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Bezeichnung : ELEKTRONISCHER SCHALTER

(57) Abstract: The invention relates to an
electronic switch (1) for switching a load (7),
, having a current path (3) which runs between
“# - an operating voltage connection (5) and a load

connection (6a) and to which a power transistor
(2) and a current sensor (4) sensing the load
current (I;) are connected, and having a control

or regulating device (8, 9) which controls the
power transistor (2) on the basis of the load
current (I1), wherein the control or regulating

device (8, 9) is connected to the secondary

circuit (15) of a converter circuit (12) having a
transformer (13), the primary circuit (14) of
which is connected to the operating voltage
connection (5) via a controlled switch
arrangement (19, 20).

(57) Zusammenfassung: Die Erfindung betriftt
einen elektronischer Schalter (1) zum Schalten

e einer Last (7), mit einem zwischen einem
Betriebsspannungsanschluss (5) und einem
Lastanschluss (6a) verlaufenden Strompfad (3),
in den ein Leistungstransistor (2) und ein den
Laststrom (I1) erfassender Stromsensor (4)
geschaltet sind, sowie mit einer den
Leistungstransistor (2) in Abhédngigkeit vom

Laststrom (l1) ansteuerenden Steuer- oder Regeleinrichtung (8, 9), wobei die Steuer- oder Regeleinrichtung (8, 9) in den
Sekundérkreis (15) einer Wandlerschaltung (12) mit einem Transformator (13) geschaltet ist, dessen Primérkreis (14) tiber eine
gesteuerte Schalteranordnung (19, 20) an den Betriebsspannungsanschluss (5) gefiihrt ist.
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Description

Electronic switch

The invention relates to an electronic switch for switching a load, with a current path extending
between a direct voltage terminal and a load terminal, in which a power transistor and a current
sensor sensing the load current are connected, and having a control or regulating device which

controls the power transistor that is dependent on the load current.

Such an electronic switch, which is also referred to as an electronic circuit breaker or electronic
relay, is used to switch a load and operates in the low voltage range (DC 24V). Such a switch is
particularly suitable for use in a power distribution system, as is known, for example from EP 1
186 086 B1. In this known power distribution system, a number of circuits are jointly powered
by a direct current by means of a, for example, switched-modc power supply, wherein the elec-
tronic switches used also to take on the functionality of an electronic ¢ircuit breaker in order to
control an overload current and a short circuit in a single circuit, and in case of overload or short

circuit, reliably, possibly following an active current limitation, to trigger said breaker.

In conjunction with a linear power supply, such an electronic switch is known from DE 20 302
275 Al. In a current path extending between a service terminal and a load terminal, said switch
includes a power transistor (MOSFET) and a regulating device, to which for current-limiting
control of the power switch (semiconductor switch), a measured value detected by a current sen-
sor in the current path is supplied. The regulating device, which according to an embodiment
includes an operational amplifier operating as a comparator, is connected to its voltage supply
with a charge pump to obtain the necessary increase in voltage at its control input for the opera-
tion of the power transistor, which in turn allows for the use of a comparatively inexpensive N-

channel variant of a field effect transistor (MOSFET) as the load switching element.

In practical operation of such an electronic switch with a charge pump, it has been found not

only to have an undesirably high circuit topological effort, but also that the power losses of par-
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ticularly 450mW to 500mV when connecting the known electronic switch to a 24V DC voltage
network are undesirably high.

An object of the invention is to provide a particularly low-loss electronic switch (electronic re-
lay) which is produced, in particular in respect of circuitry, with little effort and high efficiency.
Preferably, the electronic switch shall also be able to take on the functionality of an electronic

circuit breaker in a simple manner.

