims define further advantageous embodiments.
[0015] Theelectronic circuit includingasurgeprotectioncircuit for thepowersupply interface (DCgrid interface)of aDC-
to-DC converter device according to the first aspect comprises a DC grid interface comprising first and second DC input
voltage lines. The surge protection circuit comprises a serial circuit element connected between the first and second DC
input voltage lines (DC input voltage connections) configured to implement a low-pass filter, and a linear regulator circuit
element including at least one transistor.
[0016] The surge protection circuit comprises the serial circuit element comprising a R-C element for implementing the
low-passfilter includingat least one resistor andacapacitor. A first terminal of theat least one resistor is connectedwith the
firstDCvoltage input lineandasecond terminal of theat least one resistor is connectedwith afirst terminal of the capacitor,
and a second terminal of the capacitor is connected with the second DC voltage input line. A base of the at least one
transistor is connected with the second terminal of the at least one resistor and the first terminal of the capacitor, and an
emitter of the at least one transistor is connected with an output connection of the surge protection circuit.
[0017] The surge protection circuit is advantageous, as combining of the low-pass filter element for coping with the
voltage surge in combination with the linear regulator circuit element providing an active circuit for immediate and fast
reaction provide the capability to reliably cope with voltage surges even for high nominal voltages and only limited
capability of electric components in the respectively succeeding electronic circuits to cope with excess voltages. Even for
nominal voltages of the grid voltage of up to 800VDC, and rated voltages of 950V for the electronic components, the surge
protection circuit proves sufficient to protect electronic circuits, e.g. a converter circuit succeeding to the surge protection
circuit, from potentially destructive voltage values.
[0018] The transistor of the linear regulator circuit element does not require additional measures against excessive DC
voltages, e.g. DC voltages exceeding 1000 VDC, as the surge protection circuit operates in the defined operational
environment of theDC grid with nominal voltages around 650 VDC. The low-pass filter element provides further protection
for the transistor of the linear regulator circuit element.
[0019] Operating in theDCgridonhighvoltage levels for thenominal voltage, the insertion lossover thesurgeprotection
circuit may be negligible, as the current provided by the DC grid to the surge protection circuit is small for a given level of
electric power.
[0020] The surge protection circuit for a DC-to-DC converter device according to an embodiment comprises the at least
one transistor of the linear regulator circuit element in an emitter-follower circuit topology configuration.
[0021] Using the emitter-follower circuit topology enables to implement the linear regulator circuit element of the surge
protection circuit with only small insertion losses, while simultaneously outputting a DC voltage that closely follows a DC
voltage input to the linear regulator circuit element.
[0022] The low-pass filter element as serial element of the surge protection circuit provides an advantageous capability
to filter out the overvoltage exceeding the nominal DC voltages.
[0023] Thesurgeprotection circuit for aDC-to-DCconverter devicemayhave the low-pass filter element comprising the
R-C element including at least one resistor connected in series with a filter load of the low-pass filter and a capacitor
connected in parallel with the filter load.
[0024] The in particular capacitor of the low-pass filter element enables to adjust the capability of the surge protection
circuit with regard to a duration of voltage surges the surge protection circuit may cope with. Selecting the value of the
capacitor below an upper capacitance value of the capacitor of the R-C element avoids an undesired drop in a DC voltage
applied to an input of the linear regulator circuit element.
[0025] According to an embodiment, the surge protection circuit for a DC-to-DC converter device further comprises a
diode connected between an emitter of the at least one transistor and a base of the at least one transistor.
[0026] The diode effectively protects the at least one transistor from a drop in the voltage provided by the DC grid to the
DC-to-DC converter device. Integrating renewable energy sources directly onto the DC grid, for example, may result in
sudden voltage drops in the DC voltage provided by the DC grid to the DC-to-DC converter device.Without the diode, the
transistor will most probably suffer destruction due to voltage drop.
[0027] The surge protection circuit for a DC-to-DC converter device according to an embodiment may comprise a first
transistor and at least one second transistor, wherein the first transistor and the at least one second transistor are
connected in a Darlington configuration.
[0028] Using at least two transistors in a Darlington configuration enables to realize a sufficient gain for the emitter-
follower with currently widely available transistors.
[0029] According to an embodiment, the surge protection circuit for a DC-to-DC converter device is configured to
operate in a voltage range of a DC grid supply.
[0030] Thesurgeprotection circuit is particularly suited for the nominal voltage rangesused inDCgrids for power supply
at manufacturing sites due to the capability to cope with high nominal voltages and additional surge voltages from the DC
grid on the one hand. On the other hand, the surge protection circuit provides a capability to use electronic components
with rated voltages that are comparatively close above the nominal voltages of the DC grid, and which are therefore
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advantageous in terms of cost.
[0031] Thus, the manufacturing site may use a DC grid, and integrate energy storage devices and renewable energy
sources without causing a disproportionate increase in cost for DC-to-DC converter devices due to the requirement for
electronic components with high rated voltages capable to cope with voltage surges on the high DC voltage levels.
[0032] The surge protection circuit for the DC-to-DC converter device according to an embodiment is configured to
operate in a nominal voltage range of the DC grid supply from 400 V DC to 800 V DC.
[0033] Therefore, the surge protection circuit is capable to cope with surge voltages in voltage ranges, which may be
encountered on the DC grid on the one hand, and, on the other hand provides sufficient surge protection for electronic
circuits of the DC-to-DC converter device arranged downstream on a power supply path, wherein the electronic circuits of
the DC-to-DC converter device include electronic components rated for voltages up to 950 V.
[0034] According to an embodiment, the surge protection circuit for the DC-to-DC converter device is designed for the
nominal voltage of the DC grid supply essentially corresponding to 650 V.
[0035] Apower supply for generatinga loadcurrent for anelectric load fromaDCsupply voltageaccording to thesecond
aspect comprises a converter circuit configured to generate the load current and to output the load current via an output
interface to the electric load, and the electronic circuit including the surge protection circuit according to the first aspect
connected between a DC grid interface for obtaining the DC supply voltage and the converter circuit.
[0036] The power supply may include electronic components at advantageous component cost, while simultaneously
reliable operation from the DC grid is ensured.
[0037] Thepower supplyaccordinganembodiment includes the converter circuit comprisingelectric componentswitha
voltage rating that exceeds a nominal voltage of the DC grid supply voltage and is smaller than an admissible maximum
peak voltage the DC grid supply voltage. In particular, the voltage rating may exceed the nominal voltage of the DC grid
supply voltage andmay be less than two times the nominal voltage of the DC grid supply voltage. In particular, the voltage
rating may exceed 800 V and is less or equal 950 V.
[0038] The power supply therefore includes readily available electronic components at advantageous component cost.
[0039] According to an embodiment, the power supply comprises an EMI filter circuit. The EMI filter circuit may be
connected between the DC grid interface and the surge protection circuit.
[0040] Generally, an EMI choke as a characteristic example of the EMI filter circuit in combination with the capacitance
included inaconventional surgeprotectioncircuit acts asseries resonancecircuit,which,whenapplyingaDCvoltagestep
to the DC grid interface of the power supply results in a large inrush current and a time-limited voltage overshoot almost
twice the nominal voltage of the applied voltage step. The voltage overshoot easily exceeds the voltage rating of the
electronic components of the power supply. The surge protection circuit also dealswith this inrush current andmaintains a
bus voltage of the converter circuit arranged downstreamof the surge circuit at the nominal voltage level. Thus, theDC-to-
DCconverterdevicemayevenaddress the inrushcurrentproblem,which is inparticular presentdue theEMIfilter circuit, in
particular due to the inductance of the EMI filter circuit. The power supply according to an embodiment is a light driver
configured to provide the load current to at least one lighting module.
[0041] Generally, light driver devices driving lighting modules are frequently employed types of DC-to-DC converter
devices installedon themanufacturing site. Thecost-effective solutionpresentedby thepower supply and the capability to
operate safely from the DC grid enables a design engineer to provide a technically advantageous solution for lighting
systems onmanufacturing sites due to operating from theDC grid. Simultaneously the cost of the individual power supply
using the surge protection circuit are advantageously low due to coping with voltage surges without having to use
electronic components rated for excessive surge voltages.
[0042] The subsequent discussion of embodiments refers to the attached figure sheets, on which

