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Magnetic and electrical properties of BFO/PZT heterolayered thin films
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BiFeO3;/PZT(20/80) (hereafter BFO/PZT) heterolayered thin films were deposited by an RF sputtering method on Pt/TiO,/
SiO,/Si substrates. We investigated the effects of deposition conditions on the magnetic and electrical properties of BFO/PZT
heterolayered thin films. The thickness of BFO/PZT heterolayered thin films is about 500 nm. All BFO/PZT films show a void
free uniform grain structure without the presence of rosette structures. It can be assumed that the crystal growth of the upper
BFO layers can be influenced by the lower PZT layers. This study suggests that the design of the BFO/PZT heterolayered thin
films should be an effective method to enhance the magnetic and electrical performance in devices.
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Introduction be reduced by using an oxide as an electrode. Some
oxide/ferroelectric/oxide trilayer structures, for example,

Multiferroic materials have recently attracted attention (Ba,Sr)TiOs/Pb(Zr, Ti)O5/(Ba,Sr)TiOs [7], (Bi,La)TizO,/
because of their potential use in devices. Because of the Pb(Zr, Ti)O5/(Bi,La)Ti;04, [8] and (Pb,La) TiOs/Pb(Zr, Ti)O,/

possible coupling between the magnetic and electronic (Pb,La)TiO; [9], exhibit better fatigue endurance char-

structures the magnetization could be switched by applying acteristics. Recently, improved dielectric properties were

an electric field, and the ferroelectric polarization switched found in a BiFeOs/(Bi,La)Ti;O,, bilayer [10]. And we

by applying a magnetic field. have already reported on the good dielectric properties
BiFeO; (BFO) materials exhibit a distorted perovskite of PZT heterolayered films which they were alternately

structure with rhombohedral symmetry. They belongs spin-coated using PZT(20/80) and PZT(80/20) metal

to the R3¢ space group with a unit cell parameter a = alkoxide solutions [11].

0.5634 nm and. a=159.348° [2]. One of the striking In this study, BFO/PZT heterolayered thin films were

features of BFO materials is the coexistence of ferroelectric deposited by an RF sputtering method on Pt/TiO,/SiO,/

(7.= 1123 K) and antiferromagnetic orderings (7y= 643 Si substrates. The magnetic and electrical properties of

K) at room temperature due to a residual moment from BFO/PZT heterolayered thin films were investigated with

a canted spin structure [3, 4]. In single crystals, the varying deposition temperatures ranging from 450 °C

spontaneous polarization (P,) is 3.5 C/cm’ along the to 650 °C.

[001] direction, indicating a value of 6.1 C/cm® along

the [111] direction at 77 K. Transport measurements in Experiments

the bulk have been hampered by leakage problems,

likely a result of defects and nonstoichiometry, which have The BFO/PZT heterolayered thin films were deposited

limited the applications of this material. To overcome on Pt/TiO,/SiO,/Si substrates by an RF sputtering method.

this obstacle, recent work has focused on solid solutions The BFO and PZT targets were prepared by a con-

of BiFeO; with other ABO; materials, such as BaTiOs, ventional mixed oxide method. The starting materials

which can prevent second-phase formation and increase were Bi,O3 (99.99%), Fe,O3 (99.99%), PbO (99.99%),
the sample resistivity [5]. It was considered that the 710, (99.99%) and TiO, (99.99%). These materials were

ferroelectric fatigue is related to the pinning of oxygen weighed accoring to the composition of the BiFeOs;,
vacancies or other point defects during ferroelectric domain PbZrTiO; (20/80) respectively. The weight ratio of
switching [6]. As an efficient way, the concentration of zirconia balls to powder in the mill was 1: 1 and ethyl
oxygen vacancies accumulated in ferroelectric films can alcohol was used as a process control agent. The slurry

was dried at 120 °C for 24 h. The dried powders were
screened by mesh (#325) and the screened powders

*g"lr_“isggnzdgli‘%sagg%% were then pressed into disk samples of 12 mm diameter.
FZxE +82:2:915:80844 The BFO and PZT'targets were sintered at_900 °C,
E-mail: yhlee@kw.ackr 1200 °C 2 h. respectively. The sintered ceramic target
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Table 1. Sputtering conditions for the BFO/PZT heterolayered
thin films

Tal‘get BiFeO3/Pb(Zr0_2Ti0_g)O3
Substrate PU/TiO,/Si0,/Si
RF power 100[W]

Deposition pressure 3.9 x 107" [Pa]

Deposition time 10 [minute]

Ar/O, 50/20

Annealing temperatures 450, 500, 550, 600, 650 [°C]

was lapped and Pt paste was fired on the sample faces
at 600 °C. The BFO/PZT heterolayered thin films were
doomed by depositing the PZT and BFO targets alternately.
And we investigated the magnetic and electrical properties
with different deposition temperatures.

