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Electro-Thermal Simulation & Characterization
of a Microheater for SMO Gas Sensors
Ayoub Lahlalia , Olivier Le Neel, Ravi Shankar, Shian Yeu Kam, and Lado Filipovic

Abstract— The microheater is an important part of a semiconducting metal oxide gas sensor, as its primary function is
to heat up the sensitive layer to a desired temperature. The
operating temperature of the sensor depends on the sensitive
material used and the species of the target gases. Therefore,
an accurate extraction of the sensor active area temperature as
a function of the applied power is critical for device characterization. These measurements are experimentally challenging
due to the extremely small sensing surface area, down to a few
tens of µm2 , resulting in the need to develop new measurement
approaches. In this paper, quantitative testing methods based
on platinum and chrome silicon (CrSi) resistance thermometry,
as well as a qualitative testing method (light glow) have been
carried out to measure the power consumption of two different
devices. CrSi has been used as a temperature sensor due to
its ability to detect temperatures above 450 °C by acting as
a phase-change material. For accurate measurements of temperature distribution, the presented gas sensors are equipped
with three configurations of resistive temperature detectors
at different locations. To further analyze a sample closedmembrane sensor, finite-element simulations were performed
and an analytical model was designed and compared with
experimentals.
[2017-0228]
Index Terms— Microheater, electro-thermal characterization,
gas sensors, semiconducting metal oxide, SnO2 , chrome silicon
(CrSi).

I. I NTRODUCTION

I

N THE last years, the use of gas sensors has increased
sharply. This interest is mainly due to the growing importance of environmental monitoring, health care, safety, and
process control. In fact, research is currently ongoing to
develop a variety of gas sensors based on semiconducting
sensing layers. The need to design a gas sensor with improved
performance such as ultra-low power consumption, fast thermal response, high sensitivity, low cost and compatibility, is an
ongoing and multi-faceted research effort.
The microheater is one of the most important and most complex components of the semiconducting metal oxide (SMO)
gas sensor, defining its performance in terms of power consumption and temperature distribution. The primary function
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of the heater is to provide a specific temperature uniformly
across an active sensing area, required for the reaction between
the sensing layer and the targeted gas [1].
Metal oxide-based gas sensors, such as SnO2 , ZnO, and
WO2 have a solid track record in bulk sizes (several cm3
and mm3 device volumes applied in automotive and industrial
applications) thanks to the material’s long term stability and
fast response [2], [3]. With the progress of MEMS technologies, these solid state sensors now appear to have vast potential thanks to their manufacturing capabilities in consumer
products with a high level of production rates. This type of
sensor is able to detect target gases at levels down to a few
tens ppb in air with ultra-low power consumption [4], thereby
enabling multiple applications for health and environmental
protection, such as air quality monitoring based on wireless
sensor networks, embedded systems, and RFID tags [5].
To improve the gas sensor performance, including the
baseline stability, response time, and sensitivity, the gas sensor
must operate at a controlled and uniform temperature over
the entire active area, while keeping power consumption to
a minimum. In order to reach this aim, materials with low
thermal conductivity are recommended for use as an insulation
layer, minimizing thermal dissipation from the heater to the
substrate; this way the microheater is able to reach the highest
possible temperature.
Most previous studies have only used a single resistive
temperature detector on the membrane, neglecting that the
microheater could have poor uniformity in the temperature distribution [4], [6]. Even a small change in temperature over the
sensitive layer leads to baseline drift. Furthermore, working at
a nonuniform temperature activates more interactions between
gases and the sensitive layer, which impacts the sensitivity and
selectivity of the sensor [7]. For this purpose, three resistance
readouts using Pt and chrome silicon (CrSi) resistive temperature detector (RTD) configurations have been integrated onto
the microheater in order to extract the temperature over the
active area as a function of applied power. It should however
be noted that each physical sensor is equipped with a single
RTD configuration. For each configuration, the temperature
was measured at a different location on the sensor. Collecting
these measurements together allows us to accurately determine
the temperature distribution on the microheater. In order to
deal with a very small active surface area, which is a delicate task, additional approaches have been used, including
analytical modeling, light glow analysis, and finite-element
simulations.
To confirm the obtained results, a comparison between
the analytical model, the finite-element simulations, and the
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Fig. 1.
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Top view of the entire structure of the SMO gas sensors (a) D01 and (b) D02.

Fig. 2. The fabrication process of the microheater and RTD based SMO gas sensor. See text in Section II A for a detailed description of the fabrication
process.