Fig. 1 displays a simplified circuit diagram of an electronic circuit including a surge protection circuit according to an
embodiment,
Fig. 2 displays a simplified circuit diagram of a known DC-to-DC converter device including surge protection as
currently in use,
Fig. 3 illustrates the reaction of the knownDC-to-DC converter devicewith surge protection as currently in use in a hot
replacement scenario,
Fig. 4 displays a simplified structure of an industrial DC grid and its key elements, and
Fig. 5 illustrates the simplified structure of an industrial DC grid stabilizing energy availability in future industrial
applications.

[0043] In the figures, same reference numbers denote same or corresponding elements. The discussion of embodi-
ments dispenseswith a discussion of same reference numbers for different figureswherever considered possible without
adversely affecting comprehensibility.
[0044] Active electric circuits include energy supplying components whereas passive circuits include only passive
components, which consume or store energy, e.g. either dissipate, absorb or store it in an electric field or amagnetic field.
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Any circuit including an active component is an active circuit. An active component is an electronic component which
supplies energy to the circuit, e.g. has the ability to control electrically an electron flow, e.g. flow of charges. Common
examples for active components include, e.g. transistors and diodes.
[0045] Fig. 1 displays a simplified circuit diagram of an electronic circuit 10 including a surge protection circuit 1
according to an embodiment in an application scenario.
[0046] The electronic circuit 10 comprises an EMI filter circuit 11, and optionally a converter circuit 12.
[0047] The electronic circuit 10 includes a DC input interface (DC grid interface) to the DC grid (DC supply grid) for
obtaining a DC supply voltage VDC via a positive DC input line L (positive DC input connection L) and a negative DC input
line N (negative DC input connection L).
[0048] The DC grid voltage may, for example, correspond to a DC voltage between 400 VDC and 800 400 VDC.
[0049] Fig. 1 depicts a line impedance L1 of the DC grid.
[0050] Fig. 1 further showsaDCoutput interfaceof the electronic circuit 10 to anelectrical load 15. Theelectrical load15
may be a lightingmodule (LEDmodule) including a plurality of light emitting diodes (LEDs), which the electronic circuit 10
provides with a bus voltage VBUS via a bus bar. The lighting module shown in fig. 1 also includes a DC-to-DC converter
15.1, which generates a LED current ILED as a particular example for the load current ILOAD, and provides the LED current
ILED to theLEDs.TheDC-to-DCconverter 15.1maygenerate the loadcurrent ILOADbasedon thebusvoltageVBUSusinga
switched mode power supply (SMPS) topology. Arranging the DC-to-DC converter 15.1 in the electrical load 15, e.g. the
lighting module, enables to use different electrical loads 15 connected to the same bus bar with the bus voltage VBUS.
[0051] The electronic circuit 10 includes an optional driver circuit 12 that generates the bus voltage VBUS from a voltage
V2 input to the optional driver circuit 12. The optional driver circuit 12 is not limited to a particular SMPS configuration.
[0052] The optional driver circuit 12 may further generate one more internal supply voltages using low voltage power
supply (LVPS) circuits as required for theoptional driver circuit 12, and theother structural elementsof theelectronic circuit
10. The optional driver circuit 12may in particular generate supply voltages required for active electronic circuit elements
included in the surge protection circuit 1.
[0053] The electronic circuit 10 arranges the EMI filter circuit 11 connected, in particular directly connected, to the
positive supply line connection L of the DC grid interface on the one hand and to an input (first input line, first input
connection) of the surge protection circuit 1.
[0054] Electromagnetic interference (abbreviated as EMI) is a disruption that affects an electrical circuit because of
either electromagnetic induction or externally emitted electromagnetic radiation. Generally, EMI refers to the interference
from one electrical or electronic system to another electronic system caused by electromagnetic fields generated by the
operation of the electronic system. EMI also refers to a disturbance generated by an external source that affects an
electrical circuit by electromagnetic induction, electrostatic coupling, or electric conduction. Thedisturbancemaydegrade
the performance of the electric circuit or even prevent the electric circuit from functioning entirely. The EMI filter circuit 11
blocks disturbances as near to the source as possible, preferably, before the disturbances enter the electronic circuit or
before the disturbance leave the electronic circuit. Examples of the EMI filter circuit 11 arranged on a circuit board of the
electronic circuit use respectively arranged capacitors and/or inductors. An EMI choke as an example of the EMI filter
circuit 11of fig. 1 showsanequivalent circuit diagram includingan inductivity L2 serially connectedwitha resistorR2, anda
capacitor C2 connected in parallel to the serially arranged inductivity L2 and resistor R2.
[0055] TheEMI filter circuit 11 providesa reactive impedance to the electronic circuit 10, and, by determining theelectric
component values of the EMI filter circuit 11 respectively, a frequency characteristics of the EMI filter circuit 11 may be
tuned to desired frequency ranges.
[0056] A line filter is anexample for anEMI filter circuit 11.The line filter is anelectronic filter circuit that is placedbetween
electronic equipment and a line (power supply line, power supply connection) external to it, to attenuate conducted radio
frequencies in this context as Radiated Frequency Interference (abbreviated asRFI, sometimes also referenced under to
term electromagnetic interference EMI) - between the line and the electronic equipment. In particular, an AC line filter is
used between the AC power line (AC power supply connection) and the equipment, e.g. a SMPS or a similar electronic
circuit. The line filter may be used to attenuate EMI in either direction of the power supply connection. For example, for
controlling emissions: It may be used to reduce the unintentional conducted emission from the equipment, to a level
sufficiently low to pass regulatory limits, e.g. in FCC part 15. This is of importance for example in switched mode power
supplies often employed in DC-to-DC converter circuits. For sake of completeness, in order to provide immunity, the line
filter may be used to reduce the level of EMI entering the equipment, to a level sufficiently low not to cause any undesired
behaviour.
[0057] The surge protection circuit 1 of the DC-to-DC converter device 10 combines two functional elements.
[0058] A first functional element of the surge protection circuit 1 is a serial circuit element 2 connected between the
output of theEMI filter circuit 11 connectedwith the first input connection of the surge protection circuit 1 and the terminalN
of the DC grid interface. The serial circuit element 2 is configured to implement a low-pass filter.
[0059] Thefirst functional element of the surgeprotection circuit 1 is the serial circuit element 2,which includesa resistor
R7andacapacitorC5,which together constitutea low-passfilter circuit in thearrangementof fig. 1.Afirst connectionof the
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resistorR7 is connectedwith thefirst input connection (first input line) of thesurgeprotection circuit 1.Asecondconnection
of the resistor R7 is connected with the first connection of the capacitor C5. A second connection of the capacitor C5 is
connected with the second input connection (second input line) of the surge protection circuit 1.
[0060] The first functional element 2 of the surge protection circuit 1 corresponds to a low-pass filter, comprising theR-C
element including at least one resistor that corresponds to the resistor R7, connected in series with a filter load of the low-
passfilter andat least onecapacitor that corresponds to thecapacitorC5connected inparallelwith thefilter loadof the low-
pass filter.
[0061] At the capacitor C5, the average DC voltage from the DC supply grid of nominally 650 V, and up to 800 V, or for
example down to 400 V provided via the DC grid interface of the DC-to‑ electronic circuit 10, may apply.
[0062] Generally, a simple low-pass filter circuit may comprise the resistor R7 in series with a load to the low-pass filter,
and the capacitor C5 in parallel with the load of the low-pass filter. The capacitor C5 acts as a reactance, and blocks low-
frequency signal components, forcing them through the filter towards the load of the low-pass filter instead. In case of
providing high frequency signal components to the low-pass filter, the reactance drops, and the capacitor C5 effectively
functions as a short circuit. The combination of resistor R7 and capacitor C5 connected in series determines a time
constant of the low-pass filter. The corner frequency, or cutoff‑ frequency fC (in Hz), of the low-pass filter is determined by
the time constant as

