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DESIGN OF A POWER CONTROL UNIT DEDICATED TO GAS
SENSORS BASED ON MICROHOTPLATE PLATFORM

F.PARRET', P.MENINI'?, M.GUERRERO', A. MARTINEZ'"
Laboratoire d’ Analyse et d’ Architecture des Systémes, Toulouse, France.
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ABSTRACT: This paper deals with time drift problems of polysilicon resistors used as heater in gas sensors. Actually,
this polysilicon heater is applied by a constant voltage, so its time drift about 20% of nominal value implies an
equivalent variation of operating temperature. Then, this study presents a new design of power-control unit dedicated to
force the same power on the heater resistor independently of its value and its time drift. Elaborated with two current
mirrors, a multiplier and a proportional regulation system, this non optimized prototype allows good temperature
stabilization with an error which doesn’t exceed 3 ° C in the worst case.

INTRODUCTION

Thanks to the technological projections in the field of
manufacturing processes, the concept of the
Microsystems and more particularly that of the “smart”
sensor is to date a reality.

At present time, most of the gas sensors are either
electrochemical or metal-oxide semiconductors in
thick-film technology. Even if lots of them are
commercialized, they still display problems of
selectivity.

In this paper, it is first presented the influence of the
working temperature on the CO sensitivity, then the
problem of temporal drift of the polysilicon heater
resistor in a microhotplate silicon platform. So, one of
solution consists in controlling the power applied at the
boundaries of the heater resistor. This power must
identical independently of the resistance. A prototype
has been design with an analogical technology but it
has to be integrable on ASIC to make part of the signal
treatment integrated circuit of the “smart” gas sensor.

DESCRIPTION OF THE SENSOR

The sensor used consists of a microhotplate platform
and a nanoparticular SnO, sensing layer (Fig.1). A
microhotplate architecture has been developed for
Motorola and actually exploited by Microchemical
Sensors S.A. A SiONy, membrane of 1.5 um of
thickness supports a polysilicon heater of 600 pm x
430 um. Dimensions have been optimized to achieve
good thermo-mechanical reliability [1]. The heater can
reach temperatures of 450°C with a power
consumption of 83 mW.
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Fig. 1: Schematic view of the complete SnO; gas
sensor.

The metal-oxide used in this sensor is a crystalline
SnO, material synthesized by the decomposition and
oxidation of a tin based organometallic precursor
([Sn(Nme,),]»), the mean material grain size obtained
is 15 nm of diameter [2]. This material is deposited by
a drop deposition technique over the two electrodes
placed in the homogeneous temperature region of the
heater (Fig.2).

Fig. 2: Top view of the complete SnO, gas sensor.

QUESTIONABLE

At the time of characterisations carries out on the heater
resistor (Ry,), we observe two physical phenomena. First
of all, a linear development of the resistance value
according to the ambient temperature (T,,) (Fig.3);
then of a time drift under polarisation. For this second
behaviour, ageing tests show that for a nominal
resistance of 51Q, the drift can reach 4Q after 2000
working hours (Fig.4).

70 -

y =0.0437x + 47.824
-] /
60

55 et
0|

45 ‘ ‘ ‘
0 200 400 600

Rh (ohm)

Temperature ( Celcius degree )

Fig. 3: Evolution of heater resistor with the ambient
temperature.
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Fig. 4: Temporal drift of heating resistance.

As it is well known, the gas sensitivity of the sensor is
tightly dependant with the temperature.

In figure 5, we can see an example of our sensor CO-
sensitivity behavior versus applied voltage on heating
resistor. The sensitivity is here determined by
S = (Rgs-Ro)/Ro where R, is the sensitive layer
resistance without gas and R, the resistance measured
under gas.
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Fig. 5: Example of CO-sensitivity of SnO, gas sensor
versus heater voltage supply.

We can point out that sensitivity becomes maximum to
for a voltage value near 2.8V corresponding to a
temperature of 450°C. In consequence, the
homogeneity and the good control of the sensitive
layer temperature is absolutely necessary. So, the
variation or the temporal drift implied by heating
resistance will involve a strong reduction of the SnO,
layer sensitivity.

