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(57) ABSTRACT 

The invention relates to a micromechanical sensor having at 
least two spring-mass damperoscillators. The micromechani 
cal sensor has a first spring-mass-damper oscillating system 
with a first resonant frequency and a second spring-mass 
damper oscillating system with a second resonant frequency 
which is lower than the first resonant frequency. The inven 
tion also relates to a method for detection and/or measure 
ment of oscillations by means of a sensor Such as this, and to 
a method for production of a micromechanical sensor Such as 
this. The first and the second spring-mass-damper oscillating 
systems have electrodes which oscillate in a measurement 
direction about electrode rest positions with electrode deflec 
tions which are equal to or proportional to deflections of the 
spring-mass-damper oscillators. The systems are coupled to 
one another by means of at least one electrostatic field, which 
acts on the electrodes, forming at least one capacitance with 
the capacitance being governed by at least one electrode area 
and by at least one electrode separation and/or an electrode 
coverage. 
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MCROMECHANICAL SENSOR HAVING A 
BANDPASS CHARACTERISTC 

0001. The invention relates to a micromechanical sensor 
having at least two spring-mass damperoscillators which can 
be excited by a common external oscillation, with the micro 
mechanical sensor having a first spring-mass-damper oscil 
lating system with a first resonant frequency and a second 
spring-mass-damper oscillating system with a second reso 
nant frequency which is lower than the first resonant fre 
quency. The invention also relates to a method for detection 
and/or measurement of oscillations by means of a sensor Such 
as this, and to a method for production of a micromechanical 
sensor Such as this. 
0002 Sensors of this generic type are used, for example, as 
structure-borne Sound sensors for monitoring machines for 
wear and faults. In order to allow an acoustic signal to be 
detected to be evaluated well, it is advantageous for a large 
oscillation amplitude of the oscillators in the sensor to be 
produced from the acoustic input signal. Large oscillation 
amplitudes are achieved by resonant oscillators with high 
Q-factors. However, in the case of an oscillator having a high 
Q-factor, the desired large oscillation amplitude is, however, 
achieved only at the resonant frequency, and the bandwidth in 
which a resonant high oscillation amplitude is excited 
becomes narrower the higher the Q-factor is. 
0003. In order to allow acoustic signals to be detected in a 
wider frequency range, sensors are constructed with arrays of 
oscillators which have different resonant frequencies in a 
frequency range to be analyzed. By way of example, one Such 
sensor array is described in the document JP 2000131134A. 
Sensor arrays allow large oscillation amplitudes to be pro 
duced at the same time by individual oscillators and, associ 
ated with this, good sensor signals, while on the other hand 
also allowing a wide bandwidth to beachieved by the adjacent 
arrangement of narrow frequency ranges. Sensor arrays have 
the disadvantage that they have a large number of elements, 
with the sensor having complex structures and extensive 
evaluation electronics, and with the production of the sensor 
in consequence also being associated with high costs. A fur 
ther disadvantage of Such sensors is that the resonant oscilla 
tors have a long stabilization time and they are therefore less 
sensitive to a sequence of pulses at short time intervals than to 
periodic input signals. A further problem which often affects 
sensors is the presence of mechanical interference signals, 
whose amplitude in general increases at low frequencies. The 
cited document attempts to absorb undesirable low-fre 
quency oscillations by means of dummy resonators. 
0004. The object of the present invention is to specify a 
sensor for detection of acoustic signals or vibration, which is 
less Susceptible to interference relating to low-frequency 
input signals, produces a Sufficiently high signal for a given 
input signal, can be used for a bandwidth of different signal 
frequencies, can be manufactured on a small sensor area with 
low costs, and is also suitable for detection of events at short 
time intervals. A further object of the present invention is to 
propose a measurement method for operation of a sensor Such 
as this, and a production method for manufacturing sensors 
Such as these. 
0005. The object is achieved by a micromechanical sensor 
of the generic type mentioned above, with the first and the 
second spring-mass-damper oscillating systems being 
designed such that they oscillate in-phase in a frequency 
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range below the second resonant frequency; wherein the first 
and the second spring-mass-damperoscillating systems have 
electrodes which oscillate in a measurement direction about 
electrode rest positions with electrode deflections which are 
equal to or proportional to deflections of the spring-mass 
damper oscillators; wherein the first and the second spring 
mass-damper oscillating systems are coupled to one another 
by means of at least one electrostatic field, which acts on the 
electrodes, forming at least one capacitance with the capaci 
tance being governed by at least one electrode area and by at 
least one electrode separation and/or an electrode coverage, 
with the electrode deflections influencing the electrode sepa 
ration and/or the electrode coverage and thus influencing the 
magnitude of the capacitance, and with the influences of the 
first and second spring-mass-damper oscillating systems on 
the magnitude of the capacitance being compensated for in 
the case of an in-phase oscillation. 
0006. In the simplest case, the two spring-mass-damper 
oscillating systems each consist of one oscillator. However, 
an oscillating system may also be formed from two or more 
oscillators. For example, it may be advantageous for the oscil 
lating system to be formed from a plurality of oscillators 
because this allows relatively small oscillators with higher 
resonant frequencies to be produced. 
0007. It is necessary for the operation of the sensor to 
detect the movements of the oscillators. Electrostatic elec 
trodes are provided for this purpose, which form an electro 
static field by means of a relationship with the fixed-position 
electrostatic electrode in an electronic circuit. It is particu 
larly simple, cost-effective and technically advantageous to 
detect an electrostatic field as a voltage. The invention there 
fore proposes that electrostatic electrodes preferably be used. 
Other signal transducers, for example piezoresistive signal 
transducers may, however, also be used with greater complex 
ity to detect oscillations. 
0008. The electrodes are either in the form of components 
of the spring-mass-damper oscillators and in this case carry 
out the oscillations of the oscillators as well, or the electrodes 
are physically separated from the oscillators. If the electrodes 
are physically separated from the oscillators, they are coupled 
to the oscillators, however, such that their oscillation ampli 
tude is mechanically coupled to the oscillation amplitude of 
the spring-mass oscillators. The mechanical coupling allows 
the oscillation amplitude to be stepped down or up in a desired 
ratio, for example by means of a lever arrangement with 
different lever lengths. 
0009. The first and the second spring-mass-damper oscil 
lating systems are, according to the invention, coupled to one 
another, and the coupling is provided such that the electrodes 
in the two oscillating systems and the corresponding oppos 
ing electrodes are each electrically connected to one another. 
In principle, other couplings, for example mechanical cou 
plings, are also possible in addition to electrostatic coupling 
by means of capacitances. However, electrostatic couplings 
can be implemented easily and flexibly, and they are therefore 
used by preference. Fixed-position electrodes are associated 
with the oscillating electrodes. The spatial arrangement of the 
moving and fixed-position electrodes with respect to one 
another is used to form capacitances and to define the mea 
Surement direction. By way of example, plate capacitors are 
formed by arranging flat electrodes parallel. The capacitance 
of capacitors formed in this way is varied by the oscillation of 
the oscillators and variation of the electrode separation result 
ing from this, or variation of the electrode coverage, or a 
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combination thereof. The capacitance of the sensor is the Sum 
of the capacitance elements of the first and second spring 
mass-damper oscillating systems. The magnitude of the 
change in the capacitance element as a function of the 
mechanical excitation is referred to as the capacitive sensi 
tivity of the spring-mass-damper oscillating system. 
0010. The mechanical reaction of oscillators to an excita 
tion frequency is in contrast referred to as the sensitivity of the 
oscillators. This depends in particular on the resonant fre 
quency of the oscillators. Close to the resonant frequencies of 
two different oscillators, the mechanical sensitivities and 
phase angles are highly dependent on the specific excitation 
frequency. At an excitation frequency between the two reso 
nant frequencies, the two oscillators oscillate mechanically as 
far as being in anti-phase, and capacity as far as being in 
phase. At an excitation frequency which is well away from the 
resonant frequencies, the excitation frequency in contrast 
causes a mechanical in-phase oscillation of the two oscilla 
tors. The invention makes use of this in-phase oscillation to 
form a mechanical bandpass filter, which carries out a capaci 
tive antiphase oscillation during the mechanical in-phase 
oscillation and emits a small capacitance change, and a large 
capacitance change in the vicinity of the resonant frequen 
cies, by Subtraction of the capacitance elements of the two 
spring-mass-damper oscillating systems. 
0011. The interconnection of two oscillating systems to 
form a bandpass filter is, however, dependent on the two 
oscillating systems jointly governing the bandpass filter to the 
same extent. However, at frequencies well below the resonant 
frequency, similar oscillators have different mechanical sen 
sitivities; the oscillator with a low-frequency resonant fre 
quency in this case has greater mechanical sensitivity than the 
oscillator with the higher resonant frequency. In the sensor 
according to the invention, the influence of both oscillating 
systems on the joint capacitance is compensated for by a 
design measure. In the sensor according to the invention, both 
oscillating systems therefore carry out a capacitive antiphase 
oscillation at low frequencies during the mechanical in-phase 
oscillation. In this case, the magnitude of the capacitance of 
both oscillating systems is, however, modulated to the same 
extent, but with inverted mathematical signs. This means that 
the total capacitance scarcely changes during an in-phase 
oscillation, and the capacitance is substantially constant. 
0012. At frequencies well above the resonant frequencies 
of the two oscillating systems, the sensitivities rapidly decay, 
and the behavior is in general of lesser importance at high 
frequencies. Low and high frequencies are masked out in the 
sensor according to the invention by the in-phase oscillation 
and the natural sensitivity behavior. 
0013. In the frequency range in which the resonant fre 
quencies of the two oscillating systems are located, the sensor 
has high sensitivity, however, with a bandpass characteristic. 
The bandpass characteristic of the sensor is governed by the 
sensitivity of the first spring-mass-damperoscillating system, 
by the sensitivity of the second spring-mass-damper oscillat 
ing system, and by the difference between the sensitivities of 
the two spring-mass-damper oscillating systems. The sensor 
according to the invention has advantageous characteristics. 
The evaluation electronics for the sensor can be optimized for 
the useful signals, since the low-frequency excitation fre 
quencies, which have a particularly disturbing effect in prac 
tice, have already been filtered out in the sensor. In conse 
quence, the sensor according to the invention is insensitive to 
interference, and has high sensitivities over a broad operating 
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frequency range. The high frequency selectivity is achieved 
even with low Q-factors—because of the short stabilization 
time. 

