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Abstract. In this study a comparison of the topography of BiFeO3 (BFO) 

thin films deposited on tantalum pentoxide substrates of different 

thicknesses is provided. The Ta2O5 substrates had a roughness increasing 

with the film thickness. The relationship between substrates of different 

topography but the same composition with the quality of the growing 

bismuth ferrite film is estimated. For the first time the topography 

estimation of BFO on Ta2O5 is presented. The difference in temperature 

expansion coefficients leads to intensive evaporation of bismuth ferrite 

from the surface during annealing. XPS analysis is provided for as-

deposited and annealed BFO layers. 

1 Introduction 

Data storage and processing centers are large consumers of energy resources due to the 

development of cloud storage services, social networks, mobile applications. The use of 

new electronic components is a necessary condition for the further growth of capacities and 

rates of functioning of these resources. Such elements include logical elements of a new 

type, memristors, which are the basis of non-volatile memory with a high density of 
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information storage, etc. Owing to its attractive optical and electrical properties tantalum 

pentoxide (Ta2O5) attracts ever increasing attention of the scientific community nowadays 

[1]. High dielectric constant and large RI (refractive index) make Ta2O5 an excellent 

candidate to be considered in a number of various applications. For instance, it can serve as 

an insulating material in all sorts of “sandwich” structures such as MIS 

(metal/insulator/semiconductor) or MIM (metal/insulator/metal) [2,3]. Another possible 

application of Ta2O5 emerges due to its ability to withstand harsh environments, high 

temperatures and overall chemical sturdiness/inertness. Therefore, thin films of Ta2O5 may 

also be utilized as protective players in various sensors, detectors and other electronics 

which might benefit from extra shielding against aggressive media and corrosion. Low 

absorption coefficient along with large refractive index is absolutely essential when it 

comes to antireflective coatings which is why Ta2O5 find its use in solar cells fabrication as 

well. Such optical properties are also sought after during manufacture of optical filters and 

photonic crystals. Biological industry may also benefit from the inclusion of Ta2O5 since it 

has been shown to be a viable choice for production of biochemical and biological sensors 

and detectors [4,5]. Protein detection and hydrogen ion sensing membranes are some of the 

examples of theses sensors/detectors. Aforementioned were only the explored applications 

of the Ta2O5 but one may already conclude that it is a quite promising material, however, 

preparation of Ta2O5 is a rather challenging procedure. There is great amount of methods 

which allow obtaining Ta2O5 with various degrees of success. Among those methods are 

methods of chemical vapour deposition (CVD) group: spray pyrolysis, atomic layer 

deposition, sol-gel methods; and physical vapour deposition (PVD) group: magnetron 

sputtering, ion assisted coating technique, thermal evaporation coating etc. [6–8]. However 

due to Ta2O5 specific chemical nature a usage sol-gel ablation method is recommended. BFO 

has a small band gape of ~2.8 eV. It is a chemically stable compound. According to the latest 

literature reports, BFO thin films are utilized as photocatalysts, due to their remarkable 

photocatalytic activity in the visible light spectrum [9,10]. Other applications of BFO include 

gas sensors and solar cells [11]. The Ta2O5 is also an optical material, and with thin films 

BFO will allow the use of these compositions in optical magnetic applications. The ALD 

method makes it possible to obtain 100% conformal films on the surface of substrates, which 

is relevant to the application of this method in the mentioned applications. 

2 Experimental results 

The films of BFO composition were prepared by atomic layer deposition (ALD) at 

ALDCERAM ML-200 device. Samples were obtained by layer-by-layer growth of BiOx 

and FeOx. The source for bismuth component was Bi(mmp)3 and ferrocene was the source 

of iron Fe(C5H5)2. The experiment was repeated in accordance with the preparation of thin 

BFO films in our previous experiments on the substrate surface of highly oriented pyrolytic 

graphite [12,13] and TiO2 nanotubes [9,10]. In this work, Ta2O5/Si heterostructures were 

used as substrates [14] with thickness of Ta2O5 from 20 up to 100 nm. After obtaining the 

films, heat treatment was carried out in vacuum at temperature of 600 oC during 1 hour. 

2.1 Atomic force microscopy data 

AFM images of Ta2O5 with different thickness are given in Figure 1. The general 

tendency here is that the average surface roughness of the Ta2O5 layer grows with 

thickness. Right choice of scanning parameters [15-17] are important to obtain reliable 

results [18–22] with high resolution [23–26] to characterise the 3D surface microtexture 

and micromorphology [27-30].  

