
Journal of Applied Science and Agriculture, 8(3): 133-139, 2013 
ISSN 1816-9112 

Corresponding Author: Ayoob Taghavi, Department of physics, faculty of science, Mahbad branch, Islamic Azad 
University, Mahabad, Iran 

133 

Production and investigation about structural properties of Titanium very thin films 
 

Ayoob Taghavi and Mohammad Reza Behfrooz 
 

Department of physics, faculty of science, Mahbad branch, Islamic Azad University, Mahabad, Iran 
 

Abstract: Titanium thin films were deposited on glass substrates with the thickness of 15 nm. The 
layers were produced by  physical vapor deposition  method (heat evaporation), under high-vacuum 
condition. The nano-structures of the films were obtained, using X-ray diffraction (XRD), and atomic 
force microscopy (AFM) methods, and their optical properties were determined by spectrophotometer 
in the spectral range of 400–800 nm. Needle like Titanium grains were produced at 15 nm thickness 
and room temperature. Produced Titanium layers are not homogenous and don’t  have good 
conductivity because of low voltage profile. There is a wide peak at 3.2 eV in optical curves  that 
depends to intrinsic property of Titanium. Produced Titanium layers are amorphous. There were a 
good agreement between optical property and structure of layers. 
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INTRODUCTION 

 
Titanium and titanium alloys constitute an important class of metals with many commercial applications in 

the defense, aerospace, biomedical, and sporting goods industries. Pure titanium has a hexagonal close-packed 
structure with a c/a ratio of 1.587, which is lower than the ideal c/a ratio (1.633) (Salem et al., 2003).Titanium 
and its alloys have low density compared to steels (Elhachi et al., 2009). Pure titanium is a highly reactive metal 
(Song et al., 2007) and it is normally protected by an oxide film consisting mainly of TiO2 which is very stable 
(Ortega et al., 2008). Titanium oxide is one of the transparent conductive oxides. The oxide films are stable, 
strongly adherent to the substrate, mechanically hard and resistant to moisture and acids (Igwe et al., 2010). 
Thin films exhibit a wide variety of microstructures characterized in terms of grain size and crystallographic 
orientation, lattice defects, phase composition, and surface morphology. From an understanding of film 
formation, follows the possibility for microstructural and nanostructural engineering in order to design a 
material for specific technological applications (Petrov et al., 2003). As a structural material, titanium has 
gained increasing importance, and extensive information has been reported on most of its physical and chemical 
properties (Mahmoud, 1987). The aim of this work is to produce very thin Ti/glass layers by PVD method and 
investigate about structural and optical reflectance and transmittance of produced layers. 

 
Experimental Details: 

Titanium nano-layers were deposited on glass substrates (18× 18 × 1 mm, cut from microscope slide) by 
using resistive evaporation method, from tungsten boats, at room temperature. The evaporated materials were 
Titanium powder with 98% purity.  An ETS160 (Vacuum Evaporation System) coating plant with a base 
pressure of 3×10−6 mbar was used. Prior to deposition, glass substrates were ultrasonically cleaned in heated 
acetone first and then in ethanol.  The substrate holder was a disk of 36.5 cm in diameter with adjustable height 
up to 45 cm and also adjustable holders for placing any kind of substrates. Thicknesses of layers were 
determined by quartz crystal microbalance technique. Thickness of layers obtained 15 nm. The surface physical 
morphology and roughness were obtained by means of AFM (Dual Scope TM DS 95-200/50) analysis. The 
transmittance of films was measured using UV-VIS spectrophotometer (Hitachi U − 3310) instrument. The 
spectra of layers were in range of 400−800 nm wavelength. 

 
RESULTS AND DISCUSSION 

 
Figure 1 shows, two dimensional AFM image of 15 nm thickness Ti/glass nano layer, on 4 µm × 4 µm area. 

As it can be seen there are tiny circle Titanium grains with a lot of voids between them. 
Figure 2 shows, three dimensional AFM image of produced layer in this work. In agreement with  figure 1, 

there are needle like titanium grains on glass substrate with voids between them. Area of the image is   4 µm ×  
4 µm and the thickness of layer is 15 nm. 

