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MEASUREMENT OF ETHANOL CONCENTRATION WITH A NEW GAS
PHOTOVOLTAIC NANOSENSOR
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Modern ethanol gas sensors have the limited dynamic range of measurements. For example, dynamic
range of measurements for environmental alcohol sensor of Dart Sensors Ltd is 0-250 ppm [1], MR513
Hot-wire type alcohol gas sensor 0-1000 ppm [2], TGS 2620 alcohol vaporssensor 50-5000 ppm [3].
Progress in gas sensors technology has made it possible with a new smart gas sensitivity element.

A photovoltaic junction between nanoporous and crystalline silicon can be produced by
electrochemical etching technology of a silicon wafer surface. We found a technology for producing a
special gas and light transparent contact for new photovoltaic device. In this paper we report about gas
sensitivity properties of these sensors for ethanol vapors.

Porous silicon for this study was formed by anode electrochemical etching of (111) oriented p-type
silicon wafer with a resistivity of 10 Qcm at the current density of 10 mA/cm?, in a HF-based solution.
During the etching process an additional illumination and an ultrasonic processing was applied to the
silicon surface. The thickness of porous silicon layers is found from cross-section scanning electron
microscopy (approximately 12 um at 5 min etching time). Thin porous film from aluminum was
manufactured on a surface of porous layer (gas and light transparent contact (C) on Figure 1). This film
was transparent to illumination and gas molecules and created electrical contact with porous silicon
(electrical contact (A) on Figure 1). Top (A) and bottom electrical contact B to silicon wafer is
manufactured by standard technology (Figure 1).

Manufactured porous silicon layer had red (Amax~780 nm) luminescence under laser illuminations at a
wave length of 441.2 nm. This red luminescence had a half-width at half maximum of approximately 0.2
eV. The luminescence in visible range of spectrum is related to quantum wires. Broad band of
luminescence peak demonstrates a different thickness of quantum wires. It means that porous silicon has
quantum wires with greater band gap than crystalline silicon. Band gaps of our nanowires system are in
the ranges of 1.7+0.2 eV. In our case the photovoltaic junction should be formed between porous silicon
and silicon wafer. The light induced heterojunction can be the single reason of occurrence of the photo
electromotive force on contacts.

Photo-EMF was observed near the wavelength of light of approximately 730 nm. An increase of
ethanol concentration in the measurement camber leads to a decrease of the Photo-EMF magnitude.
Usually photodetectors have a maximum photo-response at a wavelength of light corresponding to band
gap energy. In our case the band gap energy of a porous silicon layer equals approximately 1.7 eV
(energy of light quantum at wavelength 730 nm).
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Fig. 1. A cross-section of photovoltaic sensor structure with nanoporous silicon on crystalline silicon wafer

The photo electromotive forces between A and B contacts under illumination of samples were studied
in a special measuring chamber at room temperature with different composition of nitrogen atmosphere
and ethanol vapors. Magnitudes of electrical voltages (PhotoEMF) between A and B contacts depended
on concentration of ethanol vapors in the measurement chamber and intensity of illumination (Figure 2).
Different levels of Photo-EMF are detected for different ranges of concentration: from 10 ppm to 1000
ppm at 200 1x, from 1 ppm to 100 ppm at 20 Ix and from 0.1 ppm to 10 ppm at 2 Ix.

Humination of porous silicon layer generate electron-hole pairs G in nanowire (generation process is
marked in red in Figure 3). These electron-hole pairs recombined through recombination centers
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(recombination process is marked in blue in Figure 3). A part of holes reaches to p-type region of
crystalline silicon. Then photo electromotive force should appear on heterojunction.
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Fig. 2. Dependences of Photo-EMF on concentration of ethanol vapors under different illumination levels

The intensity is inhomogeneous along nanowires. The generation of electron-hole pairs is maximal on
top part of the porous layer. A physical mechanism of Photo-EMF should be identical with well-known
photo electromotive force of light induced photovoltaic junction.

Ethanol molecules are adsorbed mainly on surface of nanowires (Figure 3). Adsorption of ethanol
molecules creates new surface levels. A re-charging of levels in quantum wires and electrical micro fields
close to polar ethanol molecules can effect on recombination rates of electron-hole pairs. In our case, the
ethanol adsorption substantially influences on magnitude of photo-EMF (Figure 2).
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Fig. 3. A model of a new photovoltaic gas sensors and a mechanism of photo- and gas-sensitivity

Based on our results, we conclude that photo-EMF on photovoltaic junction between nanoporous and
crystalline silicon depends on ethanol vapors concentration in wide range. In the literature on gas sensors
technology (for example, [4]) there is no find information about similar sensors sensitivity. A use of the
new photovoltaic gas nanosensors technology will open a new way of building the wide range gas
Sensors.
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