Pt RTD and CrSi RTD measurements have been performed.
Using the numerical results, it is possible to optimize future
sensor designs for improved thermal uniformity and power
consumption; note that the geometrical design of the microheater, choice of materials, and membrane structure define the
electro-thermal performance [4]. For this study, two different
sensors have been used, namely D01 and D02, where each
microheater is deposited onto a perforated membrane in silicon
nitride as shown in Fig. 1. Microheater of D01 is a combination of small resistances created by piercing the TaAl plate,
which has a size of 186μm × 100μm, while the microheater
for D02 is a single beam with dimensions 100μm × 6μm.
The temperature uniformity over the sensitive layer and the
operation at low power consumption are vital for emerging
applications of gas sensors and their integration in electronics
such as smartphones and smartwatches. The aim of this work is
to accurately identify the active area temperature as a function
of applied power using several experimental and simulation
techniques.

II. D EVICE FABRICATION
A. Sensor Fabrication Process
The structures D01 and D02 were both fabricated using a
planar thin film STMicroelectronics proprietary technology [8]
realized on 6” silicon wafers. The sensors fabrication process
is illustrated in Fig. 2 with each device having an area
of 1.9mm × 1.9mm. All of the patterning processes were
performed by photolithography. A 500nm thin layer of AlCu
is deposited on the sensors in order to create an electrical
contact to the microheater. A 300nm thin silicon nitride
layer is sandwiched between the platinum temperature sensor
and Tantalum-Aluminum microheater for electrical insulation.
Finally, to form the gas sensor membrane, a sacrificial polyimide was etched using selective plasma etching with the
aim of achieving low power consumption and good thermal
isolation.
The details of the fabrication process are as follows: A 3μm
thick layer of silicon dioxide is grown by a thermal oxidation
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TABLE I
PARAMETERS FOR A T HERMAL E QUIVALENT E LECTRICAL C IRCUIT M ODEL

process at 1100°C (Fig. 2a), followed by wet chemical etching
of the oxide using hydrogen fluoride (HF) (Fig. 2b). The
etching is isotropic and is timed to etch 2μm deep. For the
formation of the sacrificial polyimide, HD8820 is spin coated
to a thickness of 6μm. The photo-patternable polyimide is
exposed with UV light using a mask and the exposed regions
is developed away (Fig. 2c). To get the desired thickness
of 3μm, the polyimide is cured in oven for 1h at 350°C.
A plasma enhanced chemical vapor deposition (PECVD) is
carried out to deposit a 500nm layer of silicon nitride (Fig. 2d).
A 160nm TaAl layer was subsequently deposited on the
electrical insulator by MRC star. The Tantalum-Aluminum
microheater was patterned using photolithography and etched
by AME8330/2200W in a BCl3 , Cl2 and CHF3 plasma chemistry. A 500nm AlCu is sputtered in a MRC tool using a
physical vapor deposition (PVD) process, and the pattering
of the conductive pads is done by using photoresist followed
by wet etching. An additional 300nm thin silicon nitride layer
is deposited to encapsulate the Tantalum-Aluminum microheater (Fig. 2e). For thermal characterization the gas sensor
fabrication is limited to 3 stacked layers: the microheater,
the insulating layer, and the temperature sensor. To measure
the temperature more accurately, two different temperature
sensitive films are deposited using PVD at low temperature and
power in order to obtain the desired thickness, conductivity,
and uniformity. For this purpose, in several devices a titanium
tungsten/platinum (TiW/Pt) layer is deposited on top of the
Si3 N4 by MRC Star at room temperature. The TiW layer is
used as an adhesion layer between the insulation and platinum.
Other devices have a 40nm thin layer of chrome silicon instead
of platinum and was deposited by Endura 5500 with an RF
power of 100W. The sheet resistances of Pt and CrSi are
measured to be 5/sq and 11k/sq at room temperature,
respectively. A photoresist is spun on the wafer and patterned
using photolithography. The platinum and chrome silicon
layers are subsequently etched using Tegal6540/600W/150W
in Cl2 and Ar plasma chemistries (Fig. 2f). After opening
the holes in the Si3 N4 membrane by dry etching using a
CH4 , CHF3 , and Ar plasma, the polyimide is etched using
an additional plasma etching step to create a closed membrane, on which the sensor structure is placed, as shown
in Fig. 2g [9]. The wafers are finally annealed in a 20% oxygen
environment at 400°C for 1h in order to stabilize the final
structure.
B. Material Properties
The use of Tantalum-Aluminum (TaAl) as a microheater material is appropriate, since it is able to retain its

