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Abstract

The structure and morphology of binary Ti-Si thin films were studied. Ti-Si surface alloys were deposited by
electron beam. The Si content was controlled by the evaporation rate of Ti and Si targets. The structure was
investigated by X-ray diffraction (XRD) and the morphology and surface roughness were measured by atomic
force microscopy (AFM). The results show that the morphology and surface roughness reflect the structural
evolution. The crystalline nature of Ti-Si thin films tends to nanocrystalline form. Higher amounts of Si resulted
in an amorphous structure with a smoothed surface morphology and the lowest roughness.
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1. INTRODUCTION

In recent years, Thin Film Metallic Glasses (TFMGs) have garnered significant attention in materials science
due to their unique amorphous structure and resulting properties [1]. Unlike traditional crystalline materials,
TFMGs lack grain boundaries, which imparts them with high strength, excellent corrosion resistance, and
remarkably smooth surfaces [2]. These characteristics make them highly desirable for a range of applications,
including biomedical devices and sensors [3]. The pursuit of new compositions and fabrication methods to
achieve and control the amorphous state in thin films is a prominent area of ongoing research [4, 5]. Among
the various material systems (monolayer and multilayer systems [6, 7]) being explored, simple binary alloys
present an attractive route for producing TFMGs [8, 9]. The titanium-silicon (Ti-Si) system, in particular, is a
compelling choice for developing these advanced coatings [8]. Titanium and its alloys are renowned for their
superior biocompatibility and non-toxic nature, making them a cornerstone for medical implants [10, 11]. By
introducing silicon, it is possible to disrupt the crystalline structure of titanium and induce a transition to a
nanocrystalline and, with sufficient Si content, a fully amorphous state [8, 12]. This ability to tailor the structure
from crystalline to amorphous in a controlled manner within a straightforward binary system is a key advantage.
This study focuses on the structural and morphological evolution of Ti-Si thin films as a function of composition.

2, EXPERIMENTAL PART

Silicon wafers (10x10x1 mm) with crystallographic orientation 111 were used as substrates. Three Ti-Si layer
types with various Si content were prepared (samples 95Ti-5Si, 85Ti-15Si and 80Ti-20Si). The deposition was
performed by simultaneous electron beam evaporation of Ti and Si targets. The structure of Ti-Si surface alloys
was analyzed using X-ray diffraction (XRD). XRD was used to investigate the structural evolution depending
on the content of Si. The XRD measurement was conducted using an X’Pert PRO diffractometer with a Co
anode, parallel beam geometry, a parallel beam mirror in the incident beam, and a parallel beam collimator in
the difracted beam (with an acceptance of 0,09°). The incident angle was set at 3°. The surface topography
was characterized using an AFM NanoWizard3 instrument (JPK, Berlin, Germany). Measurements were
performed in contact mode in air, with a scanning rate of 1 Hz and setpoint of 2.30 V. The scanned areas were
1x1 um2, with resolution of 256x256 pixels. To correct for sample tilt, all topography images were flattened
using the plane fitting option in the JPK data processing software. The surface roughness was determined as
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the average of the RMS roughness (Rq) and the arithmetic roughness (Ra) values obtained from three
independent areas.

3. RESULTS

The structural evolution of the Ti-Si films with varying compositions was investigated using X-ray Diffraction
(XRD), and the patterns are shown in Figure 1. The diffractogram for the TigsSis sample, displays several
sharp and well-defined diffraction peaks, which is characteristic of a polycrystalline material. For the TigsSi1s
sample, the peaks become significantly broader and their intensity is reduced. This peak broadening is a clear
indication of a reduction in grain size, signifying a transition to a nanocrystalline structure. Finally, the top
diffractogram, corresponding to the TisoSiz2o sample with the highest silicon content, shows a complete absence
of sharp crystalline peaks. Instead, a single broad halo or "hump" is observed, which is the distinctive signature
of an amorphous, or glassy, structure. These results demonstrate a clear structural progression from a

crystalline to a nanocrystalline and ultimately to an amorphous state as the silicon content in the Ti-Si thin films
is increased.

Intensity
q
=
(9,1
05
L2
o

2Theta (°)

Figure 1 Diffractograms of TisoSizo, TissSi1s and TigsSis samples
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Figure 2 AFM images of of Ti-Si thin films: TiesSis (left), TissSi1s (middle) and TisoSizo (right). The height
topography images were recorded for an area 1x1 pm2

The surface morphology and topography of the Ti-Si thin films were investigated using Atomic Force
Microscopy (AFM), with the results presented in Figure 2. The images and the quantitative roughness analysis
reveal a strong correlation between the surface morphology and the underlying structure identified by XRD.
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The AFM image of the crystalline TiesSis film displays a coarse surface composed of large, distinct, and
irregularly shaped grains. This structure results in the highest surface roughness, with an average roughness
(Ra) of 3.4 nm and a root-mean-square roughness (Rq) of 4.3 nm, as detailed in Table 1. In contrast, the
morphology of the nanocrystalline TissSits film is markedly different. The surface features become much
smaller and more uniform, leading to a significant reduction in roughness, with Ra and Rq values decreasing
to 0.8 nm and 1.0 nm, respectively. This smoothing trend culminates in the amorphous TisoSi2o film. As
confirmed by its AFM image, the surface is nearly featureless, lacking any discernible grain structure. This
homogeneous and smooth topography, a direct consequence of its amorphous nature, corresponds to the
lowest measured roughness values of Ra = 0.7 nm and Rq = 0.9 nm. This progression, clearly visualized in
Figure 3, demonstrates that increasing the silicon content not only induces a structural transition from

crystalline to amorphous but also systematically refines the surface morphology, leading to a substantially
smoother film.
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Figure 3 Average surface roughness values with standard deviations for the prepared Ti-Si films

Table 1 Surface roughness parameters (Ra and Rq) for the Ti-Si films from 1x1 ym? areas.

TigsSis TissSi1s TigoSi10
Number Ra [nm] Rq [nm] Ra [nm] Rq [nm] Ra [nm] Rq [nm]
1 3.2 4.1 1.2 1.6 0.8 1.1
2 3.5 4.4 0.5 0.7 0.7 0.9
3 3.6 4.4 0.6 0.7 0.6 0.8
Average 3.4 4.3 0.8 1.0 0.7 0.9
STDEV 0.2 0.2 0.4 0.5 0.1 0.2

4, CONCLUSION

The structural and morphological analysis of Ti-Si thin films revealed a clear dependence on silicon content.
XRD measurements showed a systematic structural evolution from crystalline (TigsSis), through nanocrystalline
(TiesSiss), to fully amorphous structure (TisoSi20). AFM characterization confirmed that this transition is
accompanied by a progressive refinement of surface morphology. Higher silicon content led to significantly
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smoother films, with roughness decreasing from Ra = 3.4 nm in the crystalline film to Ra = 0.7 nm in the
amorphous film. These results demonstrate that the amorphous state can be achieved in a simple binary Ti-
Si system via electron-beam co-evaporation, and that the resulting amorphous films exhibit superior surface
smoothness.
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