0014. In a simple first embodiment, the sensor according 
to the invention is distinguished in that the micromechanical 
sensor has a fixed-position comb electrode with fixed-posi 
tion comb structures, wherein the first and the second spring 
mass-damper oscillating systems have moving comb struc 
tures which engage in the fixed-position comb structures, 
with the moving comb structures of the first spring-mass 
damperoscillating system being arranged on a second side of 
the fixed-position comb structures, and with the moving 
comb structures of the second spring-mass-damper oscillat 
ing system being arranged on a first side of the fixed-position 
comb structures, and with all the moving comb structures 
being electrically conductively connected to one another. 
0015. In this embodiment, comb electrodes are used as 
electrodes. Comb electrodes have a large Surface area per 
available space, because of a multiplicity of comb structures. 
Micromechanical production technologies also allow comb 
structures to be produced without any problems, as a result of 
which comb electrodes are widely used in micromechanical 
components. The proposed sensor has a fixed-position comb 
electrode in which both the moving comb structures in the 
first spring-mass-damper oscillating system and the comb 
structures in the second spring-mass-damper oscillating sys 
tem engage. In this case, the comb structures in the first 
spring-mass-damperoscillating system are arranged on a sec 
ond side of the fixed-position comb structures, and the mov 
ing comb structures in the second spring-mass-damper oscil 
lating system are arranged on the first side of the fixed 
position comb structures. This reversed arrangement means 
that, when the first and second spring-mass-damper oscillat 
ing systems oscillate in-phase, separation between the comb 
structures in the second spring-mass-damper oscillating sys 
tem and the fixed-position comb structures decreases when 
the electrode separation between the comb structures in the 
first spring-mass-damper oscillating system and the fixed 
position comb structure increases. This arrangement changes 
a mechanical in-phase oscillation to a capacitive antiphase 
oscillation. 

0016. The fixed-position comb electrode extends over 
both the oscillating systems that are used. In addition, the 
comb structures in the two oscillating systems are electrically 
conductively connected to one another. This results in a 
capacitance which is governed by the arrangement of the 
moving comb structures in the first and the second spring 
mass-damperoscillating systems and the fixed-position comb 
electrode with respect to one another. In this exemplary 
embodiment of the invention, the number of comb structures 
is used for the compensation, as mentioned in claim 1, for the 
influences of the first and second spring-mass-damper oscil 
lating systems on the magnitude of the capacitance, that is to 
say compensation for the capacitive sensitivities. By way of 
example, the first spring-mass-damper oscillating system 
may have a greater number of comb structures than the sec 
ond spring-mass-damper oscillating system. 
0017. In a second, extended exemplary embodiment of the 
invention, the micromechanical sensor is designed Such that 
the micromechanical sensor has the fixed-position comb elec 
trode with fixed-position comb structures and a further fixed 
position comb electrode with further fixed-position comb 
structures, wherein the moving comb structures of the first 
and of the second spring-mass-damper oscillating systems 
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engage between the fixed-position comb structures and the 
further fixed-position comb structures, with the moving comb 
structures of the first spring-mass-damper oscillating system 
being arranged on the second side of the fixed-position comb 
structures and on a first side of the further fixed-position comb 
structures and with the moving comb structures of the second 
spring-mass-damper oscillating systems being arranged on 
the first side of the fixed-position comb structures and on the 
second side of the further fixed-position comb structures, and 
with all the moving comb structures being electrically con 
ductively connected to one another. 
0018. In this embodiment, not only do the oscillators form 
a capacitance with the fixed-position comb electrode, but 
instead of this they additionally form a further capacitance 
with the further fixed-position comb electrode. The moving 
comb structures of the oscillators move between the fixed 
position comb structures and the further fixed-position comb 
structures. The capacitance of a plate capacitor is inversely 
proportional to the electrode separation, that is to say in this 
specific case, it is inversely proportional to the separation 
between the fixed-position and moving comb structures. If 
the separation between the plates in the plate capacitor is 
short, the plate capacitor has a high capacitance. The use of 
two electrodes, the fixed-position comb electrode and the 
further fixed-position comb electrode, results in the oscillator 
being at a short distance from either the fixed-position or the 
further fixed-position comb electrode, and having a high 
capacitance. 
0019. The use of a further fixed-position comb electrodein 
a micromechanical sensor results on the one hand in a sim 
plification and improvement in the signal evaluation on the 
sensor, because of the formation of a differential capacitor, 
while on the other hand the formation of the further fixed 
position comb electrode results in increased manufacturing 
effort, since both the fixed-position comb electrode and the 
further fixed-position comb electrode must be insulated from 
the respective other fixed-position comb electrode. The more 
complex production may, for example, comprise the provi 
sion of an additional wiring level for the further fixed-position 
comb electrode, which is not at the same level as that of the 
oscillators and the fixed-position comb electrode. 
0020. In a further preferred embodiment of the microme 
chanical sensor according to the invention, said sensor is 
designed Such that the micromechanical sensor has a first 
fixed-position comb electrode with first fixed-position comb 
structures and a second fixed-position comb electrode with 
second fixed-position comb structures, between which the 
first and the second spring-mass-damper oscillating systems 
are arranged, with first moving comb structures of the first 
spring-mass-damperoscillating system being arranged on the 
second side of the first fixed-position comb structures, with 
second moving comb structures of the first spring-mass 
damperoscillating system being arranged on a first side of the 
second fixed-position comb structures, with first moving 
comb structures of the second spring-mass-damper oscillat 
ing system being arranged on the first side of the first fixed 
position comb structures, and with second moving comb 
structures of the second spring-mass-damper oscillating sys 
tem being arranged on the second side of the second fixed 
position comb structures. 
0021. In this embodiment, in addition to the moving comb 
structures, the oscillators also have second moving comb 
structures, with the first moving comb structures being 
involved in the formation of a first capacitance, and with the 
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second moving comb structures being involved in the forma 
tion of a second capacitance. As already stated in the last 
exemplary embodiment, the capacitances in this exemplary 
embodiment are also in the form of a differential-capacitor 
arrangement. This means that an increase in the first capaci 
tance results in a reduction in the second capacitance, and 
Vice versa. In this exemplary embodiment, the second capaci 
tances are provided using second moving comb structures. 
The additional second moving comb structures make it pos 
sible to provide both the fixed-position comb structures and 
the second fixed-position comb structures on the oscillator 
level. Production on one level allows a simpler manufacturing 
process than that used in the second exemplary embodiment, 
thus allowing the production costs for a sensor Such as this to 
be kept low. A sensor having second moving comb structures 
need not necessarily be provided on one level. Extensions are 
also permissible, for example a combination of the exemplary 
embodiments described above, by further electrodes and fur 
ther wiring levels. 
0022. In one preferred embodiment of the micromechani 
cal sensors according to the invention, the first spring-mass 
damper oscillating system has a greater number of fixed 
position and moving comb structures than the second spring 
mass-damperoscillating system. The influence of the first and 
second spring-mass-damper oscillating systems on the 
capacitance should be of equal magnitude. The first spring 
mass-damper oscillating system has a higher resonant fre 
quency than the second spring-mass-damper oscillating sys 
tem. The first spring-mass-damper oscillating system in 
consequence has a smaller movement amplitude than the 
second spring-mass-damper oscillating system at excitation 
frequencies well below the resonant frequency. In the case of 
comb structures of the same type, the influence of the first 
spring-mass-damper oscillating system on the capacitance 
will be less than the influence of the second spring-mass 
damperoscillating system, because of the weaker movement. 
The naturally Small influence of the first spring-mass-damper 
oscillating system is compensated for by a greater number of 
comb structures in the sensor proposed here. 
0023. In one development of the micromechanical sensor 
according to the invention, the first spring-mass-damper 
oscillating system has at least two spring-mass-damperoscil 
lators. As has already been described above, it is desirable for 
there to be a greater number of comb structures on the oscil 
lator in the first spring-mass-damper oscillating system than 
on the oscillator in the second spring-mass-damper oscillat 
ing system; on the other hand, the oscillator in the first spring 
mass-damperoscillating system, which has a higher resonant 
frequency, is in general Smaller (less mass with the same 
spring stiffness) than the oscillator in the second spring-mass 
damper oscillating system. In consequence, a further spring 
mass-damper oscillator may be too small to provide the 
desired number of moving comb structures. In this case, it is 
also possible to provide two or more first spring-mass-damper 
oscillators, in which case comb structures which can be 
moved adequately overall can then be provided in the first 
spring-mass-damper oscillating system. 
0024. In a further alternative of the micromechanical sen 
sor according to the invention, said micromechanical sensor 
is designed such that the micromechanical sensorinone of the 
spring-mass-damper oscillating systems has a mechanical 
coupling element and an electrostatic coupling electrode, 
with the mechanical coupling element being designed for 
stepping down or stepping up the oscillation amplitude of one 
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spring-mass-damper oscillator in this spring-mass-damper 
oscillating system to a lower or higher oscillation amplitude 
of the electrostatic coupling electrode, and with the oscilla 
tion amplitude of the other spring-mass-damper oscillating 
system and of the electrostatic coupling electrode being of 
equal magnitude in the case of in-phase oscillation. 
0025. In this sensor, the different oscillation amplitudes of 
the oscillators in the two spring-mass-damper oscillating sys 
tems are not electrically matched to one another by means of 
different electrodes, but are mechanically matched via a lever 
mechanism. For example, the greater oscillation amplitude of 
the second spring-mass-damper oscillating system is stepped 
down by means of a lever to such an extent that the oscillation 
amplitude of the coupling electrode, which is connected to the 
second spring-mass-damper oscillator via a lever, is reduced 
to Such an extent that the coupling electrode in the second 
spring-mass-damper oscillating system has the same ampli 
tudes as the oscillator in the first spring-mass-damper oscil 
lating system. Instead of stepping down the oscillation ampli 
tude of the second spring-mass-damper oscillating system, it 
is also possible to step up the oscillation amplitude of the first 
spring-mass-damper oscillating system. The coupling of the 
first and second spring-mass-damper oscillating systems 
results in forces from both oscillating systems acting on the 
mechanical lever. A sensor signal on the lever could thus be 
obtained in a different way than the electrostatic manner 
proposed here. For example, a piezoresistive or optical signal 
transducer could be used here. A sensor having a mechanical 
coupling element can also be developed to form a differential 
capacitor arrangement. 
0026. In another advantageous exemplary embodiment of 
the present invention, the micromechanical sensor is 
designed such that, in the case of the micromechanical sensor, 
at least one spring-mass-damper oscillator in the first spring 
mass-damper oscillating system oscillates in a measurement 
direction on an oscillation plane, and wherein the second 
spring-mass-damper oscillating system has at least one 
spring-mass-damper oscillator which is rotated to a rotation 
angle with respect to the measurement direction on the oscil 
lation plane, with the rotated spring-mass-damper oscillator 
having comb structures, which are parallel to the comb struc 
tures of the first spring-mass-damper oscillator, and a guide 
which allows it to oscillate in an oblique direction which is 
governed by the rotation angle, with the oscillation amplitude 
of the rotated spring-mass-damper oscillator in the case of an 
in-phase oscillation having a vector component in the mea 
Surement direction which is of equal magnitude to the oscil 
lation amplitude of the spring-mass-damper oscillator in the 
first spring-mass-damper oscillating system. 
0027. In this embodiment, the greater mechanical sensi 

