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Abstract

In this paper, we discuss the use of a novel ceramic MEMS (CeraMEMS) technology based on the application of thin alumina film (TAF). The
membrane is fabricated by the electrolyte spark oxidation of aluminum, consists of nano-crystalline y-aluminum oxide, and has a thickness of
10-30 wm. The MEMS chip is formed by the fixation of the membrane on alumina ceramic substrate with holes. The MEMS platform demonstrates
very high stability at working temperatures up to 600 °C (life time >5 years, drift of heater resistance ~3% per year at 550 °C). It was shown
that this membrane chip could be used for the fabrication of gas sensors (semiconductor, thermocatalytic, and NDIR optic) operating in impulse
regime. The thermal response time of the heater is of about 80 ms, the chip remains working after 7 millions on—off cycles at 450 °C. Average
power consumption of methane sensors based on these platforms is <1 mW. This low power consumption enables the application of CeraMEMS

sensors in wireless networks.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, many research groups in the world investigate the
possibility of the fabrication of high-temperature gas sensors
of different types based on micromachining technology (for
example, [1-3]). The application of this technology enables a
very important improvement of characteristics of semiconductor
[1,2], thermocatalytic [4], and IR optic (NDIR) [5] gas sensors.
In particular, it makes possible the fabrication of autonomous,
wireless instrument, where it is important to minimize power
consumption of the sensor operating at high temperature. For
these applications, the sensor must work not only at high tem-
perature, but also has to maintain pulsing temperature operation
mode necessary for the minimization of power consumption.

The operation principles of gas sensor devices are well known
and consist in the following. The semiconductor gas sensor mea-
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sures a change in the conductivity of sensing layer resulting
from a change in charge carriers (electrons or holes) concen-
tration and their mobility due to the chemisorption of gas to
be detected. The thermocatalytic sensor determines the heat of
the reaction of the oxidation of combustible gases on the sur-
face of catalyst heated up to temperature of 300-500 °C. The
concrete value of working temperature depends on the type of
gas, which should be measured by the sensor. The heat released
in the oxidation reaction leads to an increase in heater tem-
perature, measured by electronic circuit as an increase in its
resistance. In the IR optic (NDIR) sensor, the measured value is
the reduction of the intensity of IR radiation due to its absorp-
tion by a target gas [6]. The absorption bands of the main part
of gases important for practical applications lie in a range from
2.5 to 6 pm (for example, HF — about 2.5 wm, hydrocarbons
including methane — 3.4 wm, hydrogen sulfate — 3.6 wm, carbon
dioxide — 4.2 pm, carbon monoxide — 4.6 wm, nitrogen oxide —
5.6 pm). The main problem, which limits now the application
of these very precise and reproducible sensors, is the fabrica-
tion of reliable, low cost, and low power consuming radiation
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sources for this wavelength range. The most promising are light
emitting diodes (LED). These diodes based on various semicon-
ductor materials, for example, Pb—Se—Te [7-9] can operate with
thermoelectric cooling down to a temperature of about —30 or
—60 °C (one or two cooling cascades, respectively) and are char-
acterized by emission band width of ~0.6 wm. This relatively
broad emission band requires the application of interference fil-
ters corresponding to exact spectral position of absorption band
of a particular gas. The main disadvantage of such sources of IR
radiation is their high cost. Therefore, cheaper and simpler ther-
mal sources of IR radiation and, first of all, sources fabricated
using micromachining technology are of interest. A very promis-
ing radiation source was developed by Patinor Coating Ltd. [5].
In this source, the diamond like carbon film (DLC) was deposited
on Si0,/Si3N4 membrane. The film can be used as a source of
radiation for at least one year; however, possible oxidation or
hydrolysis of DLC material pushed us to look for other solutions
described in this paper. Therefore, the target of this research was
the development of new CeraMEMS platforms, which could be
used for the fabrication of semiconductor and thermocatalytic
gas sensors and as IR radiation sources of NDIR gas sensors.

