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Fig. 3.1 (previous page): SEM photo’s of various types of Microflowns that are realised 
over the last decade. 

3.1 Summary 

In this chapter the features of the Microflown are discussed in detail. First 
some historical models are shown then the operating principle is explained. 
The mechanisms behind the sensitivity and the frequency depending 
behaviour are shown. For practical reasons it is convenient that both 
amplitude and phase response are flat. An analogue signal conditioning is 
developed to achieve this (see §3.5). The measured frequency response is 
shown in §3.6, the polar pattern in §0, the selfnoise in §3.9 and the upper 
sound limit (138dB) is given in §3.10. 

If the Microflown sensor is packaged properly, the sensitivity goes up. In 
§3.11 this effect is explained. The influence of wind is shown in §3.12 and 
the sensitivity for variations in static pressure, ambient temperature and 
humidity are shown in the following paragraphs. 

The last section of chapter 3 is about the commercial available sound 
probes and their use.   
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3.2 Introduction 

The Microflown is an acoustic sensor measuring particle velocity instead 
of sound pressure which is usually measured by conventional microphones. 
It does not measure fluctuating air pressure. Instead, it measures the 
velocity of air ‘particles’ across two tiny, resistive strips of platinum that are 
heated to about 200°C. In fluid dynamics, the motion of gas or liquid 
particles is called a flow, hence the name Microflown, which is sensitive to 
the movement of air rather than pressure. 

The Microflown was invented in 1994 at the University of Twente, the 
Netherlands [1], [2]. Although it can be used as a microphone for sound 
recording, due to its unique properties it is mostly used for measurement 
purposes. 

The transducer resembles a micro machined hot wire anemometer, but 
based on two heated extremely thin wires, not one as in the classical 
anemometer. A particle velocity signal in the perpendicular direction of the 
wires changes the temperature distribution instantaneously, because the 
upstream wire is cooled more than the downstream wire by the acoustic 
airflow. The resulting resistance difference provides a broad band (0Hz up 
to at least 20kHz) and linear signal with a figure of eight directionality that 
is proportional to the particle velocity up to sound levels of 135dB. Between 
100Hz and 10kHz the lower (noise) level is in the order of -10dB (i.e. 
twenty nano meter per second) in 1Hz bandwidth. 

At low frequencies the sensitivity of this particle velocity transducer 
increases 6dB per octave. This behaviour is believed to be related to the 
thermal boundary layer of the wires. Between 200Hz and 1kHz the 
frequency response is relatively flat. Between 1kHz and 10kHz there is a roll 
off of 6dB per octave, caused by diffusion effect related with the distance 
between the two wires. Above 10kHz the sensitivity decreases an additional 
6dB per octave because of the thermal heat capacity of the wires.  

In the year 2000 two Russian scientists developed a mathematical model 
of the operation principle of the Microflown that predicted the two high 
frequency corner frequencies. This mathematical model was based on two 
boundary layers, i.e. the practical device as it is used now.  

Enhanced calibration measurements proved another corner frequency at 
low frequencies (in the year 2004). This behaviour is not modelled yet. 

3.3 The Microflowns over the last decade 

The first sensor that was used as a Microflown is presented in chapter 1, 
the sensor itself is shown in Fig 1.13 and the sensor including a preamplifier 
is shown in Fig 1.14. This sensor was a sensor that was used as test sample 
to determine the fluid velocity and some of the fluid properties. Just by 
coincidence this sensor was used as acoustic sensor and this was the start 
of the Microflown project. 
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The first dedicated Microflown is also shown in chapter 1 in Fig. 1.16. The 
cantilever type of Microflown had three elements and regarding the 
functionality, it operates the same as the one that is shown in the lower left 
figure of the previous oversight. The difference is that the three wires are 
connected at the tip for enhanced stability. Apart from that the electrical 
connections are made smaller so that more sensors can be made on one 
wafer. 

In an early stage of the investigation it showed that only two wires are 
needed. Therefore the Microflown in the upper left of Fig. 3.1 was made. 
The sensor bending was reduced with stabilizers; see the upper left picture 
and a blow up second row left. 

The second of row middle and the fourth row left of Fig. 3.1 shows a 
detail of a tip connection. And lower middle shows the sensor at the other 
end. Lower row left shows a smaller version of the cantilever type of 
Microflown. It was too small to handle so this design was not used. 

Modern Microflowns are bridge type sensors. The realisation provides 
more mechanical stability than the cantilever type. Due to this the wires can 
be made thinner causing an improved audio quality. 

The realisation depicted in the middle left is able to measure the particle 
velocity in the normal (to the wafer) direction. A detail is shown below that 
picture. This principle is used to make a three dimensional Microflown, see 
forth row middle figure. This realisation is scientific challenging to make but 
it has found no practical value yet. 

3.4 Working principle 

The Microflown consists of two ultra thin wires, see e.g. Fig. 3.1 upper 
middle photo. These wires are platinum resistors that act as temperature 
sensors. They are powered by an electrical current causing them to heatup. 
An increase of the temperature of the sensors leads to an increase of the 
resistance as well. If no particle velocity is present, both sensors will have a 
typical operational temperature of about 200ºC to 400ºC and all the heat is 
transferred in the surrounding air. 

