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(57) Abstract: The invention re-
lates to a sensor device, especially
a threshold value sensor device
comprising a sensor system for
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detecting an external measuring
quantity, a switching system being
provided for connecting a load
circuit.  Until now, the design
of the swilching syslem using
transistors or electromechanical
relays has always been subjected
to compromise as far as the
electronic  operating  capacity,
the design of the circuit and the
arrangement on or with the sensor
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device are concerned. According
to the invention, this problem can

be solved by providing a switching system having low-power control and a galvanic separation between the control circuit and the
\& output circuit, the sensor system being formed independently from the load circuit.
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(57) Zusammenfassung: Die Brlindung betri(Tt eine Sensorvorrichtung, inshesondere Grenzwertsensor-Vorrichtung mit einer Sen-
sorcinrichtung zum Nachweis ciner externen Messgrosse, wobei eine Schalteinrichtung zum Schalten cines Lastkreises vorgeschen
ist. Die bisherige Auslegung der Schalteinrichtung mittels Transistoren oder elektro-mechanischer Relais bedarf stets des Linge-

hens von Kompromissen im Hinblick aul elektronische Funktionsdhigkeit, Auslegung der Schaltung und Anordnung an oder mit
der Sensorvorrichtung. Dic Erfindung schafft hicr dic Ldsung, cine Schalteinrichtung mit nahezu leistungsloser Ansteucrung und
galvanischer Trennung zwischen Steuerkreis und Ausgangskreis vorzusehen, wobei die Sensoreinrichtung lastkreisunabhéngig aus-

gebildet ist.
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SENSOR DEVICE

The invention relates to a sensor device, particularly a limit
or threshold value sensor device, having a sensor system for
the detection of a measured quantity and a switching device
for switching a load circuit and which is associated with the
sensor system.

The term sensor system is fundamentally understood to mean
hereinafter any type of sensor system, which essentially com-
prises a corresponding measuring probe, the mechanical design
and a corresponding adaptation or matching electronics. Said
matching electronics consequently has the corresponding output
circuit for driving a load circuit at the output associated
with the sensor system.

The specific sensor system type used as a basis here is a
threshold value sensor system, which on reaching a predeter-
mined value, which can be of an analog or binary nature, oper-
ates one or more switching outputs. Such a threshold value
sensor system consequently combines a measuring probe or pick-
up with the matching electronics, which has the evaluation and

output function, within the corresponding sensor system.




Such sensor systems are hereinafter understood to relate e.g.
to inductive and capacitive proximity switches, optoelectronic
sensors, ultrasonic proximity switches, magnetic and magnetic

field sensors, as well as level sensors.

A problem with such sensor devices is that the switching de-
vice in the output circuit for driving a load circuit or a
corresponding load is constructed either as a transistor or
transistor stage or alternatively in electromechanical relay

form.

If the transistor solution is adopted for the switching de-
vice, the possibility admittedly existed to construct it on a
layout with corresponding matching electronics of the sensor.
However, a vital disadvantage was that between the control
circuit and the load circuit in the case of a simple, inexpen-
sive construction, no galvanic separation was provided, so
that potential delays could arise. The problem also arose

with the transistor that it cannot switch a.c. voltages.

When using an electromechanical relay as the switching device
in the output circuit, it was necessary to take account of the
disadvantages of a relatively large size, together with a re-

latively high driving power of e.g. 200 mW.

It is not apparent that within the foreseeable future it will
be possible to solve the disadvantages of solutions with con-
ventional electromechanical relays with respect to power con-
sumption, HF suitability, size and maximum number of switching
operations, as a result of a continuous further development in

the field of such relays.

DE 198 54 450 Al and DE 42 05 029 Cl1 describe manufacturing
methods for silicon-based micromechanical relays. Essentially
use is made of semiconductor and in particular silicon tech-
nology methods. Microrelays are characterized by an electro-
static switching principle and consequently by very low driv-

ing powers.
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JP 06 060 788 A discloses a piezoelectric microrelay with reduced energy consumption.

An application of micromechanical relays is disclosed by DE 41 00 634 Al. A plurality of
microrelays is interconnected therein in matrix-like manner in a testing device for testing

assembled printed circuit boards.