mechanical strength at high temperatures. Furthermore,
the microheater resistance does not change as a function
of temperature [10], unlike with platinum, which is a commonly used material for microheater fabrication. According to
our experimental measurements, the TaAl temperature coefficient of resistance (TCR) is about -100ppm/°C, allowing
for the microheater to provide a stable temperature as a
function of input power and to minimize the effects of hot
spots [11].
For gas sensor fabrication, an additional thin film of platinum or chrome silicon is added for thermal characterization.
Pt is chosen as a temperature sensor due to its linear resistance
variation versus temperature [12], while the CrSi resistance
as a function of temperature can vary drastically and its
conductivity can change permanently due to changes in its
material structure [13]. This CrSi property, which is linked
to material stoichiometry, is employed here as a calibration
method. Among its other features, it is compatible with semiconductor thin film PVD processes and has a tailorable TCR
based on material composition. Nevertheless, the temperature
extraction with CrSi is not highly accurate since the material
composition can change from wafer to wafer, which influences
the calibration results.
III. E LECTRO -T HERMAL M ODEL
A. Heat Transfer Model
The thermal behaviour of the SMO gas sensor can be
described using various equivalent circuit models. In this
paper, a Cauer model, applied to study the thermal performance of design D02 is presented, allowing to estimate the
power consumption and the thermal response of the sensor as
a function of applied power.
Heat conduction and convection processes can be modeled
using three important material parameters: the thermal resistance Rt h , the thermal capacitance Ct h , and the convection
resistance Rconv . Furthermore, in order to facilitate model
implementation, we note that each thermal parameter has an
analogous electrical equivalent as shown in Table 1. To switch
from a thermal model to an electrical model, each layer or each
component of the sensor is represented by a thermal resistances Rt h in parallel with the thermal capacitance Ct h . This
is the case for all layers except for the microheater element,
which is applied as a current source, since conductive current
is analogous to thermal power (Table 1), and the heated
surfaces in contact with air, which are described by convection
resistances. The equations used to determine the thermal
resistance, thermal capacitance, and convection resistance are
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Fig. 3. Approach used to describe and model the entire gas sensor D02.
Each layer of the gas sensor is discretized into small rectangular blocks as
represented here by the dotted lines.

given by (1), (2), and (3), respectively:
t
k·A
= c·ρ·V
1
=
.
h · Ar

Rt h =

(1)

Ct h

(2)

Rconv

(3)

For the thermal resistance (1), t is the thickness of the layer,
k is the thermal conductivity, and A is the cross-sectional area
normal to the heat flow. For the thermal capacitance (2), c is
the specific heat, ρ is the material density, V is the volume of
the material. For the convection resistance (3), h is the heat
transfer coefficient and Ar is the exposed area from which the
heat flows, given in m2 .
The same principle for calculating electrical parameters can
be applied to the entire sensor as shown in Fig. 3. The length,
and width of the membrane are 290μm and 186μm,
respectively, while the microheater has an area of
100μm × 6μm. In order to avoid increasing the model
complexity, we focus solely on the Cauer network model
of the membrane, which is responsible for a major share
of the power consumption. To further support the analytical
model, the power consumption of the entire sensor, obtained
by finite-element simulations and experimental measurements
are compared with analytical results.
B. Heat Conduction Through the Membrane
For the calculation of heat conduction through the closed
membrane, a novel simplified model is used by replacing the
rectangular membrane with two circular bow-tie membranes,
as shown in Fig. 4. This allows for a one-dimensional treatment of the problem, using cylindrical coordinates. The membrane has been divided into 4 thermal resistances R1, R2, R3,
and R4 from Fig. 4. Each resistance represents the heat losses
through one quarter of the cylinder with radius of rb or rs
less one quarter of the heated volume of the heated area.
Regarding the heat losses through the suspended membrane,
another model is presented in our previous work [14].

Fig. 4. Sensor geometry, when considering heat loss by conduction through
the membrane.

