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Abstract : 
Novel catalytic combustion-type gas sensors using Fe2O3-based thin film have been developed. The 
sensor output voltage was enhanced by adopting Fe2O3-based film as a temperature sensing resistor 
which had higher temperature coefficient of resistance than that of Pt. Thin film technology, IC 
fabrication process and MEMS technology were utilized to fabricate the sensing film and the meander-
type heater on an insulating diaphragm. Pd dispersed on γ-alumina and γ-alumina were used for the 
sensing element and the reference element, respectively. In this study, the target gases were H2, C2H4, 
C2H6, CH4, C3H8 and CO. The sensor was able to detect each gas at low gas concentrations (10 ppm 
for H2, C2H4, C2H6, C3H8 and 70 ppm for CH4). 
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Introduction 
Catalytic combustion-type gas sensors have the 
advantage that it is hardly affected by water 
vapor and exhibits high gas selectivity to 
combustible gases. On the other hand, however, 
they are disadvantageous in that its power 
consumption is large and it is difficult to detect 
low concentrations of combustible gases. 
Various catalytic combustion-type gas sensors 
such as the one adopting Pd or Pt/titanate 
nanotube as catalysts[1] and the 
adsorption/combustion-type one[2] have been 
studied to improve the characteristics. This 
paper presents novel catalytic combustion-type 
gas sensors with improved output voltage using 
Fe2O3-based thin film as a temperature sensing 
resistor. 

 

 

 

 

 

 

 

 
 

Sensor Configuration 
A developed sensor is shown in Fig. 1. The 
material for the sensing film, the heater 
electrode and the thermistor electrode is 
Fe2O3+TiO2(5mol%)+MgO(4mol%) , Cr/Pt/Cr 
and Cr/Pt, respectively. Pd dispersed on γ-
alumina and γ-alumina were used for the 
sensing element and the reference element, 
respectively. 
Sensor Fabrication 
All the films were deposited by r.f. sputtering on 
a Si substrate. The heater and the Fe2O3-based 
film were sequentially deposited so as to be 
sandwiched between the insulating films. An 
insulating diaphragm was formed by deep 
reactive-ion etching of Si. 

 

 

 

 

 

 

 

 

 
Fig. 1. Cross-sectional view of a developed sensor. 

DOI 10.5162/IMCS2018/P2GS.19



 17th International Meeting on Chemical Sensors - IMCS 2018 804

0

100

200

300

400

500

10 100 1000 10000

Δ
V

 [m
V]

 

Gas concentration [ppm] 

Hydrogen(330 ) 
Methane(430 ) 
Ethane(340 ) 
Carbon monoxide(160 ) 
Ethylene(330 ) 
Propane(350 ) 

Pd dispersed on γ-alumina was prepared by 
mixing Pd and γ-alumina nanoparticles in a 
solution containing PVA, coating it on the top 
insulating film and sintering at 450°C, while only 
γ-alumina was coated for the reference element. 
In this study, 10 wt% of Pd was added to γ-
alumina for the sensing element. 

Experimental Results 
The power consumed by the heater was 68 mW 
for the sensing element when the operating 
temperature was 330°C. 

The detection circuit is shown in Fig. 2. The 
output voltage change (ΔV) is defined as eq. (1). 

ΔV = Vair - Vgas. (1) 

Here Vair and Vgas are output voltages in air and 
air containing gas, respectively. 

 

 

 

 

 

 

 

 

 

 
Fig.2. Detection circuit. 

 

 

 

 

 

 

The dependence of the output voltage change 
on the gas concentration is shown in Fig. 3. The 
operating temperature for each gas was chosen 
as the one where ΔV was the highest; the 
operating temperatures are indicated in Fig. 3. 
It should be noted that the sensor was sensitive 
at concentrations as low as 10 ppm for most 
gases and 70 ppm for methane. 

Discussion 
In this study, conventional catalysts were used 
and the temperature rise associated with 
catalytic combustion on the catalysts was 
detected in a similar way as conventional 
catalytic sensors. However, combustible gases 
at low concentrations were able to be detected 
because the Fe2O3-based thin film had much 
higher temperature coefficient of resistance 
than that of Pt, which was used as a 
temperature sensing resistor in conventional 
sensors. 
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                Fig.3. Dependence of the output voltage change on the gas concentration. 
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