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Centro de Ciencias de la Materia Condensada, UNAM
E-mail: mcruz@ccmc.unam.mx

J. J. PORTELLES
Facultad de Fı́sica-IMRE, Universidad de la Habana, Cuba

J. M. SIQUEIROS
Centro de Ciencias de la Materia Condensada, UNAM

The research on ferroelectric materials has been largely
driven by the possibility of application in non-volatile
random access memories (NVFRAM). In particular,
thin films of SrBi2Ta2O9 (SBT) [1–9] have attracted
great interest as good candidates for NVFRAM tech-
nology due to the excellent behavior regarding fatigue,
retention and leakage current. SBT belongs to a family
of Bi layered-structure perovskite oxides [10], with a
highly anisotropic pseudotetragonal structure [11] (a =
0.5531 nm, b = 0.5534 nm and c = 2.4984 nm) that
leads to highly anisotropic ferroelectric properties. The
spontaneous polarization vector in this material is in the
a-b plane but, in films grown on Pt/TiO2/SiO2/Si(111)
substrates, a large fraction of the crystallites grow with
the a-b planes parallel to the plane of the substrate lead-
ing to low values of the net polarization [8, 9]. It is there-
fore desirable to manipulate film growth to enhance the
projection of the polar vector in a direction perpen-
dicular to the substrate surface. To achieve this goal,
and for the more general purpose of studying the influ-
ence of crystal orientation on the ferroelectric proper-
ties of the SBT films, deposits have been made on sub-
strates such as SrLaGaO4(110) [3]; SrTiO3(001), (011),
(111) [4]; MgO(110) [5]; and SrLaAlO4(100) [6]. It is
clear, however, from a technological point of view, that
these are not suitable substrates for memory devices
because of their silicon-based microelectronic incom-
patibility. Taking this into account,the results presented
in this work are based on deposits made on conven-
tional Pt/TiO2/SiO2/Si(111) bottom electrodes that are
compatible with silicon microelectronic processes. As
a consequence of the deposition conditions and the heat
treatment applied, after the deposition, to the SBT films
deposited on Pt electrodes, the fraction of crystallites
grown with the (00l) planes parallel to the plane of the
substrate was reduced. This led to an enhancement of
the measured polarization, reflected in the maximum
values of 2Pr = 9.1 µC/cm2 and coercive field, Ec, of
52.0 kV/cm, taken at a voltage of 5 V. As a result,
the combination of a higher remnant polarization with
lower coercive field obtained is better than that reported
in recent works [12, 13] using the same technique and
depositing on the same bottom electrodes.

The SBT target used in the PLD process was a
stoichiometric SrBi2Ta2O9 slab obtained from reagent
grade oxides by the conventional ceramic method, sin-
tered at 1250 ◦C for 3 h. The SBT films were grown by
PLD using the 248 nm radiation of a KrF excimer laser
(LPX 200 by Lambda Physik). The pulse repetition rate
was 10 Hz with a fluence of approximately 1 J/cm2.
The films, grown on Pt/TiO2/SiO2/Si(111) substrates,
were 200 nm thick. The substrate-target separation was
5 cm and the oxygen pressure was 450 mTorr. The de-
posits were made at temperatures of 570–715 ◦C and
then were post-annealed at 750 ◦C in air for 90 min.
The resulting films were analyzed in a JSM-5300 scan-
ning electron microscope (SEM), by Jeol, and by X-ray
diffraction (XRD) using the Cu Kα line (λkα1 = 1.54056
Å and λkα2 =1.54439 Å) of a Phillips X’pert diffrac-
tometer. Argon ion magnetron sputtering was used for
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Figure 1 XRD pattern of the SrBi2Ta2O9 ceramic sintered at
1250 ◦C/3 h.
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Figure 2 XRD spectra of the SrBi2Ta2O9 films deposited on Pt/TiO2/SiO2/Si substrates at different temperatures: (a) before annealing and (b) after
annealing at 750 ◦C.

