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Use of a fluid flow measuring device as a microphone and system
comprising such a micrcphone

The present invention relates to the use of a fluid flow
measuring device as a microphone.

Conventional microphones make use of the fact that the pres-
sure waves associated with an acoustic signal give rise to mechan-
ical vibrations in a membrane or the like, which vibrations are
converted with the aid of suitable conversion means into an elec-
trical varying signal, the frequencies arising in the electrical
varying. signal corresponding to those of the acoustic signal.

The invention is based on the fact that a pressure wave and a
mass flow wave are always associated with an acoustic wave, the
flow wave, however, having a phase shift relative to the pressure
wave. However, the flow waves which are associated with an acoustic
signal comprise the same fregquency pattern as the pressure waves
and are therefore also able to serve as the basis for sound mea-
surement.

The use of a fluid flow measuring device as a microphone is
known from R.0. Fehr, "“Infrasonic thermistor microphone", Journal
of the Audio Engineering Society, April 1970, vol. 18, Nr. 2, pages
128-132. This pﬁblication discloses the use of hot-wire anemometers
for the measurement of turbulence. In such devices, a very fine
wire is electrically heated and is cooled depending on the turbu-
lence of the air. The temperature changes of the wire are regis-
tered as resistance variations of the wire. The resistance vari-
ations can be detected by suitable electronic measuring cifcuits,
thus providing an electrical signal which is proportional to the
volume flow. However, hot-wire microphones are insensitive to the
direction of the volume flow. Moreover, hot-wire microphones double
the freguencies of the volume flow variations. In the publication
of R.0. Fehr, the application of two thermistors is disclosed to
Solve these problems of the hot-wire microphones. When there is a
volume flow over one of the two thermistors, the windward thermis-
tor will be cooled, whereas :the other thermistor will receive heat
transferred by the wind from the first thermistor. Again, the tem-
perature variations of the two thermistors are translated into
varying electrical signals by connecting the two thermistors in
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opposite arms of an electrical bridge circuit. The microphone
described in this pﬁblication is reported to operate only in a
frequency range from 0.1 to 20 Hz. The diameter of the thermistors
used is reported to be about 330 pm (13 mill). Since the publica-
tion of this article by R.0. Pehr about 25 years ago, no research
has been carried out for developing a micraphone*based.on-fluid_
flow measurements : for detecting acoustic waves in the audible
range. _ : o . :
US Patent 4,932,250 suggests the use of.a fluid flow measur-
ing device as a microphone for thg_detection;of ultrasonic waves.
No arrangement is suggested to detect acoustic waves within the
audible range.

From several documents a micro fluid flow measuring device is
known which comprises at least one heating element and at least two
temperature sensors arranged in opposite positions to the heating
element; see :e.g.. the German patent _applicatioh 36 11 614, the
European patent application 0,268,004, British patent application
2,226,139, and T.5.J. Lammerink, et al., "Micro-liquid flow sen-
sor", Senscrs and Actuators A, 37-38 (1993), pages 45-50. In none
of these doccuments reference is made to a possible use of the fluid
flow sensor disclosed as a microphone. .

The object of the invention is to provide a microphone which
is able to detect acoustic waves in the audible frequency range
based on fluid flow measurements. : '

In order to achieve this objective, use is preferably made of
techniques and means for the measurement of fluid flow which are
known per se. A typical example of a fluid flow sensor which can
advantageously be. used in the microphone according to the invention
is described in: T.S.J. Lammerink, et al., "Micro-liquid flow sen-
sor", Sensors and Actuators A, 37-38 (1993), 45-50, referred to
above. ' '

The invention provides the use of a fluid flow measuring
device as a microphone for detecting acoustic waves, said fluid
flow measuring device comprising at least one heating element, at
least a first temperature sensor arranged at a first predetermined

'spacing from the heating element, for generation of a first

electrical signal which corresponds to the temperature of the first
temperature sensor wherein the predetermined first spacing is less
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than 300 pm. o o

_ By using techniques now known from micro-electronics it is
possible to construct such a fluid flow measuring device with such
micro-dimensions. Surprisingly, the signal to noise ratio of such a
microphone is good up to 10 kHz, or more. A good signal to noise
ratio, up to 10 kHz, was observed in a practical embodiment of the
invention where one heating element was accompanied by two tempera-
ture sensors located on opposite sides of the heating element at a
spacing of 40 pm. Good.signal to noise ratios up to such high fre-
quencies can therefore be achieved with the microphone according to
the invention when the spacing between the heating element and the
temperature sensors appliéd is less than 50 pm. _