According to an aspect of the present invention, there is provided an electronic switch for
switching a load, with a current path extending between an operating voltage terminal and a load
terminal, in which a power transistor and a flow sensor sensing the load current are connected,
and having a control or regulating device which controls the power transistor dependent on the
load current, characterized in that the control or regulating device is connected in the secondary
circuit of a converter circuit with a transformer which primary circuit is guided to the operating

voltage terminal via a controlled switch arrangement.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that the control or regulating device comprises an operational
amplifier connected on the output side with the control input of the power transistor, to which for

its supply, the output voltage of the converter circuit is guided.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that the operational amplifier drives the circuit breaker from a

reference value as a function of a deviation of the load current.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that one of the comparator inputs of the operational amplifier is
guided to a tap that forms the reference value of a voltage divider that is connected in the

secondary circuit of the converter circuit.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that a control electronics connected in the primary circuit of the
converter circuit for performing circuit breaker functions, in particular for current limitation

and/or for controlling the switch arrangement of the converter circuit, is provided.

CA 2943457 2017-06-21
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In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that in the primary circuit of the converter circuit and/or to the
primary winding of the transformer of the converter circuit, a diode is connected for regulating

the output voltage.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that in the primary circuit of the converter circuit, two

transistors operating on the primary winding of the transformer are connected.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that the converter circuit operates according to the flyback,

resonant or forward converter principle.

In some embodiments of the present invention, there can be provided the electronic switch

described herein, characterized in that the converter circuit is designed to be self-directing.

In some embodiments of the present invention, there can be provided the electronic switch
described herein, characterized in that in the primary circuit of the converter circuit, a capacitor is
connected to form a resonant circuit, in particular together with a (primary side) transformer

inductance.

According to another aspect of the present invention, there is provided an electronic switch for
switching a load, with a current path extending between an operating voltage terminal and a load
terminal, in which a power transistor and a flow sensor sensing a load current are connected, and
having a control or regulating device which controls the power transistor dependent on the load
current, wherein the control or regulating device is connected in a secondary circuit of a
converter circuit to a transformer, wherein the converter circuit has an output voltage and the
transformer has a primary winding, and wherein a primary circuit of the converter circuit is

guided to an operating voltage terminal via a controlled switch arrangement.

According to another aspect of the present invention, there is provided an electronic switch for
switching a load, the electronic switch comprising:
a current path extending between an operating voltage terminal and a load terminal in

which a power transistor and a flow sensor sensing a load current are connected; and

CA 2943457 2019-11-07
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a control or regulating device that controls the power transistor dependent on the load
current, the control or regulating device being connected in a secondary circuit of a converter
circuit to a transformer and to a primary circuit that is guided to the operating voltage terminal

via a controlled switch arrangement.

The electronic switch that operates to switch a load of the type of an electronic relay has a power
transistor designed particularly as a field effect transistor (MOSFET), in a current path extending
between a DC terminal and a load terminal, and a load current sensing current sensor, which
measurement signal is guided to a control or regulating device controlling the power transistor.
This is connected to the secondary circuit of a converter circuit with galvanic isolation in the
form of a transformer which primary circuit is guided via a controlled, particularly a self-

controlled, switch assembly to the DC voltage terminal.

The invention is based on the consideration that for the production of an electronic switch
operating with the least possible loss, its supply circuit should not operate in the form of a linear
power supply, but according to the principle of a switching power supply. Thus, as known, an
electronic switch or an electronic circuit breaker operating according to the converter principle
(DC-DC converter) underlying a switching power supply may be constructed not only with the

least possible loss, but also with high efficiency.

The converter circuit of the electronic switch (circuit breaker) can be controlled by means of
corresponding electronics or can be designed to be self-controlled. The converter circuit therefore
suitably operates according to the flyback or resonant converter principle of a DC-DC converter

with galvanic isolation. In case of a preferred, self-directed converter circuit, expediently,

CA 2943457 2019-11-07
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two transistors operating on the primary winding of the transformer, and/or at least one compo-
nent to form a resonant circuit, are connected to the primary circuit of the converter circuit of the

electronic switch.

From the input-side operating DC voltage of the load side switching circuit breaker, €.g., a
24Vpc input voltage, the converter circuit generates therefrom an output voltage preferably gen-
erated according to the principle of a step-down converter or buck converter to power the control
or regulating device for the circuit breaker, e.g., a Svoc supply or operating voltage. Suitably,
therefore, the control or regulating device has an output side operational amplifier connected to
the control input of the power transistor, at which supply terminals the output voltage of the con-

verter circuit is carried.

