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Abstract:

Even small traces of carbon monoxide in the fuel gas lead to a degradation of performance in low
temperature polymer electrolyte membrane (PEM) fuel cell systems. Therefore a sensor which is
capable of detecting CO in a ppm range in a hydrogen rich atmosphere is a great advantage. In this
talk a new gas sensitive layer to be used as suspended gate in an existing CCFET based sensor
system is presented. The new gate material is based on a platinum/gold alloy and covered with a thin
polymethylmethacrylat (PMMA) layer. A simple experiment was designed to qualify the sensitive layer
measuring the work function change with a Kelvin probe system. Here measurements will be
presented in an atmosphere of 95% argon, 4% hydrogen and 1% carbon dioxide. The carbon

monoxide concentration was up to 50ppm.
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Introduction

Hydrogen for fuel cells can be produced by a
reformation process of hydrocarbons and water.
At high temperatures up to 900 °C and
pressures around 25 bar, water and
hydrocarbons react to hydrogen. As a
byproduct of this process carbon monoxide (up
to 1 %) is derived. CO is highly poisonous for
the platinum catalyst layer of the fuel cell
membrane, what leads to a degradation of the
fuel cell performance [1]. A reduction of CO
concentration to a few ppm in the fuel gas is
essential. This can be reached by selective
oxidation and purification processes [2]. But for
these applicable methods, it is important that
the amount of CO is known.

Nowadays, many different gas sensing
methods exist [3]. A well suited way to detect
gases is using the Floating Gate Field Effect
Transistor (FGFET) [4]. Its sensing properties
depend on the gas — induced work function
change (or Contact Potential Difference — CPD)
of the sensitive layer that is mounted on top of
the transducer device. A related CCFET based
Sensor system with convertible gas sensitive
layers on a suspended gate, mySens®, has
been developed by Micronas GmbH in
Freiburg. The goal of the presented work is to
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develop a gas sensitive layer which can detect
CO in hydrogen-rich atmosphere, and which
can be used with the mySens® technology as a
CO sensor for fuel cell systems.

CO and H, are reducing gases. So, the reaction
of the two gases on surfaces is quite similar in
principle. Up today, some studies of CO
detection in H, have been done [5, 6, 7]. In the
present article a sensitive layer based on gold
alloyed platinum will be presented, able to
detect carbon monoxide in a hydrogen rich
atmosphere. On top of its surface, additionally a
thin polymethylmethacrylat (PMMA) film was
placed as a diffusion barrier [8]. The gas
induced work function change was measured
with a kelvin probe system. The measurement
gas conditions were 4 % H,, 1 % CO, and up to
50 ppm CO concentration. Argon was used as
an inert carrier gas.

Sample Preparation

In this work, highly doped <100> silicon wafers
with specific resistances between 0.01 Qcm
and 0.5 Qcm were used as carrier materials.
On top of these wafers, 100 nm titanium was
sputtered as adhesive layer with a Leybold-
Heraeus Z550 sputtering device. In the next
step, a 100 nm thick platinum-gold layer was
sputtered with a Polaron SC500 SputterCoater.
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For this, a Pt/Au mixed sputter target was used,
built up on a round metal holder with two
semicircular foils of platinum and gold with a
purity of 99,9% and on the other side a
semicircular gold foil with a purity of 99,9%
each. Both foils were delivered from the
AlfaAesar Company. Due to the split
configuration of the sputter target, we received
a gradient of the Pt/Au ratio across the
sputtered wafer. After the sputtering process,
the wafers were divided in small square pieces
with a side length of about one cm. The
compounding of these different samples was
investigated with Energy Dispersive X-ray
Spectroscopy (EDX) by an INCA 2 X-act EDX-
system from Oxford Instruments built in a JEOL
JSM-6700F Scanning Electron Microscope
(SEM). In the next step, the PMMA (photo
resistive AR-PC504, Allresist) was deposited on
these small samples by spin coating. This
PMMA was diluted down to 33% with the
diluent AR600-01 from the same manufacturer.
After the depositing of PMMA, the sample was
spun 5 sec at 500 rpm and then 25 sec at 8000
rpm to get a smooth homogeneous about 100
nm thick layer. After baking out the samples for
10 min at 180 °C on a conventional hotplate,
the thickness was investigated with a Micropack
NanoCalc2000 spectrometer. To get thinner
PMMA layers, the surface was etched in
oxygen plasma with a Technics Planar ETCH Il
plasma etching system. In a last step, the
thickness of the PMMA was checked again.

