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Abstract. Room-temperature thermocouple with good sensing properties is getting attracted increasingly because of
their low power consumption and remarkable stability. Our study is based on the design and construction of a prototype
transparent temperature sensor using thermocouple. 2D temperature thin film sensor was fabricated using magnetic
masking. Thermocouples were made with thin-film, which showed a steady and reproducible temperature response. A
potential difference was also shown for per degree temperature change. The transparency is obtained by special type of
magnetic masking for thin-film process.
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Introduction

Temperature-sensor devices [1–7] are designed to measure
temperature of an object in its hot or cold state. In energy
exchange process, temperature is a significant factor that
should be taken into account. Thermometers are instruments
specifically designed to measure temperature. Contact
thermometer is a type of thermometer which should be
placed in physical contact with the object or media that is
being sensed. Thermocouple used here falls under contact
temperature gauges [8]. Thermocouples have two wires
made from different metals (either both of them are metal or
one is metal and the other is a semiconductor). A junction is
created by welding one end of the wire where the temperature is measured. A voltage is generated when temperature
changes. Here, instead of wire, the sensor is fabricated with
thin-films of different metals, such as aluminium (Al) and
silver (Ag). The principle behind the thermocouple is Seebeck effect which explains the accumulation of a potential
difference DV across due to the spreading of charge carriers
in the DT = Thot - Tcold, due to hot or cold condition. At
equilibrium, the internal electric field will generate a gradient in the number of charge carriers when there is a
movement from the hot to the cold state. The potential
difference is regulated by the type of majority charge carriers [9]. Transmittance is obtained by special type of
masking and coating techniques. Many transparent conducting electrodes are fabricated for different purposes.
Many researchers [10–12] fabricated flat flexible transparent conducting electrode using a crack template method in
which a deposition was done using spray pyrolysis using a
crackle precursor (CP). Metal deposition is done by vacuum

evaporation on specially patterned narrow crack to get
transparent conducting thin film for thermocouple.

2.

Experimental

The transparent thermocouples were fabricated using two
types of metals, such as aluminium and silver, deposited
on corning glass. The thin-film deposition is done with
thermal vapour deposition method. The patterning of the
glass plate used to prepare transparent electrode was done
by magnetic mask-making technique [13] which is an
elegant form of lithography. Figure 1a and b shows the
arrangement of masking. A permanent bar magnet used is
kept below the corning glass cleaned with a cleaning agent
prepared by mixing 20 ml chromic acid and 300 ml of
sulphuric acid which was subsequently cleaned with soap
solution, isopropyl alcohol and distilled water. Plasma
cleaning is also carried out to provide good adhesion for
the film. The glass slide is masked with an aluminium
plate having an L-shaped cavity and the iron filing is
poured on this cavity. Figures 2 and 3 show the design of
the thermocouple. One leg of the thermocouple is aluminium and another leg is silver and both are overlapped
in the junction.
Here, the masking is done on the substrate (corning glass)
by using a magnet, aluminium thin plate and iron filings.
The substrate is placed above the magnet and an aluminium
plate having an L-shaped cavity is placed on the substrate
by Kapton tape. The area of cross-section of junction is 9
mm 9 21 mm and the dimension of legs are 9 mm 9 55 mm
[14]. Twenty-micron iron powder was sprinkled on the

146

Page 2 of 5

glass substrate which is placed over the magnet. The iron
powder will get aligned along the direction of the magnetic
field. The unmasked area in the substrate creates a gap
between the iron filings. This masked substrate is placed in
the thermal vapour deposition device to deposit films.
Aluminium is coated first, and then, the iron filings and
aluminium plate are removed. The same procedure is followed to coat silver on the other side as well, to form a
thermocouple. The mask designed and thermocouple sketch
are shown in figures 2 and 3.

Figure 1. (a) Patterned substrate. (b) Sketch of magnet masking.
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A crack pattern was created by using magnet and iron
powder. Twenty-micron iron powder which was sprinkled
on the glass substrate, is placed over the magnet (figures 2
and 3). The shape and boundaries are designed using aluminium foil and Kapton tape. Figure 3 shows the design of
thermocouple where the two sides are of different metals
and they meet together to form the junction.
The well-patterned glass substrate will be placed in the
thermal vapour-deposition system for achieving Al and Ag
layers. The deposition rate will depend on the amount of
target used, vacuum condition and height between substrate
and target. To get better transparency, the optimization of
these parameters is very essential. The coating is done with
0.005, 0.01, 0.015 and 0.02 g aluminium and silver with
different heights of 10, 12, 14 and 16 cm at 2 9 10-5 mbar
pressure. Aluminium is coated in the first leg of the thermocouple and subsequently silver, to get the thermocouple
design. From this experiment, the optimized parameters for
the thermocouple were found to be 0.01 g of aluminium and
silver at a height of 14 cm, shown better results. The
deposited sample was kept in vacuum chamber for 15 min
for settling and condensing. The iron filing can be removed
by taking the magnet away which will ensure continuous
network like patterning.

