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(54) ELECTRICAL CIRCUIT FOR DISCHARGING AN INDUCTIVE LOAD

(57) The invention concerns an electrical circuit (1)
adapted to control a bridge circuit (2) for driving an in-
ductive load (3). The electrical circuit comprises a voltage
pulse detector (16, 17), at least one high-side control
output (11, 12) adapted to control a high-side switch (5,
6) of the bridge circuit (2) connecting the inductive load
(3) with the supply voltage (9), at least one low-side con-
trol output (13, 14) adapted to control a low-side switch
(7, 8) of the bridge circuit (2) connecting the inductive

load (3) with ground (10), an internal control logic (15)
controlling the high- and low-side control outputs (11 to
14) and one validation gate (19) per low-side control out-
put (13, 14). The internal control logic (15) controls the
at least one validation gate (19) to connect through when
the supply voltage (9) falls below a supply voltage thresh-
old, thereby connecting the respective low-side control
output (13, 14) with the output of the voltage pulse de-
tector (16, 17).
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Description

[0001] Inductive loads such as motors, coils or sole-
noids are often controlled by switches arranged in a
bridge circuit. If an inductive load must be stopped after
an active phase, the energy accumulated in the active
phase must be discharged via the bridge circuit. Accord-
ing to the state of the art, discharging can be achieved
by a part of the bridge circuit kept in an active state or by
electronic switches such as field effect transistors (FETs)
that comprise reverse diodes.
[0002] It is an object of the present invention to provide
an electrical circuit for controlling a bridge circuit for driv-
ing an inductive load that improves the safety and effec-
tiveness of such a bridge circuit upon stopping the induc-
tive load after an active phase. It is a further object of the
present invention to provide a method for operating such
an electrical circuit for controlling a bridge circuit.
[0003] The object is achieved by an electrical circuit
according to claim 1 and by a method for operating an
electrical circuit according to claim 5.
[0004] Preferred embodiments of the invention are giv-
en in the dependent claims.
[0005] According to the invention, an electrical circuit
adapted to control a bridge circuit for driving an inductive
load comprises a voltage pulse detector adapted to de-
tect a voltage pulse on the supply voltage supplying the
bridge circuit, at least one high-side control output adapt-
ed to control a high-side switch of the bridge circuit con-
necting the inductive load with the supply voltage, at least
one low-side control output adapted to control a low-side
switch of the bridge circuit connecting the inductive load
with ground, an internal control logic measuring the sup-
ply voltage, evaluating the output of the voltage pulse
detector and controlling the high- and low-side control
outputs and one validation gate per low-side control out-
put.
[0006] The internal control logic controls the at least
one validation gate to block the connection from the volt-
age pulse detector output to the respective low-side con-
trol output in normal function status. In case of an over-
voltage of the supply voltage or a failure in the electrical
circuit or a failure in an external control logic that controls
the electrical circuit, the internal control logic controls the
at least one validation gate to allow the connection from
the voltage pulse detector output to the respective low-
side control output.
[0007] When the inductive load is stopped after an ac-
tive phase, the energy stored in the inductive load must
be stored back via the bridge circuit. The energy may be
stored back via parts of the bridge circuit kept in an ac-
tivated state, such as a high-side switch or a low-side
switch kept in a closed state. In an embodiment where
high- and/or low-side switches are formed as FETs com-
prising reverse diodes, the accumulated energy may also
be stored back via reverse diodes of opened high- and/or
low-side switches.
[0008] The energy is stored back by a current flowing

