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(57) Abstract: An electronic module (100) has a first and a
second circuit (200, 300) with respective first and second
output connections (230, 330), respective first and second
reference potential connections (220, 320), and respective
first and second sensing connections (240, 340), each circuit
(200, 300) comprising a respective sensing block (250, 350),
which at its input side is connected to the respective sensing
connection (240, 340) and to the respective reference poten-
tial connection (220, 320). The first sensing connection
(240) is either connected to the first output connection (230)
or to the second output connection (330). The second sens-
ing connection (340) is connected to the second output con-
nection (330).The sensing blocks (250, 350) are contigured
to detect a failure of the electronic module (100) with respect
to its respective reference potential connection (220, 320)
and to indicate a detected failure by providing a failure sig-
nal at its respective output connection (230, 330).
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Description

Electronic module, electronic arrangement and method for

producing an electronic module

The invention relates to an electronic module, an electronic
arrangement with such a module, and to a method for producing

an electronic module.

In various electronic modules, there are integrated two or
more circuits which provide the same or a similar function.
For example, in safety-critical applications, redundant
hardware, in particular redundant circuits, may be required
to achieve a necessary safety level. To this end, in
conventional electronic modules, there may be provided two
similar or identical circuits, for example sensor circuits,
which each have a separate supply voltage connection, a
separate reference potential connection, and a separate
output connection. To achieve a desired safety level, each of
the circuits may have a failure detection circuit, which

observes a voltage level at its respective output connection.

For example, in wvarious electronic modules, during normal
operation without failure, a voltage level at the regpective
output connection is higher than a voltage at the respective
reference potential connection. Hence, if the voltage at the
reference potential connection becomes higher than the
voltage at the output connection, the failure detection
circuit may indicate a failure, in particular by providing a

predefined voltage at the respective output connection.

However, in some applications, the six respective connections

described above may be partially connected together, for
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example by connecting the supply voltage connections of the
two circuits and connecting the reference potential
connections of the two circuits. In such a configuration, it
may be possible that in case of a failure, in particular a
broken ground condition, the signaling of the failure or even
a detection of such failure is not possible. This may be
based on shifted wvoltage levels at the output connections due
to parasitic paths generated by the failure. As a
consequence, a failure detection of such an arrangement may

not be reliable.

It is an object of the present invention to provide a more
flexible concept for providing an electronic module with a
first and a second circuit being able to perform a voltage

sensing.

This object is achieved with the subject matter of the
present independent claims. Embodiments and developments of

the invention are the subject matter of the dependent claims.

In various embodiments, an electronic module has a first
circuit and a second circuit, which each are provided with a
separate sensing connection for observing a voltage, e.g. in
order to detect a failure of the electronic module. Based on
a desired configuration, one of the sensing connections is
connected to a resgpective output connection of the circuit,
and the sensing connection of the other circuit is
alternately connected to an output connection of one of the
first and the second circuit. Hence, a reliable sensing can
be made possible for different configurations, in particular
with respect to the number of different connections to the
electronic module. For example, four- wire, five- wire or

six-wire applications can be implemented this way, depending
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on whether the first and the second circuit have separate
connections for supply potentials and/or reference

potentials.

According to one embodiment, an electronic module comprises a
first circuit with a first output connection, a first
reference potential connections and a first sensing
connection. The first circuit comprises a first sensing
block, which at its input side is connected to the first
sensing connection and to the first reference potential
connection. The electronic module further comprises a second
circuit with a second output connection, a second reference
potential connection and a second sensing connection. The
second circuit comprises a second sensing block, which at its
input side is connected to the second sensing connection and
to the second reference potential connection. For example,
the first and the second circuit are similar or identical
regarding their function. However, the first and the second
circuit may also provide different functions. The first
sensing connection is either connected to the first output
connection or to the second output connection, and the second
sensing connection is connected to the second output

connection.

