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Measurement of resistance
fluctuations of gas sensors

Device development
• Carbon nanotubes

• (Kukovecz Á., Kónya Z., Kiricsi I., Alkalmazott Kémiai 
Tanszék)

• Sensor chip
• (University of Oulu)

• Semiconductor gas sensors
• (L.B. Kish, Texas A&M University)

• Analysis, measurements, device development
• (Gingl Z., Mingesz R. Heszler P.) 



Random fluctuations:
sometimes more good than bad

• Gas sensor resistance fluctuations: information source

• One sensor for different gases? Simultaneously?

• Fluctuation depends on:

– material

– temperature

– Gas type, concentration, etc.

• Measurement of time dependent resistance

• Digital measurements: anti-alias filtering and sampling

• A/D conversion

• Digital signal processing, information extraction

• Fluctuation enhanced sensing: FES



Idea: different absorption centre 
contribute to fluctuations



L.B. Kish et. al.,"Detecting Harmful Gases Using
Fluctuation-Enhanced Sensing With Taguchi

Sensors", 
IEEE Sensors Journal, Vol. 5, No. 4, August 2005



EC FP6 SANES chip
University of Oulu



Sensor chip wiring, heating



Analysis basics

Simple statistical analysis
– mean

– standard deviation

– probability distribution

• Complex analysis
– Spectral analysis, FFT

– Pattern recognition (e.g. PCA)



Our solution:
special device developed



Measurement, control, part of signal
processing: mixed signal controller

C8051F060
Mixed signal
microcontroller
(www.silabs.com)



Prototype: data acquisition unit



Prototype: signal conditioning



Connected modules



FES example
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FES concentration dependence
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Summary – FES device
development

• Noise used as an information source

• Enhanced sensitivity, selectivity

• Single sensor for different gases, even simultaneously

• Noise spectroscopy, PCA analysis

• Special digital measurement device has been developed

• Further possibilities:

– Optimisation, integration

– Stand-alone, intelligent unit

– Self-adjusting device

– Application to other sensors
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