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ABSTRACT

In this paper, Micro Electro Mechanical System (MEMS) based temperature sensor is
designed and fabricated for weather monitoring system at troposphere level. In this design we have
used meander shape, because itis easy to vary the length. We have optimized the length in this design.
Due to certain advantages like low cost, easily available, high melting and boiling point, molybdenum
material is used for fabrication of this design. The four meander type temperature sensors are designed
with various dimensions of sizes in 6.7mmx4mm, 9.5mmx4mm, 5.2mmx4mm, 6.5mmx4mm.The
Temperature Coefficient of Resistance (TCR) values for four various sensors mentioned above are
3.4 x10* C', 3.7 x10* C', 7.0x10“ C', 7.5x10* C'. For radiosonde applications the sensor
must have high sensitivity, high degree of accuracy, good linearity and with better TCR values. The
experimental results are better for dimension 6.7mm x4mm for all characteristics mentioned above.
The practical results are compared with the theoretical values.
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INTRODUCTION

Micro Electro Mechanical Systems (MEMS)
is a technology to develop micro devices and micro
systems. MEMS are used for miniaturization of
sensors. MEMS components are generally in size
from micrometers to millimeters. The reliability of
these sensors have been increased considerably
by integrating them with IC technology'2. Micro-
Electro Mechanical System fabrication technology

is employed to reduce size of the sensor, cost
of electronic devices in various applications, it
is the important thing that the electronic device
must be stable, portable, and flexible. To design
a temperature sensor for weather monitoring in
radiosonde application using MEMS technology.
The temperature sensor was designed to measure
the troposphere level. Nowadays the sensors
used in radiosonde application are big in size. The
temperature sensor is designed to reduce the size
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and cost of the sensor. In order to sense these
conditions, an appropriate sensing method has to
been utilized in order to achieve accurate outputs
in a study manner.

Basically sensors can be classified into
two types. One is active sensor and another one
is passive sensor. Active sensor is self generating.
Passive sensor is modulating. The Active sensor
converts input energy into output signal and it
does not require any external supply. The Passive
sensor requires additional power source to converts
input energy into an output signal. The function of
a temperature sensor can be classified into three
different modes. They are physical, mechanical and
optical. However, our target is to obtain electrical
outputs. The electrical sensor is used for measuring
the temperature. One of the simplest and easiest
electrical technologies for measuring temperature
is by using resistive measurement. Resistance
Temperature Detector (RTD) and thermistor is
the temperature sensor which changes electrical
resistance with temperature. In this method works on
the fact that resistivity of the material is temperature
dependent. The temperature of the RTD ranges from
-200°C to 600°C with an excellent accuracy over a
wide temperature range®*.

Methodology
Theory of temperature sensor

The resistance of the metal is described as,
R = pL/A (1)

If temperature of the RTD varies linearly,
then the relationship between the measured
resistance and the temperature change®®’ can be
expressed as

R.= R, [1+a (t- t))] (2)

Where,
R, is the resistance at t°C
R, is the resistance at 0°C
o is the temperature coefficient of resistance
tis the temperature to be measured
t, is the initial temperature
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Design of micro temperature sensor
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Fig. 1. Design of Temperature Sensors

The temperature sensor has been analyzed
with different dimensions. When its length increases
the resistance value will also increase proportionally.
The important thing to be considered is Temperature
Coefficient of Resistance (TCR). Where TCR is defined
as the resistance change factor per degree Celsius of
temperature change. By changing the temperature
the resistance value is recorded. The TCR value was
calculated based on these recorded values.

Design of temperature sensors using comsol

A Multiphysics numerical stimulator
COMSOL was used to design and stimulate the
sensor design. In this section the design aspects is
discussed. Joule heating module is selected as the
physics for the model. Fixed current and temperature
are assumed at the end of the heater. The current
supplied is in few hundred microns (0.07A). The
electrical current converted into heat flows through
resistor®®. The work presents the corresponding
electrical potential of four temperature sensors.
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Fig. 2. Electric Potential over sensor
(a) (6.7mmx4mm), (b) (9.5mmx4mm), (c) (5.2mmx4mm),
(d) (6.5mmx4mm)
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Figure 2 shows how the electrical potential
is distributed for four different dimensions. Fig. 3
shows dimensions of sensor. Whenever the length
increases the resistance value also increases. Fig. 4
shows relationship between the resistance and input
temperature of molybdenum based temperature
sensor and observed resistance of the sensor
increase linearly with increase in input temperature
for the specified ranges.