A further possible use for micromechanical relays is described in DE 198 46 639 A1. To obtain
particularly high switching voltages and currents, a plurality of microrelays are connected in
series or parallel therein in a switchboard. Compared to an alternatively usable protection

much shorter response times result from the use of microrelays.

The object of the invention is to provide a sensor device, particularly a limit or threshold
value sensor device with a miniaturized switching device in the output area permitting both
a modular construction and an improved driving of the switching device with high

switching speed and a large number of switching cycles.

According to the invention this object is achieved in the case of a sensor device having the

features of claim 1.

In a second aspect the present invention accordingly provides use of a microrelay having the

features of claim 19.

An essential principle consists of using an essentially micromechanical switching device. In
other words a switching device is provided having at least one switching element, which can
also be referred to as a micromechanical switch, but having extremely low-power drive and
e.g. operable according to the electrostatic or piezoelectric principle. This microdevice
preferably has in the case of a sandwich structure in the form of a semiconductor chip,
micromechanical components including the possibly necessary electronics. The advantages
of the transistor as to its miniaturization, low driving power and high switching speed, etc.

are maintained in the same way as the relatively simple integration possibility within the



framework of the same layout with the matching electronics for
the remaining sensor device. In the case of this switching
device design the advantages of electromechanical relays are
also retained, particularly the galvanic separation or isola-
tion between the control circuit of the switching device and
the load circuit, together with the galvanic separation or
isolation of the load circuit terminals. The design of the
sensor device and the use of the switching device in accor-
dance with the invention consequently offers the possibility
of a relatively simple configuration of the switching device
for driving the same and also the output circuit, which can
easily be extended in modular circuitry manner, e.g. switching

several and also different load circuits.

Appropriately said switching device is implemented as a micro-
device in the form of a microrelay MR based on materials and
methods such as are of a conventional nature in micromechanics

and/or semiconductor manufacture.

Advantageously a selection is made for this purpose of a mi-
crorelay, e.g. based on silicon, which can have a suitable
sandwich structure, e.g. similar to that for semiconductor
components, and whose layers are process-structured in such a
way that the switching, mechanical element is operable by e-
lectrostatic or piezoelectric forces, i.e. load change. A
standard driving power can therefore be present in a range of
approximately 10 &W. With regards to contact making or open-
ing the contacts, said silicon microrelay can operate similar
to a leaf spring function, a bender bar, etc. US patent
5638946 discloses in exemplified manner a relay with bender

bars.

The construction of the switching device as a microdevice also
makes it possible to bring about an integrated construction
with the sensor device or its matching electronics, construc-
tions being conceivable as a component or subassembly, e.g. on

the circuit board of the sensor device or as a SMD or also in




the form of a chip, together with further matching electronics

of the sensor device, as well as as a separate chip.

The galvanic separation between the control circuit and the
load circuit, as well as between the terminals of the load
circuit is retained as an important advantage when using the
switching device in a sensor device according to the inven-

tion.

The appropriate use of a microrelay as the switching device in
a sensor device makes it possible to eliminate a common poten-
tial to the driving circuit and the load circuit, so that high
flexibility can be achieved with regards to the driving and

wiring of load circuits.
It is also possible to implement an action direction reversal.

As a result of the high input impedance of the microrelay and
the galvanic separation between the control circuit and the
load circuit, the action direction reversal can take place in
simple manner by a corresponding insertion of the MR at dif-
ferent positions in the circuit diagram, without requiring ad-
ditional components or further wiring arrangements for attain-
ing this flexibility. Therefore layout expenditure and the
size of the resulting subassembly for the sensor device can be
kept at a minimum, particularly as all the components can be
in the form of SMDs.

An important advantage compared with the use of conventional
relays is brought about with the microrelay as a result of its
high vibration resistance, which reduces error probability and

significantly extends the range of uses and applications.

The design of the switching device in the output circuit of a

sensor device with a microrelay consequently not only makes it
possible to implement the advantages of components and subas-

semblies previously used in the prior art, but also in sur-

prising manner allows novel, significantly simplified driving




and switching possibilities. This also applies with regards

to multichannel designs of the sensor device output circuit.

The invention is described in greater detail hereinafter rela-
tive to diagrammatic representations of the switching device,
he internal structure thereof, together with the external
drive possibilities and both internal and external switching

or circuit configurations. In the drawings show:

Figs. la, 1lb The diagrammatic structure of a microrelay
with a separate signal input and the short-

ened, symbolic representation.