When particle velocity (sound) propagates orthogonally across the wires, 
it asymmetrically alters the temperature distribution around the resistors. 
The resulting resistance difference provides a broad band (0Hz up to at 
least 20kHz) linear signal with a figure of eight directionality that is 
proportional to the particle velocity up to sound levels of 135dB. The lower 
(noise) level is in the order of -10dB (i.e. 20·10-9 m/s=20nm/s) in 1Hz 
bandwidth at 1kHz. 

The two wires are represented by two lines as shown in the symbol of the 
Microflown (Fig. 3.2), indicating the sensitive orientation of the Microflown. 
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Microflown

pos. neg.

Microphone 

Fig. 3.2: Symbols of a Microflown and a microphone. The two lines in the Microflown 
symbol represent the two temperature sensors, the one line in the microphone symbol 
represents the membrane. 

Low frequency sensitivity (LFS) 

The Low Frequency Sensitivity (LFS) is the sensitivity determined at 
250Hz. This is a practical value because at lower frequencies (f<100Hz) and 
higher frequencies (f>1kHz) the sensitivity decreases. It is defined in 
mV/Pa* or m/s. 

The mechanisms behind the Microflowns sensitivity for particle velocity 
are explained in this paragraph. To do this, first a single wire is examined. 

A single hot wire can also be deployed as a velocity sensor, however the 
underlying principles of anemometer and Microflown operation are 
completely different.  

A single hot wire (or hot wire anemometer) operates on the cooling down 
of the wire due to convection. It operates from 10cm/s upwards (in air) for 
which Kings law applies (the cooling down of the wire is proportional to the 
square root of the velocity). An anemometer cannot distinguish between 
positive and negative velocity directions; both will cool down the wire. 

The cooling down of the wire can be seen in the lower curve of Fig. 3.5. 
This represents the total cooling down of the Microflown. 

∆
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0

 

Fig. 3.3: The temperature distribution around one wire. Solid blue line: no flow, dotted 
red line: due to convection perturbed temperature distribution. The lower black line is the 
perturbation due to small convection, at the position of the wire the perturbation is zero: 
the wire does not cool down. 

For lower air velocities (lower than 1cm/s) the wire will not cool down 
due to the velocity (other cooling mechanisms become dominant) and Kings 
law does not apply anymore. Although the wire does not cool down, due to 
the convection, the temperature distribution around the hot wire will alter, 
see Fig. 3.3.  
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A Microflown consists of two heated wires. It operates in a flow range of 
10nm/s up to about 1m/s. A first order approximation shows no cooling 
down of the sensors. Particle velocity causes the temperature distribution of 
both wires to alter and the total temperature distribution causes both wires 
to differ in temperature; because it is a linear system, the total temperature 
distribution is simply the sum of the temperature distribution of the two 
single wires. 

output

∆
T

[k
]

velocity

distance 

0
upstream downstream  

Fig. 3.4: Dotted line: temperature distribution due to convection for two heaters. Both 
heaters have the same temperature. Solid line: sum of two single temperature functions: 
a temperature difference occurs. 

Due to the convective heat transfer, the upstream sensor is heated less 
by the downstream sensor and vice versa. Due to this operation principle, 
the Microflown can distinguish between positive and negative velocity 
direction. 

 

Fig. 3.5: Measured temperatures of the Microflown due to an acoustic disturbance. Due to 
particle velocity both temperature sensors cool down but in a different manner. The 
temperature difference is proportional to the particle velocity. The sum signal (common 
signal) represents a sort of hot wire anemometer and measures the common temperature 
drop. It has an illustrative double frequency that is common for hot wire anemometry. 



The Microflown 

 3-7 

Two forms of heat transport play a role. Heat diffusion and convection 
(radiation is negligible here).  

For large sensor spacing, the heat transfer due to convection does not 
reach the other sensor and because of this the temperature of the sensors 
will not alter (the perturbation is zero for large distance, see Fig. 3.3). 

If the sensors are brought very close to each other, almost no 
temperature differences are possible since a temperature difference results 
in a relatively large diffusion heat transfer in the opposite direction. 

Temperature variations of the two sensors due to a high level sound 
wave (in this case both wires cool down as well) are shown in Fig. 3.5.  

Frequency response 

At low frequencies the sensitivity of this particle velocity transducer 
increases 6 dB per octave. This behaviour is believed to be related to the 
thermal boundary layer on the wires. Between 100Hz and 1kHz the 
frequency response is relatively flat. 

At higher frequencies the sensitivity of the Microflown is decreasing. This 
high-frequency roll-off is caused by diffusion effects (to which the time it 
takes for heat to travel from one wire to the other is related). The effect can 
be estimated by a first order low pass frequency response that has a 
(diffusion) corner frequency (fd) in the order of 1kHz. 

The second high frequency roll-off is caused by the heat capacity 
(thermal mass) and shows an exact first order low pass behaviour that has 
a heat capacity corner frequency (fheat cap) in the order of 8kHz to 20kHz. 

Electric model of the Microflown 

The frequency and phase response can be modelled by an electrical 
network. Of course this model is not exactly correct. If the model is used to 
develop a real physical network that has the inverse of the response, the 
amplitude and phase response is linked: if the frequency response is 
altered, the phase response alters too. If the model is used to develop a 
digital filter that has the inverse response then the amplitude and phase 
response do not have to be linked. This extra degree of freedom makes it 
possible to create a more accurate correction filter.  