In an advantageous design of this embodiment of the control or regulating device of the electron-
ic switch, the operational amplifier controls the power switch as a function of a deviation of the
load current from a reference value. To this end, suitably one of the comparator inputs of the
operational amplifier is routed to a reference-value-forming tap of a voltage divider that is con-
nected in the secondary circuit of the converter circuit. In case an electronic circuit is integrated
into the converter circuit of the electronic switch, which can then also be used as a protective

switch, the reference value can also be specified by the electronics.

Preferably, a control electronics suitably connected to the primary circuit of the converter circuit
is provided for performing circuit breaker functions, in particular for limiting current and/or for
controlling the switch arrangement of the converter circuit. The electronic switch is thus pro-
grammable via the electronics in terms of the rated current and/or a current limitation for imple-

menting an overload or short circuit protection, for example, via a bus system.

In a further advantageous embodiment, a device (diode) for regulating the output voltage of the
converter circuit is connected to the direct-voltage terminal, and/or to the primary winding of the

transformer of the converter circuit, and/or at least one component (capacitor), which forms a
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(resonant) oscillating circuit with the primary winding of the transformer, is connected to the

primary circuit of the converter circuit.

In some embodiments of the invention, the design of an electronic switch or circuit breaker can
be combined with a converter circuit the voltage supply for the power transistor (semiconductor
switch) and for the contro! or regulation electronics in a power supply, preferably in the manner
of a switching power supply, and more particularly to a DC 24V supply or operating voltage
terminal. In addition, the electronic circuit breaker may be operated free of a charge pump and
constructed low-cost in terms of circuitry. Furthermore, a reduction in power losses of about
50%, for example from 480mW to 240mW, may be possible by means of the electronic switch or

circuit breaker according to the invention.

Embodiments of the invention are explained in detail using a drawing. The drawings show:

Fig. | schematically in a block diagram, an electronic switch (circuit breaker) operating
according to the transducer principle with an electronic system for controlling the
primary-side switch of a converter circuit, and

Fig. 2 in a representation according to Fig. 1, the electronic switch (circuit breaker)

with a self-directed converter circuit.

Corresponding parts are provided with the same reference numerals in both figures.

The electronic switch 1 schematically illustrated in Figures 1 and 2 comprises a power transistor
or semiconductor switch 2, in particular a MOSFET, which is connected with a current path 3 on
the drain-source side. In this current path 3, a current sensor 4 is connected downstream of the
power transistor 2, for example in the form of a shunt. The current path 3 extends between an
operating voltage terminal 5 and a positive load output 6a to which the positive pole of a load 7 to
be switched is connected, while its negative pole must be connected to a corresponding negative
load terminal 6b of the electronic switch 1. This load terminal 6b is guided to reference potential
(-Ug) or to ground GND. The positive operating voltage (+Us) with particularly Ug = 24 Vpg, is
applied as a direct voltage (DC) to the operating voltage terminal 5 of the switch 1.

CA 2943457 2017-06-21
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When the load 7 is connected and the switch 1 closed, that is, when controlling the power tran-
sistor 2 of said switch in the forward direction, a load current I flows starting from the operating
voltage terminal 5, over the current path 3 and the load 7, to reference potential or ground

GND. The current I; flowing over the current path 3 and the load 7 is guided by means of the
current sensor 4 as a measured value or as a corresponding measurement signal Sy in the form of

the voltage drop across the shunt 4 to a control or regulating device 8.

The control or regulating device 8 essentially comprises an operational amplifier 9 to which
comparator input, the measurement signal Si is supplied, and to which other comparator input, a
reference value Sg is supplied. The reference value Sg as well as a control signal can be generat-
ed by an electronic control system 10 for turning the power transistor 2 on and off. This electron-
ic control unit 10, for example, is provided with connections for a bus system 11, through which
external signals can be provided to the electronic switch 1 and/or diagnostic or error signals can

be transferred to a higher-order device.