Fig. 1lc the symbolic representation of a microrelay
without a separate signal input with drive

by means of the supply voltage.

Figs. 1ld, le Design possibilities for a microrelay on a
chip with the switching element as a nor-

mally open contact or closer.

Figs. 2a, 2b he symbolic representation of a microrelay
as a normally closed contact or opener with
a separate signal input and also without a

separate signal input.

Figs. 3a, 3b The basic external wiring possibilities for

a microrelay.

Figs. 4a, 4b The simplification of the output terminals
of a microrelay with a three-point terminal
and internal galvanic connection, as well

as external wiring possibilities.

Figs. 5a, 5b An analogous embodiment to fig. 4, with
simplified load circuit.




Figs. 6a, 6b Embodiments of a microrelay with internal
galvanic connection and action direction

reversal.

Figs. 7a, 7b The implementation of a push-pull output of
the sensor device as a three-point sensor

based on two microrelays.

Figs. 8a, 8b, 8c The implementation of two-channel embodi-
ments of the sensor device by means of two,
substantially parallel-connected microre-
lays, in part with an action direction re-

versal.

Figs. 9a, 9b, 9c 9a a general switching stage;
9b, c connection possibilities for the mi-

crorelay for different action directions.

Figs. 10a, 10b possibilities of the programmable action
direction reversal of a microrelay via

bridge sections or a rectifier bridge.

The sensor device can also be looked upon as being formed by a
subassembly with the corresponding transducer, e.g. an induc-
tive sensor, with which is associated corresponding adaptation
or matching electronics with an output circuit. This output
circuit has at least one corresponding switching device, which
is preferably a microrelay MR and has at least one switching

element for switching the following load circuit.

Figs. la to le show in simplified, symbolic form a correspond-
ing microrelay 1. Brief reference is also being made to the
possibilities of constructing the microrelay as a chip with

external wiring alternatives.

Figs. la to le in exemplified manner relate to the microrelay

1l as a normally open contact or closer.




Fig. la diagrammatically shows the microrelay 1 with its ter-
minals, the bounded block showing an amplifier 3 continuously
supplied with a supply voltage between the terminals VDD and
VSS. This amplifier 3 receives an input signal 4 and on the
output side acts on the switch 2, which is shown in fig. la in

the opened state.

In the further description hereinafter the microrelay 1 is
symbolically used in its function as a closer according to
fig. 1b.

Fig. lc shows another embodiment of a microrelay 1 as a clo-
ser, where the separate control input has been omitted and the
switching function is implemented by the application of a
corresponding supply voltage or the attaining of a correspond-

ing voltage difference.

Figs. 1d and le show in exemplified manner two embodiments for
a8 chip-internal solution with respect to the microrelay and

its external wiring.

In the example according to fig. 1d an input of the amplifier
3 is applied to the terminal VDD. Corresponding to fig. le,
said other embodiment shows an input of the amplifier, con-
structed as an inverter, at the terminal VSS. The other sup-
ply voltage terminal VDD is applied to the inverter across a
diode 8 to prevent pole confusion. In the example according to

fig. le, the diode 8 could also be omitted.

In analogous manner the microrelay 1 can also be constructed
as a normally closed contact or opener and this is shown in
figs. 2a, 2b. Corresponding to the embodiment according to
fig. 2a, the microrelay 1 is equipped with a separate signal
input 4 and with a continuous voltage supply between VDD and
VSS. In accordance with fig. 2b this separate signal input
can be dropped, the control then taking place by means of the
corresponding supply voltage and e.g. an activation on opening




the switch can be brought about if there is a control voltage

at the input terminals of the microrelay.

A chip-internal configuration can be implemented with the mi-
crorelay as an opener in the same way as with the closer ac-

cording to figs. 1d and 1le.

Figs. 3a and 3b diagrammatically show a single-channel appli-
cation of the sensor device or the sensor device output cir-

cuit 10 with fixed action direction.

