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Abstract. Tin oxide is the main material utilized for the fabrication of chemical sensing pellets 

which operate at elevated temperatures. The heating is commonly carried out with ruthenium 

dioxide resistors. Here, a tin oxide-based microheater is developed for microsensor applications. 

These microheaters are fabricated on 0.5 mm thick alumina substrates using spray pyrolysis 

technique. The optimum SnO2 heaters have a sheet resistivity in the 40-70 Ω/□ range. Ohmic 

Ag/SnO2 contacts are formed by silver paste printing followed by an appropriate thermal 

annealing, which provide connections to the external circuitry. Durability tests are carried out on 

several samples; the long-term performance of the fabricated devices is satisfactory. The method 

allows the elimination of the expensive ruthenium dioxide from the structure of generic gas 

sensors. 
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1.  Introduction 

Owing to vast applications in the fields of food safety, health care, environmental science, and many 

others, gas analysis is gaining importance. Gas sensors are simple, cheap, and fast tools used for 

quantitative and qualitative assessment of contaminants in different atmospheres. Today, analysis of 

simple and complex odors is possible using a single generic gas sensor [1-5]. Metal oxides are the class 

of materials which have been vastly used as sensing element of gas sensors [6-9]. Precious properties 

such as high thermal stability, wide variety of materials with different chemical, physical and optical 

properties, low fabrication cost, and the ability to function in harsh environmental conditions, have led 

to widespread applications of metal oxides in the fields of optoelectronics and chemical sensors [10-12]. 

The role of metal oxides in sensor technology is not limited to being used as the sensing element; they 

have also been successfully used as electrodes and heaters [13-15]. 

Establishing ohmic contacts to metal oxides is an unavoidable necessity in fabricating various 

electronic and ionic devices. Metal/metal oxide contacts have been vastly studied in recent years and 

these studies have led to innovative methods for forming contacts of ohmic quality to these materials 

[16-20]. Schottky contacts are of remarkable importance in device fabrication technology. It’s been 

reported that Schottky-type metal/metal oxide contacts are more suitable for gas sensor applications due 

to their enhanced sensitivity [21-24]. 

In order to achieve high levels of sensitivity and short response times, the majority of gas sensors 

operate at elevated temperatures; so the presence of a heater in such devices is unavoidable. Durability, 

temperature uniformity, and the fabrication cost are the parameters which should be considered in 

choosing the proper heater for gas sensors. Wire heaters made of Ni-Cr alloy are common in 

IC-MAST2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 108 (2016) 012018 doi:10.1088/1757-899X/108/1/012018

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1

mailto:mohsengharesi@ee.kntu.ac.ir
mailto:mohammad.ansari1371@gmail.com


 

 

 

 

 

 

experimental gas sensors; although, temperature non-uniformity and relatively high power consumption 

are the problems which these kind of heaters face. Platinum films are also utilized as heating element of 

gas sensors. In order to obtain appropriate heater resistance, these films should be deposited in the shape 

of meanders which causes difficulties in the fabrication of the devices which are very small in size. 

Furthermore, catalytic interaction of gas molecules with platinum heaters can cause instabilities in 

sensor response [25]. Ruthenium dioxide resistors are the most common kind of heaters that can be paste 

printed or sputtered on sensors substrate. RuO2 resistance has negligible dependence on temperature, 

but this kind of heater has some problems with its stability [26]. For example, it has been shown that 

ruthenium dioxide tends to reduce to ruthenium in hydrogen atmosphere at temperatures between 150 

and 250oC [27]. 

In sensor technology, tin oxide has been vastly used for the fabrication of chemical sensing pellets. 

Here, a tin oxide microheater for chemical sensors is proposed. Since the microheater and the sensing 

pellet can be deposited using the same technique, the fabrication cost of the gas sensor decreases 

significantly. In this research work, tin oxide thin films are produced using a homemade spray pyrolysis 

deposition system. Ohmic Ag/SnO2 contacts provide connection to the external circuitry. Durability and 

the microstructure of the deposited heaters are investigated. 

2.  Experimental 

Tin oxide layers are deposited on 5 mm × 5 mm × 0.5 mm alumina substrates. The schematic diagram 

of the ultrasonic spray pyrolysis system utilized for the deposition of SnO2 layers is shown in figure 1. 

Alumina substrates are washed with acetone (96% v/v), rinsed with deionized water, and dried on a hot 

plate at 150°C. The precursor is 0.1 M solution of SnCl2.2H2O (Merck, 107815) in absolute ethanol. 