The frequency dependent behaviour of the Microflown can be modelled 
by an electrical network, see Fig. 3.6. The first network R1C1 is a high pass 
filter related to the thermal boundary layer on the wires with a corner 
frequency in the order of 30-60Hz for PU probes and 100Hz for Scanning 
probes and USP’s. The difference is caused by the packaging. 

The first low pass filter R2C2 represents the diffusion effects and the low 
pass filter R3C3 represents the thermal mass of the sensor wires. The corner 
frequency (the frequency of which the frequency response decays 3dB) of 
the first low pass filter is in the order of 1kHz and the corner frequency of 
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the second low pass filter is in the order of 10kHz. The 1X amplifiers are 
included to decouple the RC filters. 

R1 C2

R2 R3

C3

out

 

ideal
Microflown

 

Fig. 3.6: Electrical model of the frequency dependent behaviour of a Microflown. 

The frequency response of a Microflown can be described with: 

2 2 2

1

2 2 2

2 3

1 1 1

LFS
output

f f f

f f f

=

+ + +

 (3.1) 

LFS being the low frequency sensitivity, determined at 250Hz. 

The phase response of the network of Fig. 3.6 represents the phase 
response of the Microflown. 

1 1 11

2 3

C f f
phase tg tg tg

f C C

− − −
= − −  (3.2) 

The constants C1, C2 and C3 are approximately the same as the 
frequencies f1, f2 and f3. 

3.5 Electric signal conditioning 

The frequency response of the Microflown is not flat. The signal 
conditioner consists of an equaliser that is adjusted so that both phase and 
amplitude response is corrected. After the correction, the amplitude and 
phase response is flat.  

The electric signal conditioner consists of a low noise preamplifier, a filter 
with the inverse response of a Microflown and a low impedance buffering as 
output stage. 

The properties of the filters can be adjusted. The low pass behaviour that 
is modelled with the low pass filters that are shown in Fig. 3.6 is corrected 
with an equaliser that has the inverse response. The procedure is described 
in the following paragraphs. 

The signal conditioner; high frequency correction 

The high frequency filters are designed in such way that they correct the 
amplitude and phase response of the Microflown in combination with the 
miniature microphone.  
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Because it is an analogue circuit, this inverse response is bandwidth 
limited from 1Hz to 100kHz. The lower frequency limit is not zero Hertz to 
avoid drift issues. This 1Hz is just a chosen value, it is also possible to 
choose this low frequency cut of at a lower value. The phase response is 
affected at 20Hz if a higher value is chosen. 

The frequency response of the Microflown is zero at very high 
frequencies. To correct this, the correction filter should have an infinite gain 
at very high frequencies. This is not possible for an analogue circuit. The 
100kHz is therefore the reasonable limit that is possible for a correction of 
the amplitude response. Again, the phase response is affected at 20kHz if a 
lower value is chosen. 

The signal conditioner; low frequency correction 

In the acoustic bandwidth (20Hz-20kHz), at lower frequencies (f<100Hz) 
the amplitude response of a Microflown reduces for decreasing frequencies. 
To correct this, the gain should be very high at these lower frequencies. It is 
not difficult to realise an analogue filter that is capable of correcting this 
behaviour but the side effect is that the Microflown (plus corrections) 
becomes very sensitive for wind or handshaking. This is not wanted. 
Therefore the low frequency response of the Microflown is corrected with 
another method. 

(At very low frequencies the frequency response is flat again. The 
Microflown is sensitive for DC flow). 

The amplitude and phase response of the pressure microphone is filtered 
in such way that it has the same low frequency properties as the 
Microflown. Now the phase response of the microphone is the same as the 
phase response of the Microflown. Although the absolute phase response of 
the sensors is not flat anymore, the unwanted phase shift between the 
pressure and velocity channel is zero due to this procedure. 

The amplitude response however is not flat due to this procedure. 
Therefore the low frequency measured values should still be corrected by 
post processing the data.  

The signal conditioner; signals after correction 

A diagram of the complete signal conditioner is given in Fig. 3.7. The 
frequency dependent behaviour in the acoustic bandwidth of the Microflown 
is represented as one high pass filter (HPF) with a cut of frequency of 30-
100Hz. The sensitivity decay at higher frequencies is represented by the low 
pass filters LPF1 and LPF2. The roll off frequencies are in the order of 1kHz 
and 10kHz respectively. 

Two filters (F1 and F2) are used to correct the high frequency behaviour 
of the Microflown.  

The filter F1 has a flat frequency response at lower frequencies and at 
approximately 1kHz the gain increases with 6dB/oct (which equals 
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20dB/dec). At 100kHz the frequency response is flat again. (At 1MHz the 
frequency response reduces). The filter F2 is similar but the gain increases 
with 6dB/oct at approximately 10kHz. 

 

HPF F1 F2

Microflown

Microphone

HPF

LPF1 LPF2 1x

1x

Signal conditioner  

Fig. 3.7: Block diagram of the frequency dependent behaviour of the Microflown and 
signal conditioner. 

At lower frequencies a high pass filter is deployed that has a frequency 
response that rolls of with 6dB/oct to filter the pressure signal. This 
response is similar as the HPF of the velocity signal. Due to this filter the 
phase shift of the microphone signal is similar to the phase response of the 
Microflown signal. 