A_fu;ther advantage of this microphone is that it has an
extremely low cut-off freguency: conventional microphones are no
longer able to detect very low frequencies of an acoustic signal
because of the inherent rigidity of the membrane or the like mea-
suring the pressure wave. In a microphone according to the inven-
tion, on the other hand, very low frequencies of an acoustic signal
are converted into very low frequéncies of a thermal signal, which
is converted without attenuation into_a low-frequency electrical
signal. |

The invention also relates to a system comprising a micro-
phone comprising a fluid flow measuring device for detecting acous-
tic waves, said fluid flow measuring device comprising at least one
heating element, at least a first temperature sensor arranged at a
first predetermined spacing from the heating element, for
generation of a first electrical sigpal which corresponds to the
temperature of the first temperature sensor wherein the predeter-
mined first spacing is less than 300 pm, the microphone also com-
prising an electronic measuring dircuit'for measuring said first
electrical signal and providing an electrical output signal, the
system further comprising an amplifier for amplifying said output
signal and providing an amplified output.signal, and a loudspeaker
connected to said amplifier.

A microphone based on the measurement of fluid flow waves may
be advantageously used in combination with a microphone based on
pressure wave measurements. With an arrangement of this type, both
the flow waves and the pressure waves of_an acoustic signal can be
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measured, as a result of which the possibility exists of'determin-
ing not only the magnitude but also the absolute propagation direc-
tion of the propagating acoustic Signal ' '

Advantageous ‘embodiments of the use of a:fluid flow measuring
device as a microphone, and of the system comprising a microphone
based on fluid flow measurements are defined by the dependent
claims. '

The invention will be explained'helow'with'reference to the
appended drawings, in which preferred embodiments of the microphone

‘according to the invention are shown and which are intended to

illustrate the invention &nd not as a limitation of the latter.
In the drawings.
Figure 1la shows a side view of a microphone based on fluid
flow measurement; s |
Figure 1b shows temperature profiles arising in the micro-
phone according to  Figure 1a as a function of the distance x;
Figure 1c shows profiles of the temperature of several compo-

nents of the microphone according to Figure 1a as a function of the

velocity v of the fluid;

Figure 14 shows a further embodiment of a microphone accord-
ing to the invention;

Figure 'ie shows some temperature profiles arising in the
microphone according to figure 14 for different £luid flows, _

Figure_Za ‘shows a diagrammatic top view of the microphone
according to Figure 1a; o '

Figure 2b shows an eiectric'bridge circuit for generation of
an electrical signal which is representative for an acoustic wave
measured by the microphone of Figure 1a; ' '

Figure 3 shows a diagrammatic representation of a circuit for
generation of an acoustic wave; ' '

Figures 4a-4d show several alternative electrical circuits
for converting acoustic waves into an electrical signal by means of
the microphone according to the 1nvention, '

Figure 1la shows an example of a set-up for measurement of
several parameters of a £luid flow 2 through a channel 1. Said set-
up is known _per se for the measurement of parameters such as the
physical parameters of a gas, e.g., the gas density, the magnitude
of the flow in the case of static flows, etc. As a fluid flow sen-
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sor, the set-up according to Figure 1a is baéed on well-known ther-
mal anemometer principles. The set-up comprises a heating element H
and two sensors S1, S2. Both the heating element H and the two
sensors 51; 52 are lpcated in a channel 1, through which the £fluid
flow 2 is fed. The width of the heating element H is 2L. The sensor
§1 is located at a distance x away from the heating element H and
the sensor S2 is located opposite the sensor S1 at a distance x,
away from the heatiag element H. The spacing between heating
element H en sensor S§1 is indicated by reference sign r1, and
between heating element H and sensor S2 by r2. In order to simplify
the measufeméhts, the two sensors S1, 52 can each be located the
same distance away from the centre of the heating element H. How-
ever, this is not strictly neéessary. The sensors S1, 52 and the

heating element H also do not have to be located in one line, as in

Figure 1a. It is alsoc not necessary for the chamnel 1 to be pres-
ent. Any geometric structure can be chosen, depending on the

‘desired output signal. In a manner analogous_to that in the case of

conventional pressure wave microphones, use can be made of geomet-
ric obstructions in order to obtain the desired relationship, which
is dependent on the application, between the flow wave signai.and
the electrical_signal.