The output circuit 10, which can also be referred to as equip-
ment circuit GK, has on one side a microrelay 1 corresponding
to fig. 1b. This microrelay receives its continuous d.c. vol-
tage supply across the connection terminals 12, 13 from a d.c.
voltage source 1l1l. The load circuit is illustrated diagramma-
tically with a load 15 and a d.c. voltage source 16, which can
be switched via the output terminals 5 and 6 of the microrelay
1. As a result of the galvanic separation at switch 2 of
microrelay 1, the load circuit can be placed at a random
potential falling within the dielectric strength of the micro-

relay 1.

Fig. 3b shows the same construction as fig. 3a, but the load
circuit LK is diagrammatically shown with an a.c. voltage
source 17. This makes it clear that as a result of the gal-
vanic isolation with respect to the control circuit of the mi-
crorelay 1, the load circuit LK can also be supplied with a.c.
voltage. Thus, the load circuit LK can be supplied with a
random time-variant and/or randomly poled voltage and is con-
sequently also suitable for connected data lines or inter-

faces.

Thus, figs. 3a and 3b diagrammatically illustrate the applica-
tion of the microrelay 1 with the highest degree of freedom
with regards to the wiring of the output circuit 10 or equip-

ment circuit GK with the load circuit LK. However, the appli-
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cation possibilities also require extensive, external wiring

costs.

On the basis of the circuits according to figs. 3a and 3b the
following circuit or switching possibilities and wiring possi-
bilities can be implemented. As shown, the output circuit 10
or equipment circuit GK and the load circuit LK have no gal-
vanic connection. The output circuit 10 and load circuit LK
have a galvanic connection outside the sensor device or the
output circuit 10 or within said output circuit 10, e.g. an
identical reference potential or a summation of voltages in
the case of an unequal reference potential. In the case of a
galvanic connection, the output 5 or 6 left free can be de-
signed in either a p-switching or n-switching manner. The
term p-switching is understood to be switching with respect to
a positive potential and n-switching with respect to a nega-

tive potential.

The output circuit 10 or the load circuit can have different
voltage values or amplitudes. The output circuit and load
circuit can be poled in the same or opposite directions. The
load circuit can also be of varying polarity relative to the

output circuit.

The universal connection possibilities with external wiring of
the load circuit and the voltage supply circuit shown in figs.
3a and 3b can also be significantly simplified for applica-
tions with a galvanic connection between the output circuit 10
or equipment circuit GK and the load circuit LK, which is
shown in figs. 4a and 4b, as well as with further simplifica-

tion in figs. 5a, 5b.

If a galvanic connection is necessary between the sensor de-
vice output circuit 10 and the load circuit LK, this can ad-
vantageously be brought about internally within the sensor de-
vice or the output circuit 10 through a galvanic connection 21
between the switch 2 of the microrelay 1 and the connection
terminal 13 with respect to the potential VSS. The further
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wiring of the load circuit or load 15 is then at the connec-
tion terminal 5 and is also at the potential of the connection
terminal 13. 1In the example according to fig. 4a this takes
place by means of a d.c. voltage source 16 in the load circuit
LK and on which is superimposed an a.c. voltage of the a.c.

voltage source 17.

It is pointed out that the same reference numerals in the dra-
wings relate to the same subassemblies and components, so that
for simplification reasons not all the subassemblies do have
to appear in a corresponding drawing. For simplification rea-
sons and for an internal connection between the connection
terminals 6 and 13 according to fig. 3a, it is possible to
have a three-wire sensor in a typical non-conforming connec-

tion or terminal type according to fig. 4a.

The variant according to fig. 4b differs from that of fig. 4a
in that the internal galvanic connection 22 within the output
circuit 10 passes to the positive connection terminal 12.

Therefore the load circuit LK is at the output terminal 6 and
the connection terminal 12, which is at the positive potential

of the d.c. supply voltage VDC 11.

In the embodiments according to figs. 4a and 4b, the potential
applied to the load circuit LK can be inside or outside the

d.c. supply voltage 11 in accordance with the wiring shown.

The sensor device output circuit 10 equipped with three termi-
nals and shown in figs. 4a and 4b and which can consequently
also be referred to as a three-wire sensor, bearing in mind
the internal galvanic connection 21 or 22, allows the same ad-
vantages referred to in connection with figs. 3a, 3b. 1In par-
ticular, the output left free can be designed in p or n-
switching manner. The load circuit LK and output circuit 10
can have different voltage values and amplitudes and/or can be
poled in the same or opposite directions. With respect to the

output circuit 10, the load circuit LK can have a varying po-
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larity and can be supplied with a random time-variant and/or

randomly poled voltage.