tivity of the second spring-mass-damper oscillating system is 
reduced because the rotated arrangement of the comb struc 
tures results in only a portion of the movement of the oscil 
lators being transferred to the movement of the comb struc 
tures in the measurement direction and in the second vectorial 
component of the oscillator movement, which is at right 
angles to the measurement direction, having no influence or a 
lesser influence on the measurement result. A sensor Such as 
this is distinguished by a simple and space-saving mechanical 
design. In one modified embodiment, this sensor can be 
developed to form a differential-capacitor arrangement. 
0028. The invention is also achieved by a method for 
detection and/or measurement of oscillations using a sensor 
according to the invention, which is distinguished in that the 
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first and the second spring-mass-damper oscillating systems 
oscillate in-phase in a frequency range below the second 
resonant frequency; wherein the first and the second spring 
mass-damper oscillating systems have electrodes which 
oscillate in a measurement direction about electrode rest posi 
tions with electrode deflections which are equal to or propor 
tional to deflections of the spring-mass-damper oscillators; 
wherein the first and the second spring-mass-damper oscil 
lating systems are coupled to one another by means of at least 
one electrostatic field, which acts on the electrodes, forming 
at least one capacitance with the capacitance being governed 
by at least one electrode area, by at least one electrode cov 
erage and by at least one electrode separation, with the elec 
trode deflections influencing the electrode separation and/or 
the electrode coverage and thus influencing the magnitude of 
the capacitance, and with the influence of the first spring 
mass-damper oscillating system on the magnitude of the 
capacitance being compensated for by the second spring 
mass-damper oscillating system in the case of an in-phase 
oscillation, and with the magnitude of the capacitance being 
used as a sensor output variable. 
0029. The method therefore uses two spring-mass-damper 
oscillating systems which have different resonant frequen 
cies. These two oscillating systems are arranged Such that 
they oscillate in-phase when the oscillating systems are 
excited externally below the resonant frequencies. Either 
electrodes are provided directly on the oscillators in the oscil 
lating systems, in which case the electrodes then oscillate 
with the same deflections as the oscillators themselves, or the 
electrodes are not provided directly on the oscillators, but, for 
example, are moved by levers with an amplitude which is 
proportional to the oscillators. The two oscillating systems 
are electrostatically coupled to one another, that is to say the 
electrodes in the oscillating systems are involved in the for 
mation of a joint capacitance. The magnitude of the capaci 
tance is influenced by the oscillation of the oscillators. In this 
case, by way of example, the oscillation amplitudes can be 
used to vary the electrode separations or to vary the electrode 
coverages. 