Figure 3 SEM micrographs of SrBi2Ta2O9 films deposited over Pt/TiO2/SiO2/Si substrates.
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the 150 nm thick Pt bottom electrode deposition, and
an electron gun for the 30 nm thick TiO2 films. Pt top
electrodes were r.f. sputtered at room temperature on
the SBT films. An RT66A tester from Radiant Tech-
nologies was used for the electric characterization.

The SBT target used for PLD was a single phase
stoichiometric ceramic disk with no secondary phases
as shown by XRD (see Fig. 1), and a 305 ◦C ferro-
paraelectric transition temperature similar to that re-
ported by other authors [14].

The results of the present report complement those
of previous work [7], where it was shown that films
deposited at 600 ◦C were totally formed by SBT crys-
tals with a (115) preferred orientation. The same re-
sult was reproduced in this work for films deposited
at 570 and 590 ◦C where no differences were detected
in their XRD patterns. For higher deposition tempera-
tures, between 610 and 715 ◦C, the (115) oriented phase
is still dominant but peaks from (00l) planes appear in
the XRD profiles (see Fig. 2a). These peaks are in-
dicative of crystals grown with their c-axis oriented
perpendicular to the substrate plane and no contribu-
tion to the polarization [8, 9] is expected from them.
Wang et al. [13] achieved similar results for films grown
at 680 ◦C however their resulting films were highly
c-oriented.

It was also shown in a previous report that heat treat-
ment at temperatures above 650 ◦C of films deposited at
low temperatures promotes polycrystalline growth [7].
This result is verified in this work where the films de-
posited at 570 ◦C turn polycrystalline after a 750 ◦C an-
nealing in air. However, the same heat treatment applied
to films deposited at 590 and 610 ◦C results in poly-
crystalline growth with a smaller fraction of the crys-
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Figure 4 Hysteresis loops of the SrBi2Ta2O9 films deposited on Pt/TiO2/SiO2/Si substrates.

tallites oriented in the (00l) direction (see XRD pattern
in Fig. 2b). On the other hand, films deposited at tem-
peratures higher than 610 ◦C heat-treated at 750 ◦C pro-
duced crystals with an increased intensity of the peaks
associated with the (00l) direction (see also Fig. 2b)
and a topography of regularly shaped grains in contrast
to the elongated grains developed in heat-treated films
deposited at lower temperatures. Before heat treatment
at 750 ◦C, surface topography is very similar for all
films (Fig. 3). Measurements of the ferroelectric prop-
erties showed an improvement of the polarization val-
ues for the post-annealed films deposited at 610 ◦C as
can be seen in the hysteresis loops of Fig. 4, rendering
maximum values for the remnant polarization of 2Pr
= 9.1 µC/cm2, and 52.0 KV/cm for the coercive field,
Ec, at 5 V. More specifically, the highest polarization
value and correspondingly the highest coercive field are
obtained for a deposition temperature between 590 and
610 ◦C as can be concluded from the graphs in Fig. 5a
and b for films annealed at 750 ◦C.

It can be concluded that the deposition temperatures
of 590 and 610 ◦C followed by annealing in air at 750 ◦C
of SBT films on Pt/TiO2/SiO2/Si(111) substrates pro-
duced an increase of the fraction of crystallites with
the c-axis parallel to the substrate plane. An increase
in the value of the remnant polarization results as a
consequence. It was found that deposition tempera-
tures above 610 ◦C increase the amount of film mate-
rial growing in the unwanted (00l) direction. This ten-
dency is increased with the annealing process at 750 ◦C.
The recommended route for higher polarization values
is, therefore, to deposit at temperatures between 590
and 610 ◦C followed by a post-annealing treatment at
750 ◦C.
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Figure 5 Dependence of (a) remnant polarization Pr and (b) coercive
field, Ec, on the deposition temperature for SrBi2Ta2O9 films annealed
at 750 ◦C.
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