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Abstract – In the paper the irradiation of titanium 

oxide coating by low-energy argon ions during 

deposition process is presented. The photometric 

electron microscopy studies of deposited films are 

performed. The influence of irradiation to the for-

mation of deposited coating structure is found out. 
 

1. Introduction 

The magnetron sputtering systems are widely used in 

the technology of oxide coating deposition for various 
functional purposes. Various methods of deposition 

are used: at direct and alternating pulsed current with 

the bias potential application to the substrate. At that, 

it has been found out when the bias potential is ap-

plied and the pulsed method is used the coating prop-

erties change in comparison to the coatings deposited 
at the direct current [1, 2]. This circumstance indicates 

the influence of particle energy to the properties of the 

deposited coating.  

The purpose of this work is to study the influence 

of titanium oxide film irradiation by low energy Ar 

ions in the process of their deposition on the optical 
characteristics of coating and their structure.  

2. Equipment and experimental technique 

The film deposition was performed by the planar mag-
netron with titanium cathode at the setup “Yashma-2” 

[3]. The power source of magnetron operated in the 

mode of direct current. The working gas was the mix-

ture of Ar and O2 in 1:1 ratio. The pressure in the 

chamber at the reactive sputtering was 0.52 Pa. In the 

row of experiments, the Ar ion source of Hall type 
with the voltage at anode of 800 V was used. 

Here is the experimental technique. One part of 

samples made of glass M4 and steel 12Х18Н10Т was 

covered by titanium oxide film ~ 130 nm in thickness. 

The thickness was determined with the help of the 

preliminary calibration by photometric method. An-
other part of samples was also covered by films of 

titanium oxide with the same thickness with the only 

difference that every time after 10 nm layer deposition 

it was irradiated by the argon ions generated by the 

ion source. The samples were not specially heated. 

The transmission spectrum of samples made of glass 
M4 was studied at the spectrophotometer SP-46. The 

samples made of stainless steel were intended for the 

electron microscopy studies. 

3. Results and discussion 

The results of sample transmission factor measure-
ments obtained for both modes of deposition are 

shown in Fig. 1.  
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Fig. 1. The dependence of transmission factor on the  

  wavelength: 1 – without irradiation; 2 – with irradiation 

As it is seen from the figure the transmission factor 

for the coatings without the irradiation by Ar ions 

gradually goes down from 82 to 64% with the increase 

of wavelength. For the coatings irradiated by ions, it 

practically stays the same within the entire wavelength 
range and is about 65%. 

To our mind the reason of transmission factor de-

crease can be connected with the appeared structural 

heterogeneity in the coating material. In order to check 

this assumption the electron microscopy studies of the 

deposited films have been performed. 
Figure 2 shows the bright-field electron micro-

scopic image and micro diffraction picture of titanium 

oxide coating under ion irradiation.  

In the bright-field image, the grain structure of 

coating material can be observed. The average size  
of crystallites measured in the electron microscopic 

images is 42 nm. In the micro diffraction picture in 

addition to the quasi amorphous halo the annular De-

bye reflexes have been seen. 

Figure 3 represents the bright-field electron micro-

scopic image and micro diffraction picture of titanium 
oxide coating without ion irradiation. The presence of 

annular reflexes in addition to the diffusion halo in the 

micro diffraction picture indicates the nanocrystal 

structure of coating material. The average size of non-

crystal grains of coating material is 57 nm.  

The formation of nanocrystal structure in the coat-
ings irradiated by ions is connected to the following 

circumstance. It is known that the properties of the 
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deposited coating, type of its arrangement, structure 

depend on the mobility of atoms (molecules) depos-
ited to the surface. When irradiating the deposited 

coating by Ar ions the energy transfer to the surface 

particles take place. This leads to the increase of their 

mobility. Their higher mobility allows particles mi-

grating along the surface and forming a nanocrystal 

structure of coating material.  
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Fig. 2. The microstructure of treated coating: а – bright-field 

  electron microscopic image; b – micro diffraction picture 

It is known that the diffused scattering appears at 

the structural heterogeneity with the typical size which 

is an order less than the light wavelength. Conse-

quently, the decrease of transmission factor for coat-
ings deposited with the application of ion irradiation is 

conditioned by the diffusion scattering. 