with the resistor R7 in Ω and the capacitance C5 in Farad.
[0063] Simulation results show that capacitances of 100 nF for the capacitor C5 achieve good results and effectively
attenuate surge voltages in a voltage rangeof up to 1500V for a duration of about 100µs occurring at theDCgrid interface
of the electronic circuit 10 at a nominal DCgrid voltage of 650VDC. In this case, the voltagesVIN2 andVBUS aremaintained
at a nominal voltage of 650 VDC of the DC grid due to the surge protection circuit 1.
[0064] In an alternate simulation scenario, the capacitance of 100 nF for the capacitor C5 achieves good results and
effectively attenuates surge voltages in a voltage range of up to 1500 V for a duration of about 100µs occurring at the DC
grid interface of the electronic circuit 10 for a nominal DC grid voltage of 880 VDC. In this case, the voltages VIN2 and VBUS
are also maintained at a nominal voltage of 880 VDC of the DC grid due to the surge protection circuit 1, as simulation
shows.
[0065] Determining the capacitance valueofC7mayhave to take into regard that a duration of the attenuation of voltage
surges is adesired effect of the determined capacitance value ofC7.On theother hand, selecting the capacitance value of
C7 to largemayadversely affect the voltagesVIN1,VIN2andVBUS.VIN1,VIN2 andVBUSmayshowvoltagedrops in cases, in
which the capacitance of C7 shows large capacitance values and the size of the load 15 varies significantly, in particular,
sudden load steps occur.
[0066] A second functional element of the surge protection circuit 1 corresponds to a linear regulator circuit element 3
including at least one transistor Q1, Q2.
[0067] The at least one transistorQ1,Q2may be in connected in an emitter-follower circuit topology. A collector of the at
least one transistor Q1, Q2 is connected with the first input connection of the surge protection circuit 1. An emitter of the at
least one transistor Q1, Q2 is connected with a first output connection (first output line) of the surge protection circuit 1. A
base of the at least one transistor Q1, Q2 is connected with the second connection of the resistor R7 and the first
connection of the capacitor C5.
[0068] An emitter-follower, also referred as a common collector amplifier is one of three basic single-stage bipolar
junction transistor (abbreviated as BJT) amplifier topologies, typically used as a voltage buffer. Generally, the emitter-
follower circuit topology uses the base terminal of the transistor as input, the emitter corresponds to an output, and the
collector is common to both the emitter and the collector, e.g., it may be tied to ground reference or a power supply rail.
[0069] As illustrated in fig. 1, the the surge protection circuit 1may comprise a first transistor Q1 and at least one second
transistor Q2 instead of a single transistor, wherein the first transistor Q1 and the at least one second transistor Q2 are
connected in a Darlington configuration.
[0070] Generally, aDarlingtonconfiguration refers toanelectronic circuit topology includingat least two transistors.Also
called a Darlington pair, the Darlington configuration or circuit topology is an electronic circuit comprising two bipolar
transistors with the emitter of a second transistor Q2 of the two transistors Q1, Q2 connected to the base of the first
transistorQ1of the two transistorsQ1,Q2. The first transistorQ1 amplifies a current amplified by the second transistorQ2
further. In the Darlington configuration, the collectors of both transistors Q1, Q2 are connected with each other. The
Darlington configuration has a significantly higher current gain than each transistor of the two transistors Q1, Q2 taken
separately.
[0071] Thus, the surge protection circuit 1 may use the two transistors Q1, Q2 in a Darlington configuration in order to
provide sufficient current gain in application scenarios, in which one transistor with sufficient current gain is not available.
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[0072] If the averagedDCvoltage is applied at the baseof the transistorsQ1,Q2, a corresponding voltage applies at the
emitter of the transistorQ2and at the emitter of the transistorQ1. The configuration of the linear regulator circuit element 3
implementing the second functional element of the surge protection circuit 1 is essentially an emitter follower. Almost no
voltage drop occurs between the collector of the second transistor Q2, the emitter of the second transistor Q2, and the
emitter of the first transistor Q1.
[0073] In particular, a voltage drop between the emitter of the transistor Q2, and the emitter of the transistor Q1 may
correspond to about 0.7 V.
[0074] Thus, almost no, or at least only negligible electric lossesare addedby the surge protection circuit 1 along theDC
supply path from theDCgrid interface of the electronic circuit 10 to the optional driver circuit 12 of the electronic 10 and the
bus interface to the bus bar.
[0075] The linear regulator circuit element 3 implemented using the transistors Q1, Q2 of the surge protection circuit 1
passes a voltage VIN2 corresponding to the DC grid voltage to the optional driver circuit 12.
[0076] Alternatively, the surge protection circuit 1 may provide the voltage VIN2 directly to the bus bar. Then the voltage
VIN2 essentially corresponds to a bus voltage VBUS.
[0077] Fig. 1 and the associated portions of the description refer to the transistors Q1, Q2 as bipolar transistors. The
surge protection circuit 1 may use other transistor technologies instead of the bipolar transistors shown in fig. 1 as NPN
transistors Q1, Q2.
[0078] Alternatively, the transistorsQ1,Q2may beMetalOxideSemiconductor Field Effect Transistors (MOSFETs), for
example. The analogous field-effect transistor circuit topology to the Darlington configuration is the common-drain
amplifier circuit topology.
[0079] Furthermore, the surge protection circuit 1 may arrange a diode D7 as a further functional element of the surge
protection circuit 1 between an emitter of the first transistor Q1, which is connected to the output connection of the surge
protection circuit 1, and the base of the second transistor Q2.
[0080] In particular, an anode of the diodeD7 is connectedwith the emitter of the first transistor Q1, and a cathode of the
diode D7 is connected with the base of the second transistor Q2 in case the surge protection circuit 1 includes two
transistors Q1, Q2 in a Darlington configuration according to fig. 1.
[0081] Alternatively, the anode of the diode D7 is connected with the emitter of the transistor Q1, and a cathode of the
