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Introduction

In this article, the effect of ion type on the transport properties
of the structures whose common phases were created by the
tantalum-based ion bombardment process has been
investigated. The different doses of nitrogen ions used in the
ion seeding process at ambient temperature with an energy of
30 kV. To study the morphology of the surfaces of ion
bombarded thin layers, atomic force microscope (AFM)
analysis was used and the average roughness amount is
determined. AFM results showed that the peak-to-valley ratio
decreases. In addition, with the increase of the nitrogen ion
dose, the current density has decreased as a function of the
voltage, although this decrease is a direct result of the
dispersion caused by the existence of roughness, but the
process of this decrease does not follow a specific order for
different doses.

Improving the surface behaviors of metals generally lead
to solving the problems of wear, friction, hardness, wear,
corrosion and oxidation [1-5]. Features such as availability,
cheapness and relative simplicity of the manufacturing
process have caused tantalum to have many applications in the
industry. Among these applications, it can be mentioned that
it is used in cutting tools, marine structures and ship hulls,
medical instruments and machine building industry, in all
these applications, the surface properties of this material such
as corrosion resistance and hardness are of interest and
scientists and researchers to conduct research. More and more
in this field has forced. Using the ion bombardment method to
improve the quality of the alloy surface is a knowledge that
has received attention in the last few decades. The ion
bombardment process roughens the resulting
interfaces/surfaces [6-10]. Here, various nitrogen ion doses on
the transport properties of tantalum-based thin films (used as
multilayer structures) have been investigated. For this
purpose, the values of passing probability and current density
have been checked. In the following, the thin film preparation

and AFM analysis and its results are presented.

Experimental details

In this experiment, tantalum samples with dimensions of 0.5 x
1 x 1 mm were used. The ion bombardment of the samples
was done by the plasma research center's ion implantation
device. Bombardment conditions on tantalum samples for all
samples are given in table 1.

Tablel. lon bombardment conditions for samples

lon Time Pressure Current Energy | Sample
Current S) a0H4 (keV)
ion o Torr /cm2
1 360 2/7 40 30 1
x 1017 x 11076
3 470 2/7 40 30 2
x 1017 x Y107°
5 700 2/7 40 30 3
x 1017 x Y107°
7 1120 2/7 40 30 4
x 1017 x Y1076
10 1600 2/7 40 30 5
x 1017 x Y107°

Results and Discussion

The main effect of roughness is to reduce the transmission
probability due to the electron scattering process. Here the
comparison of the effect of the dose in the ion implantation
process on the electron scattering rate is discussed and
interested. Therefore, in Figures land 2, the scattered
components of the transmission probability and current
density are shown as a function of the incident electron
energy.
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Figure 1. The effect of roughness on the scattered
components of the probability of passage for unplanted
and planted samples

Conclusion

All existing surfaces produced by the ion implantation process
are uneven and lead to changes in the morphology of the
produced surfaces. By changing the dose of implanted ions,
the produced surfaces are smoother and the amount of electron
scattering decreases, which can be considered in the design
and optimization of electronic structures.
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Investigating the Effect of Roughness on the Tunneling and Statistical Properties of Tantalum thin
Layers Grown Using Nitrogen Ions

Amir Hoshang Ramezani Zhaleh Ebrahiminezhad

Abstract In this article, the effect of ion type on the transport properties of the structures whose common phases were
created by the tantalum-based ion bombardment process has been investigated. The nitrogen ions used in the ion seeding
process are considered with an energy of 30 kV and in different doses at ambient temperature. To study the morphology
of the surfaces of ion bombarded thin layers, atomic force microscope (AFM) analysis was used and the amount Average
roughness is determined. The results show that the common seasons produced by nitrogen ion bombardment have more
effects on the transport characteristics. Also, the peak-to-valley ratio decreases. In addition, with the increase of the
nitrogen ion dose, the current density has decreased as a function of the voltage, although this decrease is a direct result
of the dispersion caused by the existence of unevenness, but the process of this decrease does not follow a specific order
for different doses, example sample number one indicates a higher probability of passing. The results show that
determining the amount of dose plays an important role in determining the amount of transport characteristics through
uneven thin layers.

Keywords Tantalum, Surface Roughness, Thin film, Ion Implantation.
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