In spite of strong efforts paid to the optimization of MEMS
technology, usual membranes based on silicon wafers and con-
sisting of several layers of silicon oxide/silicon nitride meet
some technical and economical problems. The most important
among them is insufficient adhesion of platinum used as a heater
material to the top layer of the membrane (silicon oxide or silicon
nitride). Adhesion can be improved by the application of adhe-
sive layers, for example, titanium [10,11], tantalum or chromium
[12]; however, this improvement is significant only at room and
moderate temperature. The platinum layer fabricated with the
application of these adhesive layers is wire bondable, if it is
not heated up to temperature exceeding ~400 °C. However, the
operation temperature of methane sensors is 450-500°C. At
such high temperature, the adhesive layer is oxidized, and plat-
inum adhesion is lost. Moreover, usual process of the formation
of metal oxide sensing layers of semiconductor and thermocat-
alytic gas sensors requires annealing at temperature in a range
of 700-800 °C. Therefore, the whole wafer with deposited sens-
ing layers should be annealed at such high temperature before
dicing and wire bonding to meet the requirements of mass-
fabrication. Unfortunately, until now the deposition of platinum
layers, which could be used for these heaters, remains to be
a problem. Another problem is the stability and fatigue of the
membrane and chemical stability of silicon nitride in the reac-
tion of pyrohydrolysis at high temperature. Both these problems
arise especially in pulsing temperature mode of sensor opera-
tion. The third, economical problem is the application of clean
rooms and other expensive equipment for the fabrication of sil-
icon oxide/silicon nitride based micromachined heaters. High
cost of maintenance of this equipment makes expensive the pro-
duction of such devices, if they are produced in a scale typical
of gas sensors that is maximum several millions units per year.
This limitation is especially important, when a new gas sensor
production line starts up.

We introduced a new MEMS technology based on the appli-
cation of thin alumina ceramic films (CeraMEMS) [13]. This

technology is free of the disadvantages mentioned above. How-
ever, the application of these membranes was limited until now
by insufficient stability at pulse heating, which is necessary for
wireless instruments with very low power consumption and for
gas recognition in pulsing heating mode [14,15]. In this work,
we report recent progress in the fabrication of MEMS platforms
based on thin alumina film membranes (TAF), which enables the
fabrication of microhotplates stable at high temperature (work-
ing at temperature up to 600 °C) and in sharp heating mode.

2. Experimental

The scheme of the CeraMEMS chip is presented in Fig. 1. It
consists of a rigid frame made of commercial Rubalit 710™ alu-
mina ceramics (1); a thin alumina film, TAF (3) is fixed on this
frame with glass binder (2) and covers a laser drilled hole (5).
On top of this film, the sensing layer (4) equipped with a mean-
der shaped heater (6) and a digit electrode (8) was deposited
by screen printing or drop deposition techniques. The contact
pads to the sensing layer and heater (7) are located in room
temperature area and enable wire bonding to the TO-8 holder.
The CeraMEMS process flow consists of the following steps.
(1) Initial material for the substrate is Rubalit 710™ ceramics.
The size of the substrate was of 48 mm x 60 mm. (2) Eighty
holes were drilled in the ceramic substrate by laser beam. The
substrate was laser pre-cut into 80 chips (6 mm x 6 mm). (3)
In parallel, the thin alumina membrane (TAF) was fabricated by
electrolyte spark oxidation of aluminum foil; the membrane was
separated from aluminum by wet etching. (4) Thick film ink con-
sisting of glass particles suspended in a solution of ethylcellulose
in terpineol was deposited onto the ceramic substrate using a
screen-printing machine. (5) The membrane was pressed to the
ceramic substrate covered with the ink. (6) The substrate with
the ink and the membrane was dried and then fired at 850 °C.
The glass after melting and subsequent solidification fixed the
membrane on the ceramic substrate. (7) Platinum heaters and
digit electrodes were deposited through a shadow mask onto the
whole substrate with membrane. (8) A sensing layer of semicon-
ductor or thermocatalytic type was deposited onto the meander
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Fig. 1. The scheme of the CeraMEMS chip based on thin alumina film (TAF)
designed for gas sensor application. 1-0.6 mm thick ceramic substrate with hole
(Rubalit™; 2 — glass binder layer; 3 — thin alumina film fabricated by electrolyte
spark oxidation of aluminum; 4 — gas sensing layer; 5 — laser drilled hole; 6 —
meander shaped platinum heater; 7 — contact pads to heater and digit electrode;
8 — digit electrode to the sensing layer.
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area of the heaters. (9) The substrate with sensing layers was
fired at 720 °C to provide optimal gas sensitivity. (10) The pre-
cut substrate was separated into individual chips. (11) The chips
were wire bonded onto TO-8 holders; the holders were covered
with caps providing explosion proof of the device.