In order to counter this problem, various approaches are
possible. The first solution would be to place a serial
resistance with equivalent value. It may limit this drift
and improve sensor lifespan but this solution was not
adopted because of its double consumption. The second
approach would be to replace polysilicon by a metal.
This solution would, in the same time, minimise the
time drift and integrate a temperature sensor. However,
in order to obtain the same electrothermic performances,
active layer dimensions would be greatly increased and
technologically, the metal induces mechanical
constraints on the membrane. The last solution is to
control the power applied on the heating resistor (i.e. to
control temperature) because of linear relation between
these two parameters.

In this paper, this last solution has been investigated to
develop a “smart” gas sensor integrating the
microhotplate with the sensitive layer, the power control
unit and the signal treatment.

SCHEDULE OF CONDITIONS

The design will be done according to the best
compromise between sizes, the power consumed, the
response time...

Moreover, this system will have to be adaptable on
different resistance values and independent of their drift.
This prototype must have a low simple supply and will
have to consume as least as possible to allow
transportability application.

A previous study shows the interest to make the sensor
functioning at various temperature values in order to
improve the sensitivity and to limit the influence of the
relative humidity [3],[4]. We take in reference the
following profile (Fig. 6) adapted to the ethylene gas
detection in humid atmosphere.
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Fig. 6: Profile of operating temperature.
We point out the performances of the sensor in Table 1
and we deduce the characteristics following ones in
Table 2.

Table 1: Sensor performances

Range of operating temperature Tamb-450°C
Power range 0-83mW
Response time in temperature <30ms
Ry range 55-70Q
R;, temporal drift 100

Table 2: Electric characteristics of the module

Range of controlled power 18.5-83 mW
Minimal power variation 5.4mW (25°C)
Permissive power error 0.54 mW (10%)

DESIGN OF THE PROTOTYPE

We must carry out a circuit which has to be realizable
firstly in traditional components (demonstrator) and
secondly completely integrated on chip (smart sensor).
Not being able to avoid power calculation by a
numerical solution, the regulation system can be
elaborated in both technologies. Accordingly, the first
prototype has been developed in an analogue version.

Power Measurement method

The first module has to realize the power measurement.
This analogue module must be completely integrated on
chip. That’s why we have used bipolar transistor
architecture. This system is based on two current



mirrors ordered in voltage (Fig.7). The interest to use
this structure is to be able to impose at the same time,
two identical currents to the heating resistor ( Ry, ) and to
a fix resistor ( R ). These currents are proportional to the
wished power. This function is fulfilled by the
transistors Q,, Q; and Q4. Using PNP bipolar transistors
permits to avoid calculation of differential voltage at the
boundaries of Ry, and R. Obviously, this structure has to
be realized with paired transistors. This system is
ordered by the Q1 transistor and the V voltage.
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Fig. 7: Basic circuit for power measurement.

Using an analogical multiplier, its output V, appears as
an image of the power Pry which can be calculated by
the following equation:

Prn = Vp/a.R €))
Where
V, = a Ry IrnRIg 2)

o the attenuation coefficient of the analogical
multiplier, Iz, and Ir the currents crossed in the two
resistors.

From the collector current relation given by equation
(3), it can be deduced the relative current error between
Icqaand Icqs (equation (4)).

V
I.= IS[1+&jexp(LbJ 3)
Va UT

Where I, the collector current, Is the reverse saturation
current, V. the emitter-collector voltage, V., the
emitter-base voltage, V, the Early Voltage and Uy the
thermodynamic voltage.

It is noted that the term & depends on the early voltage,
R, and R. As shown in figure 8, with PSPICE
simulation, the lower V, is, the more the two collector
currents difference increases.
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Fig. 8: Current error versus V, for V,={2;2.5;3,3.25V}.

