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Abstract. Pb(Mg1/3Nb2/3)0.97Ti0.03O3 (PMNT) polycrystalline thin films were deposited on Titanium Nitride elec-
trodes at different temperatures by laser ablation, using a wavelength of 248 nm. The morphology of the films was
analyzed by scanning electron microscopy (SEM). The nature of the ferroelectric layer-electrode interface is stud-
ied by transmission electron microscopy (TEM) as well as the effect of its characteristics in the performance of the
multilayer system. The influence of the annealing temperature on the dielectric properties was studied by hysteresis
and fatigue measurements.
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1. Introduction

Pb(Mg1/3Nb2/3O3 (PMN) is the best known relaxor
material. It exhibits a high dielectric constant, high
electrostrictive coefficient and diffuse phase transition
near2158 C [1,2]. Many efforts have been made to
modify the transition temperature toward higher val-
ues by using Pb(Mg1/3Nb2/3)O3 - PbTiO3 (PMNT)
solid-solutions [3]. The ferroelectric properties of
PMNT cover a wide range of applications, dependent
on the amount of Ti in the solid solution. A large in-
duced electrostrictive strain can be obtained from
compositions containing small amounts of Ti and the
piezoelectric effect becomes significant near the
morphotropic phase boundary, where the Ti content is
approximately 35 % [4]. PMN and PMNT thin films
have become attractive also for microelectronic appli-
cations such as dynamic and ferroelectric random ac-
cess memory (DRAM, FRAM), and microactuator ap-
plications [5].

Pulsed laser deposition (PLD) has been shown to
be a good technique to grow ceramic thin films be-
cause, under the proper conditions, it is stoichiometry
preserving. Being that PMN and PMNT are complex
compounds, PLD is a very attractive possibility.

Pt-based metal films are generally used as bottom
electrodes, but it is difficult to prepare highly oriented
ferroelectric films on such electrodes. On the other
hand, the use of oxide substrates is not compatible
with Si integrated circuits [6].

In many reports, TiN is used as electrode because
of its low resistivity (20–100lXcm) and good adhe-
sion to Si and SiO2 substrates [7–9]. In this work, the
fabrication, characterization and physical properties of
Pb(Mg1/3Nb2/3)0.97Ti0.03O3 ferroelectric thin films de-
posited on TiN electrodes are reported.

2. Experimental Procedure

The PMNT/TiN films were grown in a high vacuum
chamber with base pressure of the order of 1024 Pa
and a working oxygen pressure of 26 Pa. The target
was fixed in a rotating mount moving at constant an-
gular speed to favor thickness uniformity. A KrF
excimer laser (LEXTRA 200 by Lambda Physik) with
248nm wavelength, 30 ns pulse duration, 10 Hz repeti-
tion rate and a fluence of 2 J/cm2 was used for deposi-
tion. The distance between the target and the
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TiN/SiO2/Si (100) substrate was 100 mm. The result-
ing films were annealed at 500 (PMNT500) and 6008C
(PMNT600). The TiN films were prepared by using
reactive sputtering of Ti in a 9 to 1 mixture of argon
and nitrogen at a pressure of 0.6 Pa, with substrate
temperature of 4508C. The resulting TiN films were
polycrystalline. The surface and cross-section mor-
phology of the PMNT films were examined with a
JSM-5300 scanning electron microscope by JEOL.
Cross-sectional TEM specimens were prepared using
the standard ion milling technique. The samples were
examined with a JEOL 2010 transmission electron mi-
croscope. Selected area diffraction (SAD) and
micro-diffraction were used to determine the crystal-
line phases present. The ferroelectric properties of the
PMNT thin films were measured by using a RT-66A
ferroelectric tester from Radiant Technologies Inc.

3. Results and Discussion

Scanning electron microscopy analysis revealed that
the surface of PMNT films deposited by laser ablation

presented a regular granular layer, with uniform grain
size regardless of the annealing temperature [Fig. 1(a)
and 1(b)]. The PMNT target used for film deposition
had a relatively high density (95% of the theoretical
value), which explains the presence of particulates in
the films, characteristic of dense targets. A cross-sec-
tional view of a thin film annealed at 5008C is shown
in Fig. 1(c) where a columnar growth is observed. The
growth on the TiN/SiO2/Si(100) metallized surface
will depend on the morphology of the electrode, in this
case, a clean TiN surface which will strongly influence
the growth habit of the PMNT films.

