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Abstract BiFeO;/MgO(001) and BiFeO3/Srg 61 Bag 30Nby;Os/MgO(001)
heterostructures were deposited by a one-stage technique of RF-cathode sput-
tering of a stoichiometric composition ceramic target in an oxygen atmosphere. The
films were studied by X-ray diffraction and scanning electron microscopy at room
temperature. It is shown that the heterostructures have high crystal perfection and
a low number of structural defects. It was found that the bismuth ferrite unit cell
has monoclinic symmetry in the BiFeO3;/MgO(001) heterostructure. There is only a
slight unit cell strain in both heterostructures. The presence of the St ¢ Bag30Nb>Og
between BiFeO; and MgO does not break the parallel of their crystallographic axes.
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1 Introduction

In modern terminology, materials in which two or more types of orderings coexist
simultaneously (ferroelectric, magnetic, and ferroelastic) are commonly termed as
multiferroics. Interest in them continues to this day due to the wide range of their
possible applications in multifunctional devices [1]. The greatest attention is drawn
to the relationship between different order parameters, which can lead to new phys-
ical effects, such as, for example, the control of magnetic properties by electric field
or vice versa. One of the important criteria for the use of multiferroics is the room
temperature ordering [2]. However, there are very few single-phase multiferroics
that satisfy this condition, among which the most famous is bismuth ferrite BiFeO3
(BFO), amultiferroic with a perovskite structure, in which ferroelectric and antiferro-
magnetic orderings are realized. Bulk BFO has a rhombohedral unit cell with the R3c
space group. The temperatures of both phase transitions are significantly higher than
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room temperature (7¢ ~ 1100 K; Tx ~ 640 K) [1-5], and the remanent polarization
along the [111] polar direction sufficiently high for ferroelectric materials (P, ~ 100
wC/cm?) [3, 4]. All the above makes bismuth ferrite a promising candidate for use in
high-density ferroelectric memory devices. Moreover, many other effects have been
found in BFO, such as magnetoelectric, magnetodielectric and photovoltaic effects,
and birefringence.

To date, BFO thin films have already been fabricated by various deposition tech-
nologies: pulsed laser deposition [6, 7], sol-gel [8], magnetron sputtering [9]. Due
to the presence of a large number of impurity phases arising in the process of BFO
synthesis, additional annealing after synthesis [7, 8] or preliminary deposition of
sublayers [6, 9] are often used in the technological cycle of fabricating heterostruc-
tures based on it. The use of an additional layer based on functional materials
can not only prevent the appearance of impurities but it is also one of the most
promising steps towards the creation of new microelectronic devices, where inter-
actions between different orderings of functional layers can occur. As an additional
layer, the strontium-barium niobate Sr,Ba;_,Nb,Og was chosen. Sr,Ba;_,Nb,Og solid
solution is a uniaxial ferroelectric relaxor with the structure of unfilled tetragonal
potassium-tungsten bronze. Interest in them is due to the high electro-optical and
pyroelectric coefficients [10], that can be used in MEMS, electro-optical elements,
and pyroelectric sensors.

2 Problem Formulation

It has been studied by X-ray diffraction analysis and SEM microscopy the structure
of BFO thin films grown with and without a Sry¢;Bag39Nb,Og sublayer on MgO
(001) substrate by a one-stage gas-discharge RF-cathode sputtering in an oxygen
atmosphere.

2.1 Objects and Methods

The deposition of BiFeO3 (BFO) and Sry ¢; Bag 39Nb, O (SBN) thin films was carried
out by RF-cathode sputtering technique on a “Plasma 50 SE” system (Center for
Collective Use of the SSC RAS) in an oxygen atmosphere using the intermittent
deposition technology. As a substrate MgO(001) monocrystalline plates of 0.5 mm
thick were used, the initial temperature of the substrate was 400 °C and the working
gas pressure was 0.5-0.6 Torr.

The structural perfection of the films, the unit cell parameters and the orientation
relationships between film and substrate were performed by X-ray diffraction on a
DRON-4-07 diffractometer (CuKo~radiation).

