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Bilayered epitaxial BiFeOs/YBa2Cu3zO~ films were fabricated on (100) [(LaAlOs3)o.3(Sr2TaAlOg)o.7] sub-
strates by sputtering method. For structural comparison the bilayered BiFeOgs/Lag.¢7Sr0.33MnQO3 films were also
deposited on (100) SrTiOs substrates. A weak ferromagnetic moment is observed in BiFeO3/YBazCu3zO~ films.
The mechanism responsible for weak ferromagnetic moment arises presumably from the epitaxy strain induced

canted antiferromagnetic structure.

PACS numbers: 74.25.Ha, 74.78.Fk, 75.70.Cn,77.84.Bw

1. Introduction

Multiferroic (MF) materials demonstrate both ferro-
electric and ferro or antiferromagnetic order. The cou-
pling between the order parameters is interesting from
the point of view of fundamental physics as well as can
lead to applications in spintronics [1, 2]. In such com-
pounds due to occurrence of ferroelectric and magnetic
states the change of magnetization can be induced by
electrical field and vice versa which is known as magne-
toelectric effect (ME). The integration of dissimilar ma-
terials such as superconductor and MF can create a new
type composite which could be interesting in develop-
ment of the new type functionality of such heterostruc-
tures. Bulk BiFeOs (BFO) exhibits a rhombohedrally
distorted perovskite structure with space group R3c and
aniferromagnetic ordering of Fe?* ions [3]. In the case
of (001) oriented thin films deposited on substrates with
cubic symmetry the epitaxial strain will induce lattice
distortion and also can change the crystallographic sym-
metry. In epitaxial films due to relaxation of strain by
formation of structural defects with increasing thickness
the structure of the films changes as a function of their
thickness [4, 5]. In this paper we report our preliminary
studies on the preparation and characterization of BFO
films deposited on the YBayCuszO; (YBCO) films. Our
motivation to prepare high quality BFO/YBCO bilayers
is a search for a possibility of ME effect which could oc-
cur in BFO/YBCO heterostructure induced by the elec-
tromagnetic interaction of the screening currents when
cooling the BFO/YBCO bilayer below its superconduct-
ing transition temperature with magnetic moment of the
BFO layer.
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2. Experimental

BFO films were deposited by rf sputtering with rf
power of 120 W from polycrystalline BFO target. The
BFO target with nominal composition plus excess of 10%
of Bi was prepared by sintering constituent oxide mix-
ture BioO3 and FeoO3 at 830°C. The deposition was car-
ried out on (100) [(LaA103)0.3(SI‘QT&A]O()')OJ] (LSAT,
a = 0.3868 nm) substrates in oxygen pressure of 1.5 mbar
at 720°C. Prior to deposition of BFO film the YBCO
buffer layer of 40 nm in thickness was first deposited at
substrate at 760°C by high pressure dc sputtering [6]
in 3 mbar of oxygen pressure. The epitaxial growth of
BFO/YBCO or BFO/L&0.67SI‘0,33MHO3 (LSMO) bilay—
ers was characterized by X-ray §—26 diffractometer using
Cu K, radiation. Sharp interfaces and uniformly contin-
uous layers in bilayer structures was confirmed by trans-
mission electron microscopy (TEM). The magnetization
of bilayers was measured by SQUID magnetometer.

3. Results and discussion

In order to confirm that the growth of the
BFO film is epitaxial first we have prepared the
BFO(40 nm)/LSMO(20 nm) bilayer deposited on (100)
SrTiO3 substrate. Figure la shows a typical X-ray
diffraction (XRD) linear scan of the BFO/LSMO bi-
layer, where only (001) reflections from BFO and LSMO
were observed indicating the epitaxial c-axis growth
of the BFO and LSMO films (along the film nor-
mal direction). The epitaxial growth of BFO film on
LSMO films was observed using pulsed laser deposi-
tion [7, 8]. Figure 1b shows X-ray diffraction scan of
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BFO(55 nm)/YBCO(40 nm) bilayer. The X-ray diffrac-
tion scan indicates that film is free from impurity phases
and highly oriented along c-axis with only (001) peaks. It
is found that epitaxial growth of the BFO film on YBCO
film and the diffraction patterns originating from BFO
overlap with those from YBCO. The epitaxial growth
is also confirmed by the cross-sectional TEM studies as
shown in Fig. 2. TEM image shows that the interface
between BFO film and YBCO film is atomically sharp.
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Fig. 1. (a) XRD patterns of the BFO/LSMO bi-
layer deposited at (100) SrTiOs substrate, and
(b) BFO/YBCO bilayer deposited on LSAT substrate.
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Fig. 2. TEM cross-section of nm)/

YBCO(40 nm) bilayer deposited at
substrate.

The out-of-plane magnetic moment M (T) measure-
ments of BFO(55 nm)/YBCO(40 nm) bilayer indicate
that the onset of diamagnetic transition T, begins at
62 K as presented in Fig. 3. Relatively high super-
conducting transition temperature indicates that the
BFO/YBCO bilayer are fully oxygenated and the con-
centration of the oxygen vacancies in both systems is low.

YBFO 1_1

Fig. 3. Zero field cooling (ZFC), magnetic moment vs.
temperature of the BFO/YBCO bilayer.

Figure 4 shows the magnetization hysteresis loops,
M(H), measured for the BFO(55 nm)/YBCO(40 nm)
bilayer recorded above and below superconducting tran-
sition both in parallel and perpendicular magnetic field
to sample surface. The data indicate superconducting re-
sponse at low temperatures. Above the superconducting
transition a weak ferromagnetic response is seen. The
estimated magnetic moment of 12 emu/cc was observed.
The mechanism underlying the weak ferromagnetic be-
havior of BFO films is complicated. Theoretical model
[9] indicates that oxygen vacancies associated with Fe?*
ions could enhance the effective magnetization. Also ex-
perimental observation [10] support this supposition. Ex-
perimental observation [11] indicate also an important
role of strain imposed on BFO films. An enhancement
of magnetic moment was observed for BFO thin films
with thickness lower than 80 nm. The BFO/YBCO bi-
layer shows (Fig. 4b,d) M —H curves characteristic of
antiferromagnetic order accompanied by weak ferromag-
netism with well-defined saturation, remanent magneti-
zation and coercive field.
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Fig. 4. Magnetization hysteresis loops of the
BFO(55 nm)/YBCO(40 nm) bilayer recorded in
magnetic field perpendicular (a,b) and parallel (c,d) to
the sample.

In summary, the bilayered epitaxial BFO/YBCO films
were successfully prepared on (100) LSAT substrates by
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sputtering method. These films demonstrate a super-
conducting state and weakened ferromagnetism, which is
attributed to strain induced antiferromagnetic structure.
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