
 

 

Fig 1: Calorimeter Sensor 
 

Membranes
Catalyst

Silicon Die

Catalytic and Catalytic Differential Calorimeter Gas 
Sensors 
Fabrication and Evaluation 
Introduction 
The Environmental Protection Agency and California Air Resources Board mandated on-board 
monitoring of the exhaust gas conversion efficiency of catalytic converters under its On-Board 
Diagnostic phase 2 (OBD-II) plan. A variety of exhaust gas constituent sensors were proposed in 
response to the need to meet OBD-II requirements. We focused on improving the sensitivity of the 
catalytic calorimeter sensors since calorimeter sensors are more stable and faster responding than 
semiconductor-type sensors. 
 
In a catalytic calorimeter sensor combustible gases, e.g. hydrocarbons, CO, hydrogen etc., are oxidized 
with help of catalytic layer. The generated heat, measured as the increase in substrate temperature, 
results in an electrical output signal proportional to the amount of combustible gases present in the gas 
stream. These sensors typically operate in 250-500ºC range and are suitable for automotive 
applications. We carried out this research to overcome the application-oriented limitations of existing 
sensors. We employed sol-gel processed alumina materials and organometallic compounds of precious 
metals (Pt, Rh, Pd etc.) to fabricate calorimeter sensors with improved sensitivity and durability.  

Fabrication of Calorimeter Sensors 
Calorimeter sensor device (Fig 1) was micro-machined so that there were two SiNx membranes 
stretched across a Si frame. A platinum resistor, used to determine temperature changes, was deposited 
onto each membrane. An alumina layer is deposited on each membrane. A catalytic coating, to oxidize 
the combustible species in the automobile exhaust, was deposited on top of one of the two membranes. 
Temperature increases were measured on the catalytic membrane relative to the reference membrane. 
The increase in temperature was correlated to the total 
concentration of the combustibles in the exhaust gas.  
 
The alumina was deposited by a dip-coat method using 
alumina sol prepared from 2,4-pentanedione modified 
aluminum (2-propoxide). The overall thickness of the film 
was 600Ǻ by profilometry. A microsyringing technique was 
used to apply precious metals (e.g. palladium from a 30g/L 
Pd(DBA)2 in THF) onto a masked membrane. The catalyst 
coating was calcined in a two phase process starting at 4 
hours at 80ºC with a ramp rate of 1ºC/min and 4 hours at 
600ºC with a ramp rate of 1ºC/min.   
 
Figure 2 shows conversion as a function of temperature for 
our sol-gel catalyst samples. In this experiment, the 
combustible species (1%CO or 1000 ppm HC) are mixed with oxygen at twice the stoichiometric 
combustion value (R=0.5) and diluted with N2 to form a total flow of 250 sccm. The reactor furnace is 
ramped at 30ºC/minute. The catalyst lights off at 270ºC for CO and 250ºC for C3H6 (cf. automotive 
catalyst lights off at about 175ºC for CO and 225ºC for C3H6 under our test conditions). For saturated 
hydrocarbons, CH4 and C3H8, sol-gel catalyst is not as effective as automotive catalyst which shows 
considerable conversion for both species at 500ºC. This is probably due to the lack of additive in our 
catalyst and the difference in the activity of Pd (our catalyst) and Pt/Rh (automotive catalyst).  
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Fig 2: (upper) Light-Off Temperatures 
Fig 3: (lower) Sensor Performance 

These results suggest that our fabrication method has produced an optimum catalyst layer for CO and 
unsaturated hydrocarbons on calorimeter devices that is comparable to a fully formulated automotive 
exhaust reduction catalyst.  
 
Evaluation 
The calorimeter device was tested at 400ºC, a gas flow rate 
of 250 sccm, and an operating redox ratio of 0.5. A 1 mA 
current was passed through the Pt resistors on the reference 
and active elements, and the output voltage (i.e. temperature) 
was measured while the test gas concentrations were varied. 
The results (Fig 3) indicate that the device response appears 
to be linear, and can produce temperature changes of 3ºC per 
1000 ppm of C3H6 and 0.85ºC per 1000 ppm of CO. The 
device is not as responsive to the saturated hydrocarbons at 
400ºC. The sensor voltage operates as function of conversion 
efficiency, diffusivity, and heat of combustion, hence the 
difference in slope between the one and three carbon 
compounds.  
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