Microscopic studies of the heterostructures were carried out on an FE-SEM Zeiss
SUPRA 25 scanning electron microscope.
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2.2 Experimental Results and Discussion

The X-ray diffraction studies of the BFO/MgO(001) and BFO/SBN/MgO(001)
heterostructures do not show any traces of impurity phases and on the diffraction
patterns, only reflections from the heterostructure layers and the substrate were regis-
tered (Fig. 1). It should be noted that during the searching for optimal conditions for
the heterostructure synthesis of both SBN and BFO, lines of impurity phases were
founded, but due to the weakness of reflections, it was unable to establish a type of
impurities.

The BFO film grows oriented relative to the substrate axes in both cases. The ¢-
scans (Fig. 2) of the (113) BFO thin film reflection confirm epitaxial growth, with the
orientation of all crystallographic axes of the BFO parallel to the axes of the substrate
in both heterostructures. The SBN layer is also fabricated epitaxially. Moreover, the
parallel orientation of BFO is observed even in the presence of an SBN layer, which,
similarly to [11], have two types of orientation domains with an in-plane rotation of
the axes by + 18.4° and —18.4°.

At the precision 6-26-scanning of (00l) reflections (Fig. 3) of the two-layer
BFO/SBN/MgO(001) heterostructure, a splitting of the reflections corresponding
to separate scattering by each layer is observed. From the analysis of the angular
positions of the (001) reflections, taking into account the K,; and K,, components
in the obtained X-ray diffraction patterns, the out-of-plane unit cell parameters are
cBro = 3.964 £ 0.001 A for BFO/MgO(001) and cpro = 3.960 & 0.001 A, cspy =
3.972 + 0.001 A for BFO/SBN/MgO(001). The addition of the SBN layer results in
a slight decrease in the BFO unit cell parameter, corresponding to —0.1% additional
unit cell strain.
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Fig. 1 0-26 diffraction pattern of BFO/MgO(001)
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Fig. 2 ¢-scans of (113) BFO, (221) SBN and (113) MgO reflections for BFO/MgO(001) and
BFO/SBN/MgO(001) heterostructures
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Fig. 3 Precision 6-20-scanning of (001) reflections for BFO/MgO(001) (top) and
BFO/SBN/MgO(001) (bottom) heterostructures
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Fig. 4 SEM image of
mechanical cross-cut of
BFO/SBN/MgO(001)
heterostructure
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To determine the in-plane unit cell parameters a series of (113) and (103)
reflections of the BFO/MgO(001) heterostructure in an asymmetric geometry were
obtained. Within the accuracy of the obtained X-ray diffraction data, for BFO the
most probable is the following monoclinic unit cell a = b = ¢ = 3.964 nm, « = 8
= 89.75°, y = 90°. Comparing the obtained parameters with the parameters of bulk
BFO (a =3.965 A; a = 89.45°), it can be seen that the unit cell strain is insignificant.

The films have high crystal perfection and a low number of structural defects,
which appear in narrow reflections on the 6-26 and ¢ scans. The misorientations of the
crystallographic axes are insignificant and do not exceed 0.7°. The high crystalline
perfection, homogeneity and absence of impurities were also approved by SEM
cross-cut studies of BFO/SBN/MgO(001) heterostructure (Fig. 4). Each layer of the
two-layer heterostructure differs in texture and color, which is due to both different
compositions and different electrical properties, while the interface is fairly uniform.
Pores, cavities, inclusions of impurity phases have not been found.

3 Conclusion

BFO epitaxial films on MgO (001) substrates with and without an SBN epitaxial layer
were obtained by the RF-cathodic sputtering technique. By deposition a sufficiently
thick film, it was possible to achieve almost complete relaxation of the unit cell
strain. It was found that the deposition of an intermediate SBN layer does not lead
to a significant change in the unit cell parameters. It was shown that the presence
of two types of orientational domains in the SBN layer (£ 18.4°) does not lead to a
rotation of the BFO unit cell.
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