0030. In the method according to the invention, the influ 
ence of the spring-mass-damper oscillating systems on the 
capacitance is designed such that the two spring-mass 
damper oscillating systems have an inverse influence on the 
capacitance, and Such that the influence of the two oscillating 
systems on the capacitance is compensated for when they 
oscillate in-phase. This means that the capacitance becoming 
Smaller as a result of the movement in one oscillating system 
is compensated for by the movement in the same sense in the 
other oscillating system, and the capacitance increase asso 
ciated with this. The magnitude of the capacitance is in this 
case used as a sensor output variable. This output variable can 
then be used by introducing it into an appropriate electronic 
circuit. This measurement and detection method for oscilla 
tions results in a bandpass behavior. Excitation frequencies 
below and above the useable frequency band are effectively 
suppressed by the mechanical behavior of the oscillators 
themselves. Severe modulations on the capacitance occur, in 
contrast, only in the useable frequency band. The useable 
frequency band is between the two resonant frequencies of 
the oscillating systems. The bandpass behavior allows the 
method according to the invention to cover a wider frequency 
range than that with one resonant oscillating system. The 
measurement method, which intrinsically operates with low 
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Q-factors over a broad frequency band, is distinguished by a 
very rapid stabilization and response behavior. 
0031. In one simple variant of the method according to the 
invention, this method is carried out such that the microme 
chanical sensor has a fixed-position comb electrode with 
fixed-position comb structures, wherein the first and the sec 
ond spring-mass-damper oscillating systems have moving 
comb structures which engage in the fixed-position comb 
structures, with the arrangement of the fixed-position and the 
moving comb structures with respect to one another resulting, 
in the case of an in-phase oscillation, at the same time as an 
increase in the electrode separation and/or a reduction in the 
electrode coverage of the moving comb structures of the first 
spring-mass-damper oscillating system by and/or with the 
fixed-position comb structures, in a reduction in the electrode 
separation and/oran increase in the electrode coverage of the 
moving comb structures of the second spring-mass-damper 
oscillating system by and/or with the fixed-position comb 
structures, and with the moving comb structures being elec 
trically conductively connected to one another. 
0032. In this variant of the method according to the inven 

tion, a fixed-position comb electrode is used and is intended 
to engage in the moving comb electrodes in the first and the 
second spring-mass-damper oscillating systems. The comb 
structures of the moving oscillators and of the fixed-position 
comb electrode are in this case arranged Such that, in the case 
of an in-phase oscillation, at the same time as the increase in 
the electrode separation of the moving comb structures of one 
oscillator of the fixed-position comb structures, this results in 
a reduction in the electrode separation of the moving comb 
structures of the oscillator in the other spring-mass-damper 
oscillating system from the fixed-position comb structures. 
Instead of increasing and decreasing the separations between 
the comb structures, it is also possible to decrease and 
increase the electrode coverage. It is also possible to simul 
taneously vary the electrode separation and the electrode 
coverage. In any case, however, an in-phase oscillation of the 
first and second spring-mass-damper oscillating systems 
results in an increase in the capacitance produced by one 
spring-mass-damper oscillating system and in a reduction in 
the capacitance produced by the other spring-mass-damper 
oscillating system. Because the moving constructors are elec 
trically conductively connected to one another and form a 
joint capacitance with the fixed-position comb structures, 
together with the design configuration of the two spring 
mass-damperoscillating systems, this results in an increase in 
the capacitance produced by one spring-mass-damper oscil 
lating system being compensated for overall by the reduction 
in the capacitance produced by the other spring-mass-damper 
oscillating system. 
0033. In one advantageous development of the method 
according to the invention for detection and/or measurement 
of oscillations, this method is designed such that the micro 
mechanical sensor has the fixed-position comb electrode with 
fixed-position comb structures and a further fixed-position 
electrostatic comb electrode with further fixed-position comb 
structures, wherein the moving comb structures of the first 
and of the second spring-mass-damper oscillating systems 
engage between the fixed-position comb structures and the 
further fixed-position comb structures, with the arrangement 
of the fixed-position and moving comb structures with respect 
to one another and the central arrangement of the moving 
comb structures between the fixed-position comb structures 
and the further fixed-position comb structures resulting, in the 
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case of an in-phase oscillation, at the same time as an increase 
in the electrode separation and/or a reduction in the electrode 
coverage of the moving comb structures of the first spring 
mass-damper oscillating system by and/or with the fixed 
position comb structures and as a reduction in the electrode 
separation and/or an increase in the electrode coverage of the 
moving comb structures of the first spring-mass-damper 
oscillating system by and/or with the further fixed-position 
comb structures, in a reduction in the electrode separation 
and/or an increase in the electrode coverage of the moving 
comb structures of the second spring-mass-damper oscillat 
ing system by and/or with the fixed-position comb structures, 
and an increase in the electrode separation and/or a reduction 
in the electrode coverage of the moving comb structures of the 
second spring-mass-damper oscillating system by and/or 
with the further fixed-position comb structures, with the mov 
ing comb structures being electrically conductively con 
nected to one another. 

0034. In this method, further fixed-position comb struc 
tures are provided in addition to the fixed-position comb 
structures. The moving comb structures oscillate between the 
fixed-position comb structures and the further fixed-position 
comb structures. Two capacitances are formed in this case: 
the capacitance between the moving comb structures and the 
fixed-position comb structures, and the further capacitance 
between the moving comb structures and the further fixed 
position comb structures. By way of example, depending on 
the instantaneous position of the moving comb structures, 
there is a short distance to the comb structures and therefore 
a high capacitance, or a short distance to the further comb 
structures and therefore a high further capacitance. In conse 
quence, an advantageously high capacitance is available at all 
times. The comb structures are in this case arranged Such that, 
when the first and second spring-mass-damper oscillating 
systems oscillate in-phase, the influence of the second spring 
mass-damperoscillating system is the inverse of the influence 
of the first spring-mass-damper oscillating system on the 
capacitance and on the further capacitance, respectively. The 
proposed extended method is distinguished on the one hand 
by improved operation, while on the other hand this extended 
method also involves increased manufacturing effort for the 
sensors. The increased manufacturing effort results from the 
need to connect the further fixed-position comb structures to 
one another such that they are insulated from the fixed-posi 
tion comb structures. By way of example, the further fixed 
position comb structures are connected to one another by 
means of a complex and expensive further connecting level in 
the sensor. 

0035. In one alternative development of the method 
according to the invention, this method is designed Such that 
the micromechanical sensor has a first fixed-position comb 
electrode with first fixed-position comb structures and a sec 
ond fixed-position comb electrode with second fixed-position 
comb structures, wherein the first and the second spring 
mass-damper oscillating systems have first and second mov 
ing comb structures, with the first moving comb structures 
engaging in the first fixed-position comb structures, and with 
the second moving comb structures engaging in the second 
fixed-position comb structures, with the arrangement of the 
first and second moving comb structures and of the first and 
second fixed-position comb structures with respect to one 
another resulting, in the case of an in-phase oscillation, at the 
same time as an increase in the electrode separation and/or a 
reduction in the electrode coverage of the first moving comb 
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structures of the first spring-mass-damper oscillating system 
by and/or with the first fixed-position comb structures, in a 
reduction in the electrode separation and/or an increase in the 
electrode coverage of the first moving comb structures of the 
second spring-mass-damper oscillating system by and/or 
with the first fixed-position comb structures, a reduction in 
the electrode separation and/or an increase in the electrode 
coverage of the second moving comb structures in the first 
spring-mass-damper oscillating system by and/or with the 
second fixed-position comb structures, and an increase in the 
electrode separation and/or a reduction in the electrode cov 
erage of the second moving comb structures of the second 
spring-mass-damper oscillating system by the second fixed 
position comb structures, with all the moving comb structures 
being electrically conductively connected to one another. 
0036. In this refinement of the method, second moving 
comb structures are used in addition to the first moving comb 
structures. Second fixed-position comb structures are associ 
ated with the second moving comb structures. The second 
fixed-position comb structures carried out the same function 
as the further fixed-position comb structures in the last 
example described above. They are differential electrodes 
with respect to the first fixed-position comb structures. This 
means that, when the moving comb structures are moved 
away from the fixed-position comb structures, they approach 
the second fixed-position comb structures, and vice versa. In 
the embodiment proposed here, the first electrodes and the 
second electrodes are physically separated from one another. 
This allows both electrodes to be provided on one level, in a 
cost-effective manner. 

