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Metal-ferroelectric-insulator-semiconductor (MFIS) capacitor with a BiFeO3 ferroelectric film and a Ba0.5Sr0.5TiO3 buffer
layer on a silicon substrate was fabricated and characterized. BiFeO3/Si was studied for comparison. The Ba0.5Sr0.5TiO3/Si
structure shows a negligible capacitance-voltage curve and a lower leakage current density of less than 10-7 A/cm2 at 10 V. The
maximum memory window of BiFeO3/Si is only 0.38 V due to the severe charge injection. In contrast, a larger memory
window of 1.93 V is found for BiFeO3/(Ba0.5Sr0.5)TiO3/Si due to the reduced leakage current by using the (Ba0.5Sr0.5)TiO3 buffer
layer. Compared with BiFeO3/Si, the BiFeO3/(Ba0.5Sr0.5)TiO3/Si sample shows a smaller relative dielectric constant of 77.6 and
a lower dissipation factor of 0.015 at a frequency of 100 kHz.
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Introduction

Ferroelectric materials in thin film forms have been
investigated widely for applications in ferroelectric
random access memories (FeRAM) which is one of the
promising nonvolatile memories [1, 2]. However, they
have some drawbacks, such as a small data storage
density, especially a destructive readout operation. In
contrast, the ferroelectric field effect transistor (FeFET)
with a single transistor (1T) memory cell has advantages
of a nondestructive read-out operation, a higher
density integration, a lower power consumption, and a
higher speed operation [3, 4]. However, the interaction
and interdiffusion between the ferroelectric films and Si
substrates cause the property of the films to be
deteriorated. Therefore, insertion of an insulating material
is necessary to form a metal-ferroelectric-insulator-silicon
(MFIS), which can lessen the interfacial problems [5].
Insulating materials such as Dy2O3 [6], HfSiON [7], HfO2

[4], ZrO2 [8], SrTiO3 [9], (Ba,Sr)TiO3 [10], LaZrOx [11]
have been selected. Among these materials, (Ba,Sr)TiO3

has been paid more attention due to its unique
combination of high dielectric constant, relatively low
dielectric loss, and large electric field tenability [12].
In addition, BiFeO3 with a rhombohedrally distorted

perovskite structure, has a lower crystallization temperature,
a larger remanent polarization, and a smaller dielectric

constant [13]. These characteristics are considered to be
adequate for a FeFET operation. Based on these
advantages, many studies have been focused on
BiFeO3-based films for a MFIS structure [14, 15]. The
maximum memory window of BiFeO3 with a ZrO2

insulating buffer by chemical solution deposition is
only 0.78 V at ± 6 V [16]. However, the maximum
memory window of Pt/BiFeO3/ZrO2/Si prepared by
liquid delivery metal-organic chemical vapor deposition
is increased to 2.26 V [17]. The drain current on/off ratio
for an Al/BiFeO3/Y2O3/Si FeFET maintains more than
103 without deterioration after 104 s [18]. The effect of
the annealing temperature and the buffer layer thickness
on the memory of BiFeO3-based thin films were also
investigated [19, 20]. 
In this study, the BiFeO3 ferroelectric thin films were

prepared by a metal organic decomposition (MOD)
method deposited on (Ba0.5Sr0.5)TiO3/Si, and BiFeO3

films without a (Ba0.5Sr0.5)TiO3 buffer layer were also
fabricated for comparison. We report on the effect of
the insulating layer on the structure, insulating property,
as well as the memory and dielectric properties.

Experimental

Both BiFeO3 and (Ba0.5Sr0.5)TiO3 thin films were
fabricated on Si substrates using a MOD process.
Firstly, the preparation of (Ba0.5Sr0.5)TiO3 buffer layer
was as follows. Barium acetate, strontium acetate and
tetrabutyl titanate were selected as starting materials.
Glacial acetic acid and ethylene glycol were used as
solvents. Each wet layer of (Ba0.5Sr0.5)TiO3 was formed
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on a p-Si substrate by spin coating and annealed at
650 οC for 2 minutes in an O2 atmosphere by a rapid
thermal processor (RTP). These steps were repeated
three times to obtain a certain thickness. The pre-
paration of a precursor solution for BiFeO3 has been
reported elsewhere [21]. Subsequently, the solution of
BiFeO3 was deposited on the (Ba0.5Sr0.5)TiO3/Si and Si
substrates. Both the BiFeO3 films were annealed layer
by layer in a RTP at 500 οC for 2 minutes in a N2