3.

Characterization of the metal film

The deposited network on film observed under microscope
for understanding the continuous connectivity.
The continuous connection is very important for current
to reach all over the sample. Figures 4 and 5 show microscopic images of Ag and Al films, respectively.
SEM image of the film is taken to study surface property.
Figures 6 and 7 show the SEM images of Al and Ag films,
respectively, which show that there are no pores in the
surface and possess good continuity. It shows that most of
the area in the film is vacant which gives 100%
transmittance.
Figure 2.

Masked structure.

Figure 3.

Sketch of thermocouple.

Figure 4.

Microscopic image of Ag film.
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Figure 5.

Page 3 of 5

146

Microscopic image of Al film.

Figure 8.

XRD pattern of silver film.
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SEM image of Al film.
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Figure 9.

Figure 7.

SEM image of Ag film.

The X-ray diffraction (XRD) result confirmed the film
formation of aluminium and silver. Figure 8 shows the XRD
pattern of silver.

XRD pattern of aluminium film.

The XRD results confirmed that the materials used here
are aluminium and silver. XRD of silver film is coated in
glass substrate. The four distinct diffraction peaks of the 2h
values of 38.18, 44.37, 77.36, 81.62° can be assigned to the
plane of (111), (200), (311), (222), respectively, indicates
that the silver used is face centred cubic and is crystalline in
nature [15]. The higher peak intensity of the plane Ag(111)
shows that the Ag film has lowest surface energy in this
plane [16]. The presence of amorphous substrate is dominated in the XRD because most of the area in the coated
film is vacant. The XRD of aluminium in figure 9 shows
that the polycrystalline nature of aluminium [16]. XRD
patterns exhibited diffraction peaks at 38.52, 43.62 and
78.90° indicating pure Al phase.
Figure 10 shows the optical transmittance of the film. Ten
milligrams of silver and aluminium are evaporated to get an
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Figure 10.
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Optical transmittance of silver and aluminium films.

Figure 12.

Figure 11.

I–V characteristics of silver.

optimum transparency and conductivity for the film. Aluminium showed nearly 80% transmittance and silver
showed 70% in visible range. The silver has maximum
absorption at wavelength of 350 nm and this result is
comparable to the results of Axelevitch et al [17]. The
decay of the maxima is independent of thickness which
always lies in the same wavelength [17–19]. Silver film
possesses 64% above transmittance in visible range,
whereas the aluminium reaches a maximum transmittance
of 80% between 410 and 460 nm.
The conductivity of the film is determined by two-probe
method. The resistance of silver film is 2.29 X, and for
aluminium, it is 48.12 X. Figures 11 and 12 are the I–V
characteristics of silver and aluminium films.

3.1

I–V characteristics of aluminium.

Calibration of sensor

The fabricated transparent temperature sensor is calibrated
by using a specially designed device as shown in figure 13a
and b.

Figure 13. (a) Sketch of calibration setup. (b) Calibration
device.

The calibration setup has cold and heat terminals. A
resistive heater is used to heat one of the terminals and the
other terminal is cooled by circulating cold water. The
temperature in the hot and cold terminals is controlled by
the temperature controller. Temperature of 20°C was kept
in the cold terminal and varies the hot terminal from 30 to
70°C to take the output. The fabricated transparent thermocouple is placed between the terminals of the device.
The junction of the thermocouple comes in contact with a
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70%. Surface, structural and optical qualities of the thin film
have been studied and checked its functionality in temperature sensor. The film showed good transparency. The
calibration of the sensors was done using a specially
designed system. The sensor showed almost linear relationship of voltage with temperature gradient.
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Figure 14.

V–T characteristic of the thermocouple.
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different thermocouples fabricated in the same optimum
condition. They provide almost same voltage–temperature
characteristic and linearly increased with the temperature.
Data was taken at an interval of 3° from initial temperature.
The above V–T plot shows almost similar behaviour which
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Conclusion

A good transparent 2-D temperature sensors were fabricated
by thin film technology. We also introduced a new type of
magnetic masking to achieve better transparency of above
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