Accordingly, the second sensing block is able to observe a
voltage at the second output connection, whereas the first
sensing block is able to observe either a voltage at the
first output connection or a voltage at the second output
connection. Hence, by not fixedly connecting the first
sensing block to the first output connection but via the
first sensing connection to either one of the first or the
second output connection, the electronic module can flexible

be adapted for various connection configurations. For
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example, a different connection of the first sensing
connection can be chosen for the first reference potential
connection and the second reference potential connection not
being connected together and for these reference potential

connections being connected together.

According to one embodiment, the first circuit and the second
circuit are arranged isolated from each other. Herein, an
isolation of the first and the second circuit is assumed not
taking into account a possible connection of the first and
the second sensing connection. For example, the first circuit
and the second circuit are formed on separate dies. These
dies may be arranged isolated from each other, e.g. on a
circuit board or stacked on each other, such that a
connection between the respective sensing connections and the
selected output connections are formed by providing

individual connections to the separate dies.

According to one embodiment, at least one of the first
circuit and the second circuit comprises a sensor circuit.
For example, the one sensor circuit or the two sensor
circuits comprise various elements for evaluating signals of
one or more sensor elements, wherein an output signal of the
respective sensor circuit may be provided at the respective

output connection.

According to one embodiment, the first sensing block is
configured to detect a failure of the electronic module, in
particular a failure with respect to the first reference
potential connection, and the second sensing block is
configured to detect a failure of the electronic module, in
particular a failure with respect to the second reference

potential connection. The first and the second reference
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potential connection may be connected to different ground
connections or to the same ground connection. The first and
the second sensing blocks may therefore be configured to
detect whether such a connection to a ground connection is

broken.

According to one implementation form, the first sensing block
is configured to indicate a detected failure by providing a
failure signal at the first output connection, and the second
sensing block is configured to indicate a detected failure by
providing a failure signal at the second output connection.
For example, the first circuit and the second circuit, in
particular the first sensing block and the second sensing
block, are provided with a respective supply voltage. A
failure may be indicated by providing the failure signal in a
low failure band, wherein the signal level of the failure
signal is below a predefined percentage of the supply voltage
of the respective circuit, for example below 4% of the supply
voltage. Alternatively, a failure can be indicated by
providing the failure signal in a high failure band, wherein
the voltage level of the failure signal is above a predefined
percentage of the supply voltage, e.g. above 96% of the
supply voltage.

According to some implementation forms, the first sensing
block uses a failure signal in the described high failure
band, and the second sensing block uses a failure signal in
the described low failure band, if a failure is detected,

respectively.

According to one embodiment, the first sensing block is
configured to compare a voltage at the first sensing

connection with a voltage at the first reference potential
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connection, and the second sensing block is configured to
compare a voltage at the second sensing connection with a
voltage at the second reference potential connection. For
example, each of the first and the second sensing block
comprises a comparator in order to perform the comparison. In
each of the sensing blocks, a failure may be detected if the
voltage at the respective reference potential connection is
higher than the voltage at the respective sensing connection.
Due to the flexible connection of the first and the second
sensing connections, the sensing blocks may observe the same
output connection, namely the second output connection, or

its respective individual output connection.

According to one embodiment, the first sensing connection and
the second sensing connection are commonly connected to the
second output connection, and the first reference potential
connection is connected to the second reference potential
connection. In this configuration, both sensing blocks are
able to observe a voltage at the second output connection.
When connecting the electronic module to an external circuit,
which evaluates a voltage at the second output connection,
such external circuit may have an input terminal connected to
the second output connection and a reference terminal
connected to the first and the second reference potential
connection. Furthermore, a pull-down resistor may be
connected between the input terminal and the reference
terminal. In this case, both sensing blocks observe voltages
at a lower output level, in particular if the first output
connection is connected to a pull-up resistor further

included in the external circuit.

According to one implementation form, the electronic module

is arranged in a housing having an external power supply pin,
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a first external output pin, a second external output pin,
and an external reference potential pin. The power supply pin
is commonly connected to a first supply connection of the
first circuit and the second supply connection of the second
circuit. The first output pin is connected to the first
output connection. The second output pin is connected to the
second output connection, and the reference potential pin is
commonly connected to the first reference potential

connection and the second reference potential connection.