diode D7 is connected with a base of the transistor Q1 in case the surge protection circuit includes only a single transistor
Q1, different from the embodiment illustrated in fig. 1.
[0082] The diode D7 provides the effect of protecting the transistors Q1, Q2 in case the DC grid voltage VDC, and in
consequence the voltages VIN2 and VIN2 drop significantly, e.g. to values down to 400 V, for example due to stability
problems in the DC supply grid originating from an integration of renewable energy sources into the DC grid.
[0083] The output of the surge protection circuit 1 is connected, in particular directly connected with the input of the
optional driver circuit 12.
[0084] Alternatively, the output of the surgeprotection circuit 1 is directly connected, to the bus interfaceof the electronic
circuit 10.
[0085] The presence of the surge protection circuit 1, has the effect that short voltage surges in the DC grid are now
admissible. Characteristically, voltage surges are defined for up to 1200 V peak for a duration of up to 100 µs in the DC
supply grid. The low-pass filter implemented by the first functional element of the surge protection circuit 1 is designed to
filter thesedefinedvoltagesurgesout. Avoltageappliedover capacitorC5 remainsat thenominal voltageof 650V, the first
transistor Q1 blocks the overvoltage, e.g. the 1200 V less 650 V, at the expense of a small power loss. The power loss is
small, as the first transistor Q1 does not entirely block the voltage, but only for a duration of 100µs of the voltage surge. By
designing the cooling characteristics of the arrangement of the transistors Q1, Q2 in the surge protection circuit 1
respectively, the surge protection circuit 1may copewith the additional power dissipation due to a corresponding dynamic
heat resistance. Thus, a junction temperature of transistorsQ1,Q2doesnot increase immediatelywith the power loss due
to the voltage surge.
[0086] Fig. 2displaysasimplified circuit diagramof aknownDC-to-DCconverter device21 fromprior art including surge
protection as currently in use.
[0087] The DC-to-DC converter device 21 includesmost functional elements of the electronic circuit 10 discussed with
reference to fig. 1. In particular, with respect to the EMI filter circuit 22 and the converter circuit 24, reference to the
corresponding EMI filter circuit 11 is considered sufficient.
[0088] The converter circuit 24 may be a known DC-to-DC converter circuit implemented in a switched mode power
supply topology. The converter circuit 24 generates a load current ILOAD.
[0089] The DC-to-DC converter device 21 employs a conventional surge protection means 23. The surge protection
means 23 comprises a voltage-dependent resistor, which fig. 2 shows with an equivalent circuit including the elements
ideal capacitor C4, ideal resistor R5 and ideal inductivity L5 in a series connection. The surge protection means 23 is
connected froma positive polarity DCsupply line (positive polarity DC supply connection) to a negative polarity DC supply
line (negative polarity DC supply connection) at the DC grid interface of the DC-to-DC converter device 21 in order to
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protect the electric components of the converter circuit 24 from overvoltage.
[0090] Generally, knownmeans toprotect electronic circuits fromvoltage surgesmayuseVoltageDependentResistors
(abbreviated asVDR), usually referred to as a varistor. Varistors are nonlinear two-element semiconductors that decrease
in their resistance value for an increasing voltage. Voltage dependent resistors are often used as surge suppressors for
sensitive electronic circuits. The resistance of a varistor is variable and depends on the voltage applied. The resistance
decreases when the voltage increases. In case of excessive voltage increases, their resistance drops dramatically. This
behaviour makes varistors suitable to protect electronic circuits during voltage surges. Causes of a voltage surge can
include lightning strikes and electrostatic discharges. The most common type of a VDR is the metal oxide varistor
(abbreviated as MOV).
[0091] Asanalternative toVDRs, knownmeans toprotect electronic circuits fromvoltagesurgesmaybedevisedaround
Negative Temperature Coefficient (abbreviated as NTC) thermistors that have less resistance at higher temperatures.
Generally, a thermistor is a type of resistor whose resistance is strongly dependent on temperature, more so than in
standard resistors. Thermistors are divided based on their conduction model. NTC thermistor are widely used as inrush
current limiters, temperature sensors, while PTC thermistors are used as self-resetting overcurrent protectors, and self-
regulating heating elements. An operational temperature range of a thermistor is dependent on the probe type and may
typically be between ‑100 °C and 300 °C.
[0092] Fig. 3 illustrates the reaction of the knownDC-to-DCconverter device 21with surge protection as currently in use
in a hot replacement scenario.
[0093] In particular, when an electrical device is turned on, the electrical device may draw a current significantly larger
than a nominal current during standard operation of the electrical device. The large current drawn for s short time after
applying aDCvoltage step to the electrical device is referenced an inrush current, sometimes also denoted as input surge
current or switch-on surge. The inrush current is the maximal instantaneous input current drawn by the electrical device
when applying a voltage step to the input of a power supply interface of the electrical device. Alternating-current electric
motorsand transformersmaydrawseveral times their nominal current under full-loadconditionswhenfirst energized, for a
few cycles of the input waveform. In case of power converters, which often include SMPS circuits, inrush currents with
current values significantly exceeding a steady-state current value may occur due to the charging current of an input
capacitance of the power converter. Selecting anddesigning dimensionsof over-current-protection devices suchas fuses
and circuit breakers requires more complicated considerations when high inrush currents have to be taken into account.
An over-current protection has to react quickly to overload or short-circuit faults on the one hand, but on the other hand
must not interrupt the operation circuit when the usually harmless inrush current flows.
[0094] The circuit diagram of fig. 2 arranges an EMI choke including the inductivity L2 in series with the capacitor C4 of
the equivalent circuit diagram of the conventional surge protection circuit 23. The inductivity L2 and the capacitor C4 in