into the power supply providing the supply voltage to the
bridge circuit and, thereby, the inductive load in its active
phase. This current causes a transient overvoltage or a
voltage pulse on the supply voltage line which is detected
by the voltage pulse detector.
[0009] According to the invention, by means of the at
least one validation gate the at least one low-side switch
of the bridge circuit is closed in case of such a voltage
pulse under the condition that the validation gate is con-
trolled by the internal control logic to connect through the
output of the voltage pulse detector to the low-side control
output of the electrical circuit. Thereby, the accumulated
energy or current flows via the at least one closed low-
side switch towards ground.
[0010] As an advantage, protective measures to pro-
tect the power supply from voltage pulses can be reduced
or eliminated. As an example, filtering capacitors con-
nected to the supply voltage source can be reduced in
their capacitance and thus in their volume and footprint
as well. Further, electromagnetic interferences that inev-
itably occur along power supply lines transferring a volt-
age pulse are reduced, thereby reducing the need for
protection measures against such electromagnetic inter-
ferences.
[0011] As a further advantage, the accumulated ener-
gy is discharged along closed low-side switches even in
case of a failure of the external control logic, in case of
a failure of the internal control logic of the electrical circuit
itself or in case of an unexpected stopping of the inductive
load, as at least one low-side switch can be controlled
independently from the external and internal control logic
to close in case of a voltage pulse. Thereby, the power
dissipation is reduced and the impact of a failure on the
safety of the inductive load is reduced.
[0012] In an embodiment of the invention, the voltage
pulse detector comprises a filter circuit. The filter circuit
may be formed as a low-pass filter. The filter circuit may
also be formed as a band-pass filter. To those skilled in
the art, design methods for designing low-pass filters or
band-pass filters according to a desired filter character-
istics, for example according to a desired amplitude and
phase gain, are well known.
[0013] In this embodiment, the filter circuit is connected
with the supply voltage. In case of a voltage pulse on the
supply voltage, this voltage pulse is smoothened and/or
dampened and/or delayed at the output of the filter circuit.
Thereby, such a voltage pulse can easily be detected by
a simple comparator comparing the output of the filter
circuit with the unfiltered course of the supply voltage.
[0014] Thus a voltage pulse detector is particularly
easy to implement. Further, it is particularly easy to adjust
a voltage pulse detector to a specific inductive load and/or
to the power supply supplying such a specific inductive
load. For example, filter parameters such as gain and/or
filter order and/or cut-off frequencies may be chosen
such that voltage pulses caused by stopping the inductive
load are detected by the voltage pulse detector, whereas
voltage pulses caused by electromagnetic disturbances
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interfering the supply voltage are not detected.
[0015] It is possible to adjust filter parameters of one
filter circuit by means of adjustable components such as
potentiometers. It is also possible to exchange one filter
circuit by another filter circuit. Thereby, other parts of the
voltage pulse detector than the filter circuit can be re-
used in the application for different inductive loads. For
example, the comparator may be part of an application
specific integrated circuit (ASIC) also comprising further
part of the electrical circuit, whereas the filtering circuit
may be formed as an independent external circuit.
[0016] In an embodiment of the invention, the inductive
load is a motor. Braking motors in an unexpected or fail-
safe state while avoiding a voltage pulse on the supply
voltage and/or avoiding excessive power dissipation in
the bridge circuit is of particular importance for various
safety-critical systems, such as motors controlling auto-
motive applications.
[0017] In an embodiment of the invention, the bridge
circuit is formed by a left and a right high-side switch
connecting a left and a right contact of an inductive load
with the supply voltage and by a left and a right low-side
switch connecting the left and the right contact of an in-
ductive load with ground. Such bridges are known as H-
bridges to those skilled in the art. H-bridges are a partic-
ularly efficient and easy means to control a motor. They
allow two different active states corresponding to oppos-
ing directions of movement of the motor, an inactive or
high impedance state also denoted as High-Z state
wherein the motor is decoupled from the power supply.
H-bridges further allow braking of the motor by either
closing both high-side switches or closing both low-side
switches.
[0018] According to an embodiment of the invention,
a method for operating the electrical circuit adapted to
control a bridge circuit for driving an inductive load com-
prises the steps of

- deciding whether the supply voltage is out of an op-
erating range,

- deciding whether the control logic is active or inac-
tive,

- controlling the high and low side control outputs ac-
cording to a predetermined brake control scheme if
the control logic is active,

- controlling the at least one validation gate to connect
through if the control logic is inactive and the supply
voltage is within the operating range and

- deciding whether a voltage pulse persists on the sup-
ply voltage.

[0019] If the voltage pulse detector is not working prop-
erly or cannot be relied upon due to an interruption of the
power supply, or if the supply voltage is out of an oper-
ating range to reliably control the at least one validation
gate, this method prevents the electrical circuit to control
the bridge circuit by means of the at least one validation
gate.

