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In optopneumatic detectors, operating on principle of the gaseous infrared detectors, the radiation absorbed
in the gas is changed into pressure fluctuation, followed by periodic flow of the gas between detector chambers.
This flow is usually measured by means of hot-wire or hot-film anemometers. Their parameters in a great
measure determine the quality of the whole detector. The flow sensor used in optopneumatic detectors should
have short time constant, high sensitivity, possibility to distinguish the flow direction, and high chemical
resistance to the gas which the detector is filled with. To meet these requirements, micro-electro-mechanical
system flowmeter consisting of two platinum hot films placed in series in the flow direction was made. Platinum
film of 0.3 µm thickness was deposited by magnetron spattering on thin membrane, which was composed of
polysilicon substrate (0.5 µm) and two Si3N4 layers with thickness of 0.1 µm. The obtained platinum elements
have resistance of 32 Ω and temperature coefficient of resistance of 2.31 × 10−3/◦C. Hot film does not change
its parameters up to 350◦C, whereas typical working temperature of such films ranged from 150 to 200◦C.
Anemometer characteristics and voltage–current dependences were determined in this work. The linear range
of operation from 0 to 10 ml/min and sensitivity suitable for optopneumatic detectors were found. The time
constant of the flowmeter is equal to 11 ms (95% of final signal), that enables the detector to operate with
frequency up to 100 Hz. The flowmeters were applied in detectors filled with sulphur dioxide and were tested for
six months at temperature of hot-film about 150◦C. During that time no changes of their parameters were observed.

PACS numbers: 68.35.Iv, 07.07.Df

1. Introduction

Optoacoustic detectors, utilizing the phenomenon of
the excitation of sound waves in gases by a modulated
light beam, are commonly used as the detectors of in-
frared radiation. The amount of the radiation absorbed
by a gas is usually measured by means of a microphone.
These detectors are known as Golay chambers and used
for the investigations of light absorption mechanism as
well as for the trace analysis of gases and pollution mon-
itoring [1–4]. Other varieties of gaseous detectors of in-
frared radiation are optopneumatic detectors in which
the flow of gas between two chambers of the detector,
instead of a periodic pressure change, is measured [5, 6].
Their construction is schematically shown in Fig. 1.

A detector is composed of a metal housing 1, divided
into two chambers 5 and 7 filled with a gas absorbing
infrared radiation. A front chamber closure 4 and a par-
tition 6 separating two chambers are made of a mate-
rial transparent to infrared radiation. The chambers are
joined with channel 2, in which a flow sensor 3 is placed.

After going through window 4 modulated infrared radi-
ation first enters the front 5 and then the rear chamber 7
of an optopneumatic detector. Periodic absorption of in-
frared radiation by a gas filling in the chambers causes
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Fig. 1. The assembly of optopneumatic detector.

periodical heating of the gas accompanied by respective
changes in pressure. The infrared radiation is being ab-
sorbed mainly in the front chamber and as a result of
a pressure difference between the chambers a periodical
flow of the gas appears, which is converted into an elec-
trical signal by a flowmeter. The amplitude of this flow
rate is a measure of the amount of radiation arriving at
the detector within the absorption band of the gas.

The flowmeter utilized for the optopneumatic detectors
should fulfil some conditions. In particular, it should be
very small, show a small time constant and high sensi-
tivity. It should also have an ability to distinguish flow
direction and be resistant to chemical action of a gas fill-
ing the detector. Moreover, the flowmeter can disturb the
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flow and constitute a considerable resistance to the flow,
which is unacceptable in other applications. Because of
an oscillating character of the flow only the variable com-
ponent of a signal from the flowmeter is used. Thus the
change of the constant component of a signal (for ex-
ample, being the result of the changes in the ambient
temperature) is of low importance unlike the stability of
the flowmeter sensitivity.

Thermal anemometers are used to measure flow in op-
topneumatic detectors, but there is no description of their
design and parameters. In order to fulfil these specific re-
quirements, thermal anemometer with platinum hot-film
was designed, constructed and tested.

2. The structure and operation
of the flowmeter system

The flowmeter contains two platinum elements in the
form of conducting paths with rectangular intersection
65 × 0.3 µm2. These structures are placed on thin
membrane, which is composed of polysilicon substrate
(0.5 µm) and two Si3N4 layers with thickness of 0.1 µm
(Fig. 2). The membrane was prepared as follows: silicon
nitride and polysilicon layers were deposited on a sili-
con wafer using low pressure chemical vapour deposition
(LPCVD) method. The shape of the membrane was thus
defined by means of photolithography. Then, the second
layer of silicon nitride was deposited. In the next step
thin titanium film (0.02 µm), used as an adhesive layer,
and platinum film were deposited by magnetron spatter-
ing and pattered. Finally, the membrane was released
from its underlying silicon substrate by KOH etching.
The membrane is 600× 600× 0.7 µm3 in size.

Fig. 2. Scanning electron microscopy (SEM) photo-
graph of the developed thermal sensor.

The flowmeter composed of two such elements (S1) and
(S2) is placed in the channel connecting two chambers of
the detector. The electrical current flowing through the

arms of the bridge heats the elements to a temperature of
approximately 150◦C. As a result of the gas flow the first
element is cooled down while the second, around which
the gas heated on the first element flows, heats up. This
causes a change in their resistance and creation of a signal
on the output of the differential amplifier. Figure 3 shows
the temperature around the elements for two conditions,
without flow (Q = 0) and with flow (Q > 0).

Fig. 3. (a) Scheme of the electric circuit and (b) the
principle of the flowmeter operation.