The vacuum chamber was evacuated down to pressure
3.9 x 107 Pa and the sputtering atmosphere was controlled
by varying the deposition temperature at a total pressure
of 3.9x 107 Pa. The RF power for the targets was
100 W and the target-substrate distance was about 7 mm.
The deposition conditions of the BFO/PZT heterolayered
thin films are summarized in Table 1. The thickness of
the films was measured using a field emission electron
microscope (FESEM) and o step. The crystalline
structures of the BFO/PZT heterolayered thin films
were analyzed by X-ray diffraction (XRD). The surface
and cross-sectional microstructures of the films were
examined by a field emission scanning electron microscope
(FESEM). For electrical measurements, an Au thin film
was deposited by an evaporator at room temperature as
the top electrode with a diameter of 0.1 mm. The dielectric
constant and dielectric loss measurements were carried
out using an LCR meter (PM6306, pluke) Hysteresis
loops of the samples were measured by a RT66A
ferroelectric test system. The magnetization was measured
using a superconducting quantum interference device
(SQUID) (MPMS XL-7).

Results and Discussion

The XRD patterns of the BFO/PZT heterolayered
thin films deposited on Pt/TiO,/SiO,/Si substrates with
different deposition temperatures ranging from 450 °C
to 650 °C are shown in Fig. 1. In all samples, the
diffraction peaks correspond to the perovskite structures
of BFO and PZT (the peaks of rhombohedral and
tetragonal). The presence of some pyrochlore phase
can be observed such as Fe,Os;, BiysFeOsq, BisgFe)Osy
and BiyFe Oq. As reported, BFO/PZT thin films have a
high (110) preferred orientation, while it could not be
distinguished because of overlapping with the Pt (111)
peak. However, the characteristic peaks (012), (110),
(116), (200) peaks can be observed. As shown in the
Fig. 1, as the deposition temperature increases to
550 °C, the BFO/PZT heterolayered thin film begins to
crystallize. The intensities of the BFO/PZT heterolayered
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Fig. 1. XRD patterns of BFO/PZT heterolayered thin films
deposited with different deposition temperatures. (a) 450 °C, (b)
500 °C, (c) 550 °C, (d) 600 °C, (e) 650 °C.

(b)

Fig. 2. FE-SEM images of the surface and cross-sectional-
structurals for the BFO/PZT heterolayered thin films deposited at
600 °C.
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thin films deposited at 650 °C were larger compared with
those of the other BFO/PZT heterolayered thin films.

The microstructure of the BFO/PZT heterolayerd thin
films deposited on Pt/TiO,/SiO,/Si substrates was further
investigated by FESEM. Fig. 2 shows the crack-free
surface morphology of BFO/PZT heterolayerd thin films
annealed at 600 °C and the cross-section analysis reveals
that the BFO/PZT heterolayrered thin film deposited
under the same conditions are dense. The separation
interface between BFO and PZT layers are not clear
owing to the insignificant difference in the contrast of
the component materials. The thickness of films was
approximately 500 nm and this thin film was dense,
indicating a good structure had been obtained. The grain
size of the BFO/PZT heterolayered thin film deposited
at 600 °C was from 0.1 to 0.2 um. BFO/PZT heterolayered
thin films showed a uniform grain structure and void
free grain structure without the presence of a rosette
microstructure. The improvement in the structure of
BFO/PZT heterolayered thin films was considered to
be an important factor as to why the ferroelectric and
magnetic properties are improved by the inducing
ferroelectric layer. The Pt/SiO, interfaces became very
rough interfacial layers. This phenomenon can be probably
explained by the fact that the diffusion of Pb from the
PZT film into the Pt bottom electrode and the diffusion
of Ti are severely advanced through the several annealing
processes. And Pb diffusion becomes exacerbated in
PZT films containing higher concentrations of Zr.

Fig. 3 shows the frequency dependences of the relative
dielectric constant and dielectric loss of the BFO/PZT
heterolayered thin films from 1 kHz to 1 MHz. Because
the dielectric constant of BFO is much smaller than
PZT, the average dielectric constants of BFO/PZT
heterolatered thin films are smaller than for PZT thin
films. When the frequency increases, the dielectric constant
significantly decreases below 10 kHz. There is no change
in the dielectric constant above 10 kHz. However, dielectric
constant decrease again above 700 kHz. The dielectric
constant and dielectric loss are increased with an
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Fig. 3. Frequency dependence of the dielectric properties of
BFO/PZT heterolayered thin films.
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Fig. 4. Leakage current densities of BFO/PZT heterolayered thin
films.

