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The 70%Pb�Mg1/3 ,Nb2/3�O3–30%PbTiO3 �PMNT� films have been fabricated on LaNiO3 �LNO�
coated silicon substrate. The conductive LNO films act as a seed layer for the growth of PMNT
films, which depresses the formation of pyrochlore phase and induces the high �100� preferred
orientation of perovskite PMNT films. Compared with the PMNT films grown on platinum bottom
electrode, the ferroelectric properties of PMNT films grown on LNO are enhanced. The frequency
dependence of complex permittivity from PMNT films on LNO is the conjunct result of polarization
relaxation and movement of oxygen vacancy, which can be fitted by the function containing Debye
and universal dielectric response models, respectively. © 2007 American Institute of Physics.
�DOI: 10.1063/1.2822421�

Recently, relaxor ferroelectrics attract many attentions
due to their unique ferroelectric and dielectric properties.1–5

Because of the large electromechnical coupling factor, large
electro-optic coefficient, and excellent piezoelectric proper-
ties, Pb�Mg1/3 ,Nb2/3�O3–PbTiO3 �PMNT� is one of the most
promising candidates in the family of relaxor ferroelectrics
for a variety of integrated device application, such as dy-
namic random access memories, piezoelectric, and electro-
optic devices.6–9 Studies on optical, dielectric, and piezoelec-
tric properties about PMNT single crystal and ceramic have
been carried out.10–12 Compared with single crystal and ce-
ramic, film can be convenient to integrate into devices.
PMNT films can be fabricated on single crystal substrates or
different electrodes by various methods, such as metal-
organic chemical vapor deposition, pulsed laser deposition
�PLD�, radio frequency sputtering, and sol-gel.13–17 The ex-
istence of pyrochlore phase depresses the dielectric and
ferroelectric performances of PMNT films grown on metal
electrodes.15,16 It was found that the pyrochlore component
in PMNT films can be suppressed by buffer layer between
PMNT film and metal electrodes, such as LaNiO3 �LNO� and
�La,Sr�CoO3.3,18

As a typical conductive oxide, LaNiO3 has been used as
electrode for ferroelectric films such as Pb�Zr,Ti�O3 and
�Ba,Sr�TiO3.19,20 It was proved that the performance of
ferroelectric films can be improved using LNO instead of
metal as electrode. It is easy to fabricate LNO on silicon

substrate, by contrast, one or two layers of adhere layer are
necessary for metal electrode such as platinum �Pt�. There-
fore, the structure of ferroelectric/LNO/Si should be simpler
than that of ferroelectric/buffer layer /Pt /Ti /SiO2 /Si, which
is convenient and useful for the integration of devices. In this
letter, we fabricated the PMNT films by PLD method on
LNO coated silicon and studied the structural, dielectric, and
ferroelectric properties of the PMNT films.

The LNO electrodes were prepared on �100� silicon
substrate by chemical solution deposition �CSD�.19

The PMNT films with composition of
70%Pb�Mg1/3 ,Nb2/3�O3–30%PbTiO3 were deposited on
LNO coated Si�100� substrate by PLD at the substrate tem-
perature of 650 °C. A KrF excimer laser was used for the
deposition with pulse frequency of 5 Hz. The thickness of
PMNT films is about 600 nm from profile meter. X-ray dif-
fraction �XRD� was used to analyze the structure and phase
composition of the films �D/MAX-2550V, Rigaku Co.�.
Pt top electrodes with 0.2 mm in diameter were sputtered for
electrical measurements. The ferroelectric and dielectric
properties of the PMNT films were measured by a ferroelec-
tric test system �Percision LC, Radiant Technologies, Inc.�
and a Hewlett-Packard impedance analyzer �model 4194A�
in the frequency range of 100 Hz–1 MHz. All of the mea-
surements were carried out at room temperature.

Figure 1 presents the XRD pattern of the PMNT films
grown on LNO coated silicon substrate. Compared with the
PMNT on Pt reported by previous literatures,15,16 the pyro-
chlore phase is remarkably suppressed. The PMNT films on
LNO electrode exhibit �100� preferred orientation. The lat-
tice constants of PMNT and LNO are estimated to be 4.07
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and 3.84 Å, respectively. The full width at half maximum of
PMNT is greatly smaller than that of LNO, which indicates
that the grain size of PMNT prepared by PLD is much larger
than that of LNO prepared by CSD.

The hysteretic loop of PMNT on LNO is shown in Fig.
2. The remnant polarization �Pr� and coercive voltage �Vc�
are 17.1 �C /cm2 and 4.09 V at 14 V applied voltage, re-
spectively. It is evident that the ferroelectric properties of
PMNT films on LNO are enhanced compared with that of the
PMNT films on Pt.15 The inset of Fig. 2 presents the varieties
of Pr and Vc when the applied voltage increases from
4 to 14 V. The increment of coercive voltage becomes
gradually flat with applied voltage beyond 10 V, indicating
that Vc approaches saturation.