Quantitative analysis of phenomena occurring in ther-
mal anemometers is a very complex task. In our case, the
theoretical calculation of the anemometric characteristics
was abandoned because of the complicated shape of the
elements. Instead, a semi-empirical model of the flowme-
ter operation, which make possible to optimize the condi-
tions of its work, was developed. The frequency charac-
teristics, which have significant influence on the operation
of an optopneumatic detector, were also measured.

3. Anemometer characteristics

The flow measurement bases on convective heat trans-
fer from the hot element to its gas environment [7–9].
In the simplest form, convective heat transfer can be ex-
pressed as

P = W (T − T0) , (1)
where P — electric power released in hot-film equal to
heat transfer rate, W — convective heat transfer coef-
ficient between the element and the fluid, T — mean
element temperature, T0 — ambient temperature. The
coefficient W is a complex function of the flow rate Q
and the character of the flow, fluid parameters and the
shape of the element. In practice, it has to be deter-
mined experimentally for a single flowmeter system. For
the tested system the values of heat transfer coefficients
are shown in Fig. 4.

The presented relationships W (Q) are significantly
flattened at the initial section. It is connected with nat-
ural convection of the gas rounding the heated element,
which is noticeable at slow forced flow. In this case the
real flow rate around the element is higher than the flow
calculated when the rate at which the gas is being deliv-
ered to the system is taken into account.

The optimization of working parameters of the flowme-
ter, presented in Fig. 5, requires the knowledge of mutual
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Fig. 4. The heat transfer coefficient for the selected
element.

thermal influence of both elements. First, changes of the
temperature of element S2, during electrical heating of
element S1, at different gas flow rates and at different
ambient temperatures were examined.

Fig. 5. The assembly of the flowmeter.

It was found out that the increase of temperature of
element S1 causes linear increase of the temperature of
the neighbouring element which is in equilibrium with the
surroundings, regardless of the direction and the value of
the gas flow rate. It is shown in Fig. 6.

Fig. 6. The increase in temperature of element S2 as
a function of an increase in temperature of element S1

for selected values of the gas flow rate.

When both elements are heated at the same time, their
interaction is more complicated. For each element the in-
fluence of the neighbour is similar to the changes in the
ambient temperature, which is a function of the gas flow
rate. The distribution of the temperatures for both ele-
ments versus flow rate is presented in Fig. 7. An increase
of the flow rate is accompanied by an increase in tem-
perature of the element, which is flown round by the gas
warmed up on the first element. However, after exceed-
ing certain limit (about 5 ml/min), the temperature of
both elements decreases with increasing the flow rate.

Fig. 7. The distribution of the element temperatures
versus flow rate.

Comparing the differential signal with the characteris-
tics for single elements (Fig. 8), the possibility to distin-
guish the flow direction and the existence of a straight-
-line characteristic in the vicinity of zero flow attracted
our attention. However, the measuring range of the
flowmeter becomes narrower, because the signal has un-
equivocal values only for the flows from a range of about
−20 to about 20 ml/min. Still it is of no importance for
optopneumatic detectors, where the flow is not higher
than 1 ml/min. The existence of a constant component
of signal for Q = 0 is a result of different nominal re-
sistance of the elements, which causes a loss of bridge
symmetry. For small differences in the resistance it is of
no significance because in the case of optopneumatic de-
tectors only the variable component of a signal is taken
into account.

Analyzing the sensitivity of the investigated system
d(∆U)/dQ it can be concluded that the flowmeter shows
the maximum of its sensitivity in the vicinity of Q = 0,
while in the case of a classic system with one element
a considerable loss in sensitivity in the region of small
flows is observed. It is a result of natural gas convec-
tion around the heated element. The absolute value of
the sensitivity in both systems is of the same order. The
influence of the ambient temperature is comparable and
manifests itself in a comparatively slight decrease of the
sensitivity with an increase of temperature.

The frequency characteristic of a flowmeter is the next
important factor for its use in an optopneumatic detec-
tor. In this paper, the static model of flowmeter oper-
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Fig. 8. The voltage changes for flowmeters containing
one and two thermo anemometric elements.

ation was considered. However, it can be also used for
slow-variable courses. A limit frequency, according to the
model, amount to 1/τe, where τe — time constant of an
element. The time constants of the investigated elements
are of an order of 10 ms. This guarantees an appropriate
work dynamics of the presented flowmeter in the detec-
tors for which the modulation frequency of radiation is
not higher than 100 Hz. These values are much smaller
than for hot-wire anemometers and are comparable with
other flowmeters with film sensors. The increase in the
system dynamics is still possible by using constants tem-
perature system, e.g. similar to the one presented in [10]
and appropriate signal processing.

4. Summary

The constructed flowmeter was applied successfully in
the optopneumatic detectors used for measuring the con-
centration of gases such as SO2, CO, CO2 and CnHm. It
is characterized by high durability, which is a result of
a low working temperature (less than 150◦C above the
surroundings temperature) and conducting paths consid-
erably thicker than that of typical hot wire anemometers.
The differential mode of work employed in this flowme-
ter make possible to distinguish the flow direction and
to obtain high sensitivity at the cost of the measuring

range, which is not important in the case of optopneu-
matic detectors. The use of flow measurement (instead of
pressure) for signal generation also eliminates mechanical
and acoustic disturbances, common when microphones
are used.

The optimal operating conditions exist when both el-
ements have similar nominal resistance. This results in
symmetric anemometric characteristics for the flows in
the opposite directions and the minimal influence of the
surroundings temperature on the measurement results.

Further development of the flowmeter should include
the use of constant temperature system, which will result
in better dynamics, the optimization of the distance be-
tween the elements and the optimization of the elements
dimensions. Especially, the pneumatic resistance of a
flowmeter should be taken into consideration, because it
is very important parameter affecting the operation of
the optopneumatic detector.
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