A further simplification is illustrated in the examples ac-
cording to figs. 5a and 5b. According to fig. 5a the load 15
of the load circuit is applied to the output terminal 5 and
also to the connection terminal 12 at positive potential of
the d.c. supply voltage 11. In the case of fig. 5b the load
15 is between the output terminal 6 at the connection terminal
13 or negative potential of the d.c. supply voltage 11.

Thus, in this simplified variant it is possible to implement
the most standard embodiments, which correspond to standard
connection types with random combinations of n-switching, p-

switching, opener and closer.

A further development of the output circuit 10 according to
figs. 4a, 4b is shown in fig. 6a. In the embodiment according
to fig. 6a the reference potential for the load circuit can
now be reversed. For this purpose between the supply poten-
tial VDD at the connection terminal 12 and the potential VSS
at the connection terminal 13 a reversing switch 24 is pro-
vided, which can be reversed by means of an action direction
reversal WRU at the WRU terminal 25. On driving the microre-
lay 1 and closing the switch 2, in the position according to
fig. 6a the output terminal 6 for the load circuit passes to
potential VDD. On operating the action direction reversal and
on switching the reversing switch 24, potential VSS can be ap-
plied to the output terminal 6.

Thus, in this way the corresponding output 6 of microrelay 1
can, as desired, be applied to one or other pole of the supply
voltage, i.e. can be designed in p-switching and n-switching
manner. The reversing switch 24 can be constructed in random,
suitable form, e.g. as an internal bridge, as a switching lo-

gic or other internal wiring programming.
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In place of the reversing switch 24 according to fig. 6a the
same functionality can be achieved with internal wiring ac-
cording to fig. 6b through the use of two simple switches 26,

27, which can also be constructed as further microrelays.

Thus, the advantages and wiring possibilities referred to in
connection with figs. 4a, 4b are retained, but are further ex-

tended with respect to the p-switching or n-switching manner.

For designing the three-wire sensor with a push-pull output
29, in the embodiment according to fig. 7a the sensor device
output circuit 10 is equipped with a second microrelay 14 in
the form of an opener. The upper microrelay 1 corresponds to
the internal wiring according to fig. 4b, whilst the lower,
second microrelay 14 has an internal wiring in accordance with
fig. 4a, the microrelay being constructed as an opener. The
corresponding terminals 5 and 6 of the two microrelays are led
to the push-pull output 29. The same driving signal is ap-

plied across a signal terminal 4 to both microrelays 1, 14.

In accordance with fig. 7a, in one switching state the poten-
tial VSS from connection terminal 13 is applied to the push-
pull output 29. In the other switching state the microrelay
14 opens and closes the microrelay 1, so that the push-pull
output 29 receives the potential VDD from the connection ter-
minal 12.

Through the possibility of switching the load between VDD and
output or between VSS and output, the action direction can be
chosen with this internal construction. Thus, the push-pull

output 29 can operate in alternating p and n-switching manner.
As a result of this operating mode no further recovery diode

is required with inductive loads. Particularly in the case of
high switching frequencies, this reduces the power loss to be

dissipated in the sensor device.

A further increase in the functionality of the circuit accord-

ing to fig. 7a is brought about in that a controllable action
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direction reversal WRU is additionally provided at a terminal
25. In the example according to fig. 7b, the WRU terminal 25
and the signal terminal are on a logic 28, which drives the
particular microrelay 1, 14. The wiring according to fig. 7b
with a controlling WRU and possibly additional logic conse-
quently allows output variants with random combinations of n-
switching, p-switching, opener and closer in a sensor or in

its output circuit 10.

The control logic e.g. also permits the use of similar mi-
crorelays, so that e.g. both microrelays can, as desired, be
designed as a closer or opener. Alternatively to the con-
figuration shown in fig. 7b, the WRU can also be implemented
by internal or external bridges.

The circuit shown in figs. 7a, 7b can advantageously be ex-
tended in relatively simple manner to a two-channel, poten-
tial-free form. For this purpose e.g. the two output termi-
nals of the microrelays 1, 14 shown in fig. 7a are passed to
the outside, as illustrated in fig. 8a. Thus, there are two
independent, galvanically isolated outputs 5, 6 or 5', 6' and
in the example according to fig. 8a, due to the logic circuit
28 with signal terminal 4 and WRU terminal 25, the two mi-
crorelays 1, 1' can be driven in the same or opposite direc-

tions.

