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Abstract: A complex investigation of chemoresistive sensors based on a-Fe,O; was carried out
by means of simultaneous monitoring o two physical parameters: condictance (resistance) and
work function variation. The purpose is to reveal diff erencesinduced by various gases and

distingush between a mncentration raise and an exposure to different gas spedes.
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INTRODUCTION

Semiconductor gas sensors transform chemical interactions into
electricd signals via surface reactions by adsorption (chemosorption)
process. Since there are many compourds ready to interad at the surface is
difficult to oltain seledivity for only one gaseous species.

The basic principle of solid-state chemical sensor operation is the
control of the surface potential barrier by adsorbed radicals (surface charge
or work function change). This potential change can be produced by
different surfaceinteractions and can be read-out by means of Kelvin Probe
technique, which is a nondestructive method, and also by resistance
measurements.

For compourd semiconductors with ionic bondng, the barrier height
follows the changes in the work function. As the work function is very
sensitive to surface adsorption pocess the system which contains
compound semiconductors is usudly very sensitive. It is known from the
theory of adsorption that the surface cverage is usualy propationa to
work function changes due to adsorption.

Sensor seledivity remains an unsolved problem and it is obvious that
resistance alone @nnot deliver clear information on environmenta
condtions. The change in sensor resistance is the same for a certain step
change in partial pressure of gaseous gecies A as it would be for another
step changein partial pressure of ancther gas spedes B.

For chemo resistive type sensors, the simultaneous evaluation of the
electricd resistance and work function changes seems physically more
reasonabl e than the simple relative dhange of the resistance.
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METHODS

Both changes in resistance and relative work function can be
simultaneously monitored by a spedal setup combining a Keithley digital
multimeter and a McAllister Kelvin probe. The sensor to be investigated is
enclosed in a sted chamber of relative small volume where mixture gases
are injeded with total flow in range of 50-200 ml/min. The gases are
delivered by a gas mixing station, which can dlute the target gases in air
obtaining mixtures with resolution smaller than 1ppm [1].

The digital multimeter in a two-point setup records resistance changes
triggered by changing the gaseous atmosphere. Work function changes
induced by surroundng atmosphere at the semicondwctor surface are
determined by a Kelvin probe system [2], which is basically a vibrating
capacitor with an oscill ating reference plate while the other being the
surface of the sensor.

RESULTS

The seledivity of a semicondictor gas snsor is a delicate problem and
can ony be enhanced by using special filters or catalyst additives. Anather
solution is to find a temperature regime, which allows a certain reaction to
take place at the surface of the sensor knowing that temperature is a major
player in such areaction.

Still, at a given temperature, the influence of diff erent gases cannot be
clearly read. In ou experiments we have used a semiconductor sensor based
on Fe;O3; on alumina substrate with a built-in heater. We have dosen an
arbitrary temperature and have tested the response of the sensor to step
changes in gas concentration. The gases in dfferent concentrations were
diluted in dry synthetic air of high purity, which constitutes the reference
atmosphere. As target gases carbon monoxde and methane were chosen for
they are most frequent the cause of severe accidents. Water vapors were dso
considered as they are always present in atmosphere and have a strong
influence on sensor response to cather gases. All gases were injected
separately into the sensor chamber; study on a complex simulated
atmosphere will be presented elsewhere.

Figure 1 presents the response of the sensor as different concentrations
of target gases are brought to the sensor. One can see the carbon monoxde
is clearly “seen” but the output signal is extremely low and it will be
overwhelmed by the signal correspondng to water vapors in real condtions.
On the other hand, the resistance change triggered by the presence of CHy is
almost the same with the one produced by water vapors. In these condtions,
the sensor will fail to alarm when explosion conditions are present or will
give afalse darm when only mist exists.
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It seems the sensor is useless because we have chosen a bad
temperature regime or the sensor is not proper designed for gas snsing. In
the following, we will present some results dowing a distinction can be

made regardless special condtions.
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Fig. 1 - Change in the resistance of the sensor at different
concentrations of test gases

The work function ® contains three contributions: energy difference
between Fermi level and conduction band in the bulk (Ec-Ep)puk, band
bending qVs and electronic affinity . All three contributions may change to
gas exposure [3], [4].

©= (Ec = )bulk +qVs + X «y
The conductance of the semicondictor may be described by equation
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It follows

kBTIn(%O) =x-0 3)

Our setup measurement does not allow an absolute evaluation for the
semiconductor work function but only a change A® with respect to distinct
situations ®f and @), initial situation correspondng to namal atmospheric
condtions and final situation correspondng to steady state in contaminated

air.
Hence, using (3):

AP =0, -, = kBTIn(G%; )+t Xe =X, :kBTln(%)+AX (4)

By considering in the final state the parameters of the sensor when
exposed to gas while in the initial state the parameters measured in clean air
we can combine resistance measurements with relative danges in work
function to obtain the variation of the dedronic dfinity to environment.

The results of such action for our sensor are given below.
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Fig. 2 - Typicd changes induced by the presence of areducing gas
left: CO effect; right: CH, effect
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It can be seen the CO has no significant influence on the work function
of semiconductor but the affinity is affected. In the case of CH,, the
influence in work function is relevant and the electronic affinity is strongly
aff ected.
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Fig. 3 - Influence of water vapors on eiectronic dfinity and work
function

Figure 3 revea that relative humidity does not affect the electronic
affinity of the sensor active material. As a result, althoughthe information
read via the resistance of the sensor could na distinguish between methane
and water vapors, we can tell methane is present by observing the evolution
of the dectronic affinity: having a certain variation of this parameter
invol ves methane dissociation at the surface of the sensor.

CONCLUSIONS

The present paper reveds a methodto dstinguish different gases in the
sensor vicinity by extrading information on stimuli through dfferent
parameter that are simultaneously influenced. The relative variation d work
function and consequently electronic affinity variation allow not only to
differentiate between possible present gases, but also to obtain information
on surface coverage, adsorption and path of chemical reactions at the
surface of the sensor.
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