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Thin-Film Microsensor Offers 
Intelligent Detection of Many Gases 
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Scientists at Argonne (E) National Laboratory have d e M q @ l w - f i l m  microsensor that 
is capable of detecting and quantifying a wide variety o&ases and gas mixtures at 
concentrations as low as 1 ppm. The sensor technology is suitable for controlling boiler 
and flue-gas emissions, characterizing contaminated soil and air, monitoring for noxious 
gases, and providing early intelligent detection of toxic vapors. Intelligence comes from 
onboard neural network software that identifies gases by matching cyclic voltammograms 
with stored patterns previously obtained from standard reference samples. The sensor and 
the techniques used to optimize the thin films involved will be the subject of a talk given by 
Jim Vetrone on Tuesday afternoon at 220 p.m. in Room 1011. 

The heart of the sensor consists of four thin-film layers fabricated from economical and 
commercially available precursor materials using metal organic chemical vapor deposition 
(MOCVD). The bottom layer is nickel oxide. This is followed by a layer of ruthenium 
oxide, which serves as an electronically conductive electrode. Next comes an oxygen-ion- 
conducting electrolyte layer of yittria stabilized zirconia (YSZ), and finally another layer of 
ruthenium oxide to form the electrode that is exposed to ambient gases. All layers are 
deposited at low temperatures ([less1500 C) on a silicon substrate, so fabrication is 
compatible with semiconductor processing and can be readily scaled for high-volume, 
low-cost production. A thick-film resistive heating element is screen printed on the 
backside of the silicon substrate so that the sensor can be warmed, if necessary, to an 
operating temperature of ~ess'J200 C. The entire element measures 2 X 4 mm and can be 
further miniaturized if photolithographic methods are used to define the thin-film features. 

The sensing mechanism is based on the electrochemical oxidation and reduction of gases 
near the surface of the top electrode. These chemical reactions change the oxygen ion 
concentration in the YSZ film and donate or remove electrons from the electrode, all of 
which causes the cyclic voltage across the electrodes to generate current-voltage patterns 
having peaks of reproducible height and position that are unique to each gas. Each current- 
voltage pattern acts as a gas signature that can be read by neural network code resident in an 
onboard microcontroller chip. The sensor can detect any gas that will change the 
concentration of oxygen ions in the YSZ film and can be trained to identify a particular gas 
in the presence of other nominally interfering gases. The neural network algorithm can even 
account for changes in ambient humidity or temperature. 

To understand how the sensor works, you need to keep in mind that the ruthenium oxide 
layers are very thin ([appx] 0.1 microns) and are consequently somewhat porous, so 
ambient gases at the top electrode are able to adsorb onto the YSZ surface. Chemical 
reactions there then either increase or decrease the number of oxygen ions in the YSZ 
electrolyte, which either temporarily increases or decreases the current across the YSZ film 
relative to normal capacitive currents. This leads to a rise or fall in current that abates when 
an equilibrium concentration of oxygen ions has been reached. Because some reactions 
deplete the YSZ of oxygen ions, there must be some means of replenishing the supply. 
That's where the nickel oxide layer comes in. It gives up oxygen ions to the YSZ film. 

The ruthenium oxide electrodes affect the YSZ surface reactions in three ways. The voltage 
between the electrodes energizes the reactions while the ruthenium oxide itself acts as a 
catalyst. Even the relative electrical polarity of the electrodes plays a role by affecting the 
oxygen ion concentration at the YSZ surface near the top electrode (oxygen ions being 
negatively charged always move toward the electrode that's momentarily positive). When 
the voltage on the electrodes is cycled, these three effects combine to provide a unique 
current-voltage signature for each ambient gas. 



The main technical problem with YSZ comes from the fact that it is a rather porous ceramic 
material. This means that when the top electrode is deposited, there is a chance that 
conducting material will fill in the voids and cause the electrodes to short out. The usual 
way of dealing with this problem is to make the YSZ film very thick--50-micron YSZ films 
are not uncommon. The Argonne researchers, however, have found ways to avoid shorting 
problems with 1-2 micron films. How they do this will be discussed at the talk on Tuesday 
afternoon. 

The presentation will focus on the optimization of the MOCVD fabrication method. In 
particular, the effect of growth temperature and substrate roughness on the sensor's 
electronic and gas-sensing properties will be highlighted. Data from impedance 
measurements will be used to provide insight into the gas-sensing mechanisms. The 
direction of future research will also be indicated. This involves further miniaturization 
using photolithographic techniques, the application of gas-selective coatings, and 
incorporation of novel designs for near-room-temperature operation. 
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