Experimental

The samples were characterized in the gas
measurement station, schematically shown in
Fig. 1. It is a closed chamber with a volume of
about 12 cm®. Inside the chamber the samples
were glued with conductive silver on a
grounded sample holder opposite a kelvin
control probe. The sample holder could be
heated up to 150 °C. The temperature was
measured with a Pt100 temperature sensor.
The gas flow was controlled by a WIGHA2000
control unit and three MKS mass flow
controllers (MFC). For our measurement a
stable gas flow of 100 sccm gas was
established. Two different test gases supplied
by the Linde AG were used. One gas used as
background atmosphere consisted of 4% H,,
1% CO, and 95% Ar. The other one contained
4% H, 1% CO,, 95% Ar and additionally
200 ppm carbon monoxide. With these two
gases it was possible to vary the carbon
monoxide concentration from 0 to 200 ppm with
a constant hydrogen background. An additional
bubbler line enabled humidity variations in the
test gas up to 50%. The CPD was measured by
a Kelvin Control 07 Unit from the Besocke Delta
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Phi GmbH connected to a Keithley2000
multimeter which monitored the CPD. The
whole measurement station was controlled by
an in house developed MatLab program on a
conventional laptop.

Keithley2000
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Fig. 1: Schematic diagram of the used measurement
station.

Results

The first measurements were done with pure
platinum layers. The results are plotted in Fig.
2. The upper part of the graphic shows the CPD
of the platinum layers. The lower part describes
the measurement conditions (temperature,
relative humidity and CO concentration) during
the measurement. During the CO-peaks a CPD
change was measured but the signal behaviors
are not constant over all measurement
conditions. Especially at low temperatures
~25°C the CPD is very small. Furthermore you
can see a large back drift in the middle
temperature range with 50% humidity.
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Fig. 2: Kelvin probe measurements of a pure
platinum layer at different temperatures with an
without humidity in a 4% hydrogen atmosphere with
95% argon, 1% carbon dioxide and a maximum
concentration of 50 ppm carbon monoxide.

Now we tried to improve the sensor signals.
Therefore we produced an alloy of platinum and
gold. In Fig. 3 the CPD of platinum gold alloys
with different Pt/Au concentrations is shown.
The signal peaks of the Pt/Au alloys are
noticeable over the whole temperature range
without ~ pronounced  humidity influence.
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Regarding the Pt/Au ratio a high concentration
of platinum (about 90% - black line) gives better
signals of about 200 mV in comparison to
samples with a high gold amount (blue line).
The latter do not show a constant reaction.
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Fig.3: Kelvin probe measurements of Pt/Au alloys
under the same measurements conditions as above.

The next improvement step was, to increase
the signal discrimination of different CO

concentrations. On pure Pt/Au alloys, the peak
heights of the CPD for certain CO amounts
cannot be distinguished clearly. We get only a
few mV differences between 10 ppm and 100
ppm CO as you can see in Fig.4.
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Fig.4: Kelvin probe measurements of Pt/Au layers at
different CO-concentration up to 100 ppm CO. No
clear difference between the CPD changing is
recognizable.

Inspired by previous sensor developments [8],
the Pt/Au alloy was covered with a PMMA-
layer. The results are printed in Fig. 5. Both
samples have approximately the same Pt/Au
ratio 9:1. The thicknesses of the PMMA-layers
were 11 nm and 16 nm. For thicker PMMA-
layers of about 30 nm the CO signal
disappeared completely. This system was able
to detect different CO concentrations.
Especially at high operation temperatures of
150 °C a clear difference in the CPD signals of
CO amounts of 10 ppm, 25 ppm or 50 ppm was
measurable.

IMCS 2012 — The 14th International Meeting on Chemical Sensors

DOI 10.5162/IMCS2012/4.1.3

T T T T T T T T

——Pt/Au:91/9 - PMMA16nm
—— Pt/Au:89/11 - PMMA11nm

L L
T T
—— Humidity
—— Temperature
—— CO - Concentration

o[ Aol
200 600 ¥

0 100 300 400 500
Time [min]

w
o

|
T T T T T T

B ee
ghE
T T rTrrrrr

o
=}

-
al

Temperature [°C]

N}
a

€O - concentraton [ppm]

00 800

Fig.5: Kelvin probe measurements of Pt/Au alloys
with an additional PMMA layer on top. The CO
concentration was varied form 10 ppm to 50 ppm.

Conclusion

With these measurements, we have shown that
it is not only possible to detect CO in hydrogen
containing  atmosphere by the CPD
measurement of a platinum gold alloy with a
high fraction of platinum. Moreover we can
distinguish different concentrations of this gas,
when an additional PMMA-layer of about 15 hm
thickness covers the Pt/Au surface. In the next
step, the sensitive layer will be tested in higher
hydrogen concentrations up to 80% and the
cross sensitivities to other gases like methane,
carbon dioxide and oxygen will be checked.
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