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Lanthanum modified bismuth ferrite thin film (BLFO) of pure perovskite phase was deposited on
SrRuO;-buffered Pt/ TiO,/Si0,/Si (100) substrates by soft chemical method. (111)-preferred
oriented BLFO film was coherently grown at a temperature of 500 °C. The crystal structure of the
film was characterized by using x-ray diffraction. The spontaneous polarization of the film was
25 uC/cm?. The film has a piezoelectric coefficient d;; equal to 85 pm/V and a weak pulse width
dependence indicating intrinsic ferroelectricity. Retention measurement showed no decay of
polarization while piezoelectric response was greatly improved by the conductor electrode. © 2008
American Institute of Physics. [DOL: 10.1063/1.2979692]

Tremendous research activity has recently focused on
understanding the science behind the coexistence of ferro-
electricity and ferromagnetism within a single multifunc-
tional material? that would allow the realization of addi-
tional functionalities in electronic and magnetic devices.
Bismuth ferrite (BFO) possesses large polarization values
and low crystallization temperatures, both of which are de-
sirable properties for high density ferroelectric random ac-
cess memory.‘%_6 Application of the Pt layer as the bottom
electrode provides low resistivity and high temperature sta-
bility, but some disadvantages have been observed, including
deterioration of ferroelectric properties by interdiffusion with
the interposed adhesion layer of Ti on the substrate, forma-
tion of hillocks, and formation of dead layers at interfaces.
Conductive oxide layers as electrodes were confirmed to be a
good alternative in solving these problems.7’8 Recently, some
researchers prepared BFO thin films on Pt coated silicon
substrate using the pulsed laser deposition (PLD) method.
The PLD and liquid phase epitaxy (LPE) methods were also
used to grow BFO thin films on SrTiO; (STO) substrate with
SrRuO; (SRO) layer in which the conducting oxide SRO
layer was used as both the bottom electrode and the buffer
layelr.g_ll

It is well known that perovskite oxide electrode, such as
SRO, LaNiO;, and BaPbO;, effectively improved crystal
growth and electric properties of ferroelectric oxide.” %1% 14
Wang et al.”® reported the considerable enhancement in the
leakage, ferro/piezoelectric, and magnetic properties of the
epitaxial BFO films with conductive SRO oxide electrodes.
Of particular interest, the SRO electrode is promising in in-
ducing the preferred orientation and improving the film/
electrode interface of ferroelectric films. Previous studies
suggested that the fatigue endurance can be effectively sup-
pressed by La doping.16 To our knowledge, few reports are
available on the retention characteristics of lanthanum modi-
fied bismuth ferrite thin film (BLFO) on an oxide electrode.
Therefore, we investigated the role exerted by the bottom
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electrode in polarization switching and ferroelectric reliabil-
ity of BLFO films crystallized by the soft chemical method.
The SRO and BLFO thin films were prepared usin%
the polymeric precursor method, as described elsewhere.
The bottom electrode thin films were spin coated on
Pt/ Ti/SiO,/Si (100) substrates by a commercial spinner op-
erating at 5000 rpm for 30 s (spin coater KW-4B, Chemat
Technology). Each layer was prefired at 400 °C for 2 h in a
conventional oven. After the prefiring, each layer was
crystallized in a microwave furnace at 700 °C for 10 min.
Using the same procedure, the BLFO thin films were depos-
ited by spinning the precursor solution on the desired sub-
strates. Through this process, we have obtained thickness
values of about 150 nm (five layers) for the bottom electrode
and around 300 nm for BLFO (ten layers), reached by re-
peating the spin coating and heating treatment cycles. The
microwave furnace used to crystallize the SRO electrode was
a simple domestic model similar to that described in
literature.'® Phase analyses of the films were performed at
room temperature by x-ray diffraction (XRD) using a
Bragg-Brentano diffractometer (Rigaku 2000) and Cu K«
radiation. A PHI-5702 multifunction x-ray photoelectron
spectrometer (XPS) was used, working with an Al K«
x-ray source of 29.35 eV passing energy. The pressure in the
chamber during the experiments was about 4.5 X 10~ Torr.
Calibration of binding energy scale was controlled using
the O 1ls line, which appears in the photoelectron spectra
of the as grown samples. The electric properties of
Pt/BLFO/SRO/Pt/Ti/SiO,/Si (100) capacitor structure
were measured. The upper electrodes of Pt for the electrical
measurements were prepared by evaporation through a
shadow mask with a 0.2 mm? dot area. Dielectric and ferro-
electric properties of the capacitor were measured using HP
4192A impedance/gain phase analyzer and a Radiant Tech-
nology RT6000 A in a virtual ground mode, respectively.
Figure 1 shows the XRD pattern of BLFO deposited on
SRO electrode. The film consists of (111)-oriented films and
exhibits a pure perovskite phase. Furthermore, except for the
Si (100) and Pt (111) peaks, no peaks of impure phases such
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FIG. 1. XRD of BLFO thin film deposited on SRO electrode and annealed
at 500 °C in static air for 2 h.

as Bi,Fe Oy and BiycFe,0,, were spotted so pure phase
BiFeO; films were obtained by the soft chemical method.
The (111) orientation can be attributed to the differences in
nucleation energy between the ferroelectromagnetic material
and the oxide electrode.