In order to obtain a simple, antivalent output with equidirec-
tional driving of the two-channel sensor device, as shown in

fig. 8b for the lower microrelay 14, it is merely necessary to
design the microrelay 1' according to fig. 8a as an opener and

the logic circuit is eliminated.

The characteristics and advantages shown for the single-
channel versions according to figs. 3a, 3b, apply for each in-
dividual channel in unchanged form in the embodiment according
to fig. 8Ba. It is also pointed out that the two load circuits
LK can be wired together just as freely in this two-channel

form of the output stage 10, as described with respect to the
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output circuit 10 and load circuit for the versions according
to figs. 3a, 3b.

In the embodiment illustrated in fig. 8b, the upper microrelay
1l is designed as a closer and the lower microrelay 14 as an
opener, the relays 1, 14 being controllable by means of a com-
mon signal line 4 and therefore switch in antivalent manner.
Both output lines 5, 6 or 5', 6' of the microrelays are passed

to the outside in this example.

In much the same way as a random wiring with a reference po-
tential could be achieved for a single-channel version, e.g.
in fig. 6a, this can also be implemented for the two-channel
solution, such as is shown in fig. 8c. Supplementing the so-
lution according to fig. 8b, the random wiring with the corre-
sponding reference potential VDD or VSS is brought about in
that internally the switch 24 produces a connection either
with the connection terminal 12 or with the connection termi-
nal 13 (fig. 8c).

Instead of the reversing switch 24 driven by means of action
direction reversal, it is also possible to implement a solu-
tion by means of individual switches 26, 27, as shown in fig.
6b.

Important advantages arise for the control and output circuit
of a sensor device when using one or more microrelays as a re-
sult of the possibility of achieving a simplified drive, be-
cause a corresponding semiconductor-based microrelay normally
has a high-ohmic input and also provides the galvanic separa-
tion between control circuit and load circuit. In the case of
conventional electromechanical relays such drive possibilities
would not be conceivable due to excessively high driving cur-

rents.

Fig. 9a shows a simplified configuration of the input for a
conventional electromechanical relay. Between the supply ter-

minals 32 and 33 are provided in series a load resistor 34
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with a transistor 35, whose emitter passes to the terminal 33.
On driving via the base terminal 37, a corresponding signal is
obtained at terminal 36. If with this configuration use was
made of a conventional electromechanical relay, this would
take the place of the load resistor 34. However, on inserting
a conventional relay via terminals 36 and 33, the resistor 34
would have to be so low that this mode would be made impossi-
ble due to the much too high shunt current. Also in the case
of other alternatives, e.g. the driving of an electromechani-
cal relay via the output stages of corresponding operational
amplifiers, comparators or by means of a logic, they would ha-
ve to be designed for generating high drive currents. A
further difficulty arises if an action direction reversal is
desired for the corresponding relay, because this in all cases

requires further components and increases costs.

However, when using a microrelay 1, wiring of the input can be

performed relatively simply and inexpensively.

With a general switching stage, as shown in fig. 9a, it is
possible in the manner shown in fig. 9b to connect the mi-
crorelay 1 between the positive terminal 32 and the terminal

36 located at the collector of transistor 35.

However, in the example according to fig. 9c the microrelay 1
is at the negative supply voltage 33. Due to this freedom of
choice for the input wiring of the microrelay 1, without addi-
tional components and therefore very inexpensively, a desired
action direction reversal can be brought about. As the input
resistance of the microrelay 1 can always be assumed as much
higher than the resistance value of the load resistor 34, no
problems arise regarding the dimensioning of the load resis-
tor.

On the basis of the circuits according to figs. 9b and 9c, it
is shown how an action direction reversal can be brought about
solely by varying the position of the microrelay 1 in the cir-

cuit diagram. The microrelay 1 can be both parallel to the
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load resistor 34 and also parallel to the transistor 35. This
applies quite independently of whether the microrelay 1 is im-~

plemented as a closer or opener.

Particularly in view of the standard constraint in the automa-
tion industry that e.g. in the case of a power failure the
sensor output must assume a predetermined switching position,

it is clear that all these variants can be used in practice.

