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Abstract: A new approach for humidity sensing is reported. The sensor is based on ordered 
nanoporous titanium dioxide (TiO2) thin film over silver palladium coated nonporous alumina 
substrate. Porous TiO2 thin films were prepared by emulsification-gelation technology using 
hydrolysis and reflux process. Coating optimization was achieved and hydrophilicity of the TiO2 thin 
film was determined. SEM results revealed that pores were distributed uniformly throughout the 
sample, which enhanced the adsorption of water molecule over the film. Raman study clearly 
confirmed the anatase and rutile phase of TiO2 thin film. Electrical sensing response was calculated 
using impedance measurement. It was found that at an optimized coating thickness the sensitivity of 
our humidity sensor was suitable for commercial applications. Copyright © 2012 IFSA. 
 
Keywords: Humidity sensor, TiO2, Thin films, Sol-Gel, Raman spectroscopy. 
 
 
 
1. Introduction 
 
Thin film technology is found to be in many applications including microelectronics, optics, magnetic, 
hard and corrosion resistant coating, micro-mechanics etc [1-7]. Progress in each of these areas 
depends upon the ability to selectivity and controllability on deposited thin film thickness ranging from 
tens of angstroms to micro meter with specified physical properties. This, in turn, requires control 
often at the atomic level of film microstructure and microchemistry. There are a vast number of 
deposition methods available and in use today [8-10]. Titanium dioxide(TiO2) is being used in a great 
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variety of applications. It has been investigated for humidity and gas-sensing behavior. It has three 
different crystallographic forms: brookite, anatase and rutile. Anatase is metastable and converted 
irreversibly into rutile at high temperature. Its preparation is fundamental to obtain properties suitable 
for gas-sensing applications such as: structural stability, porosity and high surface-to-volume ratio in 
order to emphasize surface effects. The sensing properties of TiO2 films are based on surface 
interactions of reducing or oxidizing species, which affect the conductivity of the films. TiO2 films 
have been made by a variety of techniques such as e-beam evaporation, magnetron sputtering 
technique, anodization, chemical vapour deposition (CVD) and sol-gel technique. Among the different 
methods for the preparation of thin TiO2 film, sol-gel method has many advantages, particularly the 
possibility of producing large surface. The films are generally deposited by dip-coating, but may also 
be deposited using spin coating, the sol-gel processes are particularly efficient in producing thin, 
transparent layers on various substrate. Numerous literature reports on the fabrication of TiO2 thin 
films by sol-gel dip coating technique using many types of titanium alkoxides as precursors. In this 
work, we report the fabrication of TiO2 nanostructured films from sol–gel technique and their 
application as humidity sensors. The impedance spectroscopy technique was used in order to evaluate 
the electrical behavior of the samples under different atmospheres and temperatures. 
 
 
2. Experimental 
 
2.1. Development of Porous Titania Sensor 
 
For making capacitive type humidity sensor, films are developed on a silver palladium coated α-
Alumina Substrate of size (20 mm  20 mm  1 mm). Second electrode is formed on film coated 
substrates. It is then finally fired at 900 oC for curing the electrodes (Fig-1). The film on the silver 
palladium surface is used as transducing layer for sensing the ambient trace moisture. The effective 
dielectric of the porous layer undergoes a large change when water vapour diffuses to the inner regions 
of the pore structure and absorbs on the porous layer. The capacitive sensor developed in this work 
consists of a non porous substrate coated with silver palladium on which the thin films are deposited of 
thickness 120-150 nm. It is covered by another porous electrode of silver palladium. Contacts are 
taken from the two parallel silver palladium electrodes. The water vapour is free to diffuse through the 
porous electrodes to the porous titania film shows increase in capacitance. 
 
 

       
 

Fig. 1. TiO2 humidity sensors. 
 
 

2.2. Preparation of TiO2 Thin Film 
 
Fig. 2 shows the flow chart of the preparation of TiO2

 
thin film using sol-gel method. TiO2

 
was 

synthesized with titanium (IV) isopropoxide(TIP) as its precursor. TiO2
 
sol was prepared by adding 

appropriate amount of isopropanol to a 50 ml beaker containing 3.6 ml of TIP. This mixture was 
stirred vigorously for 10 min using a magnetic stirrer. Subsequently, 1N HCl was added after adding 
DI water(Millipore, USA) and the mixture was rigorously stirred for 2 hr with the flask sealed with 
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Parafilm to avoid any loss of isopropanol and/or water by evaporation during mixing . This mixture 
has a molar ratio of TIP: isopropanol: H

2
O: HCl of 1:27:5:20. The hydrolysis and the 

polycondensation of titanium alkoxides proceed according to the following scheme, 
 

Ti(OR)4 + H2O            Ti(OR)3(OH) +ROH 
 

Ti(OR)4 + Ti(OR)3(OH)           Ti2O(OR)6 +ROH 
 

Ti(OR)4 +2H2O            TiO2 +4ROH 
 
A TiO2 film was formed on the silver palladium coated alumina substrate by dipping it into the 
solution and pulling it up at a constant rate by a dip coater machine. This process is optimal for 
producing highly uniform coatings, by simple control of the thickness through control of the speed of 
withdrawal from the coating solution. The dip coated alumina substrate along with first electrode was 
therefore left to dry at ambient temperature followed by heating at 60 oC. The dried films were further 
heated in a muffle furnace to 450 oC at a heating rate of 100 oC/hr and maintained at this temperature 
for 1 hour. Then, the films were cooled down to room temperature at similar cooling rate. 
 