Accordingly, the housing of the electronic module has four
pins in this case, which are connected to the six connections
of the electronic module as described. A connection to
external circuits is in particular only possible via these
four described pins. However, by the common connection of the
first and the second sensing connection to the second output
connection and the second output pin, respectively, a
reliable failure detection, in particular with respect to a

broken ground condition, is possible.

According to a further implementation form, the electronic
module is arranged in a housing having at least six pins. In
particular, the electronic module is arranged in a housing
having a first external power supply pin, a second external
power supply pin, a first external output pin, a second
external output pin, a first external reference potential pin
and a second external reference potential pin. The first
sensing connection is connected to the first output
connection. The first power supply pin is connected to a
first supply connection of the first circuit, and the second
power supply pin is connected to a second supply connection
of the second circuit. The first output pin is connected to

the first output connection, and the second output pin is
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connected to the second output connection. The first
reference potential pin is connected to the first reference
potential connection, and the second reference potential pin
is connected to the second reference potential connection.
Hence, in this configuration, the sensing connections of the
first and the second circuit are each connected to the
respective output connections of the corresponding circuit.
Hence, the flexible and selective connection of the first
sensing connection allows a configuration for a housing with

at least six external pins with little effort.

Regarding the number of external pins of the housing, it
should be noted that as well for the four-pin configuration
as the six-pin configuration, further external pins may be
present in such housing, which, however, may be used for
different purposes and in particular are not connected to the

connections of the electronic module described above.

In further embodiments, the electronic module is arranged in
a housing having at least five pins, wherein a connection of
the sensing connections is similar or identical to the
embodiments described above. Either the reference potential
connections or the supply connections of the first and the
second circuit are commonly connected to respective pins of

the housing, accordingly.

The first circuit and the second circuit may be arranged on a
circuit board, in particular a printed circuit board, e.g. as

separate integrated circuits arranged on the circuit board.

According to one embodiment, at least one of the connections
to the first sensing connection and the second sensing

connection is integrated on the circuit board. For example, a
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connection of the second sensing connection and the second

output connection is integrated on the circuit board.

According to another embodiment, at least one of the
connections to the first sensing connection and the second
sensing connection is implemented with a wire, which is not
integrated on the circuit board. For example, the circuit
board has respective terminals, which are electrically
connected to the first sensing connection and the second
sensing connection, respectively, and to the first output
connection and the second output connection, respectively,
wherein the connection between these terminals is implemented
via wires, e.g. wire bridges. If the circuit board is
integrated in a housing, such wires can be formed by bonding
wires connecting the terminals on the circuit board to
external pins of the housing. If both sensing connections are
to be connected together, such connection may be implemented
by double bonding of the respective terminals on the circuit
board to the same external output pin, e.g. a second output

pin.

According to a further embodiment, an electronic arrangement
with an electronic module according to one of the
implementation forms described above and an electronic
control unit is provided. The electronic control unit
comprises a supply terminal connected to a supply connection
of the first circuit and a reference terminal connected to
the second reference potential connection. The electronic
control unit further comprises a first input terminal
connected to the first output connection and a second input
terminal connected to the second output connection. A pull-up

resistor is connected between the supply terminal and the
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first input terminal, and a pull-down resistor is connected

between the reference terminal and the second input terminal.

According to the various embodiments of the electronic module
described above, the electronic module may comprise a first
supply terminal connected to the supply connection of the
first circuit and a second supply terminal connected to the
supply connection of the second circuit, and further a first
reference terminal connected to the first reference potential
connection and a second reference terminal connected to the

second reference potential connection.

Regardless of the number of separate and individual supply
terminals and reference terminals of the electronic control
unit, it is possible to sense a voltage at that output
connection, which has the lowest voltage level. In
particular, in a six-wire configuration, as described above,
sensing at the first output connection is independent from
the state of the second circuit, and vice-versa. For a four-
wire configuration, as described above, a connection of the
sensing connection to the second output connection, and
therefore to the pull-down resistor, sensing of the lowest

voltage level can be achieved.

