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Abstract. In the present work, a tin oxide (SnO2)-based gas sensor has been fabricated on Low Temperature
Co-fired Ceramic (LTCC) substrate by screen printing method for detection of the silent killer gas (carbon
monoxide). The tin oxide paste has been prepared for deposition on inter-digitated electrodes patterned on
LTCC substrate. The developed gas sensor module has been fired at different temperatures (625, 820 and 860°C)
and the effect of firing temperature has been studied. The developed sensor is small in size with low power
consumption, better sensitivity and repeatability.
Keywords.

LTCC microhotplate; tin oxide; CO gas sensing; thick film Pt heater.

1. Introduction
Today’s world need is to have highly compact, rugged and
reliable sensors for the common men to make their environment and living conditions better [1] as well as easier. Various
sensors have been developed, viz. polymer sensors [2], electrochemical sensors [3], catalytic sensors [4], surface acoustic
waves (SAW) sensors [5] and metal-oxide semiconductor
sensors [6, 7]. Carbon monoxide (CO) is a silent killer gas
because it is colourless, odourless and tasteless. Continuous
exposure to this gas leads to serious health effects.
Low Temperature Co-fired Ceramic technology (LTCC)
appears to be a promising technology for microhotplates with
their low power consumption as compared with alumina hotplates and lower investment in comparison with silicon hotplates [8]. LTCC gas sensors are inexpensive and have high
temperature stability [8]. These LTCC microhotplates used for
sensors are ideal for heating applications due to low thermal
conductivity of the material [9–13]. These sensors are based on
the gas-sensitive properties of a semiconducting metal-oxide
layer, which is usually polycrystalline, and whose conductivity is modulated by the oxygen adsorbed at the surface and at
grain boundaries. Tin oxide (SnO2) is best suited for the
detection of toxic and pollutant gases due to its low cost,
simple design and high sensitivities [14]. SnO2-based sensors
have been extensively investigated since they can detect a
variety of gases with high sensitivity at a relatively low production cost [15, 16]. Sensors prepared using LTCC technology have a great advantage as they are produced using this
technology in large batches.
*For correspondence

The sensing mechanism depends on substrate temperature, adsorbed oxygen and detecting gas. As we know, tin
oxide is an n-type semiconductor material with a wide band
gap of *3.6 eV. The sensing film at applying temperature
in atmospheric condition creates a space charge layer
between the grain boundaries means tin oxide film interacts
with the oxygen atoms and transfers the electrons from the
conduction band to adsorbed oxygen atoms. These transfer
of electrons cause decrease in the electron concentration in
the film. As a result, an increase in the resistance of the tin
oxide film is observed [17].
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When the reducing gas (such as CO) is exposed into the
chamber of sensor, the oxidation reaction takes place with
adsorbed oxygen [18]. As a result, it generates electrons
and the height of the potential barrier is reduced as shown
in figure 1. Due to reduced height of potential barrier,
electrons flow easily.
The sensitivity of sensing film depends on the chemical
reaction of gases and adsorbed oxygen on the tin dioxide
surface and operating temperature of the sensor.
In this research, metal-oxide-based gas sensors are fabricated using LTCC technology. In the development of any
sensor, its substrate, heater part and electrode part as well
as materials used to play an important role. The LTCC
microhotplate has platinum (Pt) printing for the heater and
gold (Au) printing for the electrode. Platinum thick film
paste is used to print the heater pattern due to its high
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Figure 2. Structure of microhotplate
Figure 1. The sensing mechanism of CO gas on tin oxide thick
film sensor

melting point, and better reliability on higher temperatures
with moderate thermal expansion coefficient [19]. The
electrode material should be of low sheet resistance to
reduce voltage drop, the contact should be ohmic and most
important is the structure [20]. Different types of electrodes
structure were developed by Toohey [21]. The commonly
used electrode materials are platinum (Pt), palladium (Pd)
and gold (Au). Au electrodes are best to use because of
their low sheet resistance, which helps in minimizing the
power consumption with better ohmic contact. The gold
electrodes also act as catalysts, which raise the sensitivity
of gas-sensing film [22, 23]. Tin oxide (SnO2) has been
screen printed for detection of CO gas. The developed
LTCC hotplates and gas sensor are characterized for their
reliability, response time and sensitivity.

2. Experimental
LTCC-based platinum printed microhotplate has been used
for the development of SnO2-based gas sensor module. The
structure of the developed hotplate is as shown in figure 2.
This microhotplate consumes less power. Its overall size is
3.4 mm 9 3.4 mm with low power consumption up to
1.45 W at the temperature of 468 °C. High-temperature
stable inter-connections are provided using isothermal
solidification technique [24–27].

2.1 Preparation of sensing film and LTCC sensor
fabrication module
The following chemicals were used for the fabrication of
the tin oxide paste:

1. isopropanol,
2. 2-ethylexanoate,
3. tin oxide powder.
For preparation of the tin oxide film for gas-sensing
applications, initially isopropanol (30 wt%) and tin(II)
2-ethylexanoate (15 wt%) are mixed thoroughly in a mixer
and stirred for 3 h. After proper stirring for 3 h, tin oxide
powder is added and again stirred for half an hour. Tin (II)
2-ethylexanoate is used to develop the sensing paste as it
does not carry any impurities. The prepared mixture was
then ball milled for approximately 10 h. It is kept in an
oven for 12 h at room temperature for normalization. The
prepared tin oxide paste is screen printed on inter-digitated
electrode and dried for 25 min at 120 °C temperature. The
dried samples were fired at 625, 820 and 860 °C. A flow
chart for preparation of sensing film is shown in figure 3.

