Journal of Engineering and Applied Sciences, Vol. 4, Issue (2) Nov. 2017

Vanadium Complex (VO,(3-fl)) Films Based Resistive
Temperature Sensor

Khasan S. Karimov
GIK Institute of Engineering Sciences and Technology, Topi-23640, District Swabi, KPK, Pakistan
Physical Technical Institute of Academy of Sciences, Rudaki Ave.33, Dushanbe, 734025, Tajikistan

Mohammad M. Tahir

Department of Chemistry and Earth Sciences, College of Arts and Sciences, Qatar University, 2713 Doha, Qatar

Muhammad Saleem”

Government College of Science, Wahdat Road, Lahore-54570, Pakistan, msaleem108@hotmail.com; drsaleem@ymail.com

Muhammad Tariq S. Chani

Center of Excellence for Advanced Materials Research (CEAMR), King Abdulaziz University, Jeddah, Saudi Arabia

Atif K. Niaz

GIK Institute of Engineering Sciences and Technology, Topi-23640, District Swabi, KPK, Pakistan
Abstract

A resistive-type temperature sensor based on vanadium complex (VO,(3-fl)) film is reported in this study. Silver electrodes were
deposited on the glass substrates in a co-planar structure. A thin film of vanadium complex (VO,(3-fl)) was coated as a temperature-
sensing material on the top of the pre-patterned electrodes. The temperature-sensing principle of the sensor was based on the conduc-
tivity change of coated sensing element upon heating or cooling processes. The resistance of the temperature sensor, measured at 100
Hz, decreased exponentially with increasing the temperature in the range of 25—-80 °C. The overall resistance of the sensor decreases in
3.7—4.5 times. The resistance temperature coefficients of the sensor were in the range of 3.2 to 3.6%. The properties of the sensor studied

in this work, make it beneficial to be used in the instruments for environmental monitoring of temperature.

Keywords: Vanadium complex, thin film, teperature sensor, resistance;

Article history: Received: June 12, 2014; Accepted: December 12, 2017

1. Introduction

Development of the sensors for application in
monitoring various parameters such as humidity,
temperature and chemical gases have gathered
considerable attention in recent years. A number of
sensors have been fabricated on the basis of vanadium
oxides [1-6]. Vanadium oxides (VO,) show the large
reversible change of electric, magnetic and optical
properties at temperatures around 68—70 °C [7-9].
Transition of semiconductor to metal is also observed
in these smart materials. At transition temperature, the
optical properties of vanadium dioxide are quickly
changed: the optical transmission is decreased
and reflectivity is increased. Due to this behavior,
vanadium dioxide is an attractive material for smart
windows for solar energy control and electrical and
optical switches. Microstructure and crystallinity of the
films effect hysteresis of the transition. By the addition
of transition metals such as niobium, molybdenum

or tungsten, the transition temperature of vanadium
dioxide may be decreased.

It was found that VO, films demonstrate holograph-
ic storage and bit recording properties at using a near-
infrared laser [10, 11]. Switching time of about 30 ns
and writing energy of the order of a few mJ/cm? were
reported [12]. The vanadium dioxide is an interesting
candidate for modern applications of active thin films
in optical or electric switches as well [13].

Vanadium oxide is considered as an n-type
semiconducting material [7]. Due to the semiconducting
properties, vanadium oxides and their complexes have
been reported to be used in different kind of sensor. The
lamellar nature of vanadium oxide makes it possible
to modulate the adsorption and conduction properties.
The electrical conductivity in vanadium oxides can be
enhanced by formation of oxygen vacancies. Therefore
it is important to introduce different metal based
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materials into existing technology which may bring
in considerable improvements in functionality and/or
cost of organic electronics [14]. A vanadium complex
(VO,(3-f)) and CNT composite film based temperature
sensor was reported in Ref. [15].

This paper reports the fabrication of surface-
type Ag/VO,(3-fl)/Ag resistive temperature sensor
employing vanadium complex VO,(3-fl) as an active
sensing element.