In various embodiments, the electronic module may comprise
more than two circuits, which comprise respective sensing
blocks with sensing connections. These sensing connections
may accordingly be connected to one of the output connections
in the above described manner. The respective circuits may be
isolated from each other and may be formed on separate dies,
which can be arranged on one or more circuit boards or

stacked on each other or a combination thereof.
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According to a further embodiment, a method for producing an
electronic module is provided. The method comprises providing
a first circuit with a first output connection, a first
reference potential connection and a first sensing
connection, the first circuit comprising a first sensing
block, which at is input side is connected to the first
sensing connection and to the first reference potential
connection. The method further comprises providing a second
circuit with a second output connection, a second reference
potential connection and a second sensing connection, the
second circuit comprising a second sensing block, which at
its input side is connected to the second sensing connection
and to the second reference potential connection. The first
sensing connection is either connected to the first output
connection or to the second output connection. The second
sensing connection is connected to the second output

connection.

According to an embodiment of the method, the first circuit

and the second circuit are arranged isolated from each other.
Further embodiments of the method become apparent from the
various implementation forms and embodiments described above
for the electronic module.

The text below explains the invention in detail using
exemplary embodiments with reference to the drawings, in
which:

FIG. 1 shows an embodiment of an electronic module,

FIG. 2 shows an embodiment of a sensing block,
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FIG. 3 shows a first embodiment of an electronic
arrangement, and
FIG. 4 shows a second embodiment of an electronic

arrangement.

FIG. 1 shows an embodiment of an electronic module 100 with a
circuit board 110, on which a first circuit 200 and a second
circuit 300 are arranged. The first circuit 200 comprises a
first supply connection 210, a first reference potential
connection 220, a first output connection 230, a first
sensing connection 240, and a first sensing block 250. In a
similar fashion, the second circuit 300 comprises a second
supply connection 310, a second reference potential
connection 320, a second output connection 330, a second
sensing connection 340, and a second sensing block 350. The
first and the second circuit 200, 300 may also be arranged
stacked on each other. For example, the first circuit 200 and
the second circuit 300 are formed on separate dies. These
dies may be arranged isolated from each other, with or

without a circuit board.

The first sensing block 250 is on its input side connected to
the first reference potential connection 220 and to the first
sensing connection 240. Similarly, the second sensing block
350 is on its input side connected to the second reference
potential connection 320 and to the second sensing connection
340. In this embodiment, the second sensing connection 340 is
fixedly connected to the second output connection 330. In
various embodiments, the first and the second reference
potential connection 220, 320 may be connected together,
indicated by a dashed line. Furthermore, the first and the

second supply connection 210, 310 may be connected together,
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also indicated by a dashed line. The first sensing connection
240 may be connected to the second sensing connection 340 and
the second output connection 330, respectively, as indicated
by a dashed line, or alternatively with the first output

connection 230.

The first and the second circuit 200, 300 may be of the same
function and/or the same circuit layout in order to provide a
redundant configuration of the module 100. This may be
desirable in particular for safety-critical applications.
However, the first and the second circuit 200, 300 may also
provide different functions. The first and the second circuit
200, 300 each may comprise a sensor circuit for evaluating or
processing a signal of a sensor element. The first and the
second circuit 200, 300 may be arranged isolated from each
other on the circuit board 110, such that the only electrical
connection between the first and the second circuit 200, 300
may consist of the above-described connections of the
connections 210, 220, 230, 240, 310, 320, 330, 340. Each of
the sensing blocks 250, 350 may be configured to detect a
failure of the electronic module 100, in particular a failure
with respect to the corresponding reference potential
connection 220, 320 of the respective circuit 200, 300. If a
failure is detected by one of the sensing blocks 250, 350, a
respective failure signal may be provided at the
corresponding output connection 230, 330 of the respective

circuit 200, 300.