The frequency response of the velocity probe and the microphone after 
signal conditioner is given by: 

2

1

2

@ 250

1

sensitivity Hz
output

f

f

=

+

 (3.3) 

The absolute phase response of both sensors is given by: 

1 1C
phase tg

f

−
=  (3.4) 

Normally this phase relation is not needed. If the cross spectrum is 
determined, the phase response between the probes is zero; i.e. the 
measured phase shift is only due to the phase shift of the sound field. 

Unlike the phase response, the modulus of the cross spectrum is affected 
by the frequency response of both sensors. Therefore the modulus of the 
cross spectrum has to be corrected by: 

2

1

2
1

f
Cross spec correction

f
= +  (3.5) 

So for lower frequencies the frequency response has to be amplified, 
above the corner frequency f1, no correction is needed. In practice this 
means the cross spectrum measured of signals coming from a PU probe that 
has not have to be corrected for frequencies higher than 30-60Hz. A USP 
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has a low frequency corner frequency of approximately 100Hz so for 
frequencies higher than 100Hz no correction is needed. 

The Microflown signal conditioner in practice 

Channel nr. 1 is used for the pressure signal, channel 2 represents the 
blue element, nr. 3 (optional) the green and nr. 4 (optional) the red 
Microflown element. The power switch can put the preamp in a LowGain 
state by pushing the switch down. When you put the switch up, the 
conditioner is in its HighGain state.  

With the ‘eq.’ switch the velocity signal can be equalized so that the 
frequency response becomes flat. When the led is orange the conditioner is 
in this “correction” mode. Push the switch up, the led will become green and 
the signal uncorrected. The conditioner is powered standard with 18VDC. 

 

Fig. 3.8: The 4 channel signal conditioner. 

The Microflown preamplifier has a dual adjustable equalizing filter (only 
to be set by a skilled engineer by opening the housing). The equalizing filter 
is set so that the Microflown response is corrected for higher frequencies 
(f>200Hz). (See also the document ‘A standard calibration with a sphere 
calibrator’). The gain of the preamplifier is changes if the equalizer settings 
are changed. 

The Microflown preamplifier has two gain settings that can be operated 
by the user. The low gain is used for high input signals of the Microflown 
and the high gain is set for low input signals. If the Microflown preamplifier 
is set in high gain it has good selfnoise properties: the noise of the preamp 
will not contribute to the selfnoise of the Microflown. 

Allow a 10 seconds settling time after switching the Microflown 
preamplifier in high gain. The equalizer can be switched on and off by the 
user. The Microflown preamplifier can be set in high and low gain by the 
user. The graphs that show the behavior of the Microflown preamplifier are 
explained now. 

The gain Au [in dB] of the Microflown preamplifier varies with the setting 
of the equalizer. The graph below left shows this. The black line shows the 
minimal equalizer setting; this setting has a gain of approx -5dB (this is 
attenuation). If the equalizer is switched on (by the user), the gain 



The Microflown 

 3-12 

increases from 1kHz. If the equalized is set maximal (red line), the gain is 
approx. -26dB (this is attenuation). If the equalizer is switched on (by the 
user), the gain increases from 200Hz.  

The phase response is approximately flat if the equalizer is not switched 
on, see figure right below, flack lower line. If the equalizer is switched on, 
the phase response changes to match the opposite of the Microflown phase 
response.  
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Fig. 3.9: Gain (left) and (phase) of the Microflown signal conditioner for maximal settings. 

The extra gain of the Microflown preamplifier can be switched on and off 
by the user. The gain is approx. 42dB independent on frequency. The phase 
response (right) is almost flat. At lower frequencies it rises a few degrees. 
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Fig. 3.10: Extra gain (left) and (phase) of the Microflown signal conditioner when it is put 
in high gain mode. 

The signal conditioner is normally used in High Gain mode. 

Microphone preamplifier 

The microphone preamplifier has an adjustable high pass filter 
(only to be set by a skilled engineer by opening the housing). The 
filter is set so that it matches the low frequency phase behaviour of 
the Microflown sensor. (See also the document ‘A standard calibration 
with a sphere calibrator’). The gain and the filter settings cannot be 
changed by the user. 

 



The Microflown 

 3-13 

Below the amplitude and phase response of the maximal settings 
are shown. Any value between these setting can be set. 
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Fig. 3.11: Gain (left) and (phase) of the microphone signal conditioner for maximal 
settings. 

3.6 Measured frequency response (bandwidth) 

The frequency and phase response are determined many times now with 
numerous methods, see e.g. [4], [3]. In general the responses are in good 
agreement with the model as shown in Fig. 3.6. The most accurate method 
to determine the phase response is the sound power ratio method (see 
chapter 4: calibration). The determination of the frequency response is less 
complicated. The results shown below are from [3]. 

 

Fig. 3.12: Amplitude and phase response of a Titan element in a ½” package (from [3]). 

As can be seen, the sensitivity is dropping at higher frequencies. 
However although the sensitivity is dropping, the signal is still usable. In [7] 
for example, a USP sensor was used at 25kHz. So the upper frequency limit 
is not a fixed value but is depending on the sound levels that are being 
measured. At higher frequencies the selfnoise is increasing with 40dB per 
decade.  

The highest frequency that the Microflown is used until now is 25kHz.  
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3.7 Measured high frequency response 

The measurements took place in the scale model facility of the TNO in 
the Netherlands. A pneumatic acoustic source was used that produces white 
noise in the range of 500Hz up to 200kHz. The source was positioned at the 
hard reflecting floor and at approximately 20cm above the source a 
scanning Microflown and a 1/8” reference microphone was positioned, see 
Fig. 3.13. 