 

 
 

Fig. 2. Flow chart for the preparation of TiO2 thin films. 
 
 
2.3. Coating Optimization 
 
The repeated direct sol-gel coating tends to crack due to the presence of large strain upon heat 
treatment and densification. So optimization in coating process is an essential factor for developing a 
rigid, uniform and crack free thin films. We have made two samples with different number of coating 
for optimization. 
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3. Results and Discussion 
 
3.1. Morphologies of Coatings 
 
The morphologies of TiO2 thin film coatings are shown in Fig. 3. It can be seen from Fig. 3 ((i), (ii)) 
that the sample (a), which has four times coatings has uniformity and no obvious cracks appear. It 
showed the successful preparation of porous TiO2 thin films with uniform and interconnected pore 
distribution throughout the entire sample. From Fig. 3 ((iii), (iv)) shows the sample which have five 
times coatings, and it was observed that the films was dense and smooth surface but full of cracks exist 
in the coating. These results reveal that for making uniform and crack free thin film of TiO2, times of 
coating should not exceed more than four, and this is confirmed by repeating the said experiment 
several times. 
 
 

 
 

Fig. 3. SEM images of TiO2 thin film annealed at 900 0C  
of sample (a) ((i), (ii)), and sample(b) ((iii), (iv)). 

 
 
3.2. The Analysis of Contact Angle 
 
Contact angle measurements (Fig. 4) were carried out to detect the surface nature of the TiO2 thin 
films which in turn showed the affinity towards the selective target. In measurement, a water droplet is 
placed on the surface and adjusts its objective for the horizontal direction to make eyepiece cross 
thread parallel to substrate surface. Table 1 shows that the water contact angles decreased with the 
number of TiO2 coating of film (Fig. 5). The reason was that in corporation of TiO2 thin film on siver-
palladium coated alumina substrate decreased the roughness of the surface and increased the surface 
free energy.  
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(a) 75o 
 

(b) 60o 
 

(c) 50o 
 

   
 

(d) 45o 
 

(e) 40o 
 

(f) 35o 
 

Fig. 4.Variation of contact angle with different surface (a) alumina substrate, (b) silver 
Palladium coated alumina substrate, (c)first coating of TiO2, (d)second coating of 

TiO2, (e)third coating of TiO2, and (f)fourth coating of TiO2. 
 
 

Table 1. Coating thickness dependent contact angle study. 
 

 Surface No. of Coating Contact Angle(θ) 
(a) Alumina Substrate Nil 75o 

(b) 
Alumina Substrate + 
Silver Palladium 
(1st Electrode) 

Nil 60o 

(c) 
Alumina Substrate + 
Silver Palladium 
(1st Electrode) 

One 50o 

(d) 
Alumina Substrate + 
Silver Palladium 
(1st Electrode) 

Two 45o 

(e) 
Alumina Substrate + 
Silver Palladium 
(1st Electrode) 

Three 40o 

(f) 
Alumina Substrate + 
Silver Palladium 
(1st Electrode) 

Four 35o 

 
 

 
 

Fig. 5.Variation of contact angle with no. of coatings. 
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3.3. Raman Spectra of TiO2 Thin Film 
 
Among the various techniques to characterize TiO2, Raman spectroscopy has certain unique 
advantages, as it is very sensitive to nanocrystallinity of anatase and rutile TiO2. 
 
The Raman spectrum between 100 and 1000 cm-1 of TiO2 is shown in Fig. 6. As it can be seen, a well-
defined Raman peak is located at 141.57 cm-1 which clearly corresponds to anatase phase. The 
spectrum of TiO2 rutile, prepared from a xerogel and calcined at high temperatures, showed two main 
peaks at 446.04 and 609.41 cm-1. It is observed that both the phases coexist even after the annealing 
process. 
 
 

 
 

Fig. 6. Raman spectra of TiO2 thin film. 
 
 
3.4. Sensing 
 
The sensor was characterized in a controlled chamber with temperature maintained at 30 0C. The ppm 
vs. moisture inside the chamber was varied from 20 RH%-90 RH% in a controlled manner with the 
help of needle valve which controls the moisture level. The corresponding change in capacitance was 
measured by Keithley 4200 model. For calibration, commercial moisture sensor (SHAW, UK) was 
used in parallel with the controlled chamber. 
 
Fig. 7 showed that the capacitance of the sample increases almost linearly with relative humidity. This 
is due to the absorption property of the dielectric film whose ionic conductivity increases due to the 
water content in the pores of the film. Once the pores are being filled with water content, the dielectric 
property will be predominant over the conductivity of water [11]. 
 
 
4. Conclusions 
 
In this work TiO2 based humidity sensor was fabricated. Thin film TiO2 humidity sensor was 
fabricated using dip coating technique. The sample showed a good variation in its capacitance with 
variation in the relative humidity which can be translated into voltage or current as desired. 
Hydrophilic surface was created by measuring contact angle after each coating that increase the 
surface energy. A sophisticated electronic system was developed using these films as sensing element, 
which could successfully detect low level RH% of moisture at room temperature. 
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Fig. 7. Variation of capacitance with relative humidity. 
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