During ﬁse, the heating element H is heated by means of an
external energy source (not shown in Figure 1a). The temperatures
of the two sensors S1, 52 are measured individually. '

Figufe 1b shows the change in the temperature in the channel
1 as a function of the distance x from the centre of the heating
element H. The temperature T is constant over the entire heating
element H and is therefore constant between the positions x = -L
and x = L. Curve a in Figure 1b shows the change in the temperature
T as ﬁlfunction of the distance x for the situation where there is
no fluid flow 2 through the channel 1. In that case, the pattern of
the change in the temperature T in the channel 1 is symmetrical
;bout the midfpoint of the heating element H.

Aé is known, heat transport from the heating element H to the
surroundings thereof takes place via convection, radiation and/or
conduction. In the situation éssociated with curve a in Figure 1b,
the convection is zero because the fluid flow 2 is absent.

Curves b and ¢ in Figure 1b show various changes in tempera-
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ture T as a function of the distance x for various flow rates of
the fluid flow 2. For both curves b and ¢, the fluid flow 2 is
directed towards the right in Figure 1a. Consequently, the tempera-
ture at the sensor S1 is lower than that at the sensor S2 becaﬁse
the heat transport as a result of convection takes place only
towards the right. o SR B |

Figure 1c shows the temperature of the heating element H, of
the sensor S1 and of the sensor S2 as a function of the velocity v
of the fluid flow 2. For Figure 1c as well, a positive velocity v
corresponds to a fluid flow 2 directed towards the right in Figure
1a. In Figure 1c, Th indicates the temperature of the heating
element H, T1 the temperature of the sensor S1, T2 the temperature
of the sensor S2 and AT the difference between the temperatures of
the sensors S2 and S1; consequently AT = T2 - T1. '

For a symmetridal arrangémént'bf the sensors S1 and S2 around
the heating element H, the'curvé drawn for Th (v) is symmetrical
about the T axis and AT (v) is symmetrical about the origin. It
follows from Figure 1c that the velocity v of the fluid flow 2 can
Be unambiguouély'detérmined by:measufing the temperatures of the
sensors St and S2. The precisé shape of'tﬁe curves in Figufe 1c
depends on the heat generafed by the heating element H, as well as
on the heat transport as a consequénce of conduction and radiation,
and calibration will therefore be needed. '

It is observed that in the arrangement according to figure
2a, also sensors S1 and S2 may be heated. Of coufse, in that case
other temperature profiies than shown in figures 1b and 1c will

‘arise but these other temperature profiles will still unambiguously

define the fluid flow 2 in channel 1.
Figure 1d shows an alternative embodiment of the microphone
according to the invention. Instead of the applicatibn:of one heat-

ing element H accompanied by two sensors S1 and S2 as shown in

- Figure 1a, the microphone may also be based on the application of

two sensors S1 and S2 only, albeit that, then, at least one of the
sensors S1, S2 need be heated relative to the temperature of the
fluid flow 2. ' '

Figure 1e shows three temperature profiles which may occur in
the arrangement according to figure 1d. Curve a in figure le repre-
sents an equilibrium state in which no fluid flow is present. For
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curve a it is assumed that both sensor S1 and sensor S2 are heated

'to the same extent, however, that is not strictly necessary. Even

when the sensors S1 and S2 are differently heated an unambiguously
defined curve exists to which the microphone can be calibrated.
Curve b represents a state when fluid flow 2 is directed to the
right, i.e., from sensor S1 towards sensor S2. Then, sensor S1 is
more cooled by fluid flow 2 than sensor S2 since the fluid flow
transports heat from sensor St to sensor S2. Curve ¢ represents the
state in which fluid flow 2 is directed in the opposite direction,
i.e., from sensor S2 to sensor S1. The arrangement according to

figure 1d is expected to have better high frequency performance in

‘the audible range than the arrangement according to figure 1a.

However, the arrangement according to figure 1a is the most sensi-
tive one since two sensors are used. .

In the arrangement according to figure 1d, heating'of either
sensor S1 or sensor S2 may be omitted. The arrangement operates
also properly when only one of the sensors St or S2 is heated and
the other one is used as a non-heated sensor. In such a latter
arrangement, the heated element need not even be used as sensor,
i.e., it may be sufficient to detect the (varying) output signal of
one of the elements S1 or S2 only and use the other element only as
a heater. This situation is indicated by "H/S2" in figure 1d, mean-
ing that the most right element may be either sensor S2, heating
element H, or both.