FIG. 2 shows an exemplary embodiment of a sensing block 350,
wherein the sensing block 250 may be implemented similarly or
identically. The sensing block 350 comprises a comparator
360, which at its inverting input is connected to the second

sensing connection 340 and at its non-inverting input is
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connected to the second reference potential connection 320.
An output 370 of the comparator 360 hence provides a
comparison result whether a voltage at the second sensing
connection 340 is greater than a voltage at the second
reference potential connection 320. In particular, during
normal operation of the electronic module, the voltage at the
second output connection 340 is greater than the voltage at

the second reference potential connection 320.

If a failure exists in the electronic module, in particular
with respect to a broken ground condition of the second
reference potential connection 320, the voltage at the second
reference potential connection 320 may become greater than
the voltage at the second output connection 340, which can be
sensed by the comparator 360. In this case, a failure signal
may be provided at the second output connection 330, e.g. by
providing a distinct failure signal having a predefined
voltage level. For example, a failure signal of a low failure
band can be provided, such that a voltage is provided at the
second output connection 330, which is lower than e.g. 4% of
the supply voltage provided at the second supply connection
310.

The failure signal may also be provided in a high failure
band, such that an output voltage at the second output
connection 330 is greater than e.g. 96% of the supply
voltage. A similar failure detection and failure signaling
may be performed by the first circuit 200 and the first
sensing block 250, respectively. For example, in case of a
failure, the first sensing block is adapted to provide a
failure signal in the high failure band and the second

circuit 300 and the second sensing block 350, respectively,
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is adapted to provide a failure signal in the low failure

band.

The electronic module 100 described in FIG. 1 can be adapted
with little effort to different configurations regarding the
number of signal lines connecting to an external circuit or

module.

FIG. 3 shows an exemplary embodiment of an electronic
arrangement with an electronic module 100 connected to an
electronic control unit 500 in a four-wire configuration. In
this embodiment, the electronic module 100 is arranged in a
housing 400 having a single power supply pin 411, a single
reference potential pin 422 and a first and a second output
pin 431, 432. The power supply pin 411 is commonly connected
to the first and the second supply connection 210, 310, the
reference potential pin 422 is commonly connected to the
first and the second reference potential connection 220, 320.
The first output pin 431 is connected to the first output
connection 230 and the second output pin 432 is connected to
the second output connection 330. The pins 411, 422, 431, 432
are external pins of the housing 400, such that a connection
to the internal connections of the first and the second
circuit 200, 300 on the circuit board 110 is only possible
via these external pins. Internally, the first and the second
sensing connection 240, 340 are commonly connected to the
second output connection 330, such that the respective
sensing blocks 250, 350 both sense a voltage at the second

output connection 330.

The electronic control unit 500 comprises a supply terminal
511, a reference terminal 522, and a first and a second input

terminal 531, 532. The supply terminal 511 is connected to
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the power supply pin 411, the reference terminal 522 is
connected to the reference potential pin 422, the first input
terminal 531 is connected to the first output pin 431, and
the second input terminal 532 is connected to the second
output pin 432. A pull-up resistor 540 is connected between
the supply terminal 511 and the first input terminal 531, and
a pull-down resistor 550 is connected between the reference

terminal 522 and the second input terminal 532.

In particular, the electronic control unit 500 provides a
supply voltage at the supply terminal 511 and a reference
potential or a ground voltage at the reference terminal 522.
With this configuration, it is assumed that because of the
pull-down resistor 550, the lowest output voltage of the
electronic module 100 is present at the second output
connection 330 and the second output pin 432, respectively.
Accordingly, as both the first and the second circuit 200,
300 sense this lowest voltage at their respective sensing
connections 240, 340, a reliable failure detection is made
possible in both circuits 200, 300, enabling a reliable
signaling of a failure situation, in particular a broken
ground condition of the electronic module 100. Only four
wires or signal lines are needed to connect the electronic

module to the electronic control unit 500.