Table 1 shows the characteristics of the AFM scanning in details. 
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Table 1. Parameters of AFM images acquisition. 

Scanning probe microscope Dimension Icon with Scan Asyst 

Mode ScanAsyst 

Scan sizes 500 nm and 1 um 

Aspect ratio 1 

Scan rate 0.639 Hz 

Samples/line 608 

FeedBack Gain from 17 to 19 

Peak Forse Set Point 477 pN 

Peak Force Amplitude 150 nm 

Peak Force Freq 2 kHz 

Lift Height 25.1 nm 

Sprint constant of Cantilever 0.4 N/m 

Probe model Scanasyst-air 

Material Silicon Tip on Nitride Lever 

Tip Radius (Nom) 2 nm 

 

Figure 1 shows the surface topography of the Ta2O5 layers depending on the thickness. 

a) 

 
b) 

 
c)  

d) 

 
e) 

 
Fig. 1. Topography of Ta2O5 films with thickness of: a) 20 nm; b) 40 nm; c) 60 nm; d) 80 nm; e) 

100 nm. 
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As shown in Figure 1, the topography of the film surface varies insignificantly 

depending on the thickness (from 20 nm to 100 nm): the difference of heights with a 

change of thickness (every 20 nm) is about 0.1 - 0.2 nm. A distinctive feature of hetero-

epitaxial growth [31,32] is the formation of a pseudocubic structure of the resulting film 

due to the lattice mismatch between the substrate and the film. Such crystallization is 

typical for ion-plasma methods, where additional kinetic energy of the sprayed particles is 

involved. In the case of the ALD method, a chemical reaction occurs on the surface and 

only during heat treatment crystallites are formed on the surface. It was noted that thin 

Ta2O5 films were formed by the fractal mechanism [33]. This work also studied the 

correlation between the thickness of Ta2O5 thin films and their 3D micromorphology. 

Probably, thin BFO films repeat this growth mechanism at small thicknesses (~ 50 nm). 

 

a) 

 
b) 

 
                               c) 

 
d) 

 
e) 

Fig. 2. Topography of the BFO film obtained on the surface of Ta2O5 layers with a thickness of: 

a) 20 nm; b) 40 nm; c) 60 nm; d) 80 nm; e) 100 nm 
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2.2 X-ray photoelectron spectroscopy data 

The study of chemical conditions of the surface (5-10nm) was made by XPS (AXIS 

SupraTM). The XPS spectra of as-deposited BFO layers are given in Figure 3. Figure 4 

contains spectra for the same layers after annealing procedure.  

 

 
Fig. 3. XPS spectra of the deposited BFO films before annealing 

 

 
Fig. 4. XPS spectra of the deposited BFO films after annealing 

 

By taking a look at the wide spectra of both as-deposited and annealed layers it can be 

inferred that the elemental ratio on the surface changes drastically after the annealing. The 

most noticeable change is the sharp decrease of the overall oxygen concentration. Another 

aspect worth mentioning is the increase of intensity of other elements such as Bi, Ta and 

Fe. The most plausible explanation to this is that the deposited samples had a few nm oxide 

layers on the surface. This oxide layer caused the overshadowing effect, due to which the 

high concentration of oxygen made other peaks appear low on the spectrum. Annealing, 
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apparently, removed the bulk of the surface oxide layer and the concentration profile has 

become more resembling of the actual concentration expected within the BFO layers. High 

resolution spectra provided in both figures also exhibit quite a bit of change. One can 

observe the change in the concentration of the certain bonds in the O1s and Fe2p spectra. 

C1s, Ta4f and Bi4f spectra on the other hand demonstrate formation/revelation of the 

entirely new bonds. 

3 Conclusion 

In this study BFO thin films were deposited on the surface of Ta2O5 with different 

thickness values. According to AFM, BFO films deposited on Ta2O5 layer with higher 

thickness also have higher values of the average surface roughness. Additionally, XPS 

analysis of the surface of BFO layers has been conducted. Spectra were demonstrated for 

as-deposited and annealed layers. According to the acquired data, as-deposited layer had a 

few nm oxide layers which was removed by to a large extent the annealing procedure.  
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