If for the matching or adaptation electronics of a sensor de-
vice use is made of a corresponding substrate layout for said
electronics, it is possible to implement all combinations of
action direction and switch type, n-switching, etc. in that
the corresponding microrelay is in simple manner placed on the
appropriately positioned contact faces of the corresponding
layout, without having to provide further components. There-
fore the desired function is brought about solely by the posi-
tioning of the corresponding microrelay on the circuit support

or carrier for the output circuit electronics.

Further advantageous variants for bringing about an action di-
rection reversal of the microrelay 1 are shown in figs. 10a
and 10b. 1In fig. 10a the wiring of the input of the microre-
lay 1 takes place by means of a current-limiting element, e.g.
resistor 41, which is on the one hand at the supply voltage
VDD 32 and on the other at the microrelay 1 and a bridge 44
provided in parallel thereto. The bridge 44 is placed with
the other pole at the signal terminal 4. The other supply
voltage VSS from terminal 33 is supplied across a further cur-
rent-limiting element, e.g. resistor 42, to the microrelay 1
and a further bridge 45. This further bridge 45 also has its
other pole at the signal terminal 4. Thus, a programmable ac-
tion direction of the microrelay 1 can be brought about by
means of the bridges 44, 45. This e.g. takes place by sepa-
rating the corresponding bridge or adding or closing the cor-
responding bridge. Such a terminal change can take place in

fixed form during sensor manufacture, or can, as desired, be
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performed at the place of use by the user. These bridges 44,

45 can be accessible from the outside, e.g. in a terminal box.

A controllable action direction reversal of the microrelay 1
is illustrated in fig. 10b, a bridge rectifier being connected

upstream of the microrelay 1.

As a result of the special characteristics of the microrelay
1, such as freedom from potential at the control input, gal-
vanic separation between the input and output side and high
input impedance, a WRU function can be implemented in a par-
ticularly simple manner with a rectifier bridge, specifically

a bridge rectifier 46.

The corresponding configuration is diagrammatically shown in
fig. 10b. The rectifier bridge 46 has its d.c. voltage termi-
nals at the microrelay 1. The signal terminal 4 and, reversi-
bly via the reversing switch 47, a corresponding terminal of
the supply voltage 32 or 33 is applied to the rectifier
bridge.

When using a conventional electromechanical relay this would
not constitute appropriate circuitry technology for driving
the relay.

In the case of the configuration according to fig. 10b, the
action direction reversal can be brought about either by, as
desired, inserting a bridge, which can be externally accessi-
ble, or by a control logic at the corresponding cohtrol input
31. With corresponding presettings, this control can also in-
fluence the action direction reversal during continuous sensor
device operation. A fixed wiring of the control input with a

reference potential is also possible.
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The claims defining the invention are as follows:

Sensor device,

with a sensor system for detecting a measured quantity,

with a switching device for switching a load circuit and which is associated
with the sensor system,

for driving the switching device it has a control circuit with control terminals
with which the sensor system is in operative connection,

the switching device has an output circuit switchable with the aid of the
control circuit and galvanically separated therefrom and provided with
output terminals in which there is a galvanic separation in at least one
switching state,

the switching device being constructed as a silicon microrelay which is
manufactured on the basis of conventional methods and materials in
micromechanics and/ or semi conductor technology, the microrelay having at
least one movable or deformable switching element with a micromechanical
structure, the switching element being electrostatically or piezoelectrically
operable, thereby acting as a substantially wattless drive,

the sensor system being designed for detecting objects and/ or fluid
substances,

the sensor device is constructed independent of the load circuit and

the load circuit is in direct operative connection with the output circuit of the

switching device.

Sensor device according to claim 1, characterized in that the sensor system is
constructed as a proximity switch, particularly as an inductive, capacitive,

optoelectronic, ultrasonic or magnetic field proximity switch.

Sensor device according to one of the claims 1 or 2, characterized in that the

sensor system is constructed as a level sensor.
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Sensor device according to one of the claims 1 to 3, characterized in that the
switching device (1) is constructed as a closer (at 1) or opener (at 14) and that
there is a separate control input (4) for driving the switching device (1) or a
drive of the switching device coupled to the voltage supply (12, 13) of the

switching device (1).