The ratio of the output of the scanning Microflown and the reference 
pressure microphone is given in Fig. 3.14. The black line is the 
measurement and the red line is the model. To make the model fit the 
measurements, two extra first order low pass filters are added at 55kHz. 
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Fig. 3.13: (left): measurement set up at the half anechoic scale model facility. 

Fig. 3.14: (right): Sensitivity of the scanning Microflown [V/Pa]. 

To find a measure for the signal to noise ratio a measurement is taken 
with the source on and with the source off. If the source is switched on the 
sound pressure level is in the order of 100dB, see Fig. 3.15 (red line). For 
frequencies higher than 160Khz a sharp decay is shown that is caused by 
the loss of sensitivity of the 1/8” microphone. The noise is measured in a 
250Hz bandwidth. In Fig. 3.16 the response of the scanning Microflown 
probe is shown. 
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Fig. 3.15 (left): Sound pressure level source on versus source off. 

Fig. 3.16 (right): Scanning Microflown output source on versus source off. 

For comparison, the signal to noise ratio of both previous measurements 
is shown in Fig. 3.17. As can be seen, the signal to noise ratio of the 
scanning probe is better than the 1/8” microphone for frequencies lower 
than 10kHz. From the signal to noise ratio selfnoise of the scanning 
Microflown and microphone probe is derived in a 1Hz bandwidth, see Fig. 
3.18. 
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Fig. 3.17 (left): Signal to noise ratio of the microphone and Microflown (measured in 
250Hz bandwidth). 

Fig. 3.18 (right): Selfnoise scanning Microfown and 1/8” microphone in dB/sqrt(Hz). 

The measurements are repeated for a ½” probe. It shows that the 
sensitivity curve has a more sharp decay than the regular model predicts at 
frequencies higher than 20kHz, see Fig. 3.19. For the scanning probe this 
extra decay started at 55kHz. It might be to do with the dimensions of the 
probe. The wave length of 55kHz equals 5.5mm that is in the order of the 
size of the scanning probe. The wavelength at 20kHz is 15mm which is in 
the order of the diameter of the ½” probe. 
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Fig. 3.19 (left): Sensitivity of the ½” Microflown [V/Pa]. 

Fig. 3.20 (right): Black line: Selfnoise ½” Microfown in dB/sqrt(Hz), in grey the sefnoise 
of the scanning probe. 

The selfnoise of the ½” probe is better than the scanning probe for 
frequencies lower than 20kHz, see Fig. 3.20.  

Conclusion 

Two standard Microflowns are calibrated up to 200kHz. It shows that the 
sensitivity decays (with a second order low pass behavior) if the wavelength 
is smaller that the packaging. For a half inch packaging this means that the 
selfnoise is worse than a scanning probe for frequencies higher than 20kHz. 

The frequency response of the scanning probe follows the standard 
model up to 55kHz (the wavelength is now in the order of the probe 
dimension) and for higher frequencies a second order low pass behavior has 
to be included. 

At 100kHz the selfnoise of the scanning probe is 60dB/√Hz. For 
comparison, at 100kHz the 1/8” microphone is 40dB better regarding 
selfnoise. 

3.8 Polar pattern 

Since the Microflown is sensitive for particle velocity, a vector value, the 
polar pattern (directionality) has a cos(θ) or a figure of eight response. 
Measured responses at different frequencies are depicted below. 

The polar pattern is a figure of eight for all frequencies in the acoustic 
bandwidth. 

Measurements show that the ratio between the sensitivity in the sensitive 
and non-sensitive direction can easily by 50dB. Of course, one needs a well 
defined sound field to be able to measure this. 
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Fig. 3.21: Polar patterns of a ½” ICP Microflown at different frequencies (linear scale, only 
half the response is measured). 

    

Fig. 3.22: Measurement orientations of the pressure measurements that are shown below 
of an USP probe. From left to right: 0DEG cap, 0DEG nocap, 90DEG cap, 90DEG nocap. 

The pressure response of the pressure element is compared to a ¼” 
reference pressure element. Note that this is a single measurement. The 
deviations are due to the microphone and the measurement. The strong 
ripples at 8-9kHz and 15kHz are most probable caused by measurement 
errors. 
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Fig. 3.23: Pressure element of the USP is compared with a ¼” reference microphone 
(sensitivity 3.2mV/Pa). 

For comparison a half inch microphone (GRAS 40AC) and a quarter inch 
microphone (40BF) are measured in a similar way. The half inch 
microphone has a considerable deviation from 5kHz and the quarter inch 
microphone has a considerable deviation from 10kHz. 
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Fig. 3.24: Effect of rotating a ½” probe.  
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Fig. 3.25: Effect of rotating a 1/4” probe.  
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3.9 Selfnoise 

The selfnoise is the electrical output of an acoustic sensor in an absolute 
silent environment caused by electric noise, expressed in a quantity 
corresponding to a certain sound level. So the electric noise is measured 
and combined with the sensitivity.  

  

Fig. 3.26: Selfnoise of the ½” Titan Microflown in one-third octave bands compared with 
the noise the particle velocity measured with a two-microphone Brüel & Kjær sound 
intensity probe with a 12-mm spacer, and with the noise of a single pressure microphone 
of type B&K 4181 (from [3]). 