Figure 2a shows a top view of a practical embodiment of the
fluid flow arrangement according to Figure 1a. Further data on this
sensor are given, for example, in T.S.J. Lammerink, et al. Micro-
liquid flow semsor, Semsors and Actuators A, 37-38 (1993) 45-50.
The channel 1 can be arranged on a silicon disc 300 pm thick. The
height of the channel 1 (as seen in the side view in Figure 1a) is,
for example, 250 um, whilst the width of the channel 1 (as seen in
Figure 2a) is, for example, 1000 pm. The heating element H and the
two sensors S1 and 52 preferably consist of thin SiN strips having
a thickness of, for example, 1 um, on top of which a metal layer
has been vapour-deposited. Said metal layer can, for example, com-
prise a layer of CrAu having a'thickness of 200 nanometres. How-
ever, other materials are possible, for instance a pn junction. A
plurality of metal layers lying on top of one another are also
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possible. The heating element H and the two sensors S1 and S2 thus

comprise strips of a predetermined reszstance value floating freely
in the channel 1. Said resistance values are shown in Figure 2a by
the letters Rh, Ru and Rd for the reSistance element H, the tem-
perature sensor s1.and the temperature sensor sz,.respectively The
resistance strips R1_and R2 are.arranged_in_order to form an elec-
tronic measuring.bridge; as wili be explained with reference to
Figure 2b. . N N - . .

Each of the res;stances Rh Ru, R4, R1 and R2 can be con-
nected to external means with the aid of ccnductive connecticn pads
3-8 of suitably chosen dimensicns.

By connecting the heating element H to a predetermined heat-
ing voltage or supplying it with a predetermined heating current,
said element will generate heat. The resistance values Ru and Rd of
the sensors St and 52 respectively, depend on the temperatures of
said sensors, so that measurement of the resistances Ru and Rd is a
direct measure for the temperature of the,senscrs S1 and S2.

Figure.zh shows a diagram of an electrical circuit for con-
nection of the fluid flow sensor according_tchrigure 2a in such a
way that an cutput voltage AUo can be generated, which output volt-
age is a direct measure for an acoustic signal which is fed over
the fluic flew sensor according to Figure 2a. Therefore, Figure 2b
shows an electric czrcuit which is suitable, when connected to the
device according to Figure 23, to provide a microphone. In the
circuit according to Figure 2b, the connection pad 7 is connected
to a heating voltage Uh, whilst the connection pad 4 is connected
to earth. The resistance Ru is located between the connection pads
3 and 4, whilst the resistance R4 is located between the connection
pads 5 and 4. A series circuit ccmprising resistcrs R3, R5 and R4
is arranged hetween'the connection pads 3 and 5. Resistor R5 is a
variable resistor which has a junction to which a setting voltage
Ub for the measuring bridge consisting cf the'resistances Ru, Rd,
R3, R5 and R4 can be connected. Ccnnection fad 8 is connected to a
capacitor C1 and connection pad 6 is connected to a capacitor C2.
During operation an output voltage AUo, which depends on the resis-
tance values Ru and Rd of the sensors s1_anq_32 respectively, is
produced at the output of the circuit_according to Figure 2b. Said
cutput voltage AUo is a function of the resistance variations of
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the resistances ﬁu'and Rd and thus of the teuperature difference
variations of the sensors S1 and S2. As a result of the use of the
capacztors C1 and c2, the circuit according to Figure 2b is suit-
able only for measurement of voltage variations and not of continu-
ous voltage differences over the sensors St and S2. In other uords,
the circuit according to Figure 2b is suitable for measuring the
variations in the magnitude of the fluid flow 2 through the channel
1. Of course, instead of capacitors C1 and C2 any cther suitable
high pass filter can be used. |

With the device in Figure 2a, the variations in the magnitude
of the fluid flow are first translated into temperature difference
variations of the sensors S1 and S2. Because of this translation
step, the speed of change in flow can be measured properly cnly'if
the open spacings r1, r2 between the sensors St, S2 and the heating
element H are not too great. If the chosen spacings r1, r2 are too
great, high frequency variations in the fluid flow 2 will hardly
result in detectable temperature difference variations at the sen-
sors S1 and S2. Conversely, however, if the chosen spacings are
very small, variations in the magnitude of the fluid flow 2 will

result in readily detectable variations in the temperatures of the

sensors S1 and S2.
| In order now to make the device shown in Figure 2a suitable
as a microphone for freguencies within the audible range, it must
be possible readily to detect variations in the magnitude of the
fluid flow 2 with frequencies in the audible range. In a microphone
which has been produced in practice, the open spacings ri1, r2
between the sensors S1 and S2 and the heating element H, respect-
ively, were 40 pm. To be applicable as a microphone for the audio
range, the open spacings are.preferably iess than 300 pm. Usihg the
electrical circuit according to Figure 2b, it was possible to-
detect acoustic waves up to very high frequencies with this micro-
phone: up to at least 10 kHz, good signal to noise ratios were
found. . ' o
An additional advantage of the microphone based on the fluid -
flow sensor according to Figure 2a is that low frequencies of
acoustic waves can also be measured unattenuated with this micro-
phone.'a conventional preséure microphcne_responds hardly at all to

low frequencies of acoustic waves and therefore also reproduces
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these only with attenuation.

