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Abstract – This paper deals with the problematic of testing 

devices for gas sensors that are developed for monitoring of 
gases in the environment and processes. The universal student 
workplace with the device for gas sensing demonstration in 
classes has been developed in this work. The device is 
designed for up to eight different gas sensors in two TO-12 
packages simultaneous testing. Two different gases could be 
connected and monitored during the measurement. 
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I. INTRODUCTION 

The monitoring and detection of toxic gases emissions in 
environment and industry processes is very important for 
environmental protection and human and animal safety. 
Gas sensors based on semiconductor active layers appear as 
a good solution for gas trace monitoring. The advantages of 
these sensors are their robustness, small size, small weight, 
simple design and low cost. 

In last few years, there were described many works 
about gas sensors using different technology for their 
fabrication. Generally the thick film technology (TFT) is 
one of reported technologies used for gas sensors 
fabrication [1-4] due to its accessibility and non vacuum 
easy fabrication process. The thin film technology or 
semiconductor technology is the second technology used 
for gas sensors fabrication as it was reported in [5-7] for 
example. 

The main difference between the developed gas sensors 
is in the used semiconducting materials for the active layers 
and methods for their preparation or deposition. Usually 
the SnO2 [1, 2], WO3 [8] or TiO2 [4, 9] nanopowders are 
used as main sensing material, which can be covered with 
catalytic filters or modified by doping.  

Next problem of gas sensors development is the 
verification of their sensing properties. Universal 
equipment for the verification does not exist. All 
researchers usually use their own setup using a little gas 
chamber for the sensor, the pressure tanks with detected 
gasses and one pressure tank with an inert gas for chamber 
cleaning. The problem is in the appropriate equipment for 
the selection of desired gas concentration. One solution is 
to use the pressure tanks with the desired premixed 

concentration. The second more sophisticated solution is to 
use the inert gas which is mixed with the detected gas to 
the predefined concentration using mass flow controllers. 

The aim of this work was to design and implement the 
appropriate sophisticated student workplace for gas sensing 
demonstration in the classes to bring them more complex 
and practice information about gas sensing problematic. 

II. CONSTRUCTION OF USED GAS SENSORS 

The sensors used for gas sensors demonstration could be 
fabricated using TFT, thin film technology or 
semiconductor technology on a ceramic or Si substrates. In 
our case there are two possibilities of used sensors for the 
demonstration. 

A. Four-Element Micro-Hotplate Gas Sensor 

The four-element integrated micro-hotplate is fabricated 
on Si substrate. The structure of the micro-hotplate chip 
sensor consists of the polysilicon heaters, insulating layers, 
the electrodes and the gas sensing layers. The heater is also 
used as a temperature sensor. The sensing layers are 
fabricated from 5 μm thick SnO2 or WO3 nanoparticle 
films. Each chip is wire bonded on a TO-12 package as it is 
shown in the figure 1. 

 
Fig. 1. Four-element micro-hotplate wire bonded 

on the TO-12 package 

B. Thick-Film Gas Sensor 

The TFT gas sensor is fabricated using standard thick-
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Fig. 2. TFT gas sensor with mounted on the TO-12 package 

bonded through a ceramic support 
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heater is also used as a temperature sensor. The screen-
printed sensing layers are made from 5 μm thick SnO2, 
WO3 or TiO2 nanoparticle films. Each sensor is bonded on 
the TO-12 package through a ceramic support (due to high 
operating temperatures > 400 °C) as it is shown in the 
figure 2. 

III. CONSTRUCTION OF THE STUDENT WORKPLACE 

Student workplace was designed to be suitable for 
practical gas sensing demonstration in the classes of 
“Microsensors and micromechanical systems” subject and 
subject “Biosensors” that will be newly opened in the next 
school year. The workplace design and its implementation 
are shown in the next subsections. 

A. The Student Workplace Design 

The designed experimental students’ workplace is 
consisted of gas flow chamber with three closing valves, 
two mass flow controllers for desired gas concentration 
setup, two pressure tanks with tested and inert gas, control 
electronics and personal computer with software for 
experiment setup and the sensors’ response evaluation. The 
designed experimental students’ workplace setup is shown 
in the figure 3. 