0037. As an alternative to that proposed above, in a further 
example of the method according to the invention, the method 
can also be carried out in that at least one of the spring-mass 
damper oscillating systems in the micromechanical sensor 
has a mechanical coupling element and an electrostatic cou 
pling electrode, with the mechanical coupling element step 
ping down or stepping up the oscillation amplitude of the 
spring-mass-damper oscillator in the spring-mass-damper 
oscillating system in the micromechanical sensor to a lower 
or higher oscillation amplitude of the electrostatic coupling 
electrode, and with the electrode in the other spring-mass 
damperoscillating system and the electrostatic coupling elec 
trode oscillating with respect to one another during an in 
phase oscillation of the first and second spring-mass-damper 
oscillating systems with a constant electrode separation and 
constant electrode coverage. 
0038. In this variant, by way of example, the greater oscil 
lation amplitude in the second spring-mass-damper oscillat 
ing system and the greater influence on the capacitance result 
ing from this are compensated for by the oscillation 
amplitude being stepped down with the aid of a mechanical 
coupling element to a lesser oscillation amplitude of a cou 
pling electrode. Alternatively, the lesser oscillation amplitude 
in the first spring-mass-damper oscillating system could also 
be stepped up to a greater amplitude of a coupling electrode. 
In this method, it will be possible to read the sensor in an 
alternative manner on the mechanical coupling element and, 
for example, this could be done optically or piezo-resistively. 
This fourth variant of the method according to the invention 
can also be developed to form a differential-capacitor 
arrangement, in a further exemplary embodiment of the 
present invention. 
0039. In a further alternative of the method for detection 
and/or measurement of oscillations, the method is carried out 
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in that at least one spring-mass-damper oscillator in the first 
spring-mass-damperoscillating system in the micromechani 
cal sensor oscillates in a measurement direction on an oscil 
lation plane and the second spring-mass-damper oscillating 
system in the micromechanical sensor has at least one spring 
mass-damper oscillator which oscillates on the oscillation 
plane in an oblique direction, which is rotated at a rotation 
angle with respect to the measurement direction, with the 
rotated spring-mass-damper oscillator having comb elec 
trodes which are parallel to the comb structures in the first 
spring-mass-damperoscillator, and a guide which allows it to 
oscillate in an oblique direction which is governed by the 
rotation angle, with the comb electrodes in the first and the 
second spring-mass-damper oscillating systems oscillating 
with a constant electrode separation and constant electrode 
coverage during an in-phase oscillation. In this method, the 
greater oscillation amplitude in the second spring-mass 
damper oscillating system is also mechanically stepped 
down. In this embodiment, however, there is no need for the 
coupling element which is complex to manufacture, or for the 
coupling electrode, and the sensor is formed from relatively 
simple structures. In this method, the oscillator in the second 
spring-mass-damper oscillating system is arranged at a rota 
tion angle with respect to the measurement direction and 
oscillation direction of the first spring-mass-damper oscilla 
tor. This vectorially subdivides the oscillation amplitude of 
the rotated oscillators into a component parallel to the mea 
Surement direction and a component at right angles to the 
measurement direction. In this case, the rotation angle is 
chosen to be sufficiently large that the vectorial component in 
the measurement direction has the desired magnitude. This 
variant of the method according to the invention could also be 
developed. For example, in a further variant of the method, a 
second oscillator can be provided in the second spring-mass 
damper oscillating system, which second oscillator is 
arranged in mirror-image form with respect to the rotated 
oscillator, and is used to form a differential-capacitor arrange 
ment. 

0040. The object of the present invention is furthermore 
achieved by a method for production of a micromechanical 
sensor according to the invention as described above, wherein 
the method is a Surface-silicon technology, a silicon technol 
ogy close to the Surface, a silicon Volume technology, an 
LIGA technology or a multi-component microscopic injec 
tion-molding method. The sensor according to the invention 
can be implemented in widely differing forms. In this case, 
the sensor has no features which can be provided only by one 
specific micromechanical technology. The sensor can there 
fore be manufactured using all micromechanical technolo 
gies, for example using those mentioned. 
0041. The present invention will be explained in more 
detail in the following text with references to figures, in 
which: 

0042 FIG. 1 shows an outline sketch of a first exemplary 
embodiment of a sensor according to the invention; 
0043 FIG. 2 shows an outline sketch of one development 
of the sensor according to the invention shown in FIG. 1, 
according to a second exemplary embodiment of the present 
invention; 
0044 FIG.3 shows a further preferred development of the 
sensor according to the invention, according to a third exem 
plary embodiment of the present invention; 
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004.5 FIG. 4 shows an outline sketch of an alternative 
sensor according to a fourth exemplary embodiment of the 
present invention; 
0046 FIG. 5 shows an outline sketch of a developed sen 
sor according to a fifth exemplary embodiment of the present 
invention; 
0047 FIG. 6 shows an outline sketch of an alternative 
sensor according to a sixth exemplary embodiment of the 
present invention; 
0048 FIG. 7 shows an outline sketch of a developed sen 
sor according to a seventh exemplary embodiment of the 
present invention; 
0049 FIG. 8 shows a diagram illustrating the mechanical 
sensitivities as a function of excitation frequencies of oscil 
lators in the sensor according to the invention with different 
resonant frequencies; and 
0050 FIG.9 shows a diagram which illustrates the capaci 

tive sensitivities of individual oscillators and of the sensor 
according to the invention, as a function of the excitation 
frequency. 
0051 FIG. 1 schematically illustrates one simple exem 
plary embodiment of a sensor 1 according to the invention. In 
this case, the sensor 1 has two spring-mass-damper oscillat 
ing systems S and S. The springs and dampers in the spring 
mass-damperoscillating systems S and S are sketched sche 
matically, with self-explanatory symbols. For the sake of 
simplicity, the spring-mass-damper oscillating systems are 
referred to in the following text as oscillating systems and the 
spring-mass-damper oscillators that are used are referred to 
as oscillators. 
0052. In the exemplary embodiment shown in FIG. 1, the 
oscillating system S has only one oscillator 10. The oscillat 
ing system S has the oscillator 11. The oscillating system S 
is characterized by a high resonant frequency than that of the 
oscillating system S. Because of its higher resonant fre 
quency, the oscillator 10 is annotated HF and the oscillator 11 
is annotated NF because of its lower resonant frequency. In 
order to achieve the higher resonant frequency, the oscillator 
10 is designed to have a smaller mass and Smaller geometric 
dimensions than the oscillator 11. 
0053. The oscillators 10 and 11 are mounted such that they 
can oscillate in the direction a. The oscillators 10 and 11 are 
excited in the direction a by an external excitation oscillation. 
In this case, an amplitudex occurs at the oscillator 10 and an 
amplitude x at the oscillator 11 at the observation time, 
which amplitudes are not to scale but are illustrated in order to 
allow them to be identified. At excitation frequencies which 
are well below the resonant frequency of the oscillator 11, the 
oscillators 10 and 11 oscillate in-phase. The oscillator 10 has 
moving comb structures 6, and the oscillator 11 has moving 
comb structures 7. Because the comb structures 6 and 7 are 
connected directly to the oscillators 10 and 11, the moving 
comb structures in this case oscillate in the same way as the 
movement of the oscillators 10 and 11. 
0054 The moving comb structures 6 and 7 engage in the 
fixed-position comb electrode 4 with fixed-position comb 
structures 5. The rest position of the comb structures 6 and 7 
is located eccentrically with respect to the center between the 
fixed-position comb structures 5. The comb structures 5, 6, 7 
can be considered to be two-dimensional plates, one of whose 
dimensions extends out of the plane of the illustration. Comb 
structures which are opposite a short distance apart and are at 
electrical potentials form capacitances. The oscillators 10 and 
11 are electrically conductively connected to one another, as 
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a result of which the moving electrodes 6 and 7 are at the 
potential V, at the observation time. The capacitance C is 
formed in the sensor 1 by the position of the fixed-position 
comb electrode 4, which is at a potential V, with respect to 
the oscillators 10 and 11 with moving comb structures 6 and 
7, which are at a common potential V. 
0055. The capacitance C is influenced not only by the 
separations between the fixed-position comb structures 5 and 
the moving comb structures 6 but also by the separations 
between the fixed-position comb structures 5 and the moving 
comb structures 7. An enlarged detail of a fixed-position 
comb structure 5 is illustrated in FIG.1. The comb structures 
5 have two sides A and B. In the sensor 1 according to the 
invention, the moving comb structures 6 are arranged on the 
side B of the fixed-position comb structures 5, and the moving 
comb structures 7 are arranged on the side A of the fixed 
position comb structures 5. This means that the separation 
between the comb structures 6 and the comb structures 5 on 
the side B is less than the separation between the comb struc 
tures 6 and the side A of the comb structures 5 and that the 
separation between the moving comb structures 7 is less to the 
side A of the comb structures 5 than to the side B of the comb 
structures 5. When the oscillator 10 is deflected from its rest 
position with an amplitude X, the separation between the 
comb structures 5 and the moving comb structures 6 is 
increased. This reduces the capacitance between the comb 
structures 5 and 6, and this capacitance element of the oscil 
lating system S within the capacitance C becomes less. The 
moving comb structures 7 of the oscillator 11 are arranged on 
the other side A of the fixed-position comb structures 5. 
Deflection of the oscillator 11 with an amplitudex leads to a 
reduction in the separations between the moving comb struc 
tures 7 and the fixed-position comb structures 5, and the 
proportion of the capacitance of the oscillating system S 
within the capacitance C becomes greater. In this way, when 
the oscillators 10 and 11 are oscillating in phase, the oscillat 
ing system S and S have an inverse influence on the mag 
nitude of the capacitance C. 
0056. In-phase oscillations occurat frequencies below the 
resonant frequency of the oscillator 11 and above the resonant 
frequency of the oscillator 10. At these frequencies, the oscil 
lation amplitude X of the oscillator 11 is greater than the 
oscillation amplitudex of the oscillator 10. If the oscillators 
10 and 11 were to be equipped with the same number of comb 
structures of the same size, the oscillator 11 would change the 
capacitance C to a greater extent than the oscillator 10, 
because of its greater oscillation amplitude. In the sensor 
according to the invention, the influence of the first and of the 
second spring-mass-damper oscillating systems on the mag 
nitude of the capacitance is, however, compensated for. The 
compensation is achieved in the micromechanical sensor 1 by 
using a greater number of moving comb structures 6 than 
moving comb structures 7. The illustrated number of three 
comb structures 7 and five comb structures 6 is intended only 
for illustrative purposes, and to assist clarity. In reality sen 
sors generally use a much greater number of comb structures. 
0057 FIG. 2 schematically illustrates a sensor 1', which 
can be considered to be a development of the sensor 1 shown 
in FIG. 1. Components of the sensor 1' with the same refer 
ence symbols as in FIG. 1 have the same function, and have 
already been described with reference to FIG.1. As an exten 
sion to the micromechanical sensor 1, the micromechanical 
sensor 1" has a fixed-position comb electrode 15 with further 
fixed-position comb structures 16. The further fixed-position 
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comb structures 16 have the two sides A and B', which are 
annotated analogously to the two sides A and B of the fixed 
position comb structures 5. The further fixed-position comb 
electrode 15 is used in a similar manner to the fixed-position 
comb electrode 4 as an opposing electrode for both oscillating 
systems S and S. In their rest position, the moving comb 
structures 6 are arranged in the center between the fixed 
position comb structures 5 and the further fixed-position 
comb structures 16. In their rest position, the moving comb 
structures 7 are likewise arranged in the center between the 
comb structures 5 and 16. The further fixed-position comb 
electrode 15 is at the potential V at the observation time, and 
a further capacitance is formed between the potential V and 
the potential V, on the oscillators. This arrangement is a 
differential-capacitor arrangement. If the oscillator 10 has an 
amplitude X, the separation between the moving comb struc 
tures 6 and the fixed-position comb structures 5 is greater than 
when in the rest position, and the capacitance between the 
comb structures 5 and 6 is correspondingly reduced. At the 
same time, the separation between the moving comb struc 
tures 6 and the further fixed-position comb structures 16 has 
been reduced, and the capacitance between the comb struc 
tures 6 and 16 has been correspondingly increased. The fixed 
position comb structures 5 and the further fixed-position 
comb structures 16 are arranged in mirror-image form in the 
vicinity of the moving comb structures 7. This means that, at 
the amplitude X, with respect to the amplitude X, the sepa 
ration between the comb structures 7 and5 has been increased 
in relation to the rest position, and the separation between the 
comb structures 7 and 16 has been reduced. 