FIG. 4 shows another embodiment of an electronic arrangement
with an electronic module 100 according to FIG. 1 and an
electronic control unit 500. The electronic arrangement of
FIG. 4 shows a six-wire configuration, such that in
particular with respect to FIG. 3, two additional signal

wires are present.
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Similar to FIG. 3, the electronic module 100 is arranged in a
housing 400 having a first external power supply pin 411
connected to the first supply connection 210, a second power
supply pin 412 connected to the second supply pin 310, a
first reference potential pin 421 connected to the first
reference potential connection 220, a second reference
potential pin 422 connected to the second reference potential
connection 320, a first output pin 431 connected to the first
output connection 230, and a second output pin 432 connected
to the second output connection 330. The pins 411, 412, 421,
422, 431, 432 are external pins of the housing 400.

Additional to the terminals of the electronic control unit
500 described in conjunction with FIG. 3, the electronic
control unit 500 of FIG. 4 has separate supply pins 511, 512,
which are independently connected to the first and the second
supply pin 411, 412. In a similar fashion, the electronic
control unit 500 has separate reference terminals 521, 522,
which are independently connected to the first and the second

reference potential pins 421, 422.

Internally of the module 100, the first sensing connection
240 is connected to the first output connection 230 and the
second sensing connection 340 is connected to the second
output connection 330. In particular, there is no electrical
connection between the first circuit 200 and the second
circuit 300 on the circuit board 110 or in the housing 400.
Accordingly, the first circuit 200 and the first sensing
block 250 sense a voltage at the first output connection 230,
whereas the second circuit 300 and the second sensing block
350 sense a voltage at the second output connection 330. As
the first and the second circuit 200, 300 are electrically

independent from each other, even in a failure situation,
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each of the circuits is able to perform a reliable detection
of a failure situation, in particular a broken ground
condition, and to signal such failure at the first and the

second output connection 230, 330, respectively.

With respect to the different embodiments of FIG. 3 and FIG.
4, it can be seen that the electronic module 100 can be
easily adapted for applications having either a four-wire
configuration or a six-wire configuration, the adaptation of
the electronic module 100 needing little effort. Furthermore,
five-wire configurations may be implemented, wherein either a
supply connection or a reference potential connection is
shared. In particular, the first and the second circuit 200,
300, which may be identical to provide a redundant
configuration, may be wired in one of the last production
stages to fulfill the requirements of the desired
configuration. The wiring, in particular of the sensing
connections 240, 340, may be implemented on the circuit board
110 or by additional wires or bridges attached to the circuit
board. Furthermore, it is possible to perform the connections
by providing bonding wires from the external pins of the
housing 400 to the internal connections of the circuit board
110 or the first and the second circuit 200, 300. The
provision of the additional sensing connection 240, 340 needs
little space when integrating the first and the second
circuit on a semiconductor die. Hence, a greater flexibility

can be achieved with little effort.

In various embodiments, the electronic module 100 may
comprise more than two circuits, which comprise respective
sensing blocks with sensing connections. These sensing
connections may accordingly be connected to one of the output

connections in the above described manner.
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Claims

Electronic module (100), comprising

a first circuit (200) with a first output connection
(230), a first reference potential connection (220) and a
first sensing connection (240), the first circuit (200)
comprising a first sensing block (250), which at its
input side is connected to the first sensing connection
(240) and to the first reference potential connection
(220) ;

a second circuit (300) with a second output connection
(330), a second reference potential connection (320) and
a second sensing connection (340), the second circuit
(300) comprising a second sensing block (350), which at
its input side is connected to the second sensing
connection (340) and to the second reference potential
connection (320); wherein

the first sensing connection (240) is either connected to
the first output connection (230) or to the second output
connection (330); and

the second sensing connection (340) is connected to the

second output connection (330);

wherein

the first sensing block (250) is configured to detect a
failure of the electronic module (100) with respect to
the first reference potential connection (220) and to
indicate a detected failure by providing a failure signal
at the first output connection (230);

the second sensing block (350) is configured to detect a
failure of the electronic module (100) with respect to
the second reference potential connection (320) and to
indicate a detected failure by providing a failure signal

at the second output connection (330).
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Electronic module (100) according to claim 1,
wherein the first circuit (200) and the second circuit

(300) are arranged isolated from each other.