Figure 3 shows, two dimensional phase image from same area of Ti/glass nano layer. As it can be seen 
layer is not homogeneous and there are two different colors in this figure, the place of titanium grains have 
lighter color. Figure 4 shows, three dimensional phase image of Ti/glass 15 nm layer. Difference between colors 
are more clear in this figure, that depends to production of a heterogeneous layer. Figure 5 shows, two 
dimensional AFM image of Ti/glass 15 nm layer with an identified length by arrow. In this length as it can be 
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seen from figure 5, there are almost three titanium grains. Figure 6 shows the image  profile of identified length 
(three Ti needle like grains and empty substrate) the average height of the Ti grains is about 18.33 nm and 
average wide is about 200 nm. Figure 7 shows, two dimensional phase of Ti/glass with a signed arrow. Figure 8 
shows, the image voltage profile of signed length in figure 7. As it can be seen voltage of produced layer is very 
low (-9.16 up to -9.12) and this layer doesn’t have good conductivity property that is because of very small 
titanium grains and nano metric thickness of produced layer. Figure 9 shows, image height distribution of 
voltage for signed length in figure 7 and figure 10 shows, the average height distribution of titanium grains on 
glass substrate, that is in agreement with thickness of layer and AFM images. 

Figure 11 shows, the X ray diffraction of Ti/glass nano layer. As it can be seen because of the thickness of 
the produced layer and of course low deposition temperature (room temperature) there isn’t any clear 
crystallographic peak for this layer and produced layer is amorphous. There is a wide peak located at 20 up to 30 
degree that depends to amorphous glass substrate, also XRD pattern is very noisy that depends to amorphous 
glass substrate either. 

Figures 12 and figure 13 show Reflectivity and Transmittance curves of Ti/glass of 15 nm thickness at 
room temperature, respectively. Because of nano metric thickness of the layer we are encountered with low 
reflectance and high transmittance. There is a decrease in reflectance and an increase in transmittance at about 
3.2 eV energy that depends to intrinsic structural property of Titanium layers. 
 

 
Fig. 1: two dimensional AFM image of 15 nm thickness Ti/glass nano layer, on 4 µm  4 µm area. 
 

 
Fig. 2: three dimensional AFM image of 15 nm thickness Ti/glass nano layer, on 4 µm  4 µm area. 
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Fig. 3: two dimensional phase image of 15 nm thickness Ti/glass nano layer, on 4 µm  4 µm area. 
 

 
 
Fig. 4: three dimensional phase image of Ti/glass 15 nm layer. 
 

 
 
Fig. 5: two dimensional AFM image of Ti/glass 15 nm layer with an identified length by arrow. 
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Fig. 6: the image image profile of identified length. 
 

 
Fig. 7: two dimensional phase of Ti/glass with a signed arrow. 
 

 
 
Fig. 8: the image voltage profile of signed length in figure 7. 
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Fig. 9: image height distribution of voltage for signed length in figure 7. 
 

 
Fig. 10: the average height distribution of titanium grains on glass substrate. 
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Fig. 11: the X ray diffraction of Ti/glass nano layer. 
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Fig. 12: Reflectivity curve of Ti/glass of 15 nm thickness at room temperature. 

 

 
Fig. 13: Transmittance curve of Ti/glass of 15 nm thickness at room temperature. 
 
Summery: 

Titanium nano layers of 15 nm thickness on glass substrate at room temperature and HV conditions were 
produced by PVD method. Structural properties, voltage image, grain size and height distribution of produced 
layers were investigated by AFM method. There are needle like titanium grains on glass substrate with a lot of 
empty places as voids between them. The grain size was nano metric, there were a low value of voltage for 
produced Ti/glass layer and this layer can be used as an insulator. Crystallographic property were investigated 
by XRD method. For 15 nm thickness at room temperature Ti/glass layer was amorphous. Optical reflectance 
and transmittance were obtained by spectrophotometer in visible light wave length range. Because of small 
thickness of produced layer reflectance was low and transmittance was high and they both showed the intrinsic 
structral property of Titanium at about 3.2 eV energy as a decreasing and increasing wide peaks respectively. 
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