combination represent a serial oscillation circuit, whose reaction to an applied voltage step is discussed with reference to
fig. 3.
[0095] The simulation depicted in fig. 3 bases on the circuit topology of the known DC-to-DC converter device 21
according to fig. 2 and shows on the ordinate (y-axis) the bus voltage VBUS in volts over the course of time t shown on the
abscissa (x-axis) in seconds. At the DC grid interface of the DC-to-DC converter device 21, a voltage step with an
amplitude of 650 VDC is applied to the DC-to-DC converter device 21. Fig. 3 shows that the resulting VBUS reaches a
maximum voltage of almost twice the applied 650 VDC, about 1.12 kVDC, which rapidly decreases over time, and when a
timeof about 300µs has elapsed after applying the voltage step, the voltageVBUS does not exceeda voltage value of 0.70
kV any more.
[0096] The bus voltage surge due to the inrush current either requires adding additional protective circuit elements
implementing an inrush current limiter or selecting respectively rated electronic components for the converter circuit 24 in
order to cope reliably with the overvoltage of VBUS due to the inrush current.
[0097] An inrush current limiter is an electronic component used to limit an inrush current to avoid damage or even
destruction to electronic components of an electronic circuit, to avoid blowing fuses or tripping circuit breakers.
[0098] Contrary to theDC-to-DCconverter circuit 24, theelectronic circuit 1 includes the surgeprotection circuit 1,which
is capable to suppress the voltage surgeof thebus voltageVBUS shown in fig. 3 entirely. Thus, the surgeprotection circuit 1
does not only provide protection of the optional driver circuit 12 against voltage surges of theDCgrid but also provides the
extra benefit of addressing the problems arising from the inrush current scenario.
[0099] The electronic circuit 10 with the surge protection circuit 1 provides an inrush current limitation due to a smooth
starting capability. As fig. 3 illustrates for the known DC-to-DC converter device 21 with a conventional surge protections
means 23, e.g. using a VDR or a suppressor diode, the surge protection circuit 1 provides the further benefit of
implementing the feature of inrush current limitation without requiring additional circuit elements of an inrush limiter.
[0100] The inrush current limiter, e.g. designed around a thermistor, is therefore not required in case of the electronic
circuit 10 including the surge protection circuit 1.
[0101] Negative temperature coefficient (NTC) thermistors and fixed resistors regularly provide the capability to limit
inrush current. NTC thermistors as inrush-current limiting devices in power supply circuits are added in series with the
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circuit being protected. They present a higher resistance initially, which prevents large currents from flowing at turn-on. As
current continues to flow, NTC thermistors heat up, allowing higher current flow during normal operation. NTC thermistors
are usuallymuch larger thanmeasurement-type thermistors, andare designedpurposely for power applications but come
along with the additional cost of additional electronic components.
[0102] The surge protection circuit 1 according to the first aspect enables to omit the dedicated inrush current limiter,
thereby offering protection for the circuits succeeding to the surge protection circuit 1 in theDCpower supply path not only
from surge voltages and voltage spikes, but also in inrush current scenarios.
[0103] Contrary thereto, the conventional surge protection circuit 23 based on a VDR or a suppressor diode inevitably
fails in keeping the voltages VIN resp. VBUS after the EMI filter circuit 22 below the desired voltage limit values determined
by the rated voltages of the respectively succeeding electrical components. This failure of the conventional surge
protection circuit 23 results from the nominal DC grid voltage of up to 800 V, and the maximum rated voltage of the
critical electrical components of, for example, 900 V being close together. As the respective characteristic curve V= f (I) of
both the VDR or the suppressor diode only have a limited gradient, the conventional surge protection circuit 23 fails in
protecting the critical electrical components of the electric circuits of the DC-to-DC converter device 21 according to prior
art.
[0104] The surge protection circuit 1 of the electronic circuit 10, however, provides an active attenuation component for
theEMI filter circuit 11, 22, which effectively prevents an overshoot of the voltagesVIN1, VIN2, andVBUS after a sudden and
fast increase of the current drawn by the electronic circuit 10.
[0105] The surge protection circuit 1 provides efficient protection against voltage surges even for high nominal voltage
valueson theDCgrid,while simultaneously enablingusingcost-effectiveelectrical components in theprotectedelectronic
circuits. The cost-effective electrical components may have rated voltages, which although exceeding the nominal
voltages on the DC grid, are nevertheless smaller than the surge voltage values that may occur on the DC grid.
[0106] Fig. 4 displays a simplified structure of an industrial DC grid and its key elements.
[0107] An industrial energy system for a future manufacturing site according to fig. 4 may comprise a DC-based smart
grid for industry.
[0108] A bidirectional power supply includes centralised AC-to-DC converters, which supply all electric loads 15 at the
manufacturing site with DC power. The bidirectional power supply also enables to feed surplus electric energy from the
local DC grid into the AC grid. The DC grid enables integration of renewable energy sources locally at the manufacturing
site, e.g. integrating power generation via photovoltaic cells, wind turbines and by other renewable energy sources. Using
theDCgrid reduces losses in power conversionwhen compared to integrating renewable energy sources via the ACgrid,
as, for example, there exists no need for synchronising each renewable energy source with a three-phase AC grid.
[0109] TheDCgrid alsoenables integratingenergystoragedevicesat themanufacturing sitewith thebenefit of reduced
conversion losses. This provides the additional effect of maintaining electric power supply for the manufacturing site in
case of an AC grid failure. Thus, a peak power requirement when designing the AC grid over a region with a plurality of
manufacturing sites, and the bidirectional power supply for the individual manufacturing site, may be reduced.