The decoding of micro diffraction pictures has 

been performed. 

Table 1 represents the results of decoding for coat-

ings after Ar ion treatment while Table 2 shows the 
results without irradiation.  

As it can be seen from Table 1 the experimentally 

measured inter-plane distances correspond to the 

phase TiO1.04 of titanium dioxide.  

This phase has isomorphous face-centered cubic 
lattice with the structure B1 of NaCl type. It should be 

noted that the results of micro diffraction picture 

shown in Fig. 2, b coincide to the data shown in Ta-

ble 1. The mono oxide composition of the coating 

material for the case with the application of ion irra-

diation can be connected as to the dissociation of de-
posited TiO2 and meta stable non-stoichiometric 

phases of TixOy type of coating material so to the oxy-

gen desorption from the sample surface under the ac-

tion of surface ion bombardment.  
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Fig. 3. The microstructure of non-radiated coating: а –  bright-

field electron microscopic image; b – micro diffraction picture 
 

Analyzing Table 2 it can be seen that there are an-
nular reflexes of two nanosized oxide phases – tita-

nium mono oxide TiO1.04 and titanium dioxide TiO2 in 

the form of rutile. In addition to the indentified 

nanosized oxide phases there are several phases giving 

spot reflexes in the micro diffraction pictures in the 

coating material (Fig. 3, b). These phases probably 
have non-stoichiometric composition and due to this 

reason are not indentified. 

4. Conclusion 

As the result of the performed studies it was found out 

that: 
– the irradiation of the deposited coating based on 

the titanium oxide by low energy Ar ions (~ 500 eV) 

leads to the formation of stable nanocrystal structure 

with the average grain size of ~ 42 nm; 

– without the application of ion irradiation, the de-

posited coatings have a quasi-crystalline (amorphous) 
structures with the average size of non-crystal grains 

about 57 nm;  

– the transmission factor of coatings deposited with 

the use of ion irradiation decreases and is ~ 65% in the 

entire measured range of wave length (380–780 nm); 
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  – the coatings only in the phase of titanium mon-

oxide TiO1.04 are deposited with the use of ion irra- 
diation; 

– without the use of ion irradiation the coatings are 

deposited in the phases of dioxide TiO2 (rutile), mon-
oxide TiO1.04, metastable phases of titanium oxide. 
 

 
Table 1 

 

Experimental data Tabular data 

Titanium oxide TiO1.04, Fm3m, lattice parameter 0.4182 nm 
Intensity 

dhkl, nm hkl Intensity, % 

– 0.2407 111 50 

 0.2082 200 100 

Very strong 0.1476 220 80 

Very weak 0.1260 311 50 

– 0.1207 222 50 

Average 0.1046 400 50 

– 0.0961 331 50 

Very weak 0.0936 420 20 

– 0.0856 422 50 

Strong 0.0807 
511 

333 
20 

Weak 0.074* 440 no data 

– 0.071* 531 no data 

Average 0.069* 
442 

600 
no data 

– 0.066* 620 no data 

Average 0.064* 533 no data 

– 0.063* 622 no data 

– 0.060* 444 no data 

Very weak 0.058* 551 no data 

Average 0.054* 553 no data 
 

*

 – Calculation values. 

 
Table 2 

 

Experimental data Tabular data 

Monoxide TiO, Fm3m,  

lattice parameter 0.4239 nm 

Rutile TiO2, 

P42/mnm, 
dhkl ± 0.0015, nm Intensity 

dhkl, nm hkl Intensity dhkl, nm hkl Intensity 

– – 0.447 111 4    

0.2119 Very strong 0.2119 200 100 0.3247 110 100 

– – 0.1498 220 4    

0.1805 Strong – – – 0.2487 101 50 

0.1275 Average 0.1278 311 2 0.2188 111 25 

– – 0.1224 222 1    

0.1095 Average – – – – – – 

0.1044 Weak – – – 0.1687 211 60 
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