By experimental tests carried out on the transistors used,
we have measured an early voltage about 25V. From the
curve above, it can be seen current error until 300pA.

In order to counter this problem, one adds a second
current mirror fulfilled by the transistors Qs and Q.
Any R;, variation or drift makes the current imposed in
this branch varying. The addition of this current mirror
reflects the same current fluctuation on R. Before
assembling this function, we tested its performances on
PSPICE software. Simulations predict us a maximum
error of 330 pA with a heating resistance of 51Q to
obtain a maximum power of 83mW.

Power Control Unit

The loop of control is based on a proportional regulator
type. From the module here-named “power
measurement” explained above associated with an
analogical multiplier to calculate an image of power on
R}, the power control unit consists of : a first converter
to convert the output voltage of the multiplier into a
comparable voltage with the input of the system, of a
differential amplifier to compare the desired power and
the real power on Ry, of a variable gain and a second
converter to be well adapted with the “power
measurement” module input ordered in voltage (fig .9).

Simulations on PSPICE predict to us that the error in
open loop can reach 27mW for a unit gain, an Ry, drift of
10Q and an initial power of 83mW. In closed loop, this

legq _ o Vecgy +Va ) error decreases to 7mW. In order to obtain an error
Icps Vecos +Va lower than or equal to 0.5mW under the same
. conditions, it is necessary to introduce a gain about
€ represents this current error. 195
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Fig. 9: Functional description of the power control unit.



EXPERIMENTAL RESULTS

As PSPICE simulations displayed quite good results,
we have assembled the complete circuit on a pre-
galvanised plate (Fig.10) to show the feasibility. Before
proceeding to experimental measurements, the system
has to be well calibrated in term of R;, R and G.

Fig. 10: Top view of the prototype.

In figure 11a, we can see an example of the power
error in all the range of power. We note that this error
can reach 0.6mW that correspond to a temperature of
3°C. After an adequate calibration, the power error
according to the Ry drift can be lower than 0.5mW
during working power profiles between 18.5 and
83mW (Fig.11b). This profile, shown in Fig.6,
corresponds to temperatures from 100 to 450°C.
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Fig. 11a: Example of power error obtained in the
power full range.
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Fig. 11b: Example of power error obtained at the time
of the R, drift.

We also tested our system at a level of voltage. In
figure 12, we can see the influence of the open-loop
gain from 1 to 13 over the response time. It is noted
that by increasing the gain, we first decrease the static

current error as it has already be shown and we also
reduce the temperature response time from 33ms to
10ms. On the over hand, the system becomes divergent
with a closed-loop gain higher than 14.
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Fig. 12: Evolution of the response time according to
the closed-loop gain.

The system thus becomes faster while improving the
accuracy with a gain equal to 13.

DISCUSSION

At the time of the realization of this system, we ran up
against the problem of the Early voltage. We succeeded
in countering this problem by obtaining suitable
results. But, as this system will be integrated on a chip,
its performances would be improved just by using
paired integrated transistors with the desired features.
About the control part of power, by using CAN and
CNA, this system could be all transferred in digital
technology. We will then obtain on the same chip, the
analogue "power measurement circuit" and the numeric
"power control" unit.

CONCLUSION

A new generation of gas sensors based on
nanoparticular SnO, sensitive layer has been elaborated
and tested. Its platform is maked up of a membrane
and a polysilicon heating resistor. Two phenomena
have been observed on the heating resistor behavior : a
linear development of the resistance according to the
ambiant temperature and a time drift under apply. So,
to counter this problems, we have elaborated a power
control unit based on two current mirrors and a
proportional-type regulation. We have designed a first
analog prototype using a very simple structure and
which can be integrated on a chip. It yields power error
less than 0.6mW corresponding to 3°C temperature
error. With this system, we also reduce the response
time from 35ms to 10ms. By this improvement, we can
make the sensor working with a temperature profile to
improve the sensitivity and to limit the influence of the
relative humidity. Lastly, this system can be adapted to
different resistance values, so to different type of
micro-heater.
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