Aerosol droplets, generated from the precursor using a piezoelectric transducer (900 kHz), are 

transported by air as a carrier gas with a flow rate of 0.1 lit/min to the deposition chamber. The 

piezoelectric source is separated from the precursor container by a thin polymer sheet and maintained 

in a water filled tank in order to prevent its precursor caused corrosion [28]. The aerosol strikes the 

substrate surface heated to 450°C where film deposition occurs. The surface temperature is provided 

using a Ni-Cr alloy wire heater embedded under the substrate and monitored using a fine S-type 

thermocouple. It takes about an hour to produce layers with sheet resistivity in the range of 50 Ω/□. The 

samples are annealed at 700°C in air to achieve stable heater resistance. 

 

 

 
Figure 1. The schematic diagram of the homemade spray pyrolysis system used for tin oxide layer 

deposition on alumina substrates. 

 

 

 

 

 

 

 

  

                    

 

 

                                            4 

    

 

 

1 

2 

3 

 

 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 

1) Air pump 
2) Air flow controller 
3) Water container 
4) Water 
5) Piezoelectric transducer 
6) Oscillator 
7) Pyrex container 
8) Valve 
9) Solution container 
10) Precursor 
11) Pyrex tube 
12) Power supply 
13) Heater 
14) Stainless steel plate 
15) Substrate 
16) Pyrex chamber 
17) Exhaust 

IC-MAST2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 108 (2016) 012018 doi:10.1088/1757-899X/108/1/012018

2



 

 

 

 

 

 

Two parallel silver electrodes are deposited on tin oxide layer utilizing silver paste printing. Fine Ni-

Cr alloy wires attached to the deposited silver layers provide connection to the external circuitry. The 

forward biased device is heat treated at 200°C for 10 minutes to achieve ohmic Ag contacts [16]. Figure 

2.a shows the schematic diagram of the fabricated sample. A fine S-type thermocouple is used for 

continuous monitoring of the temperature on the device surface. Temperature measurements are carried 

out with an accuracy of ±1°C. Electronic properties of the device are investigated using a two point 

probe measurement system. Figure 2.b shows the experimental setup used for these measurements. 

 

 

 
Figure 2. (a) The schematic presentation of the fabricated sample and (b) the experimental setup 

used for electrical measurements. 

 

(a) 

(b) 
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Figure 3. I-V diagrams for a heater sample at (a) T=65°C, (b) T=130°C, (c) T=240°C, and (d) 

T=350°C. Heater resistances are obtained using the slope of the diagrams. 

 

3.  Results 

Sinusoidal waveforms with different amplitudes are applied to the fabricated sample and the resulting 

I-V characteristics are recorded at four different temperatures (figure 3). Linear I-V diagrams show that 

Ag-SnO2 contacts are ohmic at operating temperatures in the 65-350°C range. Using the slope of the I-

V diagrams, heater resistances are calculated. It can be seen that resistance variation of SnO2 heater is 

only about 10% in a 300°C temperature change. For comparison, the resistance of a platinum heater 

doubles when it’s operating at temperatures in 350-400°C range [25]. 

The effect of thermal annealing has been investigated by recording heater resistance of annealed and 

not-annealed devices continuously operating at 350°C for 2 weeks (figure 4.a). It’s obvious that no 

significant change occurs in the resistance of the device which has been annealed at 700°C for 30 

minutes; while for the not-annealed device, the resistance experiences an increase of 44% in the first 6 

days and then reaches its stable value. This change can be expressed by an exponential function of time 

with a time constant of 1.3 days (figure 4.b). Durability tests have been carried out for different samples 

continuously operating at 350°C in a 1-month time period. The heater resistance remained almost 

unchanged in this period and only a 2% fluctuation was observed in the measured values which can be 

caused by the measurement errors. 
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Figure 4. (a) Heater resistance of annealed (solid line) and not-annealed (dashed line) samples for a 

2-week time period and (b) data points of the not-annealed device for the first 6 days and the 

exponential function which fits them. 

 

 

The SEM micrograph obtained from the tin oxide layer surface is shown in figure 5. Roughness of 

the polycrystalline SnO2 layer is obvious from the figure. The deposited layer has particles with an 

average size of about 500 nm, while the aggregated particles have much smaller size (~50 nm). The 

crystalline SnO2 particles show a pyramidal habit which is in agreement with the reported results [29, 

30]. 

 

 

 
Figure 5. SEM micrograph of the SnO2 layer surface. 
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4.  Conclusion 

A tin oxide-based microheater was fabricated using a homemade ultrasonic spray pyrolysis system. The 

I-V characteristics of the device at different temperatures were studied and it was shown that the formed 

Ag/SnO2 contacts are ohmic in a wide range of operating temperatures. It was shown that the thermally 

annealed heaters are stable over time. The microstructure of the deposited tin oxide layer was 

investigated and it was seen that the layer has a polycrystalline structure with an average crystallite size 

of 500 nm and pyramidal habit. Owing to its negligible characteristics dependence on temperature, and 

durability, the proposed microheater can effectively function in chemical sensors. Furthermore, this 

microheater enables the fabrication of gas sensors sensing pellets and microheaters with the same 

technology reducing the fabrication cost. 
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