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a b s t r a c t

Bi6Fe2Ti3O18 thin film on Pt/Ti/SiO2/Si substrate with a thickness of 85 nm is successfully prepared by a
monoethanolamine-modified sol-gel processing. The prepared thin film is polycrystalline and shows
dense morphology. The room temperature remnant polarization is higher than 10 mC cm�2 at 5 V driving
voltage both from polarization-voltage hysteresis loop and positive-up negative-down measurements.
The polarization after 107 switching cycles and a retention time of 104 s shows no obvious degradation,
suggesting good fatigue-resistant characteristics. Weak ferromagnetism is observed at 5 K with a satu-
rated magnetic moment of 11.7 emu/cm3. The results will provide an effective route to optimize
Bi6Fe2Ti3O18 thin films with thickness below 100 nm by low-voltage driving.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Among various ferroelectric materials, bismuth layered Auri-
villius compounds with the general formula (Bi2O2)2-
þ(An�1BnO3nþ1)2� (typically, the 12-coordinated A-site is occupied
by mono-, di- or trivalent cations such as Naþ, Kþ, Ba2þ, Sr2þ, Ca2þ,
Pb2þ, Bi3þ or Ln3þ, and the coordinated B-site is occupied by d0

tetra-, penta- or hexavalent cations such as Ti4þ, Nb5þ, Ta5þ, W6þ,
where n refers to the numbers of the perovskite-like
(An�1BnO3nþ1)2� layers between the fluorite-like (Bi2O2)2þ layers.)
have been widely investigated because of the fatigue-free behav-
iors, the good retention characteristics and the low leakage [1,2].
Combined with the above advantages and the environment-
friendly (Pb-free) behaviour, Aurivillius compounds with n ¼ 2
such as SrBi2Ta2O9 and n ¼ 3 such as Bi3.25La0.75Ti3O12 are consid-
ered to be candidate materials for nonvolatile random access

memory applications [3].
Recently, the Aurivillius-based materials with higher

perovskite-like layers (n � 4) have been reported as one very
important type of single-phase multiferroics by doping magnetic
species at the B site such as Bi5Fe0.5Co0.5Ti3O15, Bi6FeCoTi3O18 and
Bi7Fe1.5Co1.5Ti3O21 [4e7]. Moreover, long-range magnetic ordering
has been reported in Bi5FeTi3O15 and Bi6Fe2Ti3O18 (BFTO) [8e10].
Ferroelectric polarization as one of the important parameters for
multiferroics should be optimized to realize the magnetoelectric
coupling in multiferroics. On the other hand, the optimization of
ferroelectric properties in bismuth layered Aurivillius compounds
will provide an alternative selection of Pb-free ferroelectrics.

In our previous report, BFTO thin films with thickness about
450 nm have been successfully prepared by sol-gel processing and
the ferroelectric polarization can reach more than 20 mC/cm2 by
processing optimization [11]. Considering the potential applica-
tions (all Si-based devices work at � 5 V), it is desirable to prepare
BFTO thin films with high remnant polarization by low-voltage
driving, naming BFTO thin films with low thickness [12]. In this
paper, BFTO thin films with thickness of 85 nm have been prepared
by monoethanolamine (MEA) modified sol-gel and the properties
are investigated, which has been reported that MEA can promote
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the properties of the ferroelectric thin films due to the improved
microstructures [13e15]. The results show that ferroelectric prop-
erties can be sustained in the sub-100 nm BFTO thin films,
providing a facile route to optimize Aurivillius thin films with low
thickness.

2. Experimental procedure

BFTO thin films with 85 nm thickness were prepared on Pt/Ti/
SiO2/Si (100) substrates by monoethanolamine modified sol-gel.
The precursor solution was prepared by dissolving appropriate
amounts of bismuth acetate with 10 mol% excess to compensate for
bismuth loss during processing, iron acetate and tetrabutyl titanate
into propionic acid. After completely dissolving, monoethanol-
amine was added into the above solution, which is beneficial to
improve the microstructures resulting in the enhanced properties.
The volume ratio between propionic acid and monoethanolamine
was of 6: 1. The used solution concentrationwas 0.1 M in BFTO. The
obtained solutionwas stable for more than sixmonths. Spin coating
was used to deposit BFTO thin films with a speed of 6000 rpm and a
time of 20 s. The deposited BFTO films were then baked in a 400 �C
preheated tube furnace for 10 min in air. The spin coating and
baking processing were repeated for two times to obtain films with
85 nm in thickness. Finally, the baked films were annealed at 700 �C
in air for half of an hour by rapid thermal annealing processing.

The crystal structure was determined with a Philips X'Pert PRO
X-ray diffractometer (XRD, Philips, Holland) using Cu-Ka radiation
at room temperature. High resolution transmission electron mi-
croscopy (HRTEM) was performed using a JEM-2010 transmission
electron microscope (JEM-2010, JEOL Ltd., Japan) to obtain more
detailed crystal structures. The surface morphology and thickness
of the films were examined by a field emission scanning electron

microscopy (FE-SEM, Sirion 200, FEI Company, USA). Top Au elec-
trodes with an diameter of 0.2 mm were sputtered onto thin films
surfaces by a sputter (SCB-12 type Miriam small ion sputter, China)
through a shadow mask to measure the electrical properties.
Leakage and ferroelectric properties were measured using a
Sawyer-Tower circuit attached to a computer-controlled standard-
ized ferroelectric test system (Precision Premier II, Radiant Tech-
nology, USA). The principle of PUND test specified by the Radiant
Technologies Precision Premier II system is depicted previously
[16].

3. Result and discussion

Fig.1(a) shows the XRD pattern of the prepared BFTO thin film. It
is seen that the film is polycrystalline and phase-pure without
detectable impurity phases. The diffraction peaks can be well
indexed by the Aurivillius structure with an orthorhombic lattice of
the B2cb space group, which is in agreement with the previous
results [17]. The calculated lattice constant is a ¼ 5.7864(2) Å,
b¼ 5.4465(7) Å and c¼ 49.595(4) Å using the Bragg formula, which
is similar to the previous reports [18]. To further determine the
layered structure of the thin film, HRTEM observations are carried
out and the results are shown in Fig. 1(b) together with a half of the
unit cell of Aurivillius structure of n ¼ 5 [19]. It is seen that a crystal
structure with four perovskite layers sandwiched by two (Bi2O2)2þ

layers can be clearly observed, confirming the derived Aurivillius
structure with n¼ 5. The c-axis is determined as ~4.98 nm, which is
consistent with the result from XRD measurement.

The surface FE-SEM results for the BFTO thin film are shown in
Fig. 1(c). It is observed that the grain shape is granular and the
surface is very dense. As compared with our prevous report about
450 nm-thick BFTO thin films [11], the grain size of the present

Fig. 1. (a) XRD pattern of the derived BFTO thin films at room temperature. The asterisks represent the diffraction peaks from the substrates. (b) HRTEM image of the obtained film
and a half of the unit cell of Aurivillius structure with n ¼ 5 in the right. (c) Surface FE-SEM results for the derived BFTO thin film and (d) Cross-section FE-SEM results to give the
thickness.
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