0058. The moving comb structures 6 and 7 in the sensor 1' 
are always a short distance away from one of the fixed 
position comb structures 5 or 16. This is advantageous for the 
operation of the sensor 1'. The functional advantage of the 
sensor 1' is counteracted by a disadvantage from the produc 
tion point of view. Because of the physical proximity of the 
comb electrodes 4 and 15, it is not possible to produce both 
comb electrodes 4 and 15 as simple spatial bodies on the same 
level as that where the comb structures 5 and 16 are also 
formed. Instead of this, a more complex contact-making pro 
cess must be provided for at least one of the fixed-position 
comb electrodes 4, 15. This additional connection is provided 
in the sensor 1' via a connecting level which is located parallel 
to the plane of the drawing, and also cannot be illustrated 
two-dimensionally. Contrary to the rest of the illustration, the 
electrical contact is made with the comb structures as 
sketched by circuitry lines. 
0059 FIG.3 shows a further alternative micromechanical 
sensor 1" according to the invention. The sensor 1" is a pre 
ferred development of the sensor 1 shown in FIG. 1. In the 
sensor 1", the oscillator 10 has second moving comb struc 
tures 6', in addition to the first moving comb structures 6. 
Analogously, the low-frequency oscillator 11 has second 
moving comb structures 7", in addition to the first moving 
comb structures 7. The second moving comb structures 6' and 
7" engage in a second fixed-position comb electrode 4". The 
second fixed-position comb electrode 4 has second fixed 
position comb structures 5", whose sides are annotated A and 
B, in the same way as the sides of the fixed-position comb 
structures 5. The sensor 1" is a different type of differential 
capacitor arrangement, in which the oscillators 10 and 11 
with the fixed-position electrode 4 form a capacitance as 
already described with reference to FIG.1. In addition, in this 
case, the oscillators 10 and 11 form a second capacitance with 
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the second fixed-position electrode 4. In this case, the comb 
structures 5, 6, 5", 6", 7.7" are arranged such that, when one 
oscillator moves, its influence on the magnitudes of the 
capacitances C and C' is inverse. This means that the moving 
comb structures are each arranged on the other side of the 
fixed-position comb structures. The moving comb structures 
6 are arranged on the side B of the fixed-position comb 
structures 5, and the moving comb structures 6' are arranged 
on the side A of the comb structures 5', while the comb 
structures 7 are arranged on the side A of the comb structures 
5", and the moving comb structures 7" are arranged on the side 
B of the fixed-position comb structures 5. In the sensor 1", the 
fixed-position comb electrodes 4 and 4 are physically sepa 
rated from one another. This allows the fixed-position comb 
electrodes 4 and 4" to be manufactured on the same level. The 
sensor 1" is a functionally advantageous differential-capaci 
tor arrangement which can be produced cost-effectively. The 
sensor 1" is therefore a preferred embodiment of the present 
invention. 

0060 FIG. 4 schematically illustrates an alternative sensor 
2 according to the invention. The greater oscillator amplitude 
of the low-frequency oscillator 11 is in this case stepped down 
to a lower amplitude of an electrostatic coupling element 9 by 
means of a mechanical coupling element 8. The step-down 
ratio is governed by the ratio of the lever length 1, the length 
between a lever fulcrum 17 and the electrostatic coupling 
electrode 9, and 1, the length between the lever fulcrum 17 
and the low-frequency oscillator 11. The movement of the 
electrostatic coupling electrode 9 is proportional to the move 
ment of the oscillator 11, and its amplitude is matched to the 
amplitude of the oscillator 10. When the coupling electrode 9 
and the oscillator 10 are oscillating in phase, the capacitance 
between the coupling electrode 9 and the oscillator 10 is 
therefore constant. 

0061 FIG. 5 schematically illustrates a developed micro 
mechanical sensor 2 according to the invention, which can be 
considered to be an extension of the sensor 2 shown in FIG. 4. 
The mechanical coupling element 8 for this sensor is length 
ened beyond the fulcrum. The movement direction beyond 
the fulcrum 17 from the oscillator 11 on the coupling element 
is inverted. A further coupling electrode 9 is arranged sym 
metrically with respect to the fulcrum, in addition to the 
coupling electrode 9. While the movement of the coupling 
electrode 9 is proportional to the movement of the oscillator 
11, the coupling electrode 9 moves inversely proportionally 
to the oscillator 11. The oscillator 10 has first and second 
moving comb structures, which are electrically insulated 
from one another and are connected at the observation time to 
the potentials V and V and which, together with the cou 
pling electrodes 9 and 9', form a capacitance and a second 
capacitance and, overall, a differential-capacitor arrange 
ment. 