The alumina membrane (with a thickness of about 20 pm)
was fabricated by electrolyte spark oxidation of aluminum. In
this process, high-voltage break-down runs around the surface of
the metal dipped into the electrolyte. At several hundreds volts,
the dielectric layer on the electrolyte/metal boundary is broken;
this results in micro-sparks. This process leads to the growth
of oxide layer. The spark’s high temperature forms a uniform,
polycrystalline oxide on the surface of metal that adheres effi-
ciently to the metal surface. Electrolyte composition and applied
high voltage enable a desired oxide layer to form with certain
thickness (in a range from 5 to 100 wm) and with specific dis-
tribution of oxide nanoparticles. The optimal thickness of the
membrane, which enables the minimization of heat loss due to
thermal conductivity of the membrane material and acceptable
mechanical properties of the membrane, is equal to about 20 pm.
This membrane thickness was used in our experiments. The pro-
cess of electrolyte spark oxidation used for the fabrication of thin
alumina films was described in detail in ref. [16]. The membrane
was separated from metal by wet etching in acidic solution and
fixed on ceramic wafer with holes (3 mm in diameter) drilled
preliminarily using laser beam. For this, the ink containing glass
particles suspended in a solution of ethylcellulose in terpineol
was spread over the surface of ceramic substrate, the membrane
was pressed to the substrate, and the ink was dried and fired at
about 850 °C.

Then, the meander shaped heaters were produced by platinum
deposition through a shadow mask. Platinum was magnetron
sputtered in Ar atmosphere at 1.8 x 1073 Torr, the temperature
of the substrate was of 330-350 K, and the discharge current and
voltage were of 250 mA and 0.57 kV, respectively. The deposi-
tion rate was of 57 nm/min. This shadow mask process has an
advantage compared to photolithography, because porous alu-
mina absorbs photoresist. The choice of platinum as a heater
material was caused by the following reason. It is known that
among all materials with positive temperature coefficient of
resistance (TCR), which could be used in principle for the fabri-
cation of high-temperature sensor heaters (polysilicon, silicides
of different metals, diamond like films, pure metals as tungsten
or molybdenum, platinum group metals, etc.) only two materials,
platinum and ruthenium dioxide, do not change the composition
at high temperature in oxygen containing atmosphere. Coating
of the polysilicon or silicides with ~1 wm thick silicon oxide
or silicon nitride do not help very much, and the resistance of
thin films of these materials drifts at 400-500 °C by 30-50%
per year due to oxygen diffusion and slow oxidation [17]. RuO,
is used in the form of thick film composite material in the sen-
sors produced by Figaro Engineering Inc. [18]; however, this
material cannot be deposited by sputtering in argon-containing
atmosphere (only in Ne—O, with a very low sputtering rate),
because of insufficient stability of gaseous RuO, molecules in
collisions with heavy Ar ions. In addition, RuO; is reduced at
400-500 °C by high concentration of hydrogen. Therefore, in

fact, only platinum can be used as a thin film for the fabrica-
tion of sensor heaters operating at high temperature, because
platinum oxides are not stable at such temperature.