rigure 3 shows, diagrammatically, an amplifier S and a loud-
speaker 10 connected thereto, with which the output Signal AUo can
be converted into an amplified acoustic signal since a microphone
based on fluid flow measurements shows a 1/f characteristic (£
being the frequency of the audio wave) the amplifier 9, preferably,.
has a linear f characteristic, or, in other words, shows a first
order behaviour. - o

The nominal values for the resistances shown in Figure 2b
are, for example, as follows: Rh = 800 0, Ru = Rd 3300 g, R1 = R2
= 725 0, R3 = R4 = 3300 O and RS = 100 0. Other values of Rh, Ru,
and Rd are possible. Preferahly, the reSistance values of Rh, Ru,
and Rd are within the range of 20-5000 0.

It will be clear to a person skilled in the art that Figure

2b is merely one illustrative embodiment of an electric circuit
with which variations in the temperature of the sensors 81 and S2

,can be measured electrically Other electric circuits are possible,

as Wlll be illustrated below with reference to figures 4a-4d. The
only essential feature is that the temperature difference varia-

tions of ‘the sensors s1 and sz are converted with the aid of a

suitable electric circuit into alternating voltages, the fre-
quencies of which correspond to the frequencies in the temperature
changes of the temperatures T1 and T2 of.the sensors S1 and S2,
respectively In the arrangement according to Figure 2a, the resis-
tances R1 and R2, which form part of the bridge arrangement accord-

ing to Figure 2b, are also integrated in the microphone However,

this does not have to be the case. They can even be entirely
omitted, i.e., Ri 82 = 00. Oon the other hand, it is also possible
to integrate the resistors R3, RS and R4 (Figure 2b) as well., Of
course, said resistances R1 to R5 must be arranged at a distance
from the heating element H such that this has no influence on their
resistance value. _
- Figures 4a-4d show some alternative electrical circuits'for
converting the resistance variations of reSistors Ru and Rd into a
varying electrical Signal, i.e., either a varying current or a
varying voltage. |

Each of the alternative electrical circuits of figures 4a-4d
are based on the application of a Widlar current mirror or
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*gadget”, in whidh'fésistor Ru is connected 4s an emitter resistor
to a transistor T1, the base of which being short-circuited to its
collector, and resistor Rd is connected as an emitter resistor to a

“transistor T2. The bases of transistors T1 and T2 are connected to

one another. _ : :

The collector of transistor T1 may be connected to a power
supply voltage Vb through a resistor R11, as shown in figure 4a, or
to a current source I,'as shown in figure 4b. In the embodiment of
figure 4a, the colleétor of transistor TZ is connected to the power
supply vpltage Vb through a resistor R12. An output voltage Vo is
available between the collector of the transistor T2 and ground, as
shown in figure 4a.

In the arrangement according to figure 4b, the output signal
is the collector'current Io of transistor T2. However, Io in the
arrangement of figure 4b may be transferred in an output voltage by
connecting a resistor to the collector of transistor T2.

Figure 4c shows a further alternative electrical circuit, in
which, however, the hasic.arrangement of transistors T1, T2 and of
resistors Ru, Rd is unchanged. The collector of transistor T1. is
connected to the collector of a pnp transistor T3 through a resist-
or R13. Transistor T3 is conne;ted in a Widlar current mirror con-
figuration with a pnp transistor T4 and with emitter resistors R11
and R12 as shown in figure 4c. The collector of transistor T4 is
connected to the collector of transistor T2. Resistors R11, R12 may
be sensors of a further microphone based on fluid flow measure-
ments, like resistors Ru, Rd. Alternatively, either resistors Ru
and R12 or Rd and R11 in combination may be part of microphones
based on fluid flow measurements. Likewise, any of the resistors
Ru, R4, R11, or niz may be part of a microphone with just one heat-
ing element and one sensor (see figure 1d). _

Figure 4d shows a circuit for converting resistance vari-
ations of resistors Rd and Ru into a varying electrical signal,'in
which three cascaded widlar current mirrors are used. The first
current mirror is equal to the current mirror arrangement of figure
4b, the output of which is connected to an input of a pnp Widlar
current mirror of transistors T3, T4 and emitter resistors Rii,
R12. The output of the latter pnp Widlar current mirror is con-

nected to an input of an npn Widlar current mirror comprising tran-
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sistors TS5, T6 and emitter resistors R15, R16. '_rhe' collector cur-
rent of transistor T6 provides the output current Io of the cir-
cuit. The output current Io can be converted into an output voltage
by connecting a resistor to the collector of trasnsis'for T6, like
the resistor R12 in figure 4a. Like in the arrangement according to
figure 4c, resistors R11, R12, R15, R16 can, either alone or in
combination with another one, be part of a microphone based on

"fluid flow mea'shre'ments .