This noise is converted to acoustic values. These values are expressed in 
a sound level (either dB PVL re. 50nm/s or dB SPL re. 20uPa) to make 
microphones comparable to Microflowns. Noise can only be defined in a 
certain bandwidth. Below the selfnoise is given in one-third octave bands 
and in 1Hz bandwidth.  

 

Fig. 3.27: Selfnoise in 1Hz bands of the Titan and Io Microflown packaged in a ½” 
housing, a 40AC GRAS pressure microphone and a 1/10” FG Knowles microphone 
(Measured at Microflown Technologies). 
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3.10 Upper sound limit 

The raw velocity signal (so the signal of the Microflown before pre-
amplification) of a PU probe is depicted in Fig. 3.28. The probe was put in 
the small SWT and the loudspeaker was driven with a 270Hz sine wave. The 
sound level was increased until third harmonic was 20dB lower than the first 
harmonic. The volume could increase up to 128dB PVL. It is not 100% sure 
that the sine wave is non-distorted.  

The sensitivity of a ½” packaged Microflown (before preamp) was 
4.2mV/Pa*. The maximal output of the element is 300mV. 

The package of the ½” PU probe has a gain of approx 10dB so the upper 
sound limit of a non-packaged Microflown is expected to be higher. The 
same procedure is repeated to check this. At a maximal sound limit of the 
tube, 134dB PVL the distortion was 6dB less than the PU probe. So it may 
be assumed that the upper sound limit for a scanning probe and a USP is in 
the order of 138dB. At that level the harmonic distortion is in the order of 
10%. 

The upper limit is measured in a standing wave tube and such 
measurement makes use of the specific acoustic impedance. This method 
works only when sound pressure and particle velocity are related in a linear 
manner. And for sound levels higher than 135dB this is not true anymore. 
In other words: it is not known if the Microflown starts to get non linear or 
that the calibration technique breaks up.  
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Fig. 3.28: Output of a ½” PU probe as result of a 128dB PVL wound wave (measured in a 
standing wave tube) 

Tests have shown that Microflowns survive a DC level of 100km/h. 

In chapter 14: “High sound level Microflown”, Microflowns are discussed 
that reach 170dB PVL. 
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3.11 Package gain 

Apart from protection of Microflown’s sensor wires, packaging has also 
acoustic effects. When the ½” packaging is applied the particle velocity level 
rises considerably (about 15dB) at the position of the Microflown, and the 
phase response alters slightly. 

 

Fig. 3.29: A well-chosen package will result in a particle velocity gain, left the finite 
element simulation with the iso-velocity results and right the realisation of the half inch 
package. 

The increase of particle velocity level inside the package (the so-called 
package gain) is mainly caused by a channelling effect: the particle flow is 
‘forced’ through the package causing an increase in level.  
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Fig. 3.30: Phase and amplitude response of the package of a half-inch particle velocity 
probe. 
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In Fig. 3.29 a finite element simulation shows the increase in level due to 
the packaging. Fig. 3.30 shows the phase and amplitude response of the ½” 
package. Obviously due to the frequency response of the ½” package, the 
overall frequency response of the Microflown alters. 

For low frequencies the package has no influence of the pressure 
microphone that is build in. At higher frequencies the size of the package 
influences the response as can be seen in Fig. 3.31. 
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Fig. 3.31: Phase and amplitude response of the package of a half-inch probe for the 
pressure transducer. 

3.12 Influence of DC flow; wind 

At normal sound levels (100dB and lower), particle velocity levels are in 
the order of 0,1m/s and lower and the frequencies are in the range of 50Hz 
to 10kHz. A DC flow such as wind can easily be in the order of 1m/s and 
upwards. The frequency spectrum of a wind-like phenomenon is in the order 
of 1Hz and below. However, wind can induce turbulences that are noticed as 
higher frequency noise. 

Originally the Microflown was used as a DC flow sensor. The sensitivity 
varying velocity in the acoustic range is optimised in such way that the 
sensitivity for velocity variations in the order of 30Hz-1kHz is much more 
sensitive than the DC sensitivity (a factor 100 or 40dB). 

In contrast to other velocity sensors such as the ultrasonic probe 
(Norsonic, see chapter 2) or the ribbon microphone (see chapter 2). The 
sensitivity for DC flow (e.g. wind) and handshaking is therefore not very 
high. 

In chapter 12: “DC flow, Protection & Windshields” more info on 
windscreens is provided. 

3.13 Sensitivity for variations in static pressure  

A standing wave tube was put in a climate chamber at room temperature 
(T=20°C) and the atmospheric pressure was varied from 0.82bar to 1.1bar. 
The sensitivity of the pressure microphone and the Microflown as function of 
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the static pressure is determined. The variation in sensitivity of the pressure 
element caused by the overall change in atmospheric pressure is less than 
0.5dB, see Fig. 3.32. 
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Fig. 3.32: Sensitivity of the pressure element as function of the static pressure. 

The sensitivity of the Microflown as function of the atmospheric pressure 
is determined in the standing wave tube. The raw data is depicted in Fig. 
3.33 and Fig. 3.34. As can be seen, at higher frequencies the ratio u/pref is 
increasing by decreasing atmospheric pressure and at lower frequencies the 
sensitivity remains equal.  