Considering the heat conduction problem in cylindrical
coordinates [15], thermal resistances can be calculated as
follows:
ln(rb /rh ) · 2
(4)
R1 = R3 =
π ·k·t
ln(rs /rh ) · 2
R2 = R4 =
(5)
π ·k·t
where rh is the radius of the heated area, rb and rs are the
radii of circles b and s from Fig. 4, respectively.
It can be observed from (4) and (5) that heat losses through
the membrane can be reduced by choosing a ratio rb /rh
and rs /rh as large as possible, meaning choosing a small
microheater in comparison to the membrane size. Furthermore,
thin membrane layers and low thermal conductivity are highly
recommended to further decease the power consumption.
However, its should be noted that the mechanical performance
of the membrane at high temperatures must also be considered
during sensor design, which leads to a trade-off between low
power consumption and high mechanical reliability of the
sensor.
C. Heat Losses to the Air
Heat losses to the surrounding air can be described by
two mechanisms: convection by heat transfer due to fluid
motion and conduction through the air. In order to calculate
the thermal losses to the air, a simplification is required,
by considering the heated membrane area as a horizontal plate
of characteristic size l. This leads to the calculation of the
mean heat transfer coefficient h m , described in more detail
in [14], as follows:
hm =

k(Tm )
0.766( f 1(Pr ) · (Thot − Ta ) · g · l 3 )1/5
l

(6)

with
β∞
Pr · f 2 (Pr )
(7)
υ2
0.322 11/20 −20/11
)
f 2 (Pr ) = [1 + (
]
(8)
Pr
where Pr is the Prandtl numbers, k(Tm ) is the thermal
conductivity of the air at Tm = (Thot + Ta )/2, where Ta is
f 1 (Pr ) =
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Fig. 5. (a) Electro-thermal model of the closed membrane of the sensor D02, (b) the dimensions of the membrane structure, and (c) the heat loss in membrane
by convection.

the ambient temperature, g is the acceleration due to gravity,
β∞ is the thermal expansion coefficient, and υ is the kinematic viscosity. Further explanations and a detailed derivation
of (6), (7), and (8) can be found in [14].
D. Electro-Thermal Model Analysis
The electro-thermal model of the membrane has been analyzed using LTspice in order to calculate the power consumption of the sensor [16]. It should be mentioned that some
simplifications were made: the heated area (with a temperature
uniformity within ±10°C) occupies a circle with a diameter
approximately one third of the microheater length. In our
example, with a 100μm microheater length, a circular uniform
heated area with a diameter of 33μm was observed. This can
be verified by simulations and experimental measurements
based on when microheater glowing begins; only electrical
losses by heating the microheater are considered; the substrate
temperature is not influenced by the heated area; the membrane
is treated as a simple sheet without holes; vertical heat losses
are neglected due to the small thickness of the sensor layers;
to calculate the mean heat transfer coefficient, the diameter
of the heated area is considered as the characteristic size of
the horizontal plate; heat losses by convection on the top and
bottom surfaces of the membrane (heated area) are treated as
identical.
Using (3),(4),(5), and (6), the numerical value of the thermal
resistance and thermal capacitance, as well as the convection
resistance of the electro-thermal model, can be calculated as
follows:
R1 =
R2 =
hm =
=

ln(145μm/16.5μm) · 2
= 92k
(9)
R3 =
π · 30 · 0.5μm
ln(93μm/16.5μm) · 2
= 73k
(10)
R4 =
π · 30 · 0.5μm
0.03516
0.766(19775058.48 · (275) · 9.8 · 33μm3)1/5
33μm
233.46W/m2 K.
(11)

At this stage we can calculate the convection resistances of
the top and bottom membrane surfaces (heated area) RT C and
R BC , respectively, using (3)
1
= 5M. (12)
233.46 · π · (16.5μm)2
Now we can solve for the thermal capacity of the heated area
Ct h−a using (2)
RT C = R BC =

Ct h−a = 170 · 3200 · π · 16.5μm2 · 0.5μm = 0.23nF.

(13)

Numerical values of the functions f 1 (Pr ) and k(Tm ) are taken
from [14].
The electro-thermal model equivalent of the membrane
sensor D02 along with its parameters are given in Fig. 5.
As shown in Fig. 5a, the electrical ground is fixed at 25V,
which corresponds to a temperature of 25°C, by an extra DC
source, considered as a reference reflecting room temperature.
To analyze the electrical circuit, 13.55mA, which corresponds
to 13.55mW power, needs to be applied in order to reach
the target temperature of 300°C; this was done in LTspice by
introducing an ideal current source. In the circuit, the current
corresponds to the heat flow and the voltage corresponds to
temperature as described in Table 1. In fact, analyzing the
voltage evolution as a function of current allows to estimate the
power consumption of the gas sensor. Concerning the thermal
time constant of the TaAl microheater, the heated area reaches
300°C within 42μs and cools back down to room temperature
in less than 38μs.
IV. T EMPERATURE S ENSOR S IMULATION
& C HARACTERIZATION
A. FEM Simulation
To further support experimental measurements, sensor
D01 and D02 have been designed and meshed with a modeling tool and simulated in a finite element environment
with optimized parameters using Comsol Multiphysics [17].
The boundary conditions were initially set to 25°C for the
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TABLE II
M ATERIAL P ROPERTIES U SED IN THE S IMULATIONS