Its known that the PMNT system is a ferroelectric
material with diffuse phase transition, which is due to
the presence of polar nanodomains above the phase
transition temperature [10], produced by compo-
sitional inhomogeneities [1,11,12]. In this case, the
critical temperature, instead of having a precise value,
becomes a distribution around the temperature value
for maximum permittivity. In Fig. 2, the hysteresis
curves of PMNT thin films, taken above the transition
temperatureTc of this material, are shown. These
curves are similar to those of ferroelectric PMNT in
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Fig. 1. a) SEM micrographs showing the post-annealed surface morphology for PMNT500, b) PMNT600, c) Cross-sectional view of a PMNT
thin film annealed at 5008C.



the bulk. It is clearly seen that the PMNT600 film
presents higher dielectric losses than the PMNT500
film. Also, retention loss is more noticeable in the
PMNT600 sample. The polar nanostructures embed-
ded in a paraelectric matrix of PMNT explaining the
hysteretic behavior aboveTc are clearly seen in the
TEM micrographs shown in Fig. 3 (A). Well-crystal-

lized layers of TiN and PMNT with features of the
order of 100 nm and a well-defined interface are
shown in Fig. 3 (B).

The discontinuity of the hysteresis loop along the
polarization axis for the film annealed at 6008C is con-
siderable larger than for the 5008C film. Following
Auciello et al. [13], such discontinuity will depend on
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Fig. 2. P-E hysteresis curves of PMNT thin films deposited by Pulsed Laser Deposition annealed at 5008C and 6008C with an applied electrical
field applied from 20 to 140 KV/cm.

Fig. 3. A) HRTEM of a PMN-PT thin film and B) TEM micrograph of the TiN - PMNT interface.



the relaxation of the remanent polarization which in
turn depends on the measurement electric pulse. In
this case, the delay time was 100 ms, enough to allow
strong relaxation and a big discontinuity in the hyster-
esis loop in a system where the polar response is attrib-
uted to nanoparticles in a paraelectric matrix, shown in
Figure 3. The difference in the behavior of the
PMNT500 films as compared with the PMNT600
films is attributable to the fact that TiN films undergo
an oxidizing process when heated above 5508C [14].
The film will then loose oxygen to form a TiO2 phase
creating oxygen vacancies and free charges that will
pin the polar domains.

Ferroelectric hysteresis loops of the films annealed
at 500 and 6008C showed saturation for an applied
electric field over 150 kV/cm. Table 1 shows the val-
ues forPr andEc for both films. The values forPr are
nearly the same but the value ofEc for the PMNT600
film is much larger than that for the PMNT500 film
due to stronger domain pinning. The obtained polar-
ization (P) values are lower than those reported on lit-
erature for this system [15], because the measurements
were performed above the nominal critical tempera-
ture of the ferroelectric material.

Fig. 4 represents the fatigue characteristics of the
ferroelectric PMNT/TiN film post-annealed at 6008C
at 5 V with 1 kHz, bipolar pulses. In this figure, at
about 103 cycles, a degradation in the values ofP* and
P^ can be observed. No perfect symmetry between
positive and negativeP* and P^ values is to be ex-
pected due to the asymmetric processes taking place at
the upper and bottom electrodes. These results could
indicate that the fields created by space-charge accu-
mulation within the films, at specific defect sites, are
becoming distributed throughout the film as the num-
ber of polarization reversals increases [19]. This effect
would result in the reduction to zero of the relaxed
remanent polarization via domain switching.

Fig. 3 shows that the films grow in polycrystalline
form where a clear difference between the grain and
the grain boundary is seen; charge trapping is then to
be expected causing domain pinning. [16]

Fig. 5 (a) shows the initialP-E loop of the
PMNT/TiN thin films annealed at 6008C. The hyster-
esis loop shown in Figure 5(b) was taken after subject-
ing the capacitor to ~103 field reversal cycles. The
switchable polarization has been significantly sup-
pressed by field cycling, as observed by many other re-
searchers [17,20–25]. The sample shows a different
hysteretic behavior after fatigue measurements, mean-
ing lower coercive field and dielectric loses and higher
saturation polarization. This result is consistent with
the fatigue data show in Fig. 4.
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Table 1. Value ofPr andEc of PMNT thin films, annealing of 500
and 6008C respectively.

Sample Pr (lC/cm2) Ec (kV/cm)

PMNT 500 0.08 17
PMNT 600 0.12 87

Fig. 4. Polarization fatigue performance of the PMNT thin films
annealed at 6008C.

Fig. 5. Show the hysteresis loops of the PMNT/TiN thin films
annealed at 6008C, before and after fatigue measurements.



4. Conclusion

To the authors’ knowledge, this is the first report of
ferroelectric Pb(Mg1/3Nb2/3)0.97Ti0.03O3 thin films
grown by pulsed laser deposition on TiN bottom elec-
trode. The films were uniform, well adhered and with
low crystallinity as deposited. The resulting films
were heat treated at 500 and 6008C rendering
well-crystallized films with no residual amorphous
phases, as shown by SEM and TEM. A better ferro-
electric performance is observed in the PMNT500
films indicating a negative influence of the TiN elec-
trode at higher temperatures probably due to an oxi-
dizing process. Hysteresis was observed above the
nominal transition temperature of PMNT suggesting a
ferroelectric behavior with diffuse phase transition.
Fatigue of the ferroelectric properties was observed
beyond 106 cycles.
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