
 

 
Abstract— Ti films with the same thickness, deposition angle 

(near normal) and deposition rate were deposited on glass 
substrates at room temperature under UHV conditions. 
Different annealing temperatures 120, 270 and 320 degree 
Celsius with 7 cm3/sec uniform oxygen flow, were used for 
producing titanium oxide layers. Thin film structures were 
studied by AFM and XRD methods. During annealing 
processes roughness of the films changed due to the formation 
of titanium oxide. Titanium oxide formation at various 
annealing temperature can play an important role on the 
structure and property of the films. 
 

Index Terms— Titanium, Titanium dioxide,  Thin Films, 
AFM, XRD 

I. INTRODUCTION 

HIN metal oxide films over metal and semiconductor 
surfaces are probably the most widely studied structures 

in basic physics and technology. Applications, involving 
low-loss, low-scatter optical coatings for visible and near 
infrared optics [1-4] and for electrical devices [5,6], have 
stimulated a considerable amount of activity in fabrication 
of dielectric films with high refractive index and low 
absorption. Ti02 attracts the interest of the scientific 
community due to its special properties such as high 
chemical stability, mechanical resistance and high optical 
transmittance in the visible-IR spectral range.  The 
applications of Ti02 thin films include gas and humidity 
sensors, solar energy converters or reflecting and protective 
coatings on optical elements, structural ceramics and 
biocompatible materials [7, 8]. On the other hand, the high k 
property of Ti02 as well as magneto- doping processes were 
investigated for applications as gate dielectric material and 
electron spin based nano devices [9,10]. 
 Ti02 has three main crystal phases: anatase, rutile and 
brokite [11,12]. Among these phases, anatase phase, which 
is a meta-stable phase, is also chemically and optically 
active and suitable for photo- catalyst [13]. 
 In this work the influence of annealing temperature and 
oxygen flow on the structure and roughness of produced 
layers and also crystallographic directions and their 
dependence to mentioned  parameters has been studied. 
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II. METHOD 

Titanium films of 20 nm thickness were deposited on 
glass substrates at room temperature. The residual gas was 
composed mainly of  H2, H2O, CO and CO2 as detected by 
the quad ro pole mass spectrometer. The substrate normal 
was at 8.5 degree to the direction of the evaporated beam 
and the distance between the evaporation crucible and 
substrate was 40 cm. Just before use all glass substrates 
were ultrasonically cleaned in heated acetone, then in 
ethanol. Other deposition conditions were the same during 
coating.  Vacuum pressure was about 10-6 tour and 
deposition rate was 2 Aº/sec. Thickness of the layers were 
determined by quartz crystal microbalance. The Ti thin 
films were heated at temperatures (120, 270, 320 Celsius 
degree) under uniform oxygen flow 7 cm3/sec for about 2 
hours to change the structure of layers and to produce 
titanium dioxide layers. The structure of these films was 
studied using a Philips XRD X’pert MPD Diffractometer 
(CuKα  radiation) with a step size of 0.03 and count time of 
1s per step, while the surface physical morphology and 
roughness was obtained by means of AFM (Dual Scope TM  
DS 95-200/50) analysis.  

 

III. RESULT AND DISCUSSION 

Figure 1(a-d) shows  the morphology of  the produced 
layers (AFM ). Figure 1(a) ,shows the AFM image of as 
deposited Ti film at room temperature with 20 nm thickness. 
The surface is smooth and the shape of uniform glass 
substrate in this layer, can be seen. By annealing at 120 ºC 
in presence of uniform oxygen flow( 7 Cm3/sec) oxygen 
will penetrate into the structure and titanium oxide starts to 
form as tiny needle like grains (Figure 1(b)). In Figure 1(c), 
at the annealing temperature of 270ºC,it can be seen that the 
titanium oxide grain sizes has increased. This is because of 
high surface diffusion and coalescence of the grains to 
decrease the surface area. Figure 1(d) shows the produced 
layer with 320ºC  annealing temperature. It can be seen that, 
because of surface diffusion  and bulk diffusions in high 
temperature and coalescence of the grains, titanium oxide 
has further increase at the size of grains. 
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Fig.1. The AFM images of (a) deposited Ti, with annealing at (b) 120 
ºC ; (c) 270 ºC; (d) 320ºC with oxygen flow. 

 
Figure 2 shows the roughness of  layers versus annealing 

temperature. By increasing annealing temperature roughness 
also increases due to penetration of oxygen into the titanium 
thin film and subsequent titanium oxide formation. So by 

increasing annealing temperature (from 120 ºC to 320 ºC), 
roughness will increase from 10 nm to 20 nm which is in 
agreement with AFM images. Ti has a high solubility for 
oxygen and also has a high reactivity with oxygen to 
titanium dioxide. 
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Fig.2. The roughness diagram of deposited Ti, with annealing at 120 

ºC, 270 ºC and 320 ºC and oxygen flow. 

 
 
Figure 3 (a-d), shows XRD pattern of the layers in this 

work. As it can be seen all layers are amorphous, and there 
is no sharp peaks for layers in this work. This is because of 
two reasons, the first one is low annealing  temperature as 
the layers need higher temperature for crystallization and 
second, the low thickness (20 nm) of the layers. 

 
 
 

 
Fig. 3. The XRD patterns of (a) deposited Ti; with annealing at (b) 120C ; 

(c) 270C;(d) 320C and oxygen flow. 

 

IV. CONCLUSION 

The influence of annealing temperature and uniform 
oxygen flow on titanium layers with the same thickness was 
studied using AFM and XRD techniques. The morphology 
of the layers changes by increasing annealing temperature in 
the presence of oxygen flow. By increasing annealing 
temperature in the  presence of oxygen flow, at the first step 
oxygen penetrate into the layer and then titanium oxide 
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forms as needle like grains. By increasing annealing 
temperature, because of surface and bulk diffusion and 
coalescence of grains, the titanium oxide grain size 
increases. Roughness increases by increasing annealing 
temperature according to AFM results. XRD patterns of all 
titanium dioxide layers produced at various temperatures 
with the same thickness (20 nm)  are amorphous because of 
low temperature and low thickness. 
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