[0020] The method according to this embodiment also
blocks the validation gates if the internal control logic is
active, i.e. working properly. In this case, an error and/or
a voltage pulse is handled by the internal control logic
that brakes the inductive load according to the previous
status of the inductive load and according to a predeter-
mined, e.g. programmed into the internal control logic,
brake strategy.
[0021] If the internal control logic is inactive, i.e. not
working properly, and if the supply voltage is within its
operating range, a brake is initiated depending on the
output of the voltage pulse detector. For initiating the
brake, the validation gates are controlled to transfer the
output of the voltage pulse detector to the at least one
low-side control output. The output of the voltage pulse
detector is activated if the voltage pulse, e.g. the differ-
ence voltage between the unfiltered supply voltage and
the output of a filter circuit, exceeds a predetermined
higher voltage pulse detection threshold.
[0022] Thereby, the at least one low-side switch of the
bridge circuit is closed, effecting a braking of the inductive
load. The brake will last as long as the voltage pulse
exceeds a predetermined lower voltage pulse detection
threshold that is lower than the higher voltage pulse de-
tection threshold.
[0023] If the voltage pulse falls below said lower volt-
age pulse detection threshold, the output of the voltage
pulse detector is deactivated and the brake process is
finished. By the difference between the higher and the
lower voltage pulse detection threshold, a hysteresis can
be ensured.
[0024] If the brake duration was not sufficient to dis-
charge the accumulated energy in the inductive load, a
subsequent voltage pulse exceeding the higher voltage
pulse detection threshold will initiate a subsequent brake.
Subsequent brakes can be initiated repeatedly until the
voltage pulse caused by residual, i.e. not yet discharged,
accumulated energy remains below the higher voltage
pulse entry threshold.
[0025] By the method according to this embodiment,
accumulated energy of an inductive load is discharged
avoiding excessive voltage pulses and/or energy dissi-
pation in the bridge circuit in conditions of unexpected of
failsafe states, such as in a condition of a failure of the
internal logic or in a condition of a failure of the external
logic controlling the electrical circuit, whereas under nor-
mal operational conditions a pre-determined brake strat-
egy including a controlled energy discharge is controlled
by the internal control logic.
[0026] The present invention will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings which are given by
way of illustration only, and thus, are not limitative of the
present invention, and wherein:

Figure 1 is a schematic circuit diagram of an electrical
circuit controlling a bridge circuit and

Figure 2 is a flow chart of a method for operating such
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an electrical circuit.

[0027] Figure 1 shows an electrical circuit 1 that con-
trols a bridge circuit 2 driving an inductive load 3 formed
as a motor 3. The electrical circuit 1, also denoted as
bridge pre-driver 1, is controlled by an external control
logic 4.
[0028] The motor 3 is contacted at a left contact 3.1
and at a right contact 3.r. The bridge circuit 2 is formed
as an H-bridge comprising a left high-side switch 5 con-
necting the left contact 3.1 with a supply voltage 9, a right
high-side switch 6 connecting the right contact 3.r with
the supply voltage 9, a left low-side switch 7 connecting
the left contact 3.1 with ground 10 and a right low-side
switch 8 connecting the right contact 3.r with ground 10.
[0029] The left and right high-side switches 5, 6 are
controlled by a left and a right high-side control output
11, 12 of the bridge pre-driver 1, respectively. The left
and right low-side switches 7, 8 are controlled by a left
and a right low-side control output 13, 14 of the bridge
pre-driver 1, respectively. All control outputs 11 to 14 are
controlled by an internal control logic 15.
[0030] A filter circuit 17 filters the supply voltage 9 and
provides at its output a bridge pre-drive supply voltage
20 to the bridge pre-driver 1. The bridge pre-driver 1 com-
prises a comparator 16 comparing the supply voltage 9
with the bridge pre-drive supply voltage 20. The output
of the comparator 16 is fed to the internal control logic
15 as a pulse detector output line 21. Also, the supply
voltage 9 is fed to the internal control logic 15 in order to
detect short-circuit on high-side switches 5,6. Further,
the bridge pre-driver supply voltage 20 is fed to the in-
ternal control logic 15 for supply and in order to detect
undervoltage or overvoltage conditions.
[0031] The internal control logic 15 further controls via
a validation status line 18 validation gates 19 each con-
necting the output of the comparator 16 with one of the
low-side control outputs 13, 14. The validation gates 19
connect through the output of the comparator 16 to the
low-side control outputs 13, 14 if the validation status line
18 is active, thereby indicating an invalid status of the
bridge pre-driver 1.
[0032] Upon normal operation of the motor 3, depend-
ing on the direction of the motor 3, either both the left
high-side switch 5 and the right low-side switch 8 or both
the right high-side switch 6 and the left low-side switch
7 are closed, i.e. in ON-state, while the other switches
are open, i.e. in OFF-state, respectively. Braking of the
motor 3 after an active phase by request of the external
control logic 4 can be achieved by closing both low-side
switches 7, 8 and opening both high-side switches 5, 6.
Alternatively, braking can be achieved by closing both
high-side switches 5, 6 and opening both low-side switch-
es 7, 8.
[0033] It is also possible that the H-bridge 2 enters a
high impedance state, also denoted as High-Z state,
wherein all switches 5 to 8 are open. Such a High-Z state
may be entered upon failure of the external control logic