[0110] Adecentralised gridmanagement provides the full potential of power balancing and stability enhancement to the
manufacturing site.
[0111] Thedynamicpowerdemandsof roboticmanufacturingbenefit fromexpandeddistributionof theDCgrid capacity.
A high ratio of recuperative energy may be used locally at the manufacturing site, or fed to the AC grid.
[0112] Decentralised drive applications, for example conveyor systems benefit from reduced component complexity
when supplied with DC power instead of AC power.
[0113] Multi axismachining centres accelerate hugemasses for time-efficient processing of products, product parts and
subassemblies.AsharedDCgrid increases theefficiencyof dynamicenergydemandsandenablesanexpandedusageof
recuperative energy. Lift applications in industrial applications produce a high amount of recuperative energy. The
bidirectional power exchange via the DC grid yields additional savings.
[0114] The DC grid for a manufacturing site enables seamless and efficient integration of renewable energy, e.g. solar
panels installedon factory roofs, andstoragedevices for balancingpower supply anddemand in the factory. Fig. 4 showsa
direct current supply of an entire manufacturing facility extending a direct current supply of a production cell, which
provides the groundwork for the power supply ofmanufacturing plants via aDCgrid. TheDCgrid enables to implement an
energy transition in industrial production achieving a significant reduction of consumed power and a recovery of braking
energy. Robotic devices in manufacturing plants may recuperate energy and store recuperated energy into the energy
storage devices at the DC voltage level of the DC grid.
[0115] RoboticdevicesuseSiliciumcarbid (SiC) transistors,whichareable tocopewith voltagesurgesof1500V. Incase
of robotic devices, established conventional overvoltage protection measures are applicable, e.g. including the use of
varistors or suppressor diodes, which exhibit a large tolerance with regard to their respective response thresholds.
[0116] Contrary thereto, an integration of DC-to-DC converters such as LED drivers poses more problems in order to
adapt to the extended DC voltage ranges, in particular due to the overvoltage protection issues. A LED driver uses cheap
semiconductors, e.g. 650V-ratedMOSFETs. Use of electronic components extending the rated voltages of the electronic
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components up to 900 V is envisaged, but already comes at the expense of increased cost.
[0117] Fig. 5 illustrates the simplified structure of an industrial DC grid stabilizing energy availability in future industrial
applications.
[0118] The implementation of the DC grid at manufacturing sites has the potential to reduce operating costs and take
advantage of renewable energy sources. Conversion from DC to AC is not required to be done by an inverter - the grid
infrastructure provided by the DC grid offers the possibility of optimizing the purchase of energy and to stabilize the grid.
[0119] In the industrial sector, electricmotors account for a significant proportion of electricity consumption and are thus
the most relevant electrical load to be supplied with electrical energy. Reducing the energy requirements of these drive
systems by increasing their efficiency contributes to an equivalent reduction in CO2 emissions.
[0120] The advantage of using a frequency inverter is the continuous adaptation of themotor speed to the actual need,
which can very often also lead to energy savings. A frequency inverter is suppliedwith the alternating current, which is first
converted into direct current using a rectifier. The direct current is then converted into alternating current with variable
frequency and voltage through a voltage feed inverter in order to electronically change the speed of a three-phasemotor.
However, if the three-phasemotor is operating in thebrakingmode, e.g. in a crane that is in loweringmode, the energy flow
changes. This energy cannot be fed back into the grid by the frequency inverter because the input rectifier only allows the
energy toflow inonedirection.Therefore, theenergy that is fedbackmustbedissipatedvia thedirect current voltagecircuit
of the frequency inverter.
[0121] The increasing use of frequency inverters to control motor speeds causes effects on mains supply, causing
harmonicsanddistorting thevoltageof themainssupply grid. If frequency invertersor other deviceswithpowerelectronics
are increasingly installed, grid effects such as harmonics and voltage surges on a mains supply grid will increase.
[0122] A further increase in the use of inverters for the flexible control of electric motors is desirable in order to improve
both production processes andenergy efficiency.However, line perturbations due to harmonics andequipment costs, e.g.
for other systemsoperatingof themains supply grid at themanufacturing site limit the improvement. Thenetwork structure
of themains supply grid at themanufacturing site according to fig. 5 is based on an alternating current (AC) supply, which
provides the direct current power supply for the manufacturing site via a central rectifier. Active grid filters may be
integrated into the central rectifier to ensure the voltage quality harmonic requirements. The direct supply of the frequency
inverter with direct current means that a decentralized energy conversion is no longer needed. Since central energy
conversion from AC to DC is significantly more efficient, conversion losses are significantly reduced.
[0123] Through the direct supply of all electric motors via a frequency inverter with direct current power supply, all
installed motors are connected via the DC grid. The DC grid essentially only causes transmission losses (ohmic losses).
Compared to an AC grid, the capacitive and inductive line losses are eliminated.
[0124] Through the elimination of the input rectifier and the grid filter with frequency inverters, these can be designed
more cost-effectively and more compactly. This simplifies integration into the motor, which can significantly increase the
degree of acceptance In addition, theDC grid offers the possibility of integrating photovoltaics directly at the direct current
voltage level. In this case, conversion fromDC toAC is not required to bedoneby an inverter. This grid infrastructure offers
the possibility of optimizing purchase of energy, and stabilizing the grid.
[0125] The electronic circuit 10 with the surge protection circuit 1 enables to integrate building infrastructure systems,
e.g. lighting systems, into the DC grid at the manufacturing site.