Sensor device according to one of the claims 1 to 4, characterized in that the
drive (4) of the switching device (1) is constructed in programmable and/or

fixed wired manner.

Sensor device according to one of the claims 1 to 5, characterized in that the
terminals (4) of the control circuit of the switching device (1) and the output
terminals (5, 6) for the load circuit (15, 16) are designed for a potential-free

switching of the load circuit.

Sensor device according to one of the claims 1 to 6, characterized in that an
output terminal (5, 6) of the switching device (1) for the load circuit (15) is
connected or connectable internally (21, 22) in the switching device or

externally with a supply voltage terminal (12, 13).

Sensor device according to one of the claims 1 to 7, characterized in that for a
switching of the load circuit (15) with random reference to the supply voltage
(11) of the switching device (1), a separate voltage source (16) can be provided

in the load circuit (15).

Sensor device according to one of the claims 1 to 8, characterized in that the
load circuit (15) is connectable to a supply voltage terminal (12, 13) of the

switching device (1).

Sensor device according to one of the claims 1 to 9, characterized in that the

output circuit (10) is passed to the outside as a three-wire terminal (5, 12, 13; 6,

12, 13).
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Sensor device according to claim 10, characterized in that two terminals (12,
13) of the three-wire terminal are at the supply voltage, that a driveable
reversing switch (24) is provided for the switchable load circuit terminal (6)
and that the switchable load circuit terminal (6) can be connected by means of
the reversing switch (24) in alternative manner with one of the supply voltage

terminals (12, 13).

Sensor device according to one of the claims 10 or 11, characterized in that the
switchable load circuit terminal (6) is connectable by means of two switches
(26, 27) to one of the supply voltage terminals (12, 13), the switches (26, 27)

being controllable in opposite directions.

Sensor device according to one of the claims 1 to 12, characterized in that for a
two-channel control of load circuits two microrelays (1, 1’; 1, 14) are driven in

parallel with a drive within the output circuit (10) and at
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least the output terminals (5, 6, 5, 6") of the load circuits are led to the outside.

Sensor device according to claim 13, characterized in that two microrelays (1,

1’; 1, 14) can be switched in the same (1, 1") or opposite (1, 14) directions.

Sensor device according to one of the claims 1 to 14, characterized in that the
drive of the load circuit (15) or several, also different load circuits (15) is

designed with an action direction reversal device (24, 25, 26, 27).

Sensor device according to one of the claims 1 to 15, characterized in that a
XOR element (exclusive-or) particularly a bridge rectifier (46) is provided in
the drive circuit of the microrelay (1) for reversing the action direction of said

drive circuit.

Sensor device according to one of the claims 1 to 16, characterized in that for
choosing the action direction of the drive circuit of the microrelay (1), closable

and/or separable bridge sections (44, 45) and resistors (41, 42) are provided.

Sensor device according to one of the claims 1 to 17, characterized in that the
desired function of the microrelay (1), e.g. for action direction reversal, can be
obtained essentially without additional components, by repositioning the
microrelay in the circuit, particularly the input configuration of the

microrelay, or the matching electronics.

Use of a silicon microrelay which is manufactured on the basis of conventional
methods and materials in micromechanics and/ or semi conductor technology,
the microrelay having at least one movable or deformable switching element
with a micromechanical structure, the switching element being
electrostatically or piezoelectrically operable, said microrelay having

a control circuit with control terminals for substantially wattless driving of the

microrelay,
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with an output circuit switchable by means of the control circuit and
galvanically separated therefrom and having output terminals, which in turn
have a galvanic separation in at least one switching state,

as a switching device for switching a load circuit in a sensor device,
particularly a threshold value sensor device, having

a sensor system for detecting a measured quantity,

the sensor system being in operative connection with the control circuit of the
microrelay,

the sensor system being constructed for the detection of objects or fluid
materials,

the sensor system is constructed independent of the load circuit and

the load circuit is in direct operative connection with the output circuit of the

switching device.

A sensor device substantially in accordance with any one of the embodiments
of the invention described herein and illustrated in the accompanying

drawings.

Use of a microrelay substantially in accordance with any one of the
embodiments of the invention described herein and illustrated in the

accompanying drawings.

Dated this 7t day of July, 2005.

Pepperl + Fuchs GmbH
By its Patent Attorneys
MADDERNS

it
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