
Advances in Environmental Biology, 8(4) March 2014, Pages: 922-927 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN:1995-0756    EISSN: 1998-1066  

 

 
 

Journal home page: http://www.aensiweb.com/aeb.html 
 

 

Corresponding Author: Somayeh Jalilpour Darghalu, Department of physics, faculty of science, Urmia branch, Islamic 

Azad University,  Urmia, Iran 

Optical Properties of Titanium Very Thin Layers Produced By Physical Vapor 

Deposition Method 

 
Somayeh Jalilpour Darghalu 

 
Department of physics, faculty of science, Urmia branch, Islamic Azad University,  Urmia, Iran 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 12 January  2014 
Received in revised form 25 
April 2014 
Accepted 28 April 2014 
Available online 5 May 2014 

 

 

Key words: 
Titanium; spectrophotometer; thin 
layer; optical properties. 

 Titanium thin layers were deposited on glass substrates with three different vertical, 20 
and 30 degrees deposition angles, under HV conditions at room temperature by physical 
vapor deposition method. Other deposition conditions were the same for all layers. By 
using spectrophotometer the Reflectance and Transmittance of produced layers were 
obtained. By using Kramers- Kronig relations on reflectivity curves other optical 
parameters such as, real and imaginary part of refractive index, real and imaginary part 
of dielectric constant, real and imaginary part of conductivity, absorption coefficient 
and optical band gap energy were calculated. The relation between titanium deposition 
angle and optical parameters were investigated and compared with J&Ch results, and 
there was a good agreement between them. 
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INTRODUCTION 

 
 Titanium has attracted considerable interest in aerospace, chemical processes, and in biomedical industries; 
due to the good mechanical properties, excellent corrosion resistance and good biocompatibility [1]. Optical 
properties of thin metal films are determined by spectrophotometric, interferometric, and spectroellipsometric 
methods. Optical constants determined in such calculations are significantly different in various works and, in 
addition, differ essentially from the corresponding optical constants of massive metals by their values. Films of 
titanium are widely used as coatings in various technical units, as absorbers of gases in high-vacuum pumps, etc 
[2]. Pure titanium is a highly reactive metal and it is normally protected by an oxide film consisting mainly of 
TiO2 which is very stable [1,3]. TiO2 thin films have a large number of optical applications (multilayer optical 
coatings, antireflection coatings, optical waveguides, etc.) owing especially to their unusual optical properties 
(high transmittance in the visible spectral range, high refractive index, etc.) [4]. Titanium and titanium dioxide 
thin films have been fabricated by a variety of techniques, such as magnetron sputtering technique [5], RF 
Magnetron Sputtering [3], Spin coating–pyrolysis process [6], chemical bath deposition technique [7] and 
physical vapor deposition technique [8-15]. The aim of this work is to produce titanium very thin layers with 
different deposition angles at room temperature under HV conditions and other same deposition conditions. 
Reflectance of produced layers were measured in VIS wave length range and by using Kramers-Kronig relations 
calculate other optical constants and investigate the relations between optical parameters and deposition angle of 
produced layers. There were a good agreement between them. 

 
Experimental details: 
 Titanium thin films were prepared on glass substrates (1×20×20 mm

3
) using an ETS160 system with a 

pressure of 2.9×10
–6

 mbar. The layers were obtained in the conditions of high vacuum, using a thermal 
evaporation (PVD) method. The deposition rate used by us was 0.7 A/s. The purity of titanium was 98%. Prior 
to the deposition process, the substrates were cleaned with an ultrasonic-bath technique. The temperature of the 
substrates were kept constant (300 K). The thickness of the layers were 12 nm that obtained by quartz crystal 
technique instrument. Deposition angle of the layers were vertical, 20 and 30 degrees. Optical reflectance and 
transmittance of the layers were measured in the visible range using a Hitachi U-3310 system. The optical 
constants of our samples were derived on the basis of standard Kramers–Kronig relations using computer 
techniques.  

RESULTS AND DISCUSSION 

 
 In this work Kramers- Kronig relations were used to calculate the phase angle θ (E) [16]: 



923                                                              Somayeh Jalilpour Darghalu et al, 2014 

Advances in Environmental Biology, 8(4) March 2014, Pages: 922-927 









 


















0n

1n2

2

2

2

2

E

0
2
0

2

0

)1n2]()
E

E
(4[

1

EE

EE
ln]

)E(R

)E(R
ln[

2

1
dE

EE

)E(Rln)E(RlnE
)E(

2

                              (1) 

 

 Where E denotes the photon energy, E2 the asymptotic limitation of the free-electron energy, and R(E) the 

reflectance. Hence, if E2 is known, the θ (E) can be calculated. Then the real and imaginary parts of the 

refractive index were calculated, from which other parameters were obtained. 