2.2 Gas-sensing measurement set-up
Samples are placed in a gas chamber for characterization. The
chamber has a glass window to observe the device. The connections for characterization have been taken out from the gas
chamber. The temperature of substrate is to be monitored by
input power supply given to the micro-hotplate. The chamber
has also the provision of a vacuum pump to flush out the gas. A
digital pirani gauge is attached for maintaining the vacuum
level. The flow of gas is injected through a unidirectional
valve. Sensor response has been determined through the
measurement of resistance variation on exposure of CO gas.
Here, sensor response has been calculated through the
formula [28]
S¼

Rcl  Rco
 100
Rcl

Sådhanå (2020)45:71

Page 3 of 6

71

Figure 5. Microhotplate reliability test for 200 h at 280 °C

Figure 3. Flowchart describing paste formation and deposition

where Rcl is the resistance without exposure of gas and Rco
is the resistance with exposure of CO gas.

also shows the thermal distribution of micro-hotplate at the
applied voltage of 3.4 V. The results obtained from an IR
imaging show a small variation from measured value at the
same applied voltage due to surface convection or imperfect calibration.
The developed microhotplate is tested for its reliability
by keeping the hotplate ON at 280 °C for 200 h. It shows
highly stable output as shown in figure 5.

3. Result and discussion
3.1 Characterization of LTCC hotplate used
The temperature variation with voltage is shown in figure 4. The required temperature for sensing film over the
surface of substrate is controlled through the applied voltage. The thermal distribution on the LTCC hotplate is also
studied by an IR imaging at different voltages. Figure 4

3.2 Characteristics of deposited SnO2 material
on LTCC
The SEM studies of sample S1 (fired at temperature
625 °C), S2 (fired at temperature 820 °C) and S3 (fired at
temperature 860 °C) are shown in figure 6. S1 shows uniform distribution of paste material without any agglomeration. S2 sample shows a porous structure with some
agglomeration. It exhibits good adhesion with the substrate
and homogeneous surface. Its porous structure is helpful to
attain better perrformance. S3 sample shows cracks in the
coated film and it is less adhesive in comparison with S1
and S2. The resistance of S3 varies non-linearly with
temperature. S1 and S2 show good result and hence these
two samples are further characterized. Tin oxide thick films
crack due to thermal stress at high temperature. Thermal
expansion mismatch between tin oxide thick film and
substrate causes strong thermal stress.
The EDS result as shown in figure 7 and Table 1 shows
that the SnO2 coating contains of about 68.57 wt% tin
composition.

3.3 Characteristics of gas sensor
Figure 4. Temperature variation with voltage, with IR image

The variation in resistance with temperature is shown in
figure 8 for a set of SnO2-coated LTCC hotplates fired at
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Figure 6. (S1–S3) SEM study of three different samples

different temperatures 625 °C (S1) and 820 °C (S2).
Resistance decreases with an increase in operating temperature up to a fixed value of 250 and 330 °C for S1 and
S2, respectively, due to the adsorption of oxygen atoms.
The increase in temperature increases the drift mobility of
the charge carriers, which results in a decrease in resistance. Increase in the value of resistance at higher temperatures is due to adsorption of oxygen atoms on the
surface of sensing film.
CO gas is injected into the gas chamber at different
concentrations of 350, 650, 1000 and 1250 ppm in the fixed
interval of time as shown in figure 9. After receiving
response, the gas is flushed out from chamber for recovery
to the initial state of the module. Response time is the time
required to attain 90% of the final electrical resistance when
gas is passed into the chamber, and recovery time is the
time taken to retrieve 10% of the saturation electrical
resistance when gas is flushed out [29].
The response of sensors with variation in ppm is shown
in the response intensity curve in figure 9. The response of
sensors increases with increase of concentration of gases.
Response and recovery time of the sensor for different

Table 1. Composition of sensing film using EDS
Element
NK
OK
Sn L
Totals

Weight%

Atomic%

- 0.61
32.04
68.57
100.00

- 1.71
78.94
22.77

concentrations of CO are studied as shown in figure 10. The
response for gas sensor increases for increasing concentration, while its recovery time deteriorates. Response time
for S1 is 80 s and recovery time is 180 s, and for S2 it is
55 s and recovery time is 150 s for 1250 ppm concentration
of CO. S2 has better response and recovery time as compared with S1. The shorter response time for higher concentration is due to the availability of larger number of CO
gas molecules that get adsorbed on the sensor surface. In
the same way, recovery time is increased for higher concentration as higher ppm level needs to be recovered on
removal of the gas.

Figure 7. EDS of tin-oxide-deposited sample
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Figure 8. Resistance variation of sensing film with temperature
Figure 11. Response curve on exposure to 1250 ppm CO gas at
a fixed temperature of 280 °C for three regular intervals of time

Figure 11 shows response and recovery of the sensing
film for three regular intervals of time for 1250 ppm concentration of CO gas at the working temperature of 280 °C.
The S2 sample shows good stability and repeatability in
comparison with S1 sample.

4. Conclusion

Figure 9. Response of sensor module at different concentrations
of CO

Different samples of LTCC-based thick film CO sensors
have been developed by screen printing technique and then
fired at different temperatures, viz. 625, 820 and 860 °C.
The firing temperature and operating temperature both
showed strong influence on the sensing property of SnO2based thick film sensor. SEM studies have showed that the
sample of LTCC-based SnO2 sensor fired at 820 °C has
good adhesion with substrate and hence it is the most
suitable for development of gas sensors. The response time
and recovery time for sample fired at 820 °C are better in
comparison with the sample fired at 625 °C and also there
are considerable differences in the CO gas detection limits.
The results showed that the firing temperature of sensing
film is an important parameter to develop a better sensor.
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