Claims

1. An electronic circuit including a surge protection circuit (1) for the power supply interface of a DC-to-DC converter
device (10), wherein the electronic circuit comprises aDCgrid interface comprising first and secondDC input voltage
lines (L, N), and

the surge protection circuit (1) comprises
aserial circuit element (2) connectedbetween thefirst and thesecondDC input voltage lines (L,N)andconfigured
to implement a low-pass filter, and
a linear regulator circuit element (3) including at least one transistor (Q1, Q2), and
characterized in that
the surgeprotection circuit (1) comprises the serial circuit element (2) comprisingaR-Celement for implementing
the low-pass filter including at least one resistor (R7) and a capacitor (C5),
wherein a first terminal of the at least one resistor (R7) is connected with the first DC voltage input line (L) and a
second terminal of the at least one resistor (R7) is connected with a first terminal of the capacitor (C5), and a
second terminal of the capacitor (C5) is connected with the second DC voltage input line (N), and
wherein a base of the at least one transistor (Q1, Q2) is connected with the second terminal of the at least one
resistor (R7) and the first terminal of the capacitor (C5), and an emitter of the at least one transistor (Q1, Q2) is
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connected with an output connection of the surge protection circuit (1).

2. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to claim 1,
wherein
thesurgeprotectioncircuit (1) comprises theat least one transistor (Q1,Q2)of the linear regulator circuit element (3) in
an emitter-follower circuit topology configuration.

3. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to any of the
preceding claims, wherein
the surge protection circuit (1) further comprises a diode (D7) connected between an emitter of the at least one
transistor (Q1, Q2) and a base of the at least one transistor (Q1, Q2).

4. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to any of the
preceding claims, wherein
the surge protection circuit (1) comprises the first transistor (Q1) and at least one second transistor (Q2), wherein the
first transistor (Q1) and the at least one second transistor (Q2) are connected in a Darlington configuration.

5. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to any of the
preceding claims, wherein
the surge protection circuit (1) is configured to operate in a voltage range of a DC grid supply.

6. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to claim 5,
wherein
the surge protection circuit (1) is configured to operate in a nominal voltage range of the DC grid supply ranging from
400 VDC to 950 VDC.

7. The electronic circuit including the surge protection circuit (1) for a DC-to-DC converter device according to claim 5 or
6, wherein
the nominal voltage of the DC grid supply essentially corresponds to 650 V.

8. A power supply for generating a load current (ILOAD) for an electric load (15) from a DC supply voltage, wherein the
power supply comprises

a DC-to-DC converter circuit (15.1) configured to generate the load current (ILOAD) and to output the load current
(ILOAD) via an output interface (LED+, LED‑), and
theelectronic circuit including the surgeprotection circuit (1) according to anyoneof claims1 to7 configured tobe
connected between the DC grid interface for obtaining the DC supply voltage and the DC-to-DC converter circuit
(15.1).

9. The power supply according to claim 8, wherein
the DC-to-DC converter circuit (15.1) includes electric components with a voltage rating that exceeds a nominal
voltage of the DC grid supply voltage and is smaller than a maximum peak voltage of the DC grid supply voltage.

10. The power supply according to claim 9, wherein the voltage rating exceeds the nominal voltage of the DC grid supply
voltage and is smaller than two times the nominal voltage of the DC grid supply voltage, or
the voltage rating exceeds 800 V and is less or equal 950 V.

11. The power supply according to one of claims 8 to 10, wherein

the power supply comprises an EMI filter circuit (11), and
the EMI filter circuit (11) is connected between the DC grid interface and the surge protection circuit (1).

12. The power supply according to any of claims 8 to 11, wherein
the power supply is a light driver configured to provide the load current (ILOAD) for supplying at least one lighting
module.
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Patentansprüche

1. Elektronische Schaltung einschließlich einer Überspannungsschutzschaltung (1) für die Leistungsversorgungs-
schnittstelle einer Gleichstromumrichtervorrichtung (10), wobei die elektronische Schaltung eine Gleichstrom-Netz-
schnittstelle umfasst, umfassend eine erste und eine zweite Gleichstromeingangsspannungsleitung (L, N), und
wobei die Überspannungsschutzschaltung (1) umfasst:

ein serielles Schaltungselement (2), das zwischen die erste und die zweite Gleichstromeingangsspannungs-
leitung (L, N) geschaltet ist und konfiguriert ist, um einen Tiefpassfilter zu implementieren, und
ein lineares Reglerschaltungselement (3), einschließlich mindestens eines Transistors (Q1, Q2), und
dadurch gekennzeichnet, dass
dieÜberspannungsschutzschaltung (1)dasserielleSchaltungselement (2) umfasst, umfassendeinRC-Element
zum Implementieren des Tiefpassfilters einschließlich mindestens eines Widerstands (R7) und eines Konden-
sator (C5),
wobei ein erster Anschluss des mindestens einen Widerstands (R7) mit der ersten Gleichspannungseingangs-
leitung (L) geschaltet ist und ein zweiter Anschluss des mindestens einen Widerstands (R7) mit einem ersten
Anschluss des Kondensators (C5) geschaltet ist und ein zweiter Anschluss des Kondensators (C5) mit der
zweiten Gleichspannungseingangsleitung (N) geschaltet ist, und
wobei eine Basis des mindestens einen Transistors (Q1, Q2) mit dem zweiten Anschluss des mindestens einen
Widerstands (R7) und dem ersten Anschluss des Kondensators (C5) geschaltet ist und ein Emitter des
mindestens einen Transistors (Q1, Q2) mit einem Ausgangsanschluss der Überspannungsschutzschaltung
(1) geschaltet ist.

2. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach Anspruch 1, wobei
die Überspannungsschutzschaltung (1) mindestens einen Transistor (Q1, Q2) des linearen Reglerschaltungs-
elements (3) in einer Emitterfolger-Schaltungstopologiekonfiguration umfasst.

3. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach einem der vorstehenden Ansprüche, wobei
die Überspannungsschutzschaltung (1) ferner eine Diode (D7) umfasst, die zwischen einemEmitter desmindestens
einen Transistors (Q1, Q2) und einer Basis des mindestens einen Transistors (Q1, Q2) geschaltet ist.

4. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach einem der vorstehenden Ansprüche, wobei
die Überspannungsschutzschaltung (1) den ersten Transistor (Q1) und mindestens einen zweiten Transistor (Q2)
umfasst, wobei der erste Transistor (Q1) und der mindestens eine zweite Transistor (Q2) in einer Darlington-
Konfiguration geschaltet sind.

5. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach einem der vorstehenden Ansprüche, wobei
die Überspannungsschutzschaltung (1) konfiguriert ist, um in einem Spannungsbereich einer Gleichstromnetzver-
sorgung betrieben zu werden.

6. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach Anspruch 5, wobei
die Überspannungsschutzschaltung (1) konfiguriert ist, um in einem Nennspannungsbereich der Gleichstromnetz-
versorgung, die in dem Bereich von 400 VDC bis 950 VDC liegt, betrieben zu werden.

7. Elektronische Schaltung einschließlich der Überspannungsschutzschaltung (1) für eine Gleichstromumrichtervor-
richtung nach Anspruch 5 oder 6, wobei
die Nennspannung der Gleichstromnetzversorgung im Wesentlichen 650 V entspricht.