The frequency dependence of complex permittivity ��*�
is shown in Fig. 3. The patterns can be divided into two
regions. In the frequency region between 100 Hz and
10 kHz, the real part of complex permittivity ���� decreases
slightly with frequency increasing and the imaginary part of
complex permittivity ���� varies moderately. In the fre-
quency region beyond 10 kHz, �� decreases abruptly and a
peak of �� appears. The behavior of complex permittivity in
the high frequency region is similar to the relaxation process
of polarization, which can be described by modified Debye
model,21

�* = �� +
�s − ��

1 + �i���� , �1�

where �s and �� are static and high frequency dielectric con-
stants, respectively. Here, �=2�f is the circle frequency and

� is relaxation time. The parameter �, which is between
0 and 1, is used to index the distribution of relaxation time.21

If �=1, Eq. �1� gives the result of original Debye model.
The fitting results by Eq. �1� are shown in Fig. 3 �dash lines�.
It is noted that the experimental data at high frequency re-
gion can be fitted well, but the deviations between experi-
mental data and model data appear at the low frequency re-
gion. Especially, the experimental �� in the frequency of
100 Hz–1 kHz is one or two magnitude larger than the result
of Debye model.

Debye model is used to describe the dielectric perfor-
mance induced by polar relaxation with single relaxation
time. The distribution of relaxation time is taken into account
for Cole and Cole’s modification.21 However, the dielectric
contributions by other electric processes �for example, the
conductance� are not considered. It is well known that the
imaginary part of complex permittivity is related with the
real part of complex conductivity ��*� by22

�*��� = ����� − i����� = i�*���/��0, �2�

where �0 is the vacuum permittivity. Higher �� at low fre-
quency region means higher conductivity. Therefore, the
model described the dielectric response of PMNT on LNO is
modified. As shown in the inset of Fig. 3, the equivalent
circuit consists of two parts connected in series. One part
abides by the Debye model and the contribution of conduc-
tance is taken into account in another part.22,23 The second
part is given by the sum of dc conductivity, the frequency-
dependent ac conductivity, and the high frequency dielectric
constant ��. The frequency-dependent ac conductivity is de-
picted by the universal dielectric response �UDR�.22 Conse-
quently, the complex conductivity of the second part is given
by22–25

�cond
* = �l� + i�l�, �3�

�l� = �dc + �0�s, �4�

�l� = �0��� + �0 tan���/2�s��s, �5�

where �dc is the dc conductivity and s is a parameter with a
value between 0 and 1. From �cond

* , the complex dielectric
permittivity of the second part can be estimated by Eq. �2�
and the total complex dielectric permittivity can be calcu-
lated. The calculated data is also shown in Fig. 3 �solid line�.
It is evident that the experimental data can be fitted well in

FIG. 1. XRD patterns of PMNT film grown on LNO coated silicon
substrate.

FIG. 2. Hysteretic loop of PMNT film on LNO. The inset shows variety of
remnant polarization and coercive voltage with applied voltage.

FIG. 3. The frequency dependence of complex permittivity of PMNT film.
The inset indicates the equivalent circuit model to delineate the dielectric
response of PMNT film.
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the two frequency regions. It means that there are some kinds
of conductance processes, which have remarkable effects on
the dielectric performance of the PMNT films.

It is worthy to discuss the origin of the conductivity for
the PMNT films. As we know, UDR is a model to describe
the hopping conductivity of localized charge carriers.22 In
ferroelectrics, oxygen vacancies act as charged carriers gen-
erally. Oxygen vacancies are localized in the corners of oc-
tahedral cage of oxygen in perovskite structure ferroelectrics.
Under the given applied electric field, they can hop among
different oxygen lattice positions. Kobor et al. investigated
the ac impedance spectroscopy of undoped and manganese
doped Pb�Zn1/3Nb2/3�O3–PbTiO3 �PZNT� single crystals.26

They found that the conduction behavior induced by oxygen
vacancies in PZNT can be modeled by UDR. Therefore, the
origin of conductivity for the PMNT films can be ascribed to
the movement of oxygen vacancies. The dielectric response
of PMNT films on LNO is considered as the combined ef-
fects of polar relaxation and oxygen vacancy movement.

In conclusion, the PMNT films grown on LNO coated
silicon substrate exhibit �100� preferred orientation. The fre-
quency dependence of complex permittivity can be fitted by
the function containing Debye and UDR models.
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