atmosphere. For measurements of electrical properties,
Au top electrodes were deposited on the films using a
sputtering system through a shadow mask and an Au
film was sputtered on the back of the silicon substrate
as a bottom electrode. The crystallization was studied
by X-ray diffraction using a Rigaku D/MAX-γA X-ray
diffractometer. The insulating property was measured
using a Keithley 4200 semiconductor characterization
system. High-frequency capacitance-voltage (C-V) and
dielectric characteristics were all measured using an
impedance analyzer (HP4294A).

Results and Discussion

Figure 1 shows the X-ray diffraction patterns of
(Ba0.5Sr0.5)TiO3, BiFeO3 and BiFeO3/(Ba0.5Sr0.5)TiO3

films prepared on p-Si substrates. The BiFeO3 films on
two different substrates are all polycrystalline without
secondary phases. All detectable diffraction peaks
match well to those of the distorted rhombohedral R3c
structure. Note that the intensity of the XRD peaks of
BiFeO3 with the (Ba0.5Sr0.5)TiO3 buffer layer are
stronger than that directly deposited on a Si substrate.
This is due to the fact that the nucleation activation
energy for BiFeO3 decreases caused by the
(Ba0.5Sr0.5)TiO3 buffer layer.
Before measuring the memory properties of the

BiFeO3 films, we first prepared the structure of Au/
(Ba0.5Sr0.5)TiO3/Si. As shown in Fig. 2(a), the C-V
curve has a negligible hysteresis loop, which indicates
there is no charge trapping or injection phenomena.

The relative dielectric constant of (Ba0.5Sr0.5)TiO3 εr
can be calculated from the following formula: 

(1)

Where d: is the thickness of (Ba0.5Sr0.5)TiO3; C: is the
accumulation capacitance of MFS; ε0: is the vacuum
permittivity of 8.85 × 10-12 F/m; and S: is the electrode
area. The value of the relative dielectric constant can
be calculated to be about 17. Compared with TiO2

(εr = 12) [22], SiO2 (εr = 3.9) [5] HfO2 (εr = 15) [23],
the higher-k insulating layer of (Ba0.5Sr0.5)TiO3 is a
benefit for guaranteeing a larger electric field across
the ferroelectric layer [22]. Figure 2(b) shows the
leakage current density is less than 10-7 A/cm2 when
the applied voltage is not higher than 10 V. These
results indicated that (Ba0.5Sr0.5)TiO3 can be used as a
buffer layer.
Figure 3 exhibits the relationship between C-V

curves and sweeping voltage for BiFeO3 films with and
without the (Ba0.5Sr0.5)TiO3 buffer layer. The gate
voltage was swept from the accumulation to the
inversion region and then swept back. The width of the
memory window (Vm) is defined as the difference of
the flatband voltage (Vfb) shift during the voltage
sweeping [15]. The magnitude of the memory window
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Fig. 1. XRD patterns of (a) (Ba0.5Sr0.5)TiO3; (b) BiFeO3; (c)
BiFeO3/(Ba0.5Sr0.5)TiO3 films.

Fig. 2. (a) C-V and (b) I-V characteristics of the Au/
(Ba0.5Sr0.5)TiO3/Si structure measured at 1 MHz.
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is closely related to two factors: (1) the ferroelectric
polarization effect of BiFeO3 films, (2) the charge
injection from the Si substrate or metal gate [16]. As
shown in Fig. 3, a clockwise rotation in the C-V curve
on p-type silicon can be observed for the BiFeO3