were measured in the range of 25°C up to 150°C using a
Temptronic temperature controller and an Agilent 4155 parametric tester. Using these experimental measurements from
different samples, the TCR of the Pt was calculated. The
average value found was 1403 ppm/°C.
To measure the phase change point of CrSi, multiple wafers
coated with 10% silicon and 85% chrome were heated from
50°C up to 550°C with step of 50°C in a fanned convection oven. CrSi resistance was measured by PROMETRIX
OMNIMAP RS35C at 25°C after heating the wafers to the
desired temperature. From our experiments, it was found that
CrSi resistance at 25°C decreases significantly and irreversibly
after heating the wafers above 450°C.

Fig. 6.
Location of different RTD resistances on the microheater in
(a) D01 and (b) D02 sensor designs.

surrounding temperature and gas sensor materials, while
tantalum-aluminium TCR and the temperature of the substrate
bottom were fixed at -100ppm/°C and 25°C, respectively. The
parameters of the different layers of the entire gas sensor used
in simulations, such as material properties and layer thicknesses, are given in Table 2. Regarding the heat losses to the
air, 233.46 Wm−2 K−1 was used for heat transfer coefficient
for the front side and back side of the membrane (heated area)
when the microheater temperature reaches 300°C. This value
was calculated from (6) and (11) and for consistency is used
in both the analytic model and finite element simulator.
Several RTD configurations have been applied and measured
for sensors D01 and D02 in order to extract the precise active
area temperature. Using this data, the electro-thermal simulations for the sensors can be appropriately calibrated. Since the
temperature is not uniform over the microheater, three Pt RTD
configurations have been used at different locations over the
insulation layer as shown in Fig. 6. Temp-Up, Temp-Middle,
and Temp-Down correspond to temperature measurements
at the top-most, center, and bottom-most extremities of the
microheater, respectively. CrSi RTD has been deposited in the
same locations as Pt RTD in several samples.
B. Calibration
A simple method to extract the active area temperature
based on calibrating the RTD versus the microheater temperature in a uniform temperature environment has been employed.
Temperature dependences of resistance of a platinum RTD

C. Measurements & Results
The microheater element and RTD were connected with
probes using APS03 for a characterization of the electrothermal parameters. Electrical measurements were performed
at standard room conditions, where I-V curves of the TaAl
microheater and RTD were measured at different power consumption by Parameter Analyzer Agilent 4155C. The initial
resistance of the microheater and Pt RTD (Temp-Middle) were
290 and 60, respectively. Using the calculated TCR and the
measured resistances of CrSi RTD and Pt RTD at different
power levels, the microheater temperature as a function of
applied power was determined.
Fig. 7 shows the temperature distribution versus the applied
microheater power. According to experimental measurements,
the temperature is highest at the centre of the microheater. This
result is in good agreement with finite-element simulations,
as shown in Fig. 7c. In fact, low uniformity in temperature distribution over the microheater was observed for both designs.
The difference in temperature between the center and extremities for D01 and D02 were 50°C and 78°C, respectively,
at 300°C. On the other hand, the heater temperature reaches
300°C when 2.36V are applied, generating a 36.5mA current,
and 86mW power consumption for D01; similarly, 1.78V are
applied to D02, resulting in a 6.5mA current and 11.6mW
power consumption.
Fig. 8 shows the measured resistance from D02 of the CrSi
RTD (Rs0 ) at 25°C each time the material is heated to a
specific temperature, while Rs is the CrSi resistance measured
as a function of applied power to the microheater. The CrSi
RTD is located at the centre of the microheater (Temp-middle).
According to experimental measurements, CrSi Rs0 decreases
significantly and irreversibly when the microheater consumes
more than 21.2mW, which corresponds to an augmentation
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Fig. 9.
(a) D01 and (b) D02 sensor designs glowing at a typical
temperature 600°C.