 Figure1 shows the reflectance of titanium layers of 12 nm thicknesses, produced with different deposition 

angles at room temperature. Johnson and Christy [17] results are also included for comparison. It is seen that by 

increasing deposition angle reflectance of the layers decreases. That is because, deposition conditions become 

undesirable and formation of voids increases by increasing deposition angle.  The general trend of our results 

are the same as J&Ch results. 

 
 

Fig. 1: The reflectance of the layers with different deposition angles. 

 

 In figure 2 the transmittance of titanium layers are shown. J&Ch results are also included for comparison. 

As it can be seen, by increasing deposition angle the transmittance of layers increases that depends on formation 

of more voids on layer. The general trend of our results are the same as J&Ch results. 

 

 
Fig. 2: The transmittance of the layers with different deposition angles. 
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 Figure 3 shows real parts of refractive index for the layers produced in this work with different deposition 

angles of vertical, 20 and 30 degrees and other same deposition conditions. J&Ch data are also added for 

comparison. As long as it can be seen from figure 3, by increasing deposition angle real part of refractive index 

decreases. That is because of formation more voids on substrate that tends to formation of airy media. 

 
Fig 3: The real part of refractive index of the layers with different deposition angles. 

 

 Figure 4 shows the imaginary part of refractive index. J&Ch data are also added for comparison. As long as 

it can be seen from figure 4 by increasing deposition angle, imaginary part of refractive index decreases that is 

because of formation of more voids there for transmittance increases and extinction coefficient decreases. As it 

can be seen from both figure 3 and figure 4 the general trend of our results are the same as J&Ch results.  

 
Fig. 4: The imaginary part of refractive index of the layers with different deposition angles. 

 

 Figure 5 and 6 show the real and imaginary parts of dielectric constant. J&Ch data are also included for 

comparison. The general trend of our results are the same as J&Ch results. For our results, as it can be seen, by 

increasing deposition angle both real and imaginary parts of dielectric constant decreases. That is because of 

formation of two separate media on substrate one depends on titanium grains and one for voids, actually by 

increasing deposition angle we are encountered with heterogeneous layers.   

 In Figure 7 and 8 the real and imaginary parts of conductivity index are shown. J&Ch data are also added 

for comparison. The general trend of our results are the same as J&Ch results.  As it can be seen, by increasing 

deposition angle, both real and imaginary parts of conductivity index decreases. That is because of formation of 

more voids on layers as discussed before. In the other hand because of gettering property of titanium atoms, 

conductivity property decreases. 
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Fig. 5: The real part of dielectric constant of the layers with different deposition angles. 

 
 

Fig. 6: The imaginary part of dielectric constant of the layers with different deposition angles. 

 

 
 

Fig. 7: The real part of conductivity index of the layers with different deposition angles. 
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Fig. 8: The imaginary part of conductivity index of the layers with different deposition angles. 

 

 Figure 9 shows, absorption coefficient for the layers produced in this work. J&Ch results are also included 

for comparison. By increasing deposition angle absorption coefficient decreases. That is because of formation of 

more voids on layer and increasing of transmittance. The general trend of our results are the same as J&Ch 

results. 

 
Fig. 9: Absorption coefficient of the layers with different deposition angles. 

 

Conclusion: 

 Titanium thin films were deposited on glass substrates, under high vacuum condition, at room temperature 

(300K) with three different deposition angles of vertical, 20 and 30 degrees. Other deposition conditions were 

the same for all layers. Thickness of the layers were obtained 12 nm. By using Kramers-Kronig relations for 

reflectivity curves, optical constants calculated. J&CH data are also included for comparison. The general trend 

of our results are the same as J&Ch results for all optical constants. By increasing deposition angle both real and 

imaginary parts of refractive index decreases.  It is seen that by increasing deposition angle real and imaginary 

parts of dielectric constant also decreases.  Gettering property plays an important role in producing titanium 

layers. For the same reasons there is a decreasing trend for real and imaginary parts of conductivity constant. 

Absorption coefficient decreases by increasing deposition angle. That we discussed before. Also layers 

produced and discussed in this work, had a very thin thickness there for effects of glass substrates are clear on 

optical results.   
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