6.7mm 9.5mm

5.2mm

6.5mm

Fig. 3. Dimension of Temperature Sensor
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Fig. 4. Temperature vs. Resistance

The temperature sensor is of size in
6.7mmx4mm which linearly increases in resistance
value (7.208 to 8.731 Q) according to the input
temperature (-100 to 500°C). It works on the principle
of resistance temperature detector. The temperature
coefficient of resistance is 3.4x10* C-". The sensor
is of size 9.5mmx4mm which linearly increases
in resistance (3.104 to 3.813 Q) according to the
input temperature (-100 to 500°C). The temperature
coefficient of resistance is 3.7x10* C-'. The
resistance of the sensor is directly proportional to
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the length of the sensing material molybdenum. The
sensor is of size 5.2mmx4mm which linearly increases
in resistance value(3.416 to 4.929 ) according to the
input temperature (-100 to 500°C). The temperature
coefficient of resistance is 7.0x10* C-'. The sensing
material consists of size of 75 pm. The temperature
sensor has 6.5mmx4mm which linearly increases in
resistance (1.482 to 2.191 Q) according to the input
temperature (-60 to 60°C). The temperature coefficient
of resistance is 7.5x10* C-'.
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Fig. 5. Temperature vs. Voltage

WOLTAGE INWOLTS

In Figure 5, the temperature sensor consists
is of size 6.7mmx4mm which linearly increases in
voltage value (0.504 to 0.611 V) according to the
input temperature (-100 to 500°C). When passing a
small amount of current 0.07 A to RTD generates a
voltage across the RTD. By measuring the voltage the
resistance and temperature value is determined.

The sensor has 9.5mmx4mm which is
linearly increases voltage value (0.217 to 0.266
V) according to the input temperature (-100 to
500°C). It is gradually increases according to the
input temperature. The sensor consists of size in
5.2mmx4mm which linearly increases in voltage
value (0.239 to 0.345 V) according to the input
temperature (-100 to 500°C). It gradually increases
according to the input temperature. The sensor has
6.5mmx4mm which is linearly increases in voltage
value (0.103 to 0.153 V) according to the input
temperature (-100 to 500°C).

Theoretical calculation

According to Callender-Van Dusen equation,
the RTDs are used to measure temperature by
correlating the resistance. This correlation between
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the resistance and temperature of RTD is described
by a Callender-Van Dusen equation.

The Callender-Van Dusen is an equation to
determine resistance and temperature relationship

at both positive and negative temperatures.

At positive temperature

R, =R, [1+At+B#?] (3)
At Negative temperature
R, =R, [1+At+Bt*+C(t-100)°] (4)

Where A, B, C are Callender Van Dusen
constants. The alpha, beta and delta are constants
to determine the constant values of A, B and C.
Equation (4) is typically used for temperature below
0°C. Where equation (3) is used for temperature
above 0°C. When below 0°C is used in equation (3)
the error is calculated resistance value. So we can
use equation (4) for below 0°C'°-12,

According to the calculation of each
temperature sensor the resistance value is increased
linearly with input temperature and the sensor
6.7mmx4mm has high sensitivity. The resistance
and voltage value is calculated according to the
temperature change.
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Fig. 6. Temperature vs. Resistance

According to Callender Van Dusen equation,
the positive and negative temperature has different
formula to calculate the resistance value. In Fig. 6,
the sensor 6.7mmx4mm shows that resistance (7.20
10 8.73 Q) is increased linearly according to the input
temperature (-100 to 500°C). The size of the sensor
is 9.5mmx4mm which linearly increases in resistance
(3.10 to 3.81 Q) according to the temperature (-100
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to 500°C). When compared to 6.7mmx4mm it has
lower resistance value. The 5.2mmx4mm sensor
which shows linearly increases resistance (3.41 to
4.92 Q) according to the input temperature (-100 to
500°C). The resistance is linearly increases (1.482
to 2.19 Q) according to the input temperature (-60
to 60°C) on sensor 6.5mmx4mm. The TCR value
is 7.0x10* C-'. So the resistance change is good
according to degree temperature changes and
sensitivity is good in 6.7mmx4mm.
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Fig. 7. Temperature vs. Resistance

In Fig. 7, the temperature sensor consists
of size 6.7mm x4mm which linearly increases
voltage value (0.50 to 0.61 V) according to the
input temperature. The sensor consists of size
9.5mmx4mm which linearly increases voltage value
(0.217 t0 0.266 V) according to the input temperature.
The sensor consists of size in 5.2mmx4mm which
linearly increases voltage value (0.23 to 0.34 V)
according to the input temperature. The sensor which
as 6.5mmx4mm which linearly increases voltage
(0.10 to 0.15 V) according to the input temperature.
The small amount of current through a sensor
generates a voltage across the sensor.