Fig. 10. Membrane of the sensor D01 after failure when operating at high
temperature in the range of 700°C.
Fig. 7. Temperature distribution vs. microheater power supply for a) D01 and
b) D02 sensor designs. c) Numerical simulation were performed using Comsol
Multiphysics.

shown in Fig. 9 when the temperature is above 600°C. The
heater of D01 fails at 244mW, while D02 fails at 34.9mW due
to crack build-up in the membrane caused by thermal stress,
which eventually leads to the heater delamination as shown
in Fig. 10. This test demonstrates that the thermal stability of
the designed microheater is sufficient for an optimal operation
of the gas sensor between 250°C and 450°C, but that it cannot
handle temperatures much higher than this.
V. D ISCUSSION

Fig. 8. Measured Rs0 and Rs of CrSi RTD after and during heating the
microheater to different temperatures, respectively.

in |(Rs0 /Rs0 )(%)| by 133%. Using measurements made
directly from wafers coated with CrSi, a significant decrease
in Rs0 occurs when wafers are heated to temperatures above
450°C, which means 21.2mW power consumption corresponds
to a 450°C microheater temperature.
For a quick comparison between both designs in terms of
power consumption, a very simple microheater characterization in steady state has been performed: the applied voltage is
slowly ramped up until we see the microheater glowing. Using
this method the design with the lowest power consumption can
be determined since it starts to glow at a lower temperature.
For D01 the emission light of the device is observed at a bias
voltage of 3.2V, corresponding to a power of 186mW, and
for D02, 2.7V was required, resulting in a 26.43mW power
consumption. The microheaters have a bright orange color as

Five methods to thermally characterize the microheater for
SMO gas sensors were presented. These methods are useful
in extracting the active area temperature and calculating the
temperature as a function of applied power to the microheater. An accurate characterization of the electro-thermal
performance of the microhotplate for SMO gas sensors,
including the active area temperature and thermal losses are
very important for accurate reliability studies and ultimately
for the optimization of sensor design with improved sensor
features. To further verify the obtained results, a comparison
between analytical modelling based on the Cauer network,
light glow qualitative measurements, finite-element simulations, and experimental measurements using Pt RTD and CrSi
RTD have been performed. The experimental measurements
of RTD (Temp-Middle) show a total power consumption of
86mW for D01 and 12 mW for D02, in good agreement with
the simulations and the analytical model.
Fig. 11 depicts the resulting temperature evolution as a
function of applied power for D02 using the various previously
described methods. According to RTD readings, the heater
temperature reaches 300°C with 11.6mW power consumption
with a Pt RTD and 13.5mW with a CrSi RTD. Simulations and
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•

The RTD measurements provide precise and fast results,
provided that the RTD layer’s volume/design and position
are comparable to the position of the sensing element.
This technique requires as a prerequisite: the capability
to deposit and etch such materials in a compatible manner
to the sensor fabrication.
• The light glow technique has demonstrated a very fast,
easy, and efficient qualitative method that can be used
to compare the emission versus the heater power of
different designs or process variations. However, this
process is very limited and cannot tell us the exact
power/temperature relationship the way previous methods
could. It can only be used to assess the difference in
power performance between various designs.
The different techniques are all demonstrated to be suitable
and precise enough to be used as a tool-kit for microheater
and sensor developers.
Fig. 11. Temperature as a function of applied power to the microheater of
the D02 design.

analytical modelling give a power consumption of 13.3mW
and 13.55mW, respectively. It should be noted that the model
is useful only for specific designs which match the simplifications mentioned earlier; therefore, the power consumption
of sensor D01 cannot be calculated in the same way since
the electrical losses through the small resistances of the
microheater are very high and the substrate is not completely
insulated from the heated area. The small difference between
measurements made by Pt RTD and other methods is due
to the higher accuracy of Pt RTD and simplifications made
in the electro-thermal model. The resulting average power
consumption of the sensor D02, when considering the different
methods is 13mW for 300°C.
VI. C ONCLUSION
A systematic comparison of different methods for obtaining
the microheater temperature as a function of applied power
using simulations and experimental characterization have
been conducted. Two different designs were used for these
comparisons.
The different methods used generate similar results on the
set of test circuits used. Therefore, the choice of a suitable
method to be used by the technology or product designer can
be recommended as follows:
• Cauer model required several steps of elementary components tuning, and there is a high risk of error due to
the complexity; this method is also more complex to
use and therefore more suitable for experienced sensor
developers. However, the electro-thermal model gives
an approximate result based only on material properties
and sensor dimensions without any additional expenses
through hardware or paid software resources.
• Multiphysics simulations require minimal effort after the
computer aided design (CAD) of the sensor structure.
Furthermore, such simulations provide a geographical
temperature distribution that allows to observe the precise
heat uniformity on desired locations.
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