0062 FIG. 6 shows a schematic illustration of a microme 
chanical sensor 3 according to a further exemplary embodi 
ment of the present invention. In the sensor 3, the low-fre 
quency oscillator 12 in the spring-mass-damper oscillating 
system S is arranged at a rotation angle C. with respect to the 
oscillator 10 in the spring-mass-damper oscillating system 
S. The deflection X of the oscillator 12 can be represented as 
a vectorial subdivision into a deflection in the measurement 
direction a and a component at right angles to this. The vec 
torial subdivision of the deflection X is technically imple 
mented by orienting the comb structures 14 of the oscillator 
12 with their normal to the surface in the measurement direc 
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tiona. In order to ensure that the oscillator 12 is deflected in 
the direction X and not in the measurement direction a, the 
oscillator 12 has appropriate guides, which are not illustrated 
here. In the sensor 3, not only is the separation between the 
comb structures 6 and 14 varied during oscillation of the 
oscillators, but, additionally, the electrode coverage as well. 
In this case, however, the electrode separation has a consid 
erably greater influence on the magnitude of the capacitance 
C than the electrode coverage. In the sensor 3, the greater 
mechanical sensitivity of the low-frequency oscillator 12 is 
reduced in a simple and cost-effective manner to the lesser 
mechanical sensitivity of the high-frequency oscillator 10. 
The sensor 3 can also be provided on a small area, since it 
does not require any area-consuming auxiliary structures. 
0063 FIG. 7 schematically illustrates a further sensor 3' 
according to the invention, which is a development of the 
sensor 3 shown in FIG. 6. The sensor 3' is a differential 
capacitance arrangement, in which a low-frequency oscillator 
12 is arranged Such that it rotates and, with the high-fre 
quency oscillator 10, forms a first capacitance. A further 
rotated oscillator 13 is provided in the sensor 3', with mirror 
image symmetry with respect to the oscillator 12, and, with 
the high-frequency oscillator 10, forms a second capacitance. 
The comb structures of the oscillators 12 and 13 are provided 
on opposite sides of the comb structures of the oscillator 10. 
A deflection of the oscillator 12 when the oscillator 10 is 
stationary therefore results in a reduction in the capacitance, 
and deflection of the oscillator 13 in the direction X, results in 
an increase in the second capacitance. This results in the 
advantages as already described of a differential-capacitor 
arrangement. The symmetrical arrangement of two oscilla 
tors 12 and 13 prevents the sensor 3' from being unbalanced in 
the direction at rightangles to a on the plane of the illustration. 
By way of example, this can have an advantageous effect on 
the life of the sensor 3'. 

0064 FIG. 8 uses a diagram to schematically illustrate 
essential features of the mechanical sensitivities of the two 
oscillating systems S.S which are used in sensors according 
to the invention. The oscillators in the oscillating systems S, 
S. are excited optimally at their resonant frequencies f andf. 
At these frequencies, the oscillators achieve their maximum 
amplitude for a constant excitation amplitude. The resonant 
frequencies can be seen at the maxima of the sensitivity 
curves on the diagram. At low frequencies, which can be read 
on the left-hand ordinate in the diagram shown as a sketch, the 
sensitivity of the low-frequency oscillator is considerably 
greater than that of the high-frequency oscillator. At frequen 
cies above the resonant frequency, the mechanical sensitivity 
of the oscillators decreases to a greater extent at frequencies 
below the resonant frequencies. In consequence, the differ 
ences between the oscillation amplitudes of high-frequency 
and low-frequency oscillators are also, when considered in 
absolute form, at high excitation frequencies. These sensitivi 
ties at excitation frequencies above the resonant frequencies 
can be read on the right-hand ordinate. Because of the large 
difference between the oscillation amplitudes at low frequen 
cies, compensation for the different oscillation amplitudes is 
provided in the sensor according to the invention, with the 
aim of equalizing the influences of the two oscillating systems 
on the capacitance. 
0065 FIG. 9 shows the capacitive sensitivity of a high 
frequency spring-mass-damper oscillating system. He 
(co)l, the capacitive sensitivity H(c) of a low-fre 
quency spring-mass-damper oscillating system, and the 
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capacitive sensitivity H(CO) of a sensor according to the 
invention, as a function of the frequency. The curves |He 
(co) and Hyr (co) represent the capacitance changes in the 
capacitance elements in the oscillating systems S and S. 
with the electronic coupling of the two oscillating systems 
being deactivated for measurement purposes. This curve is 
scaled in a visually similar form to the curve of the mechani 
cal sensitivity in FIG.8. The dashed line Hue?co) repre 
sents the capacitive sensitivity of the high-frequency oscillat 
ing system S. The mechanical sensitivities of this high 
frequency oscillating system are matched to the capacitive 
sensitivities of the low-frequency oscillator both in the low 
frequency range and in the area of the maximum. This means 
that the influences of the high-frequency and low-frequency 
spring-mass-damper oscillating systems on the capacitance 
are matched to one another, according to the invention. The 
dashed-dotted line H(CO) indicates the capacitive sensitiv 
ity of the entire sensor. At low frequencies, the influence of 
the high-frequency oscillating system and the low-frequency 
oscillating system is compensated for, and the resultant total 
capacitive sensitivity of the sensor is Zero. This means that 
low-frequency excitation frequencies are effectively Sup 
pressed in the sensor according to the invention. 
0066. In practice, low-frequency interference is particu 
larly important, since this occurs with high amplitudes. Good 
Suppression of low-frequency excitation frequencies is there 
fore a characteristic which can be considered highly advan 
tageous for the sensors according to the invention. The sensor 
according to the invention reaches its maximum capacitive 
sensitivity in a frequency band which is defined substantially 
by the two resonant frequencies f and f of the two oscillating 
systems S. S. A sensor according to the invention can 
advantageously be combined with optimized evaluation elec 
tronics, based on mechanical filtering, by effectively evaluat 
ing available measurement variables, without having to take 
account of low-frequency interference signals. 

1-15. (canceled) 
16. A micromechanical sensor having at least two spring 

mass-damper oscillators which can be excited by a common 
external oscillation, with the micromechanical sensor having 
a first spring-mass-damper oscillating system with a first 
resonant frequency and a second spring-mass-damper oscil 
lating system with a second resonant frequency which is 
lower than the first resonant frequency, wherein the first and 
the second spring-mass-damper oscillating systems are 
designed such that they oscillate in-phase; wherein the first 
and the second spring-mass-damperoscillating systems have 
electrodes which oscillate in a measurement direction about 
electrode rest positions with electrode deflections which are 
equal to or proportional to deflections of the spring-mass 
damper oscillators; wherein the first and the second spring 
mass-damper oscillating systems are coupled to one another 
by means of at least one electrostatic field, which acts on the 
electrodes, forming at least one capacitance with the capaci 
tance being governed by at least one electrode area and by at 
least one electrode separation and/or an electrode coverage, 
with the electrode deflections influencing the electrode sepa 
ration and/or the electrode coverage and thus influencing the 
magnitude of the capacitance, and with the influences of the 
first and second spring-mass-damper oscillating systems on 
the magnitude of the capacitance being compensated for in 
the case of an in-phase oscillation. 

17. The micromechanical sensor as claimed in claim 16, 
wherein the micromechanical sensor has a fixed-position 
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comb electrode with fixed-position comb structures, wherein 
the first and the second spring-mass-damper oscillating sys 
tems have moving comb structures which engage in the fixed 
position comb structures, with the moving comb structures of 
the first spring-mass-damper oscillating system being 
arranged on a second side of the fixed-position comb struc 
tures, and with the moving comb structures of the second 
spring-mass-damper oscillating system being arranged on a 
first side of the fixed-position comb structures, and with all 
the moving comb structures being electrically conductively 
connected to one another. 

18. The micromechanical sensor as claimed in claim 17, 
wherein the micromechanical sensor has the fixed-position 
comb electrode with fixed-position comb structures and a 
further fixed-position comb electrode with further fixed-po 
sition comb structures, wherein the moving comb structures 
of the first and of the second spring-mass-damperoscillating 
systems engage between the fixed-position comb structures 
and the further fixed-position comb structures, with the mov 
ing comb structures of the first spring-mass-damper oscillat 
ing system being arranged on the second side of the fixed 
position comb structures and on a first side of the further 
fixed-position comb structures and with the moving comb 
structures of the second spring-mass-damper oscillating sys 
tems being arranged on the first side of the fixed-position 
comb structures and on the second side of the further fixed 
position comb structures, and with all the moving comb struc 
tures being electrically conductively connected to one 
another. 

19. The micromechanical sensor as claimed in claim 17, 
wherein the micromechanical sensor has a first fixed-position 
comb electrode with first fixed-position comb structures and 
a second fixed-position comb electrode with second fixed 
position comb structures, between which the first and the 
second spring-mass-damperoscillating systems are arranged, 
with first moving comb structures of the first spring-mass 
damper oscillating system being arranged on the second side 
of the first fixed-position comb structures, with second mov 
ing comb structures of the first spring-mass-damper oscillat 
ing system being arranged on a first side of the second fixed 
position comb structures, with first moving comb structures 
of the second spring-mass-damper oscillating system being 
arranged on the first side of the first fixed-position comb 
structures, and with second moving comb structures of the 
second spring-mass-damper oscillating system being 
arranged on the second side of the second fixed-position 
comb structures. 

20. The micromechanical sensor as claimed in claim 17, 
wherein the first spring-mass-damperoscillating system has a 
greater number offixed-position and moving comb structures 
than the second spring-mass-damper oscillating system. 

21. The micromechanical sensor as claimed in claim 16, 
wherein the first spring-mass-damper oscillating system has 
at least two spring-mass-damper oscillators. 