The advantage of the arrangements according to figures 4a-4d

‘is that they are ea_sier to operate and have ;nbre tolerances than

the Wheatstone bridge configuration of figure 2b.

It is to be noted that the circuits of figures 4a-4d are
shown to include bipolar transistors, however, MOSFET's or JFET's
may be used instead. For more details regarding the electrical
circuit according to figures 4a-4d, the reader is referred to H.E.
de Bree, et al., 'The p-Flown, a novel device measuring ‘acoustical
flows", to be presented at the conference Transducers '95, Stock-
holm, June 26-.., 1995; H.E. de Bree, "The 'vllheétstone ‘Gadget, a
simple circuit for measuring differential resistance variations",
to be published. | o -

It is observed that the electrical measuring “circuits of
figures 4a-4d for measuring differential resistance values between
two (or more) variable resistors Ru, Rd may alsc be used in other
configurations, i.e. configurations in which resistors Ru, R4 are
no part of a microphone based on fluid flow measurements.

Because of the small dimensions and its low frequency sensi-
tivity the microphone described above offers many interesting
applications, some of which will be listed below.

1. For measuring turbulence the 'applica‘tion of small micro-
phones sensitive to very low frequencies is required. The micro-
phone according to the invention meets these requirements.

2. The microphone according to the invention may be applied
in the field of acoustic imaging (acoustic ho:lography) . Acoustic
imaging is a method to measure acoustic fields by means of an array
of microphones (for example in 128 x 128 positions). At the moment,
such a method can be carried ocut by means of pressure microphones.
However, such pressure microphones are expensive and, moreover,
pressure microphones affect the acoustic field principally. The
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microphone describéd here is expected to cost ‘only a fraction of
the costs of. pressure microphones. Moreover, since the microphone
according to the invention is based on meaéuring £luid flows it
hardly affects the acoustic field to be measured.

3. The microphone according to the invention may be used in
the field of hydrophony which is, e.g., used to minimize the noise
generation of ships. For this purpose, microphones are reqguired
which are not degraded by water and which show a frequency range of
up to 5 kHz. By the application of a gel, known to a person skilled
in the art per se, having the same acoustic impedance as water, the
microphone according to the invention may be constructed insensi-
tive to water.

4. The microphone according to the invention can advantage-
ously be applied in airplanes. To measure acoustic waves in air-
planes, at the moment, both pressure waves and flow waves are
measured. At the moment, the flow wave is deducted from the pres-

sure wave at different locations. However, at low frequencies (i.e.

~about 100 Hz) this method leads to errors due to phase shift prob-

lems. The solution of this problem is to measure the volume flow at
one location which can be carried out very easy with the microphone
described here. The microphone is very sensitive about 100 Hz and
the seize of the microphone is such that the volume flow can be
measured at one location. ' _

5. The microphone according to the invention may be used to
evaluate standing waves iﬁ a tube. In such an analysis the reflec-
tion coefficient of materials is measured by means of a standing
wave tube. However, this is a complicated method, which could be
's:i.mp_lif:i.ed by means of a combination of a pressure microphone and a
microphone based on fluid flow measurement.

6. The microphone according to the present invention can be
used as a uni-polar microphone for carrying out stereo-measurements
in a single point. Such a microphone could advantageously be used
4n "open line telephones”. Such telephones are used in the field of
valuta and stocks. These are a kind of hands-free telephones, i.e.
telephones without a receiver but including a microphone and a
large loudspeaker arranged in a roonm, however, with the feature
that the loudspeaker signal is never suppressed. In a hands-free

telephone, as soon as somebody speaks into the microphone, the
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loudspeaker signal is suppressed to avoid f‘afi:qustic feedback. By
using a unipolar microphone such an- acdu; ¢ :feedback can be

ining a pressure
microphone and a microphone' based on fluid fl@v:vg".:fm'easurement and by
adding the output signals of both. N ;_

