
aInstitute of Physics, 10 Dao Tan, Ba Dinh, Ha Noi, Viet Nam; bFrank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 

141980 Dubna, Russia; cInstitute of Physics, Maria Curie-Skłodowska University, pl. M. Curie-Skłodowskiej 1, 20-031 Lublin, Poland; 

dChemical Department, Maria Curie Skłodowska University, pl. M. Curie-Skłodowskiej 2, 20-031, Lublin, Poland; 

eVietnam Atomic Energy Institute, 59 Ly Thuong Kiet, Hoan Kiem, Hanoi, Vietnam, 

fDepartment of Neutron Physics, National Nuclear Research Centre JSC,  Baku, Azerbaijan. 

*E-mail: tvphuc@iop.vast.ac.vn

T.V. Phuca,b,*, M. Kulikb,c , D. Kolodynskad, L.H. Khiema, J. Zukc, P.L.Tuanb,e , M. Afagb,f

FORMING OF MIXED AREA BETWEEN TiO2 AND SiO2

AFTER ION IMPLANTATION

The changes in depth distributions of atomic compositions in the structures of

TiO2/SiO2/Si after ion implantation was investigated. The samples were

implanted with Ne+, Ar+, Kr+ and Xe+ ions at difference energy 100, 150, 200

and 250 keV. Depth profiles of elements in the samples were analyzed by the

Rutherford Backscattering Spectrometry (RBS) method [1]. It was found that

the mixed layers existed between TiO2/SiO2 interface after ion irradiation. The

thickness of transition layers increased with growing of ion energy.

ABSTRACT

EXPERIMENT

 Ion implantation.

The samples irradiated with 4 different ion specimens Ne+, Ar+, Kr+ and Xe+ at

different energy 100, 150, 200 and 250 keV. The samples have been irradiated

with the ions at the same fluency 3*1016 (ions/cm2) [2].

 Analytical method

- The energy of He+ ion beam: 1.5 MeV.

- The incident angle 𝛼 = 600

- Scattering angle 𝜃 = 1700

- Depth profile were calculated

using SIMNRA code [3].

- Detector energy resolution 15 keV

 Theoretical calculation

Depth-dependent damage and defect concentration profiles were calculated for

understanding and explanation the obtained effects using the Stopping and

Range of Ions in Matter (SRIM)-2008 [4].

RESULTS 

CONCLUSIONS
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The relative changing thickness of the

transition layers before and after ion

𝑟𝑡 =
𝑡𝑖𝑚 − 𝑡𝑣𝑖𝑟

𝑡𝑣𝑖𝑟

Where 𝑟𝑡 is the relative changing

thickness of the transition layers,

𝑡𝑖𝑚 is thickness of the transition layers in

samples after implantation,

𝑡𝑣𝑖𝑟 is thickness of the transition layers in

virgin samples - before implantation.
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The mixing in the samples is best characterized by 

an error function [5]:

𝑪 𝒙 =
𝑪𝒔

𝟐 𝝅𝑫𝒕
𝐞𝐱𝐩

− 𝒙 − 𝒙𝟎
𝟐

𝟒𝑫𝒕

where

𝑪 𝒙 is the Ti atom concentration at location 𝒙, 

𝑪𝒔 is the initial Ti atom concentration, 

𝑫 is the effective diffusion coefficient and 

𝒙𝟎 is the position of the initial Ti film.

𝑫 =
𝝈𝟐 − 𝝈𝟎

𝟐

𝟐𝒕

𝜹𝑬

[𝜺𝟎]𝑺𝒊𝑶𝟐𝑵𝑺𝒊𝑶𝟐

𝟐

∆𝟐 = (FWHM)2 - (FWHM)0
2 = 2.342( 𝝈𝟐 − 𝝈𝟎

𝟐)

These equation implies that:        

D ∝ ∆
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RBS spectra for samples before 

and after implanted with ions

at different energies 

The projected range of ions

at different energies in

TiO2/SiO2 samples (SRIM 

calculation) 
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The energy loss of ions in the TiO2/SiO2 transition layers
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The displacements atoms in TiO2/SiO2 transition layers

-Thickness of the transition layers increase with growing energy of implanted ions.

- Speed of increasing the thickness of mixed layers depends on ions mass.

- For the cases of Kr+ and Ar+ ion irradiation, thickness of transition layers increase as a linear function of

ion energy.
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