The power transistor 2 is connected to the drain terminal D of the operating voltage connection 5
and with the source terminal S of said voltage connection via the current sensor 4 to the positive
load terminal 6a. The gate G as the control input of the power transistor 2 is connected to the
output of the control or regulating device 8. Thus, the operational amplifier 9 of said regulating

device is connected on the output side to the control input G of the power transistor 2.

The voltage supply of the control or regulating device 8, or of the operational amplifier 9, is ef-
fected by means of a converter circuit 12 with a transformer 13. On the input side, the converter
circuit 12 is guided to the operating voltage connection 5 and through a capacitor C; and option-
ally other passive components - for example via the load terminal 6d - to ground GND. The input
voltage Ur of the converter circuit 12 thus corresponds to the operating voltage Us. The galvanic
isolation between the primary circuit 14 and a secondary circuit 15 of the converter circuit 12
takes place via the transformer 13. In its secondary circuit 13, the control or regulating device,

and thus its operational amplifier 9, is connected.
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The secondary circuit 15 of the converter circuit 12 otherwise primarily consists of a rectifier 16
in the form of a diode Dy and a filter or smoothing capacitor C2. According to an embodiment, a
voltage divider Ry, Rz also connected in the secondary circuit 15 is provided for forming the ref-
erence value Sg, in which the tap 17 is connected to the reference input of the control or regulat-
ing device 8, or to its operational amplifier 9. By selecting the resistance ratio Ry, Ro, for exam-
ple, the nominal current (In) of the electronic switch 1 can be predetermined or set, for example,

by one of the two resistors Ri, Rz being designed as a potentiometer.

However, the reference value Sr can preferably also set a threshold value of an active current
limiting of the switch 1, wherein this threshold, for example, may amount to 1.5 times to 2 times
the respective nominal current In. In case of an overload or short-circuit, the load current

[, flowing through the current path 3 can thus be actively limited by means of the power transis-
tor 2 in that said power transistor is fed accordingly by means of the control or regulating device
8 by the, for example, previously fully conductive state. The current limitation then occurs based
on a set or a predetermined reference value Sk, wherein after a set tripping time has passed, a
complete blocking of the power transistor 2 occurs and the load is disconnected 7 (triggering

event).

The converter circuit 12 operates suitably in the manner of a switching power supply with
downward control so that the input voltage Ug of the converter circuit 12 corresponding to the
operating voltage Us is transformed on the secondary side into a comparatively low output volt-
age Ua. By means of this, the control or regulating device 8 is supplied with energy. The output
voltage Ua of the converter circuit 12 can be, for example, 5V. However, the converter circuit 12
can also operate as a boost regulator, to achieve, for example, a higher voltage at its gate G than

at its drain D, depending on the type of transistor used.

Whereas the secondary winding Lz of the transformer 13 is connected in the secondary circuit
15, the primary winding L of the transformer 3 is connected in the primary circuit 14. In the

primary circuit 14 of the converter circuit 12, a smoothing and/or rectifier circuit 17 is provided,



CA 02943457 2016-09-21

-7-

which, for example, can be constructed of resistors and capacitors and diodes (Zener diodes) and
can be used to power the electronics 10. In the primary circuit 14 of the converter circuit 12,

there is also a diode D; for regulating the output voltage Ua

Whereas in the embodiment of Figure 1, the converter circuit 12 is designed according to the
flyback converter principle with a transistor or power transistor 19 switched in the primary cir-
cuit 14, the converter circuit 12 operates in accordance with the embodiment of Figure 2 accord-
ing to the resonance or forward converter principle. In this embodiment, the transistor 19 is con-
trolled with rectangular pulses which pulse frequency is in particular greater than or equal to
16kHz. An AC voltage accordingly generated corresponding to the primary side is transformed
to the secondary side of the transistor 13 and is rectified there to be available as an output volt-

age Ua (direct current, DC).

In the embodiment according to Figure 1, the transistor (power transistor) 19 of the converter
circuit 12 switched in the primary circuit 14 is connected on the control side with a driver in the
form of, for example, a pulse-width modulator (PWM) 20, which in turn is connected to the elec-

tronics 10 and driven by the latter.