2. Experimental Procedure

The molecular structure of the vanadium
complex (VO,(3-f)) is shown in Fig. 1. The VO,(3-
fl) was obtained from Aldrich and used as received.
Commercially available glass slides were used as
substrates which were primarily cleaned ultrasonically.
In the first go, the silver electrodes were deposited in
a co-planar structure by masking on the glass substrate
using Edwards AUTO 306 vacuum evaporation
technique. The pressure inside the chamber was
maintained at 10 mbar. The thickness of the silver
electrodes was 200 nm. It was measured in the process
of the thin film deposition by quartz crystal oscillator,
FTMS, which was fitted in the vacuum evaporator
chamber. The gap between the silver electrodes was
40 pm. It was measured by optical microscope with
built-in scale. Later, 5 wt.% solution of VO,(3-fl)
in benzol was drop casted on the pre-patterned Ag
surface-type electrodes. The device was kept at room
temperature for 10 hrs to let the moisture evaporate
from the films. The VO (3-1l) film thickness was in the
range of 20—30 um. The cross sectional view of the
fabricated resistive type temperature sensor is shown
in Fig. 2. The temperature measurements were carried
out in a self-made chamber which has been designed
and developed in our laboratory. The temperature
range of 25 “C to 80 °C was selected due to its practical
importance in domestic and industrial applications.
Resistance measurements were carried out using
ESCORT ELC-132A meter at a frequency of 100 Hz
in ambient atmosphere. The temperature was measured
by multi-meter FLUKE 87. The experimental error for
the measurement of the temperature was equal to +1
°C and the accuracy of electric resistance measurement
was equal to £2% (it was estimated as described by
Dally et. al. [16]).

Fig. 1: Molecular structure of the vanadium complex
VO,(3-fl).
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Fig. 2: The cross sectional view of the fabricated resigtive type
temperature sensor: Glass substrate (1), Silver electrodes (2 and
3), VO2(3-fl) film (4).

3. Results and Discussion

Fig. 3 shows resistance versus temperature rela-
tionships for two Ag/VO,(3-fl)/Ag surface-type resis-
tive temperature sensors. It can be observed that the
resistances show sharp decrease with increase of tem-
perature that is actually characterize semiconductor
based thermistors [16]. The resistance of the tempera-
ture sensors decreases 3.7—4.5 times with increasing
the temperature in the range of 25—80 °C. At heating
or cooling processes, resistance-temperature curves
of the sensors show good repeatability. The resistance
temperature coefficient (S) of the samples can be cal-
culated by [16]:

g AR x100%
RAT

M

where R , AR and AT are initial value of the sensor’s
resistance, changes in the resistance and temperature,
respectively. It was found that the resistance tempera-
ture coefficients of the sensors were in the range of 3.2
to 3.6% .The value of the resistance temperature coef-
ficients are in the range of that of conventional semi-
conductor thermistors [16].
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Fig. 3: Resistance versus temperature relationship for two Ag/
VO,(3-fl)/Ag surface-type resistive temperature sensors.

For simulation of the resistance-temperature rela-
tionships, we can use an exponential function given in
Eq. (2) [17] by method of substitution.

f)y=e"

The relative resistance —temperature relationships
can be expressed by the following equation:

R e )

where R is the sample’s resistance at elevated tempera-
tures (7), K is the resistance temperature factor. Aver-
age value of K was determined from the experimen-
tal data shown in Fig. 3, which is 2.6x10? °C-'. Fig. 4
shows the experimental and simulated (by using Eq.
(3)) results, which are in good agreement.

The mechanism of conductivity in the VO,(3-fl)
samples can be considered as transitions between spa-
tially separated sites that can be attributed to the Perco-
lation theory [18,19]. According to Percolation theory,
the effective conductivity (o) of the samples can be
calculated as:

where L is a characteristic length, which depends on
the concentration of sites, Z is the resistance of the path
with the lowest average resistance. With an increase
in temperature, the sample is heated that may cause
the reduction of Z due to generation of charge carri-
ers, increase of their concentration and mobility. The
conductivity of the VO,(3-1l) samples increases and the

resistance decreases with increase of temperature ac-
cordingly, as observed experimentally (Fig. 3).

RIF,

Fig. 4: Simulated (1) and experimental (2) resistance versus tem-
perature relationship for Ag/VO,(3-fl)/Ag surface-type resistive

temperature sensor.

As experimental resistance-temperature (Fig. 3 and
Fig. 4) relationships for the VO,(3-fl) sensors are qua-
si-exponential, they can be easily linearized by nonlin-
ear op-amps [20].

4. Conclusion

The resistive-type temperature sensor based on va-
nadium complex was fabricated by drop-casting meth-
od from solution of VO,(3-fl). It was found that resis-
tive-temperature relationships of the sensors showed
exponential behavior. The resistance temperature coef-
ficients of the sensors were in the range of 3.2 to 3.6%.
The mechanism of change of conductivity with change
of the temperature in the VO,(3-fl) was considered as
transitions between spatially separated sites that can be
attributed to the Percolation theory: with an increase in
temperature, an increase in the concentration and mo-
bility of charge carriers take place.
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