Electronic module (100) according to claim 1 or 2,
wherein the first sensing block (250) is configured to
compare a voltage at the first sensing connection (240)
with a voltage at the first reference potential
connection (220), and wherein the second sensing block
(350) is configured to compare a voltage at the second
sensing connection (340) with a voltage at the second

reference potential connection (320).

Electronic module (100) according to one of claims 1 to
3, wherein the first sensing connection (240) and the

second sensing connection (340) are commonly connected to
the second output connection (330), and wherein the first
reference potential connection (220) is connected to the

second reference potential connection (320).

Electronic module (100) according to claim 4, wherein
the electronic module (100) is arranged in a housing
(400) having an external power supply pin (411), a first
external output pin (431), a second external output pin
(432) and an external reference potential pin (422);

the power supply pin (411) is commonly connected to a
first supply connection (210) of the first circuit (200)
and a second supply connection (310) of the second
circuit (300);

the first output pin (431) is connected to the first

output connection (230);
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the second output pin (432) is connected to the second
output connection (330); and

the reference potential pin (422) is commonly connected
to the first reference potential connection (220) and the

second reference potential connection (320).

Electronic module (100) according to one of claims 1 to
3, wherein

the electronic module (100) is arranged in a housing
(400) having a first external power supply pin (411), a
second external power supply pin (412), a first external
output pin (431), a second external output pin (432), a
first external reference potential pin (421) and a second
external reference potential pin (422);

the first sensing connection (240) is connected to the
first output connection (230);

the first power supply pin (411) is connected to a first
supply connection (210) of the first circuit (200);

the second power supply pin (412) is connected to a
second supply connection (310) of the second circuit
(300) ;

the first output pin (431) is connected to the first
output connection (230);

the second output pin (432) is connected to the second
output connection (330);

the first reference potential pin (421) is connected to
the first reference potential connection (220); and

the second reference potential pin (422) is connected to

the second reference potential connection (320).

Electronic module (100) according to one of claims 1 to
6, wherein the first circuit (200) and the second circuit

(300) are arranged on a circuit board (110), in
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particular a printed circuit board, and wherein at least
one of the connections to the first sensing connection
(240) and the second sensing connection (340) is

integrated on the circuit board (110).

Electronic module (100) according to one of claims 1 to
7, wherein the first circuit (200) and the second circuit
(300) are arranged on a circuit board (110), in
particular a printed circuit board, and wherein at least
one of the connections to the first sensing connection
(240) and the second sensing connection (340) is
implemented with a wire, which is not integrated on the

circuit board (110).

Electronic module (100) according to one of claims 1 to
8, wherein the first circuit (200) and the second circuit

(300) are formed on separate dies.

Electronic module (100) according to one of claims 1 to
9, wherein at least one of the first circuit (200) and

the second circuit (300) comprises a sensor circuit.

Electronic arrangement with an electronic module (100)
according to one of claims 1 to 10 and an electronic
control unit (500), the electronic control unit (500)
comprising

a supply terminal (511) connected to a supply connection
(210) of the first circuit (200);

a reference terminal (522) connected to the second
reference potential connection (320);

a first input terminal (531) connected to the first

output connection (230);
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a second input terminal (532) connected to the second
output connection (330);

a pull-up resistor (540) connected between the supply
terminal (511) and the first input terminal (531); and
a pull-down resistor (550) connected between the
reference terminal (522) and the second input terminal

(532) .