The sensitivity of the Microflown is proportional to the density of the 
medium (it is a mass flow sensor), therefore the raw data shows no 
dependence. This is because the acoustic impedance is directly dependent 
on the atmospheric pressure and therefore the ratio u/p is increasing by 
decreasing pressure and the sensitivity of the Microflown has the inverse 
behaviour. 
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Fig. 3.33: u/pref as function of the static pressure (linear scale). 
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At higher frequencies the ratio u/p (this is the raw data Fig. 3.33 and Fig. 
3.34) shows a static pressure dependence; the lower the pressure, the 
higher the ratio. 
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Fig. 3.34: u/pref as function of the static pressure (log. scale). 

The sensitivity of the Microflown is in Volts per meter per second, so the 
influence of the temperature dependence of the acoustic impedance (z=ρc) 
should be accounted for. This is shown in Fig. 3.35: the low frequency 
sensitivity (LFS see Eq. (3.1))) is linear dependent of the static pressure. 

At higher frequencies the sensitivity seems not to be dependent on the 
static pressure. This is because the (thermal lag, f2 see Eq. (3.1)) corner 
frequency is inversely dependent on the static pressure.  
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Fig. 3.35: Sensitivity of the velocity element compared to a pressure microphone as 
function of the static pressure (log. scale). 
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3.14 Sensitivity for variations in the humidity 

A standing wave tube is put in a climate chamber at room temperature 
(T=20°C) and at a normal atmospheric pressure (P=100kPa) the humidity 
was changed from 20% to 90%. The sensitivity of the pressure microphone 
and the Microflown as function of the humidity variation is determined. The 
variation in sensitivity of the pressure element caused by the overall change 
in humidity is 3.5dB, see Fig. 3.36. 
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Fig. 3.36: Sensitivity of the pressure element as function of the humidity. 

The sensitivity determination of the particle velocity is dependent of the 
specific acoustic impedance. It is assumed that the humidity dependence of 
the specific acoustic impedance is negligible. The variation in sensitivity of 
the particle velocity element caused by the overall change in humidity is 
0.2dB, see Fig. 3.37. 
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Fig. 3.37: Sensitivity of the velocity element as function of the humidity. 
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3.15 Sensitivity for ambient temperature 

A standing wave tube is put in a climate chamber at a normal 
atmospheric pressure (P=100kPa) and temperature was changed from 20°C 
to 73°C. The sensitivity of the pressure microphone and the Microflown as 
function of the temperature variation is determined.  
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Fig. 3.38: Sensitivity of the pressure element as function of the temperature. 

The variation in sensitivity of the pressure element caused by the overall 
change in temperature is less than 1dB (less than 0.02dB/K), see Fig. 3.38. 

 

Impact of temperature 

°C c in m/s ρ in kg/m³ Z in Pa·s/m 

- 10 325.4 1.341 436.5 

- 5 328.5 1.316 432.4 

0 331.5 1.293 428.3 

+ 5 334.5 1.269 424.5 

+ 10 337.5 1.247 420.7 

+ 15 340.5 1.225 417.0 

+ 20 343.4 1.204 413.5 

+ 25 346.3 1.184 410.0 

+ 30 349.2 1.164 406.6 

 

The sensitivity determination of the particle velocity is dependent of the 
specific acoustic impedance. The temperature dependence of the impedance 
can be calculated: 

c RTκ=  (3.6) 
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With c the speed of sound, κ (kappa) is the adiabatic index (1.402 for 
air), R is the universal gas constant (287 J/(kg·K) for air) and T is the 
absolute temperature in Kelvin. 

P

RT
ρ =  (3.7) 

With P the ambient pressure (100kPa). 
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Fig. 3.39: Sensitivity of the velocity element as function of the temperature. 

For some temperatures the speed of sound, the density and the specific 
acoustic impedance is given. 

The sensitivity was measured and corrected for the change in specific 
acoustic impedance. The variation in sensitivity of the velocity element 
caused by the overall change in temperature is less than 1dB (less than 
0.02dB/K), see Fig. 3.39.  

A special type of Microflown can be used up to 500 degrees Celsius, see 
further chapter 13: ‘the pressure Microflown’.  

3.16 Warm up time USP 

The USP probe consist on a sensing part that has three Microflowns 
mounted around a pressure microphone, see Fig. 3.40. Due to the heating 
of the Microflown sensors, the microphone will also increase in temperature. 
After 5 minutes the USP has reached its end temperature. 

The temperature increase causes the pressure microphone to drop 0.7dB 
in sensitivity. The phase response is unaffected and the Microflown response 
is also unaffected due to this heating. 

For accurate measurements the USP has to switched on 5 minutes before 
use. 
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Fig. 3.40: Close up of the USP sensing part; one pressure microphone and three 
orthogonally placed Microflowns. 

3.17 The standard sound probes 

The Microflown element is used in several standard products. One or 
more Microflowns are combined with an optional pressure microphone. The 
Scanning probe uses only a single Microflown element, ½” PU probe 
consists of a Microflown and a 1/10” pressure element and is packaged in a 
½” package that has a gain of roughly 15dB, ½” mini PU probe is similar to 
the ½” probe but it is made smaller, the pu match is the smallest PU probe 
and the USP consists of three orthogonally placed Microflowns and a 
pressure element. 

The ½”-PU probe 

The ½” probe is a general purpose sound probe that measures both 
particle velocity and sound pressure. The ½” package has a gain of about 
15dB (for the particle velocity only) causing an improvement of the 
selfnoise of about 15dB. Due to the packaging upper sound limit is also 
15dB lower due to the packaging (128dB). 