7. The microphone according to the inveqtibn ‘may be used for
transonic measurements. The generation of no:.se by propellers and
turbofan motors is examined in a wind tunnel with ‘wind ‘speeds about
the speed of sound. During such an examination it is very important
that the air flow is not disturbed. Acoustic. pressures are in the
order of 140 4ABSPL and the frequencies obserﬁéc’:{l are below 2 kHz.
Therefore, the microphone described here ié ief:y .suitable to be
used in such an arrangement. The microphone according to the inven-

tion is small and, moreover, the acoustic pres'gutes are very high,

- while the frequencies are relatively low. Princ:f.pally, the measure-

ments can be carried out with the one-sensor-one-heater configur-
ation. | '

8. The microphone according to the invex_xi:-ion can be used to
measure the acoustic radiation of an airplane body. To carry out a
measurement as accurate as possible the measurement need be carried
out as close to the bbdy as possible. The i’nten_sﬂ:y- sensofs accord-
ing to the prior art are too large to do so.’ chév;_rer, a combination
of a microphone based on fluid flow measurements: and a pressure
microphone are able to carry out such measurements.

9 An acoustic wave is entirely determined by a pressure wave

: and a flow wave. By a combination of a preSsu’re- microphone and a

microphone based on fluid flow measurements, therefore, an acoustic
wave can be measured accurately. Therefore,. -.-'such a combination
offers a better possibility than a pressure microphone only in

anti-noise systems for measuring acoustic waves as accurate as

possible.
10. The direction of an acoustic wave éar_l be measured by

-means of, e.g., three perpendicular microphones based on fluid £flow

nmeasurements and a pressure microphone. Preferably, in such an

arrangement the microphones based on fluid flow measurement have to

.be constructed to be sensitive in one direction imly.‘
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1. Use of a fluid flow measuring device as a microphone for
detecting acoustic waves, said fluid flow measuring device compris-
ing at least one heating element (H), at least a first temperature
sensor (S1) arranged at a first predetermined spacing (r1) from the
heating element (H), for generation of a first electrical signal
which corresponds to the temperature (T1) of the first temperature
sensor. (81) characterized in that the predetermined first spacing
(r1) is less than 300 pm. .

2. Use of a fluid flow measuring device as a microphone ac-
cording to Claim 1, wherein the heating element (H) and the first
temperature sensor (S1), respectively, are formed by a heating
resistance strip (Rh) and a first (Ru) sensor resistance strip
(Ru), respectively, which strips are arranged some distance apart
in a channel (1) along which the acoustic wave is able to propa-
gate, the channel (1) having a predetermined héight and width.

3. Use of a fluid flow measuring device as a microphone ac-
cording to claim 1 or 2, wherein the predetermined first spacing
{r1) is less than 50 um.

4., Use of a fluid flow measuring device as a microphone ac-
cording to any of the preceding claims, wherein the temperature
sensor (S1) is also heated during operation. '

5. Use of a fluid flow measuring device as a nmicrophone ac-
cording to any of the preceding claims, wherein the heating element
{H) is arranged as a second temperature sensor (S2) for generation
of a second electrical signal which corresponds to the temperature
(T2) of the second temperature sensor (S2).

6. Use of a fluid flow measuring device as a microphone ac-
cording to any of the claims 1-4, wherein a second temperature
sensor (S2) is provided arranged at a second predetermined spacing
(r2) from the heating element (H), for generation of a second
electrical signal which corresponds to the temperature (T2) of the
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second temperature sensor (S2), the predetexfﬁined second spacing
(r2) being less than 300 um.

7. Use of a f£fluid flow measuring dev_:ice_ as a microphone
according to Claim 6, wherein the_first predetermined spacing (r1)
is equal to the second predetermined spacing_' (r2).

8. Use of a fluid flow measuring device as a microphone ac-
cording to any of the claims 1-4, comprising an electronic measur-
ing circuit for measuring said first electrical signal and provid-
ing an electrical output signal (AUo; Vo; Io).

9. Use of a fluid flow measuring device as a microphone ac-
cording to claim 5 or 6, comprising an electronic measuring circuit
for measuring said first electrical signal and said second electri-
cal signal and for providing an electrical output signal (AUo; Vo;

“Io).