After deposition, the wafer with platinum heaters was
annealed at 800 °C for the stabilization of heater parameters
(resistance and thermal coefficient of resistance). Excellent
adhesion of platinum to our thin alumina film enables the avoid-
ance of the application of any adhesive layer. Perfect adhesion
obtained after annealing enables gold wire bonding of the chips,
and further annealing of sensing layers deposited on the whole
substrate with sensor chips.

The principles of the design of heaters that is the layout, shape
and width of platinum lines were described in detail in refs.
[2,17]. The main idea is the application of the heater with hot
area dimension of about 300 wm determined by the resolution
of screen printing or drop dispenser used for sensing layer depo-
sition, the use of the membrane, which is 8—10 times larger than
the heater, and the application of heater with resistance exceed-
ing that of lead platinum lines at least by a factor of 5 at room
temperature. The shadow mask deposition of platinum used as
a heater of microhotplates permits us to obtain approximately
40 pm wide platinum lines. The minimum distance between
lines equals also 40 wm. The thickness of platinum coating and
the width of lines were optimized taking into account long-term
stability of the platinum heater working under harsh conditions
and at a temperature up to 600 °C. For these applications, the
thickness of platinum should be of about 1 wm. Resulting resis-
tance of the heater was in a range of 10-30 2 depending on the
uniformity of platinum thickness along the substrate.

In the electrolyte spark oxidation of aluminum, thin alumina
film with area of 48 mm x 60 mm was produced. This size of the
film is due to the dimension of the ceramic substrate used in our
work. Therefore, each substrate contained 80 chips. The tech-
nology of alumina film fabrication enables the manufacturing
of substrate with membranes with area up to 100 mm x 100 mm
and containing up to 400 individual chips. The photo of a part of
a substrate with sensor chips and the microphoto of the heater
area are presented in Fig. 2.

The gas sensing material used in this research was described
in detail in ref. [19]. It was obtained from tin (II) sulfate by
hydrolysis and HpO» oxidation under controlled pH and tem-
perature conditions. The nano-particle tin dioxide material had
a specific area of about 55 m?/g. After precipitation, the pow-
der was dried and annealed at 600 °C and then suspended again
in water. Palladium (3 wt.%) was deposited on the surface of
nano-particles from aqueous solution of palladium chloride by
reducing with sodium formate. After preparation, the powder
was dried and annealed again at 600 °C. The powder was mixed
with a solution of ethyl cellulose in terpineol to form printable
ink. The ink was deposited on the microheater, dried for 15 min
at 150 °C and annealed at 720 °C for 15 min.

The thermal response time of the TAF MEMS was measured
using DC source B5-43A, and the heating voltage impulses
were formed by a Promax GF-232 function generator powering
Omron G6H electromagnetic relay. The maximum frequency of
this relay is of 200 Hz. The heater current was determined by
the measurement of voltage drop on a load resistor. The last was
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Fig. 2. (a) Photo of a part of an alumina substrate with CeraMEMS sensor chips.
The substrate contains microhotplates for semiconductor and thermocatalytic
gas sensors. The size of individual chip is of 6 mm x 6 mm, and the heater
size is of 250 wm x 400 wm. (b) Microphotography of the central part of the
heater and digit electrode of the CeraMEMS chip used for semiconductor sensor
fabrication.

recorded by a Tektronix TDS-3012B oscilloscope. The resis-
tance of the heater depending on its temperature was calculated
using the value of this current and was saved in a computer
for further processing. For the measurement of sensing layer
resistance, we used three-electrode scheme of the sensor con-
nection (Fig. 1) that is the sensing layer was deposited between
the heater and digit electrode. The current and therefore the
resistance of the sensing layer were determined after the mea-
surement of voltage drop on the load resistance connected in
series with digit electrode of the sensing layer. The scheme
was analogous to that recommended by FIS Inc. for the SB-
12A™ gag sensors. This voltage and therefore sensing layer
current values as a function of time were also measured by
the Tektronix TDS-3012B oscilloscope and were saved in the
computer.