4, upon failure of the internal control logic 15 or in an
unexpectedly created safety state.
[0034] Upon braking of the motor 3 after an active
phase, the energy accumulated in the motor 3 must be
discharged. Those skilled in the art will appreciate, that
the energy accumulated in other types of inductive loads
3, such as the energy accumulated in an activated sole-
noid, must be discharged upon deactivation in the same
manner as for the motor 3 even if a bridge circuit control-
ling such an inductive load 3 may differ from the H-bridge
according to the embodiment described by Figure 1.
[0035] The switches 5 to 8 may be formed as a field
effect transistor (FET) with a parallel reverse diode. Then,
the accumulated energy of the motor 3 is stored back to
the supply voltage 9 via the reverse diode. The accumu-
lated energy may also be stored back to the supply volt-
age 9 by closing at least one of the switches 5 to 8.
[0036] The discharge of the accumulated energy in the
motor 3 results in a transient voltage pulse on the supply
voltage 9. According to the state of the art, such a voltage
pulse is limited by capacitors connected with the supply
voltage 9.
[0037] A voltage pulse on the supply voltage 9 may be
transferred delayed and/or smoothened by the filter cir-
cuit 17 to the bridge pre-driver 1. As an example, the filter
circuit 17 may comprise at least one resistor and at least
one capacitor and/or at least one inductance that form a
low-pass filter. Thereby, upon a voltage pulse on the sup-
ply voltage 9, a difference voltage is caused between one
input of the comparator 16 connected with the bridge pre-
driver supply voltage 20 at the output of the filter circuit
17 and the other input of the comparator 16 connected
with the supply voltage 9. To those skilled in the art, meth-
ods are known to design and implement a filter circuit 17
such that voltage pulses of a predetermined shape and
amplitude result in a predetermined difference voltage
between the inputs of the comparator 16.
[0038] According to a method described later on, the
internal control logic 15 decides whether to activate the
validation status line 18. If the validation status line 18 is
activated, thus indicating an invalid status of the bridge
pre-driver 1, the validation gates 19 connect through the
output of the comparator 16 to the low-side control out-
puts 13, 14. The validation status line 18 may be config-
ured failsafe such that it is activated upon failure of the
internal control logic 15. Those skilled in the art know
how to configure a failsafe line, for example by means of
a watchdog block triggered by the internal control logic
15.
[0039] If the comparator 16 determines a voltage pulse
on the supply voltage 9, the low-side switches 7, 8 are
closed. Thereby, both contacts 3.1, 3. r of the motor 3
are shortened and connected with ground 10 so that the
accumulated energy can be discharged.
[0040] The low-side switches 7, 8 are closed as long
as the comparator 16 detects a voltage pulse and will be
opened when the voltage pulse is over. If the closing
duration is insufficient for completely discharging the ac-
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cumulated energy, one or more subsequent voltage puls-
es will result in repeatedly closing the low-side switches
7, 8 until the braking process is completed.
[0041] Figure 2 explains the method implemented in
the internal control logic 15 for controlling the validation
status line 18 in more detail.
[0042] An entry point EP1 is reached upon the condi-
tion that the comparator 16 detects a voltage pulse, i.e.
a difference voltage between the bridge pre-driver supply
voltage 20 at the output of the filter circuit 17 as reference
and the supply voltage 9 that exceeds a predetermined
voltage pulse detection threshold.
[0043] In a decision D1 it is determined whether the
bridge pre-driver supply voltage 20 at the output of the
filter circuit 17 is outside a predetermined functional sup-
ply voltage range. If so, in a subsequent step S1 a failure
state of the bridge pre-driver is activated and an exit point
EP2 is reached subsequently. The reaction of the internal
control logic 15 for this case after the exit point EP2 will
follow a general strategy implemented for undervoltage
and overvoltage conditions.
[0044] If in the decision D1 it is determined that the
bridge pre-driver supply voltage 20 at the output of the
filter circuit 17 is within the predetermined functional sup-
ply voltage range, a brake process B is entered. The
brake process B is designed such that the accumulated
energy of the motor 3 is discharged. The brake process
B comprises decisions D2 and D3 and steps S2 to S4.
[0045] In the decision D2 it is determined whether the
internal control logic 15 is active. If the internal control
logic 15 is active, the internal control logic 15 is informed
via the pulse detector output line 21 and in a subsequent
step S2 the brake strategy previously set in the internal
control logic 15 is activated. If the internal control logic
15 is inactive, the validation status line 18 is activated in
a subsequent step S3, thereby activating the low-side
control outputs 13, 14 and closing the low-side switches
7, 8.
[0046] Subsequent to steps S2, S3 in a step S4 the
supply voltage 9 is scanned for further voltage pulses by
means of the comparator 16 and the filter circuit 17. The
brake process is kept until the detected voltage pulse
exceeds the predetermined voltage pulse detection
threshold. If the voltage pulse is below this threshold, the
comparator 16 deactivates the low-side control outputs
13, 14 and step S4 is ended. In a subsequent decision
D3 it is determined whether a subsequent voltage pulse
exceeding the predetermined voltage pulse detection
threshold was detected. If so, the brake process B recur-
sively proceeds with the decision D2.
[0047] If no subsequent voltage pulse exceeding the
predetermined voltage pulse detection threshold was de-
tected, the brake process B is left. In a subsequent step
S5 the braking state is disabled, thereby deactivating the
validation status line 18 or deactivating the brake strategy
previously set in the internal control logic 15. Subse-
quently, the exit point EP2 is reached, thereby ending
the method and ending the process of discharging the