 

Fig. 3. Experimental students’ workplace setup 

B. Gas Flow Chamber Design 

First of all, the testing gas flow chamber was designed to 
be suitable for two TO-12 packages. The chamber has an 
exchangeable output connector, which could be used as 
exchangeable reducer for differently connected sensors in 
the TO-12 package. The maximum of the sensors in one 
package is four. The gas chamber was designed to be 
hermetically closeable with one inlet and one outlet. The 
inner volume was designed to be as smallest as possible. 
The gas chamber design is shown in the figure 4. 

 
Fig. 4. Gas flow chamber design 

The designed gas flow chamber was fabricated from 
plastic material Ketron® Peek 1000. This material has 
good mechanical properties and is sufficiently chemically 
resistant. The sample of the fabricated gas chamber is 
shown in the figure 5.  

 
Fig. 5. Fabricated gas flow chamber for two TO-12 packages 

C. The Student Workplace assembling 

The main part of the workplace was assembled onto one 
plastic board. The main part consists of the control 
electronics, gas flow chamber, three closing valves and two 
mass flow controllers for desired gas concentration setup. 
The mass flow controllers were selected in order to be able 
to assure desired concentration of the testing and inert gas 
to mixture them in concentrations from 100 ppm to 10 ppb. 
For this purpose, the Alicat Scientific mass flow controllers 
for volumes 500 sccm for inert gas and 0.5 sccm for testing 
gas were purchased. The standard electromagnetic closing 
valves from M&M company were purchased. The 
assembled main part of the student workplace is shown in 
the figure 6. 

 
Fig. 6. Assembled main part of the student workplace 

D. Control Electronics 

The control electronics was designed as two different 
parts due to its possible easy upgrade in the future. The 
control and communication part was designed to control 
desired concentration by mass flow controllers and valves 
and to arrange the communication between the PC and 
electronics blocks. The analog measuring part was 
designed to measure with the gas sensors. It includes the 
sensor temperature regulation and the conductivity 
measurement of the sensor’s active layer. It allows to 
measure simultaneously up to eight gas sensors (four in 
each TO-12 package). 
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E. Control and Evaluation Software 

The control and evaluation software was designed and 
programmed in the LabView environment (National 
Instrument, USA). The control software part is designed for 
experiment setup e.g. time schedule of measurement, mass 
flow rate, valves opening, heater parameters, etc. The 
measurement and evaluation part is designed for online 
sensors response demonstration and operations with 
measured data. The flow control window screenshot is 
shown in the figure 7. 

 
Fig. 7. Flow control window screenshot 

IV. MEASUREMENT DEMONSTRATION TEST 

Measurement demonstration test was done using thick-
film gas sensor with WO3 gas sensing active layer covered 
with platinum catalytic filter. The tested gas was NO2. The 
results obtained during the measurement at operating 
temperature of 250 °C were exported to the MS Excel. The 
time dependence of the sensor resistance on the NO2 
concentration change is shown in the figure 8. According to 
figure 8, we were able to detect 1 ppm of the nitrogen 
dioxide. 
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Fig. 8. Time dependence of the TFT gas sensor resistance 

on the change of NO2 concentration 

II. CONCLUSIONS 

The new student workplace for the gas sensing 
demonstration was designed and implemented. It is 
designed in order to be suitable for students’ attending two 
subjects at the Department of Microelectronic, Brno 
University of technology. The design and construction of 
used gas sensors and the students workplace is briefly 
mentioned in this paper. The designed experimental 

students’ workplace is consisted of gas flow chamber with 
three closing valves, two mass flow controllers for desired 
gas concentration setup, two pressure tanks with tested and 
inert gas, control electronics and personal computer with 
software for experiment setup and the sensors’ response 
evaluation. All parts were designed and implemented to be 
easily controlled by students. Finally the workplace was 
tested on the nitrogen dioxide detection for demonstration. 
We were able to detect 1 ppm of the nitrogen dioxide. 
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