Gas concentration of methane in a range from 0.125 to
2.5vol.% was formed using computer controlled Environics
4000 instrument equipped with mass flow controllers. For this
a commercial methane/air mixture from a cylinder (2.5%, Car-
buros Metalicos) was diluted with synthetic air. The experiments
with simultaneous application of three gases, namely CH4, CO
and Hj, were performed also with the application of this instru-

ment, which enabled the formation of up to four component gas
mixtures (carrier gas and three admixture gases).

3. Results and discussion

As mentioned above, the application of pulsing mode in TAF
CeraMEMS was motivated by three factors: fast thermal excita-
tion of semiconductor sensing material enables the recognition
of multiple gases [14,15]; this operation mode makes possi-
ble the fabrication of very low power consuming gas sensors
(<1 mW in average); it enables the fabrication of simple and
cheap source of IR radiation for IR absorption gas sensors.
Therefore, in this research we investigated the applicability of
the alumina film based platform for these three main appli-
cations. For this, we determined thermal response time of the
microheater and, therefore, the maximum working frequency of
the microhotplate; measured the modulation of temperature at
frequencies typical of optical gas detectors (~10 Hz); and deter-
mined methane response of the TAF sensor operating in pulse
heating mode.

The material of the TAF membrane was analyzed using SEM
(JEOL JSM-6400), element analysis (laser spark spectroscopy
of masses), and X-ray diffraction (Siemens D5000). The surface
of the TAF membrane (Fig. 3) obtained by electrolyte spark oxi-
dation of aluminum is relatively rough compared to the surface
of silicon oxide/silicon nitride one. The relief was found to be
of about 1 wm, which means that the platinum film thickness
necessary to be deposited as a heater should be at least of about
1 wm as well.

Main impurities (Fig. 4), which were found in the alumina
material at relatively high concentration, >0.1 at.%, were B, Mg,
Si, Ca and Fe elements, which were common impurities in the
initial aluminum alloy used for the oxidation. These impurities
cannot migrate into the sensing layer. Sodium and chlorine
ions impurities can be removed by careful washing of the
membrane in deionized water. A further decrease in impurity
level is possible with the application of more pure aluminum
as an initial material for the electrolyte-spark oxidation. XRD

Fig. 3. SEM photograph of the surface of alumina membrane obtained by
electrolyte-spark oxidation of Al. The roughness of the surface is of about 1 pwm.
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Fig. 4. Results of element analysis of impurities of the TAF membrane used
for sensor fabrication. The main material of the membrane is alumina. The
membrane was analyzed as-prepared before high-temperature treatment.

analysis (Fig. 5) showed that the TAF material consisted of
pure y-modification of alumina, the crystallite size being of
about 20 nm. This crystalline phase is stable up to a temperature
of about 1000 °C; above this temperature it transforms into o
(corundum) modification. Stability of <v-crystalline phase of
our films at working and even annealing temperature assures
long-term stability of the sensor microhotplates.

The thermal coefficient of expansion (TCE) of y-Al,O3
(8.4 x 107°K~! at 20-1000°C) is close to the value of TCE
typical of ceramics used as a substrate in our research (Rubalit
710™). The TCE of Rubalit 710 is equal to 8.5 x 107 at
20-1000°C. The close values of TCE enable high stability of
the membrane fixed on ceramic substrate in a wide temperature
range.