energy accumulated in the motor 3.

List of references

[0048]

1 electrical circuit, bridge pre-driver
2 bridge circuit, H-bridge
3 inductive load, motor
3.1 left contact
3.r right contact
4 external control logic
5 left high-side switch
6 right high-side switch
7 left low-side switch
8 right low-side switch
9 supply voltage
10 ground
11 left high-side control output
12 right high-side control output
13 left low-side control output
14 left low-side control output
15 internal control logic
16 voltage pulse detector, comparator
17 voltage pulse detector, filter circuit
18 validation status line
19 validation gate
20 bridge pre-driver supply voltage
21 pulse detector output line

EP1 entry point
EP2 exit point
D1 to D3 decision
S1 to S5 step
B brake process

Claims

1. Electrical circuit (1) adapted to control a bridge circuit
(2) for driving an inductive load (3) and comprising

- a voltage pulse detector (16, 17) adapted to
detect a voltage pulse on the supply voltage (9)
supplying the bridge circuit (2),
- at least one high-side control output (11, 12)
adapted to control a high-side switch (5, 6) of
the bridge circuit (2) connecting the inductive
load (3) with the supply voltage (9),
- at least one low-side control output (13, 14)
adapted to control a low-side switch (7, 8) of the
bridge circuit (2) connecting the inductive load
(3) with ground (10),
- an internal control logic (15) measuring the
supply voltage (9), evaluating the output of the
voltage pulse detector (16, 17) and controlling
the high- and low-side control outputs (11 to 14)
and
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- one validation gate (19) per low-side control
output (13, 14), wherein

the internal control logic (15) controls the at least one
validation gate (19) to connect through when the sup-
ply voltage (9) exceeds a bridge pre-driver supply
voltage (20) supplying the electrical circuit (1) by a
pre-determined voltage pulse detection threshold,
thereby connecting the respective low-side control
output (13, 14) with the output of the voltage pulse
detector (16, 17).

2. Electrical circuit (1) according to claim 1, wherein the
voltage pulse detector (16, 17) comprises a filter cir-
cuit (17).

3. Electrical circuit (1) according to one of the previous
claims, wherein the bridge circuit (2) is formed by a
left and a right high-side switch (5, 6) connecting a
left and a right contact (3.1, 3.r) of the inductive load
(3) with the supply voltage (9) and by a left and a
right low-side switch (7, 8) connecting the left and
the right contact (3.1, 3.r) of the inductive load (3)
with ground (10).

4. Electrical circuit (1) according to one of the previous
claims, wherein the inductive load (3) is a motor (3).

5. Method for operating an electrical circuit (1) accord-
ing to the previous claim comprising the steps of

- deciding whether the bridge pre-driver supply
voltage (20) supplying the electrical circuit (1) is
out of an operating range,
- deciding whether the internal control logic (15)
is active or inactive,
- controlling the high and low-side control out-
puts (11 to 14) according to a predetermined
brake control scheme if the internal control logic
(15) is active and the bridge pre-driver supply
voltage (20) is within the operating range,
- controlling the at least one validation gate (19)
to connect through if the internal control logic
(15) is inactive and
- deciding whether a voltage pulse persists on
the supply voltage (9).
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