increase in the deposition temperature. It is well known
that the dielectric loss is affected by various factors
such as a secondary phase, and the pyrochlore phase.
BFO/PZT heterolayered thin films exhibit a superior
dielectric constant compared with the single composition
BFO (200 at 1 KHz) and PZT (95/5) (358 at 100 KHz)
thin films. We consider that the rhombohedral structure
of BFO films (a = 0.5634 nm) was distorted due to the
large lattice mismatch and compressive stress imposed
by the lower orthorhombic PZT film (a=0.4149 nm,
¢ =10.4112 nm). Therefore, BFO/PZT heterolayered thin
films showed good dielectric properties because of the
large ionic displacements in the distorted perovskite
structure. This dielectric dispersion results from the in-
terfacial polarization, namely the Maxwell-Wagner relation
caused by space charge polarization in film/electrode
and film/film interfaces.

Fig. 4 shows the leakage current densities of the PZT
heterolayered thin films with applied voltage. As expected,
leakage current densities decrease with an increase in
the deposition temperature and leakage current densities
of BFO/PZT heterolayered thin films were lower in
value than those of single composition BFO thin films.
These results suggest that trap centers of carriers were
formed at the interface between the BFO film and PZT
(20/80) film and were decreased with an increase in the
deposition temperature. The leakage current density of
the BFO/PZT heterolayered thin films annealed at 600 °C
is less than 1.74 x 10°° A/cm* at 5 V. These values are
small enough for their application in memory devices.

Fig. 5 shows the P-E hysteresis loops of the BFO/
PZT heterolayered thin films. It is evident that the
remanent polarization and saturation polarization of the
BFO/PZT heterolayered thin films are proportional to
the deposition temperature and remanent polarizations
of BFO/PZT heterolayered thin films deposited at 500 °C,
550°C and 600 °C are 2.6 pC/cm?, 4.9 uC/cm? and
10.1 pC/ecm? respectively, which is bigger than the value
of pure BFO. Compared with the loop of ferroelectric
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Fig. 5. Ferroelectric hysteresis loops of BFO/PZT heterolayered
thin films.

25

e g

=
th =
T

= i
—T T
.

=
th
T

Magnetization (emu/cm®)
= = & =
= wn =
T T o T
e

in
—T
.

R

'

¥

=
T

25 I L I . L L L 1 L 1 L 1
-6000 4000 <2000 0 2000 4000 6000

Magnetic Field (Oe)

Fig. 6. Variation of magnetization with magnetic field for BFO/
PZT heterolayered thin films deposited at 600 °C.

thin films, the shape of P-E hysteresis loops of BFO/
PZT heterolayered thin films is like a parallelogram. It
is well known that an ideal P-E loop of ferroelectrics is
like a rectangle. The difference between the P-E hysteresis
loops of BFO/PZT heterolayered thin films and PZT
thin films shows that the defects produce more effects
in the BFO/PZT heterolayered thin films than in the
PZT thin films.

Magnetization-magnetic field characteristics of BFO/
PZT heterolayered deposited at 600 °C were carried out
at room temperatures. The magnetic hysteresis loop is
shown in Fig. 6, which shows that BFO/PZT heterolayered
thin films exhibit magnetic order in the materials at room
temperature. It is obvious that BFO/PZT heterolayered thin
films are antiferromagnetic. The saturation magnetization
is about 2.3 emu/cm®. This indicates that magnetization is
not improved by the strain between BFO and PZT layers.

Conclusions

In this paper, BFO/PZT hereolayered thin films, which
were deposited on the Pt/Ti/SiO,/Si substrates, were
prepared by an RF sputtering method. The magnetic
and electrical properties of the BFO/PZT heterolayered
thin films were studied. All films showed a uniform grain
structure without the presence of a rosette structure. It
can be assumed that the crystal growth of the upper
BFO layers can be influenced by the lower PZT layers.
Dielectric and ferroelectric properties of BFO/PZT
heterolayered thin films were much better than those of
a single composition BFO film and the remanent
polarization and saturation magnetization of the BFO/
PZT heterolayered thin films deposited at 600 °C are
10.1 uC/em?, and 2.3 emu/cm’. We consider that these
properties of BFO/PZT heterolayered thin films are
caused by the distorted rhombohedral crystal structure
of the BFO film due to the compressive stress imposed
by the lower PZT film. BFO/PZT heterolayered films
showed typical dielectric dispersion properties, which
indicates that interfacial polarization was caused by
space charges in the film/film and film/electrode interfaces.
However, further investigations and discussions are
necessary to understand the interfacial characteristics
and ferroelectric response in the BFO/PZT heterolayered
thin films.
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