At a constant temperature of 450°C, the microhotplate
(250 pm x 400 wm heater on a ¢ 3 mm membrane) consumes
about 90 mW. The value of temperature was determined using
the TCR value of 2800 ppm/K measured in our previous exper-
iments [13]. The heating power consumption corresponds to
the values found earlier. The maximum working temperature
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Fig. 6. Thermal response time of the platinum microheater presented in Fig. 1.

was found to be of 600°C. At higher temperature platinum
begins to evaporate from the necks between platinum grains
and, therefore, must be protected by a certain protective layer.
This maximum temperature corresponds to the heating with the
aid of the platinum heater of the microhotplate. The temperature
of technological heating, which can be used for the formation
of sensing layers, is limited, in fact, only by the stability of ~y-
alumina, which is the material of our TAF membrane. Heater
resistance drift at temperatures below 550 °C is less than 3% per
year. This result was obtained after the analysis of the drifts of
50 microhotplates. The maximum working time for the micro-
hotplates reaches now 5 years. This operation time was found
experimentally.

Temperature response time of the microheater was deter-
mined as the time necessary for the stabilization of heater
resistance (heater temperature) after supplying a step of volt-
age. For the calculation of the response time, the response curve
was approximated by exponential function R = Rpax(1 —e™"7).
The characteristic time determined in this way (79.63) is equal to
80 & 10 ms. (Fig. 6). This relatively short response time enables
sensor operation at frequencies up to about 10 Hz.
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Fig. 5. XRD analysis of the material of TAF membrane. Lines correspond to the y-alumina.
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Fig. 7. Heating of the TAF microheater with voltage pulses at frequency of
11 Hz.

The thermal response to a series of impulses was measured
at a frequency of 11 Hz (Fig. 7). This frequency corresponds to
the requirement of IR gas analytical instrument, because it does
not interfere with a 50 or 60 Hz electric network. The estimated
difference between maximum and minimum temperatures of the
microheater (marked as Tax and Ty in Fig. 7, respectively) is
of about 130 °C (TCR of the platinum layer was taken equal to
2700 ppm/K) at the maximum temperature of 450 °C, that is the
modulation of absolute temperature of the heater is ~18%. This
means that according to Stefan-Boltzmann’s law, the modulation
of the intensity of IR radiation exceeds 50%. This value is suffi-
cient for the application of TAF membrane as a source in IR gas
analytical instruments. Vice versa, we proved the possibility to
apply indirect heating of the microheater using diode laser radi-
ation. Using 50 mW diode laser beam it is possible to heat the
sensing area up to about 450 °C. This means that the chip can be
used either for the measurement of radiation intensity (bolome-
ter) or for indirect heating of the sensing layer of gas sensors.
Indirect heating improves the stability of the heater compared
to heating with electric current and enables high temperature
operation of the sensor (>600 °C).

Long-term stability of the heater operating in pulsing heat-
ing mode was measured at the maximum temperature of 450 °C
and a frequency of 5 Hz. The application of the relatively high
frequency was necessary to shorten the time of tests. A temper-
ature of 450 °C is typical of semiconductor and thermocatalytic
sensors detecting methane and corresponds to the maximum
temperature used for operating tin dioxide based sensors. The
microheater does not change considerably the resistance even
after 7 x 10° on—off cycles. According to the law, for safety
applications, a sensor must measure CHy concentration at least
every 20s, and therefore this number of cycles corresponds to
more than 3 years of normal sensor operation.

We tested the responses of the sensor with SnO,/Pd sensing
layer to CO and CHy4. These two gases are the most important
for domestic and industrial safety applications. Gas responses
to different concentrations of methane were determined in two
different operation modes of the sensor. The sensor response
measured at a constant sensor temperature equal to 450 £ 10 °C
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Fig. 8. Response to methane of the CeraMEMS sensor operating at a constant
temperature equal to (450 & 10 °C). Diluting gas is synthetic air.

is presented in Fig. 8. The relative sensor conductivity (AG/Gy,
where AG is a change of conductivity in a certain methane con-
centration and in pure air, and Gy is the conductivity in pure air)
as a function of methane concentration obeys a law close to the
usual square root function typical of the behavior of tin dioxide
semiconductors in methane containing atmosphere [20].