Method for producing an electronic module (100), the
method comprising:

providing a first circuit (200) with a first output
connection (230), a first reference potential connection
(220) and a first sensing connection (240), the first
circuit (200) comprising a first sensing block (250),
which at its input side is connected to the first sensing
connection (240) and to the first reference potential
connection (220);

providing a second circuit (300) with a second output
connection (330), a second reference potential connection
(320) and a second sensing connection (340), the second
circuit (300) comprising a second sensing block (350),
which at its input side is connected to the second
sensing connection (340) and to the second reference
potential connection (320);

connecting the first sensing connection (240) either to
the first output connection (230) or to the second output
connection (330); and

connecting the second sensing connection (340) to the

second output connection (330) ;

wherein

the first sensing block (250) is configured to detect a
failure with respect to the first reference potential

connection (220) and to indicate a detected failure by
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providing a failure signal at the first output connection
(230) ;

the second sensing block (350) is configured to detect a
failure with respect to the second reference potential
connection (320) and to indicate a detected failure by
providing a failure signal at the second output

connection (330).

Method according to claim 12, wherein the first circuit
(200) and the second circuit (300) are arranged isolated

from each other.

Method according to claim 12 or 13, wherein the first
sensing connection (240) and the second sensing
connection (340) are commonly connected to the second
output connection (330), and wherein the first reference
potential connection (220) is connected to the second

reference potential connection (320).

Method according to claim 14, wherein
the electronic module (100) is arranged in a housing
(400) having an external power supply pin (411), a first
external output pin (431), a second external output pin
(432) and an external reference potential pin (422);
the power supply pin (411) is commonly connected to a
first supply connection (210) of the first circuit (200)
and a second supply connection (310) of the second
circuit (300);
the first output pin (431) is connected to the first
output connection (230);
the second output pin (432) is connected to the second

output connection (330); and
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- the reference potential pin (422) is commonly connected
to the first reference potential connection (220) and the

second reference potential connection (320).



WO 2013/000628 PCT/EP2012/059375
1/3

100 x 110
/_/

210~

200

\-250(230+ | }
L ,J !
240
220 |

310\]:?’

\. 350 330

300

N gy

340~
320- |

FIG 2

350
~

360
370 ‘0—< ~ 340
\y 320




WO 2013/000628 PCT/EP2012/059375
2/3

FIG 3
100\
400 500
110 ECU
411 511
210N} |~ R
200 540
531
230+ | ,H431 A
]
240
220
310
300 7
o | | |42 o)
'-T Lr 1.} Q
340 550
522
320+ /_/422 ®
T ‘




WO 2013/000628 PCT/EP2012/059375
3/3

FIG 4
100
\ 400 500
110 ECU
200 540
230+ | a31 831
gj {1 {:} <
249 421 521
220N |~ !
310n] ] I
300 [ V412 547
o O kel B
To);j 550
520 \*T‘ o=~ 2 5221::




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/059375

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1R31/28 GO1R31/02
ADD.

HO2H5/10 HO3K19/003

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1R HOZH HO3K GOSF HOZ2M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 2 293 446 Al (AUSTRIAMICROSYSTEMS AG 1-15
[AT]) 9 March 2011 (2011-03-09)

abstract; figure 3
paragraph [0011]

abstract; figures 1-3,5,9,10
paragraphs [0035], [0052],
[0206]

abstract

18 July 2002 (2002-07-18)
abstract; figures 1-5
paragraph [0050]

[0077],

A US 2008/093924 Al (MATSUMOTO SHUUITI [JP] 1,12
ET AL) 24 April 2008 (2008-04-24)

A DE 102 11 099 Al (BEHR HELLA THERMOCONTROL 1,12
GMBH [DE]) 2 October 2003 (2003-10-02)

A US 2002/093360 Al (NAGATA JUNICHI [JP]) 1,12

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 June 2012

Date of mailing of the international search report

19/06/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fritz, Stephan C.

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/059375
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2293446 Al 09-03-2011 AT 533231 T 15-11-2011
EP 2293446 Al 09-03-2011
WO 2011026799 A2 10-03-2011
US 2008093924 Al 24-04-2008 JP 4365847 B2 18-11-2009
JP 2008107157 A 08-05-2008
US 2008093924 Al 24-04-2008
DE 10211099 Al 02-10-2003  NONE
US 2002093360 Al 18-07-2002  JP 3587300 B2 10-11-2004
JP 2002217370 A 02-08-2002
US 2002093360 Al 18-07-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report

