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Abstract:

This work presents a first approach to the fabrication of room temperature floating gate GasFETs
based on the readout of the work function of conductive polypyrrole (PPy) coatings. PPy coatings
have been fabricated onto Au and Pt coated alumina substrates by means of the in-situ polymerization
technique. The response of the coatings to different gases and volatile organic compounds (VOCs),
such as ethanol, acetone, methylamine or isopropanol and gases has been tested using the Kelvin
probe (KP) setup. Results have revealed good sensitivities to isopropanol and methylamine at room
temperature. Relative humidity (RH) was found to be a decisive factor, which conditioned the
sensitivity of the coatings to VOCs and gases as well as the overall coating response. Additionally,
good sensitivity to low weight hydrocarbons was found when the substrate was heated to 180°C.
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Introduction

Nowadays, gas sensing applications cover a
vast and heterogeneous field from air or
combustion monitoring in industrial and
domestic environments to the detection of
diseases in breath analysis, which requires the
accomplishment of specific premises for each
case. For instance, high-temperature operated
sensors that can provide high stability and fast
response in some cases should be discarded
for portable wireless long-term operation with
batteries or when the operation temperature
can derive in degradation and bad operation of
the sensor itself [1-2]. Conductive polymers
have largely concentrated the attention of the
scientific community for the fabrication of gas
sensors at room temperature by means of
monitoring the change of resistance [3]. Apart
from resistance readout there are other
properties of conducting polymers that change
upon exposure to volatile compounds, such as
work function, which is basically based on
surface interactions, and can be measured at
room temperature [4-5]. This work presents a
first approach for the fabrication of ambient
temperature floating gate FET devices based
on the readout of the work function of
conductive polypyrrole (PPy) coatings.
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PPy coating Fabrication

All chemicals were used without further
purification. The samples have been fabricated
from Pt and Au films sputtered onto alumina
squares (0.5x0.5cm). The samples were
washed before testing with ethanol and distilled
water and then dried with nitrogen. PPy
coatings have been fabricated by means of the
in-situ polymerization technique using FeCl; as
dopant as it is described elsewhere [6]. Pyrrole
monomer (Py) solution (5mmol) and FeCl;
solution (10mmol) were prepared separately in
10 ml and 15 ml distilled water respectively.
Then, the Py solution was added to the FeCl;
solution and stirred vigorously. The samples
were placed afterwards into the solution in
vertical position for 5 hours. After the
polymerization process, the samples were
rinsed thoroughly with distilled water in order to
remove the bad adhered material, dried under
nitrogen flow and then kept in a desiccator
overnight before testing.

Work Function Measurements

All the measurements were performed at room
temperature (23-25°C), 40% relative humidity
(RH) and at a constant gas flow (synthetic air
as the carrier) of 1 I/min unless otherwise
stated.
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The PPy samples were arranged in a Kelvin-
probe (KP) setup [7-8], using a gold grid with a
diameter of 3 mm as the reference electrode. In
order to maintain an equal potential Pt and Au
wires were connected to the Pt and Au layer
respectively prior to the PPy coating fabrication
and grounded together with the reference gold
electrode during the measurement process.
Contact potential difference (CPD) was
measured at low (ppm) concentrations of
different gases, such as NO, ethanol, Acetone,
Ho, acetaldehyde, methylamine and
isopropanol, and compared with the bare Pt
and Au reference samples.

Fig. 1. Top: AFM image of the PPy coating.
Bottom: KP sample coated with PPy.
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Results and Discussion

Thin (~500nm), homogeneous coatings were
fabricated onto Au and Pt covered alumina
substrates as it is represented in Fig. 1.
Tapping mode atomic force microscopy
analysis (Innova from Veeco Inc.) of the
samples revealed an average surface
roughness of ~130nm (see Fig. 1).

CPD between a gold electrode and the PPy
coatings fabricated onto Au (black solid line)
and Pt (red solid line) has been compared with
the CPD between a gold electrode and the Au
(black dotted line) and Pt (red dotted line)
coated alumina reference respectively. In Fig. 2
it is presented the response of the devices at
different concentrations of NO (0.02, 0.05 and
0.1 ppm), H, (0.02, 0.03 and 0.05 ppm), ethanol
(5 and 15 ppm) and acetone (5 and 20 ppm). It
is important to note that the response to NO is
inverted in comparison with the references,
which denotes the influence of the PPy
overlayer. The response of the PPy coated
samples to ethanol and acetone is similar or
even worse to that of the reference samples.
Here, the response of the PPy coated samples
to ethanol and acetone could be also masked
by the long recovery time after the NO
exposure associated to the slope of the solid
lines. Additionally, as it happened with the
reference samples, there no appreciable
response to low H, concentrations.
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Fig. 2. Kelvin probe measurements of PPy coatings fabricated onto Au and Pt (solid lines) and Au and Pt
references (dotted lines) to different gases and concentrations.
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Fig. 3. Kelvin probe measurements of PPy coatings fabricated onto Au and Pt (solid lines) and Au and Pt

references (dotted lines) to different gases, concentrations and RH.

In Fig. 3 it is presented the response of the
devices at different concentrations of
methylamine (0.2 ppm), isopropanol (from 1 to
5 ppm), and acetaldehyde (from 1 to 10 ppm)
as well as the response to different RH
conditions. From Fig. 3 it can be extracted that
the CPD variation of the reference samples is
greater in magnitude than the variation obtained
with the PPy coated samples for methylamine
and isopropanol while it is within the same
order of magnitude for Adetaldehyde and RH.
In contrast, the response time of the PPy
coated samples seems to be faster than the
response of the bare references in general and
it is especially marked in the RH variation.

Further experiments were performed in order to
observe the response to RH variations with
both Au and Pt PPy coated samples. In Fig 4
RH variation revealed faster response and
recovery times than references (see Figs. 3 and
4) with a dynamic range of ~50mV with the PPy
coating fabricated onto Pt.

Conclusions

This work has studied the fabrication of PPy
thin-flms onto Pt and Au coated alumina
substrates by means of the in-situ
polymerisation method. KP tests have been
performed with the PPy coated samples in
order to study the sensitivity to low
concentrations of different gases and VOCs at
room temperature. Moreover, PPy coatings
have revealed good sensitivity to RH variations
in the range 20-60%. Further studies are
needed in order to investigate the coating
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ageing and saturation as well as to establish
the cross-sensitivity of the measures under
different conditions (RH and Temperature).
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Fig. 4. Kelvin probe measurements of PPy coatings
fabricated onto Au (dark line) and Pt (red line) at
different RH%.
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