The responses of the TAF based sensor operating in pulsing
heating mode to different methane concentrations were mea-
sured at heating for 250 ms up to 450 °C followed by cooling
down to room temperature. The heating time chosen in these
experiments is approximately 3 times longer than the thermal
response time 7 3 = 80 ms measured earlier. The time t=37¢ g3
is sufficient for the temperature to reach 95% of the maximum
value. An appropriate plot is presented in Fig. 9. It shows that
short time of the measurement of sensing layer conductivity
could be used for the determination of methane concentration
in air. It is clear that, in principle, a time shorter than 379 ¢3 can
be also applied for the measurement of methane concentration.
However, this is not useful, because the sensor temperature in

Conductivity, arb. units (V)

- - T -

0,0 0.1 0,2 03 04
Time, s

Fig. 9. Responses of the TAF MEMS gas sensor to different concentrations of

methane measured in pulsing heating mode. Temperature of the sensor at the
end of heating cycle (250 ms) is of 450 °C.
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Fig. 10. The response of the sensor operating in cycling pulse heating mode
(3's of heating up to 450 °C followed by 10s at 110°C) to methane, carbon
monoxide, and hydrogen.

this case would be lower, and therefore the influence of interfer-
ing gases, for example Hj, CO, and humidity, would increase.
This influence at temperatures lower than 450 °C is illustrated
by the plots presented in Fig. 10. In this last case, the sensor was
heated up to 450 °C for 3 s, and parasitic maxima corresponding
to interfering gases were observed during this heating process.

Therefore, the sensors operating in this mode can be success-
fully used for low power consumption sensor applications, for
example in wireless networks. Indeed, the average power con-
sumption of the sensors, if the interval between measurements
is equal to 20 s required by standards, can be below 1 mW.

The selective responses to CO and hydrogen were determined
in the operation mode described and examined in detail in ref.
[15] and, earlier, in ref. [ 14]. This mode consists in sensor heating
up to 450 °C during 2 s necessary for sensing layer activation fol-
lowed by measurement of sensing layer conductivity at 110 °C
during 6-12s. In the high-temperature phase of the process,
palladium oxides PdO and PdO, are formed, and then, during
the low-temperature phase, these oxides are consumed for the
oxidation of hydrogen and CO. An appropriate response is pre-
sented in Fig. 10. The curve contains the maxima corresponding
to methane, carbon monoxide, and hydrogen. The microcon-
troller analysis of these data enables the selective determination
of the concentrations of these gases in a gas mixture. The limit
of detection was found to be of about 50 ppb for CO, 1 ppm for
Hj, and 100 ppm for CHy. Further analysis of the response curve
makes also possible taking into account air humidity.

4. Conclusions

The following advantages of polycrystalline aluminum
oxide-based platform (CeraMEMS, Fig. 1) compared to usual
Si0,/Si3Ngy MEMS devices were confirmed: (1) TAF mem-
branes enable the work at higher temperatures up to 600 °C and,

prospectively, up to 800 °C; (2) the alumina microhotplate is
more robust than a silicon chip with a thin membrane, and (3)
the middle scale production of these chips (10*~10° chips per
year) is cheaper compared to silicon technology because it does
not need the application of clean-room technology, which is very
expensive at this production scale.

It was shown that the alumina-based TAF CeraMEMS
platform can be successfully used for the fabrication of semi-
conductor and thermocatalytic gas sensors operating in pulsing
heating mode and as a source of IR radiation for NDIR opti-
cal gas sensors. The maximum frequency of the platform is of
about 10 Hz (thermal response time 743 is of 80 ms). Opera-
tion temperature of the platform can be up to 600 °C at direct
heating with electric current. Indirect heating with laser beam
can be used for higher temperatures. The sensor can withstand
about 7 x 10 on—off cycles sufficient for at least 3-year oper-
ation of methane sensor. In the methane detection, the average
power consumption of the sensor can be below 1 mW. Selective
detection of CO, H», and CH4 was demonstrated to be possible,
if the sensing material was excited by heating for 3 s at 450 °C,
followed by measurement for 6-12 s at 100-150 °C.
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