In the embodiment according to Figure 2, a capacitor C3 and/or Cy4, together with the inductance
of the transformer 13, in particular its primary winding L, forms an oscillating circuit. The in-
ductance can be formed by an additional coil. In this embodiment, two transistors T1, Tz, suitably
operate, for example, in a push-pull manner to produce a primary-side AC voltage on the prima-
ry winding L; of the transformer 13. The AC voltage transformed to the secondary side of the
transistor 13 is rectified again and is available as an output voltage Ua (direct current, DC). For
this purpose, in a non-illustrated manner, the transistors T, and Tz are connected within a transis-
tor circuit 20 with further components (resistors, capacitors) such that, for example, one of the

two transistors is always switched on, while the other transistor locks, and vice versa.

The invention is not limited to the embodiments described above. Rather, other variations of the

invention can be derived therefrom by the skilled artisan without departing from the scope of the
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invention. In particular, further, all individual features described in connection with the embodi-
ments can be combined with one another in other ways without departing from the scope of the

invention.
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List of reference numbers

10
11
12
13
14
5
16
17
18
19
20
21

Ca

GND
I

electronic circuit breaker
power transistor / MOSFET
current path

current sensor / shunt
operating voltage terminal
(positive) load terminal
(negative) load terminal
load

control / regulating device
operational amplifier
electronics system

bus system

converter circuit
transformer

primary circuit

secondary circuit

rectifier / diode

tap

rectifier / smoothing circuit
power / transistor

driver / PWM

transistor circuit

capacitor(n=1, 2, 3, 4)
drain

gate

ground

load current



primary winding
secondary winding
ohmic resistance
source
measurement signal
reference value
input voltage
output voltage

operating voltage
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An electronic switch for switching a load, the electronic switch comprising:

a current path extending between an operating voltage terminal and a load
terminal in which a power transistor and a flow sensor sensing a load current are
connected; and

a control or regulating device that controls the power transistor dependent on the
load current, the control or regulating device being connected in a secondary circuit of a
converter circuit to a transformer and to a primary circuit that is guided to the operating

voltage terminal via a controlled switch arrangement.

2. The electronic switch according to claim 1, wherein the control or regulating
device comprises an operational amplifier, an output side of the operational amplifier
being connected to a control input of the power transistor, and wherein the control or

regulating device is supplied with energy by an output voltage of the converter circuit.

3. The electronic switch according to claim 2, wherein the operational amplifier
drives a circuit breaker from a reference value as a function of a deviation of the load

current.

4. The electronic switch according to claim 3, wherein one of a comparator inputs of
the operational amplifier is guided to a tap that forms the reference value of a voltage

divider that is connected in the secondary circuit of the converter circuit.

5. The electronic switch according to any one of claims 1 to 4, further comprising
control electronics connected to the primary circuit of the converter circuit for at least one
of: performing circuit breaker functions, current limitation, and controlling the switch

arrangement of the converter circuit.

Date Regue/Date Received 2020-10-05
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6. The electronic switch according to any one of claims 1 to 5, whereina diode for
regulating an output voltage is included in the primary circuit of the converter circuit

and/or is connected to a primary winding of the transformer of the converter circuit.

7. The electronic switch according to any one of claims 1 to 5, wherein, in the
primary circuit of the converter circuit, two transistors operating on a primary winding of

the transformer are connected.

8. The electronic switch according to claim 6, wherein, in the primary circuit of the
converter circuit, two transistors operating on the primary winding of the transformer are

connected.

9. The electronic switch according to any one of claims 1 to 8, wherein the converter

circuit operates according to a flyback, resonant or forward converter principle.

10. The electronic switch according to any one of claims 1 to 9, wherein the converter

circuit is self-directing.
11. The electronic switch according to any one of claims 1 to 10, wherein, in the

primary circuit of the converter circuit, a capacitor is connected to form a resonant circuit

with a primary side transformer inductance.

Date Regue/Date Received 2020-10-05
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