EXPERIMENTAL

Fabrication of mask

The laser writer Heidelberg MPG 501 was
used for photo mask fabrication with commercially
available chrome photo mask blank. A 390 nm
laser was used with the writing speed of 50mm?2/
minute. The photomask layout for the micro fabrication
of temperature sensor was designed using CleWin
software. The fabricated photomask is shown in
Fig. 9 with four different sensing arm length variations.
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Choice of Substrate and Photoresist materials
Silicon, being a good structural material
with ideal semiconducting properties and mechanical
stability was chosen as the substrate. Silicon wafers
are annealed at 1000°C for 30 min. in oxygen
atmosphere to form an oxide layer on the surface.

ARP-3250, a positive photoresist
(ALLRESIST, GmbH, Germany) was chosen for
the preparation of resist template. ARP-3250 shows
better integrity and resolution of the shapes for
micro devices'®. The photoresist was spin coated
(SpinNXGP1) at 4000 rpm for 30 sec. to grow
~8 um thick resist. The evaporation of excess solvent
was done by prebaking the resist coated substrates
at 90°C for 8 minutes.

Fabrication of resist template

The desired patterns in the photomask
were transferred to the resist by utilizing ultraviolet
radiation. The photo mask was placed intact with
resist coated silicon substrates. The UV exposure
was done using OAI, USA flood exposure tool, model
0.The UV was exposed with the controlled power of
10 mW/cm? for a time period of 25 s. On completion
of the UV exposure, the photo resist was developed
using developer solution. The solution was the
mixture of AR300-26:DI water in the ratio of 1:5. The
development was carried out for a maximum duration
of 200 s. The desired sensor design thus transferred
to the photoresist acts as template (shown in Fig. 11)
for subsequent processes’.

Deposition of molybdenum

The molybdenum was deposited using DC
sputtering process. The base pressure of chamber
was 5x10°° mbar. Under Argon gas supply, the
molybdenum was coated for 3 min. with the working
pressure of 8x102 mbar. The optical image of
deposited molybdenum on the photoresist template
is shown in Figure 12.

Resist removal

The deposition of molybdenum was
followed by resist removal process. Resist remover
AR300-76 was used to remove the sacrificial resist.
Removal process was done for 3-5 seconds in
ultra-bath sonicator at near room temperature. After
resist removal the substrate was cleaned using DI
water for several times. The optical microscope
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images of the temperature sensor fabricated on the
SiO, substrate is shown in Fig. 13. Repeated washing
with DI water was done to remove residual part of
resist from the surface.

PHOTOMASK

SILCON SUBSTRATE

RESIST COATED
OVER THE
SUBSTRATE

PATTERN TRANSFER
FROM MASKTO
RESIST

RESIST TEMPLATE

TEMPLATE FILLING
WITH
MOLYBDENUM

SURFACE PATTERNED
MOLYBDENUM

Fig. 8. Fabrication process of temperature sensor

RESULTS AND DISCUSSION

The micro-temperature sensor (shown in Fig.
14) with sensing arm of 9.5mmx4mm along with contact
pads was fabricated using microlithography technique.

() (b) ©) (d)

Fig. 9. Photomasks with variation in sensing arms
(a) 9.5mmx4mm (b) 6.7mmx4mm (c) 6.5mmx4mm (d)
5.2mmx4mm

Fig. 10. Optical microscope images of 9.5mmx4mm
photomask at different magnifications
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Fig. 11. Photoresist template of temperature sensor
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Fig. 12. Deposited molybdenum over the resist template

CONCLUSION

The novelty of this work is to reduce
the size of the sensor in a radiosonde device by
using MEMS based devices. The results obtained
in comsol multiphysics software for the sensors
6.7mm x 4mm and 5.2mm x 4mm shows that the
resistance changes linearly for a linear change in
temperature and the TCR value are 3.4x10* C'
and 7.0x10“ C" respectively. The sensor 6.7mm x
4mm has high resistance change according to the
input temperature and sensitivity is also higher.

The molybdenum based temperature
sensor was designed successfully using comsol
multiphysics. The fabrication of 9.5mmx4mm sensor
was done experimentally. A vacuum environment
setup is made to measure the change in resistance of
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Fig. 13. Optical microscope images of the fabricated
temperature sensor after complete removal of sacrificial resist

Fig. 14. Photograph of fabricated micro temperature sensor

the temperature sensor as a function of temperature.
The simulated results will be verified experimentally
for the fabricated temperature sensor.
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