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A new planar device based on Seebeck effect for gas sensing applications
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Abstract

A new planar sensor structure has been developed, which takes advantage of the differential temperature appearing between tue two
halves of a tin or an indium oxide film, one half of which is covered with a catalyst, in the presence of a combustible gas. Since the
rates of reaction of the combustible gas on the two halves of the film are expected to be different, different amounts of heat are deliv-
cred at the two halves of the film, resulting in a temperature gradient across the film. According to the Seebeck effect, this temperature
gradient produces a voltage difference at the two edges of the film. Different Seebeck voltage values have been recorded when the
structure is exposed to various gases, due to the different heat of adsorption or combustion delivered from each gas at the two portions

of the film.
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1, Introduction

Thermal sensors based on the Seebeck effect have
been studied [1,2) and Seebeck coefficients of a variety of
metals and semiconductors have been investigated [3-5].
Additionally, tin oxide pellets have been used in the past
to successfully provide hydrogen sensitive sensors based
on the Seebeck effect [6).

In this work, simple structures using tin and indium
oxide reactively sputtered thin films, surface-doped with
palladium or platinum (on the half of their surface) have
been considered for sensing CO, CH, and C;H;OH. It is
known [7,8] that the addition of noble metals as catalysts
on the surface of metal-oxide semiconductors has a large
influence on the chemisorption kinetics of reducing gases
on their surface. Relying on the differential chemisorption
behaviour of the plain and the covered with a noble metal
portions of a film, a Seebeck voltage is expected to ap-
pear at the two edges of the film when it is exposed to
ambient air. This would happen, because oxygen from the
atmosphere adsorbs on the film and the heat of adsorption
on the two portions of the film is expected to be different
due to the catalytic activity of the noble metal. The posi-
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tive terminal of the sensor is the 'hot' edge and the nega-
tive the ‘cold’ edge. For example, if platinum is deposited
on the half of the film and platinum acts catalytically for
oxygen adsorption, the edge with platinum must be the
positive terminal. Now, if the sensor is exposed to con-
centrations of another reacting gas, this Seebeck voltage
is expected to change. This voltage change provides an
electrical signal related to gas composition.

2. Experimental techniques

SnO, and InO, films were deposited with reactive
magnetron sputtering on alumina (96%) substrates with
dimensions 12 x 26 mm. Oxygen flow during sputtering
was controlled with a plasma emission monitoring appara-
tus, providing controllable stoichiometry of the deposited
film and reprooucible films. Oxide thickness was
1000 nm after a 10 min sputtering time. Palladium or
platinum was electron-beam evaporated at ambient tem-
perature on the half of the film with an average thickness
of a few nanometers. Gold contacts were subsequently
thermally evaporated on the two edges of the substrate. It
is known that ultra thin evaporated metal films are dis-
continuous, consisting of discrete islands (clusters), with
average dimension around 3-8 nm [9]. The structure of
the sensors is shown in Fig. 1.
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Fig. 1. Sensor architecture.

The sensor characterization setup was designed to
measure the steady-state and transient response voltage of
the sensors, testing them at constant temperature (pro-
vided by an external heater) and under different gases.
Sensors were tested at 2000 ppm CO, 10 000 ppm CH,
and 26 ppm C,H;OH diluted in zero grade air (ZGA, ar-
tificial, purified mixture of 80% nitrogen and 20% oxy-
gen).

3. Experimental results and discussion

Palladium covered sensors, either tin or indium oxide
based, did not show remarkable sensitivity to any of the
test gases. On the contrary, platinum covered sensors ex-
hibit remarkable responses to maost test gases. Fig. 2
shows the response of a platinum covered tin oxide sensor
to CO, CH, and C,H;OH, at 360°C. Note that in the ab-
sence of a reducing gas (in zero grade air) a voltage of a
few millivolts is present, due to the different oxygen ad-
sorption rates on the two halves. This voltage increases in
the presence of reducing gases. Fig. 3 shows the response
of the same sensor at 390°C. It is interesting to compare
the responses to CO and CH, with the corresponding re-
sponses of Fig. 2. The positive voltage denotes that the
edge doped with platinum is the hot terminal.

Fig. 4 shows the response of a platinum doped InQO,
sensor to the same test gases. Note the different behaviour
of the transient response in the presence of butane and
propane. The sensor was kept at 330°C during the meas-
urements.
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Fig. 2. Seebeck voltage of an SnO, sensor doped with platinum at its
half surface, kept at around 360°C.
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Fig. 3. Secbeck voltage of the SnO, sensor doped with platinum at its
half surface, kept at around 390°C.

When a semiconductor is exposed to a temperature
gradient, the free carrier (electron in the case of n-type
material) concentration is increased at the hot edge with
respect to the cold edge. From a solid-state physics ap-
proach, when a temperature gradient 6T is present the
quasi Fermi energy of the semiconductor (proportional to
the carrier density) exhibits a constant slope from the hot
to the cold edge and a voltage difference appears at the
two edges of the semiconductor. For an n-type semicon-
ductor the hot edge is the positive terminal while the cold
is the negative terminal (the polarity is reversed in the
case of p-type material). This voltage is called Seebeck
voltage (from the name of its discoverer) and is propor-
tional to the temperature gradient according to Eq. (1):

oV=adT

where a; is the Seebeck coefficient expressed in volts/K
and depends on the material properties and on tempera-
ture. The Seebeck coefficient may be expressed as a

InO, + Pt, 330 °C
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Fig. 4. Seebeck voltage of an InO, sensor doped with platinum at its
half surface, kept at around 330°C.
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function of film resistivity, p, only according to the fol-
lowing relation [1]:

a = mﬁ.n[L]
q Po

where k is the Boltzmann constant, m=2.6 and
Po =5 X 1076 Q-m (Ref. [1] gives a thorough mathemati-
cal treatment.)

Considering the structure of our sensors shown in Fig.
1, the temperature gradient between the two edges of the
semiconducting film is created due to the different iates
of gas chemisorption imposed from the catalytic layer
present on half of the film. The edge of the films with the
catalyst is connected to the positive terminal of the volt-
meter, thus a voltage increase (with respect to the See-
beck voltage measured in the presence of air) means that
the catalytic layer increases the combustion rate of the
target gas. In an oppositc case the catalytic layer de-
creases the combustion rate (or the heat of adsorption) of
the target gas, with respect to the one achieved without
the catalyst.

The response of a platinum covered tin oxide sensor to
target gases is shown in Figs. 2 and 3. The sensor exhibits
interesting transient responses in the case of carbon mon-
oxide, methane and ethanol. Note that different transient
responses were recorded in the case of carbon monoxide,
methane and ethanol. These experimental results are be-
ing theoretically interpreted and results will be published
in a forthcoming paper.

Similar behaviour is observed in the case of InO, film
with platinum catalyst deposited on the half of its surface,
as shown in Fig. 4.

4. Conclusions

Tin oxide and indium oxide thin films doped at the
half of their surface with an ultrathin layer of a noble
metal have been evaluated as sensors for reducing and
combustible gases. The Seebeck voltage produced in the
presence of different gases has been considered as the
output signal of the sensors. Both tin and indium oxide
films doped with platinum were found to be very sensi-
tive to most test gases. The explanation of the interesting
transient effects observed will be given in a forthcoming
paper under preparation.
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