deposited both on the Si and (Ba0.5Sr0.5)TiO3 substrates
due to the ferroelectric polarization of BiFeO3 films.
We can see from Fig. 3(a) that the memory window for
BiFeO3/Si is increased to be only 0.38 V when the
applied voltage reaches ± 9 V. However, as be seen
from Fig. 2(b), at ± 9 V, the maximum memory
window for Au/BiFeO3/(Ba0.5Sr0.5)TiO3/Si is 1.93 V,
which is comparative to those of La-substituted
BiFeO3/CeO2/Si [24] and BiFeO3/HfLaO/Si [19].
Compared to BiFeO3/Si, this remarkable improvement
of the memory window for BiFeO3/(Ba0.5Sr0.5)TiO3/Si
is attributed to the application of the (Ba0.5Sr0.5)TiO3

buffer layer. The (Ba0.5Sr0.5)TiO3 can suppress the
charge injection from the Si substrate effectively
when the voltage is not higher than ± 9 V. With the
higher voltage further increasing, the memory
window of BiFeO3/(Ba0.5Sr0.5)TiO3 decreases rapidly.
This phenomenon should be due to the fact that the
ferroelectric polarization is overwhelmed by the
injected charges [25]. The charges can be injected
into the BiFeO3 film at higher applied voltage even if
the (Ba0.5Sr0.5)TiO3 buffer layer exists.

Figure 4 shows the leakage currents as a function of
electric field measured at room temperature. For the
case of the BiFeO3 films deposited directly on Si, the
leakage current density increases dramatically when the
voltage reaches 8 V. However, no breakdown can be
observed in the range of the applied voltage adopted in
the present study for the BiFeO3 films with a
(Ba0.5Sr0.5)TiO3 buffer layer. The leakage current
density is below 5 × 10-7 A/cm2 when the voltage is not
higher than 9 V. The leakage current of the BiFeO3/
(Ba0.5Sr0.5)TiO3 is obviously smaller than that of the
BiFeO3 films at the same voltage. This result provides
supporting evidence for the above discussion on the
memory properties of BiFeO3 on a (Ba0.5Sr0.5)TiO3/Si
substrate.
The relative dielectric constant and dissipation factor

(εr, tanδ) of the BiFeO3 films were investigated as a
function of frequency, as shown in Fig. 5. The AC
driving voltage was 0.01 V. Both samples exhibit a
slight dispersion as the frequency increases from 1 kHz
to 100 kHz. The dielectric constant and dissipation
factor of the BiFeO3 films without the (Ba0.5Sr0.5)TiO3

buffer layer are 107.1 and 0.153, respectively at 100 kHz.

Fig. 3. The typical C-V curves of (a) BiFeO3/Si; (b) BiFeO3/
(Ba0.5Sr0.5)TiO3/Si.

Fig. 4. The J-V characteristic of BiFeO3 films with and without
(Ba0.5Sr0.5)TiO3 buffer layers.

Fig. 5. The relative dielectric constant and dissipation factor (εr,
tanδ) of the BiFeO3 films with and without (Ba0.5Sr0.5)TiO3 buffer
layers as a function of frequency.
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However, the dielectric constant and dissipation factor of
the BiFeO3 films with the (Ba0.5Sr0.5)TiO3 buffer layer
are decreased to be 77.6 and 0.015. In the MFIS
structure, the dielectric capacitor is connected in series
with a ferroelectric capacitor. The capacitance of the
(Ba0.5Sr0.5)TiO3 buffer layer is much smaller than that
of BiFeO3 films. Therefore, the dielectric constant of
the MFIS is smaller. Because the (Ba0.5Sr0.5)TiO3 can
serve as an insulating barrier to prevent charge injection,
the dissipation factor of Au/BiFeO3/(Ba0.5Sr0.5)TiO3/Si
is smaller compared with Au/ BiFeO3/Si.

Conclusions

In conclusion, BiFeO3 thin films have been successfully
prepared on (Ba0.5Sr0.5)TiO3/Si and Si substrates using
metal organic decomposition. The (Ba0.5Sr0.5)TiO3 bottom
layer assists in the crystallization of the BiFeO3 films.
The maximum memory window of BiFeO3 is effectively
enhanced by inserting the (Ba0.5Sr0.5)TiO3 insulator
layer due to the reduced leakage current. Compared
with the Au/ BiFeO3/Si, the Au/ BiFeO3/(Ba0.5Sr0.5)TiO3/
Si has a lower relative dielectric constant and dissipation
factor.
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