10. Use of a fluid flow measuring device és_ a microphone ac-
cording to claim 9, wherein the electronic measuring circuit com-
prises a bridge circuit and a high pass filter (C1, C2) connected
to said bridge circuit, the latter being connected to a setting
voltage (Ub), the first sensor (S1) being a first temperature dep-
endent resistor (Ru) and the second sensor ' {82) being a second
temperature dependent resistor (Rd), said first and second tempera-
ture dependent resistors (Ru, Rd) being 1located in different
branches of the bridge. '

11. Use of a fluid flow measuring device as a microphone ac-
cording to claim 9, wherein the electronic measuring circuit com-
prises a Widlar current mirror ("gadget") comprising at least a
first transistor (T1) and a second transistor (T2) coupled in a
“current mirror configuration, the first sensor (S1) being a first
temperature dependent resistor (Ru) and the .seacond sensor (S52)
being a second temperature dependent resistor (Rd), said first
temperature dependent resistor (Ru) and said second temperature
dependent resistor (Rd), respectively, being connected as emitter
resistors to the first (T1) and second (T2) transistors, respectively.
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12. System comprising a microphone comprising a f£luid flow
measuring device for detecting acoustic waves, said fluid fiow
measuring device comprising at least one heating element (H), at
leést a first temperature sensor (S1) arranged at a first predeter-
mined spacing (r1) from the heating element (H), for generation of
a first electrical signal which corresponds to the temperature (T1)
of the first temperature sensor (S1) characterized in that the
predeterminedlfirst spacing (r1) is less than 300 um, the micro-
phone' also comprising an electronic measuring circuit for measuring
said first electrical signal and providing an electrical output
signal (AUo; Vo; Io), the system further comprising an amplifier
(9) for amplifying said output signal and providing an amplified
output signal, and a loudspeaker (10) connected to said amplifier
{9}).

13. System according to Claim 12, wherein the heating element
(H) and the first temperature sensor (S1), respectively, are formed
by a heating resistance strip (Rh) and a first (Ru) sensor resis-
tance strip (Ru), respectively, which strips are arranged some
distance apart in a channel (1) along which the acoustic wave is
able to propagate, the channel (1.) having a predetermined height
and width.

14. System according to claim 12 or 13, wherein the predeter-
mined first spacing (r1) is less than 50 pm.

15. System according to any of the claims 12-14, wherein the
temperature sensor (S1) is also heated during operation.

16. System according to any of the claims 12-15, wherein the
heating element (H) is arranged as a second temperature sensor (52)
for generation of a second electrical signal which corresbonds to
the temperature (T2) of the second temperature sensor (S2) and
wherein said electronic measuring circuit is also arranged for

measuring said second electrical sigmal.

17. System according to any of the claims 12-15, wherein a
second temperature sensor (S2) is provided arranged at a second
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‘predetermined spacin§ (r2).from-the heating element (H), for gener-
ation of a second electrical signal which corresponds to the tem-
perature (T2) of the second temperature sens@r.(SZ);*the predeter-
mined second spacing being less than 300 pm and wherein said elec-
tronic measuring circuit is also arranged for measuring said second
electrical signal. | ‘

18. System according to Claim 17, wherein the first prede-
termined spacing (r1) is equal to the second'predetermined spacing
(r2). '

19. System according to claim 16 or 17, wherein the elec-
tronic measuring circuit comprises a bridge circuit and a high pass
filter (C1, C2) connected to said bridge circuit,'the latter being
connected to a setting voltage (Ub), the first sensor (S1) being a
first temperature dependent resistor (Ru) and the second sensor
(S2) being a second temperature dependent resistor (Rd), said first
and second temperature dependent resistors (Ru, Rd)'being located
in different branches of the bridge. '

20. System according to claim 16 or 17, wherein the elec-
tronic measuring circuit comprises a Widlar current mirror compris-
ing at least a first transistor (T1) and a second transistor (T2)
.coupled in a current mirror configuration, the first sensor (S1)
being a first temperature dependent resistor (Ru) and the second
sensor (S2) being a second temperature dependent resistor (Rd),
said first temperature dependent resistor (Ru) and said second
temperature dependent resistor (Rd), respectively, being connected
as emitter resistors to the first (T1) and second (T2) transistors,

respectively.

21. In combination, a first microphone comprising a pressure
‘measuring device and second microphone comprising .a fluid flow
measuring device for detecting acoustic waves, said fluid flow
measuring device comprising at least one heating element (H), at

least a first temperafure sensor (S1) arranged at a first predeter-

- mined spacing (r1) from the heating element (H), for generation of

a first electrical signal which corresponds to the temperature (T1)
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of the first temperature sénsor (S1), wherein the predetermined

first spacing (r1) is less than 300 pm.

22. Widlar current mirror ("gadget") comprising at least a
first transistor (T1) and a second transistor (T2) coupled in a
current mirror configuration, a first resistor (Ru) connected as
emitter resistor to said first transistor (T1) and a second resis-
tor (Rd) comnnected as emitter resistor to said second transistor
(T2), wherein at least one of said first (Ru) and second (R4)
resistors have a variable resistance value, e.g. due to temperature

dependency.
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