8. Leistungsversorgung zum Erzeugen eines Laststroms (ILOAD) für eine elektrische Last (15) aus einer Gleichstrom-
versorgungsspannung, wobei die Leistungsversorgung umfasst:

eine Gleichstromumrichterschaltung (15.1), die konfiguriert ist, um den Laststrom (ILOAD) zu erzeugen und den
Laststrom (ILOAD) über eine Ausgangsschnittstelle (LED+, LED‑) auszugeben, und
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wobei die elektronische Schaltung die Überspannungsschutzschaltung (1) nach einem der Ansprüche 1 bis 7
einschließt und konfiguriert ist, um zwischen die Gleichstromnetzschnittstelle zum Erhalten der Gleichstrom-
versorgungsspannung und die Gleichstromumrichterschaltung (15.1) geschaltet zu werden.

9. Leistungsversorgung nach Anspruch 8, wobei
dieGleichstromumrichterschaltung (15.1) elektrischeKomponentenmit einemSpannungsnennwert einschließt, der
eine Nennspannung der Gleichstromnetzversorgungsspannung überschreitet und kleiner als eine maximale Spit-
zenspannung der Gleichstromnetzversorgungsspannung ist.

10. Leistungsversorgung nach Anspruch 9, wobei der Spannungsnennwert die Nennspannung der Gleichstromnetz-
versorgungsspannung übersteigt und kleiner als das Zweifache der Nennspannung der Gleichstromnetzversor-
gungsspannung ist, oder
der Spannungsnennwert 800 V überschreitet und kleiner als oder gleich 950 V ist.

11. Leistungsversorgung nach einem der Ansprüche 8 bis 10, wobei

die Leistungsversorgung eine EMI-Filterschaltung (11) umfasst, und
dieEMI-Filterschaltung (11) zwischenderGleichstromnetzschnittstelle undderÜberspannungsschutzschaltung
(1) angeschlossen ist.

12. Leistungsversorgung nach einem der Ansprüche 8 bis 11, wobei
die LeistungsversorgungeinLichttreiber ist, der konfiguriert ist, umdenLaststrom (ILOAD) zumVersorgenmindestens
eines Beleuchtungsmoduls bereitzustellen.

Revendications

1. Circuit électronique comportant un circuit limiteur de surtension (1) pour l’interface d’alimentation en puissance d’un
dispositif convertisseur CC vers CC (10), dans lequel le circuit électronique comprend une interface de réseau CC
comprenant des première et seconde lignes de tension d’entrée CC (L, N), et

le circuit limiteur de surtension (1) comprend
un élément de circuit en série (2) connecté entre les première et seconde lignes de tension d’entrée CC (L, N) et
configuré pour implémenter un filtre passe-bas, et
un élément de circuit régulateur linéaire (3) comportant au moins un transistor (Q1, Q2), et
caractérisé en ce que
le circuit limiteur de surtension (1) comprend l’élément de circuit en série (2) comprenant un élément R-C
permettant d’implémenter le filtre passe-bas comportant aumoins une résistance (R7) et un condensateur (C5),
dans lequel une première borne de l’au moins une résistance (R7) est connectée à la première ligne d’entrée de
tension CC (L) et une seconde borne de l’au moins une résistance (R7) est connectée à une première borne du
condensateur (C5), et une seconde borne du condensateur (C5) est connectée à la seconde ligne d’entrée de
tension CC (N), et
dans lequel une base de l’au moins un transistor (Q1, Q2) est connectée à la seconde borne de l’au moins une
résistance (R7) et à la première borne du condensateur (C5), et un émetteur de l’aumoins un transistor (Q1, Q2)
est connecté à une connexion de sortie du circuit limiteur de surtension (1).

2. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon la revendication 1, dans lequel
le circuit limiteur de surtension (1) comprend l’au moins un transistor (Q1, Q2) de l’élément de circuit régulateur
linéaire (3) dans une configuration de topologie de circuit à émetteur-suiveur.

3. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon l’une quelconque des revendications précédentes, dans lequel
le circuit limiteur de surtension (1) comprend en outre une diode (D7) connectée entre un émetteur de l’au moins un
transistor (Q1, Q2) et une base de l’au moins un transistor (Q1, Q2).

4. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon l’une quelconque des revendications précédentes, dans lequel
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le circuit limiteur de surtension (1) comprend le premier transistor (Q1) et au moins un second transistor (Q2), dans
lequel le premier transistor (Q1) et l’au moins un second transistor (Q2) sont connectés dans une configuration de
Darlington.

5. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon l’une quelconque des revendications précédentes, dans lequel
le circuit limiteur de surtension (1) est configurépour fonctionner dansuneplagede tensiond’unealimentation réseau
CC.

6. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon la revendication 5, dans lequel
le circuit limiteur desurtension (1)est configurépour fonctionner dansuneplagede tensionnominalede l’alimentation
réseau CC allant de 400 VCC à 950 VCC.

7. Circuit électronique comportant le circuit limiteur de surtension (1) destiné à un dispositif convertisseur CC vers CC
selon la revendication 5 ou 6, dans lequel
la tension nominale de l’alimentation réseau CC correspond sensiblement à 650 V.

8. Alimentation en puissancepermettant de générer un courant de charge (ILOAD) destiné à une chargeélectrique (15) à
partir d’une tension d’alimentation CC, dans lequel l’alimentation en puissance comprend

un circuit convertisseurCCversCC (15.1) configuré pour générer le courant de charge (ILOAD) et pour délivrer en
sortie le courant de charge (ILOAD) par l’intermédiaire d’une interface de sortie (LED+, LED‑), et
le circuit électronique comportant le circuit limiteur de surtension (1) selon l’une quelconquedes revendications 1
à 7 configuré pour être connecté entre l’interface de réseauCCpermettant d’obtenir la tension d’alimentationCC
et le circuit convertisseur CC vers CC (15.1).

9. Alimentation en puissance selon la revendication 8, dans laquelle
le circuit convertisseur CC vers CC (15.1) comporte des composants électriques avec une classe de tension qui
dépasse une tension nominale de la tension d’alimentation réseau CC et est plus petite qu’une tension de crête
maximale de la tension d’alimentation réseau CC.

10. Alimentationenpuissanceselon la revendication9, dans laquelle la classede tensiondépasse la tensionnominalede
la tension d’alimentation réseau CC et est plus petite que deux fois la tension nominale de la tension d’alimentation
réseau CC, ou
la classe de tension dépasse 800 V et est inférieure ou égale à 950 V.

11. Alimentation en puissance selon l’une des revendications 8 à 10, dans laquelle

l’alimentation en puissance comprend un circuit de filtre EMI (11), et
le circuit de filtre EMI (11) est connecté entre l’interface de réseau CC et le circuit limiteur de surtension (1).

12. Alimentation en puissance selon l’une quelconque des revendications 8 à 11, dans laquelle
l’alimentation en puissance est un pilote de lumière configuré pour fournir le courant de charge (ILOAD) permettant
d’alimenter au moins un module d’éclairage.
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