In order to identify the chemical bonding of BFO thin
films, we performed XPS studies. The spectrum expanded
from 700 to 745 eV, as shown Fig. 2. The % and % spin-orbit
doublet components of the Fe 2p photoemission located at
711.1 and 724.6 eV, respectively, were identified as Fe’*. No
Fe?* and Fe were found. The XPS results show that BFO thin
films annealed at 500 °C for 2 h have a single phase with a
Fe3* valence state, consistent with XRD result shown in Fig.
1. The oxidation state of Fe was purely 3+, which was ad-
vantageous in producing BFO film with low leakage.

Ferroelectric properties were characterized using both
polarization hysteresis and pulsed polarization measure-
ments. Figure 3(a) shows a set of hysteresis loops measured
at a frequency of 60 Hz. A remnant polarization of Pr
=25 uC/ cm? is observed, which is smaller than that of films
grown on single crystal STO substrates (~55 wC/cm? on
[100] STO and ~95 wC/cm? on [111] STO)." This can be
understood as a consequence of the smaller c/a ratio of
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FIG. 2. XPS analysis of BLFO thin films deposited on SRO electrode and
annealed at 500 °C in static air for 2 h.
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FIG. 3. (a) Remanent polarization-electric field hysteresis loops, (b) pulsed

polarization (AP) as a function of an applied voltage, and (c) pulse width
dependence of switched polarization (AP) in the range from 1 us to 1 ms.
(d) Piezoelectric coefficient loop ds3 and (e) retention characteristics for
BLFO thin film deposited on SRO electrode and annealed at 500 °C in
static air for 2 h.

BLFO on SRO. To more closely investigate the ferroelectric
properties, polarization positive up negative down (PUND)
measurements [AP=P* (switched polarization), P~ (non-
switched polarization)] were also performed and the result is
shown in Fig. 3(b). The obtained switched polarization AP is
38—42 uC/ cm?2, which is consistent with the 2P, value from
the P-E hysteresis loop. The switched polarization values of
~40 uC/ cm? were observed, which began to saturate at
600-650 kV/cm. Pulse polarization measurements that are
less likely convoluted by leakage and nonlinear dielectric
effects confirmed this result. Also, note the weak pulse width
dependence in Fig. 3(c) once saturation is reached, which is
yet another indication of robust intrinsic ferroelectricity. This
demonstrates that the measured polarization switching is an
intrinsic property of BLFO thin films and is not dominated
by leakage, which was a critical obstacle in determining the
ferroelectric property of bulk BFO.” For use in memory
applications, the coercive field (which is currently 2-3 V for
a 200 nm film) has to be lowered to about 0.7-1 V. Our
preliminary experiments using La substitution suggest a
similar prospect in the BFO system. The ds;3(V) hysteresis
loop is shown in Fig. 3(d). The maximum ds; value of
~80 pm/V is better than the reported value for a BFO de-
posited on Si.” The enhancement of polarization could be
caused by the (111) orientation of the ferroelectric film de-
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posited on SRO oxide, which reduces the initial nucleation
rate when crystallizing the film. The presented value reported
for our BLFO film suggests that this material can be consid-
ered as a viable alternative for lead-free piezoferroelectric
devices. The stability of the polar state is confirmed by re-
tention measurements as shown in Fig. 3(e). The overall re-
tention time dependence of polarization retention for the
BLFO film is quite good. After a retention time of 1
X 10* s, the polarization loss was only about 8.0% of the
value measured at r=1.0 s for a 9 V applied voltage. For the
infant period (within 10 s), depolarization fields could be the
main contribution to polarization loss. Similar retention loss
behavior has been re%)orted for Bis,slag;5Ti30,, deposited
on Pt/ TiO,/Si0,/Si. ! Note that greater than 40% retention
loss is often observed for various ferroelectric thin films after
10* s even at room temperatulre.22 Such behavior has been
attributed to a depolarization field, which can exist due to the
incomplete compensation between the polarization charge
and the free charge in the electrodes.

In summary, BLFO thin films were deposited on the
SRO/Pt/TiO,/Si0,/Si (100) substrates by the chemical so-
lution deposition method. The BLFO thin film showed a
remanent polarization (P,) of 25 uC/cm? at room tempera-
ture. Retention failure tests pointed to that the BLFO films
have quite good long-time retention characteristics, retaining
92% of the values measured at =1 s. These results indicate
that SRO is an effective oxide electrode to obtain good ferro-
electric BLFO thin films. Furthermore, it was clearly dem-
onstrated that the good piezoelectric BLFO thin films could
be fabricated by a chemical solution deposition method,
which is advantageous for real device applications.
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CAPES and Dr. Hess of Georgia Institute of Technology for
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