At higher frequencies (f<10kHz) the ½” housing causes scattering effects 
and the pressure element also has a non flat frequency response due to the 
packaging. It is therefore recommended to use the ½” probe up to 10kHz.  

The ½” package is robust so this way of packaging is the best for “non 
laboratory” use. The wind caps and mountings etc. of a regular ½” pressure 
microphone probe can be used.  
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Fig. 3.41: The cross section of the ½” PU probe. 

The ½” Mini PU 

The functionality of the ½” mini PU probe is similar to the ½” probe. It 
measures both particle velocity and sound pressure and the ½” package has 
a gain of 10dB. The probe is made smaller and its use is mainly for array 
applications but it is also used when the regular ½” PU probe is too large 
and/or the PU-match is too fragile.  

 

Fig. 3.42: The ½” mini PU probe (here used in an array). 
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The PU match  

The PU match is used when small size is important. When the 
measurement space is limited or hard to reach, the physical size of the 
probe is an important property.  

 

Fig. 3.43: The PU match (other Microflown orientations are also possible). 

 

Fig. 3.44: Historical photo. An array of PU matches creating a miniature acoustic camera. 

If for instance the sound power output of a dashboard in a car has to be 
determined, the part where the front window comes close to the dashboard 
is impossible to reach with a traditional p-p probe. A small p-u probe is the 
only option then. 
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A small size is also needed to determine the sound intensity (or sound 
energy, etc.) of small objects (like hearing aids, cell phones components on 
printed circuit boards, etc.). The sound probe must be small to get any 
special resolution of these small noise sources.  

The PU match is also used as basis for a miniature acoustic camera, see 
Fig. 3.44. 

The Scanning probe 

Close to an object (in the so-called very near field) the particle velocity 
and the structural vibration coincide. Therefore Microflown sensors can be 
used for the non contact measurement of the normal component of the 
structural velocity. The scanning probe is designed in such way that is 
possible to measure close to a surface. 

 

Fig. 3.45: The Scanning probe. 

   

Fig. 3.46: The Scanning probe comes in three orientations. 
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The sensor wires of the Microflown are protected by a little cap (this can 
also be seen in Fig. 3.43). This way of packaging does not increase the 
particle velocity at the element much so there is a small package gain. The 
selfnoise therefore is 10dB higher as the ½” probe and the upper usable 
sound level is also 10dB higher (138dB PVL). 

The USP 

The so called USP (in all modestly called the Ultimate Sound Probe) is the 
state of the art sensor. It is a compact and fully integrated sound probe that 
combines three orthogonally positioned particle velocity sensors and a 
miniature pressure microphone. See also Fig. 3.40. 

 

Fig. 3.47: The USP. A three dimensional sound probe that consists on one pressure 
microphone and three orthogonally placed Microflowns. 

The actual sensor configuration without its cap is less than 5×5×5mm³. 
The USP extends the traditional possibilities for sound intensity 
measurements. A truly broad band frequency bandwidth (~2Hz-20kHz) 
without changing spacers is possible. Measurements under exceptional 
conditions become feasible, since the USP cannot only be used for keyhole 
measurements or small cavities, but also in a reactive field, in the near field 
and in the very near field. Only four channels are required for a full 
description of a 3D sound field (i.e. 3D intensity, energy and acoustic 
impedance), by measuring 3 particle velocity vector components and the 
(scalar) pressure. 
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Fig. 3.48: USP mini, for array applications. 

 

Fig. 3.49: USP match; the mounting is done with a magnet and a piece of foam. For a 
size comparison a euro is shown at the back. 
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3.18 Experimental Microflowns 

At this moment the Microflown sensor itself is investigated at several 
universities. Main R&D topics are the reduction of wind noise, the increase 
of temperature range and the upper sound limit. Three dimensional types of 
Microfowns are also subject of investigation. Already in 1999 a three 
dimensional version was made, see Fig. 3.50 . Although this version worked 
pretty well, for practical reasons it is not taken into production. 

The R&D regarding the Microflown sensor continues and the version that 
is investigated nowadays is shown in Fig. 3.51. This version has the sensor 
wires placed under 45 degrees so that four Microflowns can be made in one 
wafer.  

 

Fig. 3.50: A realisation of a 3D Microflown from [5]. 

A special realisation of a multidimensional Microflown is shown in Fig. 
3.52. Four wires are placed so that their spacing is equal. Two wires are 
found on the upper part of the wafer and two wires are on the lower part. 
With this device six different Microflowns can be made; two Microflowns in 
plane of the wafer, two perpendicular on the plane of the wafer and two 
under 45 degrees. Although six Microflowns can be created, the sound field 
can only be measured in two axis. This type of Microflown is useful to get 
more insight in the fundamental working of the device. 
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Fig. 3.51: An improved realisation of a 3D Microflown from [6]. 

 

Fig. 3.52: A 2D Microflown (Yntema, 2006). 
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Fig. 3.53: A planar USP. Parts still in the wafer are shown above. In the middle plot the 
Microflowns wires are seen at the top of the device, the lower plot shows the standing 
wave tube inlet. The tube is used to convert the sound pressure to particle velocity (see 
chapter 13: ‘the pressure Microflown’, Yntema, 2007). 
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Fig. 3.54: Further miniaturisation of the USP. Now the particle velocity is measured in all 
directions at the same place. 
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