
Dependence of crystal structure and ferroelectric property on composition and
heat treatment for (Pb,Si)(Zr,Ti,Nb)O3 ferroelectric material

Yasushi Idemoto and Shoko Komiya
Department of Pure and Applied Chemistry, Faculty of Scince and Technology, Tokyo

University of Science, 2641 Yamazaki, Noda-shi, Chiba 278-8510

In Ferroelectric random access memory
(FeRAM), PbZrzTi1-zO3 (PZT), which is
one of the most widely study ferroelectric
materials, is considered as a candidacy
because of high remanent polarization
(Pr). However, poor ferroelectric reliability
of the PZT capacitor is a long-standing
problem, and there are many studies on
improvement of the electrode material.
For improvement of these problems,
we have synthesized the bulk samples
of (Pb0.98Si0.02)(ZrzTi0.95-zNb0.05)O3,
(z=0.2˜0.5) and (Pb1-ySiy)(Zr0.30Ti0.7-
xNbx)O3, (x=0˜0.10; y=0.02, 0.04) [PZTNS]
ferroelectric materials prepared by a
solid-state reaction. We investigated the
relationship between the properties, crystal
structure and ferroelectric characteristics.
Nb was substituted up to 0.05 in the
samples by adding PbSiO3 (PSO).

As for the products, we characterized
their phases by XRD, compositions by In-
ductively Coupled Plasma(ICP) and EDX.
P-E hysterisis loop was measured at room
temperature by TF-2000. Capacitance and
tan δ was measured by using LCR me-
ter. We measured powder neutron diffrac-
tion using HERMES of IMR at the JRR-3M,
and determined the average crystal struc-
tures using the Rietveld method on the
basis of space P4mm with Rietan-2000[1].
These measurements were performed at
298K. The nuclear densities were also esti-
mated based on MEM using the PRIMA[2].

The lattice parameter ratio, a/c ,
of PZTNS samples decreased compared to
PZT. The relative densities of pellets were
almost over 95%. From the P-E hystere-
sis measurements, the hystersis loop of the
Nb substituted PZTNS has a good square

shape, and the remanent polarization (Pr)
increased and the coercive field (Ec) de-
creased with Nb substitution. Moreover, Pr
increased and Ec decreased with the in-
creasing PSO addition content. From the
crystal structure analysis, the position of
the M(Zr, Ti, Nb) site moved to the ideal
position with the Nb substitution. The for-
mation of the oxygen vacancies was sup-
pressed since the bond valence sum of the
M(Zr, Ti, Nb)O6 octahedron increased. The
flatness of the M(Zr, Ti, Nb)-O2 plane in-
creased by the Nb substitution[3]. It is sug-
gested that these factors lead to the square-
ness of the hystersis loop and improves the
ferroelectric property.
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