22. The micromechanical sensor as claimed in claim 16, 
wherein, in the case of the micromechanical sensor, one of the 
spring-mass-damper oscillating systems has a mechanical 
coupling element and an electrostatic coupling electrode, 
with the mechanical coupling element being designed for 
stepping down or stepping up the oscillation amplitude of one 
spring-mass-damper oscillator in this spring-mass-damper 
oscillating system to a lower or higher oscillation amplitude 
of the electrostatic coupling electrode, and with the oscilla 
tion amplitude of the other spring-mass-damper oscillating 
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system and of the electrostatic coupling electrode being of 
equal magnitude in the case of an in-phase oscillation. 

23. The micromechanical sensor as claimed in claim 16, 
wherein, in the case of the micromechanical sensor, at least 
one spring-mass-damper oscillator in the first spring-mass 
damper oscillating system oscillates in a measurement direc 
tion on an oscillation plane, and wherein the second spring 
mass-damperoscillating system has at least one spring-mass 
damper oscillator which is rotated to a rotation angle with 
respect to the measurement direction on the oscillation plane, 
with the rotated spring-mass-damper oscillator having comb 
structures, which are parallel to the comb structures of the 
first spring-mass-damperoscillator, and a guide which allows 
it to oscillate in an oblique direction which is governed by the 
rotation angle, with the oscillation amplitude of the rotated 
spring-mass-damper oscillator in the case of an in-phase 
oscillation having a vector component in the measurement 
direction which is of equal magnitude to the oscillation 
amplitude of the spring-mass-damper oscillator in the first 
spring-mass-damper oscillating system. 

24. A method for detection and/or measurement of oscil 
lations by means of a micromechanical sensor with at least 
two spring-mass-damper oscillators which are excited by a 
common external oscillation, with the micromechanical sen 
Sor having a first damped spring-mass-damper oscillating 
system with a first resonant frequency and a second damped 
spring-mass-damper oscillating system with a second reso 
nant frequency, which is lower than the first resonant fre 
quency, 

wherein, 
the first and the second spring-mass-damper oscillating 

systems oscillate in-phase in a frequency range below 
the second resonant frequency; wherein the first and the 
second spring-mass-damper oscillating systems have 
electrodes which oscillate in a measurement direction 
about electrode rest positions with electrode deflections 
which are equal to or proportional to deflections of the 
spring-mass-damper oscillators; wherein the first and 
the second spring-mass-damper oscillating systems are 
coupled to one another by means of at least one electro 
static field, which acts on the electrodes, forming at least 
one capacitance with the capacitance being governed by 
at least one electrode area, by at least one electrode 
coverage and/or by at least one electrode separation, 
with the electrode deflections influencing the electrode 
separation and/or the electrode coverage and thus influ 
encing the magnitude of the capacitance, and with the 
influence of the first spring-mass-damper oscillating 
system on the magnitude of the capacitance being com 
pensated for by the second spring-mass-damper oscil 
lating system in the case of a synchronous oscillation, 
and with the magnitude of the capacitance being used as 
a sensor output variable. 

25. The method as claimed in claim 24, wherein the micro 
mechanical sensor has a fixed-position comb electrode with 
fixed-position comb structures, wherein the first and the sec 
ond spring-mass-damper oscillating systems have moving 
comb structures which engage in the fixed-position comb 
structures, with the arrangement of the fixed-position and the 
moving comb structures with respect to one another resulting, 
in the case of an in-phase oscillation, at the same time as an 
increase in the electrode separation and/or a reduction in the 
electrode coverage of the moving comb structures of the first 
spring-mass-damper oscillating system by and/or with the 
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fixed-position comb structures, in a reduction in the electrode 
separation and/oran increase in the electrode coverage of the 
moving comb structures of the second spring-mass-damper 
oscillating system by and/or with the fixed-position comb 
structures, and with the moving comb structures being elec 
trically conductively connected to one another. 

26. The method as claimed in claim 25, wherein the micro 
mechanical sensor has the fixed-position comb electrode with 
fixed-position comb structures and a further fixed-position 
electrostatic comb electrode with further fixed-position comb 
structures, wherein the moving comb structures of the first 
and of the second spring-mass-damper oscillating systems 
engage between the fixed-position comb structures and the 
further fixed-position comb structures, with the arrangement 
of the fixed-position and moving comb structures with respect 
to one another and the central arrangement of the moving 
comb structures between the fixed-position comb structures 
and the further fixed-position comb structures resulting, in the 
case of an in-phase oscillation, at the same time as an increase 
in the electrode separation and/or a reduction in the electrode 
coverage of the moving comb structures of the first spring 
mass-damper oscillating system by and/or with the fixed 
position comb structures and as a reduction in the electrode 
separation and/oran increase in the electrode coverage of the 
moving comb structures of the first spring-mass-damper 
oscillating system by and/or with the further fixed-position 
comb structures, in a reduction in the electrode separation 
and/or an increase in the electrode coverage of the moving 
comb structures of the second spring-mass-damper oscillat 
ing system by and/or with the fixed-position comb structures, 
and an increase in the electrode separation and/or a reduction 
in the electrode coverage of the moving comb structures of the 
second spring-mass-damper oscillating system by and/or 
with the further fixed-position comb structures, with the mov 
ing comb structures being electrically conductively con 
nected to one another. 

27. The method as claimed in claim 25, wherein the micro 
mechanical sensor has a first fixed-position comb electrode 
with first fixed-position comb structures and a second fixed 
position comb electrode with second fixed-position comb 
structures, wherein the first and the second spring-mass 
damper oscillating systems have first and second moving 
comb structures, with the first moving comb structures engag 
ing in the first fixed-position comb structures, and with the 
second moving comb structures engaging in the second fixed 
position comb structures, with the arrangement of the first and 
second moving comb structures and of the first and second 
fixed-position comb structures which respect to one another 
resulting, in the case of an in-phase oscillation, at the same 
time as an increase in the electrode separation and/or a reduc 
tion in the electrode coverage of the first moving comb struc 
tures of the first spring-mass-damper oscillating system by 
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and/or with the first fixed-position comb structures, in a 
reduction in the electrode separation and/or an increase in the 
electrode coverage of the first moving comb structures of the 
second spring-mass-damper oscillating system by and/or 
with the first fixed-position comb structures, a reduction in 
the electrode separation and/or an increase in the electrode 
coverage of the second moving comb structures in the first 
spring-mass-damper oscillating system by and/or with the 
second fixed-position comb structures, and an increase in the 
electrode separation and/or a reduction in the electrode cov 
erage of the second moving comb structures of the second 
spring-mass-damper oscillating system by the second fixed 
position comb structures, with all the moving comb structures 
being electrically conductively connected to one another. 

28. The method as claimed inclaim 24, wherein at least one 
of the spring-mass-damper oscillating systems in the micro 
mechanical sensor has a mechanical coupling element and an 
electrostatic coupling electrode, with the mechanical cou 
pling element stepping down or stepping up the oscillation 
amplitude of the spring-mass-damperoscillator in the spring 
mass-damper oscillating system in the micromechanical sen 
sor to a lower or higher oscillation amplitude of the electro 
static coupling electrode, and with the electrode in the other 
spring-mass-damper oscillating system and the electrostatic 
coupling electrode oscillating with respect to one another 
during an in-phase oscillation of the first and second spring 
mass-damper oscillating systems with a constant electrode 
separation and constant electrode coverage. 

29. The method as claimed inclaim 24, wherein at least one 
spring-mass-damper oscillator in the first spring-mass 
damper oscillating system in the micromechanical sensor 
oscillates in a measurement direction on an oscillation plane 
and the second spring-mass-damper oscillating system in the 
micromechanical sensor has at least one spring-mass-damper 
oscillator which oscillates on the oscillation plane in an 
oblique direction, which is rotated at a rotation angle with 
respect to the measurement direction, with the rotated spring 
mass-damper oscillator having comb electrodes which are 
parallel to the comb structures in the first spring-mass 
damper oscillator, and a guide which allows it to oscillate in 
an oblique direction which is governed by the rotation angle, 
with the comb electrodes in the first and the second spring 
mass-damper oscillating systems oscillating with a constant 
electrode separation and constant electrode coverage during 
an in-phase oscillation. 

30. A method for the production of a micromechanical 
sensor as claimed in claim 16, wherein the method is a Sur 
face-silicon technology, a silicon technology close to the 
Surface, a silicon Volume technology, an LIGA technology or 
a multi-component microscopic injection-molding method. 

c c c c c 


